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Acronyms and Abbreviations

ARAR
BaP
BCT
BRA
BRAC
BTEX
CERCLA

CFR
COC
COPC
CVOC
DCA
DCE
DCE
DDD
DDE
DDMT
DDT
DLA
DNAPL
EE/CA
ELCR
EPA
oF
FFA
FR
FS
ft
FU
gpm
GRA
HHRA
HI
HRS
I-II-ID
IC-LTM
IW
LDR
LF
v.g/kg
v.g/L

Applicable or relevant and appropriate requirement
Benzo(a)pyrene
BRAC Cleanup Team
Baseline risk assessment
Base Realignment and Closure
Benzene, toluene, ethyl benzene, and xylenes
Comprehensive Environmental Response, Compensation, and Liability
Act
Code of Federal Regulations
Chemical of concern
Chemical of potential concern
Chlorinated volatile organic compound
Dichloroethane
Dichloroethene
Dichloroethene
Dichlorodiphenyldichloroethane
1,1,1 -Dichloro-2,2-bis(4-chlorophenyl)ethylene
Defense Depot Memphis, Tennessee
Dichlorodlphenyltrichloroethane
Defense Logxstlcs Agency
Dense non-aqueous phase liquid
Engineering Evaluation/Cost Analysis
Excess lifetime cancer risk
U.S. Environmental Protection Agency
Degrees Fahrenheit
Federal Facilihes Agreement
Federal Register
Feasibility Study
Feet
Functional unit
Gallons per minute
General Response Action
Human Health Risk Assessment
Hazard index
Hazard Ranking System
High temperature thermal desorption
Institutional Controls with Long-term Monitoring
Inside worker
Land disposal restriction
Linear feet
Micrograms per kilogram
Micrograms per liter
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MCL
MCLG
MDL
mg/kg
mg/L
MNA
msl
MW
NaOH
NAPL
NCP
NPDES
NPL
O&M
OSHA
OU
OW
PAH
PRB
PCA
PCB
PCE
PCP
ppm
RAO
RBC
RBCA
RCRA
RD
RE
RGO
RI/FS
ROD
SDWA
SS
SVOC
1,1,2,2-PCA
1,1,2-TCA
TCDD
TCDF
TCE
TCLP
TDEC
TDS
TM
TMV
TSCA

Maximum contaminant level
Maximum contaminant level goal
Maximum detection limit
Milligrams per kilogram
Milligrams per liter
Monitored natural attenuation
Mean sea level
Monitoring well
Sodium Hydroxide
Non-aqueous phase liquid
National Oll and Hazardous Substances Pollution Contingency Plan
National Pollutant Discharge Elimination System
National Priorities List
Operation and maintenance
Occupational Safety and Health Administration
Operable umt
Outside worker
Polycyclic aromatic hydrocarbon
Permeable Reactive Barrier
Tetrachloroethane
Polychlorinated biphenyl
Tetrachloroethylene
Pentachlorophenol
Parts per million
Remedial action objective
Risk-based concentration
Risk-based Corrective Action
Resource Conservation and Recovery Act
Remedial design
Resident
Remedial goal option
Remedial mvestigatlon/feaslbility study
Record of Decision
Safe Dnnking Water Act
Surface soil
Semivolatile organic compound
1,1,2,2-Tetrachloroethane
1,1,2-Tetracholorethane
Tetrachlorodibenzo-p-dioxin
Tetrachlorodibenzofuran
Trichloroethene
Toxicity characteristic leaching procedure
Tennessee Department of Environment and Conservation
Total dissolved solids
Technical memorandum
Toxicity, mobility, or volume
Toxic Substances Control Act
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UIC
USC
VC
VOC
ZVI

Underground injechon control
United States Code
Vinyl chloride
Volatile organic compound
Zero-Valent Iron
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1.0 Introduction

The Memphis Depot (formerly known as the Defense Distribution Depot Memphis,
Tennessee and referred to in this report as the Depot) is in southeastern Memphis,
Tennessee (Figure 1-1). The Depot originated as a military facility in the early 1940s. Its
initial mission and function was to provide stock control, materiel storage, and maintenance
services for the U.S. Army (Memphis Depot Caretaker, 1998). The Depot was placed in 1995
on the list of Department of Defense (DoD) facilities to be closed under Base Realignment
and Closure (BRAC). Storage and distribution of materiel for all U.S. military services and
some civd agencies continued until the Depot closed in September 1997.

On October 14, 1992, the Depot was placed on the National Priorities List (NPL) by the
U.S. Environmental Protection Agency (EPA), bringing the facility within the Superfund
program. As a result of its status as an NPL site, the Depot entered into a Federal Facilities
Agreement (FFA) on March 6, 1995. The signatories to that agreement, the Defense Logistics
Agency (DLA), EPA, and the Tennessee Department of Environment and Conservation
(TDEC), agreed that investigatmg and remediating all applicable sites at the Depot would
proceed under the Comprehensive Environmental Response, Compensation, and Liability
Act (CERCLA), i.e., Remedial Investigation/Feasibility Study (RI/FS), proposed plan,
Record of Decision (ROD), Remedial Design (RD), and Remedial Action (RA).

As part of the Depot’s environmental cleanup program, an RI/FS is bemg conducted at
Dunn Field. Surface and subsurface soil, sediment, intermittent surface water, and
groundwater were investigated at Dunn Field, which is located adjacent to and north of the
Depot’s Mam Installation (MI). The RI/FS process at Dunn Field will provide sufficient
information regarding the environmental impacts from former hazardous materials disposal
activities to identify appropriate cleanup alternatives.

1.1 Purpose of This Feasibility Study
This FS represents an important step in the evaluation of a CERCLA site and selection of a
remedial action. To put this report in context, the following describes the CERCLA process
used to evaluate the Depot and to select a remedy to resolve environmental contarmnation.

¯ Since 1995, a series of investigations have been conducted at Dunn Field to obtain
samples of surface and subsurface soil, sediment, groundwater, and intermittent surface
water to assess the nature of contamination that exists at Dunn Field, and to define the
horizontal and vertical extent of contamination in each medium. The Remedial
Investigation (RI) report (CH2M HILL, July 2002) summarizes and interprets the results
of the investigations at Dunn Field.

¯ As part of the RI, a Baseline Risk Assessment (BRA) was prepared to assess the
potential risks to human health and the environment represented by contarmnants at the
site. The BRA incorporates conservative assumptions regarding exposure of affected
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individuals under various land use scenarios. The findings of the BRA are included in
the RI report.

This Feasibility Study (FS) develops and presents a range of remedial alternatives 
address the contaminants identified in the RI and evaluates the probable performance of
each alternative in comparison to a set of criteria established by the EPA. This FS is
intended to present an unbiased and non-judgmental evaluation of the candidate
remedial alternatives. In some cases, additional environmental data are collected or
reassessed during the preparation of the FS in order to understand the applicability of a
particular remedial technology, or to identify a better way to remediate a particular area
of contamination.

¯ Following publication of the FS, the cognizant regulatory (EPA and TDEC) and lead
agencies for the Depot (DLA) will evaluate the remedies presented in the FS. 
Proposed Plan will then be prepared documenting the remedy(ies) proposed by those
agencies and the rationale for the selection of the proposed remedy(ies). The Proposed
Plan may "pick and choose" among the evaluated alternatives for various locations and
media at Dunn Field. The Proposed Plan will be presented to the City of Memphis
community and the public, who will be offered the opportunity to comment on the
proposed remedy(ies).

¯ After public comments on the proposed remedy(ies) from the Proposed Plan are
received, regulatory and lead agencies will take all comments into consideration, re-
evaluate their selection of the proposed remedy(ies) for Dunn Field, and publish 
Record of Decision (ROD) documenting the final remedy(ies) selected for Dunn Field.
The Responsiveness Summary of the ROD includes all the public comments, as well as
responses to each. The remedy(ies) documented in the ROD will then be implemented 
Duma Field through the RD and RA phases.

To facilitate the investigation of this relatively large and complex site, the Depot was
divided into two areas: the Main Installation (/vii) and Duma Field. The MI RI/FS has been
conducted and the final reports are part of the Administrative Record. The results are
discussed in the Memphis Depot Main Installation Remedial Investigation Report (CH2M HILL,
January 2000), Memphis Depot Mare Installation Groundwater Feasibility Study Report
(CH2M HILL, July 2000), and Memphis Depot Main Installation Soil Feasibility Study Report
(CH2M HILL, July 2000)¯ The Memphis Depot Main Installation Proposed Plan (CH2M HILL,

¯ July 2000) was presented to the public in August 2000 and the Memphis Depot Main
Installation Record ofDeczsion (CH2M HILL, September 2001) was completed and signed 
DLA and TDEC in February 2001. EPA signed the MI ROD in September 2001. The Memphis
Depot Main Installation Remedial Design Workplan (CH2M HILL, July 2002) has been
approved by EPA and TDEC, and the RD is currently underway at the MI.

Duma Field is a 64-acre rectangular area that joins the MI on the north, across Dunn Avenue,
and has been designated Operable Unit (OU) 1. This Dunn Field Feasibility Study presents a
range of remedial alternatives to address the nature and extent of contamination, and the
risk present by the identified contaminants in the RI. This FS focuses on the Duma Field area
of the Depot. The report was prepared in accordance with published guidance for
conducting an FS under CERCLA (EPA, 1988).

SECTION 1 (REV 1) DOC 1-2
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1.2 Report Organization
The FS report develops and evaluates a list of remedial action alternatives that could be

implemented for soil and groundwater beneath the Dunn Field portion of the Depot.

This report contains eight sections and appendices. Since this FS addresses two matrices

(soil and groundwater) under complex conditions, the detailed analysis was divided into
three sections. The report is organized as follows:

¯ Section I provides the purpose and scope of the document, background information

about the Dunn Field, a summary of the nature and extent of contamination, fate and
transport, the baseline risk assessment, and justification for use of a presumptive
remedy at the site.

¯ Section 2 presents the remedial action objectives (RAOs) for soil and groundwater,
defines general response actions (GRAs), and describes the technologies that may 
applicable to remedmate soil and groundwater.

¯ Section 3 combines applicable technologies into alternatives, and then evaluates and
screens the alternatives accorchng to the criteria of effectiveness, implementability, and

cost.

¯ Section 4 presents the approach for the detailed analysis process for alternatives that

passed the screening steps in Section 3.

¯ Section 5 presents a detailed analysis of the merits of the disposal sites alternatives that
passed the screening steps in Section 3.

¯ Section 6 presents a detailed analysis of the merits of the presumptive remedy for VOC-
contaminated soil.

¯ Section 7 presents a detailed analysis of the merits of the groundwater alternatives that
passed the screening steps in Section 3.

¯ Section 8 provides the references cited.

¯ Appendix A presents technical information from the Dunn Field RI Report (CH2M
HILL, July 2002).

¯ Appendix B presents the EPA report documenting the results of an FS analysis for

subsurface softs contaminated with VOCs. This report justifies the use of SVE as the
presumptive remedy.

¯ Appendix C presents the Soil Vapor Extraction (SVE) Treatability Study Technical
Memorandum.

¯ Appendix D presents cost estimates for remedial actions.

¯ Appendix E presents contaminant mass calculations for VOCs in soils.

¯ Appendix F presents piping and instrumentation diagram (P&ID) drawings for the SVE
treatment system.

SECTION 1 (REV 1) DOC 1~3
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1.3 Site Background and History

1.3.1 Facility Description
The Depot, located in Memphis, Tennessee (Figure 1-1), consists of approximately 642 acres
and includes the MI, which includes open storage areas, warehouses, military family
housing, and outdoor recreational areas, and Dunn Field, which includes former mineral
storage and former waste disposal areas. The major features of the Depot are shown in
Figure 1-2. The Depot lies approximately 5 miles east of the Mississippi River and just
northeast of the Interstate 240-Interstate 55 junction in the south-central portion of
Memphis, approximately 4 miles southeast of the central business district and one mile
northwest of Memphis International Airport (Figure 1-1). Airways Boulevard borders the
MI portion of the Depot on the east and provides primary access to the MI. Dunn Avenue,
Ball Road, and Perry Road serve as the northern, southern, and western boundaries of the
MI, respectively.

Dunn Field, comprising 64 acres of undeveloped land, is immediately adjacent, across Dunn
Avenue, to the north-northwest portion of the MI. Dunn Field is bounded by the Illinois
Central Gulf Railroad and Person Avenue to the north, Hays Road to the east, and Dunn
Avenue to the south. Dunn Field is partially bounded to the west by: (1) Kyle Street; (2)
Memphis Light Gas and Water (MLGW) powerline corridor (which bisects Dunn Field); 
undeveloped property; and (4) a commercial trucking facility (Figure 1-2).

For purposes of the completing the RI and BRA, Dunn Field was divided into three separate
areas: Northeast Open Area, Disposal Area, and Stockpile Area (Figure 1-3). The original
field sampling plans (FSPs) for the Dunn Field RI outlined the investigation of each specffic
site but, after review of geophysical survey and soil gas survey data, dehneatlon of each site
for a focussed investigation was deemed not practicable from the perspective of cost
effective project management (Final Field Sampling Plan for OU 1 Addendum [I], CH2M HILL,
March 1999). The geophysical investigation and passive soil gas survey indicated that soil
contamination and disposed items within Dunn Field did not, in all cases, correspond to
boundaries of known or suspected burial sites. Over much of Dunn Field, the Final FSP
Addendum for OU1 shifted the field investigation from the site-specific basis of the original
FSPs to an approach that consolidated individual sites into areas of similar contamination.
These areas are defined below and summarized in Table 1-1.

Northeast Open Area - The Northeast Open Area (approximately 20 acres) consists 
the grassy area with a number of interspersed mature trees in the northeast quadrant of
Dunn Field containing Areas G and H identified in the OU 1 FSP Addendum [I] (see
Figure 1-5). Table 1-2 describes the seven sites located within the Northeast Open Area.
The Memphis Depot Redevelopment Plan (The Pathfinders, et al., 1997) identified this area
as future public open space for recreational purposes.

Disposal Area - The Disposal Area (approximately 14 acres) consists of the pits and
trenches in the northwestern quadrant of Dural Field, and corresponds to Areas A
through F identified in the OU 1 FSP Addendum [I] (see Figure 1-6). This area
encompasses 25 sites, described in Table 1-2. Historical information concerning the
location of the disposal sites is included in Dunn Field RI Report (CH2M, July 2002).
The anticipated land use within this area is light industrial (The Pathfinders, et al., 1997).
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Stockpile Area - The Stockpile Area (approximately 30 acres) encompasses the former
bauxite and fluorspar storage and burial areas in the eastern and southwestern portions
of Dunn Field (see Figure 1-7). Table 1-2 describes sites located in this area. The
anticipated land use within this area is also light industrial (The Pathfinders, et al., 1997).

Most of the Dunn Field surface is unpaved. Specifically, about two-thrrds of the area is
grassed, and the remaining area is covered with crushed rock and paved surfaces. Dunn
Field was used for bulk mineral storage (bauxite and fluorspar) and waste disposal. Based
on information obtained from Depot records and interviews with former Depot military
personnel, ordnance and explosives (OE) and chemical warfare materiel (CWM) disposal
occurred at Dunn Field, in addition to the hazardous and nonhazardous material disposal.
(DE and CWM disposal generally consisted of detonating or burning of such waste
materials. A CWM removal action was conducted in 2000 and 2001.

1.3.2 Site History
The Depot originated in the early 1940s. Its mitial mission was to provide stock control,
storage, and maintenance services for the Army Engineer, Chemical, and Quartermaster
Corps (Memphis Depot Caretaker, 1998). During World War II, the facility served as 
internment center for 800 prisoners of war and performed supply missions for the Signal
and Ordnance Corps. From 1963 until closure in September 1997, the facility served as a
major field installation for the DLA for shipping and receiving a variety of materials (U.S.
Army Toxic and Hazardous Materials Agency [USATHAMA], 1982).

The Depot received, warehoused, and distributed supplies common to all U.S. military
services and some civil agencies located primarily in the southeastern United States, Puerto
Rico, and Panama. Stocked items included food, clothing, electronic equipment, petroleum
products, construction materials, and industrial, medical, and general supplies.
Approximately 4 million line items were received and shipped by the Depot annually; total
shipments amounted to about 107,000 tons of goods per year. In-stock inventory at the
facility was worth more than $1 billion. The Depot employed approximately 1,486 civilians
and 9 military personnel; its annual payroll was $41 million (Law Environmental, 1990a).
The Depot was officially activated on January 26, 1942, as the Memphis General Depot.
Since that time, the Depot mission and function has been related to the receipt, storage, and
distribution of various commodities to the Armed Forces and civilian agencies, when
required 0dSATHAMA, 1982).

Disposal activities at Dunn Field began in July 1946 when 29 mustard-filled German bomb
casings were destroyed and buried (Sites 24-A and 24-B). Three railcars were identified 
containmg leaking munitions and were transferred to the Memphis General Depot for
proper handling. A total of twenty-four 500-kilogram (kg) and five 250-kg bombs were
destroyed 0dSACE, 1995). After draining and destruction operations were completed, all
mustard-contaminated items (wood, clothmg, etc.) were placed into the slurry pit and
burned.

During the early to mid-1950s, Chemical Agent Identification Sets (CAIS) were allegedly
disposed of and buried at Dural Field at Site I in the Disposal Area portion of Dunn Field.
The CAIS allegedly contained small glass ampoules of diluted mustard, lewisite (a vesicant
chemical agent), chioropicrin, and phosgene, which were stored in sealed cylindrical metal
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containers (PIGS). CAIS stocks found to be leaking or broken during periodic inspection
were reportedly buried at Dunn Field (USATHAMA, 1982). The damaged CAIS may have
been broken up and neutralized with chlorinated lime; however, reports indlcate that on at
least five or six occasions the sets were placed into the pits intact (USACE, 1995).

