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Section 1

INTRODUCTION

This work plan has been prepared by Bechtel National, Inc. (BNI) on behalf of the
U.S. Department of the Navy (DON), Southwest Division Naval Facilities Engineering
Command (SWDIV) in accordance with Contract Task Order (CTO) 0142. This CTO was
issued under the Comprehensive Long-Term Environmental Action Navy (CLEAN) II Program,
contract No. N68711-92-D-4670. This work plan includes a discussion of the remedial action
objectives, conceptual design, and design approach for a soil vapor extraction (SVE) pilot system
to address volatile organic compound (VOC) -contaminated soil at Marine Corps Air Station
(MCAS) El Toro Site 24 (Figure 1-1). SVE was chosen as the preferred remedial alternative in
the draft final Feasibility Study (FS) and the draft final Interim Record of Decision (ROD) for the
Site 24 vadose zone (BNI 1997a,b).

1.1 PURPOSE AND SCOPE OF WORK PLAN

The purpose of this work plan is to establish the framework in which the proposed SVE
system will be developed. The work plan describes the general approach to the
development process and establishes an outline for the detailed engineering design report.
This work plan and the ensuing engineering design are intended to address activities
associated with existing SVE wells at Site 24. Provisions have been made in this
document and will be incorporated into the detailed design for build-out of a full-scale
SVE system.

1.2 REMEDIAL ACTION OBJECTIVES

The project goals are summarized by the remedial action objectives (BNI 1997a). Based
on site conditions and the anticipated exposure pathways, the following remedial action
objectives were developed for soil at Site 24:

· reduce concentrations of VOCs in soil to prevent or minimize further
degradation of the shallow groundwater unit; and

* continue vadose zone remediation until average VOC soil gas concentrations
are below threshold concentrations (concentrations capable of contaminating
groundwater above the maximum contaminant levels [MCLs].

1.3 GUIDANCE AND AGREEMENTS

General guidance for the project is provided in the Installation Restoration Program
Manual (DON 1997), which defines how the DON will satisfy guidelines, regulations,
and criteria associated with the Comprehensive Environmental Response, Compensation,
and Liability Act (CERCLA) of 1980 and the Superfund Amendments and
Reauthorization Act of 1986 (DON 1994); the Marine Corps Environmental Compliance
and Protection Manual (DON 1990); and the United States Environmental Protection
Agency (U.S. EPA) Guidance for Conducting Remedial Investigations and Feasibility
Studies Under CERCLA (U.S. EPA 1988).

DraftSoilVaporExtractionSystemDesignWorkPlan,Site24, MCASEl Toro page1-1
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Section 1 Introduction

This work will be conducted under the general guidance of tile October 1990 Federal

Facilities Agreement (FFA) between the DON, U.S. EPA Region IX, California

Department of Health Services (now referred to as the California Environmental

Protection Agency [Cai-EPA]), represented by the Department of Toxic Substances

Control (DTSC), and the California Regional Water Quality Control Board (RWQCB)

Santa Ana Region. The FFA is a cooperative agreement among the DON, U.S. EPA, and

Cai-EPA (DTSC and RWQCB Santa Ana Region) that:

· assures that environmental impacts are investigated and appropriate response
actions are taken to protect public health and the environment;

· establishes a procedural framework and schedule for developing, implementing,
and monitoring appropriate response actions;

· facilitates cooperation, exchange of information, and participation of the
parties; and

· assures adequate assessment, prompt notification, cooperation, and coordination
between federal and state agencies.

The implementation of the FFA is included as one of the responsibilities of the BRAC

Cleanup Team (BCT). The BCT consists of representatives from SWDIV, U.S. EPA,

and Cai-EPA (DTSC and RWQCB Santa Ana Region). It was established to manage and
coordinate environmental restoration and compliance programs related to closure and

disposal of MCAS E1 Toro by July 1999. In addition, the MCAS E1 Toro BCT has

specified in its mission and vision statements that:

· fast-track remediation of sites is necessary to expedite reuse; and

· restoration and reuse is to be maximized by 1999.

1.3.1 Specific Guidance

Recent U.S. EPA guidance (U.S. EPA 1996) advocates the use of a phased-response

approach for site characterization and response activities. In the phased-response

approach, response actions are implemented in a sequence of steps or phases such that

information gained from earlier phases is used to refine subsequent actions. A similar

approach has been adopted for actions at Site 24. The SVE pilot testing is envisioned as

the first phase. During this phase, some of the existing SVE wells have been tested to

establish the long-term effectiveness of SVE. Through operational data collection and

evaluation, the need for expansion of the SVE system (by adding new SVE wells and

equipment) will be assessed. The engineering design activities described in this work

plan include provisions for preliminary design of expansion facilities; however, these

facilities will be installed only if there is an indicated need.

Specific guidance for remedial design is found in the U.S. EPA document Remedial

Design/Remedial Action Handbook (U.S. EPA 1995). The handbook provides principles

Draft Soil Vapor Extraction System Design Work Plan, Site 24, MCAS El Toro page 1-3
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Section 1 Introduction

to effectively implement a selected remedy in accordance with the Record of Decision.
Additional specific U.S. EPA guidance is referenced in the handbook, as appropriate.

1.3.2 BCT Involvement

This project will be performed with a high degree of communication and interaction with
the BCT. The BCT has decided to reuse the aboveground portion of the SVE system
currently at Norton Air Force Base (AFB) to the extent that it is feasible. The
aboveground portion of the system design and operation has been previously reviewed
and approved by the U.S. EPA, DTSC, and RWQCB Santa Ana Region. It is expected
that the aboveground portion will be relocated to MCAS E1 Toro and used in essentially
the same manner as at Norton AFB. The belowground portion of the Site 24 SVE system
will be site-specific.

