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executive summary

Parsons Engineering Science, Inc. (Parsons ES) was contracted by the Air Force Center for Environmental Excellence Technology Transfer Division (AFCEE/ERT) and the Air Force Materiel Command (AFMC) to conduct a remedial process optimization (RPO) evaluation of remedial decisions and operating remedial systems at Operable Unit D (OU D) and the portion of the Groundwater Operable Unit (GWOU) that underlies OU D at McClellan Air Force Base (AFB), California.  This RPO evaluation was conducted in accordance with the 1999 draft RPO handbook developed by AFCEE and the Air Force Base Conversion Agency (AFBCA) for use at Air Force facilities.  The handbook provides guidance on evaluating the performance of existing remediation systems, implementing performance enhancements on existing systems, performing  5‑year record‑of‑decision (ROD) reviews, and preparing documentation for “Operating Properly and Successfully” certification.  Lessons learned from RPO evaluations at OU D and sites at other Air Force installations will be incorporated into the final RPO handbook.  The Air Force goals for each site addressed under the RPO program are to:  1) assess the effectiveness of the remedial action; 2) enhance the efficiency of the remedial actions; and 3) when possible, identify annual operating, maintenance, and monitoring (OM&M) cost savings in excess of 20 percent for each system evaluated.

McClellan AFB was placed on the National Priorities List in July 1987 based on documented contamination of soil and groundwater with volatile organic compounds (VOCs), non-VOCs, and metals.  The Base has been organized into several source-area (i.e., soil) OUs and one GWOU to facilitate environmental restoration.  Chlorinated VOCs are the contaminants detected most frequently, and are of the greatest concern due to their relative toxicity and their mobility in the subsurface environment.  The 1995 Basewide Interim ROD for VOCs in groundwater at McClellan AFB identifies tetrachloroethene (PCE), trichloroethene (TCE), cis-1,2-dichloroethene (DCE), and 1,2-dichloroethane (DCA) as groundwater contaminants of concern (COCs), and defines maximum contaminant levels (MCLs) as the interim cleanup goals for the GWOU.  Under current land‑use conditions, no completed exposure groundwater pathways to human receptors exist.  However, under possible future land‑use scenarios, the baseline risk posed by VOCs in groundwater extracted for potable use would be unacceptable to human receptors.  The Air Force has implemented a number of interim remedial actions at McClellan AFB to address VOC contamination. 

Fifteen former waste pits in the northwestern portion of the Base have been designated as OU D.  Site investigations conducted since the mid-1980s have identified solvents, petroleum hydrocarbons, and metals in vadose-zone soils at OU D, and in underlying groundwater.  A dissolved groundwater plume of chlorinated VOCs emanates from the OU D waste pits, several of which have been capped to reduce receptor exposures to soil and limit further migration of contaminants from the vadose zone to groundwater.  During the first quarter of 1999, the dissolved chlorinated VOC plume associated with OU D, as defined by the maximum contamination level (MCL) of 5 micrograms per liter for TCE, was approximately rectangular in area, measuring 800 feet from east to west and 1,000 feet from north to south.  In addition to the four COCs identified in the Basewide Interim ROD, concentrations of other chlorinated VOCs (1,1-DCE, 1,1-DCA, 1,1,1-trichloroethane (TCA), and vinyl chloride) have exceeded MCLs in groundwater beneath OU D, and may also be COCs in this area.  

A pilot-scale soil vapor extraction (SVE) system installed at OU D to remove VOCs from vadose-zone soils was operated from March 1993 through April 1996.  Over an operating period of approximately 12,000 hours, approximately 385,000 pounds of VOCs were removed from the subsurface by the SVE system, resulting in a concentration decrease of over 95 percent in the subsurface.  Respiration testing performed during pilot-scale SVE system operation indicated that an additional 635,000 to 735,000 pounds of hydrocarbons may have been biodegraded during the period from February 1994 through April 1996, suggesting that more than 1,000,000 pounds of VOCs may have been removed during pilot-scale SVE system operation.  In 1996, an upgraded SVE system was installed at OU D, and it has been in operation since that time.  Through December 1999, approximately 100,000 pounds of VOCs were removed by the upgraded system.

Groundwater in the OU D VOC plume is being extracted and treated as part of the interim remedy for the GWOU.  The groundwater extraction and treatment system was installed in 1987, and currently five extraction wells are operating at OU D.  The extraction system has been successful in containing the plume, though contaminant mass removal has been less successful. 

The RPO evaluation at OU D required performance of the following tasks:

· Reviewing data to evaluate previously completed site characterization and interim remedial activities;

· Preparing a site‑specific work plan;

· Evaluating the remedial decision process leading to the current remediation system design, in accordance with the draft final RPO handbook;

· Preparing this site‑specific RPO evaluation report presenting preliminary screening-level soil cleanup goals, conclusions regarding the performance of the current SVE and groundwater extraction and treatment systems, and the effectiveness of these systems in achieving remedial action objectives;

· Recommending short‑term modifications to the OM&M of the remediation systems that will result in future cost savings; 

· Identifying long‑term opportunities for the direction of remedial decision making; and

· Providing an implementation plan for appropriate short‑term recommendation and long‑term opportunities.

The RPO evaluation determined that the previous and existing SVE systems have been effective at removing VOC mass from the vadose zone at OU D.  The groundwater extraction and treatment system is not an effective technology for the removal of VOCs from the saturated zone.  Groundwater extraction is, however, an effective technology for the containment of dissolved VOC plume emanating from OU D.  The technical practicability of the groundwater extraction system for remediating the groundwater to MCLs within a reasonable timeframe is questionable.

Based on the review of the remedial decision process and SVE and groundwater extraction system performance to date, and on an evaluation of the groundwater monitoring program, short‑term recommendations were identified to immediately improve SVE and groundwater pump-and-treat system performance, and long‑term opportunities were identified to provide a framework for the direction of site remediation in the future.  Recommendations for short‑term system evaluation and modifications include:

· Optimizing SVE system for mass removal by identifying the wells removing the greatest mass and terminating operations at others.

· Conducting regular SVE equilibrium testing to better assess progress toward attaining remedial action objectives and to determine when operation of the SVE system can be terminated;

· Evaluate the cost effectiveness of the current SVE catalytic/oxidation treatment system, which is expensive to maintain, and begin planning for a transition to granular activated carbon (GAC) unit.  Once GAC is installed, switch to a pulsed operation to minimized the unit cost of VOC recovery and treatment. 

· Evaluate non-VOCs as COCs in anticipation of completion of the Basewide feasibility study (FS) and ROD.

· Reducing the number of groundwater extraction wells operating at OU D from five to two to eliminate inefficient wells with low flows, while maintaining plume containment;

· Replace gas chromatography screening methods with total volatile hydrocarbon (TVH) and photoionization detector (PID) analyzers in the field for SVE monitoring.

· Reducing the number of groundwater monitoring wells sampled from 38 to 30, and reducing the sampling frequency for most wells from annual to biennial.

If implemented, these short‑term recommendations would result in more than $99,000 in annual cost savings, which is equivalent to 36 percent of the current annual OM&M  budget for operation of the OU D SVE and groundwater pump-and-treat systems and associated monitoring programs.  This annual OM&M budget does not include the costs for treatment of groundwater extracted from OU D.  Additional immediate cost benefits will be realized when diffusion sampling for VOCs is incorporated into the McClellan AFB groundwater monitoring program, as has been recently approved by regulatory agencies.

The long‑term opportunities identified for OU D remedial systems include: 

· Pursuing a “containment zone” designation for groundwater in the OU D source area as part of the final remedy for the GWOU, which would allow groundwater contaminant concentrations greater than MCLs to remain in situ as long as plume containment can continue to be demonstrated and institutional controls are enforced to prevent receptor exposures.  

· Negotiating site-specific cleanup goals that are protective of groundwater quality or negotiation of a Technical and Economic Feasibility Analysis (TEFA) to terminate SVE operations.

Long‑term cost savings from implementation of these opportunities could be in the millions of dollars.

Tables ES.1 and ES.2 provide summaries of the potential cost savings associated with the recommendations and opportunities identified as a result of the RPO evaluation for OU D.  An RPO implementation plan and schedule is included as Section 7 of this report.  

TABLE ES.1

RPO SUMMARY: SHORT‑TERM RECOMMENDATIONS 
operable unit D

REMEDIAL PROCESS OPTIMIZATION

McCLELLAN 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 – Optimize SVE system for mass removal.
TBDb/
TBD
TBD
Low ‑ Requires Base O&M contractor implementation.
Low

Recommendation No. 2 – Conduct annual equilibrium testing.
None
None
TBD
Low ‑ Requires Base O&M contractor implementation.
Low

Recommendations Nos. 3 and 4 --Replace SVE catalytic oxidation treatment system with granular activated carbon.  Use pulsed operation.
$42 K
$210 K
None
Low ‑ Requires Base O&M contractor implementation – Shut down of Cat/Ox.
$20 K

Recommendation No. 5 – Evaluate non-VOCs as COCs.
None
None
Uncertain
Low ‑ Requires Base O&M contractor implementation.
Low

Recommendation No. 6 -- Optimize groundwater extraction for plume containment by terminating groundwater pumping at three of five wells
$24.5 K
$2.3 M
None
Moderate – Requires regulatory approval.
$20 K

Recommendation No. 7 -- Replace GC screening methods with TVH and PID analyzers in the field for SVE monitoring.
$10 K
$50 K
None
Low – Requires Base O&M contractor implementation.
$5 K

Recommendation No. 8 -- Optimize groundwater monitoring.
$23.4 K
$3.3 M
None
Moderate ‑ Requires regulatory approval
$50 K

TOTAL
$99.9K
$5.6




a/  Estimated costs given in 2000 dollars (constant dollars).  Life cycle for SVE system is estimated to be 12 years total (5 years of operation remaining).  Life cycle for groundwater extraction and monitoring is estimated to be 108 years total (95 years of operation remaining). 

b/  TBD = to be determined.
Table ES.2

RPO SUMMARY: LONG‑TERM OPPORTUNITIES

OPERABLE UNIT D

REMEDIAL PROCESS OPTIMIZATION

AFB, CALIFORNIA

Opportunity
Annual Cost Savings
Cost Savings Over Life Cyclea/
Reduction in Time to Meet Cleanup Goals
Difficulty of Implementation
Cost to Implement

Opportunity No. 1 -- Develop proposal for groundwater containment zone.
>$24.5 K
>$3.3 M
None
High – Requires regulatory approval and negotiation of site specific, risk‑based cleanup goals.
$150 K

Opportunity No. 2 --Negotiate soil cleanup goals that are protective of groundwater or prepare a TEFA showing that SVE is no longer the most cost effective method of reducing CAH concentrations in groundwater.  Either approach could lead to termination of SVE operations at OU D.
$190 K
$1.0 M
>2 years 
Moderate – Requires negotiation of site specific cleanup goals that are protective of groundwater quality or negotiation of a TEFA to terminate SVE operations.
$100 K

a/  Estimated costs given in 2000 dollars (constant dollars).  Life cycle for SVE system is estimated to be 12 years total (5 years of operation remaining).  Life cycle for groundwater extraction and monitoring is estimated to be 108 years total (95 years of operation remaining). 
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section 1

introduction


This document was prepared by Parsons Engineering Science, Inc. (Parsons ES) for the United States (US) Air Force Center for Environmental Excellence/Technology Transfer Division (AFCEE/ERT), as part of a delivery order under the US Air Force Air Mobility Command (AMC) contract (F11623‑94‑D0024, RL 72).  The primary objective of this project is to use the remedial process optimization (RPO) approach, as described in the RPO Handbook (AFCEE and Air Force Base Conversion Agency [AFBCA], 1999), to assess the performance of current remediation systems at Operable Unit D (OU D) at McClellan Air Force Base (AFB), California.
1.1  rpo APPROACH and objectives

The US Air Force initiated the RPO program to develop a systematic means 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 to how the cleanup will be completed, and reviewing regulatory cleanup goals.  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, also should be considered in the optimization process.  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

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

The RPO Phase II evaluation at McClellan AFB, OU D, was conducted based on guidance presented in the draft final RPO Handbook (AFCEE and 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 specific objectives of the RPO evaluation at OU D and the tasks to be completed by Parsons ES under this RPO Phase II effort are presented in the Final Work Plan for Remedial Process Optimization Phase II Evaluation at Site OU D, McClellan Air Force Base, California (Parsons ES, 2000), and are summarized below.  This report presents the results of the RPO Phase II evaluation conducted at OU D.

Objectives of the RPO Phase II evaluation at OU D included:

· Reviewing the results of previous site characterization activities and assessing current site conditions;
· Reviewing and updating the current conceptual hydrogeologic site model;

· Evaluating the preliminary cleanup goals that have been established for the site; 

· Examining the effectiveness of the current remediation systems in relation to performance criteria;

· Recommending short-term modifications to the future OM&M of the remediation systems that will generate future cost savings; 

· Identifying long-term opportunities for the direction of remedial decision making; and

· Providing an implementation plan for appropriate short-term recommendations and long-term opportunities.

Specific tasks that were completed during this RPO Phase II evaluation for OU D included:

· Reviewing data to evaluate previously completed site characterization and treatability study activities;

· Preparing a site-specific work plan (Parsons ES, 2000);

· Evaluating the remedial decision process leading to the current remediation system design, in accordance with procedures described in the draft RPO Handbook (AFCEE and AFBCA, 1999);

· Evaluating the effectiveness and efficiency of the soil-vapor extraction (SVE) and groundwater extraction systems, currently operating at OU D; 

· Evaluating the monitoring well network and determining if the network can be optimized with respect to sampling locations, frequencies, analytes, and sampling and analysis techniques; and

· Preparing this site-specific RPO report, describing Parsons ES’ conclusions regarding the performance of the remediation systems, their potential effectiveness in achieving remediation objectives, and providing recommendations for RPO at OU D.

1.2  report organization

This report is divided into eight sections, including this introduction, and three appendices.  Section 2 provides a review of the site history and background information, as well as a description of current site conditions, including the site environmental setting, nature and extent of contamination, current remedial action objectives (RAOs), remedial systems, and monitoring programs.  A review of the conceptual hydrogeologic model is presented in Section 3.  Section 4 provides review of regulatory status and the basis for the interim cleanup goals.  Section 5 presents an evaluation of the remedial system effectiveness.  Section 6 presents recommendations for short-  and long-term RPO opportunities, and Section 7 provides an RPO implementation plan.  Section 8 provides a list of the references cited in this document.  Appendix A provides the modeling results for estimating the transport of chemicals in unsaturated soil to groundwater.  Appendix B presents supporting cost data.  Appendix C presents the capture zone analysis.

section 2

SITE inFORMATION


This section provides a review of the operational history and previous investigations conducted at OU D.  A description of current site conditions also is presented, including the current site environmental setting, nature and extent of contamination, RAOs, remedial systems, and monitoring programs.  

2.1  SITE LOCATION AND OPERATIONAL HISTORY
McClellan AFB is located approximately 7 miles northeast of downtown Sacramento, California.  The installation comprises approximately 3,000 acres and is bounded by the city of Sacramento on the west and southwest, the unincorporated areas of Antelope on the north, Rio Linda on the northwest, and North Highlands on the east. OU D is located in the northwestern part of McClellan AFB, northwest of Building 1069 along Patrol Road (Figure 2.1), and occupies approximately 192 acres.  Site S is located in the northwestern part of OU D, approximately 400 feet southwest of Building 1093 (URS Greiner-Laidlaw [URSG-Laidlaw], 1999a).  The SVE system at OU D is located north of Site S.
McClellan AFB was established in 1936 as an air repair depot and supply base for the War Department (CH2M Hill, 1994a).  During World War II, McClellan AFB became a major industrial facility, serving as a bomber and cargo aircraft maintenance depot.  By the early 1950s, the Base had transitioned to a jet fighter maintenance facility.  Through most of its operational history, McClellan AFB was engaged in a wide variety of operations involving the use, storage, and disposal of hazardous materials, including industrial solvents, caustic cleaners, electroplating chemicals, metals, polychlorinated biphenyls, low-level radioactive wastes, and a variety of fuel oils and lubricants.  

Figure 2.1  Site Location

Historical waste disposal practices included the use of burial pits for the disposal and/or burning of these materials.

McClellan AFB is currently operated as an installation of the Air Force Materiel Command (AFMC) and employs approximately 10,000 military and civilian personnel.  In 1995, the Base was recommended for closure by the Congressional Base Realignment and Closure (BRAC) committee.  The recommendation became effective on 28 September 1995.  Currently, closure of McClellan AFB as an active military facility is planned for 13 July 2001.

Fifteen sites that were formerly operated as waste pits are located at OU D.  These waste pits were operational from the 1950s through the 1970s (CH2M Hill, 1994a).  In 1956, the first burial pit was created for disposal of sodium valves from aircraft engines.  Additional burial and burn pits were constructed throughout the 1960s and 1970s, and were used for the disposal of refuse, other solid waste, oil, various chemicals, and liquid industrial sludge.  From the late 1970s into the early 1980s, many of the burial and burn pits were closed and covered with soil.  In 1985, the “Area D” cap was constructed over waste pits CS-1, CS-2, CS-3, CS-4, CS-5, CS-S, CS-A, and CS-T to reduce the infiltration of precipitation through the waste pits, thereby also reducing the formation and migration of leachate to groundwater at the site.  Prior to 1985, waste pit CS-4 was excavated to remove the sludge waste, and pits CS-6 and CS-26 were also excavated and backfilled. The waste disposal pits at OU D are no longer used for disposal of waste products (CH2M Hill, 1992).

2.2  PREVIOUS INVESTIGATIONS

For environmental investigation and management purposes, McClellan AFB has been subdivided into OUs.  Each soil OU corresponds to a geographical area of the Base where specific industrial operations and/or waste management activities have taken place.  Currently, 10 vadose zone OUs have been designated at McClellan AFB: A, B, B1, C, C1, D, E, F, G, and H.  In addition to the soil OUs, a Groundwater OU (GWOU) that 

Figure 2.2  Soil Operable Units

encompasses the entire Base has also been designated (CH2M Hill, 1999).  The soil OU boundaries are shown on Figure 2.2. 
Since 1979, multiple investigations have identified volatile organic compounds (VOCs) in Base soil and soil vapor, and in water samples from groundwater monitoring wells, on-Base production wells, and off-Base residential wells.  Based on the results of these investigations, McClellan AFB was placed on the National Priorities List (NPL) in July 1987.  A groundwater extraction and treatment system has been operating at OU D since 1987, and an SVE system has been in operation since 1994.  Several documents have been prepared describing site characterization and remediation activities conducted at OU D and tracking the performance of the various remedial measures.  Parsons ES reviewed the following reports as part of this RPO Phase II evaluation:

· GWOU remedial investigation/feasibility study (RI/FS) (CH2M Hill, 1994a);

· OU D RI report (CH2M Hill, 1994b);

· Final Basewide SVE work plan for SVE (URS Consultants, 1994);

· Basewide Interim ROD for GWOU (CH2M Hill, 1995);

· Final SVE operations and maintenance (O&M) manual for OU D Site S (URSG-Laidlaw, 1997b);

· SVE Pilot System Evaluation for Site S, OU D (CH2M Hill, 1997a);

· GWOU Phase II work plan (CH2M Hill, 1997b);

· Final groundwater monitoring plan (GWMP) (Radian International LLC [Radian], 1997b);

· Final Base-wide VOC FS report (CH2M Hill, 1999);

· First quarter 1999 (1Q99) and third quarter 1999 (3Q99) groundwater monitoring program reports (Radian, 1999a and Radian 1999b);

· Groundwater treatment plant O&M manual (URSG-Laidlaw, 1999a); and

· SVE quarterly operations reports (URSG-Laidlaw, 1999b-2000).
 2.3  ENVIRONMENTAL SETTING

2.3.1  Physiography

McClellan AFB is located in the Central Valley physiographic province, which extends 120 miles north of Sacramento to Redding, and about 400 miles south to Bakersfield.  The Central Valley is approximately 40 miles wide, and is divided into the Sacramento Valley (north of the confluence of the Sacramento and San Joaquin Rivers) and the San Joaquin Valley (south of the confluence).  The Central Valley is bordered by the Sierra Nevada range on the east, and the mountains of the Coast Ranges on the west (Norris and Webb, 1990).

The Base is located on an alluvial plain forming the eastern side of the Sacramento Valley.  The plain is nearly flat, and is dissected by numerous westerly-trending streams that drain the Sierra Nevada.  Land surface at the Base gently slopes from east to west, exhibiting little topographic relief.  Elevations range from about 75 feet above mean sea level (amsl) on the eastern side of the Base, to approximately 50 feet amsl on the western side (CH2M Hill, 1994a).

The Sacramento and American Rivers are the principal drainages in the area.  The Sacramento River headwaters are in the Sierra Nevada, north of the city of Sacramento.  The river flows south along the axis of the Central Valley, passing about 6 miles west of McClellan AFB.  The American River is a major tributary of the Sacramento River, and originates in the Sierra Nevada east of Sacramento.  The American River passes about 7 miles south of McClellan AFB, and joins the Sacramento River in the western part of the city.

2.3.2  Geology

The Central Valley is an elongate basin, bounded on the east and west by nearly-continuous mountain ranges.  Sediments derived from the bordering mountain ranges have accumulated in the basin for millions of years, and now comprise a sequence of unconsolidated to partly-consolidated deposits that, in places along the western side of the Valley, may be as much as 30,000 feet thick (Norris and Webb, 1990).  The sediments that fill the Valley thin to the east, but the sequence is probably several thousand feet thick beneath the city of Sacramento.

The sediments in the upper few hundred feet of the subsurface beneath the Base consist of coalescing deposits laid down by fluvial systems of various sizes and competence that flowed generally from northeast to southwest or west.  Soils are primarily sand, silt, and clay, generally poorly sorted, with localized occurrences of gravel, generally in the southern part of the Base.  The nature of fluvial deposition, including stream meandering and abandonment/reoccupation of channels, produced morphologically irregular lenses and strata that are laterally and vertically discontinuous.  The coalescing and intercalating nature of the sediments makes distinction between units, or stratigraphic correlation over distances greater than a few tens of feet, difficult, particularly because interpretation must be based on examination of drive samples or geophysical logs from boreholes (CH2M Hill, 1994a).

2.3.3  Hydrogeology

2.3.3.1  Regional Hydrogeology

The groundwater system in the vicinity of McClellan AFB has been divided into upper and lower water-bearing units separated by a buried erosional surface.  Most groundwater production wells in the area are completed in the lower unit.

Recharge to the groundwater system occurs as a result of leakage from streams and rivers, and infiltration of precipitation and irrigation water through the vadose zone.  Percolation of recharge water from the ground surface to the upper water-bearing zone is inhibited to a large extent by the presence of caliche horizons (“hardpan”) throughout much of the Sacramento Valley.  Thus, most recharge to the upper unit of the groundwater system occurs from perennial and ephemeral stream channels, consisting of permeable sands and gravels, that allow surface water to percolate to the water table.  Caliche horizons also may locally restrict the movement of groundwater from the uppermost, shallow zone to deeper parts of the groundwater system.

Groundwater discharge in the Sacramento Valley occurs primarily through groundwater extraction for irrigation and municipal, domestic, and industrial uses.  Since the turn of the century, groundwater extraction has substantially altered groundwater levels and gradients.  At present, the regional direction of groundwater flow in the vicinity of Sacramento is toward a pumping-induced depression in the water table south of Sacramento.  Extensive groundwater pumping near McClellan AFB has also altered the direction of groundwater movement locally.  In 1955, groundwater movement was generally to the southwest, toward a pumping-induced depression southwest of the Base.  By 1965, this depression had deepened, and a second pumping depression developed directly south of the Base as a result of operation of large-capacity production wells near the Base boundary.  Thus, in the late 1950s and early 1960s, groundwater beneath the Base began to move to the south, and groundwater west of the Base moved to the south and southeast.  Currently, the general direction of groundwater movement beneath the Base is from north to south, although locally the direction of groundwater movement is influenced by water-supply wells, and by groundwater extraction and treatment systems (Radian, 1999a).

The elevation of the water table in the vicinity of the Base displays natural fluctuations on the order of about 2 feet per year.  The annual mean water-table elevation has declined on the order of 1 to 2 feet per year since 1955, as a result of groundwater withdrawals for agricultural, municipal, industrial, and domestic uses (CH2M Hill, 1999).  The current decline in groundwater elevations is likely to continue indefinitely, as a consequence of over-use of the groundwater resource (CH2M Hill, 1994a).

2.3.3.2  Local Hydrogeology

Although the stratigraphy of the sediments beneath McClellan AFB is complex, the juxtaposed and intercalated strata of sand, silt, clay, and gravel comprise a single groundwater system.  The geologic and hydraulic properties of the upper water-bearing unit vary over short distances, and the more permeable intervals serve to establish hydraulic interconnection vertically and horizontally, so that in general, groundwater movement (and associated advective migration of contaminants) may occur throughout the groundwater system.  The upper unit beneath McClellan AFB has been divided into the vadose (unsaturated) zone and five monitoring zones below the water table, distinguished on the basis of general hydraulic characteristics (Figure 2.3).  From shallowest to deepest, the saturated zones are labeled A, B, C, D, and E (Radian, 1999a).  The monitoring zones at McClellan AFB were designated primarily for the purpose of indicating the completion intervals of monitoring wells; all the monitoring zones are hydraulically connected to a greater or lesser degree, and groundwater can move between adjacent zones (CH2M Hill, 1994a).  Generally, the zones dip to the west, and increase in thickness from east to west.  In is entirely possible for two adjacent wells screened at different depth intervals to be completed within the same monitoring zone, or for two wells screened at similar depths to be completed in different monitoring zones.  These local variations in the depths of monitoring zones are a consequence of the heterogeneity of the sediments beneath the Base, and the relative capacities of different deposits to transmit water.

The thickness of monitoring zone A ranges from 9 to 50 feet, and groundwater in monitoring zone A exists under unconfined conditions.  The thickness of monitoring zone B ranges from 40 to 75 feet, and groundwater in this zone appears to exist under partially confined conditions.  Monitoring wells at OU D have been constructed only in the A and B monitoring zones (Radian, 1999a); therefore, no information is available regarding the deeper monitoring zones at OU D.

At OU D, the depth to shallow groundwater varies from approximately 99 to 102 feet below ground surface (bgs).  Under natural conditions, prior to installation and operation of the OU D groundwater extraction system, groundwater typically moved from northeast to south or southwest in the A monitoring zone, and from north to south in the B and C monitoring zones (CH2M Hill, 1992).  The local direction of groundwater movement beneath OU D currently is influenced by the groundwater extraction system operating at the site.  Groundwater flow generally is directed radially inward toward the extraction wells (EWs) (Figure 2.4).

