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Preface

CH2M HILL is a contractor for the Remedial Design/Remedial Action alternate technology
program at McClellan Air Force Base in California. The specific technology addressed is
soil vapor extraction. This document is a secondary document to the primary Operable
Unit B Remedial Investigation/Feasibility Study (RI/FS) Report/Proposal Plan. The work is
being conducted under Air Force Contract No. F04699-90-0035, Delivery Order No. 5038.

The Soil Vapor Extraction (SVE) Pilot-Scale Treatability Investigation is one of several
projects within Operable Unit D (OU D). Concurrent with the SVE Pilot-Scale Treatability
Investigation, off-base soil gas migration is being evaluated, as well as the measurements of
crawl space and ambient air volatile organic compound (VOC) contamination at off-base
residences. The OU D RI/FS will culminate in a Record of Decision in 1994. The results
of this pilot-scale treatability study will be used in the OU D feasibility study, as well as
other feasibility studies at McClellan AFB.

Key CH2M HILL project personnel are:

Starr J. Dehn—Program manager

John Lucero—Subprogram manager

Gerald R. Tracy—Project manager

Joseph P. Danko—SVE technical coordinator

Donna Morgans—Data validation

Calvin Noling—Assistant project manager and data coordinator
Ken White—Field task leader

Mollie Netherland—Health and safety

CH2M HILL would like to acknowledge the cooperation of the McClellan AFB Office of
Environmental Management for assistance in expediting this project. In particular, CH2M
HILL acknowledges the assistance of Mr. Steve Hodge, Mr. Fran Slavich, and Mr. Jerry
Styles.

The work discussed in this document is being conducted between June 1992 and May 1993.

CVOR275/021.51-1




Executive Summary

CH2M HILL is currently preparing a treatability investigation of soil vapor extraction
(SVE) at Site S in Operable Unit (OU) D at McClellan Air Force Base near Sacramento,
California. This work plan describes activities to be conducted during Phases II and III of
the SVE treatability investigation. A brief description of each of these phases is presented
below:

. Phase II. Phase II activities include installation of SVE wells and process

equipment, and preoperation soil sampling.

. Phase III. Activities to be conducted during Phase III include operation of
the SVE pilot plant, performance sampling during and after the pilot system
operation, and equipment demobilization. This phase will be concluded

with a Pilot System Evaluation Final Report.
Site S encompasses a previously activated waste pit used for disposal of solvents and fuel.

The SVE pilot treatment system will be comprised of a network of soil gas extraction
wells set at various depths in the vadose zone. A vacuum will be applied to the wells to
remove volatile organic compounds (VOCs) from the soil. The extracted offgas flow rate
and chemical composition will be monitored and emissions treated using an onsite

catalytic oxidation system.

The pilot treatability investigation has nine main objectives. These objectives are

summarized below and detailed in Section 3 of this Work Plan.

l. Quantify the mass of contaminants removed during operation o the pilot-scale

system.

1w/-8-92/CVOR229/049.51 1




Evaluate the reduction of specific contaminants in the waste pit and alluvial

deposits.

Evaluate the benefits of hot air injection as an enhancement to SVE in the waste

pit.

Evaluate vadose zone transport processes to identify major mechanisms controlling
contaminant migration and document the reasons for discounting other migration
mechanisms.

Evaluate the degree of biodegradation.

Identify strata from which contarninants are difficult to remove by SVE.

Evaluate performance of the SVE offgas emission control system.

Evaluate the applicability of SVE to OU D and collect sufficient operational data
to support the detailed analysis of SVE as a remedial action alternative in the

feasibility study for OU D.

Assess general applicability of SVE at other McClellan AFB sites.

Soil, soil gas, and emissions samples will be collected and analyzed at various times

during the treatability investigation to support evaluation of these objectives.

Soil samples will be tested for analyses of the following items:

. Physical properties, including permeability, porosity, grain size distribution,

percent saturation, and bulk density

. Total petroleum hydrocarbon

1w/9-8-92/CVOR229/049.51 2




. Chemical oxygen demand

. Moisture content

. pH

. Ammonia nitrogen
. Nitrate nitrogen

. Ortho-phosphate phosphorous

. Microbial assay

Over 500 analyses will be conducted on soil samples.

Soil gas, SVE offgas, and emission control samples will be tested with an onsite gas
chromatograph for volatile organic compounds. Additional canister samples will be
collected for confirmation analyses of volatile organic compounds by Method TO-14, and
for total nonmethane hydrocarbons by Method TO-12. Emission control samples will also
be tested for hydrochloric acid and dioxin. Analysis of over 1,200 gas samples is

planned.

General basewide and a site-specific health and safety plans will be adhered to during

construction and operation of the pilot plant. These plans are presented in Section 8.
Residual soil waste produced during the pilot study will be characterized before disposal

by Toxicity Characteristic Leaching Procedure (TCLP) and Total Threshold Limit

Concentration (TTLC) analyses.

1w/-8-92/CVOR229/049.51 3




In addition to the Work Plan, the following reports will be prepared as a part of the

Phase II and I activities of the SVE treatability investigation:

. Data Management Manual

. Operations and Maintenance Plan

. Monthly Operation Reports

. Bioventing Performance Report

. Pilot System Evaluation Final Report

The contents of each of thesc reports is presented in Section 10 of tnis Work Plan. A
schedule of completion dates and deliverables is included in Section 11 of the Work Plan.

Section 12 presents the key CH2M HILL staff members assigned to this project.
During the completion of this project, CH2M HILL will continue to provide support to the

ongoing community relations program at McClellan AFB as it applies to the SVE

treatability investigation.

1w/9-8-92/CYOR229/049.51 4




Acronyms and Abbreviations

AFB Air Force Base

BACT best available control technology

bgs below ground surface

BTEX benzene, toluene, ethylbenzene, xylenes

CERCLA Comprehensive Environmental Response, Compensation and Liability Act of
1980

CO, carbon dioxide

DNAB Standard Operating Procedure for Determining Total Hyphal Length, Numbers
of Active Bacteria, and Length of Active Fungi

DOT Department of Transportation

DQO data quality objective

EDB Environmental Data Base

EPA United States Environmental Protection Agency
GC/MS gas chromatography/mass spectroscopy

GC gas chromatograph

GWTP groundwater treatment plant

H,O water

HCl hydrochioric acid

HDPE high-density polyethylene

Hg mercury

HPLC high pressure liquid chromatography

P ionization potential

IRP installation restoration program

IRPIMS  Installation Restoration Program Information Management System
TWTP industrial wastewater treatment plant

LEL lower explosive limit

MDL method detection limit

MOSA Methods of Soil Analy .is
NMOC Method TO-12, Total Nonmethane Hydrocarbons
NPDES  National Pollutant Discharge Elimination System

NPL National Priorities List

NO, nitrous oxides

NWWA  National Water Well Association

ou Operable Unit

OSHA Occupational Safety and Health Administration
PCB polychlorinated biphenyl

ppbv parts per billion—volume basis

PPE personal protective equipment

PVC polyvinyl chloride

QA quality assurance

QAPP Quality Assurance Project Plan

QC quality control

RCRA Resource Conservation and Recovery Act
CVORZ01/153.51




RI/FS Remedial Investigation/Feasibility Study
RMSF Rocky Mountain spotted fever
SARA Superfund Amendments and Reauthorization Act of 1986

scfm standard cubic feet per minute

SSC site safety coordinator

SSp site safety plan

SVE soil vapor extraction

Svoc semivolatile organic compound

TCLP toxicity characteristic leaching procedure

TIC tentatively identified compound

TLD thermal luminescent dosimetry

TO-12 Test method for determination of nonmethane organic compounds in ambient
air

TO-14 Test method for determination of volatile organic compounds in ambient air
using summa passivated canister sampling and gas chromatography analysis

TPH total petroleum hydrocarbons

TTLC total threshold limit concentration

VOC volatile organic compound

UHP ultra high purity

SRM standard reference material
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Section 1
Introduction

This work plan has been developed for Phases II and III of the pilot-scale treatability inves-
tigation of soil vapor extraction (SVE) at Site S in Operable Unit (OU) D at McClellan Air
Force Base (McClellan AFB) near Sacramento, California. The purpose of the treatability
investigation is to develop sufficient field and operational data to assess the applicability of
SVE technology in removing site-specific contaminants at the base. The information
gathered during Phases II and [II will be summarized in a report and used in the ongoing
Remedial Investigation/Feasibility Study (RI/FS) efforts to aid in selection of cost-effective
remediation procedures for specific types and locations of contaminants. The information
developed in this treatability investigation will also be used for the design of full-scale SVE
systems if SVE is selected as an appropriate remedial action.

Previous investigations at Site S in OU D indicate contaminants were derived from disposal
of spent solvents and fuels. Contaminants at Site S are typical of those at many locations
across the base. The SVE technology has been successful in removing similar contaminants
in similar soil matrices at sites other than McClellan AFB. The treatability investigation at
Site S will allow assessment of the effectiveness of SVE in removing volatile contaminants
and less-mobile compounds from the waste pit and from the native soils below the pit. The
result will also be useful in assessing SVE applications to other similar on-base sites.

Background Information

The SVE treatability investigation will be carried out in Site S of OU D at McClellan AFB,
located near Sacramento, California. An area map showing the general location of
McClellan AFB is presented as Figure 1-1.

Operable Unit D consists of approximately 140 acres located in the northwest portion of
McClellan AFB. The area was first used for waste disposal in the 1940s and was most
recently used in 1981. Past disposal practices in OU D included landfills, disposal pits,
open burning, incineration, sludge drying beds, and landfarms. Materials disposed within
OU D include industrial sludge, waste solvents, fuel, and oil. Approximately 38,000 cubic
yards of waste sludge are known to be present in OU D. There are varying levels of vola-
tile organics, organic acids, base/neutral compounds, trace metals, and cyanides present in
both the sludge and the surrounding soil. Some of these contaminants have also been
detected in the groundwater beneath OU D.

Site S is one of 12 waste disposal sites identified in OU D and encompasses approximately

9,200 square feet. The waste disposal zone extends from about 4 to 25 feet below the
ground surface.
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In 1985, two soil borings were completed in Site S. The contaminants found in the soil
were primarily volatile organic compounds, including ethylbenzene, toluene, xylene,
dichlorobenzene, acetone, and 4-methyl-2-pentanone. Some semivolatile compounds were
also detected. The data collected during the 1985 investigation were used to select Site S
within OU D as the site for the SVE treatability investigation. The data collected during
the 1985 investigation confirmed that the pit was used mainly for disposal of spent solvents
and fuels, rather than for burn materials or industrial solids.

In 1985, as part of the McClellan AFB Installation Restoration Program (IRP), a multilayer
cap was installed over a portion of OU D, then referred to as Area D. Site S is within the
capped area. The purpose of the low-permeability cap was to prevent rainwater infiltration
and soil gas migration. Thirty-two vent risers were installed in the cap to allow for venting
or collection of soil gas that might accumulate under the cap. The majority of invasive
actions taken as part of the SVE treatability investigation will require penetrating the cap.
Details of the cap penetration are discussed in Section 4.

The SVE treatability investigation will be undertaken in three phases:

. Phase I site characterization was to assess the nature and extent of contami-
nants within the vadose zone, evaluate the permeability of the vadose zone
soils, and obtain site-specific data for design of the pilot-scale SVE system.
Phase I work was completed in June 1992.