The CWM disposal pits were located in the Disposal Area section of Dunn Field and the
Stockpile Area portions of Dunn Field (Sites 24-A, and 24-B). According to information
provided by USATHAMA (1982) and USACE (1995b), the remains of destroyed (burned 
detonated) explosive ordnance ((DE) were also buried in pits in the Disposal and Stockpile
Areas. Reports indicate that the OE consisted of a 3.2-inch mortar round, smoke pots,
chloroacetophenone (CN) canisters, and hand grenades (smoke) and "souvenir ordnance".
A summary of the potential OE at Dunn Field is included as Appendix A-1. Section 1.3.4
presents additional information on the CWM removal action at Dunn Field.

In addition to that described above, other chemicals associated with the use of chemical
agents such as Decontaminating Agent Non-Corrosive (DANC) were buried in Dunn Field.
The decontaminant DANC disposed of at Dunn Field is an organic N-chloroamide
compound m solution with 1,1,2,2-tetrachloroethane (1,1,2,2-PCA). DANC typically
contained 90 percent to 95 percent 1,1,2,2-PCA (also known as acetylene tetrachloride). The
Archives Search Report (USACE, 1995) indicates the "1947 burial of 32,636 lbs [pounds] 
acetylene tetrachloride" at Dunn Field. A mixture similar to DANC formulations (S-210
suspension formulation) contained tetrachloroethene (or perchloroethylene, PCE). Use 
disposal of unknown quantities of chlorinated lime, super tropical bleach (STB) and calcium
hypochlorite (HTH) is documented at Dunn Field. Food stocks, paints/thinners,
petroleum/oil/lubricants (POL), acids, herbicides, mixed chemicals, and medical waste
were also reportedly destroyed or buried m pits and trenches at Dunn Field (USACE, 1995).
These are the sources for the chlorinated volatile organic compounds (CVOCs) (solvents 
their degradation products) found in the soil and groundwater in and beneath Dunn Field.
The most frequently detected CVOCs include 1,1,2,2-PCA, trichloroethane (TCA), PCE,
trichloroethene (TCE), several dichlorothenes (DCE), vinyl chloride, carbon tetrachloride
and chloroform. Table 1-2 lists the sites at Dunn Field (OU-1), including the disposal sites.

1.3.3 Regulatory History
The Depot was issued a Resource Conservation and Recovery Act (RCRA) Part B permit
(No. TN4 210-020-570) by EPA Region 4 and the TDEC on September 28, 1990.
Subsequently, m accordance with Section 120(d)(2) of CERCLA, Title 42, Section 9620(d)(2)
of CERCLA, and Title 42, Section 9620(d) (2) of the United States Code (USC), EPA prepared
a final Hazard Ranking System (HRS) Scoring Package for the facility. Based on the final
HRS score of 58.06, EPA added the Depot to the NPL by publication in the Federal Register
(FR), 57 FR 47180 No. 199, on October 14, 1992.

As noted above, the Depot entered into a FFA on March 6, 1995. The signatories to that
agreement, DLA, EPA, and TDEC, agreed that investigating all applicable sites would
proceed under the CERCLA process for remediation.

In July 1995, the Depot was also placed on the BRAC list, indicating that the facility was to
be closed and converted to potentially different ownership and uses. The BRAC Cleanup
Team (BCT) was developed to implement BRAC requirements, which include identifying
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methods for expeditious property transfer and reuse. The BCT is comprised of a
representative from EPA, TDEC and DLA (referred to as the BRAC Environmental
Coordinator [BEC]). Therefore, in addition to meeting CERCLA requirements,
environmental restoration at the facility must also comply with specific requirements for
property transfer in accordance with Public Law 501-510 under Title XXIX, enacted in 1990.

1.3.4 Completed or Planned Remedial Actions

1.3.4.1 Interim Groundwater Remedial Action

In August 1995, an Interim Remedial Action (IRA) ROD was submitted for a groundwater
removal action at Dunn Field (CH2M HILL, January 1996). The interim ROD provided the
basis of design for the components associated with the IRA for Dunn Field. The interim
ROD was finalized in January 1996 and was signed in April 1996. As presented in the
document, the Dunn Field interim ROD remedial action objectives are "to incrementally
remove contamination from the Fluvial Aquifer, to decrease risk by mitigating the spread of
contarmnation towards the Allen Well field, and to create a hydraulic barrier to prevent
contamination in the Fluvial Aquifer at Dunn Field from reaching the Allen Well Field."
Contaminants identified as those of potential concern include VOCs and metals. The IRA
was not intended as a permanent solution; however, it was intended to be compatible with
the final remedy.

The final design for flus IRA was completed by CH2M HILL in August 1997, and included
the installation of seven groundwater extraction wells (RW-3 through RW-9), one pre-cast
concrete building, an underground conveyance system, flow measurement and control
systems, and associated civil, electrical, and instrumentation/controls work. The extraction
system was constructed by OHM/International Technology (IT), under contract with
USACE-Mobile District, from January 1998 through October 1998. The interim groundwater
extraction system began operation in November 1998 and continues to operate as of the date
of this report.

An updated final design of the groundwater interim remedial action was completed in
January 2000 (CH2M HILL, January 2000), which included the addition of four extraction
wells and associated electrical, mechanical, and instrumentation/controls components.
Four new recovery wells (RW-1, RW-1A, RW-1B, and RW-2) were installed south 
recovery well RW-03 by OHM/IT in late 1999 and early 2000. These wells were added due
to the groundwater contamination detected in the southern portion of the Disposal Area
and the northwest portion of the Stockpile Area. The expanded groundwater extraction
system was constructed by Jacobs Engineering Group (Jacobs), under contract with USACE-
Mobile District, from September 2000 through February 2001. The new extraction wells were
brought on-line in the first quarter of 2001 and were fully functioning in June 2001.

Operation and maintenance (O&M) activities have been conducted since the system went
online. The original O&M Plan (CH2M HILL, May 1998) for the groundwater extraction
system outlined activities that would allow evaluation of the groundwater extraction system
performance. The plan was amended in 1999, agam in 2000, and a third time in August 2001.
The performance activities that are conducted now (2002) include semi-annual sampling 
groundwater at 26 specific monitoring wells and 11 recovery wells. Other activities are also
included as part of the O&M of the system. For example, water levels are routinely
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measured on a biweekly basis from 53 monitoring wells on and surrounding Dunn Field
and in another 17 wells on a monthly basis. In addition, total system effluent samples are
collected (monthly from startup through 2000, and quarterly for 2001 and 2002) from the
conveyance system for analyses prior to discharge to the City of Memphis POTW, per the
Industrial Discharge Agreement between the Memphis Depot and the City of Memphis.

From system startup in 1998 through June 30, 2002, the system has pumped approximately
121,573,000 gallons of groundwater from the fluvial aquifer beneath Dunn Field and
discharged to the POTW. Through June 30, 2002, an estimated total of 365 pounds of VOCs
have been removed (Jacobs, July 2002).

As discussed in Section 14.5.3 of the Dunn Field RI Report (CH2M HILL, July 2002), the
potentiometric surface of the fluvial aquifer in the area of the recovery wells suggest that
groundwater is captured in the immediate vicinity of each recovery well. Recovery wells
were installed at intervals, which would create a hydraulic barrier against contaminant
migration offsite. Capture zones are not completely connected between RW-01 to RW-1A,
RW-02 to RW-03, RW-03 to RW-04, RW-04 to RW-05, and RW-06 to RW-07; therefore, areas
between these recovery wells could allow contaminates to pass through the recovery
system.

According to the 1996 Interim ROD document, the principal goals of the IRA are to
incrementally remove contaminants from the fluvial aquifer, to decrease risk by mitigating
the spread of constituents toward the Allen Well Field, and to create a hydraulic barrier to
prevent contamination in the fluvial aquifer at Dunn Field from reaching the Allen Well
Field (approximately one-half mile west of Dunn Field). The document added that:
"Although the IRA is not anticipated to achieve compliance with MCLs, it is consistent with
the objective to protect the Memphis Sand Aquifer. Long-term operation of a groundwater
removal system will help to achieve MCLs by incrementally removing contaminants."

The Five Year Review for Dunn Field (CH2M HILL, January 2003), which was triggered 
the actual start of construction of the IRA in January 1998, concludes that while over 300
pounds of VOCs have been removed from groundwater by the IRA from 1998 to 2002, the
extraction system does not provide complete control over groundwater flow and the spread
of contaminant constituents in the fluvial aquifer from the western perimeter of Dunn Field.
As a result contaminant levels have been mcreasing in a few monitoring wells
downgradient and offsite of Dunn Field. Since the extraction system has not completely
contained the spread of contaminants toward the Allen Well Field, the remedy does not
fully satisfy the principal IRA goals. The only goal that is being met by the remedy is
incremental removal of contaminants. However, because there is no current use of, nor plan
to use, the shallow groundwater as a drinking water supply, and because local ordinances
restrict installation of private wells, the IRA is considered protective in the short term.

It should be noted that Phase I and II of the interim groundwater remedy were implemented
at Dunn Field from 1998 through 2001. The remedial investigation was completed in 2001
and the RI report was finalized in July 2002. Delineation of the western extent of the
groundwater contamination in the fluvial aquifer was completed in 2001. Phase III of the
interim remedy (offsite recovery wells) was not implemented. Based on new information
developed subsequent to the 1996 ROD, both from the RI and from implementation of the
1996 Interim ROD, DLA, EPA, and TDEC agree that the offsite groundwater plume in the
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fluvial aquifer will be addressed in the final Proposed Plan and Record of Decision for Dunn
Field in 2003. An explanation of significant differences to explain how the 1996 ROD was
implemented in phases, and why it was not fully implemented, will be integrated into the
final ROD. A fully protective remedy for all media will be selected in the final ROD for
Durra Field, which is expected to be completed and executed before the end of 2003.

1.3.4.2 CWM Removal Action

An Engineering Evaluation/Cost Analysis (EE/CA) was performed by Parsons Engineering
Science (Parsons), under contract with USAESCH, in June 1999 to: (1) assess whether 
contamination was migrating from the CWM disposal pits at Dunn Field; (2) analyze risk
management alternatives; and (3) recommend feasible CWM remedial alternatives for
contaminants found to be present.

A non-intrusive geophysical investigation was performed on the western half of Dunn Field
between February and July 1998. The objective of the geophysical investigation was to
delineate the former disposal pits/trenches so that they may be avoided during intrusive
activities. Samples of soil and groundwater were then collected. No CWM-related
compounds were detected in the background samples. Forty-three (43) soil samples and six
groundwater samples were collected for CWM site characterization purposes. Most of the
soil samples were obtained in the 0- to 15-foot depth interval of each boring. Three OE
related compounds (2,4,6-trinitrotoluene, HMX and RDX) were detected or estimated in site
surface soil samples. Two OE related compounds (2,4,6-trinitrotoluene and RDX) were
detected or estimated in subsurface soft samples. Several metals were detected in both
surface and subsurface samples. Based on the analytical results from the samples, no
migration of CWM or breakdown products from the pits or trenches has occurred.

As part of the EE/CA document, a streamlined risk evaluation was conducted for the areas
directly adjacent to suspected CWM burial pits, and included a human health risk
assessment (HHRA) and an ecological prehminary risk evaluation. Potential exposure 
both current and future human receptors to groundwater and soil at Dunn Field was
evaluated in the HHRA. Chemicals of concern (COCs) identified from the HHRA included
lead in surface soil; lead, chromium, and iron in mixed surface and subsurface soil (0 to 11
feet); and nitrobenzene, aluminum, iron, and manganese in groundwater. Based on the risk
analysis and the fact that these COCs are not CWM-related, none were identified as COCs to
be remediated at Dunn Field. Therefore, adverse effects to current and future human
receptors resulting from exposure to site media are not expected to occur in the areas
directly adjacent to the suspected CWM burial pits at the Dunn Field.

An ecological site characterization and soil screening were conducted at Dunn Field.
Constituents in surface soil and mixed surface and subsurface soil exceeded existing
regulatory criteria in some cases. According to the ecological site characterization, it is
highly unlikely that wlldhfe populations would be sustained at Dunn Field or in the
surrounding area. No significant impacts to ecological populations are expected from CWM
or CWM breakdown products in the areas surrounding the trenches and pits associated
with CWM at Dunn Field.

Although samples were not collected directly beneath or within the suspected CWM burial
trenches/pits, the assumption was made that CWM may be present in these areas and, if so,
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would be toxic to human and ecological receptors. Based on current and anhcipated future
uses at the site, further assumptions were made that the wastes will result in an
unacceptable risk if left in place and that removal actions are necessary to reduce or
eliminate the potential CWM risk. Four alternatives were evaluated:

1. No achon

2. Institutional controls

3. Capping

4. Excavation and removal of CWM

The selected alternative for the three identified areas of concern at Dunn Field was
Alternatwe 4, excavation and removal of CWM.

UXB International, under contract with USAESCH, conducted remedial measures from mid-
2000 to mid-2001 at Sites 1, 24-A, and 24-B to reduce or eliminate the potential CWM risk
posed by these wastes. The CWM remedial actions at these sites are documented in the Final
Chemical Warfare Materiel Investigation~Removal Action Report, dated December 2001, prepared
by UXB International, Inc. The conclusions from this report are as follows:

¯ Site I - This site was suspected of containing CAIS containing small quantities of
diluted agent and is located in the Disposal Area of Dunn Field. Historical documents
suggested the CAIS might have been placed in PIGS (metal containment vessels
exclusively used for CWM). Beginning in May 2000, the entire target area was
excavated, but neither CAIS nor PIGS were recovered. However, 24 jars labeled as "HS"
(sulfur mustard) were recovered, but they were tested to be free of CWM. No CWM 
CWM contaminated soil was found within the investigation area of Site 1. In August
2000, the removal action was complete at Site 1.

¯ Site 24-A -This site is the confirmed burial location for 29 bomb casings that were used
to transport mustard agent from Germany to the U.S. after World War II and is located
in the Disposal Area of Dunn Field. The bomb casings were buried at this location after
being drained into a neutralization pit. Beginning in August 2000, all 29 bomb casings
were recovered at this site. No mustard or other CWM was discovered at this site;
however, 900 cubic yards of soil contaminated with mustard degradation by-products
were transported and disposed offsite. In November 2000, the removal action was
complete at this site.

¯ Site 24-B -This site is the confirmed location of the neutralization pit for the contents of
the 29 bomb casings and is located in the Stockpile Area of Dunn Field. Beginning in
November 2000, 19 cubic yards of mustard contaminated soil and 14 cubic yards of soil
contarmnated with mustard degradation by-products were transported and disposed
offsite. In March 2001, the removal action was complete at flus site.

1.3.4.3 EE/CA for Site 60, Former Pistol Range

An EE/CA was performed by CH2M HILL in July 2002 to evaluate the recommended
removal action for removing lead contaminated surface soil from the Site 60 - former Pistol
Range m the Northeast Open Area on Dunn Field (Figure 1-4). This non-time critical early

SECTION 1 (REV 1) DOC 1-10



5’79 15

MEMPHIS DEPOT DUNN RELD FS- REV 102/03

removal action will make the majority of the Northeast Open Area available for unrestricted
future land use. Lead contamination in surface soil is the only chemical of concern (COC)
identified for protection of human health under unrestricted land use at Site 60.

The aerial photograph review indicated that the range was constructed between 1953 and
1958. The time period that Site 60 was used for target practice is unknown, but the
Installation Assessment Report (USATHMA, 1982) states that the "area was abandoned 
the late 1970s and the building [Building 1184, Site 85] is currently being used for pesticide
storage."

The maximum recorded lead concentration in surface soil at the Northeast Open Area is
2,100 mg/kg, with an estimated arithmetic mean of 196 mg/kg. The maximum
concentration was detected in sample Location 6085D from Site 60. All concentrations for
Site 60 and the entire Northeast Open Area except the maximum are below a residential
exposure-based screening level of 400 mg/kg and an industrial worker exposure-based
target concentration of 1,536 mg/kg (CH2M HILL, July 2002). The lead is likely associated
with spent bullets in the firing range, as the elevated concentrations were limited to this
area. The maximum observed lead levels in localized areas at the site could potentially pose
health hazards for potentially exposed receptors because both screening levels have been
exceeded.

Limited bxased uncertainty for lead at the bullet stop area may exist due to the limited
sampling of this area and random distribution of source, lead bullets. The single sample
from this area may underestimate the importance of this area’s contribution to lead
exposure at this site. In addition, lead may be highest in surface soils in front (west) of the
finng stand due to the spray from the pistols containing lead fragments abraded from the
bullets as they are projected through the gun barrel. Lead would therefore be more widely
dispersed in surface soil in this area.

On the basis of the screening evaluation, and consideration of future land use and
accessibility, the following actions were deemed appropriate by the BCT:

¯ Removal of surface soil within the perimeter of Site 60.

¯ Demolition of the former pistol stand and associated building at Site 85.

Based on previous surface soil removal actions completed for Parcels 35 and 28 on the Main
Installation (MI) of the Memphis Depot, as well as Building 949 on the MI, as stated in the
September 2001 MI Record of Decision (ROD), the recommended removal action for Site 
is excavation and offsite disposal. After reviewing these previous removal actzons, this
method was selected by the BCT as the most cost efficient and expeditious.

Prior to selection of excavation and offslte disposal as the method for removal at Site 60, it
was evaluated in terms of effectiveness, implemerRability, and cost. The evaluation results
revealed that the excavation and removal method was capable of meeting and exceeding
these goals and objectives. The method has been used successfully during several previous
surface soil removal actions with similar chemicals of concern at the Memphis Depot. An
estimated 890 cubic yards or 1290 tons of surface soil would be excavated, transported and
disposed offsite at an approved, permitted landfill as part of the non-time critical removal
action at Site 60. The order of magnitude cost estimate for this removal actmn is $300,000.
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The 30-day pubhc comment period for the non-time critical removal action has been
completed and the Action Memorandum for Site 60, including the Responsiveness
Summary for all public comments received to date, was submitted as final on October 11,
2002. The removal action documented in the Action Memorandum is scheduled for
implementation at Site 60 in early 2003.