Horizontal hydraulic gradients in the groundwater system at OU D range from 0.0008 foot per foot (ft/ft) to 0.0021 ft/ft, with the largest gradients occurring near active 

Figure 2.3  Subsurface Monitoring Zones

Figure 2.4  Directions of Groundwater Movement in Monitoring Zone A 

EWs.  Vertical hydraulic gradients have been calculated using pairs of adjacent monitoring wells that are completed in different monitoring zones.  Vertical gradients calculated using well pairs within that part of the groundwater system influenced by active groundwater extraction at OU D are generally downward, similar to vertical gradients that exist between the A and B monitoring zones in other parts of the Base (Radian, 1999a).  Downward gradients range in magnitude from about 0.003 ft/ft to 0.04 ft/ft, with the greatest vertical gradients occurring near active EWs.  At distances greater than 1,000 feet from the extraction system, vertical gradients may be directed upward or downward, depending on local potentiometric conditions.  The vertical gradients between monitoring zones A and B are usually upward in the winter and downward during the rest of the year.
Hydraulic conductivity is the property of a porous medium that describes the capacity of the medium to transmit water.  The horizontal hydraulic conductivity of the sediments in monitoring zones A and B may range to values as high as 30 feet per day (ft/day); however, the weighted average hydraulic conductivity of the sediments in the two zones is somewhat lower (about 5.6 ft/day) (CH2M Hill, 1994a).  The value of horizontal hydraulic conductivity is about 5 to 15 times greater than the vertical hydraulic conductivity (CH2M Hill, 1992), indicating that groundwater movement beneath OU D occurs primarily in the horizontal plane.  The average velocity of groundwater in the horizontal direction (parallel to stratigraphy) can be calculated using:
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where

Vh  =  average horizontal velocity of groundwater movement [ft/day],

Kh  =  average horizontal hydraulic conductivity [ft/day],

dh/dl  =  average horizontal hydraulic gradient [ft/ft], and

ne  =  effective porosity [percent].

Using this relationship, together with the weighted average of horizontal hydraulic conductivity for the A and B monitoring zones (5.6 ft/day), the range of horizontal hydraulic gradients within OU D (about 0.001 to 0.002 ft/ft), and an approximate effective porosity of 0.15 (a value consistent with the results of prior investigations at McClellan AFB [CH2M Hill, 1992]), the calculated horizontal advective velocity of groundwater movement in the A and B monitoring zones at OU D ranges between about 14 and 30 feet per year (ft/year).

The results of a comprehensive assessment of current groundwater conditions at OU D are presented in the 1Q99 monitoring report (Radian, 1999a).  A more detailed evaluation of the hydrogeologic conceptual model for OU D is provided in Section 3.

2.4  NATURE AND EXTENT OF CONTAMINATION

As discussed in Section 2.1, 15 confirmed or suspended waste pits plus three buildings have been identified as potential source areas within OU D.  The VOCs detected at the highest concentrations in soil, soil vapor, and/or groundwater include tetrachloroethene (PCE), trichloroethene (TCE), 1,1-dichloroethene (1,1-DCE), cis-1,2-DCE, 1,1-dichloroethane (1,1-DCA), 1,2-DCA, 1,1,1-trichloroethane (1,1,1-TCA), and several dichlorobenzene isomers (URSG, 1997).  A brief description of the nature and extent of VOCs in soil and groundwater is provided in the following subsections.

2.4.1  Contaminants in Soil

Sites CS-2, CS-3, CS-4, CS-5, CS-A, CS-S (Site “S”), and CS-T on McClellan AFB correspond with the locations of former waste burial and burn pits.  Fuels and organic solvents were disposed in these burial and burn pits in the course of historic activities at McClellan AFB; and the extent of soil contamination corresponds with the location of the former waste burial and burn pits.  Contaminants of concern (COCs) in soil include solvent and fuel constituents and metals (CH2M Hill, 1999).  In addition to COCs sorbed to soil, a plume of VOC vapor has been identified in the vadose zone within OU D (CH2M Hill, 1999).  Prior to the initiation of active SVE in 1996, vapor-phase concentrations of total VOCs at the site ranged from about 185 to 47,500 parts per million by volume (ppmv), with 1,1,1-TCA being the constituent generally detected at the highest concentrations in soil vapor (Table 2.1; [CH2M Hill, 1997b]).  After approximately 6 years of operation of the SVE system, VOC concentrations in vapor at Site S, OU D have decreased appreciably (Table 2.1).

TABLE 2.1
HISTORIC CONCENTRATIONS OF VOCS DETECTED IN SOIL VAPOR

OPERABLE UNIT D

REMEDIAL PROCESS OPTIMIZATION

MCCLELLAN AFB, CALIFORNIA

Constituent
Historic Maximum Concentration (2/94)
Most Recent Maximum Concentrations (12/99)


Concentration

(ppmva/)
Locationb/
Concentration

(ppmv)
Location

1,1-DCA
1,350
3BS
270
VEP-108A

1,1-dce
3,320
3BD
390
VEP-103C

cis-1,2-DCE
620
3BS
66
VEP-109A

PCE
NAc/
--
63
VEP-110A

1,1,1-TCA
33,700
3BD
30
VES-113

TCE
8,070
3BD
100
VES-02AS

Vinyl Chloride
470
7
41
VEP-108A

a/  ppmv   =  parts per million (by volume).
b/  “Location” refers to vapor monitoring well or vapor extraction well.
c/  NA  =  Not analyzed for this compound, or analytical results not reported.

2.4.2  Contaminants in Groundwater

The COCs in groundwater at OU D are exclusively chlorinated aliphatic hydrocarbons (CAHs).  A dissolved VOC plume in groundwater, consisting primarily of TCE at concentrations greater than the federal maximum contaminant level (MCL) of 5 micrograms per liter (µg/L), has been identified in the central and southwestern parts of OU D (CH2M Hill, 1999).  In addition, low concentrations of VOCs have occasionally been detected during historic monitoring events in groundwater samples collected from wells at distances up to approximately 500 feet off-Base to the northwest.  However, no contaminants have currently (third quarter 1999; Radian, 1999b) been detected in groundwater samples from monitoring wells at off-Base locations west, or northwest of OU D.  The extent of TCE contamination in the A and B monitoring zones, and the capture zones for that part of the McClellan AFB groundwater extraction system located within OU D, are shown on Figures 2.5 and 2.6, respectively.  Groundwater “hot spots” 

Figure 2.5  Extent of TCE Contamination in Monitoring Zone A - 1Q99

Figure 2.6  Extent of TCE Contamination in Monitoring Zone B - 1Q99

have been identified near the former waste pits, beneath Sites CS-2, CS-3, CS-5, CS-A, CS-S, and CS-T, which are the sources of VOCs dissolved in groundwater.  The most frequently detected CAHs at these hot spots include PCE, TCE, cis-1,2-DCE, and 1,2-DCA.  Groundwater hot spots at McClellan AFB are defined as areas where contaminants are present at concentrations greater than 100 times the applicable MCL.

Prior to the commencement of groundwater remediation, several VOCs were detected in groundwater beneath hot spots at OU D, at concentrations that occasionally represented appreciable fractions of the compounds’ solubility in water (Table 2.2).  The likelihood of VOCs being present in the subsurface at OU D as a dense nonaqueous-phase liquid (DNAPL) is thought to be low (CH2M Hill, 1997b); nevertheless, the hot spots function as sources of a groundwater contaminant plume that originates in the vicinity of the waste pits, and has migrated with regional groundwater flow to the south and southwest, eventually moving off-Base (CH2M Hill, 1994a).

TABLE 2.2
HISTORICAL CONCENTRATIONS OF VOCS DETECTED IN GROUNDWATER

OPERABLE UNIT D
REMEDIAL PROCESS OPTIMIZATION

MCCLELLAN AFB, CALIFORNIA

Constituent
Aqueous Solubilitya/ (g/L)b/
Historic Maximum Concentration
Most Recent Maximum Concentrations (3/99)



Concentration (g/L)
Location
Date
Concentration (g/L)
Location

1,1-DCA
5,500,000
4,430
MW-38D
9/82
18.1
EW-87

1,2-dca
8,690,000
7,000
MW-10
7/81
37.8
MW-10

1,1-dce
2,250,000
64,300
MW-11
7/81
312
EW-73

cis-1,2-DCE
800,000
70.2
EW-84
5/86
21
MW-10

PCE
140,000
2,480
MW-11
7/81
5.87
EW-83

1,1,1-TCA
4,400,000
22,800
MW-14
7/81
5.80
EW-87

TCE
1,100,000
26,600
MW-14
7/81
272
EW-87

vC
1,100,000
2,230
MW-38D
9/82
36.1
MW-38D

a/  Values for aqueous solubility from Verschueren (1983).
b/  g/L  =  micrograms per liter.
Further migration of the VOC plume has been halted as a result of the operation of the groundwater extraction and treatment system since its installation in 1987, and the OU D plume is currently (third quarter 1999) regarded as being “fully contained” (Radian, 1999b).  In general the concentrations of dissolved CAH in groundwater have decreased appreciably during the period of system operation (Table 2.2).  However, low concentrations of VOCs continue to be detected sporadically at locations distal from the hot spots, west and southwest of OU D (CH2M Hill, 1994a).  Section 2.7 summarizes current groundwater conditions in OU D, as presented in the 1Q99 groundwater monitoring report (Radian, 1999a).

2.5  REMEDIAL ACTION OBJECTIVES for groundwater

The current RAOs for OU D were established in the Base-wide GWOU Interim ROD (CH2M Hill, 1995) and the Base-wide VOC FS report (CH2M Hill, 1999).  As discussed in detail in Section 4, the Interim ROD addresses all VOC-contaminated groundwater at McClellan AFB, rather than addressing groundwater contamination related to a specific soil OU (e.g., OU D).  The selected interim remedy for groundwater across the entire Base includes three principal components (CH2M Hill, 1995):

1. Hydraulic containment of contaminated groundwater using groundwater EWs;

2. Treatment of the extracted groundwater; and

3. End-use of the groundwater.

Although final cleanup levels are not established in the Interim ROD, MCLs were identified as groundwater cleanup goals for the compounds identified as basewide groundwater COCs (PCE, TCE, cis-1,2-DCE, and 1,2-DCA).  These goals are to be attained by any final groundwater remedy implemented at McClellan AFB.  Remediation of metals and other non-VOC contamination is not addressed in the Interim ROD (CH2M Hill, 1995).

The Base-wide VOC FS (CH2M Hill, 1999) was conducted to support selection of final remedies to mitigate VOC contamination in soils and groundwater across the Base.  The VOC FS used two preliminary cleanup goals to evaluate remedial alternatives for soil and groundwater.  These preliminary cleanup goals included MCLs and water quality objectives (WQOs) defined in the Water Quality Control Plan (or Basin Plan) for the Central Valley (California Regional Water Quality Control Board [CRWQCB, 1998]).  Per the FS, final cleanup standards for VOCs in groundwater will be selected in a final VOC ROD.  McClellan AFB is currently pursuing a separate Base-wide FS and ROD for the non-VOC contaminants in soil and groundwater (CH2M Hill, 1999). 

2.6  DESCRIPTION OF REMEDIATION SYSTEMS

The remediation systems currently operating at OU D include an SVE and treatment system, a groundwater extraction system, and associated monitoring networks.  Although 31 SVE wells and 6 groundwater EWs are present at OU D, only the following OU D system components are currently in operation:

· Six vapor extraction wells (VES-101, -102, -105, -106, -107, and -113);

· An SVE blower system rated at 800 standard cubic feet per minute (scfm) that removes soil vapor from the six vapor extraction wells (VEWs) within OU D and one OU C VEW;

· A vapor treatment system consisting of a catalytic-oxidation (Cat/Ox) unit and caustic scrubber; and
· Five groundwater EWs (EW-73, EW-83, and EW-85 through EW-87).

Groundwater removed from the saturated zone beneath OU D is conveyed in pipelines to a 1,500-gallon-per-minute (gpm) capacity groundwater treatment plant (GWTP), which has 140-gpm ultraviolet oxidation (UV/OX) pre-treatment system, a 2,000-gpm air stripper, liquid granular activated carbon (LGAC) canister for water polishing, and an oxidation scrubber for air stripper off gas.  The GWTP is centrally located at McClellan AFB and treats water from multiple soil OUs.

The systems are designed to remediate soil and groundwater contaminated with fuels and CAHs.  The locations of the SVE and groundwater systems are shown on Figures 2.7 and 2.8, respectively.  The OU D SVE and groundwater extraction systems are described in greater detail in the following subsections, and are illustrated on Figures 2.9 and 2.10, respectively.  Additional information regarding the SVE and groundwater extraction processes is provided in the referenced documents.  

2.6.1  Soil Vapor Extraction and Treatment System

Startup of a pilot-scale SVE system began in March 1993, and continuous system operation was initiated in March 1994, following the installation of VEWs outside of Site S (Figure 2.7).  A total of 385,899 pounds of VOCs was removed and treated by this SVE system before this pilot-scale system was shut down in April 1996, and subsequently replaced.

The SVE treatment system currently operating at OU D formerly was located at Investigative Cluster (IC-) 1 in OU B.  It was relocated to OU D during the summer of 1996.  The URSG-OHM Joint Venture initiated operation of the current OU D SVE system on 1 July 1996.  The OU D SVE system includes 27 VEWs.  Of these, six wells (VES-101, -102, -105, -106, -107, and -113) are currently in operation.  In June 1997, a seventh VEW (IC-19), located in OU C (Figure 2.8), was connected to the OU D vapor treatment system (URSG-Laidlaw, 1999b).  The total vapor flow rate from the seven VEWs ranges from approximately 480 to 660 scfm.  Through December 1999, approximately 100,000 additional pounds of VOCs (or a total of about 486,000 pounds) had been removed from the OU D and IC-19 VEWs (see Section 5.1).

Soil vapors are extracted from the VEWs using a positive-displacement blower (Figure 2.9).  The extracted soil vapor is passed through a water/vapor separator to remove entrained water and solids, and the condensate (i.e., water and dissolved VOC mass) is pumped to an equalization tank.  The extracted soil vapor is then passed through a particulate filter prior to entering the blower.  The blower discharges to the vapor-treatment system, which consists of a Cat/Ox emission-control system. 

Figure 2.7  Base-wide SVE System Locations

Figure 2.8  Base-wide Groundwater Extraction Wells and Treatment Systems

Figure 2.9  Simplified Site S SVE Process Flow Diagram

Figure 2.10  Simplified Groundwater Treatment Process Flow Diagram

External combustion air and supplemental fuel (i.e., natural gas) are used to ignite the burner in the Cat/Ox unit, and to maintain the oxidizer at the proper operating temperature.  Vapors flow horizontally into the oxidizer chamber and are heated to approximately 650 to 1,050 degrees Fahrenheit (°F).  The heated gases then pass vertically upward through a bed of catalyst pellets where the vapors in the process gases are oxidized.  

Treated vapors are directed through a pre-saturator, where gases are cooled and passed through a caustic scrubber to remove residual acid byproducts (e.g., hydrochloric or hydrofluoric acid) produced during oxidation of CAHs.  The scrubbing system has four major components: a venturi quench, a scrubber absorption tower, a caustic storage and delivery system, and an induced-draft fan.  The fan blows vapors into a 30-foot-tall, 10-inch-diameter stack, where they are neutralized, and the treated vapor stream is discharged from the top of the stack into the atmosphere (Figure 2.9).
2.6.2  Groundwater Extraction and Treatment System

The groundwater system at OU D began extracting and treating water from OU D EWs in March 1987.  Water from the OU D EWs, two EWs located in IC-19 at OU C, and one EW at OU C1 is combined into a conveyance pipeline and is pumped to a central GWTP (Figure 2.8).

Each well or group of wells has a local control panel for regulating the submersible pump(s).  These pumps are typically Grundfos® multi-stage pumps.  Each well also is equipped with a flow meter for local and remote flow monitoring/regulation.  As shown in Figure 2.10, the groundwater extracted from OU D, IC-19, and OU C1 is pumped to the GWTP, where it first discharges into a Rayox® UV/OX system consisting of a reactor and integral pumps and controls.

Pretreated water flows from the UV/OX system and from the remaining GWOU EWs into an equalization tank and is then pumped into a 64,000-gallon storage tank.  Feed pumps transfer water from the influent storage tank to the top of the air stripper.  The pumps are driven by a variable-frequency drive and controlled by the water level in the influent tank.  

The 2,000-gpm air stripper is a 10-foot-diameter by 57-foot-high packed column.  The air stripper removes VOCs from the groundwater via counter-current airflow.  The stripper sump contains a level indicator and independent high- and low-level switches that control the effluent pumps.  A pressure switch on the blower regulates air flow to the stripper.  A cleaning pump is provided for periodic acid washing of the air-stripper packing materials to remove scale (Figure 2.10). 

The offgas from the air stripper is treated with a zeolite concentrator and integral flameless thermal oxidizer.  The air-stripper effluent pumps transfer water from the air stripper sump through three dual-vessel, 20,000-pound LGAC trains.  The LGAC units have a capacity of 500 gpm each.  The water is then discharged into a 300,000-gallon, bolted-steel effluent tank prior to discharge into Magpie Creek (Figure 2.10).

2.7  current MONITORING PROGRAM DESCRIPTION

A monitoring program has been implemented since 1987 to evaluate the performance of the OU D remediation systems.  This section provides a summary of the SVE and groundwater monitoring programs.
2.7.1  Soil-Vapor Monitoring

As described in the Base-wide SVE work plan (URS Consultants, 1994), the objectives of the SVE monitoring program are to:

· Quantify the cumulative and specific VOC mass removed during SVE operation;
· Evaluate the SVE system radius of influence;

· Assess whether preferential removal of contaminants from different strata or depths is occurring during SVE operation;

· Evaluate SVE emission-control system performance;

· Evaluate the degree of VOC biodegradation in the subsurface;

· Evaluate the impact of SVE on ambient air quality near the site;

· Monitor contaminant concentrations in process residuals; and

· Evaluate noise impacts.

The frequency and rationale for sampling of SVE wells at OU D are described in the site-specific remedial action work plan for Site S (RAWP) (URS Consultants, 1996), and are summarized in the following paragraphs.  The RAWP specified monitoring plans for a pre-operation phase, an optimization phase for the first 4 weeks of operation, and a continued-operation phase.  The pre-operation and optimization phases have already been completed; therefore, this review focuses on the monitoring procedures specified for the continued-operation phase.  Four types of monitoring samples are identified in the site specific RAWP:

· Soil vapor samples;

· Emissions-control vapor samples; 

· Residuals-management water samples; and 

· Residuals-management sediment samples.  

The soil vapor sampling locations consist of vapor piezometer nests (VPNs), VEWs, and manifold piping.  Nineteen VPNs currently are sampled monthly to monitor SVE system efficiency.  The monitored VNPs were selected to ensure coverage of the entire area of influence of the system, and all are located at distances greater than 200 feet from the VEWs.  Per the RAWP, 9 of 31 VEWs were to be sampled monthly, and the remaining VEWs were to be sampled biannually (URS Consultants, 1996).  Because only 27 VEWs were installed, and only seven are currently operational, the exact numbers of VEWs sampled during the various scheduled monitoring events is unclear.  

Per the RAWP, one sample from each VEW and VNP is field-screened for VOCs and non-methane organic compounds (NMOCs) with a portable gas chromatograph (GC) (Methods 8021A and E18) during each sampling event.  Based on field-screening results, selected samples are submitted for laboratory analysis of VOCs and total volatile hydrocarbons (TVH) using US Environmental Protection Agency (USEPA) Method TO-14.  Although a total of 27 VEWs are available for sampling, only nine VWs were selected for monthly sampling.  Vacuum relative to atmospheric conditions was is measured every 3 months in available VNPs to evaluate the vacuums created in the subsurface by operation of the SVE system.  

The emissions-control vapor samples are collected from the Cat/Ox system influent (COI), the Cat/Ox system effluent (COE), and the caustic scrubber effluent (CSE).  These sampling locations are illustrated on Figure 2.9.  COI samples are collected twice per month, field-screened for VOCs and NMOCs using the portable GC, and analyzed by the fixed-based laboratory for VOCs and TVH (USEPA Method TO-14), and oxygen, carbon dioxide, and methane (American Society for Testing and Materials [ASTM] Method D-1946).  The COE samples are analyzed for hydrochloric acid and hydrofluoric acid (HCl/HF) every 6 months (Method CARB 421).  The CSE samples are collected monthly and analyzed for VOCs and NMOCs in the field (GC Methods 8021A and E18), and for VOCs and TVH (Method TO-14) and dioxins and furans (Method 23) by a fixed-based laboratory.  Every 6 months, CSE samples also are analyzed for HCl/HF (Method CARB 421) and carbon monoxide, sulfur dioxide, nitrogen oxides, and particulates (Methods CARB 5 and 100).  

Water samples are collected from the air/water separator (AWS) and scrubber final blowdown (SFB).  The AWS samples are analyzed for dioxins and furans (USEPA Method 8290 or 1613A) and VOCs (USEPA Method 8260A).  The AWS samples are collected either 30 days after first accumulation into the drums, or after four 55-gallon drums have been filled with condensate, whichever occurs first.  The SFB is sampled for dioxins/furans; VOCs; sodium and metals (USEPA Method 6010); chloride (USEPA Method 300.0); hexavalent chromium (Method 7196A); total dissolved solids (USEPA Method 160.1); and total suspended solids (USEPA Method 160.2).  The frequency of sample collection from the SFB is not specified in the RAWP (URS Consultants, 1996). 

Sediment samples are collected from the scrubber sump sludge (SSS).  Two composite SSS samples are collected each time sludge is removed from the sump.  The SSS samples are analyzed for VOCs and toxicity characteristic leaching procedure (TCLP) VOCs (USEPA Methods 1311/8260); TCE via the California waste-extraction test (WET) (Method WET/8260); total and TCLP metals (USEPA Methods 1311/6010); deionized-water (DI)-WET metals (Method WET/6010); DI-WET dioxins/furans and 2,3,7,8-TCDD (Method WET/8290).

In addition to the above-described sampling, the following monitoring also is specified in the RAWP for the OU D SVE system (URS Consultants, 1996):

· Noise monitoring is conducted at four locations during each quarterly monitoring event.  At each location the noise level is recorded at five 1-minute intervals to generate a short-term average.  The maximum noise level also is recorded for each event.  

· Ambient air samples are collected to assess the possible exposure of McClellan AFB workers to CSE emissions.  Ambient air samples are analyzed for VOCs and HCl/HF vapors.

2.7.2  Groundwater Monitoring

As described in the GWMP (Radian, 1997b), the objectives of the groundwater monitoring program are to:

· Periodically evaluate groundwater conditions to ensure that public health and the environment are protected;

· Establish baseline conditions in areas where these conditions have not been determined;

· Evaluate remediation system effectiveness; and

· Determine if contaminant migration is continuing, or if dissolved contaminant plumes are being contained by the groundwater extraction system.

The field sampling plan for 1Q99 (URSG-Laidlaw, 1999b) identified 56 monitoring wells and 15 EWs to be sampled (Figure 2.11), based on the rationale and decision logic 

Figure 2.11  Groundwater Monitoring Network

presented in the GWMP (Radian, 1997b).  The sampling frequency for groundwater EWs is determined by the plume analysis schedule and whether or not baseline conditions have been established at each EW location.  The EW sampling rationale is as follows:

· New EWs are sampled for at least four quarters to allow a baseline trend to be established.  Time-series plots for these EWs are evaluated quarterly to determine when the baseline trend has been established.  Any recommendation to discontinue quarterly sampling is documented in the quarterly sampling schedule and quarterly monitoring reports.

· All operating EWs installed in a plume are sampled during the quarter that the plume is scheduled to undergo detailed analysis and performance evaluation.  Not all EWs may be operating when the quarterly monitoring samples are collected.  The O&M contractor assists in establishing each quarter’s EW sampling schedule. (CH2M Hill, 1997b).

The 1Q99 monitoring results for TCE in groundwater at OU D are summarized on Figures 2.5 and 2.6.  Recent maximum detected concentrations of CAHs in groundwater are presented in Table 2.2.  The results of the statistical analyses performed during this RPO effort for the current monitoring plan are provided in Section 5.3.

Section 3

Review of Conceptual Site Model


The conceptual hydrogeologic model of a site describes the groundwater and surface-water systems at the site, the relationships among the systems, and their temporal evolution.  The conceptual site model (CSM) provides the basis for understanding the occurrence and movement of water and contaminants at the site, and incorporates and organizes the geologic and hydrologic information into a framework that guides site investigations and subsequent remediation activities.  Without an adequate conceptual understanding of the hydrogeologic framework and the relationships among the components of the hydrologic system, subsequent activities and levels of effort will not generate conclusions that can be used with any confidence.  At a minimum, the hydrogeologic 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 hydraulic conductivity;

· Values for the hydraulic properties of the various hydrogeologic units, including conductivity, specific yield and specific storage; and, if thicknesses of hydrostratigraphic units are known, their bulk properties of transmissivity and storativity;

· The elevations and configuration of the groundwater potentiometric surface(s);

· Surface drainage configurations, the sizes of streams, and gaining or losing reaches;

· Hydrologic boundaries, including streams, drainage divides, and hydrogeologic contacts with materials of lower or higher permeability; 

· Source(s) of contaminants; and 

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

The most recent update to the CSM of McClellan AFB OU D (Figure 3.1) was developed by CH2M Hill (1997b) and refined in the Basewide VOC FS (CH2M Hill, 1999).  This model is referred to herein as the “current” CSM, and is presumed to represent the basic framework within which the current remediation systems were conceived, evaluated, and designed.  Examination and, if necessary, refinement of the conceptual hydrogeologic model, as previously interpreted and presented, is therefore a critical element of the RPO evaluation.

3.1  CURRENT CONCEPTUAL MODEL

The current CSM for OU D (Figure 3.1) is based on the site history, hydrogeology, and nature and extent of contamination as discussed in Section 2.  The vadose zone (extending from ground surface to a depth of about 1,000 feet bgs) and the upper saturated zone (extending from a depth of about 100 feet bgs to about 450 feet bgs) are the zones most likely to be affected by contaminants; therefore, the CSM focuses on these zones.  The current CSM for McClellan AFB OU D incorporates the following principal features:

· The vadose zone and shallow groundwater zone beneath McClellan AFB consist of interbedded and intercalated fluvial deposits of sand, silt, clay, and minor gravel.  The character of the deposits is highly variable over short distances, and individual bedding units are laterally and vertically discontinuous; however, the unsaturated and saturated zones within the groundwater system are broadly interconnected.  Although separate monitoring zones have been identified (Section 2.3.3), the groundwater system beneath OU D generally functions as a single hydrologic unit (Parsons ES, 1998; CH2M Hill, 1999).

Figure 3.1  Current Conceptual Site Model

· 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.  Fine-grained (silt and clay) stringers in sandy strata produce decreases in permeability, and increasing sand content in fine-grained strata result in increased permeability.  Permeability of sediments to water and/or air is an important control on the rate of water percolation (and contaminant leaching) and migration of soil vapors.  The permeability (hydraulic conductivity) of stratified sediments in the horizontal plane ranges from about 20 to 40 ft/day (CH2M Hill, 1994b).  This value is about 5 to 15 times the hydraulic conductivity in the vertical direction, transverse to stratification (less than about 1 ft/day to 4 ft/day; CH2M Hill, 1994b).  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 NAPL phases.