. Phase II includes additional pre-operation site characterization and installa-
tion of the pilot-scale SVE process equipment.

. Phase III includes operation of the pilot plant and evaluation of the SVE
technology.

Findings of the Phase I site characterization are presented below.
Phase I Findings

The surface area designated for the SVE pilot test is approximately 4,000 square feet. Five
extraction/injection wells and 14 piezometers were installed in this area as part of the site
characterization effort. Figure 1-2 presents the locations of these wells and piezometers.
Screen locations for the various installations were selected to allow testing and analysis of
representative zones of contaminated materials encountered at the site. Five in situ perme-
ability tests were performed using the extraction wells and piezometers. Canister samples
of soil gas were collected during the air “rmeability tests.

Zones of Contamination

Based on the lithologic and contaminant data collected during the Phase I investigation, the
following zones of contamination were identified at Site S:
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Waste Pit (P). Site S (and all of OU D) is capped with a multilayer liner at a depth of
approximately 3 feet below ground surface (bgs). The waste pit lies immediately beneath
the cap and is characterized by heavy concentrations of contaminants in a matrix of land-
filled soils. The average waste pit thickness is approximately 20 feet and extends from the
multilayer cap to approximately 25 feet bgs.

Intermediate Alluvium (I). The intermediate alluvial zone is characterized by high con-
centrations of contaminants in an alluvial soil matrix. The zone consists of the native soil
directly below the waste pit. The intermediate alluvial zone has an average thickness of
approximately 15 feet, between the depths of 25 feet bgs (bottom of the waste pit) and
40 feet bgs.

Deep Alluvium (D). This zone is characterized by lower concentrations of contaminants in
an alluvial soil matrix. The deep alluvial zone consists of the native soil located below the
intermediate zone. The deep alluvial zone has an average thickness of approximately
60 feet, between the bottom of the intermediate zone (approximately 40 feet bgs) and the
groundwater (approximately 100 feet bgs.)

Physical and Chemical Characteristics

Soil samples were collected during installation of each well or piezometer. Selected
samples were tested at offsite laboratories to determine the physical and chemical properties
of the materials. Physical properties included horizontal and vertical air permeability; total
porosity; bulk density; bulk volume; grain density; sieve analysis; total percent saturation;
percent saturation by water; and percent saturation by hydrocarbons. Chemical properties
included purgeable hydrocarbons; total petroleum hydrocarbons; purgeable aromatics; vola-
tile organics; pesticides and polychlorinated biphenyls (PCBs); semivolatile organics;
dioxins and dibenzofurans; cyanide; total organic carbon; and heavy metals.

Twelve soil vapor samples from the air permeability testing were analyzed for volatile
organic compounds and total petroleum hydrocarbons in accordance with United States
Environmental Protection Agency (EPA) Method TO-14.

Results of the laboratory permeability tests indicate intrinsic permeabilities varying from
about 107 to 10" darcies in the silt materials, and from about 10 to 1 darcies in the silty
sand materials.

The analytical results from the soil samples indicate widespread horizontal and vertical
organic contamination throughout Site S. The contamination appears to be most prevalent
in the zone of the former waste pit, with general trends indicating decreased contamination
concentration with depth. The most prevalent compounds at the site appear to be petro-
leum-based, which is consistent with the past usage of the site. Chlorinated hydrocarbons
were also detected throughout the site. Semivolatile organics, PCBs, and dioxins were
generally only detected in the waste pit materials. Simple calculations indicate approxi-
mately 5,800 pounds of volatile organic contaminants exist within the vadose zone of
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Site S, based on the soil sample results. This is probably a low estimate, because of VOC
losses during sample collection and analysis.

The contaminants detected in the soil vapor samples from the air permeability tests were
predominantly chlorinated hydrocarbons, benzene, toluenc, ethylbenzene, and xylenes
(BTEX), and petroleum hydrocarbons. The compounds detected at the greatest concentra-
tions in most of the extraction wells were 1,1-dichloroethene and 1,1,1-trichloroethane. The
air samples also indicated higher concentrations of vinyl chloride and freons than were
determined in the soil samples.

In addition to direct laboratory determinations, soil air permeability was estimated by corre-
lation with grain-size distribution and by analysis of the in situ pressure drawdown test
data. Soil air permeability values calculated using the grain-size distribution data compared
fairly closely with the laboratory-determined values. Permeability values for similar mate-
rials determined from the in situ pressure drawdown tests were generally 10 to 100 times
higher than those determined by laboratory or grain-size correlation methods.

The maximum radius of influence of the SVE wells was estimated based on the results of
the pressure drawdown tests. A radius of influence of greater than 60 feet was determined
for well VES-01, which was screened over its full depth in the vadose zone. A radius of
influence of 40 feet was estimated for well VES-04, which was screened in predominantly
low permeability material (silty and clayey sand). A radius of influence varying from less
than 15 feet to more than 60 feet was estimated for well VES-05, which was screened in
the waste pit materials. The variability in radius of influence is indicative of the wide range
of material types in the waste pit and the likelihood of encountering zones of relatively
impermeable materials. Consequently, SVE wells in the waste pit may be too closely
spaced to achieve adequate cleanup.
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Section 2

SVE Technology Description

SVE is a relatively new technology that has demonstrated effective removal of VOCs from
a variety of soil conditions within the vadose zone. To a lesser extent, SVE has also shown
promise in removing some VOCs from heavier hydrocarbons. The technology consists of a
series of soil gas extraction wells screened within the zone of contamination. The wells are
connected by header pipes to one or more high-capacity blowers. The blowers create a
vacuum within the soil and transfer the contaminant-laden soil gas 1o an emission control
system for destruction of the contaminants. Based on an analysis of best available control
technology (BACT), a catalytic oxidation system has been selected for the emission control
system. The catalytic oxidation system was selected over other technologies because of its
ability to destroy vinyl chlorides and methylene chloride, its relatively low nitrous oxides
(NO,) emissions, and its high contaminant destruction efficiency.

The vacuum extraction rate of the SVE system will be reduced to the minimum to sustain
aerobic biological degradation of contaminants within the vadose zone after a short period
of SVE operation. This bioventing period will allow evaluation of the impact of biodegra-
dation on contaminant removal.

Following bioventing, the conventional SVE system will be enhanced with hot air injection
within the waste pit and intermediate alluvial zones. A blower will be used to heat and
pressurize injection air to approximately 250°F. The increase in soil gas temperature should
enhance volatilization of the VOCs and increase naturally occurring biodegradation.

Soil vapor extraction pilot-scale treatability investigations typically consist of an initial
testing stage to establish baseline conditions, a startup period, an operational period, and
final testing. The operational period will comprise standard SVE operations, bioventing,
and enhanced SVE operations. Section 3 contains the objectives of the Site S pilot-scale
treatability investigation and outlines the duration necessary for each stage of the
investigation.
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Section 3

Pilot Treatability Investigation Objectives

Data previously collected during Phase I and those to be collected during Phases II and III
will be used to evaluate the effectiveness of treatment by SVE at Site S, OU D. More
specifically, the following are the objectives of the SVE treatability investigation:

1.

9.

Quantify the mass of contaminants removed during operation of the pilot-scale
system.

Evaluate the reduction of specific contaminants in the waste pit and alluvial deposits.
Evaluate the benefits of hot air injection as an enhancement to SVE in the waste pit.
Evaluate vadose zone transport processes to identify major mechanisms controlling
contaminant migration and document the reasons for discounting other migration
mechanisms.

Evaluate the degree of biodegradation.

Identify strata from which contaminants are difficult to remove by SVE.

Evaluate performance of the SVE offgas emission control system.

Evaluate the applicability of SVE to OU D and collect sufficient operational data to
support the detailed analysis of SVE as a remedial action alternative in the feasibil-

ity study for OU D.

Assess general applicability of SVE at other McClellan AFB sites.

The frequency of sampling to achieve each of the above objectives is based primarily on
professional judgement and experience by CH2M HILL. However, collection of these data
does not guarantee evaluation of these objectives is possible.

Data Collection Matrices

Following is a summary of the matrices from which data will be collected to evaluate the
SVE treatability investigation objectives. Table 3-1, presents the SVE treatability investiga-
tion objectives versus the matrices from which samples will be collected.
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Soil

Soil borings will be installed and samples collected from various locations in the waste pit,
and intermediate and deep alluvial soils.

Soil Gas

The 14 piezometers at Site S have been installed throughout the vadose zone from 13 feet
bgs to 96 feet bgs. Each piezometer contains a narrow screened zone (2-1/2 to 3 feet) and
will therefore provide soil gas concentrations from a narrow band of the vadose zone. Five
piezometers are screened in the waste pit, three in the intermediate alluvium, and six in the
deep alluvium. A cross section of the piezemeters is presented in Section 5, Figure 5-3.
Soil gas samples will be collected at the riser stems of each of the 14 piezometers.

SVE Offgas Extraction Wells

Soil vapor samples will be collected from 17 soil vapor extraction wells at Site S. Seven of
these extraction wells are screened in the waste pit (PSP-1 through PSP-7), five in the inter-
mediate alluvial zone beneath the waste pit (PSI-1 through PSI-5), and five in the deep
alluvial zone (PSD-1 through PSD-5).

SVE Offgas (Extraction Well Manifolds and Transfer Piping)

Soil vapor samples will be collected from the manifold piping from each of the three
contaminant zones. One manifold will comprise soil vapor from all deep extraction wells.
A second manifold will comprise soil vapor from all intermediate depth extraction wells.
The third manifold will comprise soil vapor from the waste pit extraction wells.

The combined soil vapor from all extraction wells will be sampled at the transfer piping
before entering the emissions control system.

Figure 3-1 presents a schematic of the SVE offgas sample locations.
Emissions Control

Samples will be collected from the stack gases prior to discharge to the atmosphere.

Data Collection Periods

Sampling of the various matrices will occur throughout the SVE treatability investigation.
To simplify the sampling and evaluation of the SVE treatability investigation objectives,
data collection has been separated into discreet sampling periods. Table 3-2 presents the
SVE treatability investigation objectives versus the sampling periods during which samples
will be collected.
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Soil
Soil sampling will be performed at three times during the SVE treatability investigation.

Pre-Operation. Pre-operation soil sampling will supplement data collected during the
Phase [ site characterization and establish baseline conditions existing in the soil before
operation of the SVE pilot plant.

Mid-Operation. Midway through the SVE treatability investigation, but following the
bioventing period (see below), the soil will be sampled again to help establish rates of
contaminant removal for certain parameters. Furthermore, the mid-operation sampling will
help establish baseline conditions existing before implementation of the SVE enhancements.

Post-Operation. Following termination of the SVE pilot plant operation, post-operation
soil samples will be collected for comparison to pre-operation and mid-operation samples.

Soil Gas, SVE Offgas, and Emissions Control

The SVE pilot plant operation will last approximately six months, excluding system moni-
toring before startup and after shutdown. For the purpose of soil gas, SVE offgas and
emissions control sampling, the treatability investigation will be separated into five compo-
nents or sampling periods.

Pre-Operation. The pre-operation period will be used to establish baseline conditions prior
to startup of the SVE pilot plant. Pre-operation sampling will last less than 4 weeks.