1.4 SITE HISTORY

MCAS El Toro was commissioned in 1943 as a Marine Corps pilot fleet operation
training facility. In 1950, the Station was selected for development as a master jet station
and permanent center for Marine Corps aviation on the West Coast. The Station mission
has involved the operation and maintenance of military aircraft and ground-support
equipment. Much of the industrial activity supporting this mission took place in the
southwestern quadrant of the Station, where Site 24 is located.

Past operations and practices at MCAS E1 Toro have contributed to VOC contamination
in soil and groundwater. Industrial activities at Site 24 (e.g., dust suppression with waste
liquids, paint stripping, degreasing, vehicle and aircraft washing, and waste disposal
practices) may have involved the use of solvents containing VOCs (e.g., trichloroethene
[TCE] and tetrachloroethene [PCE]. Wastes from these practices may have reached the
surface or subsurface through leakage, runoff, storm drains, or direct application to the
soil. These wastes may be the source of VOCs detected in the regional groundwater.
However, an extensive records review found no documentation of TCE usage.

The first indication of contamination at the Station occurred during routine water quality
monitoring in 1985, when the Orange County Water District discovered TCE in
groundwater at an irrigation well located approximately 3,000 feet downgradient of
MCAS El Toro. As a result of Orange County Water District groundwater investigations,
the United States Environmental Protection Agency (U.S. EPA) placed the Station on the
Superfund National Priorities List (NPL) in February 1990.

1.5 SITE CHARACTERIZATION ACTIVITIES

A significant amount of data have been collected and interpreted to characterize the
regional VOC groundwater contamination and potential source areas. The principal
investigations, in terms of characterizing the nature and extent of VOC contamination, are
the Phase I Remedial Investigation (RI) (Jacobs Engineering 1993, 1994a), the Phase I
Soil Gas Survey (Jacobs Engineering 1994b), and the Phase II RI (BNI 1996).

DraftSoilVaporExtractionSystemDesignWorkPlan,Site24, MCASElToro page1-4
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The Phase I RI groundwater characterization revealed a plume of TCE in groundwater
originating beneath Site 24 and extending approximately 3 miles off-site and
downgradient of MCAS E1 Toro. The area of highest TCE concentration in groundwater
was identified beneath Site 24, approximately 1,500 feet northwest of Building 297.

The Phase I soil gas survey identified potential VOC sources at Site 24 by collecting soil
gas samples from the upper 30 feet of soil. TCE in soil gas was detected throughout a
large area beneath Buildings 296 and 297, but the area of highest TCE concentrations in
groundwater was separated from this apparent vadose zone source by approximately
1,500 feet.

The Phase II RI extended the characterization of VOCs in the vadose zone to the water

table. A primary TCE source in the vadose zone was found in the soil beneath
Buildings 296 and 297. This source extends south with decreasing concentrations to the
southern * ': -Sm,o. boundary. Groundwater samples collected from beneath Buildings 296
and 297 effectively linked the vadose zone source to the regional VOC groundwater
contamination. The Phase II RI showed that the highest concentrations of TCE in the
groundwater were beneath Building 296. Figure 1-2 shows the distribution of TCE and
PCE in the vadose zone soil gas based on data collected in 1995. Where long-term pilot
tests have been conducted (24SVE1, 24SVE3, 24SVE9, and 24SVE10), a reduction in
VOC concentrations has occurred, although it is not shown on this figure. As more data
become available, the soil gas plume will be contoured to reflect its present condition.

1.6 NATURE AND EXTENT OF VADOSE ZONE CONTAMINATION

The Phase I RI sampling and analysis program demonstrated that soil gas sampling was
the most effective way to characterize the nature and extent of VOCs in the vadose zone.
Potential source areas were identified by investigating the upper 20 feet of soil, with
some samples collected as deep as 30 feet below ground surface (bgs). TCE hot spots
were identified beneath Buildings 296 and 297. The Phase II investigation extended the
Phase I soil gas survey by sampling for VOCs from approximately 30 feet bgs to the
groundwater. Together, these soil gas investigations characterized the horizontal and
vertical extent of VOCs in the vadose zone.

The TCE concentrations in soil gas generally increase with depth, with the highest
concentrations near the water table. VOCs in the area of Buildings 296 and 297 extend to
groundwater directly beneath those buildings. Measured soil gas and groundwater TCE
concentrations demonstrate that TCE mass flux is from the vadose zone toward

groundwater. The trend of increasing soil gas concentrations with depth suggests a
depleting source at the surface that is consistent with the assumed end of TCE usage in
about 1975. The TCE-contaminated area also extends to the south of Buildings 296 and
297, decreasing in concentration toward the southern Station boundary.

In general TCE concentrations in soil gas increase and are more widely distributed with
depth. The highest concentrations are near the water table. TCE in soil gas was reported
at concentrations up to 6,120 micrograms per liter (p,g/L), which exceeds the

Draft Soil Vapor Extraction System Design Work Plan, Site 24, MOAS El Toro page 1-5
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concentration in equilibrium with TCE-contaminated groundwater. This indicates that an

active mechanism exists to transfer TCE from the vadose zone to groundwater. Lower

TCE concentrations in soil and soil gas near the surface may be due to continued flushing

by infiltrating water after TCE use was discontinued and by volatilization of the TCE into

the atmosphere. The objective of the SVE is to remove the VOC source from the vadose

zone to the extent that it does not pose a potential groundwater contamination source.

In general, VOCs were reported in soil samples only at very low concentrations. This is

probably due to a low organic carbon content in the soil and release of TCE to the vadose

zone in the dissolved phase. Although much of the VOC contamination present at Site 24

is believed to have entered the soil at or close to the surface, the amount of contamination

currently near the ground surface is small relative to that found deeper in the vadose zone.

Soil samples collected from the upper 10 feet of soil at Site 24 contained VOC

concentrations less than 21 micrograms per kilogram (p.g/kg). The highest TCE

concentration reported in the vadose zone during the Phase I RI was 400 [tg/kg; during

the Phase II RI, the highest reported TCE concentration was 190 lag/kg.