· The depth to the water table beneath McClellan AFB ranges between about 90 and 110 feet bgs (CH2M Hill, 1994b and 1999).  As a consequence of the relatively great depth to the water table, surface streams are not in direct hydraulic communication with the groundwater system beneath the Base (CH2M Hill, 1995).  Water-table elevations have declined at rates ranging from 1 to 2 feet per year during the past 50 years.  Groundwater levels are expected to continue to decline at a rate of about 2 feet per year as a consequence of large-scale groundwater production for industrial, irrigation, and municipal uses in the Sacramento area (CH2M Hill, 1994b).

· At locations distal from groundwater EWs, horizontal hydraulic gradients in the groundwater system are generally of low to moderate magnitude (about 0.001 to 0.004 ft/ft) (Radian, 1999a).  Groundwater flow velocities resulting from these gradients, in monitoring zones A and B at OU D, range from about 25 ft/yr to greater than 250 ft/yr (CH2M Hill, 1999).  Horizontal hydraulic gradients generally increase with proximity to EWs as a consequence of drawdown induced by the EWs in the groundwater system surrounding the extraction system.

· As a consequence of large-scale groundwater withdrawals on the regional scale (Radian, 1999a), vertically oriented hydraulic gradients in the groundwater system are generally directed downward, inducing groundwater movement from shallow monitoring zones to deeper zones (e.g., from zone A to zone B).  Vertical hydraulic gradients are generally small, on the order of 0.001 to 0.05 ft/ft.

· The directions of groundwater movement in the saturated zone have varied somewhat over the past 80 years, but generally have persisted in a southerly to southwesterly direction.  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.  The direction of groundwater movement beneath OU D is generally radially inward, from surrounding areas on the Base and off-Base, toward the groundwater extraction system.

· VOCs (including 1,1-DCA, 1,2-DCA, 1,1-DCE, cis-1,2-DCE, PCE, 1,1,1-TCA, TCE, and vinyl chloride) are the constituents of primary concern at McClellan AFB OU D (Table 3.1).  Historic Base activities and disposal practices are the sources of contaminants in the vadose zone and in groundwater at OU D.  Sites 2, 3, 4, 5, A, S, and T at OU D correspond with the locations of former waste burial and burn pits.  Fuels and organic solvents were disposed of in these burial and burn pits in the course of historic activities at McClellan AFB.  The resulting contaminants in soil in the vadose zone at these locations have migrated to groundwater, and are the ultimate source of VOCs dissolved in groundwater beneath OU D (CH2M Hill, 1999).  In addition to VOCs sorbed to soil, a plume of VOC-contaminated vapor has been identified in the vadose zone within OU D (CH2M Hill, 1999).  The low-permeability cap that was installed in 1985 has reduced the percolation of water from the ground surface through the vadose zone, thereby decreasing the potential for continued migration of VOCs from sources in the vadose zone to the groundwater system.  However, the cap is not preventing lateral or vertical migration of VOCs in soil vapor (CH2M Hill, 1994b).

Table 3.1  Chemicals of Potential Concern Detected in Groundwater at OU D

· Contaminated surface soils (soils in the uppermost 10 feet of the soil column) at OU D, and contaminated groundwater beneath OU D, represent potential exposure pathways for exposure of susceptible populations.  Hypothetical receptors that could potentially be exposed to contaminants at or near OU D include offsite residents, future onsite residents, onsite construction workers, and workers using contaminated groundwater.

· Installation of the existing cap over Area “D” has effectively isolated contaminants in vadose-zone soils from potential direct human exposure (Section 2.1).  Furthermore, volatilization of organic vapors from VOCs in the vadose zone at OU D is not considered to represent a significant risk to potential receptors.  Therefore, surface and near-surface soils in OU D do not represent a completed receptor exposure pathway (CH2M Hill, 1999).

· The primary migration route and potential exposure pathway for COCs associated with OU D comprises VOCs dissolved in groundwater beneath OU D, and moving with advective groundwater flow to potential downgradient receptors.  VOCs dissolved in groundwater and present in soil vapor are the only COCs considered in the Interim Groundwater ROD (CH2M Hill, 1995) and current design and performance documents for OU D (CH2M Hill, 1998 and 1999), because the likelihood of chlorinated solvents being present as a DNAPL in the subsurface at OU D is judged to be “low” (CH2M Hill, 1999).

· Although no known completed exposure pathways currently exist from the domestic use of groundwater, exposure of hypothetical current and future, on- and off-Base residents is considered to be a potential future exposure pathway, and to represent viable exposure routes through ingestion, inhalation, and dermal exposure (CH2M Hill, 1999).  The primary objective of groundwater remediation at McClellan AFB OU D is to prevent off-Base migration of contaminated groundwater, thereby preventing this exposure route from being completed.  A secondary objective of groundwater remediation, as expressed in the Basewide GWOU Interim ROD (CH2M Hill, 1995), is aggressive extraction and treatment of groundwater to remove contaminant mass.  Therefore, groundwater extraction and treatment has been identified as the preferred remedial alternative for VOCs in groundwater at OU D (CH2M Hill, 1995 and 1999).  Monitored natural attenuation (MNA) also has been identified as a possible remedial measure for VOCs in those parts of the OU D groundwater plume having little potential for contaminant migration, and where contaminant concentrations are low (CH2M Hill, 1999).

· Although VOCs in soil and soil vapor above the water table at OU D do not present a health-based threat to potential human receptors, remediation of VOCs in the vadose zone is necessary to prevent further migration of VOCs from the vadose zone to the water table, which would further degrade groundwater quality beneath OU D.  Removal of contaminant mass from the vadose zone using SVE has been identified as the preferred remedial alternative for VOCs in the vadose zone at OU D.

3.2  CHLORINATED SOLVENTS IN THE ENVIRONMENT

Chlorinated solvent constituents are the contaminants of primary concern in soils and groundwater at McClellan AFB OU D (Table 3.1).  Consideration of the physical and chemical properties of chlorinated solvents is critical in evaluating the migration, distribution, and fate of these chemicals in the environment; identifying and delineating source areas; and assessing the possible range in performance of various remedial alternatives (Nyer and Skladany, 1989).  Once chlorinated solvents have been introduced to the subsurface, their characterization and removal are problematic.  Where possible, cost-effective remediation strategies should focus on identifying and delineating those parts of the subsurface environment containing the greatest mass of introduced chemicals, or where chemicals are present at high concentrations.  These areas represent potential chemical source areas, from which chemicals can leach into groundwater, migrate to surface-water bodies, or volatilize into soil vapor.  These areas can function as long-term contaminant sources, contributing chemical mass to the environment for decades.  Identification and reduction of chemical 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, describes current methods for evaluating whether source areas exist, and discusses several technologies that are being applied to reduce the impact of source areas.

3.2.1  Fate And Transport Of Chlorinated Solvents

In the pure chemical state, most chlorinated solvents are immiscible fluids.  Liquid solvents, or solvent mixtures having densities greater than water, are known as DNAPLs.  At many sites, the potential for serious 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, or DNAPL migration as a separate, immiscible phase (Parsons ES, 2000b).

3.2.1.1  Characteristics of Chlorinated Solvents

Chlorinated solvents are manufactured compounds composed primarily of carbon and hydrogen atoms, with one or more chlorine atoms substituted for hydrogen atoms and attached to the hydrocarbon structure (Dickerson et al., 1970).  Alkanes contain only carbon-carbon single bonds, while alkenes contain carbon-carbon double bonds.  Double bonds tend to increase the polarity and solubility of the molecule (Schwarzenbach et al., 1993).  The number of carbon atoms, the nature of the carbon-carbon bonds, and the number of chlorine functional groups in the hydrocarbon compound have major effects on its properties (Nyer and Skladany, 1989; Schwarzenbach et al., 1993).

Chlorinated hydrocarbons are nonelectrolytes, in that they do not dissociate into cations and anions in aqueous solution, but dissolve as neutral species.  Chlorine functional groups and alkene bonds increase the polarity of halocarbon molecules.  Chlorine functional groups associate with water molecules by hydrogen bridging, which increases the solubility of polar nonelectrolytes, as compared to non-halogenated hydrocarbons of similar structure (Luckner and Schestakow, 1991).  Chlorinated hydrocarbon solubility rapidly decreases as the number of carbon atoms, and/or the number of chlorine atoms in the compound increase(s); vapor pressures also decrease (i.e., volatility decreases) as carbon or chlorine numbers increase.  For all classes of chlorinated hydrocarbons, aqueous solubility decreases, and the tendency of the hydrocarbon compound to sorb to soil particles (or "partition" to soil) increases as the number of chlorine atoms and molecular weight increase.

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, the chlorinated solvents used in industrial applications are relatively volatile, have relatively low aqueous solubilities (a few hundred to a few thousand milligrams of solute per liter of water [mg/L]), and partition ("sorb") to soil to a moderate degree (Pankow and Cherry, 1996).

3.2.1.2  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 time duration of the release); 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 compound or in a chemical mixture; dissolved in water; sorbed to soil particles; or as a vapor.  When initially released to the subsurface environment, organic solvents are usually in the NAPL (pure chemical, chemical mixture, or "free") phase.  Once a chemical has been introduced into the environment, it interacts with the surrounding materials (soils, soil vapor, and water).  Chlorinated solvents in the subsurface may migrate as volatile gases in soil vapor, dissolved in groundwater, and as a mobile, separate phase.  The major processes affecting chlorinated solvent compounds in the subsurface include dissolution from the NAPL phase, sorption to soil, diffusion, chemical and biological degradation, and volatilization (Nyer and Skladany, 1989).

The subsurface can be divided into three general domains, distinguished by the water content within each.  The vadose or unsaturated zone is that part of the soil (or geologic) column in which water is present within the pore spaces of soil in the vadose zone, but not at a degree of saturation sufficient to enable gravity-drainage of water (i.e., exhibits residual saturation).  The capillary zone spans the region over which the water content in the soil column increases from residual saturation until all the pore spaces are filled with water (full saturation).  The saturated or groundwater zone comprises the water-saturated part of the soil column below the water table, where the hydraulic potential ("water pressure") is equal to or greater than atmospheric pressure.  DNAPL movement through each of these moisture regions is controlled by different physical and chemical interactions. 

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 a solvent DNAPL is introduced, the relationships among the air, water, and porous medium become considerably more complex.  In this situation, the vadose zone can contain up to three fluids (air, water, and NAPL); 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 (Figure 3.2), producing a contaminant source beneath a spill area that is very difficult or impossible to fully characterize.

Some of the factors and principles 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 interfacial tensions that exist at the interfaces between immiscible fluids (NAPL, 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).

Figure 3.2  Refined Conceptual Site Model

Subsurface transport of chemicals as NAPL, or in the aqueous or vapor phase, is driven by potential gradients - gravitational, hydraulic, or chemical.  As noted in Section 3.1, gravitational and hydraulic potential gradients in the unsaturated zone are generally oriented in the vertical plane, so that the direction of movement is generally downward.  In most situations, NAPLs denser than water will migrate downward (under the influence of gravity) as a distinct liquid through the soil in the unsaturated zone (Figure 3.2).  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.  However, 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).

Pankow and Cherry (1996) have authored a book entitled Dense Chlorinated Solvents and Other DNAPLs in Groundwater - History, Behavior, and Remediation, which describes the properties of DNAPL solvents and their migration characteristics in detail.  The principal conclusions of this and other references are summarized below:

· Historically, it was believed that a chlorinated solvent released to the unsaturated zone would readily volatilize to the atmosphere.  However, chlorinated solvents are often transported into the subsurface by vapor-phase migration, by infiltration of contaminated water, and as a moving DNAPL phase.  

· The relatively low viscosities of the chlorinated solvents allow relatively rapid downward movement in the subsurface.  Chlorinated solvent mobility in the subsurface increases with increasing density:viscosity ratios (Cohen and Mercer, 1993b).

· The relatively low interfacial tension between a liquid chlorinated solvent and water allows a chlorinated solvent DNAPL to enter small fractures and pore spaces, facilitating deep penetration into the subsurface.  Low interfacial tension also contributes to the relatively low residual saturation of chlorinated solvents in soil within the unsaturated zone.

· The high densities of the chlorinated solvents (1.2 to 1.7 grams per cubic centimeter [g/cm3]) relative to that of water (1.0 g/cm3) mean that if a sufficient volume of chlorinated solvent is spilled, then DNAPL may be able to penetrate the water table.  In the saturated zone, capillary forces can immobilize DNAPL at residual saturation in the soil.  Alternatively, the unstable nature of DNAPL flow mechanisms can cause the solvent to continue migrating as a continuous body, or in thin "fingers," which can lead to the collection of large amounts of solvent in "pools" on top of less permeable layers.

· The low absolute solubilities of the chlorinated solvents (typically on the order of a few hundred milligrams per liter [mg/L]) mean that when a significant quantity of solvent is introduced to the environment, liquid solvent will dissolve slowly, and will persist for decades or centuries (Johnson and Pankow, 1992).

· The relatively low degree of partitioning (sorption) to soil materials exhibited by chlorinated solvents means that sorption to soils will not significantly retard the movement of a chlorinated solvent, and zones of contamination can expand quickly.

· Most chlorinated solvents exhibit low rates of biological and abiotic degradation, and can persist in the subsurface for extended periods of time.  For example, natural biodegradation of PCE and TCE is generally limited to sites with high levels of natural organic material where strongly reducing conditions exist.  In aerobic aquifers, PCE and TCE are very persistent.  

3.2.2  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 a 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, residual saturation, relative permeability, solubility, vapor pressure, volatilization, density, and viscosity.  DNAPL migration is also controlled by the interaction of these properties and principles with site-specific hydrogeologic and DNAPL-release conditions.  Using information about the types and quantities of chemicals that might be present at a site, together with site-specific hydrolgeologic information, a CSM should be developed to describe the behavior of DNAPL in the subsurface.  Conceptual models should be used to guide site characterization and remedial activities.

Ideally, site characterization is an iterative, continuous 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 is 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 site contaminants, the possible presence of DNAPL at a site should be considered in the initial phase of planning for site characterization.  Determination of DNAPL presence should be a high priority from the outset of site investigation, and should guide the selection of site characterization methods.  A primary goal in the assessment of a chlorinated solvent site is to establish whether significant quantities of a DNAPL are present in the subsurface.  If present, the site characterization should assess the long-term contribution of DNAPL to site risks and what potential remedies could be used to reduce DNAPL impacts.

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 soil vapor, earth materials, and water.

3.2.2.1  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 land use since site development; 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.

The history of disposal activities at McClellan AFB OU D (CH2M Hill, 1994a, 1994b, and 1999) indicates that disposal of spent solvents, solvent sludges, and solvents mixed with petroleum fuels, lubricating oils, and other petroleum products occurred in most of the waste pits at OU D.  It therefore seems likely that these disposal activities caused chlorinated solvents to be introduced to the subsurface at OU D as a DNAPL.

3.2.2.2  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.  Although DNAPL may have been observed during characterization and/or remediation activities at McClellan AFB, Parsons ES is not aware of documentation that records direct observation of DNAPL.

3.2.2.3  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 ppmv may be regarded as indirect evidence of a NAPL phase. 

· Where present as a separate phase, DNAPL compounds generally are detected at concentrations less than 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 only residual DNAPL is present (i.e., DNAPL is present as isolated blebs or ganglia in pore spaces, and not as a separate, liquid phase), dissolved contaminant concentrations greater than about 1 percent of the aqueous solubility suggest that DNAPL residuals may remain in the soil. (Pankow and Cherry, 1996)  

· In soil, contaminant concentrations in the range of 10,000 to 20,000 milligrams per kilogram (mg/kg) (1 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;

-
Higher concentrations in groundwater at locations that are hydraulically upgradient from 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"); and

-
Inexplicable deterioration of wells or pumps, possibly caused by solvents present as a DNAPL.

3.2.3  Evaluation of Potential for DNAPL Occurrence at OU D

Although the disposal history at McClellan AFB OU D suggests that chlorinated solvents may have been introduced to the subsurface as a DNAPL, evaluation of the potential occurrence of DNAPL at OU D must rely on indirect evidence.  Three lines of indirect evidence (concentrations of CAHs in soil vapor, concentrations of CAHs in groundwater, and concentration trends in extracted groundwater) suggest that chlorinated-solvent DNAPL was present in the vadose zone, and possibly also in the saturated zone (beneath the water table) during site characterization and during the initial phases of remediation.

3.2.3.1  Concentrations of Chlorinated Solvent Constituents in Soil Vapor

The maximum concentrations of four CAH compounds detected in soil vapor at Site S, prior to the initiation of full-scale SVE in 1994, were in excess of 1,000 ppmv (Section 2.4.1).  The compound 1,1,1-TCA was detected at a concentration of 33,700 ppmv (Table 2.1); TCE was detected at a concentration of 8,070 ppmv; 1,1-DCE was detected at a concentration of 3,320 ppmv; and 1,1-DCA was detected at a concentration of 1,350 ppmv.  According to the criteria presented in Section 3.2.2.3, this observation suggests that any or all of these CAH may have been present as a DNAPL in the vadose zone beneath OU D.

3.2.3.2  Concentrations of Chlorinated Solvent Constituents in Groundwater Samples

During the initial phases of site characterization, 1,1-DCE and PCE were detected in a groundwater sample from monitoring well MW-11 at concentrations of 64,300 g/L and 2,480 g/L, respectively (Tables 2.2 and 3.2), and TCE was detected at 26,600 g/L in a sample from monitoring well MW-14.  These concentrations represent values that are 2.9 percent, 1.8 percent, and 2.4 percent, respectively of the aqueous solubilities of these compounds (Table 3.2).  According to the criteria presented in Section 3.2.2.3, this observation suggests that any or all of these CAH may have been present as a DNAPL at or below the water table beneath OU D.

3.2.3.3  Concentration Trends in Extracted Groundwater

In general, the concentrations of dissolved CAH in extracted groundwater have exhibited decreasing trends, or no discernible trends, through the period since the groundwater extraction system was placed in service in 4Q87 (Figure 3.3).  However, in 2Q94, the concentrations of TCE and 1,1-DCE in the discharge from wells EW83 and EW87 began to increase.  Between 2Q91 and 4Q98/1Q99, the concentration of TCE in the discharge from well EW83 increased from about 70 g/L to about 100 g/L.  In that same period, the concentration of TCE in the discharge from well EW87 increased from about 60 g/L to nearly 300 g/L (Figure 3.3).  An increase of similar magnitude in the concentrations of 1,1-DCE in the discharge from well EW87 occurred during the same 

TABLE 3.2
HISTORIC CONCENTRATIONS OF VOCS DETECTED IN GROUNDWATER

OPERABLE UNIT D

REMEDIAL PROCESS OPTIMIZATION

MCCLELLAN AFB, CALIFORNIA

Constituent
Aqueous Solubilitya/ (µg/L)b/
Historic Maximum Concentration



Concentration 
Location
Date



(µg/L)
(% of Aqueous Solubility)



1,1-DCA
5,500,000
4,430
0.08
MW-38D
9/82

1,2-dca
8,690,000
7,000
0.08
MW-10
7/81

1,1-dce
2,250,000
64,300c/
2.9
MW-11
7/81

cis-1,2-DCE
800,000
70.2
0.01
EW-84
5/86

PCE
140,000
2,480
1.8
MW-11
7/81

1,1,1-TCA
4,400,000
22,800
0.5
MW-14
7/81

TCE
1,100,000
26,600
2.4
MW-14
7/81

vC
1,100,000
2,230
0.2
MW-38D
9/82

a/  Values for aqueous solubility from Verschueren (1983).

b/  µg/L  =  micrograms per liter.

c/  Shaded cells indicate constituent may have been present as DNAPL.

time period, although no trend in the concentrations of 1,1-DCE in the discharge from well EW83 is apparent.  The temporal increases in concentrations of TCE and 1,1-DCE suggests that either or both of these CAH may be present as a DNAPL at or below the water table beneath OU D.

3.2.3.4  Discussion

The elevated concentrations of VOCs detected in soil-vapor and groundwater samples collected during earlier phases of investigation and remediation activities at OU D suggest that CAH were likely present as DNAPL in the vadose zone, and possibly below the water table, prior to implementation of interim remedial measures.  Implementation of SVE has removed significant VOC mass from the vadose zone during the past decade; however, because DNAPL is capable of migrating into the soil matrix, and also into “dead-end” pore spaces that are inaccessible to through-flowing fluids (e.g., air or water) (Pankow and Cherry, 1996), it is likely that some CAH mass remains in the vadose zone 

Figure 3.3  Trends in Concentrations of TCE in Extracted Groundwater

as a residual DNAPL.  A properly designed and executed equalization, or “rebound,” test could be used to assess this possibility (Section 5.1).

Extraction wells EW83 and EW87 are located immediately northeast and southeast, respectively, of Site S at OU D, where the greatest concentrations of CAH have historically been detected in soil vapor (Figure 2.7).  The anomalous increase through time in the concentrations of TCE and 1,1-DCE in groundwater extracted by wells EW83 and EW87 suggests that a free or residual DNAPL, probably originating at Site S, remains in the subsurface near or below the water table in the vicinity.  The increasing concentrations at these locations may be occurring as the movement of groundwater through a residual DNAPL below the water table has caused an increase in the rate of dissolution of CAH from the DNAPL.  However, the increases in concentrations are not likely to be of sufficient magnitude to greatly affect the rate of mass removal, suggesting that residual DNAPL near or below the water table at OU D may persist as a continuing source of dissolved contaminants for an extended period of time.

3.3  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 and the need for new approaches to groundwater remediation.  In general, the presence of DNAPL and heterogeneous soils was 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, although long timeframes may be required for in situ methods to be effective in low-permeability soils.  Remediation strategies for unsaturated zone contamination can include:  removal of contaminated soil by excavation; removal of contaminant mass using in-situ extraction methods, and preventing groundwater contamination by placing an impermeable cover over the source area.

Waste pits 4, 6, and 26 were excavated in 1985, during the earlier phases of remediation at OU D (Section 2.1), and the “Area D” cap was subsequently constructed over much of OU D (CH2M Hill, 1994b).  Since 1993, pilot- and full-scale implementation of SVE at OU D has removed about 486,000 pounds of VOC mass from the vadose zone at OU D (Section 2.6.1).  All commonly used remediation strategies for DNAPL in the vadose zone have thus been applied at OU D.

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.  Therefore, although SVE has been effective at removing significant contaminant mass from the vadose zone at OU D, it is not certain how much additional CAH mass remains in the vadose zone, or whether contaminants persist as a residual DNAPL in the pores or matrix of finer-grained strata in the vadose zone.

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.

At many chlorinated solvent sites, the DNAPL mass causing the groundwater plume may be situated below the water table.  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.  The limitations on identification, removal, or control of 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.  As a consequence of the difficulties of identifying and remediating residual DNAPL, continued dissolution and migration of chemicals from a residual source may necessitate perpetual hydraulic containment at some sites.

3.4  Natural Attenuation Potential at OU D

In 1993, the NRC (1993) published a report summarizing the results of their study of groundwater remediation in the US.  The report criticized the use of pump-and-treat as a “default” groundwater remediation technology, and cited numerous examples of sites where pump-and-treat has accomplished little in the way of permanent aquifer restoration.  In 1999, USEPA (1999) published an overview of the operating experience at 25 Superfund and RCRA sites where pump-and-treat was used as the primary method of groundwater remediation.  Of the nine systems that had been operating prior to 1989, only one had achieved cleanup goals.  The growing regulatory acceptance of non-pumping alternatives has been strongly influenced by the failure of pumping systems to remediate sites at a reasonable cost.

During the 1990s, environmental scientists and engineers made significant progress in understanding and documenting natural attenuation processes for chlorinated solvents. Regulatory agencies, including USEPA (1998), are now promoting MNA and other non-pumping technologies if they provide an equal level of protection (Wiedemeier et al., 1999).

The potential application of MNA as a remediation strategy for groundwater at OU D has not been formally evaluated.  However, MNA for CAHs in groundwater has been evaluated and recommended for implementation at OU C, immediately south of OU D, as part of a Technology Demonstration Application Analysis (Parsons ES, 1998).  The demonstration at OU C was based on results obtained from a single monitoring event of limited scope; therefore, the results should be considered “preliminary”.

The natural attenuation demonstration at OU C examined the occurrence of CAH degradation products and the areal distribution and occurrence of CAHs, degradation products, and electron acceptors.  The results of the evaluation indicated that biodegradation of CAHs is occurring to some degree in groundwater at OU C. Geochemical and microbiological data provided preliminary indications that site reduction/oxidation (redox) conditions (i.e., sulfate-reducing conditions) are within the necessary range for reductive dechlorination to occur.  Although petroleum fuels do not appear to have migrated to the water table as a light nonaqueous-phase liquid (LNAPL), petroleum-fuel constituents have occasionally been detected in groundwater at OU D (Table 3.1; Figure 3.3).  This happenstance is also an indicator that conditions are favorable for the occurrence of reductive dechlorination, because fuel constituents can serve as a source of organic carbon (“substrate”) for naturally occurring biota to use in dehalogenation reactions (USEPA, 1998; Wiedemeier et al., 1999).  The evidence presented by the occurrence of biodegradation byproducts and the geochemical evaluation was generally confirmed by an evaluation of phospholipid fatty acid (PLFA) testing results, which indicated that microbial communities capable of degrading simple carbon sources and more complex organic compounds were present in groundwater at OU C (Parsons ES, 1998b).  The presence of sulfate-reducing bacteria also confirmed the conclusions drawn from the distribution of sulfate that the redox regime of groundwater within source areas at OU C is sulfate-reducing.  These preliminary results indicate that groundwater conditions at OU C are suitable to support reductive dechlorination of CAH.  Due to the proximity OU D and OU C, it is reasonable to expect that similar groundwater conditions, and similar potential for natural attenuation processes, exist at OU D.  In fact, the common occurrence of degradation products of TCE (primarily cis-1,2-DCE and vinyl chloride) in groundwater at OU D provides strong indication that natural attenuation of CAHs is occurring at OU D.

MNA can be used as a long-term remedy for contaminated groundwater when the following criteria are met (Parsons ES, 2000b):

· Biodegradation rates are sufficiently rapid that remedial objectives will be achieved within an acceptable timeframe;

· The plume is not expected to migrate beyond an area where institutional controls can be successfully enforced; and

· Any significant risks to potential receptors during the treatment period can be prevented through compliance monitoring and institutional controls.

In some cases, it may be necessary to complete engineered remediation to reduce the contaminant source or plume “hot spots”, followed by implementation of MNA for the remaining contaminant mass (Parsons ES, 2000b).  Targeted source-area or plume hot-spot remediation can reduce plume migration and the timeframe to achieve remedial objectives in cases where contaminant fate and transport predictions indicate that remedial objectives will not be achieved within a reasonable timeframe, or contamination presents, or will likely present, significant risks to potential receptors.  Engineered source reduction can reduce risks to future intrusive workers, and may enable the site to be used with less institutional control.  In addition, regulatory agencies are much more likely to accept MNA as a groundwater remedy at sites where active source reduction and/or hot- spot pumping has occurred.