Initial Testing. After the SVE pilot system has been fully installed the SVE system will be
checked for safety and operational effectiveness. Initial testing will last approximately
1 week.

Startup. The system startup period will be used to optimize and fine tune each of the SVE
pilot plant components. System startup will last approximately 5 weeks.

Continued Operation. The continued operation period of the SVE treatability investigation
comprises the remainder of the pilot plant test. Adjustments to the SVE pilot system
components will continue to be made during continued operation to optimize system per-
formance and minimize the occurrence of dead zones in the vadose zone. Six to 8 weeks
into the continued operation period, the SVE system will be turned down to provide a low
vapor extraction rate (bioventing). The low flows will be maintained for a period of 4 to
6 weeks and biodegradation will be investigated. For the remainder of the continued opera-
tion period, the SVE enhancements will be implemented with the SVE flow rate turned
back up. The continued operation period will last approximately 20 weeks.
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Post-Operation. Post-operation sampling will be conducted to establish site conditions
following completion of the SVE pilot system operation. Post-operation sampling will last
less than 4 weeks.

Sample Analyses

Certain analyses will be performed on samples from the sample matrices discussed previ-
ously. Following is a brief summary of the analyses to be performed in support of the SVE
treatability investigation objectives. Table 3-3 presents the SVE weatability investigation
objectives versus the analytical methods to be performed.

Soil

Physical Properties. Certain soil samples will be analyzed for physical properties to
confirm lithology and identify physical characteristics of specific soil types found at Site S.
Twelve samples were analyzed for physical properties during the Phase I site characteriza-
tion. It is assumed the physical properties of the soil in the vadose zone, with the exception
of moisture content, will not change during the SVE treatability investigation, so no mid-
operation nor post-operation samples will be analyzed for physical properties other than
moisture content.

Total Petroleum Hydrocarbons (Modified Method 8015). Certain TPH compounds may
be removed from the soil by the SVE technology and extraction of VOCs may encourage
partitioning of TPH. Those TPH compounds remaining will be measured in the soil by the
TPH method.

Chemical Oxygen Demand (MOSA 29-3.5.3). Chemical oxygen demand (COD) in soil is
primarily a measure of the organic component of the TPH present and is an indication of
biodegradation potential. Some aromatic hydrocarbons, however, are not oxidized in the
COD test.

Moisture Content (MOSA 21-2.2). Moisture content will be measured to monitor the
suitability of the soil environment for microbial activity, and to determine if SVE induces
drying.

pH (MOSA 12-2.6). Soil pH will be measured to determine if the in situ pH is within the
optimal range for microbial activity.

Ammonia-Nitrogen (MOSA 33-3.2, EPA 350.3), Nitrate-Nitrogen (MOSA 33-3.2, EPA
300.0), and Orthophosphate-Phosphorus (MOSA 24-5.3, EPA 300.0). The inorganic
nutrients nitrogen and phosphorous are required for microbial growth. Consequently, these
nutrients will be measured in soils to determine if they are available in sufficient supply to
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support biodegradation, and to monitor changes in nutrient levels over time. The MOSA
methods are used to extract soil samples, and the EPA methods are used for extract
analysis.

Total Organic Carbon (EPA 415.1). Total organic carbon (TOC) data provide information
regarding how strongly contaminants adsorb to the soil particles. Eight samples were
analyzed for TOC during the Phase I site characterization investigation. No further TOC
analyses will be performed.

Microbiological Assay (DNAB). The population of microorganisms in the soil is impacted
by the quantity of organic matter in the soil, oxygen in the soil pores, temperature, and
various other factors. A microbiological assay in the soil provides a direct measure of
biological activity.

Soil Gas and SVE Offgas

Volatile Organic Compounds (Onsite GC). The onsite GC will provide a rapid and inex-
pensive means to quantify 17 targeted VOCs.

Volatile Organic Compounds (TO-14). Method TO-14 provides quantification of
41 VOCs compared to 17 VOCs with the onsite GC. Furthermore, Method TO-14 uses
mass spectroscopy and therefore provides a more positive identification of contaminants. It
will be used to provide supplementary information and as a quality control check of the
onsite GC results. Each TO-14 sample will be collected as a duplicate to an onsite GC
sample at a frequency of one TO-14 for every 20 onsite GC analyses performed per matrix
for duration of the project.

Total Nonmethane Hydrocarbons (TO-12). The onsite GC method uses PID and ECD
detectors to speciate 17 VOCs. These detectors cannot reliably quantify total nonmethane
hydrocarbons; therefore, an offsite analysis method to quantify total nonmethane hydrocar-
bons is required.

Oxygen, Carbon Dioxide, and Methane (Q,/CO, Meter, CH, Meter). These gases will
be measured in soil gas samples collected from piezometers to determine aeration status and
measure O, uptake and CO, production rates. A number of the commercially available
meters will be evaluated to select the appropriate models to meet project needs.

Relative Humidity (RH Meter). The relative humidity of soil gas samples collected from
piezometers will be measured to evaluate moisture levels and drying during the treatability
investigation.

Emissions Control

Emissions control samples will be analyzed for VOCs by onsite GC and Method TO-14,
and for total nonmethane hydrocarbons by Method TO-12. These analyses have been
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summarized previously. Emissions control samples will also be analyzed for hydrochloric
acid and dioxins. For control of the emissior control system, transfer piping offgas will be
monitored for oxygen and carbon dioxide.

Carbon Dioxide and Oxygen (In-Line Probe). Monitoring oxygen and carbon dioxide
concentrations in the offgas transfer piping will provide infonnation to aid in control of the
emission control process.

Hydrochloric Acid (Method 26). Chlorinated hydrocarbons will be converted to carbon
dioxide, water vapor, and hydrochloric acid (HCL) gas in the emission controls system.
Measurement of HCL is required to ensure compliance with discharge standards.

Dioxins (Method 23). Trace levels of dioxin congeners have been reported from thermal
incinerators in the past. Although the emission controls system operates at a much lower
temperature than thermal incinerators, the possibility still exists dioxin congeners could be
generated at low levels during oxidation.
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Objective (1): Quantify the Mass of Contaminants Removed During
Operation of the Pilot-Scale System

1.1 Data Needs

To quantify the mass of volatile organic contaminants removed during the operation of the
pilot-scale system, the following data are needed:

. Flow rate of extracted soil vapor
. Contaminant concentrations in the extracted soil vapor
. Time of operation and time between sampling events

1.2 Data Acquisition

It is expected the SVE pilot system will continue to withdraw contaminants from the vadose
zone throughout the SVE treatability investigation. The mass of volatile contaminants
removed can best be determined by monitoring the VOC and total nonmethane hydrocarbon
concentrations in the SVE offgas and recording the vapor extraction rates. SVE offgas
samples will be monitored throughout the initial testing, startup, and continued operation
periods of the treatability investigation. Samples will be collected at the extraction wells to
estimate removal rates from various depths and locations around the site.

Samples will also be collected from the three extraction well manifolds to determine con-
taminant removal rates from the waste pit, intermediate, and deep alluvial zones. Samples
of the combined offgas from the transfer piping will provide an overall quantification of
contaminant removal.

Flow rates of the SVE offgas will be measured during sampling events at the individual
well heads, the manifold system, and the transfer piping.

1.2.1 SVE Offgas (Vapor Extraction Wells)

The extraction wells will be sampled for VOCs and total nonmethane hydrocarbons during
the initial testing, startup, and continued operation periods.

1.2.1.1 Targeted VOCs (Onsite GC). Each of the 17 vapor extraction weills will be
sampled once a week during the initial testing and startup periods. After 6 weeks of opera-
tion it is estimated that the SVE wells will be analyzed once every 2 weeks and after
14 weeks the frequency is assumed to drop to once every 3 weeks. The rational for
reducing the sampling frequency is based on the assumption that SVE offgas concentrations
will decrease sharply over the first 3 to 4 months. This assumes that less samples will be
required to estimate the reduction of contaminants from each extraction well. If contami-
nant concentrations do not decrease as expected, samples will continue to be analyzed once
every 2 weeks.
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1.2.1.2 Offsite VOCs (TO-14). To provide QC checks, TO-14 analyses will be performed
at a rate of 1 for every 20 onsite GC analyses performed over the duration of the investiga-
tion. Each TO-14 sample will be collected in duplicate with an onsite GC targeted VOC
sample.

Samples will be analyzed during initial testing when the VOC concentrations are expected
to be highest, during startup, and several times during continued operations to confirm the
expected decline in contaminant concentrations. Samples representative of the waste pit and
intermediate and deep alluvial deposits should be collected to provide information concern-
ing contaminant levels at various depths. However, in general, more samples will be
analyzed in the waste pit zone and intermediate zone than the deep zone because of the
heavy concentration of contaminants there.

1.2.1.3 Total Nonmethane Hydrocarbons (TO-12). It is estimated one sample from each
extraction well during initial testing and one sample from each extraction well every
4 weeks thereafter will be sufficient to quantify the mass of contaminants removed from
each extraction well.

1.2.2 SVE Offgas (Extraction Well Manifolds and Transfer Piping)

The extraction well manifolds and transfer piping will be sampled for VOCs and total non-
methane hydrocarbons during the initial testing period, startup period, and continued
operation.

1.2.2.1 Targeted VOCs (Onsite GC). Each of the three vapor extraction well manifolds
and the transfer piping will be sampled more frequently during the first 3 to 4 months.
Over the duration of the project, the total number of samples is planned to average one
sample per week from each manifold and the transfer piping.

1.2.2.2 Offsite VOCs (TO-14). Data acquisition for VOCs is the same as presented in
Part 1.2.1.2.

1.2.2.3 Total Nonmethane Hydrocarbons (TO-12). An average of one sample from each
manifold and the transfer piping every 2 weeks will be sufficient to quantify the total non-
methane hydrocarbons removed from each contaminant zone.

1.3 Data Analysis and Interpretation

Following is a brief summary of the methods to be used for data analysis and interpretation
of the SVE offgas.

Contaminant removal rates will be determined by multiplying the measured concentrations
of each contaminant by the volumetric flow rate. The removal rates (pounds/hour) will be
plotted with respect to operational time of the pilot system. The removed mass of selected
VOCs will be calculated from the area under the respective curve.
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As with the individual VOC analyses, total nonmethane hydrocarbon removal rate will be
plotted with respect to operation time, and the mass removed calculated from the area under
the curve.

Measuring the vapor concentrations in the extracted vapors gives an idea of the effective-
ness of the system; however, a decrease in vapor concentrations is not necessarily strong
cvidence that soil concentrations have decreased. Decreases in vapor concentrations can
also be attributed to other phenomena, such as water table upwelling, increased mass
transfer resistance due to drying, diffusion-limited mass transfer flow from dead zones, or
leaks in the extraction system ("short-circuiting”) (Johnson et al., 1989). Monitoring of the
extraction well vapor composition as well as the concentration gives more insight into the
effectiveness of the system. If the total vapor concentration decreases without a change in
composition, then it is most likely due to one of the phenomena listed above. If the
decrease in concentration is accompanied by a shift in composition to less volatile com-
pounds, then it is most likely due to a change in the residual contaminant concentration.
DePaoli et al., (1989) has shown how the composition of the extracted soil gas changed
over the course of system operation. As the total volume of gas extracted increased, the
fraction of lighter-end components decreased while the fraction of heavier components
increased markedly. Lighter, more volatile constituents (such as butane and propane) are
removed first. As more vapor is removed, the heavier, less volatile constituents predomi-
nate due to the absence of the light fraction.