1.3.5 Geology and Hydrology
The Dunn Field RI Report (CH2M HILL, July 2002) provides details regarding local geology
and the occurrence of surface water and groundwater at the Depot. The following is a brief
summary of these features.

1.3.5.1 Dunn Field Stratigraphy

The four uppermost stratigraphic units underlying Dunn Field are (in descending order):

¯ loess, including surface soft;
¯ fluvial deposits;
¯ Jackson Formation/Upper Claibome Group (the Jackson [if present], Cockfield, and

Cook Mountain Formations); and
¯ Memphis Sand.

Soil borings drilled at and near Dunn Field penetrate all formations down to and including
the top of the Memphis Sand. The hthology for these units are described in Table 1-3.
Appendix A-2 includes the hthologic cross-sections from the Dunn Field RI Report (CH2M
HILL, July 2002) that depict the presence and subsurface thickness of the stratigraphic units
across the area of Dunn Field.

Loess. Based on lithologic data from the drilling of soil borings and monitoring wells, the
loess is continuous throughout the entire Dunn Field area. The Quaternary-aged loess
consists of brown to reddish brown low-plasticity clayey stir (ML) or low-plasticity silty clay
(CL). The loess deposits range from 10 feet thick at MW-55 (southwest of Dunn Field) to 
feet thick at MW-74 (western boundary of Duun Field) and are on average about 20 to 
feet thick.

Fluvial Deposits. Fluvial deposits, which underlie the loess, were encountered at all drilling
locations on and around Dunn Field. They are commonly underlain by a thick clay unit of
the Jackson Formation/Upper Claibome Group. The Quatemary- and possibly Pliocene-
aged fluvial deposits are composed of two generalized layers that can be identified
throughout the subsurface of the Dunn Field area. The upper layer is a silty, sandy clay that
transitions to a clayey sand deposit. Within the Dunn Field boundaries, this layer ranges
from about 3 feet thick at MW-56 (southwest comer of Dunn Field) to 20 feet thick at MW-58
(southwest comer of Dunn Field). The second unit, composed of layers of sand, sandy
gravel, and gravelly sand, has an average thickness of approximately 40 feet underneath
Dunn Field and along the eastern and western boundaries.

Jackson Formation/Upper Claiborne Group. The Late Eocene-aged Jackson Formation/Upper
Claibome Group consists primarily of clays, silts and sands. The upper clay unit of the
Jackson Formation/Upper Claibome Group is, based on boring log data, continuous
underneath the Dunn Field boundary except for a gap that appears between monitoring
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wells MW-56 and MW-34 (and extends to the south, into the MI) at the southwestern
boundary of Dunn Field. Offsite there are gaps in the clay the west (at MW-43) and
northwest (at MW-40) of Dunn Field. These gaps are windows down to the upper part
Jackson Formation/Upper Claiborne Group or the intermediate aquifer underlying the
fluvial deposits. Where present, the maximum known thickness of this confining unit was
92 feet in MW-36.

Memphis Sand. According to Kingsbury and Parks (1993), the Early to Middle Eocene-aged
Memphis Sand is composed primarily of thick-bedded, white to brown or gray, very fine-
gra|ned to gravelly, partly argillaceous and micaceous sand. Lignitic clay beds constitute
only a small percentage of total thickness. The Memphis aquifer comprises the Memphis
Sand. The Memphis Sand ranges from 500 to 890 feet in thickness, and the depth to the top
of the Memphis aquifer in the area ranges from approximately 120 feet to 300 feet bgs. The
City of Memphis obtains its drinking water from this aquifer. Local stratigraphic data from
the Allen Well Field, located approximately I to 2 miles west of Dunn Field, were evaluated
to characterize the stratigraphy of the Memphis Sand (Kingsbury and Parks, 1993). At well
Sh:J-104, the top of the Memphis Sand is at an elevation 46 feet msl. MW-67 is the only
monitoring well completed in the Memphis Sand associated with Dunn Field. Soil boring
logs indicate approximately 80 feet of alternating silt and clay layers from 21 to 101 feet msl.
Below the alternating silt and clay layers, a fine to medium grained, gray, sand occurs to the
borehole termination depth of 0.5 feet msl.

1.3.5.2 Hydrology

There are no perennial flowing streams or creeks within the boundary of Dunn Field.
Typically, surface drainage of Dunn Field occurs by overland flow via swales, ditches,

concrete-lined channels, and a storm drainage system. Based on a generalized
hydrogeologic cross section, groundwater elevations fall well below local stream base
elevations in the vicinity of the Depot; therefore, the fluvial deposits do not appear to
contribute to the stream base at this location.

There are three aquifers underlying Dunn Field and the local area, which correspond to the
geologic units described previously. These aquifers are identified in descending order from
ground surface to the Memphis Sand:

Fluvial aquifer
¯ Intermediate aquifer
¯ Memphis aquifer

Fluvial Aquifer. The uppermost aquifer at Dunn Field is the unconfined fluvial aquifer,
consisting of saturated sands and gravelly sands in the lower portion of the fluvial deposits.
Recharge to this unit is primarily from the infiltration of rainfall (Graham and Parks, 1986).
Discharge from the fluvial aquifer is generally directed toward underlying units in
hydraulic communication with the fluvial deposits, or laterally into adjacent stream
channels. The fluvial aquifer provides water for domestic and farm wells in rural areas
(Kingsbury and Parks, 1993), but is not used as a drinking water source within the City 
Memphis, including the area surrounding the Depot.

The low-permeability uppermost clay of the Jackson Formation/Upper Claiborne Group
serves as the base of the fluvial aquifer at most locations. During the field work for the RI,
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six Shelby tube samples were collected from the top of the uppermost clay confining umt
and were analyzed for triaxial permeability. These samples indicated the clay has very low
permeability, with maximum, minimum, and average hydraulic conductivities of 2.5x10-7,

1.2x10"s, and 6.4x10-s cm/sec, respectively. Therefore, the uppermost clay in the Jackson
Formation/Upper Claiborne Group, where present, constitutes a hydraulic barrier to
downward migration of groundwater in the overlying fluvial aquifer.

Continuous core obtained from wells drilled using the rotasonic method indicate perched
groundwater also exists in the vadose zone of the fluvial aquifer deposits usually above
small clay lenses or laminae. However, these perched water zones are isolated, are probably
ephemeral, and are not considered part of the regional water table of the fluvial aquifer.

Saturated thickness of the fluvial aquifer is variable across Dunn Field and is controlled by
the configuration of the uppermost clay in the Jackson Formation/Upper Claibome Group.
Maximum saturated thickness ranges between 10 and 20 feet above the clay surface in Dunn
Field. Groundwater flow directions within the unconfined fluvial aquifer are depicted on
Figure 1-8, based on measurements taken in November 2001. In general, the fluvial aquifer
flows in a western direction, which follows the contours of the uppermost clay confining
unit in the Jackson Formation/Upper Claiborne Group.

A potentiometric map displaying the water table surface of the fluvial aquifer (Figure 1-8)
was developed for the Dunn Field RI Report (CH2M HILL, July 2002), based on January
2001 water levels. In general, the fluvial aquifer flows in a western direction, which follows
the contours of the uppermost clay confining unit in the Jackson Formation/Upper
Claibome Group. However, cross-sections (see Appendix A-2) suggest the clay confining
unit, in vicinity of MVV-43 to STB-14 to M!N-55, ending around MVV-34 (west to east), creates
a groundwater limited-flow boundary or area of "no significant saturated thickness" (NSST)
(Figure 1-8). An area of NSST is defined as an area where the surface of the upper clay
confining unit intersects and exceeds the surface of the fluvial aquifer. These conditions
"pinch out" the fluvial aquifer and create unsaturated conditions above the clay confining
unit. Monitoring wells 41, 55 and 56 are located on the northern side of the NSST boundary
and have fluvial aquifer thickness’ of 1.39, 2.12, and 2.62 feet, respectively, as measured on
January 10, 2001. In areas where the fluvial aquifer is thin (<1 feet), the hydraulic head
cannot sustain a measurable water table if a steep top-of-clay gradient occurs. Like the NSST
zones, fluvial deposits in the vicinity of MW-34, MW-40, and MW-43 are not saturated. In
these areas, soft borings have confirmed the absence of a clay unit directly below the fluvial
deposits; this absence allows recharge water to vertically percolate into the lower aquifer(s).
Where the fluvial aquifer is present, the potentiometric surface surrounding MV~-34, MVV-40
and MW-43 indicates groundwater flow directed toward these areas. However, localized
NSST zones around these areas where the upper confining clay is present likely impedes
groundwater flow into lower aquifers.

Aquifer tests conducted during August 1997 indicate the average hydraulic conductivities
for the fluwal aquifer near Dunn Field is 6.1x10-3 (arithmetic mean) and 3.0x10a (geometric
mean) cm/sec. Within the fluvial aquifer, groundwater flow velocities were calculated
based upon data gathered from slug tests and aquifer pump tests. The range for
groundwater velocity was estimated at 0.12 foot/day (4.2 x lO-Scm/sec) to 1.69 feet/day (6.0
x 10.4 cm/sec) assuming the following parameters:
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¯ Hydraulic gradient = ranges from 0.0017 foot/foot to 0.023 foot/foot along the western
boundary of Dunn Field;

Hydraulic conductivity = 22.11 feet/day (7.8 x 10-3 cm/sec) [(based on the average
hydraulic conductivity for the fluvial aquifer reported in the Final Groundwater
Characterization Data Report (CH2M HILL, 1997a)]; and

¯ Effective porosity = 0.3.

In 1992, a pump test was performed by Environmental Science and Engineering (ESE)(1994)
in the northwestern portion of Dunn Field (MW-3) to measure hydrogeologic parameters
needed for design of the Dunn Field groundwater extraction system. The average hydraulic
conductivity value obtained via pump teshng of the fluvial aquifer, 3.5x 10-2 cm/sec, is
about an order of magnitude higher than the values obtained by slug testing.

As discussed in Appendix C, two samples collected from the fluvial deposits on Durra Field
in 2001 were analyzed for horizontal hydraulic conductivity. The results of one sample
collected from 59 to 61 feet below land surface (bls) indicated a hydraulic conductivity of 2.8
x 104 cm/sec. The results of a second sample collected from 65 to 67 feet bls indicated a
hydraulic conductivity of 7.1 x 104 cm/sec.

Intermediate Aquifer. The intermediate aquifer underlies the Memphis Depot and, based on
soil borings installed during the RI investigation, this aquifer is separated from the fluvial
aquifer by the clay confining unit; limited contact between the two aquifers occurs in areas
near MW-34, -40, and -43 where the clay confining unit is absent. Based on the lithologic
log of MW-67, the intermediate aquifer is composed of interbedded sand, silt, and clay.

Aquifer tests conducted during August 1997 indicate the hydraulic conductivity for the
intermediate aquifer is similar to the fluvial aquifer with conductivities of 1.3xlo3 (MW-34)
and 5.4x10-* (MW-40) cm/sec. Away from the influence of recharge from the fluvial aquifer
through areas where the clay directly underlying the fluvial deposits is absent, water level
elevations in the intermediate aquifer are approximately 150 feet msl with a general
westward flow toward the Allen Well Field.

Memphis Aquifer. The Memphis aquifer contains groundwater under strong artesian
(confined) conditions and is a regionally significant source of potable water in the Memphis
area. This hydrogeologic unit underlies Dunn Field at a depth of approximately 180 feet bgs,
beneath the intermediate aquifer, and receives most of its recharge from an outcrop area,
several miles east of Memphis. Some recharge is derived from overlying or hydraulically
communicating units. Locally, extensive pumping has lowered water levels considerably.
The top of the Memphis aquifer potentiometric surface at MW-67, the only well at the Depot
that intersects the Memphis aquifer, is 151.6 feet msl. Flow in the unit is generally
westward, toward the Allen Well Field, a major local pumping zone. VOC contamination
within the fluvial aquifer at Dunn Field has not been detected within the Memphis aquifer
at the Allen Well Field.

Groundwater Use. There are no public water supply wells within Dunn Field. A well survey
conducted within a 2-mile radius of the Depot through the Environmental Data Resources,
Inc. (EDR®) GeoCheck® Report (dated March 2002 and included as Appendix A-3 of the
Dunn Field RI Report) determined that there are no private residential water wells within 
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2-mile radius of Dunn Field. However there are several industrial production wells within
0.5 to 2 rmles northwest, northeast and east of Dunn Field. In addition, groundwater from
both the fluvial and intermediate aquifers meet the requirements of General Use Ground
Water as defined by TDEC (12004-3-.07). This means that these aquifers could be used for
water supply when the Depot is converted for reuse.

Approximately I mile west of the Dunn Field is the Allen Well Field, where 13 water-supply
wells pump from the Memphis aquifer. This aquifer is the water source for the City of
Memphis and most of Shelby County. Therefore, a factor in evaluating effectiveness of a
remedial alternative is controlling migration of contaminants that might affect the quality of
water produced by these public supply wells.

1.3.6 Nature and Extent of Contamination
The nature and extent of contamination was assessed for surface soils, subsurface softs,
surface water, sediments, and groundwater across Dunn Field (CH2M HILL, July 2002).
Nature and extent findings are summarized below by Area, with groundwater discussed
independently.

1.3.6.1 Northeast Open Area

To facilitate the investigation of the Northeast Open Area, several historic Dunn Field sites
were consolidated into "Locations"(Figure 1-5), as described m Table 1-4, taken from the
Final Field Samphng Plan for 01.I-1 Addendum (CH2M HILL, 1999) and investigated 
possible sources of contaminant releases to the environment.

To characterize the nature and extent of contamination witIun the Northeast Open Area,
surface and subsurface soil samples were collected and analyzed for analyte groups that
included volatile organic compounds (VOCs), semi-volatile organic compounds (SVOCs),
metals, and the Target Compound List/Target Analyte List (TCL/TAL) parameters
(including organochiorine pesticides, herbicides, polychlormated biphenyls [PCBs], and
pnonty pollutant metals). Surface water and sediment samples were collected and
analyzed for parameters included in the TCL/TAL. Appendix A-3 includes the figures from
the Dunn Field RI Report (CH2M HILL, July 2002), which summarize the analytical results
of surface and subsurface soil, sediment and surface water samples from the Northeast
Open Area. Key findings and conclusions from the RI are as follows:

¯ VOCs were found m both surface and subsurface soil samples. In particular, PCE and
TCE were detected at 3 to 5 feet bgs and/or 8 to 10 feet bgs at multiple locations. These
VOC concentrations do not appear to be high enough to indicate a release from a
definable source area. However, the VOC results confirm the PCE soil gas plume
indicated by the passive soil gas survey and suggest that incidental surface waste
disposal of chlorinated solvents may have occurred in the Northeast Open Area during
the long period of operations at Dunn Field. VOCs detected along the western boundary
of the Northeast Open Area may be associated with waste disposal operations in the
adjacent Disposal Area.

¯ There is no indication that zinc or SVOCs have migrated from the XXCC-3 disposal area
at Site 21.
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Lead was elevated at Site 60, the former pistol range.

The distribution of pesticides across the Northeast Open Area is similar to that at the
Main Installation, indicating widespread surficial pesticide application rather than
releases from the temporary pesticide storage area, Site 85.

Contaminant concentrations in samples of surface water and sediment coming onto
Dunn Field at Site 50 are equivalent to or greater than concentrations in surface water
and sediment leaving Dunn Field. Thus there is no evidence that Site 50 is contributing
to offsite contamination.

1.3.6.2 Disposal Area

The Disposal Area contains 25 Dunn Field historical sites, identified in Table 1-2. To
facilitate the RI, many of the above sites were combined into "Locations" (Figure 1-6) 
described in Table 1-5, which was taken from the Final Field Sampling Plan for OU-1
Addendum [I] (CH2M HILL, March 1999). These locations were investigated as possible
sources of contaminant releases to the environment.

To characterize the nature and extent of contaminants within the Disposal Area, surface and
subsurface soil samples were collected and analyzed for VOCs, SVOCs, metals, and the
TCL/TAL parameters. Surface water and sediment samples were collected and analyzed
for parameters included in the TCL/TAL. Appendix A-4 includes the figures from the Dunn
Field RI Report (CH2M HILL, July 2002), that summarize the analytical results of surface
and subsurface soil, sediment and surface water samples from the Disposal Area. Key
findings and conclusions from the RI are as follows:

VOCs in soils at Dunn Field as represented by the 1999 and 2000 sampling results
correlate well with the extent of VOCs in the subsurface suggested by the passive soil
gas survey results. The apparent clustering of the higher VOC detections correlates well
with the historical information indicating that the disposal pits and trenches were
relatively small and separate. In addition, the TCE, PCE, and carbon tetrachloride
plume centroid depths reflect the Disposal Area source areas as defined by the soil
analytical results. The Site 10 disposal pit (Solid Waste Burial Site) in Location E appears
to be the largest single, potential chlorinated VOC source of contamination to
groundwater. In addition, as evidenced by soil samples collected in Location C, VOCs
have been transported from near the base of the disposal trenches (8 to 10 feet bgs) 
depths (83 feet bgs) immediately above the water table.

Significant levels of the following chlorinated VOCs were detected in subsurface soils
within the Disposal Area: 1,1,2,2-PCA, 1,1,2-TCA, 1,2-DCA, CC14, chloroform,
methylene chloride, PCE, TCE, 1,2-DCE and vinyl chloride. The contaminant mass
calculations for the primary VOCs, TCE and 1,1,2,2-PCA (see Appendix E), indicate that
there is approximately 456 pounds of TCE and 368 pounds of 1,1,2,2-PCA that needs to
be treated and removed from the Disposal Area. This equates to approximately 713,400
cubic yards of soil in the Disposal Area.