Although significant contaminant mass associated with residual DNAPL may remain in the subsurface at OU D, MNA may be an effective approach, when used in conjunction with active groundwater extraction, to remove dissolved CAH from the plume at locations distal from source areas.  Barring eventual removal or reduction of the contaminant source, the distribution and concentrations of contaminants in the GWOU at McClellan AFB may not change appreciably through time; therefore the rates of mass removal via groundwater extraction will eventually become asymptotic.  When an asymptotic status occurs, the OM&M costs for the pump-and-treat system may outweigh the benefits derived from the system, and implementation of MNA as the sole long-term remedy for groundwater at OU D should be considered.

3.5  REFINEMENT OF CONCEPTUAL SITE MODEL

Examination of the available information can be used to refine the CSM for McClellan AFB OU D, to address the issues noted above.  The refined CSM can then be used as a framework within which to evaluate the existing remediation systems at OU D, and predict the possible ranges in their future performance (Section 5).  The revised CSM is based on the original conceptual model developed for OU D (CH2M Hill, 1999), and on the preceding discussions, incorporates the refinements described in the following subsections.

3.5.1  Sources and Persistence of Contaminants

Examination of the historic pattern of solvent disposal at OU D, the results of past CAH mass removal, and historic trends in contaminant concentrations, suggests that chlorinated solvents were introduced to the subsurface at OU D as DNAPL, perhaps as solvent sludges, or mixtures of solvents and petroleum products.  It is likely that some DNAPL remains in the subsurface, near or below the groundwater table.  This DNAPL will probably persist as a continuing source of dissolved CAH in groundwater beneath OU D for an extended period of time, possibly ranging from decades to centuries.

Although significant removal of VOC mass from the vadose zone has also occurred, it is possible that a residual DNAPL may remain in “dead-end’ pores or within the soil matrix in the vadose zone.  If sufficient fluid migration through this residual DNAPL occurs, in the form of moving air or water percolating to the water table, residual DNAPL in the vadose zone may also persist as a long-term source of CAH contaminants in groundwater.  In light of the probable long-term persistence of DNAPL sources, and the general ineffectiveness of groundwater pump-and-treat systems in achieving significant mass removal, it is apparent that remedial strategies for groundwater at OU D should focus primarily on plume containment and prevention of further dissolved-phase migration.

3.5.2  Role of MNA

Natural attenuation processes, leading to the eventual destruction of contaminant mass, are inferred to be active in groundwater beneath OU D.  While a DNAPL source of CAH remains in the subsurface, it is possible that MNA alone will not be effective in preventing further contaminant migration.  However, when used in conjunction with a groundwater extraction system that can maintain hydraulic control of dissolved CAH contaminants, MNA may be effective in removing contaminant mass from the subsurface.  Furthermore, if the concentrations of CAH contaminants in groundwater eventually approach some asymptotic value, it is possible that groundwater extraction at OU D could cease.  In this eventuality, it seems likely that groundwater movement would return to its long-term pattern, flowing generally from north to south or southwest.  If this occurs, advective transport of contaminants originating at OU D would move in a generally southward direction with groundwater, into the interior of McClellan AFB, and would likely remain on the Base.  Under these circumstances, MNA alone could be an effective remedial strategy, as long as institutional controls preventing the use of on-Base groundwater are in place and strictly enforced.

section 4

Evaluation of Remediation GOALS and COCs


A clear understanding of the goals and objectives of a remediation project is an essential step in the RPO process.  An understanding of the original remediation goals is required to evaluate the merits of those goals in light of an evolving CSM and changes in regulatory approaches.  This RPO evaluation provides an opportunity to review the remedial goals for OU D, and to promote additional interaction and communication with regulatory officials responsible for oversight of remediation activities.  The objectives of this section are to:

· Summarize the key findings and decisions of documents previously prepared (e.g., RI/FS reports, risk assessments, and the interim RODs) as they relate to the identification of COCs and determination of cleanup goals;

· Review the current regulatory framework; and

· Review the identified COCs and selected interim remedies at OU D.

4.1  DOCUMENT Review 

This subsection summarizes information presented in the following key documents, as it pertains to cleanup goals for contaminated media at OU D:

· Operable Unit D RI report. (CH2M Hill, 1994b);

· Base-wide VOC FS report. (CH2M Hill, 1999); and

· Base-wide GWOU interim ROD. (CH2M Hill, 1995).

4.1.1  OU D RI Report

The OU D RI report presents the analytical results from sampling residential crawlspace and ambient air, soil vapor from different intervals of the vadose zone, soils, and groundwater (CH2M Hill, 1994b).  The RI also developed a conceptual exposure model that was used to present assumptions about:  1) suspected sources and types of contaminants present; 2) contaminant release and transport mechanisms; 3) affected media; 4) potential receptors that could contact site-related contaminants in affected media under current or reasonably expected future land use scenarios; and 5) potential routes of exposure.  The following aspects of the OU D exposure model developed in the RI report are significant with respect to discussions regarding the interim remedial goals established for VOCs OU D:

· VOCs are the most widespread contaminants in the vadose zone and in groundwater beneath OU D.  Non-VOC contaminants (e.g., semivolatile organic compounds [SVOCs], pesticides/polychlorinated biphenyls (PCBs), metals, and dioxins/dibenzofurans) generally are found in soils within the boundaries of the waste pit cap (see section 2.6).

· Contaminants migrate in the vadose zone via vapor-, aqueous-, and free-phase transport mechanisms;

· Concentrations of contaminants – particularly 1,1-DCE and TCE -- in the vadose zone increase with depth and present a continuing threat to groundwater quality;

· NAPLs exist, or once existed, as residual contamination in the vadose zone underlying the capped waste pits; and

· Natural attenuation will not be adequate to remediate VOC contamination in the vadose zone.

The RI report includes a baseline risk assessment in which potential risks/hazards to receptors from contamination in the vadose zone and groundwater are estimated (CH2M Hill, 1994b).  Significant findings of the risk assessment included:

· Current and future receptor exposures to contaminants in on-Base surface and subsurface soils is prevented by the low-permeability cap.

· Exposure to VOCs or non-VOCs originating within OU D (including exposure via indoor air inhalation) does not pose significant health risks under the current land use scenario;

· VOC concentrations in vapor samples collected from residential crawlspaces and ambient air are similar to background levels;

· No known exposure pathways exist for on-Base domestic use of groundwater, and no significant risks are associated with human exposures to groundwater extracted for irrigation; and
· The estimated excess risk associated with ingestion of VOC-contaminated groundwater by a hypothetical future on-Base resident is 8E-04.

4.1.2  Base-wide VOC Feasibility Study Report

The Base-wide VOC FS report (CH2M Hill, 1999) was developed to support selection of a final remedy to mitigate VOC contamination in soils and groundwater at the Base.  Non-VOC contamination is being evaluated separately (CH2M Hill, 1999).  The objectives of the Base-wide VOC FS were to 1) evaluate the costs and benefits associated with various remedies; and 2) provide the basis for selection of groundwater and vadose zone goals, along with the time needed to achieve these cleanup goals.  The remedial alternatives evaluated in the Base-wide VOC FS focused on containing identified contaminants to prevent future human exposure.

Groundwater RAOs identified in the Base-wide VOC FS (CH2M Hill, 1999) were to:

· Continue to contain the groundwater plumes;

· Restore groundwater to the quality suitable for its beneficial uses;

· Reduce the potential human health risks from exposure to contaminated groundwater to acceptable levels;

· Meet groundwater cleanup levels in a cost-effective and timely manner; and

· Protect public health and the environment from exposure to contaminated groundwater.

Soil RAOs discussed in the Base-wide VOC FS were to:

· Protect human health from exposures to soil VOCs through ingestion, inhalation, and direct contact;

· Remove/isolate vadose zone contaminants in source areas to reduce cost/time of groundwater cleanup; and 

· Remove vadose zone contaminants to the extent technically and economically feasible to protect groundwater.

The conceptual exposure model developed in the OU D RI repot (CH2M Hill, 1994b), results of the interim Base-wide RI report (Radian, 1997a), and performance data from operation of interim groundwater and vadose zone remedial systems were used to identify and assess potential remedial technologies and develop remedial alternatives for VOC-contaminated soil and groundwater.  The soil and groundwater alternatives then were screened against the criteria of overall effectiveness in meeting the RAOs, implementability, and cost.  The retained alternatives then were evaluated against the nine criteria established under the Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA).  The USEPA (1993) in situ SVE presumptive remedy was the recommended alternative for soil remediation (CH2M Hill, 1999).  Presumptive process options for ex situ treatment of groundwater are identified in USEPA’s (1996) Final Guidance:  Presumptive Response Strategy and Ex Situ Treatment Technologies for Contaminated Groundwater at CERCLA Sites.  Three of the ex situ groundwater treatment options have been or currently are being used to treat groundwater at McClellan AFB, including groundwater extracted from OU D (Section 2.6), UV/OX, air stripping, and LGAC.

4.1.3  Base-wide Groundwater OU Interim ROD

Interim actions for groundwater beneath OU D are specified in the Base-wide GWOU Interim ROD (CH2M Hill, 1995), which addresses all VOC-contaminated groundwater at McClellan AFB.  Per the Interim ROD (CH2M Hill, 1995), the selected remedy for groundwater consists of the following three main components:  1) containment of contaminated groundwater by extraction; 2) treatment of the extracted groundwater and offgas; and 3) end-use of the groundwater.  Per the ROD, “The goal of groundwater containment is to halt the vertical and lateral migration of groundwater that exceeds MCLs.”  Ongoing interim treatment for groundwater beneath OU D is discussed in Section 2.6.

Although final cleanup values are not established in the Interim ROD, MCLs were selected as interim cleanup goals for TCE, cis-1,2-DCE, PCE, and 1,2-DCA (the Base-wide groundwater COCs).  These VOCs were selected as COCs for the GWOU based on (CH2M Hill, 1994a):

· Frequency of detections;

· Concentrations detected above MCLs; and

· Health risks associated with potential future exposure to the contaminants.

The four groundwater COCs and their corresponding MCLs are presented in Table 4.1.

Remediation of potential metal or other non-VOC contamination is not addressed in the Interim Groundwater ROD (McClellan AFB 1995).  In fact, as discussed in Section E.5 of the Interim ROD (CH2M Hill, 1995), the need for removal and treatment of metals 

TABLE 4.1
GROUNDWATER CHEMICALS OF CONCERN AND 
INTERIM CLEANUP GOALSa/
OPERABLE UNIT D

REMEDIAL PROCESS OPTIMIZATION

MCCLELLAN AFB, CALIFORNIA

Chemical of Concern
Interim Cleanup Goal 
(µg/L)


Basis

TCE
5
Federal MCL

cis-1,2-DCE
6
California MCL

PCE
5
Federal MCL

1,2-DCA
0.5
California MCL

a/ Source:  CH2M Hill (1995).
is a principal data gap in the selection of remedial alternatives.  (Refer to Section 4.3.1 for further discussion of metals in groundwater beneath OU D).  McClellan AFB is currently pursuing a separate Base-wide FS and ROD for the non-VOC contaminated soil and groundwater (CH2M Hill, 1999).

4.2  Current Regulatory Framework

McClellan AFB was placed on the NPL in July 1987 (CH2M Hill, 1995).  Interim groundwater remedial actions specified in the Interim ROD for McClellan AFB were selected in accordance with CERCLA as amended by the Superfund Amendments and Reauthorization Act of 1986 (SARA), and with the National Oil and Hazardous Substances Pollution Contingency Plan (NCP).  State regulatory guidance also was considered when implementing interim groundwater remedial actions at McClellan AFB.

State guidance on discharges to groundwater is provided in the CRWQCB (1998) Water Quality Control Plan for the Sacramento and San Joaquin River Basins (Basin Plan).  According to the Basin Plan:

“The Regional Water Board will require conformance with the provisions of State Water Board Resolution No. 68-16 in all cases and will require conformance with applicable or relevant provisions of 23 CCR, Division 3, Chapter 15 to the extent feasible.  These provisions direct the Regional Water Board to ensure that dischargers are required to clean up and abate the effect of discharges in a manner that promotes attainment of background water quality, or the highest water quality which is reasonable and protective of beneficial uses if background levels of water quality cannot be restored.”

For contaminants in soils with the potential to adversely impact groundwater, soil cleanup levels are to be based on levels that are protective of the beneficial uses of groundwater (CRWQCB, 1998).  Section 121(d) of CERCLA states that remedial actions must attain (or justify the waiver of) any federal or more stringent state environmental standards, requirements, criteria, or limitations that are determined to be legal applicable or relevant and appropriate requirements (ARARs).  Relevant and appropriate requirements are those cleanup standards, standards of control, and other substantive environmental protection requirements, criteria, or limitations promulgated under federal or state law that, while not applicable, address problems or situations sufficiently similar to the circumstances of the proposed response action and are well-suited to the conditions of the site.  The following subsections review the application of state regulatory guidelines to the derivation of matrix-specific cleanup goals.

4.2.1  Groundwater Operable Unit

Establishment of groundwater cleanup levels is described in the CRWQCB (1998) Central Valley Basin Plan and is based on:

· Background concentrations of COCs;

· Applicable water quality objectives (WQOs) to protect beneficial uses of groundwater;

· Concentrations which do not pose a significant risk to human health or the environment; and

· Technological and economic feasibility of attaining cleanup levels (e.g., background concentrations).

WQOs are defined as “the limits or levels of water quality constituents or characteristics which are established for reasonable protection of beneficial uses of water or the prevention of nuisance within a specific area” (CH2M Hill, 1999).  WQOs are narrative statements or numerical values used by the CRWQCB.  Numerical water quality criteria have been compiled by the CRWQCB (Marshack, 1998).

The preliminary groundwater cleanup goals evaluated in the Base-wide VOC FS (McClellan AFB, 1999) included MCLs promulgated under the Safe Drinking Water Act and the WQOs defined in the Basin Plan.  Per the Base-wide VOC FS,

“The Air Force recognizes the narrative WQOs as described in the Basin Plan as ARARs.  However, the Air Force does not recognize the Regional Board’s numeric interpretation of WQOs as ARARs.”

The CRWQCB's numeric interpretation of WQOs were used in the Base-wide VOC FS to illustrate the feasibility of cleanup to MCLs compared with cleanup to the WQOs.  As discussed in Section 4.1.2, the interim cleanup goals for COCs in groundwater at McClellan AFB (including OU D) are based on MCLs.  Final groundwater cleanup levels will be established in the Final ROD.  Per the Interim ROD (CH2M Hill, 1999), the selected interim groundwater remedy complies with state ARARs.  

In accordance with CRWQCB (1998) Basin Plan, land-use classification and the beneficial uses of groundwater also were considered in the evaluation of preliminary groundwater cleanup goals.  Per the CRWQCB (1998) Central Valley Basin Plan:

“Unless otherwise designated by the Regional Water Board, all ground waters in the Region are considered as suitable or potentially suitable, at a minimum, for municipal and domestic water supply (MUN), agricultural supply (AGR), industrial service supply (IND), and industrial process supply (PRO).”

However, the following exceptions to the beneficial use designation of MUN described in State Water Board Resolution No. 88-63 are listed in the Basin Plan (CRWQCB, 1998):

· The total dissolved solids (TDS) content of the water exceeds 3,000 milligram per liter (mg/L), and the groundwater is not reasonably expected to supply a public water system;

· There is contamination that cannot reasonably be treated for domestic use (based on technological or economic feasibility analysis);

· The water source does not produce sufficient water to supply a single well capable of producing an average sustained yield of 200 gallons per day; or

· The aquifer is regulated as a geothermal energy-producing source.

Per the Basin Plan (CRWQCB, 1998), “technologic feasibility is determined by assessing the availability of technologies which have been shown to be effective in reducing the concentrations of the constituents of concern to the established cleanup levels.”  State Water Resources Control Board (SWRCB) Resolution No. 92-49 allows for the designation of “containment zones.”  A containment zone is defined as a specific portion of a water-bearing unit where it is unreasonable to remediate to the level that achieves the WQOs.  A site with DNAPL is used in SWRCB Resolution No. 92-49 as an example of a site which may qualify for the designation of a “containment zone.”  Among other requirements described in Resolution No. 92-49, an application for designation of a containment zone must be submitted to the SWRCB along with a management plan.  The management plan may include management measures such as land use controls, engineering controls, and agreements with other landowners.  Additional substantial requirements for designation of a containment zone are included in SWRCB Resolution No. 92-49.  The application for a containment zone designation is similar in principal to a technical impracticability waiver application under CERCLA.

Land in the vicinity of McClellan AFB is used for a combination of military, industrial, commercial, residential, and agricultural purposes (CH2M Hill, 1995).  No known exposure pathways exist from domestic use of groundwater on-Base.  However, groundwater is used regionally for agricultural irrigation, potable water supply, fire fighting, and industrial purposes (CH2M Hill, 1995).  Therefore, groundwater directly beneath OU D does not qualify for an exception to the MUN beneficial use designation on the basis of TDS or yield, nor is the aquifer a geothermal resource.  Based on the probable occurrence of residual DNAPL in the vadose zone, and perhaps also below the water table at OU D (Section 3), the second exclusion criterion listed above may be applicable to groundwater at OU D.  If a residual DNAPL can be identified at OU D using direct identification techniques or indirect inference, McClellan AFB could apply for designation of all or part of the groundwater beneath OU D as a “groundwater containment zone”.

4.2.2  Operable Unit D Soils

Currently, soil cleanup levels have not been established for OU D.  A procedure for establishing soil cleanup levels is described in the CRWQCB (1998) Central Valley Basin Plan and is based on:

· Background soil concentrations for COCs at levels that threaten the quality of water resources; or, if it is infeasible to achieve background concentrations; and

· Concentrations of COCs in soil leachate that will not cause levels in groundwater to exceed applicable groundwater cleanup levels, and that do not pose significant risks to health or the environment.

Therefore, soil cleanup levels can be established based on the potential for contaminants to adversely impact groundwater quality or human health and the environment.

A preliminary analysis of the potential for contaminants in OU D soil to adversely impact groundwater was performed as part of the OU D RI (CH2M Hill, 1994b).  The results described in the OU D RI report (CH2M Hill, 1994b) suggested that vadose zone VOC contamination poses a continuing threat to groundwater quality.  Based on these results, an interim SVE system was installed at OU D and continues to operate (Section 2.6).  The process for determining whether the proposed vadose zone VOC cleanup goals are achieved is described in the Base-wide VOC FS (CH2M Hill, 1999).  Per the Base-wide VOC FS (CH2M Hill, 1999), a technical and economic feasibility analysis (TEFA) will be conducted to determine if VOC contamination in the vadose zone would cause concentrations in leachate at the capillary fringe to exceed groundwater cleanup levels (using an appropriate vadose-zone leaching model).  Preliminary cleanup criteria for soil at OU D were developed using an unsaturated transport model as part of this RPO evaluation.  Results of this modeling effort are presented in Appendix A, and are summarized in Section 4.3.2.

Although it was concluded in the Base-wide VOC FS that VOC contamination in the vadose zone represents a continuing threat to groundwater quality, direct human and ecological receptor exposures to VOC contamination (i.e., exposure to VOCs in surface soils or indoors) do not pose a significant risk (CH2M Hill, 1999).  Additional data are being collected to support this conclusion.  

4.3  Evaluation of COCs and Remedial Goals

COCs are defined as site-related contaminants that impact human health and/or the environment at unacceptable levels, and include contaminants in soil that pose a threat to groundwater quality.  The methods and/or status of determining OU D COCs and their associated remedial goals/cleanup levels are discussed in this subsection.  Remedial goals or cleanup levels serve as a basis for determining if a remedial action (e.g., groundwater pump-and-treat or SVE system) is effective and when a remedial action may be discontinued.  The groundwater and soil COCs and remedial goals for OU D are evaluated in the following subsections.

4.3.1  Groundwater COCs and Remedial Goals

Per the CRWQCB (1998) Central Valley Basin Plan,

“At a minimum, ground waters designated for use as domestic or municipal supply (MUN) shall not contain concentrations of chemical constituents in excess of the maximum contaminant levels (MCLs)...”

As described in the OU D RI report (CH2M Hill, 1994b), no known exposure pathways exist from domestic use of groundwater.  However, groundwater is used regionally for agricultural irrigation, potable water supply, fire fighting, and industrial purposes (CH2M Hill, 1995).

4.3.1.1  VOCs as Groundwater COCs

MCLs were used in the Interim ROD to identify COCs in groundwater (CH2M Hill, 1995), and in the Base-wide VOC FS to illustrate the feasibility of cleanup (CH2M Hill, 1999).  As described in Section 4.1.3, four contaminants -- TCE, cis-1,2-DCE, PCE, and 1,2-DCA -- were identified in the Interim ROD as Base-wide groundwater COCs based on their frequency of detections, exceedance of MCLs, and health risks.  However, a review of OU D-specific results suggests additional VOCs may be COCs in groundwater directly beneath OU D (Table 3.1).  For example, 1,1-DCA, 1,1-DCE, 1,1,1-TCA, and vinyl chloride were detected in groundwater beneath OU D at frequencies greater than 5 percent, and at concentrations above their respective MCLs (Radian, 1999b).

4.3.1.2  Metals and Other Non-VOCs as Groundwater COCs

The need for removal and treatment of metals in groundwater at McClellan AFB is identified as a data gap in the Interim Groundwater ROD (CH2M Hill, 1995).  While only VOCs in groundwater are addressed as COCs in the Interim ROD, several requirements related to the potential for groundwater to be contaminated with inorganic constituents were included.  To address these requirements, McClellan AFB (1997) produced Inorganics Background Concentration Report.  Two of the objectives of this report were to establish background groundwater concentrations of dissolved inorganic constituents, and to compare the concentrations of inorganic constituents in GWOU groundwater with MCLs, and with background levels.  

Three metals (antimony, chromium, and nickel) were identified in this report as contaminants that have been detected consistently in GWOU at concentrations greater than MCLs, and above maximum background concentrations.  The need to standardize inorganic groundwater sampling and analytical methodology was identified as a significant issue in the background report (McClellan AFB, 1997).  A preliminary review of available concentration data for antimony, chromium, and nickel confirmed that MCLs and maximum background concentrations have been exceeded for these constituents in groundwater beneath OU D (Table 3.1).  Further investigation is necessary to determine whether these metals are groundwater COCs.  Antimony may not be a groundwater COC because that it was detected in fewer than 5 percent of samples (Table 3.1).  However, a careful review of antimony detection limits should be conducted during evaluation of inorganic groundwater COCs.  Although nickel and chromium were detected at Base-wide frequencies of 30 and 55 percent, respectively (Table 3.1), these metals may not be final COCs at OU D because only 2  to 7 percent of the nearly 300 samples collected from over 50 groundwater monitoring wells at OU D contained nickel or chromium at concentrations that exceeded MCLs (Radian, 1999b).  Although the background report (McClellan AFB, 1997) concludes that McClellan AFB operations have not resulted in significant inorganic contamination of groundwater, further review of the data is recommended.

The interim remedy selected in the Interim Groundwater ROD (CH2M Hill, 1995) does not address non-VOC groundwater contaminants (e.g., SVOCs, pesticides/PCBs, and dioxins/dibenzofurans).  McClellan AFB currently is pursuing a separate Base-wide FS and ROD for groundwater contaminated with non-VOCs.  A draft version of the Base-wide Non-VOC FS is expected to be complete in late 2000 (McClellan AFB, personal communication).  This document was not available for review, and therefore other potential non-VOC groundwater COCs are not discussed further in the this RPO report.

4.3.2 Soil COCs and Remedial Goals

Sites 2, 3, 5, A, S, and T on McClellan Air Force Base (AFB) correspond with the locations of the former waste burial and burn pits.  Contaminants in soil in the vadose zone at these locations have migrated to groundwater, and these vadose-zone residuals are a continuing source of VOCs dissolved in groundwater beneath OU D (CH2M Hill, 1999).  In addition to VOCs sorbed to soil, a plume of VOC vapor has been identified in the vadose zone within OU D (CH2M Hill, 1999).

As described in the OUD RI report (CH2M Hill, 1994b), the low-permeability cap currently prevents exposure of potential receptors to contaminated soils.  Therefore, final remedial goals for soil in the vadose zone will be based on potential impacts on groundwater (CH2M Hill, 1999).  As described in the Base-wide VOC FS (CH2M Hill, 1999), soil-to-groundwater fate and transport modeling will be conducted as part of a TEFA for each potential source area.  McClellan AFB (2000) has completed a draft TEFA to evaluate the feasibility of continuing operation of the SVE system at Site IC-1, and plans to use the approach described in the document as a template for additional site-specific (e.g., Site S) analyses.

Installation of the cap has also reduced the percolation of water from the ground surface through the vadose zone, thereby decreasing the potential for continued migration of VOCs from sources in the vadose zone to the groundwater table.  For this RPO evaluation, site-specific information was used to evaluate the potential for migration of VOCs downward through the vadose zone to the water table, in order to predict the maximum concentrations of VOCs that could remain in the vadose zone without causing further migration of VOCs at concentrations that would exceed applicable regulatory standards (MCLs).  The results of this evaluation then were used to calculate the concentrations of those VOCs in the vapor phase, in equilibrium with the maximum concentrations of VOCs that could remain in the soil column within the vadose zone.  These calculated vapor-phase concentrations of VOCs represent a convenient screening-level indicator of cleanup criteria for VOCs in soil at OU D.  If vapor-phase concentrations of a particular volatile constituent exceed the screening-level soil-vapor cleanup criterion for that constituent, then it is likely that the concentrations of that constituent, in the sorbed, dissolved, and vapor phases in the vadose zone, are sufficiently elevated so that the constituent will continue to migrate to the groundwater table at concentrations that would exceed the MCL for that constituent.  Conversely, if vapor-phase concentrations of a VOC are below the screening-level soil-vapor cleanup criterion for that constituent, then migration of that constituent to the groundwater table at concentrations that would exceed the MCL is unlikely to occur.

Because the vadose zone at OU D is unsaturated (i.e., pore spaces are not completely filled with water), an analytical solution to the one-dimensional (1-D), unsaturated-soil transport equation (Jury et al., 1983a) was used to evaluate the potential migration of VOCs in the subsurface (see Appendix A).  Using the “Jury model”, chemical migration in the aqueous phase can be examined, and because the porous medium contains some proportion of air in the pore spaces, vapor-phase transport also is accounted for.  The solution to the equations describing 1-D, unsaturated transport (Jury et al., 1983a) is in the form of a partitioning model that distributes a chemical species in equilibrium among three of its possible phases (aqueous, sorbed to soil, and vapor) in accordance with its chemical properties and local conditions in the subsurface.