The SVE offgas from the transfer piping will be sampled at a higher frequency during the
first 3 to 4 months in order to provide an accurate estimate of the total VOC extraction
rate. Several researchers have shown that the rate of VOC extraction is high initially, but
decreases with time. This decrease may signal the transfer to a diffusion limited system. In
other words, the saturated vapors present in the soil at system startup are quickly removed.
Removal of contaminants thereafter may be diffusion-limited. Since diffusion rates are
slower than advection, removal rates drop with time of continuous operation.

There is a possibility, however, that air entering Site S will not decrease sharply in concen-
tration if there is a significant mass of contamination in the surrounding waste sites. Air
flowing to Site S will pass through these sites before reaching Site S. Some contaminants
will be transferred from these other sites to the vapor stream extracted by the Site S SVE
system. Air entering Site S could remain at concentrations greater than approximately
1,250 ppm and volatilization of contaminants from Site S could plateau. This could result
in residual concentrations in excess of preliminary remediation goals after the proposed
operating period. If residual concentrations remain high, then the effect and success of the
SVE treatability investigation will be measured more in terms of total mass of VOCs
removed during the test. Contingency measures will be developed to further reduce zones
of high residual contamination. These measures could include extending the period of
operation, or installing additional extraction and injection wells in other sites surrounding
Site S.
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Objective (2): Evaluate the Reduction of Specific Contaminants
in the Waste Pit and Alluvial Deposits

2.1 Data Needs

To evaluate the reduction of specific contaminants, the following data are needed:

. Physical properties for the vadose zone and pit materials
. Contaminant concentrations in the extracted soil vapor
. TPH concentrations in the soil samples

2.2 Data Acquisition

To evaluate the reduction of specific contaminants in the waste pit and alluvial deposits,
soil gas, SVE offgas at the extraction wells and extraction well manifolds, and the soil will
be sampled.

Soil gas samples will be collected and analyzed throughout the five periods of the SVE
treatability investigation. SVE offgas samples will be monitored throughout the initial
testing, startup, and continued operation periods of the treatability investigation. Samples
will be collected at the extraction wells to estimate the reduction of contaminants at various
depths and locations around the site. Samples will also be collected from the three extrac-
tion well manifolds to determine the reduction of contaminants in the waste pit, intermedi-
ate, and deep alluvial zones.

Soil samples will be collected from various locations within the vadose zone during the pre-
operation, and post-operation sampling periods.

2.2.1 Soil Gas

Soil gas samples will be analyzed for VOCs and total nonmethane hydrocarbons.

2.2.1.1 Targeted VOCs (Onsite GC). Each of the 14 piezometers will be sampled once
prior to initial testing of the SVE system. This will provide baseline data of initial soil gas
concentrations from each of the targeted zones in the waste pit, intermediate alluvial, and
deep alluvial zones. During initial testing and startup (6 weeks total), one sample will be
collected from each piezometer every 2 weeks. During continued SVE operation, piezom-
eters will be sampled approximately once every 3 weeks to provide data on percent
reduction of contaminants and to modify SVE system flows and vacuums to minimize the
occurrence of "dead zones.” After SVE operation has been discontinued, the piezometers
will be sampled approximately twice to estimate the overall percent reduction of
contaminants in the soil gas from each piezometer.
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2.2.1.2 Offsite Vs (TO-14). Data acquisition for VOCs is the same as presented in
Part 1.2.1.2. In adaiuon, samples will be analyzed during pre-operation to assess baseline
contaminant concentrations.

2.2.1.3 Total Nonmethane Hydrocarbons (TO-12). It is estimated that one sample from
each piezometer prior to startup and one sample every 4 weeks thereafter will be sufficient
to evaluate the percent reduction of total nonmethane hydrocarbons in the soil gas.

2.2.2 SVE Offgas (Vapor Extraction Wells)

Extraction well offgas will be analyzed for VOCs and total nonmethane hydrocarbons.

2.2.2.1 Targeted VOCs (Onsite GC). Data acquisition for VOCs is the same as presented
in Part 1.2.1.1.

2.2.2.2 Offsite VOCs (TO-14). Data acquisition for VOCs is the same as presented in
Part 1.2.1.2.

2.2.2.3 Total Nonmethane Hydrocarbons (TO-12). Data acquisition for total nonmethane
hydrocarbons is the same as presented in Part 1.2.1.3.

2.2.3 SVE Offgas (Extraction Well Manifolds)

Extraction well manifolds will be monitored for VOCs and total nonmethane hydrocarbons.

2.2.3.1 Targeted VOCs (Onsite GGC). Data acquisition for VOCs is the same as presented
in Part 1.2.2.1.

2.2.3.2 Offsite VOCs (TO-14). Data acquisition for VOCs is the same as presented in
Part 1.2.1.2.

2.2.3.3 Total Nonmethane Hydrocarbons (TQ-12). Data acquisition for nonmethane
hydrocarbons is the same as presented in Part 1.2.2.3.

2.2.4 Soil

The soil at Site S will be sampled for physical properties and TPH in the waste pit and
intermediate alluvium during the pre-operation period. Sufficient deep alluvium data have
been collected during the Phase I site characterization. Samples from all three zones will
be analyzed for TPH during the post-operation soil investigation.

2.2.4.1 Physical Properties. Ten pre-operation soil samples will be analyzed for physical

properties in the waste pit and intermediate alluvium. Half the samples will be collected in
the waste pit and half in the intermediate alluvial zone.
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2.2.4.2 Total Petroleum Hydrocarbons (Modified Method 8015). Twenty samples will
be analyzed for TPH during the pre-operation and 31 samples during the post-operation soil
investigation.

2.3 Data Analysis and Interpretation

Following is a brief summary of the methods to be used for data analysis and interpretation
of the soil gas, SVE offgas and soil analytical data.

2.3.1 Soil Gas

The percent reduction for various target analytes will be calculated in a manner similar to
that for the SVE offgas samples as presented below. In addition to calculating overall per-
cent reduction in contaminants, the soil gas data will be used to assess the operational
aspects of the pilot study (i.e., identification of "dead" zones) as discussed in Section 5.

2.3.2 SVE Offgas

The reduction of the target analytes in each subsurface zone will be determined by
comparing the measured concentrations at various times during the project such as initial
system startup, startup of hot air injection, and completion of SVE operation.

2.3.3 Soil

Soil samples will be collected from pre-operation and post-operation soil borings and
analyzed for TPH. Average contaminant masses will be determined for each period by
multiplying the average measured concentration by the volume of contaminated soil and the
average density of the soil. The product of these quantities equals the mass of contaminants
present at each sampling period. The difference between the calculated masses gives an
indication of the mass of TPH removed.

Alternatively, consideration will be given to determining contaminant mass by dividing the
site test area into subareas corresponding to the spatial locations of the soil borings. Simi-
larly, the vertical influence distance for each sample would be determined by adding haif
the distance to the overlying sample and half the distance to the underlying sample. The
"contributing"” soil volume for each sample is determined by multiplying this distance by the
corresponding surface subarea for each boring. Multiplying this volume by the soil density
and the measured contaminani concentration results in a more detailed estimate of the con-
taminant mass. Comparison of the calculated masses for each sampling event gives a
measure of mass of TPH removed.

Because of the inherent heterogeneity of the subsurface materials and the previously demon-
strated variability in contaminant concentrations measured in the Phase [ soil borings, it is
possible that meaningful comparisons based on soil analyses may not be achievable. How-
ever, an attempt will be made to correlate the data.
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Objective (3): Evaluate the Benefits of Hot Air Injection
As an Enhancement to SVE in the Waste Pit

SVE systems physically remove contaminants from the vadose zone. Enhancement of SVE
by hot air injection should increase the physical removal of organic contaminants by
increasing their vapor pressures. The effects of hot air injection on contaminant biodegrada-
tion may initially include increased biodegradation rates due to elevated temperatures.
However, in the long run, this positive effect on biodegradation will likely be offset by
negative impacts resulting from die-off of microorganisms in the immediate vicinity of the
injection wells because of extremely high temperatures, microbial species shifts as tempera-
tures increase farther from the injection wells, and depletion of soil moisture levels because
of increased evaporation rates. SVE enhancements will be performed only in the waste pit
because this area contains the greatest amount of contamination. Some consequential
removal of contaminants from the upper intermediate alluvial zone may occur as a result of
the hot air injection system.

3.1 Data Needs

To quantify the benefits of hot air injection as an enhancement to SVE in the waste pit, the
following data are needed:

. In situ oxygen uptake and carbon dioxide production

J Contaminant concentrations in the soil gas and SVE offgas
. Soil gas oxygen and carbon dioxide concentrations

. Soil gas temperature and relative humidity

. SVE offgas oxygen and carbon dioxide concentrations

. Soil TPH and COD

. Soil nutrients (nitrogen and phosphorus), moisture content, pH, and
temperature
. Microbiological counts in the soil

3.2 Data Acquisition

The effectiveness of SVE enhancements by physical means can be determined by monitor-
ing the contaminant concentrations in the soil gas and SVE offgas in conjunction with the
temperature changes in the soil mass. The impact of the SVE enhancements on biological
degradation rates can be evaluated by monitoring the soil gas and SVE offgas for oxygen
and carbon dioxide concentrations and assessing biological respiration rates. and by
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performing biological assays on soil samples. Also, to determine whether other factors are
limiting the biological degradation of contaminants, nutrient, moisture, and pH analyses will
be conducted on soil samples.

Soil gas samples will be collected during the pre-operation, continued operation, and post-
operation periods. SVE offgas samples will be collected throughout the pilot plant opera-
tion. These data will provide a means of comparing SVE performance (physical removal)
with and without SVE enhancements. The oxygen, carbon dioxide, and OUR data will
provide a means of comparing biological degradation with and without SVE enhancements.

Soil samples will be collected during the pre-operation, mid-operation, and post-operation
sampling periods. Samples will be analyzed for TPH, COD, nutrients, moisture, and pH.
Microbiological assays will also be performed. Soil temperature changes will be determined
by thermocouples placed at various locations and depths in the waste pit and intermediate
alluvial zone.

3.2.1 Soil Gas

Soil gas will be analyzed for VOCs, total nonmethane hydrocarbons, oxygen, and carbon
dioxide.

3.2.1.1 Targeted VOCs (Onsite GC). The eight waste pit or intermediate zone piezom-
eters will be sampled approximately once during pre-operation and once every 3 weeks
during initial testing, startup, and continued operation to provide data on SVE enhancements
and biodegradation. After the hot air injection system is started up, the soil gas samples
will also provide data on changes in VOC concentrations in the waste pit and the intermedi-
ate zone to evaluate the benefits of the hot air injection system. After the hot air injection
system has been shut down, the 8 pit and intermediate piezometers will be sampled twice to
allow evaluation of the impact of the hot air injection system on enhanced VOC removal.