1.7 SITE 24 VADOSE ZONE RECORD OF DECISION CONCLUSIONS

The draft final vadose zone ROD confirmed that SVE is the selected remedial alternative

for removing VOCs from the vadose zone at Site 24. Performing soil cleanup using SVE
at Site 24 would eliminate most of the TCE contamination and other VOCs that serve as

the source of the regional groundwater contamination. With most of the soil

contamination eliminated, time required for follow-up groundwater cleanup would be

reduced. Soil and groundwater cleanup will be conducted independently. This strategy

coincides with the goal of conducting expedited efforts to clean up the Station in support

of eventual closure and reuse of the property.

In summary, the selected remedial alternative includes the following:

· construction, operation, and maintenance of an SVE system using a phased
approach to remediation;

· performance monitoring to be conducted throughout the predicted 2 to 4 years
of remediation;

· treatment of VOC-contaminated soil gas (vapors) with activated-carbon filters
to meet discharge standards prior to discharge into the atmosphere;

· confirmatory soil gas sampling at the end of the vadose zone remediation to

confirm that average VOC concentrations are too low to contaminate
groundwater above the MCLs; and

· the vadose zone will be resampled at the conclusion of groundwater
remediation. If the average soil gas concentrations are found to be above the
threshold limits, additional vadose zone remediation may be necessary.

Wastes, such as drill cuttings and contaminated personal protective equipment, will be

generated during the on-site activities associated with constructing the SVE system at

Draft SoilVapor Extraction System Design Work Plan, Site 24, MCAS El Toro page 1-7
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Site 24. Although these wastes are not expected to be classified as characteristic
hazardous wastes, that determination will be made at the time the waste is generated.

Wastes generated from treatment of VOCs (e.g., spent carbon) may be classified as
hazardous if they exceed the criteria for toxicity established by the RCRA. Hazardous
waste determinations will be made at the time the waste is generated.

Institutional controls, including deed restrictions and access restrictions, are not required
at this time to protect human health because surface and near-surface soils have Iow
levels of VOC contamination and present a very low incremental risk to human health.
However, deed restrictions will be used to protect the SVE wells and equipment and
provide access to operate the system. Transfer of the property will be in accordance with
Section 120(h)(3) of CERCLA.

SVE addresses the primary risk posed by soil contamination (which can be characterized
as a principal threat at this site) by removing and permanently destroying the
contaminants from soils, thereby significantly reducing the toxicity, mobility, or volume
of hazardous substances. By removing VOCs from the soil, further groundwater
contamination is minimized or prevented, thereby reducing the time required for
groundwater remediation.

1.8 PROPOSED SVE WELLS

The objective of the SVE well field is to provide adequate well coverage to remove
VOC-contaminated soil gas. By removing the VOC source in the vadose zone, further
degradation of the shallow groundwater unit will be prevented or minimized.

Additional well drilling for the project will generally be carried out in well "groups." The
well group will consist of an extraction well and at least one monitoring well.
Monitoring wells provide data used to estimate the extraction well radius of influence
(ROI), soil air permeability, and soil gas travel time. This information is used to design
an efficient SVE well field. Prior to well drilling, the stratigraphy and characterization of
VOCs in the vadose zone will be analyzed and presented to the BCT. Results of the
analyses and recommendations for well placement will be presented to the BCT, and a
decision will be made as to drilling locations. This methodology is similar to that used
for the groundwater remediation pilot tests.

Each new SVE wells will be tested, and the data from the tests will be analyzed
consistent with previous SVE pilot tests (BNI 1997c).
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Section 2

SVE PILOT TEST SUMMARY

As part of the phased-response approach to remediation, SVE pilot tests were conducted to
evaluate the feasibility of using SVE to remove VOCs from the contaminated soil. The pilot

tests were an integrated team effort that combined the resources and expertise from the

CLEAN II contractor and the Remedial Action Contract (RAC) contractor (OHM Remediation

Services Corporation [OHM]) under the oversight of SWDIV. The SVE pilot test objectives

included the following:

· evaluating the feasibility of using SVE to remove VOCs from contaminated soil
beneath Site 24;

· evaluating SVE ROI;

· estimating the mass of VOCs removed from the contaminated soil during SVE pilot
testing;

· estimating the VOC removal versus time and overall effectiveness of SVE at the test
site; and

· establishing operating parameters to optimize SVE performance·

2.1 SVE PILOT TEST CONCLUSIONS

Twenty one-day SVE pilot tests were conducted at individual SVE wells installed during

the Phase II RI. Four of these wells were selected for longer-duration pilot tests. The

pilot test data confirm that SVE is a feasible technology to remove VOCs from

unsaturated soil at Site 24. Specific conclusions are presented below:

· The spatial distribution and concentrations of VOCs reported in SVE well
samples are consistent with the results of the Phase II RI. TCE was reported in
samples from every SVE well. Other VOCs with localized occurrences include
Freon 113, l,l-dichloroethene (DCE), and PCE.

· Soil permeability estimates were made for seven SVE wells. Soil permeability
· 2

to airflow ranged from 1.7 x 10.7 to 7.8 x 10'9 square centimeters (em). These
values correspond to fine and medium sands (Johnson et al. 1990a).

· The ROI estimates from seven SVE wells ranged from 50 to 460 feet. ROI is
defined as the radial distance at which the soil gas pressure in the vadose zone
is equal to one percent of the applied pressure at the SVE well.

· Travel time for a soil gas particle to reach the SVE well was estimated as a
function of radial distance from the well. Other factors that influence travel

time are permeability, applied pressure, and air-filled porosity. Travel time
calculations represent the amount of time necessary to draw one pore volume of

air through the contaminated soil. This type of information will be used during
remedial design to help located new SVE wells and estimate remediation time.
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· The combined mass of TCE removed during pilot testing was 821 pounds,
representing 57 percent of the total VOC mass removed. Freon 113 represented
37.5 percent (540 pounds) of the total mass removed, t,I-DCE represented 5.4
percent (78.2 pounds) of the total mass removed, and PCE represented 0.1
percent (2 pounds) of the total mass removed.