In applying the model (Appendix A), the initial concentrations in the simulated vadose zone of each of the eight VOCs that have been detected in soil vapor at McClellan AFB OU D (1,1-DCA; 1,2-DCA; 1,1-DCE; cis-1,2-DCE; PCE; 1,1,1-TCA; TCE; and vinyl chloride) were adjusted until the maximum concentration of a VOC calculated to arrive at the water table through the entire simulated time period just equaled the MCL for that chemical.  Those initial concentrations were therefore identified as the maximum concentrations of each VOC of potential concern that could remain in the vadose zone without representing a threat to groundwater quality (Table 4.2, Columns 2 and 3).  The vapor-phase concentration of each VOC, in equilibrium with its maximum allowable sorbed and dissolved concentrations, was then calculated using the Jury model.  These vapor-phase concentrations are equivalent to screening-level soil cleanup criteria (compare Table 4.2, Column 5 with Table 2.1, Column 4), in that they can serve to indicate whether VOCs remaining in soil in the vadose zone are present at concentrations that could eventually cause chemical migration to the water table at concentrations that would exceed the MCLs in groundwater (Table 4.2, Column 4).

The results of simulations indicate that if the vapor-phase concentration of 1,2-DCA is reduced to 0.3 part per million, volume per volume (ppmv), the vapor-phase concentrations of cis-1,2-DCE and PCE are reduced to 4.4 ppmv, and the vapor-phase concentration of TCE is reduced to 5 ppmv, these VOCs are not likely to continue to 

TABLE 4.2
SOIL CLEANUP CRITERIA developED USING

CONCENTRATIONS OF VOCS IN SOIL VAPOR

OPERABLE UNIT D

REMEDIAL PROCESS OPTIMIZATION

MCCLELLAN AFB, CALIFORNIA







Constituent
Maximum Concentration Remaining in Vadose-Zone Soils
Resulting Concentrations at the Water Table and in Soil Vapor




Sorbed Concentrationa/

(mg/kgb/)


Dissolved Concentrationa/
(g/Lc/)
Dissolved Concentration in Groundwater at the Water Table

(g/L)


Concentration in Soil Vapor

(ppmvd/)

1,1-DCA
0.005
80
5
3.6

1,2-DCA e/
0.001
35
0.5
0.3

1,1-dce
0.011
85
6
18.6

cis-1,2-DCE
0.013
140
6
4.4

PCE
0.028
55
5
4.4

1,1,1-TCA
0.35
1,660
200
168

TCE
0.019
90
5
5

Vinyl Chloride
<0.001
3.5
0.5
1.2

Maximum Allowable Concentration of Total VOCs in Soil Vapor:
206

a/  “Maximum” sorbed and dissolved chemical concentrations are those concentrations of a particular chemical in the vadose zone, under the conditions described, that will produce a concentration of that chemical in groundwater at the water table that does not exceed the MCL for that chemical (see Appendix A).

b/  mg/kg  =  milligrams per kilogram.

c/  g/L  =  micrograms per liter.

d/  ppmv   =  parts per million (by volume).

e/  Shaded chemicals are identified as groundwater contaminants of concern in the Interim Record of Decision (see Section 2.5).

migrate from the vadose zone to the water table at concentrations that exceed the respective MCLs (Table 4.2).  These chemicals are the four VOCs identified as COCs in the Interim ROD for McClellan AFB (CH2M Hill, 1995).  The results of simulations also were used to derive screening-level soil cleanup criteria for the other four VOCs that have been detected in soil vapor at OU D (Table 4.2).

At such time as the results of soil-vapor monitoring indicate that the concentrations of individual volatile constituents in soil vapor at a specific VPN or VEW no longer exceed vapor-phase soil cleanup criteria, the vapor-extraction system in that area could be shut down.  The VOC mass remaining in that soil volume would be unlikely to represent a continued potential threat to groundwater.  In some cases, VOC concentrations will continue to rebound above screening-level soil vapor criteria during equilibrium (shut down) testing.  A TEFA approach should be pursued to weigh the relative costs/benefits of continued operation of the SVE system with marginal extraction rates and high unit costs for VOC mass removal.  Potential evaluation criteria for the TEFA approach are discussed in Chapter 5.

section 5

evaluation of remedial systems


Section 4 describes the importance of understanding the remediation goals for OU D, and presented a method for developing preliminary cleanup goals that can be used as performance criteria to assess the progress of SVE toward achieving RAOs for soil.  A review of the possibility of pursuing a containment-zone designation for groundwater as a potential alternative to the use of MCLs as interim cleanup goals for groundwater beneath OU D also is provided.

Typically, a remediation system's effectiveness and efficiency are directly related to achieving the established cleanup objectives.  Because final cleanup goals have not been established for either soil or groundwater at OU D, absolute criteria for evaluating system performance are not available.  Therefore, this RPO evaluation focuses on an evaluation of the general effectiveness and efficiency of the SVE system OM&M, and of the groundwater extraction system and monitoring program.  In the event that a TEFA approach is used for evaluating the long-term benefits of the SVE system, this section provides some guidance on the types of data that will be required to complete the TEFA.  
An RPO evaluation of a remedial system may be conducted in two phases:  

· Phase I – Annual performance evaluations to evaluate system performance to date, recommend minor system modifications, and assess whether a more detailed evaluation is necessary (i.e., Phase II).

· Phase II – A more rigorous review of the entire remedial decision and implementation process.

This section presents a Phase II review of the existing SVE and pump-and-treat systems, and their associated monitoring programs, at OU D.  Based on the Phase II evaluations, short-term recommendations to reduce OM&M costs are developed, and long-term optimization opportunities for clarification of cleanup goals (i.e., performance criteria) and revisiting remedial decisions are identified (Section 6).  

5.1  rpo evaluation of ou d sve system

5.1.1  Summary of SVE System Operations

CH2M Hill began testing a pilot-scale SVE system at Site S in OU D in March 1993, and continuous system operation was initiated in March 1994, after SVE wells were installed outside of Site S (Figure 2.7).  A total of 385,899 pounds of VOCs were removed and treated by the original SVE pilot-scale system.  In April 1996, the pilot system was shut down and reconfigured with a new Cat/Ox treatment system (Section 2.6).  In July 1996, the URSG-OHM Joint Venture began operation of the full-scale OU D SVE system.  The upgraded system is presented schematically on Figure 2.9. 

There were originally 27 SVE wells connected to the OU D SVE system.  Of these, six VEWs (VES 101, -102, -104, -106, -107, and -113) are currently in operation.  In June 1997, VEW IC-19, located in OU C, was also connected to the Site S SVE treatment system (URSG-Laidlaw, 1999b).  Locations of system components are shown on Figure 2.7.  The total vapor flow rate from the seven VEWs (including IC-19) is approximately 480 to 660 scfm.  From July 1996 through December 31, 1999, approximately 100,000 additional pounds of VOCs were removed from OU D and IC-19 SVE wells and treated by the catalytical oxidation system.  URSG has estimated that as much as 630,000 pounds of hydrocarbons may have been biodegraded based on in situ oxygen consumption in Site S and IC-19.

5.1.2  Soil Cleanup Objectives

RAOs for McClellan AFB were established in 1995 and can be divided into general and specific categories.  General RAOs may be applied to all CERCLA sites; specific RAOs reflect site-specific conditions.  The general RAOs for McClellan AFB are presented in the Basewide VOC FS report (CH2M Hill, 1999), and specific RAOs for OU D soils are summarized below:

· Protect human receptors from exposure through ingestion, inhalation, and direct contact with soils that present an unacceptable risk;

· Remove or isolate vadose zone contaminants in source areas to reduce the cost and time required for groundwater cleanup; and

· Remove contaminants from the vadose zone to the extent technically and economically feasible to protect groundwater.

As noted in Section 4, numeric cleanup goals for soils have not been established for OU D, though the threat to groundwater from contaminants in vadose zone soils is the likely basis for establishing such goals.  Using an unsaturated 1-D transport model, Parsons ES developed screening-level soil cleanup criteria for OU D, which are presented in Table 4.2 (also see Appendix A).  Although it is unlikely that the SVE system will be able to achieve screening-level criteria uniformly throughout the vadose zone, these criteria can be useful in determining when a specific soil area or vertical interval has been adequately remediated.  In this case, the screening criteria can be used to determine when a specific VEW can be shut down, so that SVE can be re-focused on soil volumes that still contain VOCs at concentrations that exceed screening criteria.  It is anticipated that eventual termination of SVE activities at OU D will be based on the results of a TEFA, not on uniform achievement of the screening criteria presented in Table 4.2.

5.1.3  Review of SVE System Performance Data

There are several methods of evaluating SVE performance at OU D Site S/IC-19.  Two of these methods, tracking mass removal versus time and tracking individual SVE well VOC concentrations, are being completed on a quarterly basis.  A third method of tracking the removal of VOCs from the soil column is equilibrium testing.  Some equilibrium testing at soil vapor piezometers and VEWs has been completed at Site S/IC-19.  Regular equilibrium testing could further delineate the progress of VOC removal (see Section 6.1). 
5.1.3.1  Mass Removal Through Time

Figure 5.1 illustrates the total mass of chlorinated VOCs removed from OU D as a function of operating hours.  An estimated 160,000 pounds of CAHs have been removed from this site since pilot testing began in March 1993.  Although the current O&M contractor is reporting the total mass of hydrocarbons volatilized and biodegraded at the site, the primary objective of this system is removal of chlorinated contaminants of concern, and this is the most meaningful measurement of system effectiveness.  

The biodegradation estimation methods used are appropriate; however, they are based on an assumption that the background oxygen levels in the soil surrounding the site are 19 percent.  This assumption should be verified quarterly by measuring oxygen concentrations in soil vapor, using VPNs located at the perimeter and outside of areas of known soil contamination.  Multiple depths should be sampled to determine an accurate average background concentration.   Experience at Air Force bioventing sites has indicated that biodegradation rates tend to decrease over time due to the decreasing bioavailability of hydrocarbons (AFCEE, 1996).  Any assumption that biodegradation rates are remaining constant should be carefully reviewed.

As shown on Figure 5.1, the rate of chlorinated VOC removal is beginning to become asymptotic, with daily extraction rates approaching 10 pounds per day.  The system is approaching the point in time at which a pulsed operation may be capable of removing an equivalent mass of chlorinated VOCs for less cost than continuous operation.  The possibility of pulsed operation is discussed more fully in Section 6.1.

5.1.3.2  Individual Well VOC Concentrations Through Time

A good summary of chlorinated VOC concentrations in individual VEWs and VPNs is provided in the quarterly operations reports (URSG-Laidlaw, 1999b through 1999d, and 2000).  Based on well concentrations reported in the last quarter of 1999, extraction wells VES-105, VES-106, VES-113, and VW-6001 account for more than 90 percent of the chlorinated VOCs extracted from OU D.  In contrast, wells VES-101, VES-102, and VES-107 are currently producing total CAH concentrations of approximately 10 ppmv, with most individual CAH concentrations below Table 4.2 screening levels.  Parsons ES 

Figure 5.1  Chlorinated VOC Removal vs. Time for Site S/IC-19 SVE System

concurs with the O&M contractor’s recommendations to take those low-producing wells off-line, and to increase extraction rates at VES-105, VES-106, VES-113, and VW-6001.  This adjustment should increase the chlorinated VOC removal rates and overall system efficiency.

5.1.3.3  Effectiveness of Emission Controls

During 4Q99, the Cat/Ox unit total VOC influent ranged from 97 to 307 ppmv.  Primary chlorinated VOCs in the influent included PCE (16 ppmv), TCE (13 ppmv), and 1,1,1-TCA (11 ppmv).  Based on effluent sampling during the same period, this unit's destruction and removal efficiency averaged 98.0 percent, and total VOC emissions equaled 0.02 ton.  This represents less than 2 percent of the organic chemical emissions allowed for McClellan AFB remediation systems (URSG-Laidlaw, 2000).

During 4Q99, the Cat/Ox system was effectively meeting emission-reduction requirements at a cost per pound of total VOC destroyed estimated at $8 to $10.  In contrast, treatment using granular activated carbon (GAC) would cost $18 to $22 per pound of VOCs treated (including regeneration/disposal costs), but would require significantly less labor and monitoring to operate.  As influent VOC concentrations continue to decrease, GAC will eventually become a more cost-effective method of VOC removal.  Based on current influent concentrations of 97 to 300 ppmv, the potential conversion from Cat/Ox to GAC for soil vapor treatment should be fully evaluated.

Cat/Ox units, particularly units with caustic scrubbers, are difficult to maintain.  During 1999, the system was down for repairs for more than 3 months.  However, during 4Q99, the system operated 91 percent of the available hours, which is high for these units.

5.1.3.4  SVE System Monitoring

McClellan AFB and the operating contractor are making efforts to trim down the monitoring requirements for this mature SVE system.  In general, Parsons ES recommends that greater emphasis be placed on annual equilibrium testing data from all VEWs and vapor monitoring points within the existing monitoring program.  After 7 years of operation, the need for semi-annual monitoring at vapor monitoring points is questionable.  Annual equilibrium data would provide more useful information concerning the progress of soil remediation. 

Because USEPA Method TO-14 is being used in the critical elements of the SVE monitoring program, the use of GC Method 8021A for semi-annual and quarterly soil vapor analysis may not be required.  TVH and PID analyzers could be used to provide the relative concentrations of VOCs at each monitoring point.  Eliminating the requirements for ambient air sampling may also be considered.  Sampling of the caustic scrubber effluent should be sufficient to address potential exposure issues.

5.1.3.5  Evaluation of Annual Operating Costs

The McClellan AFB point-of-contact, Mr. Tim Chapman, provided Parsons ES with an estimate of OU D Site S/IC-19 monthly SVE system operating costs which have been converted to annual costs in Table 5.1.

TABLE 5.1
SVE OPERATING COSTS FOR SITE S/IC-19

OPERABLE UNIT D

REMEDIAL PROCESS OPTIMIZATION

MCCLELLAN AFB, CALIFORNIA

Item
Annual Cost
($)

Operations and Maintenance Labor
54,000

Monitoring Labor
24,000

Power and Natural Gas
57,000

Analytical Laboratory
57,600

Reporting
9,800

TOTAL
187,800/yr

Based on the influent concentrations measured from 1 October to 31 December 1999, approximately 5,200 pounds of total VOCs were removed and treated at Sites S and IC-19.   This equates to a treatment cost of $9 per pound.  Figure 5.2 illustrates the projected cost per pound of VOCs removed for the next 12 months of SVE system operation, based on anticipated decreases in the rate of VOC extraction.  Increases in natural gas costs will also impact the unit treatment costs of the Cat/Ox system.  Estimated costs for GAC treatment also are provided for reference (Archabal et.al., 1997).  Unless the influent 

Figure 5.2  Projected Cost per Pound for Treatment of VOCs in Soil Vapor

concentrations to the Cat/Ox unit can be stabilized above 100 ppmv, a switch to GAC should be considered.

5.1.4  Summary of SVE Effectiveness Evaluation

5.1.4.1  Soil Remediation Effectiveness

Seven years of active SVE at OU D Site S and IC-19 has volatilized and removed nearly 500,000 pounds of VOCs.  An estimated 600,000 pounds of hydrocarbons have been biodegraded in place through bioventing actions.  The removal of over 1 million pounds of organic contaminants attests to the historical effectiveness of this system.  The current volatilization of 0.4 to 0.8 pound per hour of chlorinated VOCs still represents a significant reduction in leaching potential and long-term risk.

The O&M contractor is attempting to optimize mass removal by increasing extraction rates in soil volumes with the highest concentrations of VOCs while reducing flow rates to soil volumes which have consistently produced VOC levels of less than 10 ppmv.  Annual shutdown and equilibration testing is recommended to better estimate remaining chlorinated solvent residuals throughout the soil profile.  Soil volumes with equilibrium CAH concentrations below Table 4.2 screening criteria may no longer represent a source of chemicals capable of leaching to groundwater.  The final determination of system effectiveness will likely be based on a comprehensive series of equilibration tests.  Section 6 discusses key criteria for determining when the SVE system at OU D could be turned off.

5.1.4.2  Soil Vapor Treatment Effectiveness and Efficiency

The current Cat/Ox unit is effectively destroying VOCs and meeting emission reduction requirements.  The efficiency of continued use of the Cat/Ox unit should be carefully reviewed on a regular basis.  Cat/Ox and scrubber systems are difficult to maintain and require constant attention to achieve a >90-percent operability rating.  Decreasing influent VOC concentrations will be more efficiently treated with GAC.  The current cost of VOC treated is $8 to $10 per pound, and is expected to increase to more than $30 per pound over the next 12 months of operation.  In contrast, GAC is expected to provide equivalent treatment at a cost of $18 to $22 per pound. 

5.2  evaluation of groundwater extraction system

In general, two primary remediation objectives are associated with conventional groundwater extraction (“pump-and-treat”) systems (NRC, 1993):  removal of contaminant mass from the subsurface, and establishing or maintaining hydraulic control to restrict or prevent continued migration of dissolved contaminants.  Because extracted groundwater is conveyed to a centrally located GWTP that handles contaminated groundwater from several different groundwater extraction systems (Section 2.6), performance of the groundwater treatment system could not be realistically evaluated for OU D.  However, an accumulating body of evidence (see, for example, NRC, 1993) indicates that nearly all groundwater extraction systems are ineffective at removing contaminant mass.  Generally speaking, hydraulic control of contaminant migration is the only realistic remediation goal for groundwater pump-and-treat systems.  Therefore, this RPO evaluation focuses on the extraction system at OU D.

5.2.1  Effectiveness of Current Extraction System

The current groundwater extraction system in OU D consists of 6 wells, 5 of which (wells EW-73, EW-83, EW-85, EW-86, and EW-87) are operational.  Extraction well EW-84 was removed from service in August 1997, because its continued operation was judged to be unnecessary in achieving the objective of plume containment. (Radian, 1999a).  Current plans call for well EW-84 to remain out of service indefinitely.  All EWs were installed to a depth of about 160 feet bgs, and are fully-screened across both the A and B monitoring zones (Table 5.2).  The design production rates for the individual wells in the current extraction system range from 10 gpm to 25 gpm; the actual production rates (0 to about 11 gpm) are generally somewhat lower than the design rates (Table 5.2).  Based on an estimated per-well installation cost of about $78,000 (in constant, year-2000 dollars), Parsons estimates that the installation cost of the complete six-well extraction system was about $468,000 (in current dollars).

Ultimately, the effectiveness of an extraction system is judged by evaluating how well it achieves its objectives; and it is considered to be optimized if it is effectively achieving its objectives at the lowest total cost and/or in the shortest period of time.  The 

Table 5.2  Groundwater Extraction Rates – First Quarter 1999

effectiveness of the complete system, and of the individual wells in the system, can be evaluated in terms of the two complementary objectives – mass removal and plume containment.  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 system are restricted by the physics of the system and the nature and distribution of VOCs in groundwater.

5.2.2  Mass Removal

In the Interim ROD, an estimate of 35 to 100 years was provided as the period of time that would be required to achieve the groundwater RAOs for the McClellan AFB GWOU (CH2M Hill, 1995).  Parsons ES is not aware that any estimate of the VOC mass originally present in groundwater at OU D has been made; however, by 1Q99, the groundwater extraction and treatment system at OU D had removed about 4,050 pounds of VOCs (Figure 5.3).  In order to develop estimates of the total length of time required to remove all the VOC mass currently in groundwater at OU D, plots were generated to show the concentrations of TCE and 1,1-DCE in the effluent discharged from individual EWs through time (Figures 5.4 and 5.5, respectively).  The temporal trends in concentrations of TCE and 1,1-DCE in the discharge from wells EW-73, EW-85, and EW-86 appear to indicate that concentrations in the discharge from each of these three wells are decreasing through time.  The temporal concentration data for these wells were fitted with first-order equations, and the first-order curves were projected through time until they intersected the interim cleanup goals for TCE and 1,1-DCE in groundwater (the MCLs for TCE and 1,1-DCE; Section 4.3.1.1).  Assuming that the concentrations of TCE and 1,1-DCE in the discharge from these wells continue to decrease through time, and the trends of decreasing concentrations continue to approximate first-order processes, this procedure provides an estimate of the length of time required to achieve cleanup goals at each of the EWs.  The projected dates at which cleanup goals will be achieved for TCE range from 4Q01 (well EW-85) to 3Q25 (well EW-73).  The projected dates at which cleanup goals will be achieved for 1,1-DCE range from 2Q99 (well EW-85) to 3Q07 (well EW-73).  

Figure 5.3  Cumulative VOC Mass Removal and Cumulative Costs Through Time

Figure 5.4  Temporal Trends and Projected Cleanup Times for TCE

Figure 5.5  Temporal Trends Projected Cleanup Times for 1,1-DCE

Application of this procedure to estimate dates at which cleanup goals will be achieved at well EW-84 is not realistic, because that well has been off-line since 1997.  Nor could cleanup dates be estimated TCE or 1,1-DCE at wells EW-83 and EW-87 because TCE and 1,1-DCE concentration data for these wells either exhibit no discernible temporal trends, or exhibit increasing trends in concentrations.  Therefore, if mass removal were the primary objective of the groundwater extraction and treatment system, it is likely that wells EW-83 and EW-87 would be operated indefinitely.

Combined O&M costs (excluding monitoring costs) for the groundwater extraction system at McClellan AFB OU D are estimated by Parsons ES to total about 10 percent of the initial capital cost of system installation per year (or about $3,900 per month in year-2000 dollars [assumed to be constant dollars]).  The costs for treating extracted groundwater are not included in the estimate of combined O&M costs, because extracted groundwater is conveyed to a centrally located GWTP on the Base.  This GWTP handles contaminated groundwater from several different groundwater extraction systems (Section 2.6), and the incremental costs associated with treating groundwater extracted from OU D are judged to be small.  Assuming that the cost of electrical power in central California is about $0.20 per kilowatt-hour, Parsons ES estimates that the cost of power required to operate the groundwater extraction system at OU D is between $200 and $300 per month.  Estimated O&M costs for groundwater extraction alone, including about $3,900 per month for O&M of the system and about $200 per month for electrical power, therefore total about $4,100 (or about $680 per well).  Groundwater monitoring costs are addressed in Section 5.3, and are specifically excluded from the estimated monthly O&M costs.

The estimated cumulative costs through time associated with installation and operation of the six-well system are presented on Figure 5.3.  Cost estimates have been developed in constant (year-2000) dollars, and were developed assuming that the initial cost of system installation was about $468,000, and that the monthly O&M costs of operating each EW have remained constant through time, at $680 (current, constant dollars) per well.

O&M costs estimated for the current groundwater extraction system can be projected into the future (Figure 5.6) using the previously derived projected cleanup dates for extraction wells EW-73, EW-85, and EW-86 (Figures 5.4, 5.5, and 5.6).  Estimates of future costs for the system were developed by assuming that well EW-84 will remain out of service indefinitely; and that each of wells EW-73, EW-85, and EW-86 will be removed from service on the date it is projected to achieve cleanup goals (e.g., well EW-85 will be removed from service in 4Q01, having achieved the interim cleanup goals for TCE and 1,1-DCE).  After a well has been removed from service, the monthly O&M costs associated with operation of that well ($680 in constant dollars) were assumed to cease, and were removed from the cumulative cost estimate.  Extraction wells EW-83 and EW-87 are the only wells expected to remain in service by the year 2026 (Figures 5.4 through 5.6).

If mass removal continues to be an objective of groundwater extraction and treatment, extraction wells EW-83 and EW-87 are projected to continue pumping indefinitely.  The elevation of the water table beneath McClellan AFB is currently declining at a rate of about 2 ft/yr (Section 2.3.3), and this water-table decline is projected to continue into the forseeable future.  If water levels continue to decline at this rate, and wells EW-83 and EW-87 remain in service, these two extraction wells would need to be reinstalled to greater depths in approximately 2038.  Reinstallation of the two wells is estimated to cost about $78,000 per well (a total cost of $156,000 in constant, 2000 dollars).  This capital expenditure is shown on Figure 5.6 as an instantaneous increase in cumulative costs for the system in the year 2038. 

If the effectiveness of the groundwater extraction system were to be judged on the basis of mass removal, then examination of VOC mass removal rates for individual extraction wells during 1Q99 would indicate that more than 80 percent of VOC mass removed from groundwater is being extracted by just one well (well EW-87; Figure 5.7).  However, review of the refined conceptual site model for McClellan AFB OU D (Section 3.5 and Figure 3.2) indicates that some free or residual DNAPL remains in the subsurface at OU D, near or below the groundwater table.  This DNAPL will probably persist as a 

Figure 5.6  Projected Cumulative VOC Mass Removal and Estimated Cumulative Costs Through Time

Figure 5.7  VOC Mass Removed During the First Quarter of 1999
continuing source of dissolved CAHs in groundwater beneath OU D 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-and-treatment technology (Pankow and Cherry, 1996).  Groundwater restoration using extraction-and-treatment 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 (as at McClellan AFB) 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 will be diluted with clean water drawn from water-bearing units outside of the source zone (Pankow and Cherry, 1996).

The primary capabilities that groundwater extraction-and-treatment systems offer at DNAPL sites are hydraulic control of the dissolved contaminant plume, and/or containment of the source-zone.  Therefore, the preferred strategy for such sites is to pump at the lowest rate necessary to achieve the desired degree of capture of the contaminant flux from the source zone(s).  The rate of contaminant mass removal is then equal to or only slightly greater than the mass flux emanating from the DNAPL source zone under natural conditions.  Therefore, plume containment is the primary focus of RPO evaluation of the groundwater extraction system at McClellan AFB OU D, as discussed in the following subsection.

5.2.3  Plume Containment

The characteristics of plume migration can be evaluated by examining changes in the areal distribution of VOCs through time, or by examining changes in the concentrations of VOCs through time at individual well locations within or downgradient from a plume.  The effectiveness of the OU D groundwater extraction system in containing the dissolved VOC plume can be evaluated by assessing changes in VOC concentrations through time at downgradient monitoring wells.  As discussed further in Section 5.3, temporal trends in VOC concentrations were reviewed for each of eight OU D COCs (i.e., the VOCs that have been detected in groundwater at concentrations exceeding MCLs) as part of the RPO evaluation of the current groundwater monitoring network.  Although groundwater sampling results for a few wells near the OU D source area (e.g., wells MW-58, EW-83, EW-87, MW-89, and MW-90) exhibit increasing chemical concentrations through time, VOC concentrations in samples from wells at locations distal and downgradient from the OU D waste pits generally either exhibit no trend, or exhibit temporal trends of decreasing chemical concentrations (Section 5.3).  Therefore, the current groundwater extraction system is effectively containing the plume and limiting the further migration of VOCs.

An individual EW is regarded as effective in limiting VOC migration if all of the following conditions are met: 

· The well is located on a groundwater flowpath downgradient from areas within which VOCs are present in groundwater at concentrations that are higher than in areas downgradient from the well;

· The “capture zone” of the well (i.e., the area within which VOCs will be drawn toward the well as a consequence of pumping, rather than past the well with ambient groundwater flow) is adequate to intercept migrating VOCs; and

· VOC concentrations in groundwater downgradient from the well decrease or remain stable through time.

The location, radius of capture, and trends in downgradient COC concentrations were evaluated for the five groundwater extraction wells currently operating at OU D (wells EW-73, EW-83, EW-85, EW-86, and EW-87).  Well EW-84 was taken off-line in August 1997, and therefore was not addressed in the evaluation.