3.2.1.2 Offsite VOCs (TO-14). Data acquisition for VOCs is the same as presented in
Part 1.2.1.2 with the exception that samples will also be analyzed during pre-operation to
assess baseline conditions. Samples will only be collected from the waste pit and interme-
diate alluvium piezometers.

3.2.1.3 Total Nonmethane Hydrocarbons (TO-12). Prior to startup of the hot air
injection system and during the continued operation period, total nonmethane hydrocarbon
samples will be collected from each of the eight waste pit or intermediate alluvial zone
piezometers. This will provide a baseline concentration of total nonmethane hydrocarbons.
During pre-operation, one round of sampling will be conducted. During operation of the
hot air injection system, total nonmethane hydrocarbon samples will be obtained approxi-
mately every 4 weeks to evaluate the effectiveness of the hot air injection system for
enhanced hydrocarbon removal and to assist in evaluating the degree of biodegradation.
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3.2.1.4 Carbon Dioxide and Oxygen (Meter). CO, and O, analyses and OUR tests will
be conducted once every 3 weeks during operation of SVE with enhancements.

3.2.1.5 Temperature and Relative Humidity (Meters). Temperature and relative humid-
ity will be monitored once for each OUR test conducted.

3.2.2 SVE Offgas (Vapor Extraction Wells)

Extraction wells will be sampled for VOCs and total nonmethane hydrocarbons.

3.2.2.1 Targeted VOCs (Onsite GC). The 12 waste pit and intermediate zone SVE wells
will be sampled approximately once a week during the initial testing and startup phase of
operation. After 6 weeks of operation it is planned that the SVE wells will be analyzed
every 2 weeks and after 14 weeks the frequency is assumed to drop to once every 3 weeks.
During the first two weeks of operation of the hot air injection system, waste pit SVE wells
will be sampled twice per week. After 2 weeks of operation it is planned that the frequency
will be reduced to once per week and after 6 weeks the frequency will drop back to once
every 2 weeks. This sampling frequency is estimated to be adequate to evaluate the bene-
fits of the hot air injection system on enhanced removal of VOCs from the waste pit.

3.2.2.2 Offsite VOCs (TO-14). Data acquisition for VOCs is the same as presented in
Part 1.2.1.2, However, samples will be collected predominately from the waste pit since the
intermediate alluvial zone will be marginally impacted, and the alluvial zone will not be
impacted by hot air injection.

3.2.2.3 Total Nonmethane Hydrocarbons (TO-12). Data acquisition for total nonmethane
hydrocarbons is the same as presented in Part 1.2.1.3. However, only the waste pit and
intermediate alluvium wells will be sampled.

3.2.3 SVE Offgas (Extraction Well Manifolds)

Extraction well manifolds will be sampled for VOCs, total nonmethane hydrocarbons,
carbon dioxide, and oxygen.

3.2.3.1 Targeted VOCs (Onsite GC). The combined offgas from each of the waste pit
and intermediate alluvial zone manifolds will be sampled an average of approximately three
times every 2 weeks. Sampling will increase to twice per week for the first 4 to 6 weeks of
operation of the hot air injection system.

3.2.3.2 Offsite VOCs (TO-14). Data acquisition for VOCs is the same as presented in
Part 3.2.2.2.

3.2.3.3 Total Hydrocarbons (TO-12). Prior to startup of the hot air injection system, total

nonmethane hydrocarbon samples will be collected twice from the waste pit and intermedi-
ate alluvium manifolds. This will provide a baseline concentration of total nonmethane
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hydrocarbons. During operation of the hot air injection system, total nonmethane hydrocar-
bon samples will be obtained approximately once every 2 weeks to evaluate the effective-
ness of the hot air injection system for enhanced hydrocarbon removal and to assist in
evaluating the degree of biodegradation.

3.2.3.4 Oxygen and Carbon Dioxide (Meter). O, and CO, will be monitored once every
2 weeks in the waste pit and intermediate alluvium extraction well manifolds.

3.2.4 Soil

Soil samples will be collected in the waste pit and intermediate alluvium during the pre-
operation, mid-operation, and post-operation soil investigations. Soil samples will be
analyzed for TPH, COD, moisture, pH, and nutrients. Microbiological assays will also be
performed in support of this objective.

3.2.4.1 Moisture Content (MOSA 21-2.2). Approximately 20 samples will be collected
and analyzed during each of the three soil investigation periods. Most samples will be
collected from the waste pit because this area contains the heaviest contamination and is
likely to support the greatest biological activity. Furthermore, this is the area targeted by
hot air injection.

3.2.4.2 Microbiological Assay (DNAB). Twenty samples will be collected during each of
the three soil investigations (12 in the pit, 8 in the intermediate zone) to provide a cross-
section of biological populations in the waste pit and intermediate alluvium.

3.243 pH (MOSA 12-2.6). Data acquisition for pH is the same as presented in
Part 3.2.4.1.

3.24.4 Ammonia Nitrogen (MOSA 33-3.2, EPA 350.3), Nitrate Nitrogen (MOSA 33-
3.2, EPA 300.0), Ortho-Phosphorus (MOSA 24-5.3, EPA 300.0). Data acquisition is the
same as presented in Part 3.2.4.1.

3.2.4.5 Total Petroleum Hydrocarbons (Modified Method 8015). Data acquisition is the
same as presented in Part 3.2.4.1.

3.24.6 Chemical Oxygen Demand (MOSA 29-3.5.3). Data acquisition is the same as
presented in Part 3.2.4.1.

3.3 Data Analysis and Interpretation

Following is a brief summary of the methods to be used for data analysis and interpretation
of soil gas, SVE offgas, and soil analytical data.

CVOR279/001.51 3-22




3.3.1 Soil Gas

Contaminant concentrations will be determined and analyzed in a manner similar to that
discussed in Part 3.3.2. Oxygen uptake rates will be determined as presented in Part 5.3.1.

3.3.2 SVE Offgas

Contaminant concentrations and removal rates during hot air injection will be compared
with those determined just prior to initiation of hot air injection. The change in concentra-
tions and removal rate (if any) will be indicative of the increased volatilization caused by
hot air injection.

Interpretation of SVE offgas data for O, and CU, in the manifolds is the same as that
presented in Part 5.3.2.

3.3.3 Soil

Interpretation of COD, TPH, nutrient, moisture, and pH data is the same as that presented in
Part 5.3.3.

The microbiological assays will be performed to determine if significant changes in micro-
btal numbers/biomass occur during the study. During hot air enhancement of SVE, the
viable biomass may increase, decrease, or remain unchanged, as a result of spatial variations
in temperature increases. Nevertheless, because of the imprecision associated with quantifi-
cation of soil microorganisms, statistically significant changes between sampling events may
not be discernible.
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Objective (4): Evaluate Vadose Zone Transport Processes to Identify
Major Mechanisms Controlling Contaminant Migration and
Document The Reasons for Discounting Other Migration Mechanisms

4.1 Data Needs

To evaluate the vadose zone transport processes, the following data are needed:

. Physical properties of vadose zone soils
. Contaminant types and concentrations

4.2 Data Acquisition

Soil and soil gas sampling in support of the vadose zone transport evaluation will be
conducted only before and after operation of the SVE pilot plant.

VOC:s in the soil gas (piezometers) will be measured before and after operation of the SVE
pilot investigation to approximate the degree of diffusion of contaminants radially and verti-
cally from Site S.

4.2.1 Soil Gas

The soil gas from each of the 14 piezometers will be monitored for VOCs.

4.2.1.1 Targeted VOCs (Onsite GC). Data acquisition for VOCs is the same as presented
in Part 2.2.1.1. However, only samples taken during pre-operation and post-operation will
be used to evaluate this objective.

4.2.1.2 Offsite VOCs (TO-14). TO-14 analyses will be performed at a rate of 1 for every
20 onsite GC analyses performed over the duration of the investigation. Each TO-14
sample will be collected in duplicate with an onsite GC sample. Samples will be collected
during pre-operation as a baseline measure of contamination. No post-operation samples
will be analyzed for VOCs by TO-14.

4.2.2 Soil

Samples will be collected and analyzed for physical properties only during installation of
pre-operation borings. Samples will be analyzed for TPH both before and after operation of
the SVE pilot system. Total organic carbon samples will only be collected from the post-
operation borings. Physical properties, TOC, and TPH data from the Phase I investigation
will also be used in the evaluation.

4.2.2.1 Physical Properties. Data acquisition for physical properties is the same as pre-
sented in Part 2.2.4.1.
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4.2.2.2 Total Petroleum Hydrocarbons (Modified Method 8015). Data acquisition for
total petroleum hydrocarbons is the same as presented in Part 2.2.4.2. Several of the deep
post-operation samples will be collected close to the water table to provide information
regarding partitioning of contaminants into an aqueous phase.

4.2.2.3 Total Organic Carbon (EPA 415.1). A total of 22 TOC analyses will be
conducted during the post-operation soil investigation. No further pre-operation TOC
analyses will be conducted, since those collected during the Phase I site characterization
will be adequate to evaluate this objective.

4.3 Data Analysis and Interpretation

Four processes have been identified that could result in significant transport of contaminants
to the groundwater. The initial step in the evaluation will be to determine appropriate equa-
tions and simplified models to describe the individual transport processes. A discussion of
the anticipated approach to analyzing each of the processes is presented below.

J Rise of the regional groundwater levels and the resultant mobilization of
contaminants. This process could cause migration of contaminants from the
vadose zone to the aquifer if the current groundwater extraction system is
inoperative. The analysis will be performed using typical approaches of
saturated-zone solute transport affected by dispersion and retardation. Appro-
priate assumptions regarding the groundwater levels at Operable Unit (OU) D
will be made, such as the groundwater level rising to the level prior to imple-
mentation of the groundwater extraction system.

. Radial diffusion of gas-phase contaminants beyond the capped area followed
by volatilization to the atmosphere and/or downward leaching and advection
to the water table in uncapped areas. This analysis will be based on typical
diffusion coefficients that control the movement of contaminants. Typically,
transport by gas diffusion is nearly independent of the properties of the
porous media assuming that there is a continuous pathway for gas in the
vadose zone. In other words, there are no areas or zones where the pore
spaces are completely filled with water so the gas diffusion pathway is
blocked. The process of downward advection in areas beyond the cap will
be evaluated using VLEACH or a similar program that includes the processes
of steady unsaturated flow of soil water, downward gas diffusion, three-phase
partitioning and retardation.

. Density movement of gas phase contaminants. At high gas concentrations,
some contaminants can move in response to density variations. The gas
concentrations measured in the vadose zone will be evaluated in order to
determine if density driven gas flow is a significant process at OU D. If so,
then appropriate equations (e.g., Mendoza and Frind, 1990) will be employed
to estimate the flow of gas.
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Unsaturated advection and gaseous diffusion downward to the groundwater in
areas beneath the cap. These processes are typically dominant in an
uncapped area but because OU D is now capped, it is assumed that advection
by water moving downward in the vadose zone is negligible. However,
downward diffusion of gases could cause some transport of contaminants.
Although it is believed that the mass transport by this mechanism will be
small, the impact of this process will be evaluated using VLEACH or a
similar program.
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Objective (5): Evaluate the Degree of Biodegradation

SVE systems physically remove volatile contaminants from the vadose zone. However, in
situ biodegradation of contaminants is recognized as an important secondary removal
mechanism in SVE systems, especially for less volatile contaminants. Recent innovations
with SVE technology have focused on enhancing the in situ biodegradation of contaminants
(particularly hydrocarbons) while minimizing their physical removal. Potential advantages of
this modification include reduced equipment size, soil vapor extraction rates, energy, and
offgas treatment costs. Most hydrocarbons can be biodegraded by indigenous microorgan-
isms. However, microbial growth is often limited by oxygen availability. Thus, to maxi-
mize in situ biodegradation of hydrocarbons and minimize their physical removal, extraction
flow rates are reduced to the minimum required to maintain aerobic conditions throughout
the vadose zone. SVE systems operating in this mode are called bioventing systems.