Based on comparison of soil sample analytical results to contaminants in groundwater
underlying Dunn Field, there appears to be a complete migration pathway from surface
soil/disposal area to subsurface soil and then to groundwater for CVOCs.
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¯ Chromium and lead consistently exceed background concentrations in surface and
subsurface soil and likely result from waste management operations at the Disposal
Area. Arsenic, aluminum, copper, and zinc also exceed background concentrations in
soil. Metals in both surface and subsurface soft are widely distributed or sporadic and
mostly do not correlate with specific locations or sites.

¯ Pesticides were detected in surface and subsurface (8- to 10-foot bgs) samples across the
Disposal Area. The distribution of concentrations is indicative of broadcast application
to the surface rather than disposal operations.

¯ Concentrations of metals, pesticides, and PAHs in ephemeral surface water flow
exceeded background. These chemicals also exceeded background in sediments in the
northwest portion of the Disposal Area at Site 61. PAHs in sediment at Site 61 likely
result from active offsite railroad tracks. Chemical concentrations in sediment from
Location A-the Asphalt Pad-are almost all below background.

1.3.6.3 Stockpile Area

This section addresses the nature and extent of contamination within the Stockpile Area of
Dunn Field (Figure 1-7). The Stockpile Area includes several historic Dunn Field sites
(mineral stockpiles) identified in the OU 1 Field Sampling Plan (CH2M HILL, September
1995) and the Screenmg Sites Fzeld Samphng Plan (CH2M HILL, September 1995), which were
investigated as possible sources of contaminant releases to the environment. Appendix A-5
includes the figures from the Dunn Field RI Report (CH2M HILL, July 2002), that
summarize the analytical results of surface and subsurface soil samples from the Stockpile
Area. Key findings and conclusions from the RI are as follows:

¯ There is no indication that VOCs or SVOCs were disposed of at the Stockpile Area. The
elevated concentrations of PAHs detected in surface soil samples appear to be related to
former/existing railroad tracks and also asphalt roadways on this portion of Dunn Field.

¯ Elevated metals are primarily associated with ore storage and in general are close to
background levels, including arsenic.

¯ The distribution of pesticides across the Stockpile Area is similar to that at the Main
Installation, indicating widespread surficial pesticide application rather than releases.

¯ The alleged CC-2 burial trench is suspected as being located adjacent/near to Site 24-B
in the west-south portion of the Stockpile Area. This area was not directly investigated
during the RI field activities due to the CWM removal action, which was completed in
2001.

1.3.6.4 Disposal Bites

Based on information generated by the Archives Search Report, approximately 15 disposal
sites are known to exist in the Disposal Area and one (a CC-2 disposal area) disposal site 
known to exist in the Stockpile Area. These sites are described in Table 1-6. Information
concerning the materials buried in each disposal site is based on historical information and
the exact position of each site is unclear. Not all of these sites were directly investigated
during the RI because of the potential for CWM, which was removed in 2000 and 2001. In
1993, the U. S. Army Engineer Waterways Experiment Station conducted a geophysical
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investigation of the Disposal Area and the western portion of Stockpile Area. Six areas were
investigated to determine the location of buried trenches, pits, drums, and other sources that
may be contributing to the contamination of the upper aquifer. The final technical report
(GL-94-8) was published in March 1994. The report concluded that there are potential burial
sites in five of the six areas surveyed.

Based on this data, CH2M HILL conducted field observataons on August 18, 1995. The
observations indicated many surface irregularities and depressions, suggesting possible
burial sites in the northwest quadrant of Dunn Field (the Disposal Area). Many of the
irregularities and depressions appeared to correspond with the mapped waste areas while
others did not. Engineers from CH2M HILL revisited Dunn Field in October 1995, and
mapped the irregularities and depressions noted during the visits. The results of the
mapping confirm that many of the field-identified depressions and irregularities correspond
well with previously mapped burial sites on Durra Field, and there were some that did not.
Three (3) figures generated from the mapping of the irregularities and depressions on the
western portion of Dunn Field are included in Appendix A-6. In addltion, Memphis
General Depot Drawing No. 16.4D, Location of Materials Buried in Dunn Field, dated
January 19, 1956 (last revised September 17, 1984), is also provided in Appendix A-5 as 
historical source of information pertaining to the location of the disposal sites on the
western portion of Dunn Field.

These 16 sites have been given priority level rankings by the Memphis Depot BCT and will
be prioritized for removal during remedial activities at Duma Field (see Table 1-2). This will
likely involve a pre-desigu investigation, inclusive of intrusive activities, to determine the
location and environmental condition of these 16 disposal sites, and the need for remedial
action at each site. As discussed in Section 1.3.2 and presented in Appendix A-l, Dunn Field
has been used in the past as a disposal area for OE. Procedures described in Engineer
Pamphlet EP 75-1-2, Unexploded Ordnance (UXO) Support During Hazardous, Toxic, and
Radioactwe Waste (HTRW) and Construction Activities, (USACE, November 2000) will need 
be followed during any activity involving intrusive measures. Based on a review of the
available information there is a "low probability" that UXO will be encountered.

1.3.6.5 Groundwater

The nature and extent of contamination in groundwater underlying Dunn Field and areas to
the west were assessed based on an evaluation of chemical data obtained from groundwater
samples collected during 16 sampling events from January 1996 through February 2001.
Groundwater samples were collected and analyzed during this time period for seven major
types of contaminant parameters, including explosives, herbicides, metals (total), pesticides,
PCBs, SVOCs, and VOCs. Groundwater samples were also analyzed for CWM breakdown
products, including thiodiglycol, 1A-oxathiane, and 1,4-dithiane. In addition, groundwater
samples were collected and analyzed for various geochemical and geotechnical parameters,
including tritium and gases, such as oxygen and hydrogen. Of all these parameters, VOCs,
SVOCs, and total metals were the most frequently detected analytical constituents in
groundwater samples. Appendix A-6 includes the figures from the Duma Field RI Report
(CH2M HILL, July 2002), which summarize the analytical results of groundwater samples
for PCE, TCE, 1,2-DCE, 1,1-DCE, 1,1,2,2-PCA, 1,1,2-TCA, carbon tetrachloride and
chloroform from 1996 through the beginning of 2001.
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There appears to be three major VOC plumes in the groundwater underlying Dunn Field, a
northern, a west-northwest plume, and west-southwest plume, with much mixing and
intermingling of the plumes, as expected from influence by the active groundwater
extraction system, natural groundwater flow, and degradation processes. All of the plumes
have on- and offsite components.

Nine persistent VOCs have been detected in groundwater during sampling events,
including, 1,1,1,2-PCA, CC14, 1,1,2-TCA, chloroform, PCE, cis- and trans-l,2-DCE, total 1,2-
DCE, and TCE. The plume along the northern boundary of the site appears to be composed
of PCE, TCE, and 1,1-DCE. Since TCE and 1,1-DCE are both potential reductive
dechlorination products of PCE, the contaminant plumes may be a result of the breakdown
of PCE in the aquifer. However, since the TCE, and 1,1-DCE both appear in monitoring well
MW-51 and piezometer PZ-02, which are upgradient to Dunn Field, there appears to be
another source of these contaminants north to northeast of Duma Field (see Section 1.3.6.6).

The west-northwest plume appears to be a mixture of PCE, TCE, 1,2-DCE, 1,1-DCE, 1,1,2,2-
PCA, 1,1,2-TCA, CC14, and chloroform. Porhons of this plume underlying Dunn Field
appear to have a source within the Disposal Area or possibly offsite as well. Offsxte portions
of this plume trend to the west and northwest. The west-southwest plume that underlies
Duma Field is a mixture of several different contaminants and the source of these plumes
appears to be located at the southern end of the Disposal Area of Duma Field. The west-
southwest plume is principally composed of 1,1,2,2-PCA, CCI4, 1,1,2-TCA, and chloroform,
but there are also portions of the plume made up of TCE, PCE, and 1,2-DCE.

The nature and extent of VOCs in groundwater have been impacted by the groundwater
extrachon system at Duma Fxeld to some extent. PCE, TCE, and 1,1,2,2-PCA concentrations
in offsite monitoring wells near the northwest corner of the extraction system have dropped
by factors of 7 to 10 from pre-extraction concentrahons. This demonstrates significant
reductions in offsite flux of VOCs in the northwest portion of Duma Field. Although
concentrations have decreased in the northwest portion, relatively high concentrations of
TCE and 1,1,2,2-PCA were discovered m new wells installed near the west-central part of
Duma Field. These higher concentrations in downgradient monitoring wells indicate a
significant portion of the west-central plumes are beyond the influence of the capture zone
from the extraction system. Groundwater VOC monitoring data from April 2002 are
included in this FS report for the first time. As previously stated, the Duma Field RI Report
summarized the analytical results of groundwater samples collected from 1996 through the
beginning of 2001. Figures 1-9a through 1-9h summarize the results of the April 2002
groundwater samples for PCE, TCE, 1,2-DCE, 1,1-DCE, 1,1,2,2-PCA, 1,1,2-TCA, carbon
tetrachloride and chloroform.

During the five RI sampling events (1996 through 1998), arsenic was detected 
groundwater samples at concentrations above the laboratory method detection limits
(MDLs) in 3, 15, 4, 1, and 2 samples, respectively. The second quarter 1997 sampling event
was anomalously high since in the preceding first quarter 1996 (February) sampling event,
arsenic was detected in only 3 samples. During the 1998 quarterly sampling events,
exceedances were reported in samples collected from only three wells, MW-2 (perched),
MW-3 and MW-13. Samples were collected from the onsite recovery wells in November
1999 and 2000, and arsenic was not detected above the MDL of 0.003 mg/L in 17 of 18
samples. Arsenic was detected at a concentration of 0.003 mg/L in the sample from RW-01
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in November 2000. In addition, arsenic was analyzed in 33 samples collected from the
groundwater extraction system effluent between October 1998 and April 2002. Of the 33
samples analyzed, none had arsenic concentrations that exceeded the MDL of 0.003 mg/L.
Therefore, arsenic does not appear to be a groundwater contaminant in the fluvial aquifer at
Dunn Field.

The SVOCs and pesticides detected in groundwater samples were attributed to sampling
and analytical artifacts such as the introduction of plasticizers (e.g., bis-ethylhexyl
phthalate) via the sampling and analysis process rather than to waste management practices
at Dunn Field. In addition, their mobility through the soil column to groundwater is limited.
Seven pesticides were detected in groundwater samples collected during the RI activities
through 1998. These include alpha-chlordane, DDD, DDT, dieldrin, endrin ketone,
gammachlordane, heptachlor epoxide. The most frequently detected pesticides were
heptachlor epoxide and dieldrin. Among the 37 samples, the compound heptachlor epoxide
was detected in 4 samples at concentrations ranging from 0.0000086 mg/L to 0.000014
mg/L. Dieldrin was also detected in 4 samples, ranging from 0.000036 to 0.000086 mg/L.
The other five pesticides were detected not more than twice and never exceeded an
estimated value of 0.00001 mg/L. All seven pesticides are associated with monitoring wells
installed in 1998: MW-56, MW-57, MW-58, and MW-59. These wells were installed using
hollow-stem auger methods rather than the rotosonic method used for many of the other
wells installed at Dunn Field since 1997. Use of the auger method in unconsolidated
materials may have introduced surface soils containing pesticides to the well completion
interval. Since pesticides are ubiquitous in surface soil at Durra Field and were not detected
in other wells sampled during the RI, the pesticides detected in these wells most likely result
from waste management operations or surficial application.

Thus the metals and other non-VOC organac chemicals such as pesticides and SVOCs are
not considered COCs. The reason for this is: due to low frequency of their detection, low
concentrations of detection near detection limits and their detection is possibly associated
with turbidity in samples which may have been introduced as a sampling. Also based on
the innate nature of these chemicals, they have low solubility, and subsurface soils above the
aquifer do not have significant (above leachability based levels) levels of these chemicals.
Thus metals and non-VOC chemicals are not selected as COCs and will not be addressed
further in this FS.

1.3.6.6 Potential Sources of Offsite Groundwater Contamination
From 1996 to 2002, 1,1-DCE has been detected in groundwater samples above the MCL of 7
~g/L in monitoring wells and piezometers along the northern perimeter of Dunn Field and
offsite to the north, northwest and northeast of Dunn Field. 1,1-DCE was found in northern
perimeter wells MW~3, MW-07, MW-08, MW-10, and MW-29 at concentrations as high as
25 ~g/L in October 1998. In particular, this compound was detected in offsite well MW-51
(which is located 200-feet side-gradient to the northern boundary of Dunn Field) and
piezometer PZ-02 (which is located 700-feet upgradient from the northern boundary of
Dunn Field), with the highest offsite concentration being recorded in a sample from PZ-02 at
170 ,g/L in October 1998. TCE has also been detected in these wells at concentrations that
exceed the MCL of 5 ~g/L with the highest value of 24.4 ~g/L detected in PZ-02 in April
2002. MW-65 was also sampled in April 2002 and no VOCs were detected. This well is
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located approximately 1,100 feet north-northeast of PZ-02. The offsite plume that enters
Dunn Field along the northern boundary of the site primarily contains TCE and 1,1-DCE.

PCE and TCE are frequently detected contaminants of concern found in the soils on the
Dunn Field; however, 1,1-DCE is not. Since the TCE and 1,1-DCE both appear in offsite
monitoring well MW-51 and piezometer PZ-02, which are sidegradient and upgradient to
Dunn Field, respectwely, there appears to be an offsite source of these contaminants north
to northeast of Dunn Field, unrelated to the source areas on Dunn Field. This apparent
source is creating an offsite plume which migrating onsite and is further contributing to the
VOC contamination in groundwater underlying Dunn Field. Consequently, any proposed
remedial action for the groundwater underlying Duma Field would likely need to consider
this offsite plume as it enters the site unless otherwise addressed. This information is
documented in the Technical Memorandum entitled Potential Oft~ite Source of Groundwater
Contamination, Northeast of Dunn Field (CH2M HILL, June 2002).

1.3.7 Contaminant Fate and Transport
1.3.7.t Physical and Chemical Properties of COPCs

Chemicals that are observed to occur frequently in the environmental media at Dunn Field
are addressed below by their chemical group (VOCs, metals, etc.). The fate and transport 
each of these groups are briefly summarized from Section 6 of the RI report (CH2M HILL,
July 2002).

Volatile Organic Compounds
VOCs are characterized by relatively high vapor pressures, Henry’s Law constants, and
generally high solubility in water. They have a tendency to partition to the vapor phase (air)
from either the sorbed (soil) or dissolved (aqueous) phases. Therefore, these chemicals could
be released through volatilization from either VOC-contaminated soil or surface water. The
range of Koo high solubility, and low Kow values indicates that the CVOCs are mobile
through soils and tend not to partition significantly from water to soil. These solvents may
move through groundwater as dense nonaqueous phase liquids (DNAPLs) because CVOCs
are denser than water. The most consistently detected VOC group of chemicals at
concentrations above comparison criteria in the site media are CVOCs, such as TCE, PCE,
1,1,2,2-PCA, carbon tetrachlonde and chloroform.

Release and transport mechanisms include vertical migration through unsaturated soils
toward the water table. The presence of VOC plumes emanating from Dunn Field supports
the conclusion that VOCs are being transported through the soil column to the fluvial
aquifer. As CVOCs migrate vertically through soil, some mass are retained in the pore
spaces and some may spread across layers of lower permeability. Specific lateral migration
may occur if a zone of very low permeability is reached, m wluch case the nonaqueous
phase liquid (NAPL) migrates laterally, depending in part on the contours of the surface 
the layer.

If CVOCs are present as NAPL in soil, they can be continuing potential sources of CVOCs to
groundwater. As a general rule, the potential presence of NAPL is indicated if
concentrations in groundwater exceed I percent of the chemical’s solubihty limits. Based on
the highest observed concentration of the detected solvents TCE and 1,1,2,2-PCA in
groundwater, free-phase solvents may be present in Dunn Field groundwater; however,
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NAPL was not been detected during the RI and subsequent O&M groundwater sampling
events.

Aerobic and anaerobic biodegradation are important transformation processes for
chlorinated aliphatic compounds in natural water systems and soil. TCE would generally be
expected to persist under aerobic or denitrifying conditions. Demtrifying conditions are
indicated when nitrates are present m groundwater but no oxygen is detected. Smaller
chlorinated compounds, such as DCE, are harder to degrade anaerobically but can be
degraded more easily aerobically than the more highly chlorinated solvents such as TCE.
The rate depends only on temperature and the residence time in groundwater can be
estimated: half-lives ranging from less than one year (25 degrees Celsius [ °C]) to over 
years at cooler temperatures (Wiedemeier et al., 1995).

Semivolatile Organic Compounds
PAHs are common components of fuel oils and tar mixtures. PAHs have been detected
extensively at the railroad operations across the Depot. Fuel use, vehicular and historical
railroad traffic, asphalt roads, and pavement have contributed to non-point source releases
of PAHs at the Depot. PAHs are relatively persistent and represent a broad class of
compounds, ranging from low-molecular-weight components, such as naphthalene, to high-
molecular-weight compounds such as dibenz(a,h)anthracene. Solubility, volatility,
biodegradability, and toxicity vary widely across this class of compounds.

High-molecular-weight PAHs are more likely to be transported via particulate emissions,
while low-molecular-weight PAHs have a greater tendency to volatilize. When PAHs are
present in tar and oil waste mixtures, their behavior is determined largely by the mobility
and behavior of the waste itself. Low-molecular-weight PAHs can migrate from spills and
continuous releases of tars and oils, but as weathering occurs, the rate of release decreases.
Higher-molecular-weight PAHs would persist in the vicinity of the original release.

Low-molecular-weight PAHs have higher water solubility and are more likely to be released
into groundwater than higher-weight PAH compounds, which have an increased tendency
for adsorption to soil or other organic matter. A primary fate and transport mechanism is
migration of adsorbed PAHs with surface soils and sediment. Erosion of soil and movement
of suspended sediments may result in migration of PAHs to surface water. However, because
of the low solubility of adsorbed PAHs, they would not partition significantly to water.