The radius of capture of each extraction well, and the capture zone of the complete extraction system, were estimated using the RESSQC module of USEPA’s Wellhead Protection Area (WHPA) model (Blandford and Huyakorn, 1991).  WHPA is a screening-level modular, semi-analytical groundwater flow model, designed to assist with WHPA delineation.  The WHPA model consists of four independent computational modules (RESSQC, MWCAP, GPTRAC, and MONTEC) that may be used to delineate capture zones.  Input and output generated for various simulations are provided in Appendix C.

Analytical techniques for evaluating the capture zones of groundwater extraction wells are relatively simplistic, and do not account for aquifer heterogeneities; nevertheless, a screening-level assessment provides a means of evaluating the relative effectiveness of a particular well in limiting chemical migration.  The radius of capture for a particular extraction well depends on the well pumping rate, the aquifer transmissivity, the natural (steady-state) groundwater hydraulic gradient and flow direction in the vicinity of the well, and the saturated thickness of the aquifer.  Actual 1Q99 (Radian, 1999a) and design extraction rates for each well were used to estimate the radius of capture.  Use of higher pumping rates (i.e., the design extraction rates) in calculations generated a larger (“more effective”) capture zone.

An average range of transmissivity values for the A and B monitoring zones was estimated using the results of aquifer tests performed during the Basewide VOC FS (CH2M Hill, 1999).  The A and B zones are regarded as being in hydraulic communication and functioning as a single hydrostratigraphic unit (see Section 2.3.3); the two monitoring zones were therefore treated as a single, continuously-saturated unit for the capture-zone calculations.  The saturated thicknesses of the A and B zones beneath OU D were summed, and this value (75 feet) was used in estimating transmissivity.  Three representative transmissivity values for the A and B zones (50 square feet per day [ft2/day], 800 ft2/day, and 2,000 ft2/day) were used in the initial simulations.  The groundwater flow direction and hydraulic gradient at OU D were estimated from potentiometric-surface maps generated using 1Q99 water level data (Radian, 1999a).  A southerly groundwater flow direction with a horizontal gradient of 0.001 ft/ft was used for the simulations.  This flow direction is representative of the regional groundwater flow direction across McClellan AFB during the past decade (Section 2.3.3). 

Three initial simulations (Simulations I, II, and III) were performed using 1Q99 extraction rates (Radian, 1999a), with the selected range of transmissivity values (50 ft2/day to 2,000 ft2/day), to generate estimates of the capture zone that might result from pumping the five extraction wells during a 13-year period.  The 13-year duration of the capture-zone simulation period represents the operational period of the OU-D extraction system (1987 to the present), and was selected so that the resulting simulated capture zones could be compared with actual 1Q99 site conditions.  The graphical results of these simulations (Figures 5.8 through 5.10), including groundwater elevation contours and the estimated TCE MCL (5-µg/L) isopleth, were compared with the OU D extraction-system capture zone estimated by Radian (1999a).  Simulations I and II, which utilized transmissivity values of 50 ft2/day and 800 ft2/day (Figures 5.8 and 5.9), were judged to be most representative of observed 1Q99 site conditions.  These two capture zones encompass the TCE 5-µg/L isopleth, and conform well with the monitoring zone A groundwater elevations shown on Figure 2.4.  

The capture zone resulting from use of a transmissivity of 2,000 ft2/day (Figure 5.10) appears to be the least representative of the three simulations.  This simulated capture zone extends much farther to the north than those generated in the other two simulations, yet the configuration of the actual groundwater potentiometric surface north of the extraction system (Figure 2.4) indicates that pumping at the extraction wells has little hydraulic influence in this area.  In addition, the capture zone generated during the 2,000-ft2/day-simulation (Figure 5.10) is not centered around the VOC source area and extraction system, as are the capture zones of the two lower-transmissivity simulations 

Figure 5.8  Capture-Zone Simulation I (50 ft2/day Transmissivity)

Figure 5.9  Capture-Zone Simulation II (800 ft2/day Transmissivity)

Figure 5.10  Capture Zone Simulation III (2,000 ft2/day Transmissivity)

(Figures 5.8 and 5.9).  Based on the results of these three simulations, the transmissivity of the site is estimated to be in the range of 50 ft2/day to 800 ft2/day.  For the purposes of evaluating capture zones of possible extraction systems having different well configuratons, the value of 800 ft2/day was considered most representative of hydrogeologic conditions at OU-D, and was used in subsequent simulations. 
After an appropriate transmissivity value had been selected, four additional simulations were completed to evaluate whether the effectiveness of hydraulic capture/containment of the extraction system could be maintained with a smaller number of extraction wells, and/or with different pumping rates.  In Simulation IV (Figure 5.11), wells EW-85, EW-86, and EW-87 were pumped at actual 1Q99 rates.  In Simulation V (Figure 5.12), wells EW-85, EW-86, and EW-87 were operated at their design pumping rates.  In Simulations VI and VII (Figures 5.13 and 5.14), wells EW-85 and EW-86 were pumped at actual 1Q99 rates and at design pumping rates, respectively.  Wells EW-73 and EW-83 were not used in Simulations IV through VII because biofouling problems at well EW-73, and the historically low pumping rates of well EW-83, suggest that these wells contribute relatively little to hydraulic capture or source containment.

The capture zones generated in Simulations IV through VII were compared with the 1Q99 capture zone of the OU D extraction system (Simulation II, Figure 5.9).  The results of the assessment indicate that wells EW-85, EW-86, and EW-87 pumping at actual 1Q99 rates (Figure 5.11) are just as effective at maintaining the capture zone as are all five extraction wells operating simultaneously.  Furthermore, wells EW-85 and EW-86, pumping at actual (1Q99) or design rates, could maintain a somewhat smaller capture zone that would still be effective at achieving hydraulic containment of the TCE MCL isopleth (Figures 5.13 and 5.14).  This occurs because wells EW-73, EW-83, and EW-87 are relatively ineffective at maintaining hydraulic control of groundwater (Figure 5.15), as a consequence of their low, historic extraction rates (ranging from 0 to 11 gpm).  Therefore, Parsons recommends that currently-active wells EW-73, EW-83, and EW-87 be taken off-line, and that extraction be continued only at wells EW-85 and EW-86, for purposes of hydraulic control of the plume and source containment through the long term.

Figure 5.11  Capture-Zone Simulation IV (Wells EW-85, EW-86, and EW-87 Pumping at 1Q99 Rates)

Figure 5.12  Capture-Zone Simulation V (Wells EW-85, EW-86, and EW-87 Pumping at Design Rates)

Figure 5.13  Capture-Zone Simulation VI (Wells EW-85 and EW-86 Pumping at 1Q99 Rates)

Figure 5.14  Capture-Zone Simulation VII (Wells EW-85 and EW-86 Pumping at Design Rates)

Figure 5.15  Capture-Zone Simulation VIII (Wells EW-73, EW-83, and EW-87 Pumping at 1Q99 Rates)

5.2.4  Summary of Results of Pump-and-Treat System Evaluation

Based on the results of the RPO evaluation, the future focus of active groundwater remediation efforts at McClellan AFB OU D should be hydraulic containment of the plume using wells EW-85 and EW-86 only -- the minimum number of wells necessary to effect plume capture with the current extraction-system configuration.  Removal of contaminant mass in groundwater at OU-D should not be a priority for future operation of the OU D pump-and-treat system because evaluation of indirect evidence, including the concentrations of VOCs historically detected in groundwater, suggests that a free or residual DNAPL phase is present in the subsurface at OU D.  Although groundwater extraction systems can be effective in achieving hydraulic containment of dissolved VOCs originating from a DNAPL source, they are not effective at removing contaminant mass from such a source (NRC, 1993; Pankow and Cherry, 1996; AFCEE, 2000).  Cessation of pumping from three of the currently-active wells will generate annual O&M cost savings, as a result of reductions in labor, utility, and analytical costs associated with system O&M.

5.3  EVALUATION OF groundwater MONITORING PROGRAM

As noted in Section 2.6.2, groundwater monitoring programs have two primary objectives (USEPA, 1993; Gibbons, 1994):

1. Evaluate long-term temporal trends in contaminant concentrations at one or more points within or outside of the remediation zone, as a means of monitoring the performance of the remedial measure (temporal evaluation); and

2. Evaluate the extent to which contaminant migration is occurring, particularly if a potential exposure point for a susceptible receptor exists (spatial evaluation).

The relative success of any remediation system and its components (including the monitoring network) must be judged based on its ability to achieve the stated objectives of the system.  Designing an effective groundwater monitoring program involves locating monitoring points and developing a site-specific strategy for groundwater sampling and analysis so as to maximize the amount of relevant information that can be obtained while minimizing incremental costs.  Relevant information is that required to effectively address the temporal and spatial objectives of monitoring.  The effectiveness of a monitoring network in achieving these two primary objectives can be evaluated quantitatively using statistical techniques.  In addition, there may be other important considerations associated with a particular monitoring network that are most appropriately addressed through a qualitative hydrogeologic evaluation of the network.  The qualitative evaluation may consider such factors as hydrostratigraphy, locations of potential receptors with respect to a dissolved plume, and the direction(s) and rate(s) of contaminant migration.  The evaluation of a monitoring network is therefore conducted in stages to address each of the objectives and considerations of monitoring:  a qualitative evaluation is first completed, followed in succession by temporal and spatial evaluations.

5.3.1  Qualitative Hydrogeologic Evaluation

An effective monitoring program will provide information regarding plume migration and changes in chemical concentrations through time at appropriate locations, enabling decision-makers to verify that contaminants are not endangering potential receptors, and that remediation is occurring at rates sufficient to achieve RAOs.  The design of the monitoring program should therefore include consideration of existing receptor exposure pathways, as well as exposure pathways arising from potential future use of the groundwater.

Performance monitoring wells located upgradient, within, and just downgradient from a plume provide a means of evaluating system effectiveness relative to performance criteria.  Long-term monitoring (LTM) of these wells also provides information about migration of the plume and temporal trends in chemical concentrations.  Contingency monitoring wells downgradient from the plume are used to ensure that the plume is not expanding past the remediation zone or containment system, and to trigger a contingency remedy if contaminants are detected.  Primary factors to consider include at a minimum:

· Types of contaminants,

· Aquifer heterogeneity,

· Distance to potential receptor exposure points,

· Groundwater seepage velocity,

· Potential surface-water impacts, and

· The effects of the remediation system.

These factors will influence the locations and spacing of monitoring points and the sampling frequency.  Typically, the greater the seepage velocity and the shorter the distance to receptor exposure points, the more frequently groundwater sampling should be conducted.  One of the most important purposes of LTM is to confirm that the contaminant plume is behaving as predicted.  Visual and statistical tests can be used to evaluate plume stability.  If a groundwater remediation system is effective, then over the long term, groundwater monitoring data should demonstrate a clear and meaningful decreasing trend in concentrations at appropriate monitoring points.

Monitoring of the contaminant plume is conducted periodically at McClellan AFB OU D to provide information regarding chemical and hydraulic (gradient) conditions within and downgradient from the plume (Section 2.7.2).  The groundwater monitoring program is intended to provide water-level and analytical data for use in ensuring compliance with requirements of the Interim ROD (CH2M Hill, 1995), and for evaluating the overall effectiveness of the extraction system.  Currently (as of 1Q99), groundwater samples are collected for monitoring from a total of 38 monitoring points (32 monitoring wells, 5 active EWs, and 1 inactive EW) associated with OU D (Table 5.3).  Groundwater samples from all wells are analyzed for VOCs using USEPA Method SW8260M.  In addition to collection of samples from monitoring wells, key components of the groundwater extraction system at OU D are also monitored, enabling periodic evaluation of overall system performance.  Monitoring of the extraction system includes collection of groundwater samples from sampling ports in the discharge lines of the active EWs in the OU D pump-and-treat system during monthly monitoring events (Table 5.3), and analysis of those samples for VOCs.

Table 5.3  Current Groundwater Monitoring Program

t 5.3 continued

The estimated costs associated with each year of groundwater monitoring, using conventional-purge sampling methods, are summarized in Table 5.4.  Assuming that the current monitoring program is continued for an additional 30 years, the cumulative cost of the monitoring program (assuming constant 2000 dollars) is estimated to be $2.2M.

Although several different monitoring zones, roughly corresponding to different hydrostratigraphic intervals, have been designated in the groundwater system beneath OU D (Figure 2.3), all the monitoring zones are vertically and/or laterally interconnected, and therefore, function as a single groundwater system.  Groundwater with dissolved contaminants moves between stratigraphically juxtaposed zones under the influence of local hydraulic gradients (Section 2.3.3; CH2M Hill, 1999; Parsons ES, 1998).  Therefore, the completion intervals of groundwater monitoring wells are of less importance in evaluating the monitoring network than the relative spatial location of each monitoring point with respect to contaminant sources in the subsurface at OU D.  The direction of groundwater movement beneath OU D has historically been from north to south or southwest (Section 2.3.3).  This indicates that in the absence of active groundwater extraction, migration of contaminants from sources in OU D also would be in a generally southerly direction, and OU D contaminants dissolved in groundwater would likely remain primarily on McClellan AFB (because the Base extends far to the south of OU D).  

However, OU D contaminant plumes have migrated off-Base to the west of the OU D boundary.  In this situation (no active groundwater extraction), some monitoring wells should be located near contaminant source areas in OU D to provide a means of monitoring chemical conditions within and near sources; a limited number of monitoring wells should be located upgradient from (north of) source areas in OU D to provide an indication of chemical conditions in ambient groundwater, prior to its movement through contaminant sources; and the greatest number of monitoring wells should be placed at strategic locations downgradient from source areas, to provide a means of monitoring the movement of contaminants in groundwater toward potential receptor exposure points.

Table 5.4  Estimated Costs Associated with Current Monitoring Program

t 5.4 continued

t 5.4 continued

Since groundwater extraction began in 1987, groundwater movement in the vicinity of OU D has generally been directed radially inward toward the active EWs within OU D.  In this situation (active extraction), monitoring points south of OU D (downgradient under natural conditions) are of relatively less importance because contaminant migration has been induced toward EWs, and downgradient migration of contaminants has been slowed or halted.  Monitoring of conditions near and within source areas is of relatively greater importance, because operation of EWs is (presumably) causing contaminant concentrations to change (decrease) more rapidly than would otherwise occur.  Monitoring of chemical concentrations in the groundwater discharged from EWs is also relatively important, because this enables contaminant mass removal from the subsurface to be evaluated.

In either situation (no extraction, or active groundwater extraction and treatment) most contaminants in groundwater will remain on the Base, and are unlikely to migrate to potential receptor exposure points.  This suggests that although periodic monitoring of groundwater conditions should be continued to address the two objectives of monitoring listed above, the frequency of monitoring at most locations could be reduced from annual to biennial monitoring (Table 5.3), with little loss of information and no increase in risk to potential receptors.

Examination of the list of groundwater monitoring wells included in the periodic monitoring program suggests that some sampling points may be redundant or unnecessary.  For example, groundwater samples are collected from monitoring wells MW-1026, MW-1027, and MW-1028, located about 1,500 feet northeast, and upgradient from the VOC plume in OU D (Figure 2.11).  VOCs, including TCE, PCE, DCE isomers, and toluene, have historically been detected at low concentrations in one or more of these wells.  However, because these wells are upgradient from McClellan AFB OU D under natural groundwater flow conditions, and also under active pumping conditions, VOCs at this location could not have originated at OU D, and the rationale for continued use of these wells to monitor conditions at OU D is not clear.  Furthermore, the concentrations of all VOCs in groundwater samples from wells MW-1027 and MW-1028 have been below detection limits since the monitoring event completed during 1Q95, and the concentrations of VOCs in groundwater samples from well MW-1026, though at detectable levels (3.91 g/L of TCE in 1Q99), have been below MCLs since the monitoring event completed during 3Q92.  Similarly, wells MW-1001, MW-1003, and MW-1004 are located off-Base and several hundred feet upgradient from the OU D VOC plume under active pumping conditions.  These wells are routinely monitored, despite their upgradient location with respect to on-Base VOC sources, even though no VOCs have been detected in any sample from any of the three wells since 4Q93.  Other wells at locations upgradient or crossgradient from the VOC source areas at OU D also are candidates for abandonment, because the direction of groundwater flow, under natural conditions or with active groundwater extraction, indicates that migration of VOCs into these areas will not occur. 

Multiple wells completed in the same monitoring zone at similar locations also represent potentially redundant monitoring points.  For example, well MW-38D is completed in the IAB monitoring zone in the western part of the VOC plume, less than 100 feet west of well MW-54 (which also is completed in the IAB monitoring zone).  Both wells are routinely monitored, although use of one well would probably provide sufficient information for the purposes of satisfying the two primary objectives of monitoring (above).  Therefore, one of the two wells may be a candidate for abandonment.

Active groundwater EWs require additional consideration.  Because an EW withdraws groundwater from some volume of the groundwater system surrounding the well, the concentration of a constituent in the effluent discharged from the well cannot be regarded as representative of conditions at the well location.  Rather, the constituent concentration is an average value, representative of concentrations throughout the volume from which the well extracts groundwater.  Therefore, the results of monitoring effluent from an EW should not generally be used as indicators of local chemical conditions.  However, periodic monitoring of EW discharge can provide an indication of the rate of removal of chemical mass from the subsurface, and as such generates information of use in evaluating long-term performance of the extraction (and treatment) system.  Therefore, periodic monitoring of EW discharge should continue in those wells within the extraction network that remain in active service.  However, if an EW is removed from service (e.g., well EW-84), it should no longer be used for monitoring.

The results of the qualitative evaluation of the complete monitoring network at OU D are presented in Table 5.5.  Recommendations for retaining or abandoning each existing monitoring point also are presented in Table 5.5, along with the rationale for the recommendations.  Note that all existing wells associated with McClellan AFB OU D are included in the table, whether or not they are included in the current monitoring network.

5.3.2  Temporal Statistical Evaluation

Temporal data (chemical concentrations measured at different points in time) can be examined visually, or with statistical tests, to evaluate plume stability.  If removal of chemical mass is occurring in the subsurface as a consequence of attenuation processes or operation of the remediation system, mass removal will be apparent as a decrease in chemical concentrations through time at a particular sampling location, as a decrease in chemical concentrations with increasing distance from chemical source areas, and/or as a change in the suite of chemicals through time or with increasing migration distance.  

Temporal chemical-concentration data can be evaluated by plotting contaminant concentrations through time for individual monitoring EWs (Figure 5.16), or by plotting contaminant concentrations versus downgradient distance from the contaminant source for several wells along the groundwater flowpath, over several monitoring events.  Plotting temporal concentration data is recommended for any analysis of plume stability (Wiedemeier and Haas, 1999); however, visual identification of trends in plotted data may be a subjective process, particularly (as is likely) if the concentration data do not have a uniform trend, but are variable through time (Figure 5.17).

The possibility of arriving at incorrect conclusions regarding plume stability on the basis of visual examination of temporal concentration data can be reduced by examining temporal trends in chemical concentrations using various statistical procedures, including regression analyses and the Mann-Kendall test for trends.  The Mann-Kendall non-parametric test (Gibbons, 1994) is well suited for application to the evaluation of environmental data because the sample size can be small (as few as four data points), no 

Table 5.5  Qualitative Evaluation of Groundwater Monitoring Network

Table 5.5  (cont.)

Figure 5.16  Temporal Trend in TCE Concentrations at Well MW-72

Figure 5.17  Conceptual Representation of Temporal Trends and Temporal Variation in Concentration

assumptions are made regarding the underlying statistical distribution of the data, and the test can be adapted to account for seasonal variations in the data.  The Mann-Kendall test statistic can be calculated at a specified level of confidence to evaluate whether a temporal trend is present in contaminant concentrations detected through time in samples from an individual well.  If a trend is determined to be present, a non-parametric slope of the trend line (change per unit time) can also be estimated using the test procedure.  A negative slope (indicating decreasing contaminant concentrations through time) or a positive slope (increasing concentrations through time) provides statistical confirmation of temporal trends that may have been identified visually (Figure 5.17).

The amount of information obtained from periodic monitoring at a particular monitoring well can be evaluated by considering the location of the well within (or outside of) the contaminant plume, the location of the well with respect to potential receptor exposure points, and the presence or absence of temporal trends in contaminant concentrations in samples collected from the well.  The degree to which the amount and quality of information obtainable at a particular monitoring point serves the two primary objectives of monitoring (temporal and spatial objectives) must be considered in this evaluation.  For example, the continued occurrence of a contaminant in groundwater at concentrations below the detection limit at a monitoring location provides no information about temporal trends in contaminant concentrations, or about the extent to which contaminant migration is occurring, unless the monitoring location lies along a groundwater flowpath between a contaminant source and a potential receptor exposure point.  Therefore, a monitoring well having a history of contaminant concentrations below detection limits may be providing no useful information, depending on its location.

A trend of increasing contaminant concentrations in groundwater at a location between a contaminant source and a potential receptor exposure point may represent information critical in evaluating whether contaminants may migrate to the exposure point, thereby completing an exposure pathway.  Identification of a trend of decreasing contaminant concentrations at the same location may be useful in evaluating decreases in a plume’s areal extent, but does not represent information that is critical to the protection of a potential receptor.  Similarly, a trend of decreasing contaminant concentrations in groundwater near a contaminant source may represent important information regarding the progress of remediation near, and downgradient of the source, while identification of a trend of increasing contaminant concentrations at the same location does not provide as much useful information regarding contaminant conditions.  By contrast, the absence of a temporal trend in contaminant concentrations at a particular location within, or downgradient of a plume, indicates that virtually no additional information can be obtained by continued monitoring of groundwater at that location, in that the results of continued monitoring through time are likely to fall within the historic range of concentrations that have already been detected (Figure 5.18).  Continued monitoring at locations where no temporal trend in contaminant concentrations is present serves merely to confirm the results of previous monitoring activities at that location.  The relative amounts of information generated by the results of temporal trend evaluation at monitoring points near, upgradient of, and downgradient from contaminant sources are presented schematically as follow:
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Figure 5.18  Conceptual Representation of Continued Monitoring at Locations where No Temporal Trend in Concentrations is Present
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Although only four VOCs (1,2-DCA, cis-1,2-DCE, PCE, and TCE) are specified as COCs in the Interim ROD (CH2M Hill, 1995), eight VOCs (1,1-DCA, 1,2-DCA, 1,1-DCE, cis-1,2-DCE, PCE, 1,1,1-TCA, TCE, and vinyl chloride) have been detected in one or more monitoring wells at OU D at concentrations that exceed the MCL for the compound, and at frequencies in excess of about 5 percent (Table 3.1).  The monitoring results for each of the eight VOCs detected in each well in the current monitoring program were examined for trends using the Mann-Kendall test (Table 5.6).  The objective of the evaluation was to identify those wells having increasing or decreasing concentration trends for each VOC, and to consider the quality of information represented by the existence or absence of concentration trends in terms of the location of each monitoring point.

The results of Mann-Kendall temporal trend analyses for representative VOCs (1,1-DCE, Figure 5.19; and TCE, Figure 5.20) enable areas of the VOC plume within which chemical concentrations are increasing, decreasing, or stable to be readily identified.  Summary results of the temporal trend analyses are presented in Table 5.6.  Color coding of the table entries denotes the presence/absence of temporal trends, and allows those monitoring points having nondetectable concentrations, decreasing or increasing concentrations, or no discernible trend in concentrations to be readily identified.  Monitoring points at which chemical concentrations display no discernible temporal trend generally represent points generating the least amount of useful information.  Depending 

Table 5.6  Results of Temporal Trend Analysis of Groundwater Monitoring Network

Figure 5.19  Mann-Kendall Temporal Trend Analysis for Concentrations of 1,1-DCE

Figure 5.20  Mann-Kendall Temporal Trend Analysis for Concentrations of TCE

on the location of the monitoring point, consistently nondetected concentrations of chemicals through time can also represent relatively little information.  Monitoring points at which one or more of the eight VOCs display increasing or decreasing temporal trends in concentrations represent points at which monitoring should probably continue.

5.3.3  Spatial Statistical Evaluation

Spatial statistical techniques can also be applied to the design and evaluation of monitoring programs to assess the quality of information generated during monitoring, and to optimize monitoring networks.  Parsons ES examined data generated during April 1999 using geostatistical techniques in a screening-level evaluation of the monitoring network currently utilized at McClellan AFB OU D.  

Geostatistics, or the theory of regionalized variables (Clark, 1987; Rock 1988; American Society of Civil Engineers [ASCE], 1990a and 1990b), is concerned with variables that have values dependent on location, and are continuous in space, but which vary in a manner too complex for simple mathematical description.  The theory of regionalized variables begins from the premise that the differences in values of a spatial variable depend only on the distances between, and the relative orientations of, sampling locations -- that is, the values of a variable (e.g., concentrations of TCE) measured at two locations that are spatially "close together" will be more similar than values of that variable measured at two locations that are "far apart".  If known sample values are used, the value of the variable (e.g., chemical concentrations) at any point within the sampled region can be estimated, in the process known as "kriging" (Clark, 1987; ASCE, 1990a and 1990b).  An additional advantage of kriging as an estimation technique is that the standard deviations (“errors”) associated with the values estimated at each point in the spatial domain also are calculated during the kriging process.  

Areas containing estimated concentration values having elevated standard deviations associated with them represent locations where additional information could be collected to reduce uncertainties regarding the extent of VOCs in the subsurface.  This observation implies that the monitoring program could be optimized by using available information to identify those areas having the greatest associated uncertainty.  Conversely, sampling points can be successively eliminated from simulations, and the standard deviations examined, to evaluate if significant loss of information (represented by increases in standard deviations) occurs as the number of sampling points is reduced.  Iterative application of geostatistical estimating techniques, using tentatively identified sampling locations, can then be used to generate a sampling program that would provide an acceptable level of uncertainty regarding chemical distribution across the area to be monitored, with the minimum possible number of samples collected.

The commercially-available geographical information systems (GIS) tool package GS+ - Geostatistics for the Environmental Sciences (version 5.03), developed by Gamma Design Software, was used in conjunction with ArcVIEW GIS (version 3.2), developed and marketed by Environmental Systems Research Institute, Inc., to evaluate sampling uncertainty in VOC concentrations detected in groundwater samples collected at McClellan AFB OU D during 1Q99 using kriging techniques.  The sample mean and standard deviation, and median kriging standard deviation were first calculated for each of the eight VOCs examined (Section 5.3.2) using the results obtained from all groundwater monitoring wells sampled during 1Q99.  Note that the analytical results for samples collected from groundwater EWs were not used in the analysis, because chemical concentrations in samples from EWs are representative of average conditions within a relatively large volume of the groundwater system (within the radius of capture of the well), and are not regarded as representative of conditions at a point in space.  The kriging results were then cross-validated, and the median and maximum deviations between the kriged results and actual sample results were obtained.  This provides a measure of the amount of uncertainty associated with a particular kriging realization.