The contaminant mass at Site S consists of both chlorinated and nonchlorinated hydrocar-
bons. Very little biodegradation of chlorinated hydrocarbons is expected to occur. Most
chlorinated hydrocarbons are relatively volatile and will be removed with the offgas. The
biodegradation evaluation will focus primarily on nonchlorinated hydrocarbons.

5.1 Data Needs

The following data will be collected to evaluate biodegradation and environmental
conditions:

. In situ oxygen uptake and carbon dioxide production rates

. Soil gas oxygen, carbon dioxide, and methane concentrations

. Soil gas temperature and relative humidity

. SVE offgas oxygen and carbon dioxide concentrations

. Soil Total Petroleum Hydrocarbons (TPH) and Chemical Oxygen Demand
(COD)

. Soil nutrients (nitrogen and phosphorus), moisture content, and pH

. Soil microbiological assays

Sampling and analysis will focus on the waste pit and intermediate alluvial zones because
they contain the heaviest contamination.
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5.2 Data Acquisition

Quantifying the mass of contaminants physically removed with an SVE system is readily
accomplished through sampling the offgas. Quantifying the mass of contaminants biode-
graded in situ is more difficult and is done indirectly. This subsection lists the data
required to estimate biodegradation rates as well as monitor the environmental conditions
that may limit microbial growth.

5.2.1 Soil Gas

The soil gas will be monitored only in the five waste pit and three intermediate alluvium
piezometers in support of this objective.

5.2.1.1 Carbon Dioxide and Oxygen (Meter). During the pre-operation period in situ
concentrations of oxygen and carbon dioxide will be measured in the waste pit and interme-
diate alluvium piezometers. Prior studies have suggested that the waste pit and intermediate
alluvium are anoxic; these measurements will confirm whether anoxic conditions prevail.

Measuring oxygen uptake and carbon dioxide production is a common method of assessing
the rate of biodegradation. Oxygen uptake rates (OURs, also called in situ soil respiration
rates) will be measured in each piezometer in both the waste pit and intermediate alluvial
zones. The OUR measurement procedure is presented in Section 5.

After approximately 12 to 14 weeks of SVE operation, the soil vapor pumping rates are
planned to be reduced to levels more compatible with bioventing operation for a period of
4 to 6 weeks. During this period, oxygen and carbon dioxide concentrations will be moni-
tored weekly and OURs will be measured every other week.

OUR measurements for each pit and intermediate piezometer will be conducted once during
initial testing (week 1), three times during startup (weeks 2, 4, and 6), twice during opera-
tion of SVE before bioventing (weeks 8 and 11), and approximately three times during
bioventing (weeks 14, 16, and 18). In addition, oxygen and carbon dioxide tests will be
conducted on odd weeks during bioventing.

5.2.1.2 Methane (Meter). During the pre-operation period, data acquisition for methane
will be the same as presented in Part 5.2.1.1.

5.2.1.3 Temperature and Relative Humidity (Meters). Data acquisition is the same as
presented in Part 3.2.1.5.

5.2.2 SVE Offgas (Extraction Well Manifolds)

Offgas will be measured for oxygen and carbon dioxide every other week in the waste pit
and intermediate alluvial zone SVE manifolds. [f the first several samples do not reveal
any discernable difference from atmospheric oxygen and/or carbon dioxide concentrations,
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these analyses will be discontinued. Even if SVE offgas O,/CO, analysis is discontinued
during the SVE phase, it will be resumed, on a weekly basis, after reducing pumping rates
to bioventing levels. Flow rates in each manifold will be measured each time an SVE
offgas manifold sample is measured or another sample taken.

5.2.3 Soil

Soil samples will be collected in the waste pit and intermediate alluvium during the pre-
operation, mid-operation, and post-operation soil investigations. Each sample collected will
be analyzed using the methods presented below.

5.2.3.1 Total Petroleum Hydrocarbons (Modified Method 8015). Data acquisition is the
same as presented in Part 3.2.4.1.

5.2.3.2 Chemical Oxygen Demand (MOSA 29-3.5.3). Data acquisition for COD is the
same as presented in Part 3.2.4.1.

5.2.3.3 Moisture Content (MOSA 21-2.2). Data acquisition is the same as presented in
Part 3.2.4.1.

5.2.3.4 pH (MOSA 12-2.6). Data acquisition is the same as presented in Part 3.2.4.1.

5.2.3.5 Ammonia Nitrogen (MOSA 33-3.2, EPA 350.2), Nitrate Nitrogen
(MOSA 33-3.2, EPA 300.0), Ortho-Phosphorus (MOSA 24-5.3, EPA 300.0). Data acqui-
sition is the same as presented in Part 3.2.4.1.

5.2.3.6 Microbiological Assay (DNAB). Data acquisition for the microbiological assay is
the same as presented in Part 3.2.4.2.

5.3 Data Analysis and Interpretation

This section describes how the data will be used to assess the amount of contaminant mass
biologically degraded and the suitability of environmental conditions for microbial activity.

5.3.1 Soil Gas

The purpose of conducting in situ soil gas measurements of oxygen, carbon dioxide, and
methane prior to starting SVE is to verify that low oxygen or anoxic conditions exist in the
vadose zone. Such a situation would suggest that microbial growth and contaminant bio-
degradation are constrained by low oxygen availability, and that provision of oxygen to the
subsurface environment might stimulate biodegradation of hydrocarbons.
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Oxygen uptake with corresponding carbon dioxide production is an indirect indication of
aerobic respiration (biodegradation) of organic compounds by hetcrotrophic microorgan-
isms. Thus, oxygen uptake/carbon dioxide production rates are directly r:'ated to biodegra-
dation rates. Elevated OURs indicate biodegradation of organic contamu o'..5.

Oxygen uptake can be related to contaminant biodegradation theoretically using the
stoichiometry of oxidation of a representative contaminant compound, or empirically using
a measured ratio of contaminants to oxygen demand. In the first case, a theoretical oxygen
demand (TOD) is used to estimate the mass of oxygen used in biodegrading a unit mass of
contaminant, such as is shown for hexane below:

CHy, + 9.5 O, —--> 6 CO, + 7 H,0

According to this equation, 3.5 grams of oxygen are required for each gram of hexane bio-
degraded. (A similar relationship can be developed between carbon dioxide production and
hydrocarbon degradation.) The mass of hydrocarbon biodegraded can be estimated from the
measured OURs using this relationship as illustrated below:

Example Calculation Oxygen Uptake Rate Data Conversion

Assume 1 liter of soil (2.65 kgs) with a 50 percent porosity and 50 percent saturation.
Also assume the oxygen concentration in the soil has decreased from 20 percent to
5 percent during a 24-hour OUR study.

. Volume of air = 1 x 0.5 x 0.5 = 0.25 liters
J Volume of oxygen = 0.25 x (20% - 5%) = 0.0375 L oxygen/day
. Mass of 0.0375 liters of oxygen = 53 mg

. (53 mg of oxygen uptake/day) x (0.283 mg hydrocarbon/mg oxygen) =
15 mg/day of hydrocarbon biodegraded

. (15 mg/day of hydrocarbon)/2.65 kg of soil = 5.7 mg/kg/day of hydro-
carbon biodegraded

Typical values of hydrocarbon degradation in the field range from 5 to 30 mg of hydrocar-
bon per kg of soil per day.

The empirical approach to estimating biodegradation is exactly the same except that the
average TPH/COD ratio measured in soil samples from the appropriate area is used in lieu
of the stoichiometry-based hydrocarbon/TOD relationship. These types of calculations will
be used to estimate the mass of contaminants removed via biodegradation. Plots of OUR
versus time will be developed for each piezometer tested to evaluate changes in biodegrada-
tion rates over the course of the study.
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Data obtained by CH2M HILL and by others indicate that oxygen utilization rates typically
range form 0.0001 to 0.01 percent oxygen utilized per minute in contaminated soils. At
0.01 percent oxygen per minute, most of the available oxygen would be utilized in one
day. The purpose of measuring OURs after 1 week of SVE is to ensure that the oxygen is
being utilized by the soil microbial community. If the oxygen were not depleted after a few
days, it could suggest some other limitation to microbial growth.

The initial oxygen concentrations measured at the beginning of each OUR study will be
examined to verify that aerobic conditions are being maintained throughout the treatment
zone. This should not be a problem during the period employing SVE pumping rates (the
first 3 months of the piloting program). After reducing pumping to bioventing rates,
however, the oxygen levels in soil gas may decrease. The goal of bioventing is to minimize
the extraction of soil vapor while enhancing biodegradation. Thus flow rates are adjusted to
the minimum level which aerates the soil. Ideally, the oxygen concentration in each
piezometer will be between 15 percent and 19 percent.

Biodegradation rates are strongly dependent on temperature and moisture content. Soil gas
temperature will be monitored and compared to OURs. Relative humidity will be moni-
tored to deiermine if vapor extraction causes significant drying of the vadose zone.

5.3.2 SVE Offgas

The oxygen and carbon dioxide concentrations measured at the offgas manifolds will be
used, if possible, to estimate contaminant biodegradation in a manner analogous to the OUR
data. During steady state extraction conditions, a reduction in oxygen concentration
compared to the atmospheric concentration (21 percent) would be interpreted to indicate
microbial respiration/biodegradation. A corresponding increase in carbon dioxide concentra-
tion relative to the atmospheric level (0.5 percent) would support this interpretation. If
variations from atmospheric levels are detectable, the mass of oxygen utilized will be calcu-
lated and used to estimate the mass of hydrocarbon biodegraded. Because the treatment area
is capped, pumping will likely pull gas in from surrounding soils; consequently, it will be
impossible to discern the location that any measured biodegradation takes place from this
analysis—only that it has occurred. The high rates of pumping used during the SVE investi-
gation may mask any changes in O,/CO, beyond the discrimination capacity of the analyti-
cal method. However, changes may be distinguishable during the period of reduced
pumping rates (bioventing).

5.3.3 Soil

The TPH analyses will yield information on the change in hydrocarbon concentrations over
time due to both physical and biological removal mechanisms. Moreover, the soil TPH and
COD data will be used to develop empirical relationships between hydrocarbon mass and
oxygen demand, which will be applied in the evaluation of O,/CO, data in soil gas and SVE
offgas, as described above.
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Nitrogen and phosphorous are required nutrients for microbial growth, and biological degra-
dation of organics can be limited by the availability of either nutrient. Nitrogen and phos-
phorous are the nutrients which are most often limiting, although other inorganic nutrients
can be limiting in certain situations. However, in many natural soil systems, required nutri-
ents are available in sufficient supply to support microbial metabolism, and the terminal
electron acceptor (oxygen, in the case of aerobic respiration) is usually the rate-limiting
requirement. Furthermore, nutrient addition can be costly compared to supplying oxygen.
The soil nutrient data will be examined to determine the likelihood of nutrient limitation
and to determine if nutrient depletion occurs during the study.