Photolysis and biodegradation are two common attenuation mecharusms for PAH
compounds. Although all PAHs transform in the presence of light, their rates are highly
variable. Photolysis may reduce concentrations of these chemicals in surface soils, but is not
relevant for subsurface soils. Biodegradation rates of PAHs in soils are also extremely
variable across the chemical class.

Animals and microorganisms can metabolize PAHs to products that ultimately reach
complete degradation. PAHs in soil may be assimilated by plants, degraded by soil
microorganisms, or accumulated to relatively high levels in soils.

Metals
The potential release and migration of metals in the subsurface environment is a complex
process. The migration of metals depends on factors such as the overall groundwater
composition, pH, presence of dissolved organic matter that may complex with the metals,
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the valence state of the metal, and the cation-ion exchange capacity. Metals may be removed
from the water phase through mechanisms such as precipitation and irreversible sorption
(USEPA, December 1979). Because metals are not volatile, any emissions to ambient air
would be in the form of particulate emissions.

Chemical distributions in both soil and water are more difficult to predict for metals than
for organic compounds. A direct relationship between the measured total metal
concentration in soil and the extractable aqueous concentration cannot be assumed.
The metal may be fixed in the interior of the soil and unavailable for exchange or release to
water, or exchangeable metal may be present at the surface of the particles. Published Ka
values generally represent the potential relationship between water and exchangeable metal
at the surface of the soil (USEPA, 1996c).

Metals detected well above background at Dunn Field include aluminum, arsenic,
cadmium, chromium, and lead. Metals that typically have very low solubilities or are highly
absorbed in soils include lead and trivalent chromium. For example, lead has a tendency to
form low-solubility compounds with the major anions of natural water. Hydroxide,
carbonate, sulfide, and sulfate may act as solubility controls to precipitate lead from water.
Another important factor is lead’s strong tendency to sorb to soils. A significant fraction of
lead is insoluble lead, which may be associated with colloidal particles.

Arsenic is generally more mobile in groundwater than many other metals, but its behavior
is complex. It can exist in multiple oxidation states that differ in solubility. The reduced
form of arsenic (As÷3) is more mobile than the oxidized form (As*5). The effect of solubility
controls on arsenic concentrations cannot be evaluated with the information that currently
exists (ATSDR, 1992). Adsorption of iron oxides or combinahon with sulfide may maintain
low-level concentrations of arsenic. The adsorption of arsenic onto clays, iron oxides, and
organic (humic) material is also an important transport pathway.

Pesticides
Dieldrin is the pesticide most present at Dunn Field, with relatively infrequent detection of
DDT, DDE, and DDD in soil and sediment. These pesticides are no longer used at the
facility.

In general, these chlorinated pesticides have low Henry’s Law constants and are not
expected to volatilize significantly. All of the detected organo-chlorine pesticides have lower
solubihty and higher Koc values, indicating that these pesticldes are more likely to sorb to
soil and are less mobile in aqueous phases. The most hkely migration pathways for
pesticides are transport in particulate emissions and transport of sorbed materials in surface
runoff.

Dieldrin is extremely nonpolar and, therefore, has a strong affinity for organic matter, such
as animal fat, and sorbs tightly to soil parhculates. It has low mobility through the soil
column and moves at extremely low rates even under saturated soil conditions (greater than
270 years to move through 3 meters, [ATSDR, 1992]). Thus surface runoff and air-borne
particulate emissions are the potential migration pathways for the chlorinated pesticides.
Based on available BCFs, organo-chlorine compounds could bioconcentrate significantly.
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1.3.7.2 Groundwater Conceptual Model

The conceptual site model (CSIv0 for groundwater at Dunn Field has a hydrogeological
framework of three water-bearing units: the fluvial aquifer, the intermediate aquifer, and
the Memphis aquifer. Logs of multiple test borings (see Appendix A-2) indicate that the
vadose zone consists of about 30 feet of loess (silt), 10 feet of sandy clay/clayey sand, and
up to 45 feet of sand, gravelly sand, and sandy gravel. The fluvial aquifer is locally 10 to 12
feet thick and occurs within gravelly sand lithologies below the vadose zone. Beneath the
fluvial aquifer is a confining clay (approximately 70 to 95 feet thick) followed by the
intermediate aquifer comprised of up to 50 feet of alternating sand and clay layers (each
layer up to 20 feet thick). Approximately 75 to 100 feet of alternating sand, silt, and clay
layers (each layer averages 5 feet thick) separate this aquifer from the underlying Memphis
aquifer.

Movement of COCs begins with infiltration of rain through contaminated soil. The
rainwater dissolves the chemicals and carries them vertically through the vadose zone into
the fluvial aquifer (Figure 1-9). Within the fluvial aquifer, the dissolved COCs migrate 
the direction of groundwater flow. Although there is a pervasive downward gradient, the
clay layer that separates the fluvial aquifer from the underlying intermediate aquifer greatly
slows the downward migration of the COCs. Wherever the clay is absent (i.e., areas near
MW-34, -40 and -43), COCs may migrate downward through the "window" into the
intermediate aquifer, and may ultimately reach the Memphis aquifer (Figure 1-8). Within
the fluvial aquifer, the groundwater flows predominantly to the west/northwest shifting
more north/northwest near MW-54 and MW-76 (Figure 1-8).

Below the intermediate aquifer is the Memphis aquifer. The log of MW-67 (total depth: 275
feet bgs) shows 80 feet of alternating clay/silt layers separating the intermediate aquifer
from the Memphis aquifer. A "continuous" clay/silt umt in the area between Dunn Field
and the Allen Well Field would be a substantial barrier to potential migration of dissolved
COCs into the Memphis aquifer. However, if the unit is discontinuous, there is a possibility
that dissolved COCs within the intermediate aquifer could migrate into the Memphis
aquifer and then into municipal wells at the Allen Well Field. There is currently no evidence
that COCs in the fluvial aquifer at Dunn Field have entered the Memphis aquifer. A
"reasonable worst case scenario" assumes that COCs will migrate from the fluvial aquifer
through the intermediate aquifer into the Memphis aquifer. Section 16 of the Dunn Field RI
Report (CH2M HILL, July 2002) presents calculations of the potential transport 
contaminants in the fluvial aquifer into the Memphis aquifer.

1.3.7.3 Natural Attenuation
Biological and chermcal processes can degrade plumes of chlorinated solvents. MNA studies
completed for the Depot m 1998 and 2000 concluded that although CVOCs at Duun Field
are undergoing reductive dechlorination, the process is limited and localized. As a result,
TCE comprises the majority of the CVOC contamination throughout most of the plume.

The 2000 MNA dataset was also used to estimate the first-order biological rate constants.
Two approaches - the normalization method and the Buscheck and Alcantar (1995) method
- were used to calculate the first-order biological rate constant for a steady-state plume. A
half life for TCE was calculated as 3.5 to 7.5 years using the normalization method and 3.4
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years with the Buscheck and Alcantar method. Results for other parameters are presented in
the RI report.

1.3.7.4 Potential Plume Migration

As described above in the CSM, downward leakage from the fluvial aquifer into the
underlying intermediate aquifer may allow the offsite CVOC plumes to reach the Memphis
aquifer; once within the Memphis aquifer, the CVOCs are expected to migrate toward the
Allen Well Field. The Allen Well Field consists of 33 wells in the Memphis aquifer, each
pumping approximately 1,000,000 gallons per day (MLGW, 1999).

To estimate the movement of COCs from the source area at Dunn Field to the Allen Well
Field, calculations were performed using the BIOSCREEN (Air Force Center for
Environmental Excellence [AFCEE], 1997) and BIOCHLOR (AFCEE, 2000) transport models.
Assumptions used in model calculations were presented in the RI Report (CH2M HILL, July
2002). Two scenarios were used to model this pathway: (1) transport from source area to 
breach in the confining clay below the fluvial aquifer near MW-40 and (2) transport from the
breach to the Allen Well Field assuming the fluvial aquifer is connected directly to the
Memphis aquifer. Using conservative estimates of natural attenuation rates, only PCE and
1,1-DCE reached the closest Allen Well Field pumping well above detection limits; however,
concentrations were shil below the EPA maximum contaminant levels (MCLs) of 5 and 
p,g/L, respectively. The models also estimated that maximum concentrations would not
occur at the pumping well for at least 57 years for PCE and 82 years for 1,1-DCE after VOCs
entered the Memphis aquifer. The model results strongly suggest the VOC contamination at
Dunn Field will not affect the wells at Allen Well Field.

1.3.8 Summary of Baseline Risk Assessment
A baseline risk assessment (BRA), including an ecological risk assessment and human health
risk assessment (HHRA), was conducted for each of the three areas of concern within Dunn
Field and groundwater. Details of the BRA are presented in the Dunn Field RI Report
(CH2M HILL, July 2002).

The BRA determined that the overall ecological risks are negligible for Dunn Field based on
the weight of evidence indicating no contaminant-related toxicity, as well as poor quality
habitat. The HHRA compared site- and contaminant-specific risk estimates with the
acceptable health risks and hazard index (HI) levels. Acceptable rusk levels (rusks) for 
sites range from I to 100 in I million excess lifetime cancer risks (ELCRs). The acceptable
target HI is 1.0 for non-carcinogenic chemicals. Table 1-7 presents a summary of the risks
and His for soil, based upon the three areas of concern, and groundwater at Dunn Field.
This table also summarizes COPCs identified in the RI.

The following subsections summarize the BRA prepared for each Area and groundwater at
Dunn Field.

1.3.8.1 Northeast Open Area

The potential risks to human health and ecological receptors from exposures to
contaminants in impacted media in the Northeast Open Area were evaluated. The key
findings from the risk analysis are as follows:
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¯ Many COPCs for the Northeast Open Area, such as PAHs and metals, were also
detected in background soils. Dieldrin was not used in the pistol range operations;
however, it was applied as part of routine maintenance of the grassy areas, which are
not directly related to the site operations within Dunn Field. Likewise, site-wide data
statistical evaluations indicate that contaminants were similarly distributed in the
background samples;

¯ The surface water COPCs were dieldrin and phenanthrene, both of which have low
sohibihty, indicating they may be associated with suspended particulates;

¯ The risk evaluations under future land use conditions included potential exposures of
maintenance, industrial, and utility workers within the Northeast Open Area based on
activities observed to be applicable to the site. Offsite residential exposures to volatiles
and dust from the site were also evaluated. None of these exposure scenarios resulted in
risks above acceptable levels. Therefore, site-specific risk-based RGOs were not
calculated for the site;

¯ The carcinogenic risks for industrial worker exposures to Sites 60/85 surface soil
resulted in an estimated risk of 9 x 10" and a noncarcinogenic HI of 0.03. The
carcinogenic risks are from dieldrin. The resulting risks are well within the acceptable
limits for cancer risks of I to 100 in one million and an HI of 1.0. Thus, the overall Sites
60/85 surface soils do not pose a health threat to future industrial workers;

¯ The estimated cancer risk to future hypothetical onsite adult and child residents at Sites
60/85 was estimated at 7 x 10-s, which is within the acceptable range of 1@6 to 104. The
estimated risk is due to dieldrin at EPC concentration of 2.54 mg/kg. The total
noncarcinogenic health hazard was estimated to be an HI of 0.07 for an adult and an HI
of 0.7 for a child, from dieldrin. Overall risks and His to future residents are well within
acceptable limits for the Surrogate Site 60/85;

¯ Lead detected at sample Location 60/85 is reported at 2,100 mg/kg. This particular
sample concentration is well above a residential screemng concentration of 400 mg/kg,
and is also above the Memphis Depot industrial worker target value of 1,536 mg/kg.
However, the area average does not appear to be above these target levels. Lead-
contaminated soil at Site 60 will be removed as part of a removal action at the site,
allowing for recreational land use.

¯ Dieldrin and chromium were the only surface soil COPCs identified in the ecological
risk assessment for the Northeast Open Area. Based on further refinement of the risk
assumptions of dieldrin and chromium on the American robin as target receptor, along
with the other site-specific characteristics and uncertaintaes, dieldrin and chromium will
not be considered further as a COPCs at this site; and

¯ No further assessment of ecological risk associated with contaminants at the Northeast
Open Area was found to be warranted.

1.3.8.2 The Disposal Area

The potential risks to human health and ecological receptors from exposures to
contaminants in impacted media at the Disposal Area were evaluated. The key findings
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from the risk analysis are as follows (see the Disposal Area risks to human health
summarized in Tables 1-8a and 1-8b):

¯ All of the chemicals were analyzed for their potential toxicity contribution to represent
the combined effect of all site-related chemicals. Twenty-one (21) carcinogenic and 
noncarcinogenic inorganic and organic chemicals were identified as COPCs at the
Disposal Area;

¯ Combined risks from soil, sediment, and surface water exposure pathways for the
maintenance worker resulted in a total ELCR of 4 x 10-6 and a total HI of 0.008. The
cumulative surface media exposure is within acceptable limits;

¯ Exposures to ambient air VOCs from subsurface soils to future industrial workers in the
area are estimated to be 2x 10-s, and the HI is at 0.3;

¯ The potential risks to a future industrial worker from potable use of site groundwater
from the North plume is estimated to include an ELCR of I x 10-4 and an HI of 0.9
(mostly from inorganic chemicals). Contribution to indoor air presents negligible risks;

¯ Combined risks from soil, sediment, and surface water exposure pathways for the
industrial worker resulted in a total ELCR of 4 x 10-s and a total HI of 0.4. The
cumulative surface media exposure is within acceptable limits, as stated above;

¯ The indoor air risk estimates for an industrial worker assumed to spend the workday
indoors at Site E exceeded the acceptable HI of 1.0. This slight exceedance of the
acceptable HI at Site E is predominantly due to total-l,2-dichioroethene;

¯ The risk estimates for inhalation of air originating from the Disposal Area subsurface
groundwater to an onsite worker are well within acceptable limits (<1 in a million);

¯ The risk assessment for the Disposal Area included potential residential scenarios for a
residential adult and child. The risks were found to be greater than an HI of 1.0 for
surface soil and indoor air (soil to indoor air). Therefore, remediation efforts would 
necessary to remove the risk prior to the Disposal Area being permitted for residential
occupation.

¯ Results from the Site 61 surrogate study suggest that site arsenic, antimony, PAH, and
CVOC levels render Site 61 unusable as a residential site under current contamination
conditions. Both cancer risks and non-cancer hazards are unacceptable for indoor air
exposures to a future onsite resident (adult/ctuld). Thus, the landfilled areas are not
suitable for housing under current conditions. In addition, the disposal sites are not
suited for utthty workers because of possible disturbance of buried wastes;

¯ RGOs were estimated for the subsurface soil in order to reduce indoor air VOC levels for
future unlimited land use. These are presented in Table 1-9; and

¯ Given the poor quality of onsite habitat at the Disposal Area and the lack of surface soil
COPCs, ecological Impacts are expected to be negligible and are not expected to change
in the foreseeable future.
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1.3.8.3 The Stockpile Area
The potenhal risks to human health and ecological receptors from exposures to
contaminants in impacted media at the Stockpile Area were also evaluated. The key
findings from the risk analysis are as follows:

¯ The COPCs identified for the Stockpile Area included some inorganic chemicals,
dieldrin, and PAHs. The inorganic chemicals could be from the minerals stored, or
naturally occurring in soils. The PAHs and dieldrin were detected at concentrations
similar to those detected elsewhere across the Depot and are not specific to the Stockpile
Area. Dieldrin is likely from historical maintenance applications across the Depot. PAHs
are thought to be associated with vehicle exhausts, asphalt pavements, and the railroad
tracks. Inorgamc chemicals are COPCs for subsurface soils, and no organic chermcals
were identified as COPCs;

No significant risks of adverse health impacts exist at the Stockpile Area for
maintenance workers from exposure to surface soil;

No significant risks of adverse health impacts exist at the Stockpile Area for future
industrial/commercial workers from exposure to soil;

The COPC selection for the surrogate site SSLFF indicated that surface soils at the site
had alurmnum and arsenic exceeding background levels and comparison criteria;

SSLFF soils do not pose a health threat to future industrial workers outdoors;

Analysis of SSLFF risk scenario results suggest that site arsenic levels are unacceptable
to future hypothetical onsite adult and child residents; however, arsenic levels within
this sample location are similar to those detected elsewhere within Shelby County;

Based on a Weight of Evidence, as well as the poor quality of ecologzcal habitat, current
and future ecological impacts are probably negligible.

1.3.8.4 Disposal Sites

Sixteen burial sites were identified at the Disposal Area and in the Stockpile Area and given
priority status (Tables 1-2 and 1-6), as described previously. These sites were not
investigated during the RI because of unknown hazards and the potential for CWM at Dunn
Field. However, they were given qualitative risk evaluations and remedial action objectives
to accomplish any future investigation or removal activities.

The Baseline Risk Assessment included a qualitative evaluation of the risks associated with
these sites:

Buried containers of hazardous liquids could leak and discharge to the environment and
impact groundwater and any selected groundwater remedy(s)

Buried containerized hazardous liquids could be accessed through future intrusive
activities and cause immediate injury to human health and release to the environment

Buried hazardous solids/residuals that could leach contamanants to groundwater
and/or cause immediate injury to human health if accessed through intrusive activities

SECTION 1 (REV 1) DOC 1-29



579 34

MEMPHIS DEPOT DUNN RELD FS- REV 1 02/03

1.3.8.5 Groundwater

Potential risks from future groundwater use within Durra Field were estimated for two
separate areas representing organic chemicals that occur as plumes: one plume underlying
the Northeast Open Area (Northern Plume) and a second plume underlying the Disposal
Area and portions of the Stockpile Area (Western Plume). This plume is further divided into
two portions: the Northwest Plume and Southwest plume.

¯ Groundwater under the site, and offsite near the property boundary in downgradient
locations, is contaminated in the shallow aquifer and is unfit for potable use.