A screening-level series of kriging calculations was then completed, with the results of analyses from several groundwater monitoring wells successively removed from the data set (Figure 5.21 and Table 5.7).  These results were compared with the initial calculations, completed using the results from all 32 of the OU D monitoring wells sampled during 1Q99, to evaluate the amount of information loss (increases in kriging error) resulting from use of fewer monitoring points.  Each well in the network was sequentially removed from the network, and a kriging realization was completed for each 

Figure 5.21  Results of Geostatistical Analysis Showing Relative Value of Information Associated with Various Monitoring Points

Table 5.7  Summary of Evaluation of Current Groundwater Monitoring Program

of the eight constituents, with the concentrations reported for that well removed from the data set, and only the remaining 31 wells used in the kriging realization.  The results for each realization were then compared with the results obtained for the base-case realization (including all 32 wells), and the change in the median kriging standard deviation was obtained for each of the 31-well realizations, and for each of the eight VOCs.  If removal of a particular well from the monitoring network caused very little change in median kriging standard deviation produced during the realization (less than about 1 percent), that well was regarded as contributing only a limited amount of information to the monitoring program.  Removal of a well from the monitoring network accompanied by larger increases in kriging standard deviation for a particular realization indicated that the well contributed relatively more information, and was relatively more important to the monitoring network.  At the conclusion of kriging realizations, each well was ranked (from 1 [least information] to 32 [most information]) based on the amount of information (as measured by changes in kriging standard deviation) the well provided regarding the areal distribution of each constituent.  Wells providing the least total amount of information for all eight VOCs represent possible candidates for well abandonment.

Examination of the results of kriging realizations (Figure 5.21) indicates that individual monitoring wells in close proximity to other monitoring wells (red color coding on Figure 5.21) generally provide relatively lesser amounts of information.  Wells at some distance from other wells, or in areas with a limited number of monitoring points (violet color coding on Figure 5.21), generally provide relatively greater amounts of information.  This is intuitively obvious, but the analysis allows the most valuable and least valuable wells to be readily identified, and suggests that the number of groundwater monitoring wells included in the existing groundwater monitoring network could immediately be reduced by at least four wells (wells MW-11, MW-38D, MW-59, and MW-241) with no appreciable loss of information.  The evaluation also identified those five wells that provide the greatest amount of information regarding the occurrence and distribution of VOCs in groundwater (wells MW-14, MW-54, MW-89, MW-90, and MW-92).  These represent wells that should be retained in the monitoring network under virtually any circumstance.  Other wells provide an intermediate amount of information, and could be eliminated or retained based on considerations other than the results of the spatial evaluation.

Additional kriging realizations were completed by introducing simulated “new” wells to the monitoring network, completing a simulation using the procedure described above, and evaluating whether installation of additional monitoring points would result in appreciable additional information regarding the spatial distribution of contaminants.  Simulated “new” wells were “installed” successively at the following locations:

· At the center of the triangle formed by existing wells MW-14, MW-19D, and MW-90;

· At the center of the triangle formed by existing wells MW-55, MW-90, and MW-89; and

· At the center of the triangle formed by existing wells MW-53, MW-55, and MW-89 (Figure 5.21).

Concentrations of the eight VOCs at each new well location were assumed to be the concentrations predicted using the results of the kriging simulations for the complete, 32-well monitoring network.  In general, the addition of a “new well” decreased the kriging standard deviation for all COCs, but the percent change in kriging standard deviation was negligible (less than 1 percent) as compared with the range of kriging standard deviations calculated for the existing well network.  This result indicates that little additional information would be obtained by increasing the number of wells in the current monitoring network.

The procedure that was followed in constructing kriging realizations was not rigorous, but rather was conducted as a series of screening-level simulations to evaluate whether the technique could be successfully applied to optimize the groundwater monitoring network.  The results of the screening simulations suggest that a more detailed application of geostatistical techniques could be useful in refining the existing monitoring program.  Furthermore, development of semivariograms of chemical concentrations enables the underlying statistical structure of the chemical data to be evaluated.  Subsequent kriging realizations can provide unbiased representations of the distribution of chemicals at different locations in the subsurface, enabling the extent of chemicals to be evaluated more accurately and effectively.

5.3.4  Sampling Technology Optimization

McClellan AFB Environmental Management Directorate (EM) (2000) recently completed at technology application analysis report that evaluated the potential cost savings associated with changing the current groundwater VOC sampling technique, which involves conventional-purge sampling at each well, to incorporate use of diffusion sampling technology.  Based on the findings of that report, McClellan AFB has been granted regulatory approval to implement diffusion-sampler technology for VOC sampling under the GWOU LTM program.  Because this optimization is pending, this RPO assessment did not re-evaluate sampling technologies.  Diffusion sampling is scheduled to be implemented during 4Q00, and significant cost savings should be realized immediately (McClellan AFB/EM, 2000).  

5.3.5  Summary of Monitoring Network Evaluation 

The existing monitoring network at McClellan AFB OU D, consisting of 32 groundwater monitoring wells, 5 active EWs, and 1 inactive EW, from which samples are periodically collected, was evaluated using qualitative hydrogeologic knowledge, temporal statistical techniques, and spatial statistics.  At each stage in the evaluation, monitoring points that provided relatively greater amounts of information regarding the occurrence and distribution of VOCs in groundwater were identified, and were distinguished from those monitoring points that provided relatively lesser amounts of information.  The results of the qualitative, temporal, and spatial evaluations are summarized in Table 5.7.

The results of evaluations were combined to generate a subset of the monitoring network that could potentially provide information sufficient to address the primary objectives of monitoring, at reduced cost.  Wells not retained in the reduced monitoring network could be abandoned, with relatively little loss of information.  The results of the evaluation were combined and summarized in accordance with the following algorithm:

1. The effluent of each active EW will be periodically sampled and analyzed.  If an EW goes off-line or is otherwise removed from the system, monitoring at that well will cease.

2. Each well retained in the monitoring network on the basis of the qualitative hydrogeologic evaluation is recommended to be retained in the reduced monitoring network.

3. Each well retained in the monitoring network on the basis of the temporal hydrogeologic evaluation is recommended to be retained in the reduced monitoring network.

4. The five wells identified during the spatial evaluation of the monitoring network are recommended to be retained in any subset of the network that will be used for monitoring.

5. Any well recommended for abandonment on the basis of the qualitative, temporal, and spatial evaluations can be removed from the network with virtually no loss of information.

6. Any well recommended for abandonment on the basis of the qualitative and temporal evaluations can be removed from the network with little loss of information, as long as that well has not been recommended for retention on the basis of the spatial evaluation. 

7. Any well recommended for abandonment on the basis of one evaluation (e.g., qualitative hydrogeology) and for retention on the basis of another evaluation (e.g., temporal) is recommended for retention in the reduced network.

8. Only those wells recommended for abandonment on the basis of all three evaluations, or on the basis of the qualitative and temporal evaluations (with no recommendation resulting from the spatial evaluation) should be removed from the network.

The summary results of the statistical evaluations (Table 5.7) indicate that the inactive extraction well (well EW-84) and seven of the existing monitoring wells (monitoring wells MW-38D, MW-70, MW-104, MW-1001, MW-1003, MW-1027, and MW-1028) could be removed from the monitoring network with little loss of information.  A reduced monitoring network, consisting of 25 monitoring wells and 5 active EWs would be adequate to address the two primary objectives of monitoring.  Furthermore, as a consequence of the southerly-directed hydraulic gradient in the groundwater system under ambient conditions, and the radially inward-directed gradient with active groundwater extraction, groundwater monitoring should be conducted no more frequently than biennially.  Additional substantial cost saving will be realized with the replacement of the conventional-purge VOC sampling method with diffusion-sampler technology, schedule for implementation during 4Q00 (McClellan AFB/EM, 2000).

section 6

RECOMMENDATIONS


Section 4 provided an overview and evaluation of the remedial decision process that resulted in the existing remediation systems at McClellan AFB, and Section 5 presented an evaluation of SVE and groundwater extraction system performance to date.  Based on these reviews, short-term recommendations can be made to immediately improve system performance; and long-term opportunities also can be identified to provide a framework for the direction of site remediation activities in the future.  This section presents the short-term recommendations and long-term optimization opportunities for enhancing remedial system cost-effectiveness and efficiency at McClellan AFB OU D.

6.1  Short-Term recommendations

6.1.1  SVE System Optimization

The following opportunities for SVE optimization are recommended for implementation over the next 12 to 24 months.  All of these actions can be completed within the current operating budget for OU D.  Regulatory approval should not be difficult to obtain, as none of these actions alter the primary remedial approach for soils at the site.  Actions are listed in the chronological order recommended for implementation. 

Recommendation No. 1:  Continue to optimize the SVE system for mass VOC removal by focusing vapor extraction at the most productive VEWs, and turning off unproductive VEWs.  A new VEW in the vicinity of piezometer VPN-604 may be warranted if VOC concentrations in this VPN remain above 500 ppmv.

Rationale:  The current capacity of the vapor extraction and Cat/Ox system will be most efficiently utilized if influent VOC concentrations can be maximized, and the volume of dilution air can be minimized.
Recommendation No. 2:  Conduct annual equilibrium testing at all vapor monitoring points and VEWs to determine actual progress toward reducing residual concentrations of CAHs in vadose-zone soil.  A photoionization detector (PID) can be used to analyze soil-gas samples once every 2 weeks until equilibrium levels are reached.  At equilibrium, soil gas samples can be analyzed using Method TO-14.  Maintenance of the SVE system and vapor-treatment system can take place during the annual shutdown period to minimize the impact on long-term operations.

Rationale:  Annual equilibrium testing will provide a more accurate estimate of residual CAH concentrations and allow comparison to screening criteria presented in Table 4.2.  An annual equilibrium test also will provide useful information for optimizing flow rates (see Recommendation 1).
Recommendation No. 3:  If influent VOC concentrations to the Cat/Ox treatment system remain below 100 ppmv, and continue to decrease, the use of GAC for vapor treatment should be evaluated.

Rationale:  VOCs will be more cost effectively treated with GAC as the influent vapor concentrations decrease.  Cost savings of $5 per pound of VOC treated are possible if influent concentrations drop to 50 ppmv.  At a monthly VOC extraction rate of 300 pounds, that would produce cost savings on the order of $1,500 per month.  GAC is also more reliable than Cat/Ox, and can remain on-line nearly 100 percent of the time, with little maintenance required.

Recommendation No. 4:  Once GAC is in place for vapor treatment, a pulsed operation of the SVE system would provide for a more cost-efficient recovery of remaining VOCs, which will probably be present at lower concentrations.  A pulsed operation is not recommended while the Cat/Ox unit is in use because of difficulties associated with start-up and shutdown of this system.

Rationale:  Once GAC is in place, a pulsed operation will allow more time for residual CAHs to desorb from the soil into the vapor phase, thereby increasing the average VOC influent concentrations to the treatment system.  This also will reduce power costs associated with the vapor extraction system.  A 30-day on and 30-day off pulsed cycle would save approximately $500 in power and $1,500 per month in monitoring and labor costs. 

6.1.2  Groundwater Extraction and Treatment System Optimization

The following short-term opportunities for optimization of the groundwater extraction and treatment system at OU D are recommended for implementation over the next 12 months.  All of these actions can be completed within the current operating budget for OU D.  Regulatory approval should not be difficult to obtain, as none of these actions alter the primary remedial approach for groundwater at OU D.
Recommendation No. 5:  Evaluate whether removal and treatment of non-VOCs in soil and groundwater at OU D is necessary.

Rationale:  As described in the Basewide VOC FS (CH2M Hill, 1999), McClellan AFB currently is pursuing a separate Basewide FS and ROD for groundwater and soils contaminated with chemicals other than VOCs (see Section 4.3).  The effectiveness and/or need to modify the existing groundwater and soil remediation systems at OU D cannot be assessed without an understanding of the levels of and potential impacts related to non-VOC contamination.  Potential improvements in groundwater treatment system operation, and cost savings associated with this recommendation, if any, are difficult to quantify.

Recommendation No. 6:  Discontinue pumping at extraction wells EW-73, EW-83, and EW-87.

Rationale:  As discussed in Section 5.2, chlorinated solvents appear to be present as a free or residual DNAPL near or below the water table at OU D.  Consequently, restoration of groundwater via mass removal is unlikely to be an effective remediation strategy at OU D, and remediation efforts should focus on hydraulic control/source containment.  Little or no mass removal is occurring at wells EW-73 and EW-83, and continued operation of these wells is not necessary to accomplish the objective of controlling plume migration.  Although well EW-87 is effective in removing VOC mass and has an adequate capture radius, its continued operation is not necessary for controlling plume migration.  Cessation of pumping at these three wells would allow the following to occur:

· Observe if there are temporal increases in VOC concentrations in groundwater near the shutdown EWs.  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 EWs. 

· Reduce the overall system OM&M cost by lowering labor, utility, and analytical expenses (see Section 5.2.3).
Current costs associated with operation of the groundwater extraction system are estimated to total approximately $4,100 dollars per month – an average cost per well of about $680 (Section 5.2.2).  Removal of three wells from the groundwater extraction system could therefore produce cost savings of approximately $2,040 per month, or nearly $24,500 per year.
6.1.3  Monitoring Program Improvements

The number of groundwater monitoring and extraction wells currently sampled during each monitoring event, and the frequency of sampling, were reviewed as part of the RPO evaluation.  Sampling procedures and analytical methods for groundwater, and for soil vapors, were also reviewed.  It is recognized that the sampling frequency should be adequate to detect migration of the dissolved CAH plume over time to ensure protection of potential receptors and to define trends in COC concentrations.  Furthermore, Parsons ES acknowledges that McClellan AFB has achieved a significant milestone in the optimization of groundwater monitoring procedures by obtaining regulatory approval for use of diffusion samplers, beginning in 4Q00.  Nevertheless, a short-term opportunity exists to revise the multiple-media monitoring program and still provide sufficient data to monitor changes in vapor concentrations and plume extent, so that protection of potentially-susceptible receptors is achieved.

SVE Monitoring Recommendations

Recommendation No. 7:  Because USEPA Method TO-14 is being used in the SVE monitoring program, compound-specific screening data that the gas chromatographic (GC) methods of analysis would provide is not required.  Therefore, for field screening, GC methods (Method 8021A) could be replaced with TVH and PID analyzers.  Removing noise monitoring from the program should also be considered.  Sufficient noise monitoring information has been collected to date to specify any hearing protection required for onsite workers.  Eliminating the requirements for ambient air sampling may also be considered.  Sampling of the caustic scrubber effluent should be sufficient to address potential exposure issues.

Rationale:  GC Method 8021A may not be required to make routine SVE operating decisions.  Annual analysis using Method TO-14 during equilibrium testing should be sufficient to track the removal of specific CAH from particular extraction wells and vapor monitoring points.  The potential annual savings from eliminating approximately 200 Method 8021A analysis is $10,000 (based on $50 per sample in additional labor for operating and maintaining the GC).

Groundwater Monitoring Recommendations

Recommendation No. 8:  Reduce the number of monitoring wells from 32 to 25 wells, discontinue monitoring at inactive extraction wells, and reduce the frequency of sampling most wells from annual to biennial.  Monitoring wells MW-38D, MW-70, MW-104, MW-1001, MW-1003, MW-1027, and MW-1028, and inactive extraction well EW-84, are recommended for removal from the network (Table 5.7).

Rationale:  The primary objectives of monitoring are to:  1) evaluate long-term temporal trends in contaminant concentrations at one or more points within or outside of the remediation zone, as a means of monitoring the performance of the remedial measure (temporal evaluation); and  2) evaluate the extent to which contaminant migration is occurring, particularly if a potential exposure point for a susceptible receptor exists (spatial evaluation).  As discussed in Section 5.3, a reduced monitoring network of 25 monitoring wells would be adequate to address the two primary objectives of monitoring with reduced cost and relatively little loss of information.

The spatial and temporal distribution of the current sampling points was reviewed, recognizing that periodic sampling of all wells installed during site characterization may not be necessary or appropriate for the purposes of long-term monitoring.  The results of the qualitative, temporal, and spatial evaluations that were completed for each well in the monitoring network are presented in Table 5.7.  It was determined that fewer wells could be sampled, while still providing sufficient data to monitor plume migration, configuration, and concentration trends.  Table 5.7 lists the wells recommended for continued sampling and the wells recommended for removal from the montoring program.
Furthermore, as a consequence of the southerly-directed hydraulic gradient in the groundwater system under ambient conditions, and the radially-inward directed gradient with active groundwater extraction, dissolved COCs are unlikely to migrate to potential receptors within any reasonable timeframe.  Consequently, groundwater monitoring should be conducted no more frequently than biennially.

The annual cost of conducting monitoring at 32 groundwater monitoring wells and 5 active/1 inactive groundwater extraction wells totals about $38,800 – approximately $1,000 per well (Section 5.3).  Reducing the number of monitoring wells sampled from 32 to 25, and removing inactive extraction well EW-84 from the monitoring program, could potentially generate annual cost savings on the order of $8,000.  Reducing the frequency of sampling at all monitoring wells from annual to biennial sampling would reduce the remaining groundwater monitoring costs by one-half.

Additional efficiencies and associated cost savings can be realized if recently-developed innovative sampling technologies (e.g., diffusion samplers) are substituted for conventional groundwater sampling technologies (purge and sample) at appropriate groundwater monitoring locations.  It is our understanding that implementation of groundwater diffusion sampling technology is currently planned for McClellan AFB OU D; Parsons encourages McClellan AFB to take full advantage of this opportunity.
6.1.4  Cost Impact

Traditionally, long-term costs have been estimated and reported as net present worth (NPW) costs, in which the lump-sum value that must be invested at the present time was calculated using an adjustment rate that accounts for inflation and the cost of funds (i.e., interest) in order to meet future expenditures to be paid over time.  However, federal funding for specific projects is obtained via annual appropriations that must be authorized by Congress for each fiscal year.  Therefore, NPW cost estimates are not appropriate for long-term remediation projects such as the cleanup of soil and groundwater at McClellan AFB OU D.  The option of investing the NPW value of long-term O&M costs, to be drawn on as necessary to meet expenditures throughout the full O&M period, is simply not available for federally-funded projects.  Rather, estimates of O&M costs through the duration of remediation activities were generated by projecting the annual O&M costs, in current (year 2000) dollars, through the remaining project life cycle (a “constant-dollar analysis).

SVE System

Although implementation of Recommendations Nos. 1 and 2 (Optimize SVE Mass Removal and Conduct Annual Equilibrium Testing) is expected to result in a more effective and efficient SVE system, the potential cost savings associated with these two recommendations are difficult to quantify.  In order to evaluate potential long-term cost savings, Parsons assumed that the SVE system would remain operational for an additional 5-year period; and the cost impacts associated with modifying SVE system operations in accordance with Recommendations Nos. 3 and 4 were projected for the 5-year period.  If none of the RPO recommendations for SVE system optimization are implemented, the cumulative projected operating costs for the SVE system (in constant 2000 dollars) at the end of the 12-year total project life would be approximately $2.2 million, ($187,800 per year [Table 5.1] for a 12-year period).  If Recommendations Nos. 3 and 4 are implemented, cumulative costs for operation of the SVE system (in constant 2000 dollars) at the end of the remaining 5-year period would be approximately $2.0 million, or a 10-percent decrease in anticipated total costs and a decrease of over 20 percent in annual operating expenses for the remaining 5-year period of SVE system operation (Table 6.1).  Based on the available data, implementation of these operational changes will most likely have no significant impact on achieving the cleanup objectives.

Groundwater Extraction System

Potential cost impacts associated with Recommendation No. 5 (removal and treatment of non-VOCs) are uncertain, and cannot be evaluated at this time.

TABLE 6.1

SHORT‑TERM RECOMMENDATIONS 
operable unit D

REMEDIAL PROCESS OPTIMIZATION

McCLELLAN 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 – Optimize SVE system for mass removal.
TBDb/
TBD
TBD
Low ‑ Requires Base O&M contractor implementation.
Low

Recommendation No. 2 – Conduct annual equilibrium testing.
None
None
TBD
Low ‑ Requires Base O&M contractor implementation.
Low

Recommendations Nos. 3 and 4 --Replace SVE catalytic oxidation treatment system with granular activated carbon.  Use pulsed operation.
$42 K
$210 K
None
Low ‑ Requires Base O&M contractor implementation – Shut down of Cat/Ox.
$20 K

Recommendation No. 5 – Evaluate non-VOCs as COCs.
None
None
Uncertain
Low ‑ Requires Base O&M contractor implementation.
Low

Recommendation No. 6 -- Optimize groundwater extraction for plume containment by terminating groundwater pumping at three of five wells
$24.5 K
$2.3 M
None
Moderate – Requires regulatory approval.
$20 K

Recommendation No. 7 -- Replace GC screening methods with TVH and PID analyzers in the field for SVE monitoring.
$10 K
$50 K
None
Low – Requires Base O&M contractor implementation.
$5 K

Recommendation No. 8 -- Optimize groundwater monitoring.
$23.4 K
$3.3 M
None
Moderate ‑ Requires regulatory approval
$50 K

TOTAL
$99.9K
$5.6




a/  Estimated costs given in 2000 dollars (constant dollars).  Life cycle for SVE system is estimated to be 12 years total (5 years of operation remaining).  Life cycle for groundwater extraction and monitoring is estimated to be 108 years total (95 years of operation remaining). 

b/  TBD = to be determined.
The time necessary to achieve current cleanup objectives for groundwater at McClellan AFB OU D was estimated in the Interim ROD (CH2M Hill, 1995) to range from 35 to 100 years (from 1995).  In light of the probable occurrence of CAH as a residual DNAPL phase in groundwater at McClellan AFB OU D (Section 3.5.1), Parsons assumed that the projected estimate of 100 years (from 1995) was accurate, for the purposes of developing estimates of costs to complete groundwater remediation, and that the remaining project life cycle period was 95 years (from 2000).

In order to evaluate potential long-term cost savings that might result from implementation of Recommendation No. 6 (Discontinue pumping at 3 extraction wells), Parsons assumed that the groundwater extraction system would remain operational for the remaining 95-year period; and the cost impacts associated with modifying the groundwater extraction system in accordance with Recommendation No. 6 were projected for the 95-year period.  If all 5 currently-operating groundwater extraction wells remain in operation, the cumulative projected operating costs for the 5-well system (in constant 2000 dollars) at the end of the 108-year total project life (1987 through 2095) would be approximately $4.5 million, (Section 5.2; Figure 5.6).  If Recommendation No. 6 is implemented, cumulative costs for the groundwater extraction system (in constant 2000 dollars) at the end of the remaining 95-year period would be approximately $2.2 million, or a decrease of approximately 50 percent in anticipated total costs, and a decrease of approximately 50 percent in annual operating expenses for the remaining 95-year period of groundwater extraction system operation (Table 6.1).  Based on the available data, removing 3 wells from the groundwater extraction system will most likely have no significant impact on achieving the cleanup objectives.

Monitoring Programs

In order to evaluate potential cost savings associated with implementation of Recommendation No. 7 (Replace GC screening methods with TVH and PID analyzers in the field for SVE monitoring), Parsons assumed that the SVE system would remain operational for an additional 5-year period; and the cost impacts associated with modifying SVE system monitoring in accordance with Recommendation No. 7 were projected for the 5-year period.  If SVE monitoring with GC methods continues, the projected monitoring costs for the SVE system (in constant 2000 dollars) at the end of the 12-year total project life would be approximately $120,000 ($10,000 per year for a 12-year period).  If Recommendation No. 7 is implemented, costs for monitoring the SVE system (in constant 2000 dollars) at the end of the remaining 5-year period would be approximately $70,000, or a decrease of over 40 percent in anticipated monitoring costs, resulting from the elimination of approximately $10,000 per year in SVE monitoring system costs for the remaining 5-year period of SVE system operation (Table 6.1).

Potential long-term cost savings that might results from implementation of Recommendation No. 8 (Optimize groundwater monitoring) were estimated under the assumption that groundwater monitoring would continue through the remaining 95-year period projected for operation of the groundwater extraction system. The cost impacts associated with reducing the number of wells in the groundwater monitoring network, and reducing the frequency of monitoring from annual to biennial, in accordance with Recommendation No. 8, were projected for the 95-year period.  If all 5 currently-operating groundwater extraction wells remain in operation, and are sampled monthly, and the 32 monitoring wells and inactive extraction well in the monitoring network are sampled at the frequencies presented in Table 5.3, the cumulative projected costs of groundwater monitoring (in constant 2000 dollars) at the end of the 108-year total project life (1987 through 2095) would be approximately $8.1 million.  If Recommendation No. 8 is implemented, cumulative costs for the groundwater monitoring program (in constant 2000 dollars) at the end of the remaining 95-year period would be approximately $4.8 million, or a decrease of approximately 40 percent in anticipated total monitoring costs, and a decrease of approximately 50 percent in annual operating expenses for the remaining 95-year period of groundwater monitoring (Table 6.1).  These savings could be realized from a groundwater monitoring network that is smaller than the current network, but is still adequate to address the primary objectives of monitoring.

6.2  long‑term opportunities

In addition to potential short-term improvements to the systems, the RPO evaluation also has identified several longer-term optimization opportunities that the Air Force should consider.  These include regulatory approaches to establishing realistic clean-up objectives for the site (Section 4), and technical approaches which could be implemented as alternative ways to manage site remediation.  The following long-term opportunities for remedial system optimization have been identified:

Regulatory

Opportunity No. 1:  Consider the designation of all or part of OU D as a Groundwater Containment Zone.

Impact:   In accordance with provisions in the Basin Plan (CRWQCB Central Valley Region, 1998), an exception to the municipal and domestic water supply groundwater use designation can be obtained if “There is contamination that cannot reasonably be treated for domestic use (i.e., technologic or economic feasibility analysis).”  Based on the probable occurrence of CAH as residual DNAPL near or below the water table (Section 3.5.1), the difficulty in removing residual DNAPL from the subsurface, and the significant decline in rates of CAH mass removal from groundwater (Section 5.2.), groundwater beneath OU D appears to be a candidate for the designation of a containment zone.  Requirements for designation of a groundwater containment zone are included in SWRCB Resolution No. 92-49.  If a containment zone were to be designated for groundwater beneath OU D, Recommendation No. 6 (Discontinue pumping at 3 extraction wells) could be implemented immediately, thereby producing all the cost savings projected for implementation of this recommendation(about $24.5 K annually, or $2.3 million for the 95-year remaining duration projected for groundwater extraction).  Additional savings also probably could be realized in concurrent reductions in the monitoring network; however, these are difficult to quantify, as regulatory requirements for continued monitoring are uncertain.