Moisture is essential to any microbial community. Currently, the soil is very moist.
Because of the cap, little infiltration is expected into the soil, and SVE tends to dry the
soil. However, air will tend to be humidified as it is pulled through soil adjacent to the
treatment zone (because of the cap), and significant drying may not occur over the duration
of the pilot program. The soil moisture data will be evaluated to determine if drying occurs
and to assess whether long-term SVE/bioventing would be likely to cause sufficient mois-
ture loss to inhibit microbial growth.

The microbial assays will be performed to determine if significant changes in microbial
numbers/biomass occur during the study. It can be logically assumed that if contaminant
biodegradation is stimulated in the treatment zone by the SVE/bioventing process that the
biomass of microorganisms capable of degrading those contaminants will increase. Unfortu-
nately, precise quantification of the biomass of a specific group of microorganisms in a soil
matrix is difficult at best. Because of the imprecision associated with soil microbial quanti-
fication techniques, statistically significant increases may not be observed.
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Objective (6): Assess Whether Preferential Removal of Contaminants
From Different Strata is Occurring During SVE

6.1 Data Needs

Assessment of whether preferential removal of contaminants is occurring by SVE at Site S,
OU D, will allow comparison of lithology to other sites basewide and determination of
whether SVE may be an effective remedial technology for application at those sites. To
assess whether preferential removal of contaminants is occurring from different strata, the
following data are needed:

. Physical properties and location and extent of the vadose zone and pit
materials

. Concentration of contaminants in the various strata

. Concentrations of contaminants in the soil vapor

6.2 Data Acquisition

The reduction of contaminants in different strata will be evaluated by monitoring the soil
gas for VOCs and total nonmethane hydrocarbons. In most cases the piezometer screens
are not located within homogeneous soil strata. Instead, it is typical that variable thin
material stratifications occur throughout the screened interval. This may preclude complete
assessment of Objective (6). Soil gas samples will be collected and analyzed throughout the
SVE treatability investigation.

Comparison of TPH concentrations before and after the SVE treatability investigation may
provide information regarding which strata have a tendency to exhibit preferential removal
of TPH. Consequently, soil samples will be collected from various strata within the vadose
zone and analyzed for TPH before, during, and after the SVE pilot plant operation.

Several pre-operation soil samples will be analyzed for physical characteristics in the waste
pit and intermediate alluvial deposits to confirm lithology. These data along with those
collected during Phase I should provide sufficient lithologic data to be used throughout the
project.

6.2.1 Soil Gas

The soil gas in the piezometers will be sampled for VOCs and total nonmethane hydrocar-
bons throughout the SVE treatability investigation.

6.2.1.1 Targeted VOCs (Onsite GC). Data acquisition for VOCs is the same as presented
in Part 2.2.1.1.
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6.2.1.2 Offsite VOCs (TO-14). Data acquisition for VOCs is the same as presented in
Part 1.2.1.2.

6.2.1.3 Total Nonmethane Hydrocarbons (TO-12). Data acquisition for total nonmethane
hydrocarbons is the same as presented in Part 2.2.1.3.

6.2.2 Soil

The soil at Site S will be sampled for physical properties and TPH as a part of the SVE
investigation. Samples will be collected and analyzed for TPH and physical properties in
the waste pit and intermediate alluvium during the pre-operation investigation. Sufficient
deep alluvium data have been collected during the Phase I site characterization. Samples
from all three zones will be analyzed for TPH during the post-operation soil investigation.

6.2.2.1 Physical Properties. Data acquisition for physical properties is the same as
presented in Part 2.2.4.1.

Total Petroleumm Hydrocarbons (Modified Method 8015). Data acquisition for total
petroleum hydrocarbons is the same as presented in Part 2.2.4.2.

6.3 Data Analysis and Interpretation

Following is a summary of the methods to be used for data analysis and interpretation for
soil gas and soil analytical data.

It is likely that preferential removal of VOCs will not occur due to the heterogeneous nature
of the subsurface materials and the nonuniform distribution of contaminants. The Phase [
soil borings indicated that the waste pit is comprised of miscellaneous fill, debris, and vari-
ous contaminants. The air permeability tests in the waste pit indicated the presence of
zones of very low permeability material adjacent to medium to high permeability materials.
Likewise, the native materials below the pit are comprised of heterogeneous mixtures of
fine sand, silt, and clay. Considerable variation in material types was observed within indi-
vidual split-spoon samples during the field investigation.

6.3.1 Soil Gas

The ability to evaluate preferential removal of contaminants is dependent on the nature of
the subsurface materials that the piezometers are screened in. If reasonable uniformity can
be assumed in several piezometers with different materials, then those installations may be
useable to evaluate preferential removal of VOCs from the various soil zones. However,
the variability of material adjacent to piezometers will affect contaminant removal rate. For
example, a piezometer screened in a large silt zone may show much less contaminant
removal than a similar installation located in a thin silt zone surrounded by a sand layer.
The difference in removal mass and rate will be influenced more by the overall stratigraphy
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than the particular material in which the screen is located. During the pilot study it will be
impossible to accurately quantify adjacent contributing stratigraphic factors.

Analysis and interpretation for soil gas data is the same as presented in Part 2.3.1.

6.3.2 Soil

Analysis and interpretation for soil data is the same as presented in Part 2.3.3.
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Objective (7): Evaluate Performance of the SVE Offgas Emissions
Control System

7.1 Data Needs

To evaluate the performance of the SVE offgas emission control syster1, the following data
are needed:

. Type and concentration of contaminants entering the emission control system.
. Type and concentration of contaminants exiting the emission control system.
. Flow rate through the emission control system.

. Operating temperature and pressure of the emission control system.

. Sufficient data to assure compliance of the SVE offgas emission control

system with air emission ARARs. A list of applicable ARARs is presented
in Appendix P.

7.2 Data Acquisition

Analytical data for emission control system process monitoring will be collected from the
SVE offgas transfer piping before to the incinerator and from the emission control system
stack during the initial testing, startup, and continued operations periods.

7.2.1 SVE Offgas (Transfer Piping) and Emissions Control

7.2.1.1 Targeted VOCs (Onsite GC). The combined SVE otfgas entering the emission
controls system and discharge from the stack will be monitored daily during initial testing,
once a week during startup, and once every 2 weeks during the continued operation phase.
This sampling strategy will provide sufficient data to venfy compliance with discharge
limits and to calculate the destruction removal efficiency for specific VOCs of concern.

7.2.1.2 Offsite VOCs (TO-14). TO-14 analyses will be performed at a rate 6f 1 f r every
20 onsite GC analyses performed over the duration of the treatability investigation. Each
TO-14 sample will be collected in duplicate with an onsite GC sample. One emissions
control sample and one transfer piping sample will be collected during the startup period.
This period will correspond with the period when the maximum mass removal is occurring.

7.2.1.3 Total Hydrocarbons (TO-12). The combined SVE offgas entering the emission
controls system and the discharge from the stack will be sampled for total nonmetnane
hydrocarbons approximately three times during initial testing, once per week during startup,
and approximately once every 2 weeks during the continued operation phase. The total
nonmethane hydrocarbon data at this frequency will provide sufficient data to calculate
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destruction removal efficiency of total nonmethane hydrocarbons and quantify the total
discharge of nonmethane hydrocarbons from the system.

7.2.1.4 Hydrochloric Acid (HCL—Method 26). Chlorinated hydrocarbons will be con-
verted to carbon dioxide, water vapor, and hydrochloric acid (HCL) gas in the emission
controls system. Measurement of HCL is required to ensure compliance with discharge
standards. Discharge from the stack will be sampled once during initial testing, once every
3 weeks during startup, and approximately once a month during the continued operation
phase. As VOC concentrations decrease, HCL concentrations will also decline; therefore, if
limits are met during the startup phase, they should be met during continued operation, and
sampling intervals will be adjusted accordingly.

7.2.1.5 Dioxins (Method 23). Trace levels of dioxin congeners have been reported from
thermal incinerators in the past. Although the catalytic oxidation emission controls system
operates at a much lower temperature than thermal incinerators, the possibility still exists
that dioxin congeners could be generated at low levels during oxidation. Therefore, the
stack will be sampled for dioxin congeners once during initial testing, once every 3 weeks
during startup, and approximately once a month during the continued operation phase.

7.2.1.6 Carbon Dioxide and Oxygen (Meters). The SVE offgas (transfer piping) will be
monitored in conjunction with other soil gas, SVE offgas, or emission control sampling to
aid in process control of the emission control system.

7.3 Data Analysis and Interpretation

Following is a brief summary of the methods to be used for data analysis and interpretation
of SVE offgas (transfer piping) and emissions control analytical data.

7.3.1 SVE Offgas (Transfer Piping) and Emissions Control

Comparison of contaminant concentrations for samples taken from the transfer piping and
the stack will yield information for assessment of contaminant destruction efficiencies and
achievemen* of air emissions ARARs.

Concentrations of VOCs, total nonmethane hydrocarbons, HCl, and dioxin measured in the
stack samples will be monitored to ensure compliance with the regulatory discharge
standards. Process flow rates and/or combustion temperature will be varied as necessary to
conform with the regulatory discharge requirements.
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Objective (8): Evaluate the Applicability of SVE to OU D and Collect
Sufficient Operational Data to Support the Detailed Analysis of SVE as
A Remedial Action Alternative in the Feasibility Study for OU D

8.1 Data Needs

Evaluation of the above objective requires completion of the SVE treatability investigation
and overall assessment of how well the SVE technology performed at Site S, OU D. The
data needs are similar to those previously discussed for Objectives (1) through (7).

8.2 Data Acquisition

Data will be collected from soil, soil gas, SVE offgas, and emission control system over the
duration of Phases II and III of the SVE treatability investigation as discussed for the
previous objectives.

Summaries of the sampling required to support all objectives of the SVE treatability investi-
gation are presented in Tables 5-6 (soil), 5-10 (soil gas), and 5-11 (SVE offgas and emis-
sions control).