¯ Overall, risks to a future industrial worker or hypothetical resident from exposure to
maximum concentrations of onsite groundwater are above the acceptable range of I to
100 in a million (10~ to 104). Although there is no intent to use groundwater as potable
water in the future, any plans for future use would have to be carefully evaluated.

¯ There are no unacceptable risks or hazards to future onsite workers or residents due to
exposure of VOCs volatilizing from subsurface groundwater to indoor air.

¯ Since contamination has been detected in selected offsite wells, indoor air exposures are
the most pertinent exposure pathway. Rasks through this pathway to the offsite
residents are well within the acceptable limits, presenting negligible risks and HI.

¯ Although there is no intent to use offsite groundwater as a potable water source, any
plans for future use would have to be carefully evaluated. The groundwater
contaminant plume, which has crossed the property boundary to the west of Dunn
Field, could diminish in concentration with distance and time as a result of the
extraction system currently in operation.

1.3,8.6 Summary of Conclusions from Baseline Risk Assessment

The baseline risk assessment conclusions for human health and ecological protection for
Dunn Field are as follows:

Ecological receptors are limited at this urban site. Any receptors present are not being
threatened based on site contamination conditions and thus do not require protection.

Current exposures from all media are limited to workers in the leased properties. The
health risks are negligible to workers doing routine maintenance work such as mowing
grass and moving stored materials across the site.

Future exposures from all media to workers spending prolonged periods of time in
indoors also do not present significant risks ("significant" is defined as risks m excess of
I in 10,000 or a HI>I.0 for a worker), with the exception of Site E in the Disposal Area
due to indoor air exceedances from VOC contaminated soils.

Future exposures from sixteen disposal pits to workers presents a health risk due to
possible disturbance of buried wastes.

Future exposures from surface soils to residents presents a health risk in the Disposal
Area, primarily from arsenic, antimony, PAHs, and CVOCs and m the Stockpile Area,
due to arsenic. PAHs in sediment at Site 61 likely result from active offsite railroad
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tracks. Arsenic is widely distributed and does not correlate with specific locations or
sites. Arsenic levels within the SSLFF sample are similar to those detected elsewhere
within Shelby County.

Future exposure to the CVOCs in subsurface soil, if buildings were constructed for
industrial or residential purposes, would present excessive risks. The highest levels of
chlorinated VOCs were detected in soils at about 15-foot depths. These soils also
present a threat by functioning as potential sources of continued leaching to
groundwater and their impact on indoor air VOC levels.

The groundwater in the fluvial aquifer under Dunn Field is not fit for use as drinking
water. The contamination plume under the site extends beyond the site property
boundary. The groundwater concentrations are above industrial and residential potable
levels, as well as MCLs. There are no groundwater users within the site and none have
been identified in the offsite areas.

1.3.9 Chemicals of Concern (COCs)
The COPCs identified in the RI were evaluated in the HHRA for exceedances above target
risk criteria. The chemicals that exceeded those criteria (cumulative ELCRs greater than I 
104 and/or His greater than 1.0) and require remedial action for the protection of human
health are identified as chemicals of concern (COCs) and are further evaluated in this FS. 
summary of COCs for Dunn Field is presented in Table 1-10.

¯ No COCs were identified at the Northeast Open Area in surface media. Lead-
contaminated surface soils at Site 60 will be remediated as a non-time critical and
documented m a Source Removal Plan, making a majority of the land acceptable for
unrestricted use.

VOCs were identified as COCs in subsurface soil in the Disposal Area for industrial land
use during the RI.

No COCs were identified in the Stockpile Area for industrial land use.

VOCs, dieldrin, arsenic, iron, and manganese were identified as COCs in onsite and
offsite groundwater during the RL Several rounds of additional monitoring data have
been collected since the RI fleldwork. Most of the non-VOC organic and inorganic COCs
previously identified were not detected at significant levels or do not have a high
frequency of detection. Therefore, the dieldrin, arsenic, iron, and manganese are no
longer identified as chemicals requiring further actions. Thus the current COCs are the
CVOCs detected in multiple wells at relatively high frequency of detection (>5% FOD)
and their degradation products.

1.3.10 Target Levels for Soil and Groundwater

1.3.10.1 Surface Soil
Site 60 had lead as COG from past use as pistol range. The lead has been removed as
previously discussed in this section. There are no other COCs identified in surface soil
therefore no target levels were developed for surface soil.
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1.3.10.2 Subsurface Soil
The subsurface soils, primarily within Disposal Area of Dunn Field, have residual CVOC
levels well above the soil-to-groundwater migration based screening levels, and potential
vapor intrusion to indoor air under altered land use conditions. The extent of the
subsurface soil contamination, that extends vertically to the groundwater in the underlying
fluvial aquifer due to leaching over time from the burial pit wastes, affords very little
dilution attenuation to the soil CVOCs.

The Exposure Model for Soil-Organic Fate and Transport (EMSOFT) (EPA, 1997) was 
to calculate site-specific values of soil concentration that would be protective of
groundwater at Dural Field. The 1-dimensional screening model is based on the work
described by Jury et al (1983,1990) and incorporates volatilization, advective and diffusive
transport, sorption, and decay. The model theory, verification, and validation are included
in the EMSOFT User’s Guide (EPA, 1997). Site-specific values were calculated for the Loess
and fluvial deposits and are summarized in Table 1-11 (see Appendix C for the full
discussion of the calculation of the site-specific soil cleanup values that would be protective
of groundwater at Dunn Field).

t.3.10.3 Groundwater Target Levels

The groundwater in the fluvial aquifer underneath Dunn Field and to the west of Dunn
Field has CVOCs above MCLs. In order to reduce the concentrations to levels that are
protective of human health, both now and in the future, interim remedial actions have been
implemented to date and additional remedial actions are planned for site groundwater. The
planned actions aim to reduce the chlorinated solvent levels with time.

The groundwater at Dunn Field has been monitored for over 10 years and based on the data
collected to date, most frequently detected chemicals are chlorinated solvents and their
degradation products. The contamination plumes are observed to have 4 to 5 parent
solvents, likely from past use and subsurface disposal during the former operations at Dunn
Field. One possible offsite source, not related Depot operations, has also been previously
identified during RI and subsequent investigations. The findings of the HHRA for the
chlorinated solvents detected in the groundwater in the fluvial aquifer indicate that
concentrations are high enough to make the water unfit for drinking either by industrial
workers or residential receptors. The chemicals responsible for this predicted excess risk are
mostly CVOCs. Though some organo-chlorine pesticides and metals were initially
identified as COCs due to the relatively high toxicity, subsequent monitoring indicated a
low frequency of detection of these chemicals in groundwater. Inorganic chemicals are
likely associated with the turbidity in groundwater as discussed above. Thus the target
groundwater levels are developed only for CVOCs which are the primary COCs, as these
are the most frequently detected in widespread areas at relatively higher concentrations
above MCLs.

Currently there is no exposure to the contaminated groundwater in the fluvial aquifer at
Dunn Field. Thus the focus of this FS is to protect human health from potential future
exposures as well as meeting the NCP guidance for protection against maximum beneficial
uses of a potable aquifer.
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For this FS and remedial action planning, the groundwater MCLs are ARARs for
groundwater at Dunn Field, and where there is no MCL, a PRG/RBC can be used as the
target level. Since multiple chlorinated solvents were detected in groundwater at the site
and in the immediate downgradient area, targeting to meet the MCLs may not be
adequately protective of a potentially exposed receptor due to the possibility of cumulative
toxicity exceeding the upper-bound limit of the acceptable risk or HI. However, the
cumulative risks are dependent on the total number of chemicals present and their
individual concentration levels in the groundwater. Depending on the location of the
contaminated groundwater underneath Duun Field, the number of COCs and their levels
differ significantly, thus developing a concentration value as a target is difficult and
impractical. Therefore, following the EPA guidance for Superfund sites (EPA, 1991 Full
reference: Role of the Baseline Risk Assessment m Superfund Remedy Selection Decisions, OSWER
Directive 9355.0-30, April 1991) an upper-bound limit on target cumulative risk level of I in
10,000 (1 X10~) and an HI of 1.0 are selected as the target remedial goals for the individual
plumes within and immediately downgradient of Dunn Field. Thus upon implementation
of the remedial actions the residual risks will not exceed these target levels at the receptor
points. The individual concentration of each COC within these plumes will be different
from contaminated area to area; however, they will be within MCL levels and combined
concentration levels will not exceed a cumulative upper-bound target risk of I in 10,000 (1
X10~) and HI of 1.0 in any given plume

A preliminary list of quantitative target risk based concentration levels were developed
using the COCs, which are the CVOCs most frequently (>10% in 70+ samples) detected 
all the rounds of sampling, including the latest data (see Table 1-12a). These calculated
target concentrations assume that all the chermcals are present in each of the plumes, thus
represents a conservative assumption for setting a target level. However, these levels will
be revisited during the evaluation of remedial action groundwater monitoring to ensure
target risk levels are met. Some of the individual chemical concentrations can be higher or
lower depending on proportion of the cumulative risk each COC presents in that particular
plume at that that time, while meeting target risk level.

Tables 1-12a and 1-12b present the COCs in groundwater and their respective target
concentration levels based on cumulative target risk level of I in a million (10~) and I in
10,000 (1(}4). The proposed concentration levels in this target level table are likely to change,
although target risk levels will remain the primary goal during ground water remediation.
Any newer chemicals not identified as a COC in these tables will be added to the list if they
are detected at a future time. These target levels (see Table 1-12b) are calculated by dividing
the MCL with the concentration at a desired cumulative target risk level (similar to an
RBC/PRG) from multiple chemical remains within the acceptable levels, while the target
concentration remain below an MCL.

Or

Target Concentration Level = MCL X Target Risk/Risk at MCL

Target risk = Target MCL* 10-6 (TG for PRG)/PRG

Risks from individual target concentrations are added to obtain cumulative risk as included
in Table 1-12b. As stated earlier, these individual chemical concentration levels will likely
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change with the number of chemicals present in a plume, while target risk level (e.g. 1 X 10-
4) will remain fixed.

1.4 Presumptive Remedy for Subsurface Soils

1.4.1 Introduction to the Presumptive Remedy Approach
Presumptive remedies are "preferred technologies for common categories of sites, based on
historical patterns of remedy selection and EPA’s scientific and engineering evaluation of
performance data on technology implementation" (EPA, 1993). These technologies have
been selected as the preferred remedy based on data analyses of similar types of sites
conducted by EPA. Through this evaluation, it has been determined that certain remedies
have been consistently selected as the appropriate remedy and other alternatives are
typically screened out based on effectiveness, implementabfltty, excessive costs, and the
nine detailed criteria. The use of presumptive remedies are recommended by EPA because
they allow the FS process to be streamlined by bypassing the technology identification and
screening steps, potentially saving time and money.

The presumptive remedies for VOC-contaminated soils at CERCLA sites are soil vapor
extraction (SVE), thermal desorption, and incineration. SVE is the preferred presumptive
remedy. This selection is based on ROD and FS analyses conducted by the EPA. In the ROD
analysis, 88 RODs were identified where VOCs were the driving force in the remedy
selection to determine the frequency of technology selection. Of these, the three
presumptive remedies were selected over 90 percent of the time. Further, SVE was chosen
in over two-thirds of the RODs. The FS analysis was conducted on 21 VOC-contaminated
soil/sludge sites in order to document the technology-screening step and identify the
principal reasons for elimination of other technologies. The three presumptive remedies
were selected the majority of the time.

The following reports document the FS and ROD analyses, and use of presumptive
remedies for VOC-contaminated soils by EPA. They will be included as part of the
administrative record as support for the selection of the presumptive remedy approach at
Dunn Field.

¯ EPA. November 1991. A Guide to Principal Threat and Low Level Threat Wastes. Superfund
Publication 9380.0-06FS.

¯ EPA. September 1993 Presumptive Remedies: Policies and Procedures. EPA Publication
540/F-93/047.

EPA. September 1993. Presumptive Remedzes: Site Characterization and Technology Selection
for CERCLA S~tes w~th VOCs in Soils. EPA Publication 540/F-93/048.

¯ EPA. August 1994. Feasibzlity Study Analysis for CERCLA Sztes with Volatde Organic
Compounds in Soil. EPA Publication 540/F-94/080.

¯ EPA. July 1996. User’s Grade to the VOCs m Soils Presumptive Remedy. EPA Publication
540/F-96/008.

SECTION 1 (REV 1) OOC 1-34



579 39

MEMPHIS DEPOT DUNN RELD FS- REV I 02J03

1.4.2 Determination to Use the Presumptive Remedy Approach for VOC-
Contaminated Subsurface Soils

The following steps were taken in order to determine the feasibility of applying the
presumptive remedy to subsurface soils at Dunn Field. Following these steps is not
mandatory by the EPA but will hasten the clean-up process. They are presented to justify
the selection of SVE as the proposed remedy for VOC-contaminated subsurface soils at
Dunn Field. The SVE alternative will be described and analyzed in detail in Section 6.

1) Are VOCs present m the Soil?
Yes. VOCs present within Dunn Field that are COCs include 1,1,2,2-PCA, 1,1,2-TCA, 1,2-
DCA, carbon tetrachloride, chloroform, methylene chloride, PCE, total 1,2-DCE, TCE
and vinyl chloride.

2) Arenon-VOCcontammantspresentthatprecludetheuseofpresumptiveremedies?
No. However, select remedial actions will need to be conducted at the disposal sites
prior to implementation of SVE.

3) Initiate early community, state, and lead agency involvement.
TDEC, EPA and DLA have been involved since project initiation. The community has
been informed of the SVE presumptive remedy approach. A presentation was made to
the Restoration Advisory Board (RAB) in August 2001.

Review advan tages/limitatwns of the presumptive remedies.
Advantages and limitations for SVE, as presented in Table 3 of Appendix B, have been
reviewed. In addition, the technology limiting factors are discussed in Appendix C.

Conduct site characterization
The fieldwork for the Dunn Field RI was completed in 2001. The Dunn Field RI report
was finalized in July 2002. In addition, a soil vapor extraction (SVE) pilot test was
conducted in late 2001 and early 2002.

Identify potential ARARs.
ARARs have been identified and presented in Section 2.

Conduct time-critical removal actwn.
No time-critical removal actions are required.

Is there a threat posed by the site?
Yes. Contaminated soil in the vadose zone poses a threat to human health and/or
environment and acts as a source term for future groundwater contamination. A risk
assessment for Dunn Field was conducted in the Dunn Field RI Report (CH2M HILL,
July 2002).

Proceed with technology assessment and review "Practical Considerations" section.
The "Practical Considerations" section was reviewed to ensure a comprehensive
evaluation of alternatives.

4)

5)

6)

7)

8)

9)

10) Does the Pilot~Treatability Study indicate that SVE is Feasible?
SVE is a process, which physically removes contarmnants from vadose zone soils by
inducing air flow through the soil. A pilot/treatabihty study was conducted during
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January 2002 in a suspected source area on Dunn Field and provided information
suggesting in-situ SVE as a presumptive remedy is acceptable. This information is
provided m Appendix C.

11) Is thermal desorption feasible?
The vadose zone within Dunn Field extends to a depth of approximately 75 to 80 feet
below ground surface and is contaminated throughout the entire soil column within
each suspected source area. Thermal desorption is an ex-situ process that uses direct or
indirect heat exchange to vaporize organic contaminants from the soil and thus requires
soil excavation (EPA 1993). The quantities of soil for excavation and depth 
contamination within the soil column would cause the process of thermal desorption to
be infeasible.

12) Is incineration feasible?
Incineration like thermal desorption is also an ex-situ process and requires soil
excavation. Therefore, incineration is also not feasible.

13) Select remedy for remedial~removal action.
Based on the selection criteria established by the EPA (1993), SVE is a feasible process for
vadose zone sod reme&ation and is to be considered the presumptive remedy for Dunn
Field subsurface soils with VOCs.
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INSTALLATION DSERTS SiTE PRIORn~ SITE TYPE l SITE DESCRIPTIONRESTORATION NUMBERt=) LEVEL.~ ISITES NUMBER
Northeast Open Area

19
2O
21
5O
6O
62
85

19
2O
21
5O
6O

62
85

C
C
C
C

RA Planned~

C
RA PlannedI

SS
SS
SS
SS
SS
SS
RI

DIsposst Area
1 1
2 2
3 3
4 4

41 90
5 5
6 6
7 7
8 8
9 9

10 10
11 11

12&121 12
13 13
14 14
15 15
15 1 91
152 92
16 16
16 1 93
17 17
18 18
22 22
23 23

24-A 24
61 61
63 63
64 64
86 86

Remediated~

C
B
A
A
C
C
A
A
C
B
B
B
A
C
B
B
B
B
B
B
C
C
C

Remedmted2

C
C
C
C

CWM
RI
RI
RI
RI
RI
R[
RI
RI
RI
RI
RI
RI
RI
RI
RI
RI
RI
RI
RI
RI

Proposed NFA
Proposed NFA
Proposed NFA

CWM
SS

Proposed NFA
Proposed NFA

RI

Former Tear Gas Ca~ster Bum Scte (c)
Probable Asphalt Bunst S=te
XXCC-3 Impregnate Burial S~te (5O0.06O Pounds)
Dunn F-~eld NcxlJ~astem Quedmnt Drmnage Ditch
Ptst~ Range Impact Area/Bullet Stop
Baux.te Statage
Old Pistol Range Bu~]dinq 1184rremporaP/Pestlode Stom.ge

Mustard and Lews~t~ Training Se~ Burial Site (1955)
Ammonia HydroxKle (7 Pounds) and Acetic Add (1 -Gal/oe) Bunal Site (1955)
Mixed ~pcal Bedta S~te (Orlhoto=dine Dihydrochk~6o) (1955)
POL Bunal S~le (13, 55*Gstlon DnJms of Oil, Grease and Pant)
POL Burial S~te (32, 55-Galk~n Drun~ of Oil, Grease and Thinner)
Methyl Bromide Burial Sde A (3 Cube Feet) (1955)
40,037 Unlta of Eye O~ntment Burial Site (1955)
Ni~ic Aad Butyl Sde (1,700 Quad BotfJes) (1954)
Methyl Brom=de Burial Sde B (3,76O 1-gallon cans) (16O4)
Ashes and Meta] Sunal Site (Bun~ng Pit Refuse) (1955)
SOlKI Waste Burial Sale (Near MW-10) (Metal, Glass, Trash, stc 
Tnchloroacet¢ Acst Burial Sde (1.433. 1-ounce Bottles) (1965)
Sulfut¢ Aod and Hydrochtar¢ Aod Burial (1967)
Mixed Chemical Boqal (Acrd. 900 Pounds. Unnamed Sdzds. 8.100 Pounds)
Mun~dpst Waste Buflai Szta B (Neat MW-12) (Food. Paper Products)
Sodium Burial Sita~ (1968)
Sodum Phosphate Burial (195O)
14 Burial Pita Na2PO4. Sodium. ACKI. Medical Supplies. and ChlonRated Lone
Unknown Aod Beda~ Sde (1969)
Acrd Bun=t Sita
Mixed Chemlc~ Bedta Szta C (1969)
Plane Crash Ras.,Sue
Hardware Burbd Srie (Nuts and Bolts)
Consb~c~ Ost~s and Food Bunst Sde
Bomb Casing Bunst SRe (29 Bomb Casmge used to Transpod MuStard Agent)
Buried Drain Pzpe
Abovegmund Ruorspar Storage
Aboveground Bauxed Storage (1942 to 1972)
Food Supplies
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TABLE 1-3
Dunn Field Stud, Area Geologic Strata
Rev I MemDht, Depot Dunn Field FS

System Series Group Stratigraphic Thickness Lithology and Hydrologic
Unit (feet)b Significance

Quatemaqt Holooene Alluviuma O to 175 Sand, grovel, silt, and clay. Unded=es
and the M=ssissipp= Alluvial Plato and
Pleistocene alluvial plains of streams m the Gulf

Coastal Plain. Thickest beneath the
alluvial platn, where commonly
between 100 and 150 ft thick:
generally less than 50 ft thick
elsewhere. Provides water to
domestic, farm, industrial, and
irrigation wells in the M=sstsstppt
Alluvial Plain.