Soil Remediation

Opportunity No. 2:  Establish (with regulatory concurrence) criteria for terminating SVE operations.
Table 6.2

LONG‑TERM OPPORTUNITIES

OPERABLE UNIT D

REMEDIAL PROCESS OPTIMIZATION

 AFB, CALIFORNIA

Opportunity
Annual Cost Savings
Cost Savings Over Life Cyclea/
Reduction in Time to Meet Cleanup Goals
Difficulty of Implementation
Cost to Implement

Opportunity No. 1 -- Develop proposal for groundwater containment zone.
>$24.5 K
>$3.3 M
None
High – Requires regulatory approval and negotiation of site specific, risk‑based cleanup goals.
$150 K

Opportunity No. 2 --Negotiate soil cleanup goals that are protective of groundwater or prepare a TEFA showing that SVE is no longer the most cost effective method of reducing CAH concentrations in groundwater.  Either approach could lead to termination of SVE operations at OU D.
$190 K
$1.0 M
>2 years 
Moderate – Requires negotiation of site specific cleanup goals that are protective of groundwater quality or negotiation of a TEFA to terminate SVE operations.
$100 K

a/  Estimated costs given in 2000 dollars (constant dollars).  Life cycle for SVE system is estimated to be 12 years total (5 years of operation remaining).  Life cycle for groundwater extraction and monitoring is estimated to be 108 years total (95 years of operation remaining). 
Impact:  Current removal rates for VOCs indicate that the SVE system at sites S and IC 19 is effectively removing CAH in soil and soil vapor that represent a potential threat to local groundwater.  However, as equilibrium soil gas concentrations of individual VOCs approach screening criteria at each VEW and VPN (Table 4.2), the potential for continued leaching of unacceptable concentrations of VOCs to groundwater is unlikely.  One procedure for obtaining a TEFA for SVE systems that is being coordinated with California Dept of Toxic Substance Control and the Regional Water Quality Control Board is the SVE Termination or Optimization Process (STOP).  Elements necessary to complete the STOP process include development of an accurate estimate of the mass and location of chlorinated VOCs remaining in the subsurface, an attempt to optimize the removal of remaining hot spots, an estimate of how the remaining VOC residuals will affect groundwater, and a comparison of the cost to remove VOCs using SVE versus the cost to remove VOCs using pump-and-treat techniques.  Although several additional years of SVE may be required before termination of active SVE can be considered, completion of the short-term optimization activities recommended in Section 6.1 will provide valuable data that can be used in eventual site closure negotiations.  Termination of SVE system operation at any time prior to the current estimate of 5 years of operation remaining will produce savings equivalent to the annual cost of operating the SVE system (about $188 K: Section 5.1).
section 7

IMPLEMENTATION PLAN


7.1  short‑term recommendations

As part of this AFCEE RPO initiative, a short‑term (9‑month) implementation of the recommendations made in Section 6 should be considered and carried out, as appropriate, by the Base and their contractors.  After the implementation period, an evaluation of the recommendation effectiveness will be made as part of this demonstration via interviews with McClellan AFB and summarized in a letter report.  These events can be implemented based on the following schedule:

Item
Timeframe
Schedule

Review of Draft Report and Air Force consensus
To be completed 9 weeks after delivery
1 December 2000

Meeting with regulatory agency
Approximately 2 weeks after review
18 December 2000

Implementation of recommendations
1 month after meeting
15 January 2001

Optimized system operation a/
12 months following implementation
April 2001  –  April 2002

Data collection and analysis
Beginning and end of  implementation period
April 2001

April 2002

Data interpretation
1 month after collection/analysis
May 2001

May 2002

Follow-up meeting with regulatory agency
2 months after completion of trial period
July 2002

Final report submittal
2 months after meeting
September 2002

Based on a review of the data collection and reporting efforts to date, it appears that Short‑Term Recommendations No. 1 (Optimize SVE system for mass removal), No. 2 (Conduct annual equilibrium testing), No. 3 (Substitute GAC for Cat/Ox vapor treatment), No. 4 (Conduct pulsed operation of SVE), No. 5 (Evaluate non-VOCs as potential COCs), and No. 7 (Replace GC screening methods with TVH and PID analyzers in the field for SVE monitoring), made in Section 6 can be implemented by the Base contractor with minimal effort, and little or no need for regulatory concurrence.  Short-Term Recommendations No. 6 (Discontinue pumping at 3 extraction wells) and No. 8 (Optimize groundwater monitoring) will require regulatory concurrence, and a consequently greater level of effort, but should nevertheless be pursued.  By implementing the changes during regular site visits and maintaining the same level of effort for data collection and reporting, an evaluation of the proposed changes can be made which are consistent with current data collection and reporting techniques.  The following is a summary of what is required for implementation:

Implementation Suggestion No. l (Short-Term Recommendations Nos. 1, 2, 3, 4, and 7):  The current O&M contractor for the OU D SVE system should implement short-term SVE optimization recommendations discussed in Section 6.1.  All of these system optimization recommendations should be within the current contract scope of the O&M contractor.  It appears that the O&M contractor is already implementing concentration and flow optimizations (Recommendation 1) and could be tasked to implement other recommendations at the appropriate time. 

Implementation Suggestion No. 2 (Short-Term Recommendation No. 5):  Complete the ongoing Basewide FS and ROD for groundwater and soils contaminated with chemicals other than VOCs and determine if there are non-VOC chemicals of concern at Site OU D.
· Determine whether there is a need to modify/supplement the existing groundwater and soil remediation systems at OU D based on the levels and potential health impacts related to non-VOC contamination.

Implementation Suggestion No. 3 (Short-Term Recommendation No. 6):  Temporarily (approximately 12 months) discontinue pumping at wells EW-73, EW-83, and EW-87.

· Well shutdown should be planned to coincide with a scheduled groundwater monitoring event (e.g., 1Q01).  Prior to cessation of pumping, collect water-level measurements and a round of groundwater samples from each of the listed EWs.  Water levels and analytical results from the samples will be used to confirm historical concentrations in extraction-well discharge, and to establish initial conditions against which potential future plume migration or changes in concentrations can be evaluated..

· At the appropriate time, shut down the selected wells. 

· Prepare the system for a 12-month shutdown period.

· At the end of the 12-month period, conduct scheduled groundwater monitoring event, including collection of water-level measurements and groundwater samples.  The results of this monitoring event can be compared with the results of the previous annual monitoring event to evaluate changes in chemical concentrations and plume configuration, and also can be used in a detailed evaluation of natural attenuation.

· Currently-scheduled groundwater monitoring should continue following shutdown of these wells to evaluate temporal changes in chemical concentrations, and potential changes in plume configuration.  If the remaining 2-well extraction system is demonstrated to be adequate to achieve hydraulic control of the plume and source containment, continue operation of the 2-well system and initiate planning to optimize the groundwater monitoring network (Implementation Suggestion No. 4).

Implementation Suggestion No. 4 (Short-Term Recommendation No. 8):  Reduce the number of monitoring wells sampled from 32 to 25, discontinue sampling of inactive extraction wells, and reduce the frequency of sampling from annual to biennial.

Results of the 9‑month trial period should be reported by the Base contractor in the quarterly operation and maintenance reports.  This will maintain consistency for data reduction.  An assessment of the trial period’s effectiveness will be presented in a letter report following implementation as part of this demonstration.

7.2  long‑term opportunities

Implementation Suggestion No. 5 (Long-Term Opportunity No. 1):  Consider the advantages and disadvanteges of applying for the designation of a “containment zone” at Site OU D under the State Water Resource Control Board’s Resolution No. 92-49.
· Further investigate the probable occurrence of residual DNAPL in the vadose zone, and below the water table (Section 3.5.1) at OU D.

· Review and comply with the detailed requirements for designation of a groundwater containment zone as listed in SWRCB Resolution No. 92-49.

Implementation Suggestion No. 6 (Long-Term Opportunity No. 2):  McClellan AFB and its SVE operation contractor should prepare a TEFA strategy for terminating SVE operations at OU D.  The STOP procedure provides a useful starting point for organizing the TEFA strategy.  Continued collection of SVE performance and cost data as well as soil gas equilibrium data will be essential to justify the eventual termination of SVE operations.  With the exception of equilibrium data, this data is routinely collected and reported for OU D.  The current operating contractor is also making recommendations and implementing optimization methods to focus treatment on areas with higher concentrations of VOC residuals.

A clear demonstration that the SVE system has been optimized will be a necessary component of any agreement to terminate SVE operations.  Equilibrium data would enhance the optimization process by better pinpointing soil volumes that still contain higher concentrations of VOCs.  Tools such as the Pnuelog™ tool, and direct push Simul-Probe™ tool, should be considered as methods of collecting information on the vertical profile of contaminant concentrations in the vadose zone, and in the groundwater system near various EWs.  This information can also be used to estimate the remaining mass of VOCs in the soil and to better model the long-term leaching potential to groundwater. 

Finally, a careful tracking of the cost to operate, maintain, and monitor the SVE system at OU D will be an important element of any request to terminate SVE operations. The operating contractor should track the total cost for SVE operations by breaking out materials and supplies, energy costs, monitoring costs, reporting costs, all labor costs, as well as profit charged to the Air Force.  Under the STOP process, the cost to remove a pound of VOCs via SVE will be compared with the cost to remove a pound of VOCs via groundwater pumping.  Use of the same types of constituent mass in the comparison of all costs is essential to produce a useful comparison of unit costs for VOC removal. NOTE:  The use of total hydrocarbons volatilized by the SVE system will not provide a useful comparison with unit costs for groundwater removal of chlorinated contaminants of concern.  Parsons recommends that the unit cost ($/pound) for the SVE system include only the mass of chlorinated solvents being removed by SVE.  While the 4Q99 unit cost for volatilizing all hydrocarbons was averaging around $9 per pound, the unit cost for removing chlorinated solvents was approximately $40 per pound.  The $40 per pound unit cost is more appropriate to compare to the unit cost for removing a pound of chlorinated solvents via groundwater extraction and treatment.
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APPENDIX A

EVALUATION OF CHEMICAL MIGRATION IN THE UNSATURATED ZONE

A1.0  CLEANUP CRITERIA FOR VOLATILE ORGANIC COMPOUNDS IN SOIL

Sites CS-2, CS-3, CS-4, CS-5, CS-A, CS-S, and CS-T on McClellan Air Force Base (AFB) correspond with the locations of former waste burial and burn pits.  Fuels and organic solvents were disposed in these burial and burn pits in the course of historic activities at McClellan AFB.  The resulting contaminants in soil in the vadose zone at these locations have migrated to groundwater, and are the ultimate source of volatile organic compounds (VOCs) dissolved in groundwater beneath Operable Unit D (OU D) (CH2M Hill, 1999).  In addition to VOCs sorbed to soil, a plume of VOC vapor has been identified in the vadose zone within OU D (CH2M Hill, 1999).  As described in the OU D Remedial Investigation (RI) report (CH2M Hill, 1994b), the low-permeability cap that was installed in 1985 currently prevents exposure of potential receptors to contaminated soils.  Installation of the cap also has reduced the percolation of water from the ground surface through the vadose zone, thereby decreasing the potential for continued migration of VOCs from sources in the unsaturated zone to the groundwater table.  Site-specific information can be used to evaluate the possible downward migration of VOCs through the vadose zone to the water table, and to predict the maximum concentrations of VOCs that could remain in the vadose zone without causing further migration of VOCs to the water table at concentrations that would exceed applicable regulatory standards (e.g., maximum contaminant levels [MCLs]) in groundwater.  The results of this evaluation can then be used to calculate the concentrations of those VOCs in the vapor phase, in equilibrium with the maximum concentrations of VOCs that could remain in the soil column within the vadose zone.  

These calculated vapor-phase concentrations of VOCs represent a convenient screening-level indicator of appropriate cleanup criteria for VOCs in soil at OU D.  If vapor-phase concentrations of a particular volatile constituent exceed the screening-level soil-vapor cleanup criterion for that constituent, then it is likely that the concentrations of that constituent in the sorbed, dissolved, and vapor phases in the vadose zone are sufficiently elevated so that the constituent will continue to migrate to the groundwater table, at concentrations that would exceed the MCL for that constituent.  Conversely, if vapor-phase concentrations of a particular volatile constituent are below the screening-level soil-vapor cleanup criterion for that constituent, then migration of that constituent to the groundwater table, at concentrations that would exceed the MCL for that constituent, is unlikely to occur.

A1.1  Migration Processes

Under particular conditions, chemicals can exist in the environment in any of four different phases - as pure compound or in a chemical mixture; dissolved in water; sorbed to soil particles; or as a vapor.  When initially released to the subsurface environment, organic solvents are usually in the non-aqueous liquid (NAPL [pure chemical, chemical mixture, or "free"]) phase.  Once a chemical has been introduced into the environment, it interacts with the surrounding materials (soils, soil vapor, and water).  Chlorinated solvents in the subsurface can migrate as volatile gases in soil vapor, dissolved in soil water, and as a mobile, separate phase.  

Solutes in transit through soils in the vadose zone are affected by physical, hydraulic and chemical processes, including dissolution from the NAPL phase, advection, dispersion, diffusion, sorption to soil, chemical binding, ion exchange, dilution, chemical reaction, retardation, and chemical and biological decay.  Many of these processes may contribute to attenuation of chemical concentrations, particularly in areas having a relatively thick vadose zone (tens to hundreds of feet) extending above the water table.  It is therefore unreasonable to assume that the concentration of a particular chemical dissolved in soil water in the vadose zone is representative of the concentration of that chemical that might eventually migrate to the groundwater table.  A rigorous analysis of chemical transport in the subsurface should examine the effects of all the processes that affect chemical migration and attenuation, so that the potential for chemical migration to groundwater can be assessed realistically.  While this analysis can be accomplished using existing numerical codes, an analytical solution also can be effectively applied under certain circumstances (Javandel et al., 1984).
A1.2  Mathematical Simulation of Migration Processes

In a mathematical model of dissolved contaminant migration, leachate flow and contaminant transport are coupled through an advective transport term in the equation describing conservation of mass.  The transport term may be complicated by seasonal and climatic effects, leading to time-variant leachate flow.  However, use of an average annual effective infiltration rate in the mass transport equation can provide a reasonable approximation of actual transient flow and resulting contaminant transport (Destouni, 1991; Maidment, 1993).  Therefore, use of an analytical solution describing aqueous solute transport under conditions of steady-state flow is appropriate for screening-level calculations.

Because the vadose zone at OU D is unsaturated (i.e., pore spaces are not completely filled with water), an analytical solution to the one-dimensional (1-D), unsaturated-soil transport equation (Jury et al., 1983a) was used to evaluate the potential migration of VOCs in the subsurface.  Using the “Jury model,” chemical migration in the aqueous phase can be examined, and because the porous medium contains some proportion of air in the pore spaces, vapor-phase transport also is accounted for.  The solution to the equations describing 1-D, unsaturated transport (Jury et al., 1983a) is in the form of a partitioning model that distributes a chemical species in equilibrium among its possible phases (aqueous, free-phase, sorbed to soil, and vapor) in accordance with its chemical properties and local conditions in the subsurface.

Use of a 1-D analytical solution of this type is appropriate for the following reasons:

· The analytical solution considers the effects of the principal physical and chemical mechanisms that contribute to chemical migration and environmental attenuation:  advection, diffusion, dispersion, volatilization, sorption, decay, and source mass depletion.

· Use of two-dimensional (2-D) or three-dimensional (3-D) variably saturated flow and transport codes (e.g., VLEACH or SESOIL) is not justified because the disposal history at the site is not known in sufficient detail, nor is the subsurface sufficiently well characterized to provide the quality and quantity of input data required for accurate numerical modeling.

· Because a conservative site-specific average infiltration rate can be estimated, and accurate modeling of transient infiltration is problematic, it is more appropriate to disregard numerical simulations of flow, and instead use a calculation method that requires only steady-state seepage velocity as input.

· Analytical solutions are simpler (and less expensive) to implement, have fewer sources of error, and are easier to verify than comparable numerical solutions.  Their use is preferable in cases where insufficient data are available to take advantage of a numerical solution’s greater flexibility.

Subsurface transport of chemicals as NAPL, aqueous-phase, or vapor-phase is driven by potential gravitational, hydraulic, or chemical gradients.  In the unsaturated zone, gravitational and hydraulic potential gradients are primarily vertical, so that the direction of movement of chemicals in the dissolved or NAPL phases is generally downward.  The atmosphere represents the ultimate sink for VOCs, so that vapor-phase chemical concentration gradients are usually directed upward, and vapor-phase migration is induced from the subsurface to the atmosphere.  As a consequence of the generally vertical orientation of gravitational, hydraulic, and chemical gradients, application of a 1‑D solution to the evaluation of conditions in the vadose zone is entirely appropriate, and the direction of dissolved-phase migration in a 1-D model occurs in only one direction -- downward.  In examining precipitation, infiltration, and chemical flux through the vadose zone, water and the various chemical species (sorbed, aqueous, and vapor) are assumed to originate at some interval below land surface, and to travel straight downward through the soil column.  In a 1-D model, the transport of only one chemical species at a time can be examined, and the interactions between the various constituents of concern are disregarded.  Although solute concentrations in infiltrating water, resulting from contact with an immiscible mixture containing components that interact in the soluble phase (e.g., VOCs), are known to deviate from ideal behavior, the observed deviations from Raoult’s Law in oil/water partitioning coefficients are small (Cline et al., 1991).  Therefore, relatively little error results from the calculation of chemical transport for a single solute species in a mixture.

In summary, a 1-D analytical model simplifies many of the complexities of a "real" vadose zone transport system.  Nevertheless, if the available data are limited and the transport parameters are suitably restricted, a 1-D model can provide sufficient information for a first-order assessment of chemical migration and possible environmental impacts (Javandel et al., 1984).

A2.0  UNSATURATED TRANSPORT CALCULATIONS

A2.1  Governing Equations and Assumptions for Steady-State, Unsaturated Transport

The “Jury model” (Jury et al., 1983a) used to simulate the transport of constituents through the vadose zone to the water table is based on several simplifying assumptions:

· Chemical transport occurs vertically through a uniform soil column, consisting of a homogeneous porous medium that is infinite in vertical extent;

· The chemical adsorption isotherm is linear and reversible;

· The equilibrium liquid/vapor partitioning is linear (Henry’s Law applies);

· At the beginning of the simulation, the chemical is initially incorporated into some soil layer (the “incorporation layer”) at a uniform concentration C0 (Figure A.1); and

· The volatilization loss of chemical and the evaporative loss of water to the atmosphere are limited by gaseous diffusion through a stagnant-air boundary layer, above which the chemical has zero concentration and the atmospheric relative humidity is at some fixed value.

Figure A.1  Conceptual Vadose Zone Infiltration Model

The model consists of a series of partial differential equations that are solved analytically using a Laplace transform technique to yield a solution that involves products of exponential and complementary error functions (Jury et al., 1983a and 1984).  The solution considers chemical partitioning among three phases (aqueous, sorbed, and vapor), and allows chemical removal through the mechanisms of chemical degradation and vapor diffusion.  A further advantage of using the Jury model is that the vapor-phase chemical concentration in equilibrium with the sorbed and dissolved chemical phases can be calculated, and the vapor-phase flux at the ground surface can be calculated for any point in time.

A2.2  Input Parameters for Unsaturated Transport

Soil properties (Table A.1) were either estimated or obtained from the results of geotechnical laboratory analyses of soil samples collected at OU D.  Climatic information for the weather station at the Sacramento, California airport was used to estimate the average temperature, relative humidity, and evaporation rate for McClellan AFB (National Oceanic and Atmospheric Administration, 2000a and 2000b).  The rate of percolation of infiltrating water at McClellan AFB OU D was estimated using the Hydrologic Evaluation of Landfill Performance (HELP) model, with default climatic information for Sacramento, California (Schroeder et al., 1994) and known or estimated soil properties for the subsurface at OU D.  The infiltration rate of precipitation through the vadose zone to the water table calculated for native soils at the facility was about 0.5 inch per year, and is judged to be relatively uniform through time.  The uniformity of infiltration is a result of the fact that over time, if climatic conditions and evapotranspiration remain approximately the same, nearly steady-state infiltration rates will be established.  This infiltration rate was judged to be “conservative,” in that it represents the rate of infiltration of precipitation through native soil, and does not account for hydrologic effects resulting from capping or covering chemical source areas at McClellan AFB (the buried waste pits).  Capping source areas is likely to reduce the rate of infiltration, thereby also reducing the potential for chemical migration downward to the water table.

Table A.1  Input Parameters Used to Calculate Infiltration of Volatile Organic Compounds

Soil properties (i.e., bulk density, porosity, degree of saturation, and organic-carbon content), hydrologic characteristics (i.e. rates of infiltration and evaporation), and the chemical properties of the VOCs of concern that have been detected in soil vapor at McClellan AFB OU D (1,1-dichlorethane [1,1-DCA]; 1,2-dichloroethane [1,2-DCA]; 1,1-dichloroethene [1,1-DCE]; cis-1,2-DCE; tetrachloroethene [PCE]; 1,1,1-trhichloroethane [1,1,1-TCA]; trichloroethene [TCE]; and vinyl chloride, see Section 2.4.1 of the report) were regarded as fixed (Tables A.1 and A.2).  Because the first-order rate constant for chemical decay can be the single- most important parameter affecting chemical migration in the subsurface (Jury et al., 1983b), this parameter was reduced by one order of magnitude (a factor of ten) from literature values (Table A.2) for use in simulations of chemical transport.  Reducing the value of the first-order rate constant was judged to be a “conservative” measure, in that this approach tends to increase the concentrations of dissolved constituents that ultimately migrate to the water table. 

A3.0  Simulation Results 

A3.1  Calculated Screening-Level Soil Cleanup Criteria

Simulations of chemical migration through the unsaturated zone to the water table were conducted, using each of the eight VOCs in turn.  A single layer from 5 to 70 feet below ground surface (bgs), having a uniform chemical concentration through its full 65-foot thickness, was identified as the incorporation layer (Figure A.1), and the concentrations of VOCs moving through the soil column to the water table were then evaluated.  The initial concentrations of each VOC in the sorbed and dissolved phases at equilibrium within the incorporation layer were adjusted until the maximum concentration of a VOC arriving at the water table through the entire simulated time period just equaled the MCL for that chemical.  Those initial concentrations were therefore identified as the maximum concentrations of each VOC of interest that could remain in the vadose zone without representing a threat to groundwater quality (Table A.3, Columns 2 and 3).  The vapor-phase concentration of each VOC, in equilibrium with its maximum allowable sorbed-  and dissolved-phase concentrations, was then calculated using the Jury model.  These vapor-phase concentrations are equivalent to screening-level soil cleanup criteria (Table A.3, Column 5), in that they can serve to indicate whether 

Table A.2  Properties of Selected Volatile Organic Chemicals

TABLE A.3
SOIL CLEANUP CRITERIA DEVELOPED USING
CONCENTRATIONS OF VOCS IN SOIL VAPOR
OPERABLE UNIT D

REMEDIAL PROCESS OPTIMIZATION

MCCLELLAN AFB, CALIFORNIA


Maximum Concentration Remaining in Vadose-Zone Soils
Resulting Concentrations at the Water Table and in Soil Vapor





Constituent


Sorbed Concentrationa/ (mg/kgb/)


Dissolved Concentration a/
(g/L c/)
Dissolved Concentration in Groundwater at the Water Table 
(g/L)


Concentration in Soil Vapor  (ppmv) d/

1,1-DCA
0.005
80
5
3.6

1,2-DCAe/
0.001
35
0.5
0.9

1,1-dce
0.011
85
6
18.6

cis-1,2-DCE
0.013
140
6
4.4

PCE
0.028
55
5
4.4

1,1,1-TCA
0.35
1,660
200
168

TCE
0.019
90
5
5

Vinyl Chloride
<0.001
3.5
0.5
1.2

Maximum Allowable Concentration of Total VOCs in Soil Vapor:
206

a/  “Maximum” sorbed and dissolved chemical concentrations are those constituent concentrations in the vadose zone, under the conditions described, that will produce a concentration of that chemical in groundwater at the water table that does not exceed the MCL for that chemical.

b/  mg/kg  =  milligrams per kilogram.

c/  g/L  =  micrograms per liter.

d/  ppmv   =  parts per million (by volume).

e/  Shaded chemicals were identified as groundwater contaminants of concern in the Interim Record of Decision (see Section 2.5 of the report).

VOCs remaining in soil in the vadose zone are present at concentrations that could eventually cause chemical migration to the water table (Figure A.2) at concentrations that would exceed the MCL concentrations in groundwater (Table A.3, Column 4).

Figure A.2  Calculated Migration of TCE in One-Dimensional Soil Column

As interpreted within the assumptions and limitations of the Jury model, the results of simulations indicate that if the vapor-phase concentration of 1,2-DCA is reduced to 0.9 part per million by volume (ppmv), the vapor-phase concentrations of cis-1,2-DCE and PCE are reduced to 4.4 ppmv, and the vapor-phase concentration of TCE is reduced to 5 ppmv, these VOCs are not likely to continue to migrate from the vadose zone to the water table at concentrations that exceed MCL concentrations for these chemicals (Table A.3).  (The chemicals 1,2-DCA, cis-1,2-DCE, PCE, and TCE are the four VOCs identified as contaminants of concern in the Interim Record of Decision (ROD) for VOCs in groundwater at McClellan AFB [CH2M Hill, 1995]).  The results of simulations were also used to derive screening-level soil cleanup criteria for the other VOCs that have been detected in soil vapor at McClellan AFB OU D (Table A.3).  At such time as the results of soil-vapor monitoring indicate that the concentrations of individual volatile constituents in soil vapor no longer exceed vapor-phase soil cleanup criteria, the soil-vapor-extraction (SVE) system could be shut down because the VOC mass remaining in the vadose zone at McClellan AFB OU D would be unlikely to represent a continued potential threat to groundwater.

A3.2  Uncertainties in Calculation of Screening-Level Soil Cleanup Criteria

In general, conservative assumptions were used to calculate screening-level soil cleanup criteria for soils in the vadose zone at McClellan AFB OU D.  These assumptions are “conservative” in that their application tends to produce estimates of the maximum allowable concentrations of VOCs in the sorbed and dissolved phases in the vadose zone that are lower than the concentrations that could actually remain in the vadose zone without adversely affecting groundwater quality.  However, several uncertainties in the assumptions and methods must be noted:

· For the purposes of calculations, chemicals are assumed to be introduced to the subsurface in an “incorporation layer” extending from 5 to 70 feet bgs, and having a uniform initial chemical concentration throughout (Figure A.2).  In reality, the thickness of the soil layer(s) within the vadose zone at McClellan AFB that contain(s) chemicals is (are) unknown, and the initial concentrations of VOCs in that (those) layer(s) are unlikely to be uniform.

· Application of screening-level soil cleanup criteria assumes that soil-vapor concentrations are uniform throughout the vadose zone, or conversely that vapor-phase concentrations of VOCs can be detected at every point in the vadose zone, and at no point in the vadose zone do vapor-phase VOC concentrations exceed the criteria.

· Application of mathematical models to evaluation of chemical migration implicitly assumes that only three chemical phases are present – sorbed, dissolved, and vapor.  If a dense nonaqueous-phase liquid (DNAPL) is present in the pore spaces within the vadose zone, mathematical models typically cannot be used to evaluate chemical migration.  This is because migration of a DNAPL, or dissolution from a DNAPL source, is not readily predicted using standard simulation procedures (Pankow and Cherry, 1996).

Despite these uncertainties, application of screening-level soil cleanup criteria can provide useful information regarding the progress of soil remediation in the vadose zone.  As the screening-level vapor-phase soil cleanup criteria are approached, achievement of remediation objectives can be verified by other means, including soil sampling and monitoring of groundwater immediately beneath those parts of the vadose zone that have been remediated.

APPENDIX B

SUPPORTING COST DATA

APPENDIX C

CAPTURE ZONE ANALYSIS

PAGE  

_1030772902.unknown