8.3 Data Analysis and Interpretation

The applicability of SVE to remove VOCs at OU D will be determined by evaluating the
degree to which the other goals and objectives were achieved. SVE will be judged to be
applicable to the remediation of OU D and qualify as a remedial action alternative in the
feasibility study (FS), provided that:

. A large mass of contaminants is removed and successfully treated or a signi-
ficant reduction in the target contaminants is achieved

. Soil gas movement represents a major mechanism contributing to areal
contamination

. Emission control system (stack) discharge limits and ARARs are achieved

. The SVE technology is accepted by the community and regulatory agencies
as a feasible remedial technology

The effect of hot air enhancement and the amount of biodegradation will be considered as
important but "secondary” factors in evaluating the applicability of SVE at OU D and the
assessment of SVE as a FS alternative. Lack of significant contaminant removal directly
attributable to hot air injection or biodegradation will not be considered as fatal tlaws in the
assessment of the overall performance of SVE.
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Further criteria for evaluating the applicability of SVE to OU D are those set forth in the
Guide for Conducting Treatability Studies Under CERCLA: Soil Vapor Extraction, Interim
Guidance, EPA, September 1991. These are similar criteria that will be considered during
the OU D Feasibility Study. The evaluation criteria are:

Overall protection of human health and environment
Compliance with ARARs

Long-term effectiveness and permanence

Reduction of toxicity, mobility, or volume through treatment
Short-term effectiveness

Implementability

Cost

e e & & & o o
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Objective (9): Assess General Applicability of SVE at Other ‘
McClellan AFB Sites’

9.1 Data Needs

The data needs to achieve this objective are the same as presented in Part 8.1.
9.2 Data Acquisition

The data acquisition required to achieve this objective is presented in Part 8.2.
9.3 Data Analysis and Interpretation

The applicability of SVE to other McClellan AFB sites will be based on analysis of the
performance at Site S and comparison of the nature and extent of contamination. The
nature and extent of contamination must be determined at each proposed site and compared
to that at Site S. The presence of VOCs as contaminants of concern at a site combined
with the reduction of target analytes at Site S will be useful in determining the potential
effectiveness of SVE at other McClellan AFB sites. This objective will be evaluated in
considerably more detail during the feasibility studies being conducted for the respective
OUs at McClellan AFB.
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Section 4
Experimental Design and Procedures

The work items covered under this work plan are divided into two phases. Phase II
includes installation and soil sampling of additional vapor extraction wells to be used as a
part of the SVE treatability investigation, and installation of other SVE process equipment.
Phase III comprises the operation and sampling of the SVE system and includes installation
of mid- and post-operation soil borings for evaluation of the effectiveness of the SVE tech-
nology.

Cap Penetration

All soil borings will be located within the area of the existing multilayer cap. The cap
consists of 24 inches of silty sand/sandy silt cover material overlying a 40-mil high-density
polyethylene (HDPE) synthetic membrane. The membrane is underlain by 18 inches of
low-permeability soil (clay), which in turn is underlain by 6 inches of granular drain mate-
rial and a variable thickness of site grading material. Waste sampling ports consisting of
5-foot-long segments of 5-foot-diameter reinforced concrete pipe were installed through the
cap during the original cap construction to facilitate future sampling of the contaminated
materials. One new soil boring will be installed through existing sampling port WSP-SB.
Other borings will require new penetrations directly through the multilayer cap. Cap pene-
tration and sealing procedures are discussed below. These procedures are the same for all
wells.

At the conclusion of the Phase II and III investigation, the wells will be left intact for use
during site remediation, assuming that soil vapor extraction is selected for such remediation.
If soil vapor extraction is not implemented at Site S after the pilot-scale testing is complete,
then the wells and piezometers should be abandoned in accordance with applicable regula-
tory requirements. Such procedures typically require that the well or piezometer be fully
grouted in place.

Penetrations Through Existing Sampling Ports

During Phase I, the sampling port was filled with compacted, noncontaminated, low-
permeability material similar to that placed in the original multilayer cap. One well will be
constructed through the backfilled sampling port. Figure 4-1 depicts a sampling port after
well construction.

Penetration Through Multilayer Cap

Figure 4-2 depicts a cross-section through the existing multilayer cap and schematically

illustrates the procedure for penetrating and resealing the multilayer cap at locations other
than the existing waste sampling ports.
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The existing cover material will be carefully hand excavated down tc the HDPE liner at
each new boring location. The excavation will be large enough to cut a circular hole in the
liner 6 inches larger than the outside diameter of the largest drill to be used. After the
initial section of drill auger is positioned within the hole in the liner, the remainder of the
hole will be temporarily backfilled to allow the drill cuttings to be deposited at the ground
surface for removal. The boring will then be advanced to the desired depth and the well
constructed.

After installation of the well screen, the remainder of the boring will be filled with a ben-
tonite seal and cement/bentonite grout up to the HDPE liner. For hot air injection wells the
remainder of the boring will be filled with a neat cement with plasticizer. Prior to placing
a slip boot, the exposed surface of the HDPE liner will be brushed clean of soil. Once the
grout has cured, the cover material will be re-excavated to expose the HDPE liner. A
60-mil-thick HDPE slip boot will be placed over the well casing. The slip boot will be
sized such that the collar of the slip boot will overlap the circular cut in the HDPE liner by
at least 4 inches all around. The slip boot will be bonded to the liner using the extrusion
welding process. The slip boot collar will be clamped to the well casing with a stainless
steel hose clamp.

Once the slip boot has been satisfactorily prepared, a soil/bentonite mixture will be moisture
conditioned and placed in the excavation in maximum 6-inch-thick lifts and compacted with
at least six passes of the manually operated pneumatic compactor, taking care not to damage
the neck of the slip boot that is attached to the casing pipe. Compaction will be to 90 per-
cent relative compaction as defined in ASTM Method D1557. The material will consist of
a mixture of silty sand/sandy silt and bentonite. This mixture will be proportioned as one
part bentonite to four parts soil prior to placement. At least 12 inches of the compacted
soil/bentonite mixture will be placed over the slip boot. The remaining portion of the hand
excavation will be backfilled with compacted cover material from the initial excavation.
The cover material will be compacted similar to the soil/bentonite mixture. The finish
surface of the compacted cover material will be sloped away from the well or piezometer
casing to minimize the potential for rainwater to infiltrate around the piezometer or well
installation.

Pilot Plant Installation

Installation of the SVE pilot plant includes installation of vapor extraction wells, hot air
injection system, and other SVE process equipment.

The pilot-scale SVE system is planned to include up to 15 new wells. The field program
will include six new wells in the waste pit, four new deep wells, and five new intermediate
depth wells. Two of the existing Phase I wells will be incorporated into the pilot system.
The hot air injection system will include four injection wells and six temperature wells to
be installed part way through the pilot treatability investigation.
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Figure 4-3 presents the locations of the wells to be installed for the SVE treatability investi-
gation.

SVE System

New wells will be installed in drilled borings using hollow stem augers, and construction
will be similar to that used for the Phase I site characterization wells with the following
changes:

. Well centralizers will be used.

. A fine sand bridging zone will be placed between the sand pack and the
"holeplug" or bentonite seal.

. Penetrations through the existing HDPE liner will be repaired by fusion-
welding a HDPE boot to the existing liner. The top of the boot will he
sealed to the well casing with a stainless steel hose clamp.

Deep Wells

Borings for the deep wells will be drilled to groundwater. Well VES-O1 was installec
during the site characterization study and will be used as a deep well in the pilot test. It is
identified as Well PSD-1 on Figure 4 3.

All deep wells will be constructed with 4-inch-diameter Schedule 40 polyvinyl chloride
(PVC) and screened from approximately 40 feet in depth below grade level to 5 feet above
the groundwater table (approximately at 100-foot depth). Details of the deep well installa-
tion are shown on Figure 4-4.

Intermediate Wells

The intermediate wells wili target the low permeability, low flow, and high concentration
zone beneath the pit with selective well screens to enhance the probability of significant
VOC reduction. The intermediate wells will be located within 5 feet of the deep wells.
The intermediate borings will not be logged in detail because of their proximity to the deep
wells.

The intermediate depth wells wiil be constructed with 4-inch-diameter Scheaule 40 PVC

and screened in the lower permeability matenal between 27 and 40 feet below grade.
Details of the intermediate well installation are shown on Figure 4-5.
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Waste Pit Wells

The pit borings will be drilled through the pit materials to native soil to verify the depth of
the bottom of the pit. The borehole will then be backfilled with bentonite to 1 foot above
the bottom of the pit before the well is constructed. The pit wells will be 4-inch-diameter
Schedule 40 PVC and screened within the pit from about 3 feet below the fill to about
1 foot above the bottom of the pit (approximately 15 to 26 feet below grade). Details of
the waste pit well installation are shown on Figure 4-6.

Existing Well VES-08 was installed during the site characterization study and will be used
as a pit well during the pilot test.

Manifold Piping and Blowers

Three manifold systems will be provided to draw contaminated vapor from the soil; one
system will transmit flow from the deep wells, another from the iniermediate wells, and a
third from the waste pit wells. The pit and intermediate zone manifolds will join together
prior to entering the pit/intermediate zone air/water separator. The manifolds have been
sized to accommodate a flow of 300 standard cubic feet per minute (scfm) from each deep
extraction well, 120 scfm from each pit extraction well, and 30 scfm from each intermediate
extraction well. This provides approximately 50 percent additional flow capacity over the
anticipated design flows from each well.

Two skid-mounted 40-horsepower (hp) vacuum pumps rated at 900 scfm each at 2 inches of
mercury (Hg) (measured at the extraction wells) will be installed for the deep extraction
well system. Three 50-hp, 500-scfm skid-mounted pumps operating at approximately
14 inches of Hg at the wel's will be required for tlie combined pit and intermediate extrac-
tion well systems. For the majority of the tiine, only one pump will be required for the
deep system and two pumps for the pit and intermediate system. The additional pumps will
be available for high flow periods and to provide adequate system redundancy.

Air/Water Separators

A 3-foot-diameter, 6-inch tangentia. entry, 1,000-scfm air/water separator with a demister
and high level shutdown will be installed in-line prior to the blowers on the combined pit
and intermediate extraction well manifold. A 4-foot-diameter, 8-inch tangential entry,
2,000-scfm unit will be installed on tlic deep extraction well system. The air/water separa-
tors will remove entrained moisture from the SVE offgas. Water level will be measured
with a sight glass. Water will be removed from the separator as required and transported to
the Groundwater Treatment Plant (GWTP) for treatment. The high level shutdown switch
will activate the controller to shut down all process equipment with the exception of the
catalytic oxidation system if water levels exceed a preset level.
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Hot Air Injection System Construction

A hot air injection system will be installed midway through the SVE treatability investiga-
tion to evaluate the impact of this enhancement on the SVE technology. The system will
include a 50-hp, 300 scfm, rotary vane, positive displacement blower to heat and pressurize
the injection air. The heat of compression of the blower in conjunction with a
supplementary 15-kW immersion heater is capable of heating the air to approximately
300°F at 12 psi. The blower will be equipped with an inlet air filter/silencer. Discharge
from the blower will be transferred through an above ground insulated carbon steel piping
manifold and distributed to four carbon steel injection wells screened in the waste pit.

The temperature of the soil will be monitored through a network of thermocouples installed
in six temperature wells around the site. Temperature wells are described below.

Injection Wells

The locations of the four hot air injection wells are shown on Figure 4-3. The locations
were selected along the axis of waste pit and are enveloped by the waste pit extraction
wells to prevent offsite migration of contaminants. A schematic of a hot air injection well
is shown on Figure 4-7. The injection wells will be drilled into the intermediate alluvial
zone to allow soil sampling as a part of the mid-operation soil investigation. Borings will
be grouted with cement/bentonite grout to approximately 1 foot above the bottom of the
waste pit.

After the grout has set, the 2-inch-diameter carbon steel well will be installed. The well
will be screened in the pit ! stween approximately 2 feet below the top of the pit and 1 foot
above the bottom of u.. _... A l-to 2-foot-thick sand bridge will be installed at the top of
the screen. The well casing will be grouted between the sand bridge and the HDPE liner
using neat cement containing a plasticizer. This will reduce the impact of the high tempera-
ture on the integrity of the grout and casing seal.

Temperature Wells

The temperature distributi