Plelstocane Loess 0to65 Sdt, silty clay, and minor sand.
Principal unit at the surface in upland
areas of the Gulf Coastal Plato.
Th=ckest on the bluffs that border the
Mississippi Alluv=al Plato; thmoer
eastward from the bluffs. Tends to
retard downward movement of water,
thus providing recharge to the fluvial
depos=ts.

Quatemar~ Pleistocene Fluv=al Deposits Oto 100 Sand, gravel, minor clay, and
and fen’uginous sandstone. Generally

And Phocene (?) (terrace undedle the loess =n upland areas,
depos=ts)

Tediary (?) but are locally absent. Thickness
varies greatly because of erossonal
surfaces at top and base. Provide
water to many domeshc and farm
wells in rural areas

Tertiary Claibeme Jackson O to 360 Clay, s=lt, sand, and hgnde. Because
Format=on and of s=mdanties in hthology, the
upper part of Jackson Formation and upper part of
Claiboroe the Claibome Group cannot be
Group; includes reliably subdlv=ded based on
Cockfield and avadable information. Most of the
Cook Mountam preserved sequence is the Cockfield
Formations and Cook Mountain format=ons
(Capping Clay) undivided, but locally the Cockfield

may be overlain by the Jackson
Formation. Serves as the upper
confining bed for the Memph=s Sand.

Eocene Memphis Sand 500 to 890 Sand, clay, and minor lignite. Thick
body of sand with lenses of clay at

(’500-Foot" various strotigrophic honzons and
sand) minor ligmte Thickest =n the

southwestern part of the Memphts
area, thinnest m the Northeastern
part. Pnnc=pal aquifer providing water
for mumcipal and industrial supphes
east of the Mississippi River;, sole
source of water for the City of
Memphis.
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TABLE 1-3
Dunn Field Study Area Geologic Strata
Rev I Memphi Depot Dunn Field FS

System Series Group Stratigraphic Thickness Lithology and Hydrologic
Unit (feet)b Significance

Flour Island 160 to 310 Clay, slit, sand, and hgnite. Consists
Formation pnmanly of silty clays and sandy silts

with lenses and interbeds of fine
sand and hgnites. Serves as the
lower confining bed for the Memphis
Sand and the upper confining bad for
the Fort Pillow sand.

Paleocena Wilcox Fort Pdlow 125 to 305 Sand with minor clay and hgnite.
Formation Sand is fine to medium. Thickest in

the southwestern part of the
(’1,400-Foot" Memphis Area; thinnest in the
Sand) northern and northeastern parts.

Once the second pnnclpal aquifer
supplying the City of Memphis; still
used by an industry. Pnncipal aquifer
providing water for municipal and
industnal supphas west of the
Mississippi Rwer.

Old 180 to 350 Clay, silt, sand, and lignite. Consists
Breastworks pdmanly of silty clays and clayey silts
Formation with lenses and interbeds of fine

sand and hgnite. Serves as the lower
confining bed for the Fort Pillow
Sand, along with the underlying
Porters Creek Clay and Clanton
Formation of the Midway Group.

"Alluvium is shown here in the conventional poslbon as the youngest stratigraphm unit Actually, it almost nowhere overSes the
loess but may ovedie any of the older strabgraph¢ units
"Note. this ts the thtckness of the unit-not the depth below grade
Source. Mod=fied from Graham and Parks, 1986
"~ = Age not venfied
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TABLE 1-4
Site ConsolidatJon and RaUonale in Northeast Open Area
Rev 0 Memphis Depot Dunn Field FS

Consolidated Historical Site
Location ID Designation Rationale for Consolidation

Location G- 19, 20 PCE soil gas plume encompasses these sites and the
Asphalt Budal Site incinerator disposal area identified by TEC aerial

and Tear Gas photographs. Low-level soil gas implies surface soil
Canister Bum contamination. PCE contamination is west of Site 50 and

Area may not be associated with the drainage ditch.

Location H- 50 TCE and PCE soil gas plume encompasses the end of the
Perimeter TCE drainage ditch. Low-level sod gas implies possible surface

soil contamination.

Sites not 21, 60, 62, 85 Sites are asolated and not associated with soil gas VOC
consolidated detections or geophysical anomalies.
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TABLE 1-5
Site Consolidation within the Disposal Area
Rev. 0 Memphis Depot Dunn Field FS

Consolidated Historical Site Rationale for Consolidation and Sampling
Location ID Designation

Location A- Asphalt 23, 24-A (CWM), TCE, CCL4, 1,2-DCE, and PCE soil gas plume encompasses
Pad 63 these sites. Soil gas survey implies VOCs in the disposal pits and

trenches

Locabon B- Debns 22, 23 TCE, CCL4, 1,2-DCE, and PCE soil gas plume encompasses
Site these sites. Sod gas survey implies VOCs in the disposal pits and

trenches.

Location C- South 12, 12.1, 14 TCE, CCL4, 1,2-DCE, and PCE soil gas plume encompasses
Burial Site these sites. Soil gas survey implies VOCs in the disposal pits and

trenches.

Location D- North 13, 15, 15.1, 15.2, TCE, CCL4, 1,2-DCE, and PCE soil gas plume encompasses
Budal Site 16,161,17 these s~tes. SoIl gas survey implies VOCs in the disposal pits and

trenches.

Location E-Site 10 7, 8, 10 TCE, CCL4, 1,2-DCE, and PCE soil gas plume encompasses
Area these sites. Soil gas survey implies VOCs in the disposal pits and

trenches.

Locahon F- POL 1 (CWM), 2, 3, TCE, CCL4, 1,2-DCE, and PCE sod gas plume encompasses
Waste Sftes 4.1, 5, 6, 9, 11, these sites. Soil gas survey implies VOCs in the disposal pits and

18, 86 trenches.

Site 61- Stormwater 61 Discharge area evaluated for the presence of contaminates
Culvert associated with Dunn Field histoncel activities.
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TABLE 1-6
Burial Pit Descdptisns and History
Rsv. 0 Memphis Depot Dunn Fie/d FS

IRP Site
Number Site Description and History

Disposal Area

4.1

10

11

12./12.1

13

15/15.11
15.2

This sde ts est=matad to be approximately 30 feet long and 10 feet wtde. It reportedly contains
about 3,000 quarts of vanous chemicals, plus 5 cubic feet of orthotoludme d=hydrochlodde buned tn
1955. As a result, toxicity potential Js unknown based on the description of "various chemicals’.

This site is a trench containing approxtmataly 13 drums of oil, grease, and paint thinner that were
d=sposed of in the mid-1950’s These materials are cons=dered to be both potentially toxic and
htghly mobtle. Since the drums were placed 50 years ago, they may have corroded and may no
longer be intact.

This site is similar to S=te 4, except that =t contains approximately 32 drums of o=1, grease, or thinners
that were disposed of in the mid-1950’s. These matenals are constdered to be both potentially toxic
and highly mobile. Since the drums were placed 50 years ago, they may have corroded and may no
longer be intact.

This stte is a trench containing approximately 1,700 quart bottles of ndnc actd from 1954. Nitric acid
is considered to have low toxicity, but could cause a low pH in the area, or mobJhze metals, or both.

Th=s s=te is an excavation containing apprex=mately 3,768 cans of methyl bromide (bromomathane)
from 1954. The hazard is similar to that of Site 5, but the quantity is significantly greater and that
makes this a h=gher priority site. The d=sposal excavation is estimated to be approximately 45 feet
by 45 feet at the surface and the reported bunal depth =s 7 feet. (It shoufd noted, that no
bromomethane was detected in the surface soil or subsurface SOL] on Dunn Field where tested
during the RI [>250 samples]. Bromomethane was detected =n 5 momtonng wells [MW-13, -69, -70,
-76 & -77] in 2001 at low est=mated concentrations ranging from 0.2J ug/L to 0.6J ug/L. No
bromomethane was detected in the recovery wells. Bremomethane was not detected ;n
groundwater samples prior to 2001 [a total of >500 groundwater samples]. There is no federal or
state dnnkmg water standard for bromomethane in groundwater.)
This a solid waste bunal sde approx=mately 100 feet long and 50 feet wide containing metal, cans,
ash, broken glass, and other similar material last usad in 1955 Informat=on mdCeates the waste was
located m a zone from 3.5 to 10 feet below the ground surfaca Materials descriptions suggest that
the burial site contains httle orgamc matter. The site is not expected to contain hazardous matenals,
but the actual contents of the buned material is unknown.

Thts slta =s an excavat=on containing 11 gallons of the herb¢lde tnchlororacettc actd ~n 1,433 1 -
ounce bottles buried m 1965 This ts a reportedly unstable chemtcal, wdh a trenslent influence on
pH and with low toxtctty.

These sttas conststs of 3 trenches containing a total of 30 pallets of sulfone and hydrochlon¢ acid
buried in 1967. These below-grade matenals are not expected to be extremely toxic, but could
affect the pH in the local area and cause metals to become more mobde.

This s=ta contains approxtmately 32 cubic yards of m=xed chemicals, acid and detergents, plus
apprexlmately 8,100 pounds of solids. The area is estimated at approximately 35 feet wide by 50
feet long, approximately 8 feet deep.

These sites comprise an area apprex=mately 100 feet long and 20 feet wide containing 14 discrete
trenches w=th sedlum salt, sodium phosphate, chlonaated hme, acid wastes, and vanous medical
supplies buried m 1968. The disposal area Js esttmatad at approxtmataly 8 feet deep. Sodium salts
and hme matanala are typically not cons=dered to be hazardous materials, however, the contents
are not clearly Identified.



579 49

TABLE 1-6
Burial Pit Descripbons and History
Rev. 0 Memphis Depot Dunn Field FS

IRP Site
Number Site Description and History

16/16.1 These site are disposal areas containmg unknown acid materials. Records indicate disposal of just
one pallet of an unknown acid. Depending upon the quantity, this acid could adversely affect the
local pH and groundwater.

17 This stte is a 20-foot by 30-foot area containing an unknown quanttty of herb¢ides, medical
supplies, and cleaning compounds buned in. The depth of the disposal trench ts estimated at 8
feet.

Stockpile Area

This sttats documented as containing 86,100 pounds of CC-2 (impregntte) buried in a 6- to 8-foot 
deep, 8-foot wide, and 40-foot long trench in the west-southwest po~on of the Stockpile Area.

IRP Installation Restoration Site
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TABLE 1-7
Risk Assessment Summary for Dunn Field

Rev 1 Memphis Depot Dunn Field FS

Exposure Receptors Total ELCR Total HI

Above Target

ELCR 1x104or
HI 1 COPCs=

Northeast Open Area

Maintenance Worker 6E-07 0 004 No

Industnal Workerb 5E-05 0,04 No
Utility Worker 7E-07 O 005 No

Recreational Adult 2E-06 0 01 No

Recreational Child 2E-06 0.1 No

Recreational Youth 1 E-06 0 02 No
Offsite Residential 3E-08 0 00002 No

Northeast Open Area. Sites 60/85

Industrial Workerb 3;:-03 5 Yes

Residential Adultb 1 E-g2 15 Yes

Residential Childb NIA 35 1 Yes

Disposal Area

Maintenance Worker 4E-06 0 008 No
Industrial Worker 6E-05 0 3 No

Utility Worker 8E-07 0 002 No
Offslte Residential 4E-06 0 02 NO

Disposal Area - Site 61LE

thdustnal Worker 8E-05 0.3 No
Utility Worker 6E-06 0 01 No
Residential Adult 3E-04 2 Yes
Residential Child N/A 14 Yes
Offslte Residential 9E-07 0 005 No

Stockpile Area

Maintenance Worker 1 E-g6 0 009 No

Industnal Worker 7E-06 0 05 No

Utility Worker 4E-07 0 005 No

Stockpile Area - SSLFF Soil

Industnal Worker 8 E-06 0 06 No
Residential Adult 6 E-05 0.2 No

Residential Child N/A 2 Yes

No

Yes

Yes

Groundwater - Onslte Plumes

North Plume

Industrial Worker I E-04 0 88

Residential Adult 5 E-04 2 5
Residential Child N/A 5 7

N/A

AS, dieldrin. 1.1,2,2-PCA, 1,I-DCE, 1,2-DCA, chloroform, CCI4,
PCE, TCE

N/A

dlelddn

dlelddn
N/A

N/A

As, dieldrin, 1,1,2,2-PCA, 1,1-DCE, chloroform, CCI4, PCE, TCE
As. dieldnn, heptach)or epox~de, 1,1,2,2-PCA, 1,1-DCE, 1.2-
DCA. chloroform. CCI4. PCE, TCE
AS, dleldnn, 1,1.2,2-PCA. 1,1-DCE. 1,2-DCA, chloroform, CCI4,
PCE, TCE

PAHs
AS, PAHs, dlelddn, l,l,2,2-Tetrachloroethane, VCI, TCE

NIA

1,1.2,2-Tetrachloroethane

As, SaP, TCE, 1,1,2,2-Tetrachloroethane,VCI

TCE, 1,1,2,2-Tetrachloroethane,VCI
PAHs, AS, Sb, TCE, 1,1,2,2-Tetrachloroethane,VCI
PAHS, Antimony, Arsenic
N/A

Arsenic*, benzo(a)pyrene*

Arsenic, benzo(a)pyrene

NIA

Arsertlc

Arsenic

Arsenic

As, dieldnn, PCA1122, DCA12, DCE11, CCI4, PCE, Chloroform,
TCE
AS, d=eldnn. PCA1122, TCAI 12, DCE 11, DCA12,
Bromodichloromethane, CCPl, Chloroform. PCE, TCE

TCE, Manganese
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TABLE 1-7
Risk Assessment Summary for Dunn Field

Rev. 1 Memphis Depot Dunn Field FS

Exposure Receptors Total ELCR Total HI

Above Target

ELCR 1x10"4or
HI 1 coPc#

Northwest Plume

Industrial Worker 3 E~)3 5 3 Yes

Residential Adult 1 E-02 15 Yes
Residential Child NIA 34 Yes

Southwest Plume

Industnal Worker 3 E-04 1 6 Yes

Resldenbal Adult 1 P-03 4 6 Yes

Resldenbal Child N/A 11 Yes

Groundwater- Offsita Plumes
MW30

Restdent=al Adult 5 E~)5 0 81 No

RestdentJal Chtld N/A 1.9 Yes
MW31

ResJdentBI Adult 8 E-04 3.1 Yes

Residential Chdd NIA 7 2 Yes
MW32

Residential Adult 2.E~)3 5 Yes

Restdent=al Child N/A 12 Yes
MW33

Residential Adult 2.E~)4 1 4 Yes

Res=denttal Child N/A 3 2 Yes
MW40

Restdentlal Adult 3 E-05 0 35 No

RestdentJal Chtld NIA 0 83 No

MW44
Residential Adult 2.E~4 2 2 Yes

Resldenbal Chdd N/A 5 2 Yes

MW54
Restdential Adult 1.E-04 1 2 Yes

Restdenbal Chtld N/A 2 8 Yes

MW51
Restdenhal Adult 2.E-04 0 42 Yes
Restdentlal Chdd N/A 0 97 No

MW71

Resldenhal Adult 2 E-03 5 Yes

Residenbal Chdd NIA 12 Yes

MW76177

Resldenttal Adult 1 E-02 9 3 Yes
Res=dentEal Ch=ld N/A 22 Yes
MW79

Resldenttat Adult 5 E-04 0 36 Yes

Residential Chtld N/A 0 83 No

As, PCA1122, TCA112, DCE11, DCAt2, DCPt2, Benzene,
CCH, Chloroform. PCE, TCE, VC
As, PCA1122, TCA112, DCE11, DCAt2, DCPt2, Benzene,
CCI4, Chloroform, PCE, TCE, VC

TCE

As, PCA1122, TCA112, CCI4, Chloroform, PCE, TCE
AS, PCA1122, TCA112, Bromodchtoromethane, CCI4,
Chloroform, PCE, TCE

CCI4, Chloroform, TCE

AS
As

Chlonnated solvents
Chlonnated solvents

Chlonnated solvents

Chlonnatad solvents

Chlonnated solvents

Chlonnated solvents

1,1-Dichloroethene

As, Chlonnated solvents
As, Fe, Chlonnated solvents

Chlonnated solvents
Chlonnated solvents

Chlonnated solvents
As, Chlonnated solvents

Chlodnated solvents

Chlonnatsd solvents

Chlonnated solvents

Chlonnated solvents

Chlonnated solvents

Chlonnated solvents
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TABLE 1-7
Risk Assessment Summary for Dunn Field
Rev 1 Memphis Depot Dunn Fte/d FS

Above Target

ELCR 1x10"4or
Exposure Receptors Total ELCR Total HI HI 1 COPCsa

¯ COPCs are the chemicals contributing to nsks at or above 1 in a mllhon, and/or to HI at or above 1.0.
b R=sk celculatlons include risk from groundwater med=a through ingest=on, dermal, and inhalat=on exposure mutes.