· A total of 1,441 pounds of VOCs were removed from Site 24 as a result of the
SVE pilot tests (Figure 2-1).

· Airflow measurements are a critical piece of data used to calculate soil
permeability and soil gas travel time. Airflow readings collected with the hot-
wire anemometer were not as consistent as those made with a rotameter.

2.2 SVE PILOT TEST RECOMMENDATIONS

Specific recommendations of the SVE pilot tests are the following:

· Continue the SVE pilot test program, and collect additional data to assist in the
design of the SVE well field.

Begin the SVE well field installation in the area of highest TCE concentrations
in soil gas, based on the results of pilot testing. Criteria to be considered

include soil permeability, soil gas travel time, and site stratigraphy. Additional
wells are needed to characterize permeability to airflow, radius of influence and
soil gas travel time. The SVE wells that did not yield ROI estimates will be
retested as additional wells are added that can serve as monitoring points.

· During the pilot tests, SVE airflow should be measured using a rotameter to
provide more reliable and consistent flow measurements. Discontinue the use

of the hot-wire anemometer when the data are used to calculate permeability
and soil gas travel time.

· Remote pressure measurements should be made using a sealed slip cap and
valve arrangement on the monitoring well. This allows the pressure inside the

well to remain nearly constant during measurement, and it permits small
variations in pressure to be measured quickly.

Draft Soil Vapor Extraction System Design Work Plan, Site 24, MCAS El Toro page 2-2
l/SjCJ8 10:01 AM mkm I:tword p-1Veports_;to142\sve\wpMraft_9700207adoc





CLEAN Il
CTO 0142/0155
Date: 01/06/98

Section 3

CONCEPTUAL SVE SYSTEM DESIGN

The primary components of the proposed SVE system include the SVE well field, a vapor-
conveyance system, and a vacuum system. Depending on regulatory requirements, air-emission-
abatement equipment may also be a required component. A vacuum produced by the vacuum
system and conveyed to the SVE well field through the vapor-conveyance system, induces soil
gas flow toward the SVE wells. VOCs in the soil gas are transported and removed from the
subsurface via the SVE wells and conveyance system. The resulting vapor stream is treated to
reduce VOC concentrations before its discharge to the atmosphere.

The design of the SVE well field is based primarily on the vertical and lateral extent of VOC
contamination and the physical characteristics of the soil media that influence soil air
permeability and air flow. The primary design parameter for the SVE well field is the effective
radius of influence (EROI) or the zone in which VOCs are efficiently transported to the SVE
well. The design EROI, wellhead vacuum, and flow rates are the key parameters resulting from
the well field design.

The parameters required for the conveyance system design include the design air flow and well
head vacuum. The vapor-conveyance system consists of primary collection laterals, intermediate
manifolds, and trunk lines that transport the VOC-laden soil gas to the vacuum system. The
primary design objective of the vapor-conveyance system is to develop minimize materials and
installation costs while meeting the SVE system performance specifications.

The design of the vacuum system depends primarily upon the SVE well head vacuum required to
sustain the design flows. Conveyance system vacuum losses and pressure differential
requirements for air-emission-abatement equipment are factored into vacuum system design.
The capability for operational flexibility is also a major design parameter.

The selection of an air-emission-abatement method depends mainly on the contaminant
characteristics, the expected life cycle concentrations, the overall mass of contaminants to be
treated, and the required treatment efficiency. The sizing of this equipment is primarily a
function of flow rate. Key considerations for the air-emission-abatement equipment are capital
costs and operation and maintenance costs. These costs will be evaluated on a net present worth
basis for the expected life cycle of the project.

3.1 SOIL CLEANUP OBJECTIVES

As part of the draft final ROD (BNI 1997b), soil cleanup objectives were defined by
threshold soil gas concentrations. The threshold concentrations are minimum soil gas
concentrations levels that have the potential to contaminate groundwater above the
MCLs. Threshold concentrations were calculated based on site-specific and chemical-
specific factors. A summary of these threshold concentrations is provided in Table 3-1.

These threshold soil gas concentrations will be used as the soil cleanup objectives for the
SVE pilot system design and implementation. Data collected during the pilot system
operation will be used to reevaluate the appropriateness of these objectives.
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Table 3-1
Vadose Zone Concentration Threshold Calculations

U.S. EPAb Soil Gas Concentration Highest Soil Gas
MCLc Threshold Result Concentration Detected

VOCa Species (gg/L) a ([tg/L) ([tg/L)

Trichloroethene 5 27 6,120

Tetrachloroethene 5 69 192

Carbon tetrachloride 5 61 31

l,l-dichloroethene 6 563 447

Freon113 1,200¢ 234,000 2,520

Notes:

a VOC - volatile organic compound

b U.S. EPA - United States Environmental Protection Agency
c MCL- maximum contaminant level

d gg/L- micrograms per liter
e California MCL

Performance-based criteria are an alternative to soil gas threshold concentrations. When

SVE system operation is guided by performance-based criteria, the goal is to reach

asymptotic conditions with regard to reduction in VOC concentrations and mass removal.

3.2 EQUIPMENT FACILITY OPTIONS

Three equipment facility options were considered:

· control treatment facility,

· multiple fixed-treatment facilities; and

· trailer-mounted mobile SVE units.

For the purpose of this evaluation, the SVE equipment facility was assumed to include

the major equipment (e.g., conveyance piping, vacuum blower, air/water separator, filters,

equipment silencers, and activated carbon adsorption beds). Components common to all

three options, such as the SVE well field, were not considered to be part of the SVE

equipment facility. However, to develop equipment performance specifications for cost-

estimating purposes, it was necessary to develop a conceptual design of the SVE well
field.

3.3 NORTON AFB SVE SYSTEM

In developing the MCAS El Toro SVE equipment facility options, the SVE system

currently operating at Norton AFB was used as a model (Earth Tech 1995). The MCAS

E1 Toro SVE system is expected to be similar to the Norton AFB system. Since soil

remediation was successfully completed at Norton AFB in 1997, the SVE equipment
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became available for transfer to MCAS El Toro, and SWDIV made arrangements for its

use at Site 24. The major components of the Norton AFB SVE system are listed in
Table 3-2.

Table 3-2
Norton AFB SVE System Equipment List

Equipment

Vacuum BlowerSpecifications two 4,250 standardcubic feet per minute,positive-
displacement blowers with 150-horsepower motors

Vapor-PhaseActivatedCarbon two20,000-poundadsorbers

Other Equipment one moisture separator (Wright-AustinType TS gas-
liquid separator)

one condensate transfer pump with a capacity of
10 gallons per minute

one condensate storage tank, cylindrical polyethylene,
7.5 feet in diameter and 6.5 feet high

one water-cooled heat exchanger, model C/TV-400

one evaporative cooling tower, model T-40

one cooling centrifugal pump, model EP 150 3030

3.4 CONCEPTUAL DESIGN OF SVE WELL FIELD

The conceptual SVE well field design developed for this evaluation is based on the

results of the subsurface soil gas investigation performed as part of the Phase II RI for

Site 24 (BNI 1996), evaluation of SVE pilot test results (BNI 1997d), and a facility map

indicating potential VOC source areas (i.e., degreaser sumps and sewer lines). The

results of the subsurface soil gas investigation indicate that the primary VOC source area

is in the vicinity of Buildings 296 and 297. A secondary VOC source area was also

identified approximately 500 feet to the west of Building 297 (i.e., PCE source area). In

general, the areal extent of the source areas increases with depth (BNI 1996). For the

purpose of the conceptual design, the vadose zone was divided into three vertical zones: a

shallow zone (0 to 40 feet bgs), an intermediate zone (41 to 70 feet bgs), and a deep zone

(71 to 110 feet bgs). The well field developed for each zone was designed to address the

areal extent of the source areas within that zone with wells having screened intervals

specific to the zone. An average ROI of 100 feet was used in the well field development.

The ROI of 100 feet was selected based on a preliminary evaluation of the SVE pilot test

data (BNI 1997d), using methods developed by P.C. Johnson et al. (1990a,b).

The conceptual SVE well field includes a total of 94 wells (including existing wells):

15 screened within the shallow zone, 25 screened within the intermediate zone, and

54 screened within the deep zone (Figure 3-1). This well field was used for all three SVE

equipment facility options. The ring surrounding each well in Figure 3-1 indicates the
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assumed ROI. Multiple, different-colored rings indicate multiple wells, with different
screened intervals, at a single location.

For the purpose of developing equipment performance specifications for each equipment
facility option, it was assumed that each SVE well would produce a flow of 100 standard
cubic feet per minute (scfm) at a water column vacuum of 100 inches (approximately
7 inches of mercury). It was also assumed that vacuum losses through the conveyance
system and treatment equipment components would range between 5 and 8 inches of
mercury.

3.5 SELECTED FACILITY OPTION - CENTRAL TREATMENT
FACILITY

The selected option includes a fixed central treatment facility for the Norton AFB
equipment located near the south end of Building 296 (Figure 3-1). The SVE equipment
includes two 4,250 scfm positive-displacement blowers; two 20,000-pound, vapor-phase
granular activated-carbon adsorbers; an air/water separator, condensate storage tank;
equipment silencers; water-transfer pump; and miscellaneous controls and electrical
equipment. The skid-mounted system will be installed within a fenced area. It is
assumed that the treatment facility will have dimensions similar to those of the Norton
AFB system, approximately 90 by 90 feet, and will include a 43- by 17-foot concrete
containment area for the air/water separator and condensate storage tank. The remaining
skid-mounted equipment will be placed directly on the existing concrete surface.

It was assumed that conveyance plumbing in the vicinity of Buildings 296 and 297 will
be installed in subgrade trenches resurfaced to match the existing pavement. However,
depending on access requirements and planned activity around Buildings 296 and 297,
some pipe lengths may be installed aboveground. The conveyance plumbing along
R Street (Figure 3-1) will be installed aboveground to South Marine Way and will then
pass under the roadway and remain underground in the unpaved parking lot southeast of
Building 360 and along South Marine Way. It is assumed that power to the treatment
facility will be provided by the existing service at Building 296.

3.6 OPERATION AND MONITORING

The SVE system will be operated continuously at the start of remediation and optimized
based on monitoring data to maximize the extracted VOC concentrations. When VOC
concentrations approach asymptotic conditions, the system will be operated in a pulsed
mode to evaluate and address any "rebound effect." Vadose zone conditions will be
monitored as part of the SVE system operation and maintenance. Once monitoring
shows VOCs in the soil gas have been reduced below concentrations capable of
contaminating groundwater above the MCLs (threshold concentrations), or if
performance-based criteria are met, soil gas samples will be collected to confirm that no
further SVE is required.
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Groundwater remediation is expected to take longer than remediation of soils. To assure
that soils above groundwater are not recontaminated in the interim between remediation
of the vadose zone and groundwater, the vadose zone will be resampled at the conclusion
of groundwater remediation. If average soil gas concentrations are found to be above the
threshold limits, additional vadose zone remediation may be necessary.

3.7 DISCHARGE TREATMENT STANDARDS

Primary discharges from the SVE pilot system will include air emissions and VOC-
contaminated condensate. These discharges will be controlled by AR_ARs. A detailed
discussion of the ARARs for the SVE was provided in the draft final FS (BNI 1997a).

South Coast Air Quality Management District (SCAQMD) Rules 1303 and 1401 were
identified as applicable. Rule 1303 requires that best available control technology be
applied to any source that may result in a net increase of halogenated hydrocarbons or
nonattainment of,air contaminant levels. Rule 1401 requires that best available control
technologies for toxics be applied to equipment emitting chemicals at concentrations
exceeding the maximum allowable individual cancer risk. Numeric discharge standards
have not been established for SVE air emissions. Design of air-emission control
equipment that meets the best available control technology criteria is a major component
of the SVE pilot system design. These activities will be coordinated with the SCAQMD.

ARARs for discharges of condensate from the SVE system were not specifically
addressed in the FS. Condensate will likely be discharged to the groundwater treatment
system planned for the site or to the base or the local wastewater treatment facility.
Discharges to the wastewater treatment facilities will probably be required to meet
pretreatment standards established by the treatment facility. These standards will be
developed as part of the pilot system design. Discharges to the on-site groundwater
treatment system will not require any pretreatment.
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Section 4

SVE SYSTEM DESIGN APPROACH

The following section outlines the anticipated approach to the SVE system design. For the
purposes of design, the SVE system has been broken into three major parts: the SVE well field,
the vapor conveyance system, and the extraction and emission-abatement system. The design
approach will be sequential, beginning with the SVE well field design and concluding with the
extraction and emission-abatement system design. The sequence of the design activities reflects
the dependence of individual parts on each other. A flowchart showing the design sequence in
provided in Figure 4-1.

4.1 DESIGN OF VAPOR EXTRACTION WELL LAYOUT

This design activity first involves the evaluation of existing SVE pilot test data to develop
SVE well field design. The design will reflect a phased approach to remediation,
allowing first for the evaluation of the existing SVE wells and then the addition and
testing of new wells, as needed. The SVE Pilot Test Summary Report recommended that
well installation begin in the area of highest TCE concentrations in soil gas. This is the
area beneath Buildings 296 and 297. The well field design steps are described in detail
below.

4.1.1 Evaluation of SVE Test Data

Between November 1996 and March 1997, OHM conducted a series of soil vapor
extraction pilot tests on existing SVE wells. One-day pilot tests included the monitoring
of well flow and vacuum response in monitoring wells at variable applied vacuums.
Vapor samples were also collected for chemical analysis. Extended pilot tests included
continuous extraction and monitoring over a period ranging from 44 to 84 days. The data
collected during the pilot tests were evaluated to estimate soil air permeability, pore
volume exchange rates, the SVE well ROI, and the volumetric flow rates (BNI 1997c).
The VOC-concentration data collected during the pilot tests will be used to estimate the
VOC removal rate and facilitate the selection and design of the air-emission-abatement
equipment (see Section 4.3).

As additional wells are installed as part of the SVE system design, they will be tested to
evaluate well flow rate versus applied vacuum, soil air permeability, the SVE well ROI,
EROI, and pore volume exchange rates. This information will be used to help locate new
SVE wells within the contaminated vadose zone.

4.1.2 Soil Air Permeability
SVE data will be analyzed to assess the soil air permeability using steady-state and
transient-state models developed by Paul C. Johnson and others (Johnson et al. 1990a,b);
and Hyperventilate TM software developed by the U.S. EPA (U.S. EPA 1993). The results
of this analysis will be used to evaluate local variations in soil air permeability and
develop subsurface flow velocities. Soil permeability estimates were made for seven
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SVE wells during previous testing. The estimates ranged from 1.7 x 10.7 to
7.8 x 10.9 cm 2.

4.1.3 Radius of Influence

By definition, the ROI is the distance from an extraction well at which the subsurface
vacuum response reaches zero gauge pressure. An ROI will be calculated for each SVE
well tested using a semilogarithmic plot of the monitoring well vacuum response and
monitoring well distance from the test extraction well. The ultimate ROI is considered to

be the distance at which a best-fit line on a semilogarithmic plot of vacuum response
versus distance crosses the X axis. However, since flow velocities at great distances from
the extraction well (i.e., vacuum responses approaching zero gauge pressure) may not be
sufficient to effectively transport VOCs, an EROI will be established using some
minimum vacuum value other than zero. A vacuum pressure was considered to be the
effective SVE ROI (BNI 1997c).

Since the EROI varies with the vacuum applied to the extraction well, a relationship
between EROI and applied well vacuum will be established. This relationship will be
used in conjunction with unit flow estimates (Section 4.1.4) to develop the design EROI,
vacuum, and flow parameters. A vacuum response of 0.1 inches of water column has
been demonstrated at other sites to produce sufficient flow velocities for timely
remediation. The practicability of using this value as the minimum EROI vacuum
response will be evaluated for Site 24.

4.1.4 Flow Rate

The flow rate and applied vacuum data collected during testing will be plotted on an
arithmetic plot to assess the optimum well flow rate. The flow versus vacuum plots will
be evaluated for points of inflection, indicating decreases in extraction efficiency with
increasing vacuum. This point of inflection, or the critical vacuum (Pc), is the most
efficient operating vacuum. The EROI at Pc (EROIc) will be established for each of the
existing SVE wells. The EROIc will be used as a starting point for evaluating the well
field layout (see Section 4.1.6).

Unit flow rates (flow rate per foot of screen) will also be calculated from the existing well
designs and the flow data collected during the pilot tests. The unit flow rates will be used
to help select SVE well locations.

4.1.5 Other Design Considerations

Other parameters that will be considered as part of the SVE well field design will include:

· pore volume exchange rate and

· diffusion limited transport of VOCs through !ow permeability zones.

These parameters may affect increases or decreases in the design EROI, flow and
vacuum, and the placement and design of future SVE wells.
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4.1.6 SVE Well Field Layout

A conceptual well field layout is presented in Figure 3-1. It is based on an evaluation of
existing SVE test data. Existing wells will be used in the well field to the degree
possible, and new SVE wells will be installed where appropriate.

4.1.6.1 EXISTING SVE WELLS

Based on the results of the above analyses, EROI c for each of the existing SVE wells will
be plotted on a site plan with the horizontal extent of vadose zone contamination. One
plot will be developed for each of the three vertical intervals; 10 to 40 feet bgs, 40 to
70 feet bgs, and 70 to 100 feet bgs. The EROI ccoverage for each vertical interval will be
compared to the zone of contamination, and the applied vacuum will be manipulated to
develop a uniform design vacuum for each well, maximize EROI coverage within each
interval, and minimize extraction inefficiencies due to high flow rates. The design
vacuum and resulting flow rates will be used for the conveyance system design and the
sizing and selection of the extraction and air-emission-abatement equipment.

4.1.6.2 FUTURE SVE WELLS

The EROI coverage of the existing wells will be evaluated for each vertical interval, and
gaps in coverage will be identified. Future SVE well sites for each interval will be
selected to fill the gaps. The EROI of the future wells will be based on the EROI of
nearby existing wells screened within the same interval. In selecting future well
locations, consideration will be given to nesting wells where coverage of multiple
intervals is required in the same area and locating future wells near existing wells where
the existing wells only cover one or two intervals. The location of existing structures and
underground utilities will also be considered.

Design flow rates and vacuums for the future wells will be established after installation.

4.2 DESIGN OF VAPOR-CONVEYANCE SYSTEM

The vapor-conveyance system will include the trunk lines and collection laterals that
carry vapors extracted from the SVE wells to the extraction and air-emission-abatement
equipment. The primary design activities for the conveyance system will include
selecting the equipment compound location, selecting the main trunk line locations,
lateral collection system layout, and pipe sizing. These activities are discussed in more
detail below.

4.2.1 Selection of Equipment Compound Location

Alternatives for a central compound location will be developed and evaluated with
respect to the following criteria:

· availability of space;
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· compatibility with current and potential future land usage;

· proximity to the SVE well field;

· proximity to existing electrical services;

· accessibility; and

· off-site impacts.

In selecting the equipment compound location, emphasis will be placed on minimizing

the SVE system installation and operation and maintenance costs by minimizing trunk

line lengths, minimizing electrical service installation costs, and maximizing

accessibility.

4.2.2 Selection of Trunk Line Alignments

The main trunk lines will convey the extracted vapors from the collection laterals to the

extraction and air-emission-abatement equipment. These lines will serve as the main

conveyance artery for the existing SVE wells as well as future SVE wells. Because trunk

line and collection lateral installation may represent a significant portion of the SVE

system installation costs, minimization of the trunk line and vapor-collection lateral

length and belowground installation will be an important consideration in selecting the

trunk line alignment. Other factors that will be considered include:

· potential locations of future SVE wells;

· anticipated location of trunk lines for the groundwater system;

· current and potential future land uses; and

· use of existing corridors such as roadways or alleys.

If appropriate, the SVE trunk line alignment will be the same as the groundwater system

trunk line alignment to take advantage of common trenches and aboveground corridors.

4.2.3 Vapor-Collection Laterals

The vapor-collection laterals will convey the extracted vapors from the SVE well heads

to the trunk lines. Several configurations may be possible, depending on the location of

the trunk lines and the layout of the SVE well field. Potential configurations may
include:

· independent laterals for each SVE well extending to the trunk lines;

· independent laterals for groups of SVE wells linked together by an intermediate
manifold; and

· serial linking of SVE wells with progressively larger pipes leading to the main
trunk lines.

Potential vapor-collection lateral configurations will be evaluated with respect to the

following criteria:
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· minimizing thetotal collectionlateral length;

· minimizing belowgroundinstallation;

· equalizingthe vacuumat well heads;

· minimizing vacuum losses;

· minimizing pipe diameters; and

· current and potential future land uses.

4.2.4 Conveyance System Pipe Sizing

Once the conveyance system layout has been established, pipe-size calculations will be
performed to determine the pipe diameters that will minimize the conveyance system
vacuum losses and materials costs, and that will maintain an equal vacuum at each well
head.

4.2.5 Materials

Alternative piping materials will be considered for the conveyance system. The primary
considerations for the selection of piping materials will be chemical compatibility with
the anticipated vapor stream, pipe and fitting costs, material durability, and availability.
Although other material will be considered, it is currently anticipated that Schedule 40
and Schedule 80 polyvinyl chloride (PVC) piping will be used for most of the vapor-
conveyance system.

4.3 DESIGN OF EXTRACTION AND AIR-EMISSION-ABATEMENT
SYSTEM

The MCAS El Toro SVE system is expected to be similar to the Norton AFB system, and
in addition, components of the Norton AFB SVE system are available for use at MCAS
El Toro. The performance specifications of the extraction and air-emission-abatement
system are contingent upon the design vacuum and flow rate and the anticipated life cycle
concentration of VOCs in the extracted vapor stream. Once these parameters have been
established, a performance specification will be developed and altematives will be
evaluated. Modifications will be made to the Norton AFB system, if necessary. The
extraction and air-emission-abatement system will be designed to handle the capacity of
the full-scale remediation system (i.e., existing plus anticipated future SVE wells). The
design either will be modular, allowing for increases or decreases in capacity, or the
selected equipment will have the capability of variable performance.

4.3.1 Blower System Selection

Based on the data collected during the pilot testing, it is anticipated that a positive-
displacement blower will be most appropriate for Site 24. Factors that were considered
during the blower selection included:
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* vacuum and flow requirements of the SVE well field corrected for conveyance
losses;

* pressure requirements for the selected air-emission-abatement equipment;

· chemical compatibility of the blower materials with the extracted vapors;

· capital and operation and maintenance costs;

· availability of replacement parts;

* availability of service contracts; and

· equipment warranty.

4.3.2 Selection of Emission-Abatement Equipment
Several alternatives are available for air-emission-abatement. These include granular

activated carbon, thermal oxidation, catalytic oxidation, and adsorption/desorption and

recovery. The appropriateness of these alternatives for application at Site 24 will depend
on the total mass of VOCs to be removed from the subsurface, the anticipated flow rates,

the VOC concentrations, and the air-emission-abatement objectives established in

cooperation with the SCAQMD. In general, thermal oxidation and adsorption/desorption

and recovery are more cost-effective alternatives for sustained high VOC concentrations.

Catalytic oxidation is more cost-effective for sustained high to moderate VOC

concentrations; granular activated carbon is more cost-effective for moderate to low VOC
concentrations.

The SVE pilot test data will be used to estimate startup VOC concentrations and

anticipated variations in VOC concentrations through the life cycle of the project. These

data, estimates of the VOC mass retained in the soil profile, and vendor-supplied

performance data will be used in selecting air-emission-abatement equipment. It is

anticipated that activated-carbon treatment will be most efficient for the high flow

volume and low VOC concentrations expected at Site 24.

4.3.3 Auxiliary Equipment
Once the primary emission-abatement method has been selected, compatible auxiliary

equipment needs will be determined. These equipment may include air/water separators,

heat exchangers, condensate transfer pumps and storage tanks, and process control and

monitoring instrumentation.

4.3.4 Use of Norton AFB Equipment
The Site 24 SVE system will use much of the SVE equipment currently at Norton AFB.

The Norton AFB system consists of parallel-operating positive-displacement blowers,

two 20,000 pound vapor-phase granular activated-carbon filters, and auxiliary equipment.

Auxiliary equipment includes an air/water separator, condensate transfer pump and

storage tank, process air chiller (heat-exchanger), process control and monitoring
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equipment, intercomponent piping, and 24-inch-diameter main header piping. The
capacity and performance of this equipment will be compared to the capacity and
performance specifications for the Site 24 system. It is expected that the Norton AFB
system will meet or can be cost-effectively modified to meet the capacity and
performance specifications for Site 24.

4.4 DESIGN REPORT

A detailed design report documenting the SVE system design process will be prepared
prior to system construction. The design report will be a stand-alone document that will
include the following discussions:

· site background and history;

· the FS process and results;

· the remedial action cleanup objectives and discharge requirements;

· the engineering design process and results, including identification of key
design objectives and calculations;

· performance specifications for materials and equipment procurement;

· operation and maintenance procedures; and

· plans and specifications for on-site construction of equipment compound and
conveyance system.

A preliminary outline for the design report is provided below. If the Norton AFB
extraction and emissions abatement portion of the treatment system is used, its design

report will be summarized or referenced, as necessary.

Preliminary Outline for SVE System Design Report

1 INTRODUCTION

1.1 Purpose and Scope

1.2 Site Background

1.2.1 Site Location and History
1.2.2 Investigations
1.2.3 Pilot Studies

1.2.4 Feasibility Study

2 REMEDIAL ACTION OBJECTIVES

2.1 Phased Approach

2.1.1 Existing Facilities
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2.1.2 Potential New Facilities

2.2 Soil Cleanup Objectives

2.3 Discharge Treatment Standards

2.4 ARARs

3 SVE SYSTEM DESIGN

3.] Vapor Extraction Well Field Design

3.1.1 Design Objectives
3.1.2 Evaluation of SVE Pilot Test Data
3.1.3 Radius of Influence

3.1.4 Existing SVE Wells
3.1.5 Future SVE Wells

3.1.6 Design Flow and Vacuum Requirements

3.2 Design of Vapor-Conveyance System

3.2.1 Design Objectives
3.2.2 Location and Equipment Compound
3.2.3 Evaluation of Trunk Line Locations

3.2.4 Integration with Groundwater-Conveyance System
3.2.5 Vapor-Collection Laterals
3.2.6 Pipe Sizing and Pressure-Loss Calculations
3.2.7 Materials

3.3 Extraction and Air-Emission-Abatement Equipment

3.3.1 Design Objectives
3.3.2 Blower Sizing and Selection
3.3.3 Contaminant Mass Estimates

3.3.4 Soil Cleanup Goals
3.3.5 Mass Removal Life Cycle
3.3.6 Air-Emission-Abatement Goals

3.3.7 Air-Emission-Abatement System Requirements
3.3.8 Emission-Abatement Equipment
3.3.9 Blower and Emission-Control Equipment Performance Specifications
3.3.10 Evaluation of Norton AFB SVE Equipment

3.4 Construction Plans and Performance Specifications

3.4.1 Performance Specification for Extraction and Air-Emission-Abatement
Equipment

3.4.2 On-Site Construction Plans

3.4.2.1 General Site Layout
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3.4.2.2 Conveyance System Layout
3.4.2.3 Equipment Compound
3.4.2.4 Extraction and Air-Emission-Control Equipment
3.4.2.5 Process and Instrumentation Diagrams
3.4.2.6 On-Site Electrical Service Diagrams

4 MONITORING, OPERATIONS AND MAINTENANCE

4.1 Monitoring

4.1.1 Vacuum and Vacuum Loss Monitoring
4.1.2 VOC Concentration Monitoring
4.1.3 Radius of Influence Monitoring

4.2 Life Cycle Operations

4.3 Blower Maintenance

4.4 Emission-Abatement Equipment Maintenance
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SCHEDULE

This section presents the BCT-approved post-ROD schedule for soil remediation at Site 24. The
schedule is presented as Figure 5-1.
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1-!Procure Norton SVE Treatment System ---,5.0 m -'i1:63-(J7 ' 0_,;i0-.98 ' [ ..................................._ _[
2-Move/Set_ _do-n:[:reatment Sy_stem_ _._ i_m_9_:]_-_ _9-1-_-_8 E ,
3 Develop RD/PA Work Plan 3.0 m 10-01-97 01-06-98
4 * issue Draft RD/RA Work Plan ---b:b d -b1:06):,98 _1:b-_._8
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8 Develop draft Final RD & Constr. QNQC 3_._0m__02-05-98 05-11-98
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'19 Issue Draft Project Closeout Report __ -- (J_0d _0j-J f-0,_i _'bi-J7--_'_ E'_]

2_0Age--review 2.0 m 01-17-_0_2 03-21-02 C:3
21 Develop_Final Closeout Rpt 2.0 m 03-21-02 05-21-02 L___
2--'2Agency approves Final Closeout F_pi 1.0 m 05-21-02 06-21-02

i
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