ELCR = Estimated Lifehme Cancer Risk

HI = Hazard Indices
COPCs= Chemicals of Potentml Concern

As = Arsenic

CCI4 = Carbon Tetrachlodde

PAHs = Polyaromatlc hydrocarbons

PCE = Tetmchloroethane
TCE = Tdchloroethene

I,I-DCE = l,l-Dlchloroethene

1,2-DCE = 1.2-Oichloroethane

1.1.2,2-PCA = 1,1,2.2-Tetrachloroethane
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2.0 Identification and Screening of Technologies

This section describes the initial steps in development of potential remedial alternatives at
Dunn Field by developing a list of applicable or relevant and appropriate requirements
(ARARs) and defining remedial action objectives (RAOs). From this, technologies are identified
and screened to meet the objectives. The screening process involves identifying general
response actions, remedial technologies, and processes for implementing the technologies. This
section concludes with a summary table of remedial technologies that are evaluated in more
detail in Sections 3 through 7.

2.1 ARARs
Section 121(d)(2) of CERCLA, as amended by the 1986 Superfund Amendments 
Reauthorization Act (SARA), requires that remedial actions attain (or waive) the levels 
standards of control for hazardous substances, pollutants, and contaminants specified by the
ARARs of Federal and more stringent state environmental laws. The identification of ARARs
for remedial actions typically begins after the site characterization (during the RI) and may
continue through the remedial design phase. The processes for preliminary identification of
ARARs, as well as the definition of the types of ARARs, are discussed in the following
subsections.

2.1.1 Definition of ARARs
A requirement under environmental laws may be either "applicable" or "relevant and
appropriate" to a remedial action, but not both. ARARs must be identified on a site-specific
basis in a two-part analysis: (1) determine whether a given requirement is apphcable; and (2) 
the requirement is not applicable, determine whether it is nevertheless relevant and
appropriate.

Applicable requirements are those cleanup standards, standards of control, or other substantive
environmental protection requirements, criteria, or limitations promulgated under Federal or
state environmental or facility siting laws that "specifically address a hazardous substance,
pollutant, contaminant, remedial action, location, other circumstance found at a CERCLA site"
(see 40 CFR 300.5 and 55 FR 8814). In other words, applicable requirements are legal and
jurisdictional requirements that would apply directly to the action, even if the action were not
taken pursuant to CERCLA.

Relevant and appropriate requirements are those cleanup standards that "...address problems
or situations sufficiently similar to those encountered at the CERCLA site that their use is well
suited to the particular site" (see 40 CFR 300.5 and 55 FR 8817). Determining whether 
requirement is relevant and appropriate requires the use of discretion and judgement, unlike
determining whether a requirement is applicable. A requirement may be "relevant" because it
addresses situations similar to those at the site, but may not be "appropriate" because it is not
well suited to the specific site conditions. Once a requirement is determined to both relevant
and appropriate, the requirement must be addressed as though it was applicable.

SECTION 2 (REV. t) DOG 2-1
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If no ARAR exists for a CERCLA site or existing ARARs are inadequate to protect human health
and the environment, other non-promulgated criteria, advisories, guidance, or proposed
standards issued by Federal or state governments may need to be considered (TBC). 40 CFR
300.400(g)(3) states that TBC standards are not potential ARARs because they are neither
promulgated nor enforceable and their identification is not mandatory. However, TBC
standards may be used in conjunction with ARARs to achieve an acceptable level of risk.
Human health-based cleanup levels or RGOs, as discussed below, are below examples of TBC
standards.

Section 121 of CERCLA and 40 CFR 300.430(f)(1)(ui)(c) allows for ARARs to be waived 
the following circumstances:

¯ The remedial action selected is an interim measure and will become a part of a total
remedial action that will attain the ARAR upon completion of all activities

¯ Compliance with the ARAR will result in greater risk to human health and the environment
than the alternative option chosen

¯ Compliance with the ARAR is technically impracticable from an engineenng perspective

¯ The remedial action selected will attain a standard performance that is equivalent to that
required under the ARAR through the use of another method or approach

¯ The ARAR m a state requirement that has not been consistently applied in similar
circumstances for other remedial actions

Compliance with the ARAR would not provide a balance between the need for protection of
public health and the environment and the availability of funds to respond to other sites
presenting a threat to the public or environment (for fund-financed cleanups only)

2.1.2 Types of ARARs
The following are the three primary types of ARARs:

¯ Chemical-specific - health- or risk-based restrictions that result in the establishment of
numerical values that would meet the National Contingency Plan (NCP) threshold criterion
of overall protection of human health and the environment

¯ Action-specific - technology- or activity-based requirements or limitations on actions taken
with respect to a hazardous substance that are triggered by a particular remedial activity

¯ Location-specific - requirements that must be addressed during remedial activities because
the activities occur in "special" locations. Location-specific ARARs include activities on and
near wetlands and floodplains, archeological and natural resources, historical landmarks,
critical habitats of endangered or threatened species, existing land use controls, etc.

2.1.3 Chemical-specific ARARs
The chemical-specific ARARs for Dunn Field are as follows:

¯ There are no chemical-specific ARARs for the soils. Therefore, chermcal-specific RGOs
developed in the risk analysis are used for the remedial alternatives analysis.

SECTION 2 (REV 1) DOC 2-2
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Maximum contaminant levels (MCLs) and non-zero maximum contaminant level goals
(MCLGs) are relevant and appropriate as cleanup levels for groundwater that is a current 
potential source of drinking water. The fluvial aquifer beneath Dunn Field is not used as a
source of potable water at the Depot and the surrounding; however, the underlying
Memphis aquifer is a source of potable water for the City of Memphis. 40 CFR 300.430 of the
NCP states that MCLGs (estabhshed under the Safe Drinking Water Act [SDWA] at 40 CFR
141) above zero, shall be attained if relevant and appropriate to the circumstances of the
release. Where the MCLG for a contaminant has been set at zero, the MCL for that
contaminant shall be attained. TDEC’s MCLGs and MCLs are listed at Tennessee Rule 1200-
5-1.06 and are identical to the federal MCLGs and MCLs.

Federal secondary MCLs are non-enforceable goals for drinking water established by EPA
under the SDWA. Secondary MCLs pertain to contaminants that affect such qualities as
taste, color, odor, and corrosivity. Secondary MCLs are listed in 40 CFR 143 and Tennessee
Rule 1200-5-1.12. These secondary MCLs are to be considered (TBCo in the evaluation of
technologies. This means that technologies that meet MCLs or MCLGs but cause an
exceedance of secondary MCLs would not score (rank) as high as equally-effective
technologies that do not cause an exceedance of secondary MCLs.

There are no natural surface water bodies within the Depot or in the vicinity. Therefore, the
surface water ARARs were included in the risk assessment for comparison purposes, but
were not included as ARARs for screening of alternatives due to the lack of risks indicated
during the risk assessment.

Sediments do not have ARARs.

2.1.4 Action-specific ARARs
The action-specific ARARs at the Depot are as follows:

¯ On-site remedial actions that involve land-disturbing activities are required to comply only
with the substantive requirements of the NPDES stormwater permit program (e.g., BMPs to
minimize the discharge of pollutants from the site) and not the administrative requirements
(e.g., submittal of a Notice of Intent, a Storm Water Pollution Prevention Plan, and Notice of
Termination). The Phase II rule was published on December 8, 1999, and addresses
construction activities disturbing greater than I acre and less than 5 acres of land. The
effective date of the rule is February 7, 2000; however, operators of small construction
activities (less than 5 acres) are not required to obtain permit coverage until March 10, 2003.
Remedial actions at Dunn Field may disturb 5 acres or more of land and may need to
comply with the substantive requirements of the NPDES Phase I stormwater permit
program as implemented by TDEC under its General Permit (Stormwater Discharge from
Construction Actiwties, No. TNR10-0000).

The capping of hazardous materials that may be left in place in sufficient concentrations
would require compliance with relevant RCRA Subtitle C landfill closure requirements at 40
CFR 264.310(a). Subtitle C landfill closures require post-closure care and maintenance for 
least 30 years. Also, RCRA landfill post-closure requirements at 40 CFR 264.116 and 264.119
(TDEC Rule 1200-1-11.06(7)(g) and (j), respectively requires preparation of a survey 
"indicating the locations and dimensions of landfill cells or other hazardous waste units
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with respect to permanently surveyed benchmarks" and should be submitted to the local
zoning authority and EPA. Under 40 CFR 264.119, one must include a notation on the deed
of the facility property (or some other instrument which is normally examined during a title
search) that will notify potential purchaser that land has been used to manage hazardous
waste and its use is restricted. Only the substantive aspects that are deemed both "relevant
and appropriate" (R&A) would apply.

The excavation, on-site ex situ solidification, or placement of soil that contains RCRA-
restricted waste may trigger the RCRA land disposal restrictions (LDRs). Generators 
contaminated soil that is subject to the LDR regulations may elect to meet either the generic
treatment standards for hazardous wastes in 40 CFR 268.40, or the alternative treatment
standards for contaminated soil in 40 CFR 268.49. The alternative LDR soil standards
require treatment to reduce concentrations of hazardous constituents in the soil either by 90
percent or by enough so that the hazardous constituent concentrations are less than or equal
to 10 times the Universal Treatment Standards (UTS) (identified in 40 CFR 268.48),
whichever is greater. To determine if the soils are to be disposed of in a hazardous or solid
waste landfill, a toxicity characteristic leachmg procedure (TCLP) test is conducted 
representative soil samples. This will determine if a waste is characterized as hazardous per
(40 CFR 261 C). The excavation and off-site disposal of soil and debris that contain RCRA
hazardous waste must comply with transporter regulations under 40 CFR 263. A transporter
under Subtitle C is defined as any person engaged in off-site transportation of hazardous
waste within the United States. Such transportation requires a manifest under 40 CFR 262.

Emissions to air during on-site treatment may require compliance with the substantive
requirements of the Tennessee Air Quality Act and the federal Clean Air Act as the City of
Memphis is in a non-attainment zone. This includes requirements for monitoring and
control of the release of volatile organics to the atmosphere, the control of fugitive dust
emissions, and compliance with ambient air quality standards. These requirements are
outlined in Tennessee Rule 1200-3.

Discharge of groundwater to the POTW must meet City of Memphis industrial discharge
standards that limit contaminant levels in liquids accepted at the POTW. Wastewater
generated by pumping groundwater or other remedial processes must meet the limits or be
pre-treated prior to discharge.

The Ground Water Quality Control Board for Shelby County, Tennessee, has promulgated
Rules and Regulations of Wells in Shelby County. These regulations govern the location, design,
installation, use, modification, repair, and abandonment of all types of wells; for example,
monitoring, injection, recovery, and vapor extraction wells. These requirements are more
stringent than corresponding federal and state rules. The substantive requirements of these
regulations may be considered ARARs.

For well installations at a CERCLA site, the substantive requirements of a well construction
permits must be adhered to, even though no permit is required. Information on permit
applications for monitoring and injection wells are obtained from the Memphis and Shelby
County Health Department and TDEC Division of Water Supply. According to Tennessee
Rule 1200-4-6, monitoring and injection wells at Dunn Field would be classified as Class V
(shallow, non-hazardous) wells. Substantive requirements of an underground injection
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control (UIC) Class V permit application for injection wells must also be adhered to,
although no permit is required.

2.1.5 Location-specific ARARs
A search for possible location-specific ARARs applicable to the Depot was conducted by Law
Environmental (1990). No federal, state, or local natural resources were found to be near the site
(less than 1/2 mile).

¯ Currently, Dunn Field is zoned as Light Industrial (I-L). The principal uses permitted are
manufacturing, wholesaling, or warehousing. According to Section 24 of the Memphis and
Shelby County zoning regulation, single family or multi-family residential uses are
prohibited.

¯ Institutional controls are required Tennessee Rule 1200-1-13.08(10) whenever the remedial
action does not fully address the hazardous substances which pose a risk to human health
or the environment. This includes requirements for deed restrictions and future transfer of
property. Transfers of contaminated federal property are subject to CERCLA Section
120(h)(3) requirements. The property disposal agent shall incorporate a "Notice of Land 
Restrictions" to ensure that the above land use restrictions are incorporated into the deeds
transferring the property. This Notice of Land Use Restrictions shall be prepared and
recorded in accordance with T.C.A. Section 68-212-225. It must: (1) include a legal
description of the site that would be sufficient as a description of the property in an
instrument of conveyance; (2) identify the location and dimensions of the areas of potential
environmental concern with respect to surveyed, permanent benchmarks. Where a site
encompasses more than one parcel or tract of land, a composite map or plat showing all
parcels or tracts may be recorded; (3) identify generally the type, location, and quantity 
regulated hazardous substances and regulated substances known to exist on the site; and (4)
identify specific restrictions on the current or future use of the site.

¯ Under the Rules and Regulations of Wells in Shelby County, described above, water wells are
defined as wells developed for the primary purpose of producing a supply of water
regardless of the intended use of the water supply. The rules proinbit water wells within a
half-mile of the designated boundaries of a listed federal or state CERCLA site or RCRA
corrective action site, unless the owner can demonstrate that movement of contaminated
groundwater or materials into adjoining aquifers will not be enhanced by the well. Similar
location restrictions are not specified for any other type of well (e.g., monitoring, injection,
and recovery). In addition, these rules allow the Memphis and Shelby County Health
Departments to reject a permit application for a proposed well if the well will be harmful or
potentially harmful to the water resources of Shelby County. Specific criteria for the
determination of harm or potential harm are not identified in the rules.

2.2 Remedial Action Objectives (RAOs)
RAOs are medium-specific goals that the remedial actions are expected to accomplish to protect
human health and the environment; they are used to help identify the feasible alternatives.
RAOs express both a contaminant level and exposure route.
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The Dunn Field BRA (CH2M HILL, July 2002) identified contaminants in surface and
subsurface soils (also referred to as buried waste), disposal sites, and soil-to-indoor air that pose
unacceptable rusks to industrial workers and potential on-site residents (if Dunn Field is re-
developed). These risks are identified as RGOs, chemical specific criteria based on calculated
risk (see Table 1-7).

RAOs guide formulation and evaluation of remedial alternatives. The development of RAOs
takes into consideration RGOs (permissible exposures), COCs, and clean-up concentrations
associated with the RGOs.

The following RAOs have been developed for surface soil at Dunn Field:

¯ For the residential scenario in the Northeast Open Area, removal of surface soils
contaminated with lead to residential levels;

¯ For the residential scenario in the Disposal Area, enact institutional controls, excavate, or
contain to prevent exposure to COCs.

The lead contaminated surface soils in the Northeast Open Area, specifically those within Site
60 (Former Pistol Range) that are above residential risk-based levels, are to be removed as part
of a non-time-critical removal action in early 2003 (as documented in the Site 60 EE/CA [CH2.M
HILL, July 2002]) and will no longer be considered in the FS.

The following RAOs have been developed for subsurface soil (buried waste) at Duma Field:

¯ Prevent subsurface disturbance of buried wastes by workers.

¯ Prevent exposure through direct contact with the top 10 feet of the soil column where COCs
exceed health-protective concentrations.

The following RAOs have been developed for the disposal sites at Dunn Field:

¯ Eliminate potential for groundwater impacts from a release of buried containerized
hazardous liquids and the leaching of contaminants from buried hazardous solids;

¯ Eliminate future unacceptable risk of direct contact with buried hazardous liquid and/or
solids due to intrusive activities during future land use or site development.

The following RAOs have been developed for soil-to-indoor air contaminated with chlorinated
VOCs at Dunn Field:

¯ Prevent direct inhalation of indoor air vapors from subsurface soils in excess of industrial
worker and residential risk-based criteria.

The BRA also identified contaminants in groundwater that could pose unacceptable risk to
possible receptors (CH2M HILL, July 2002). Contaminants in the fluvial aquifer may migrate
further offsite or into deeper aquifers, posing a threat to water supplies. Based on analysis of the
contaminants present, both onsite and offsite potential receptors, and permissible exposure
levels, the following RAOs have been developed for groundwater at Dunn Field:

¯ Prevent use of impacted groundwater as a potable source;

¯ Prevent further offsite migration of VOCs in groundwater in excess of MCLs; and
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¯ Remediate fluvial aqmfer groundwater to drinking water standards (MCLs) to be protective
of the deeper Memphis aquifer.

Table 2-1 summarizes RAOs for surface and subsurface soils, disposal sites, soil-to-indoor air,
and groundwater.

2.3 General Response Actions
General Response Actions (GRAs) describe remedial activities that potentially satisfy the RAOs
and goals, either independently or in combination with other GRAs. GRAs to be considered for
surface and subsurface soils and the disposal sites at Dunn Field include the following:

¯ No action
¯ Institutional controls
¯ Containment
¯ Treatment
¯ Removal
¯ Disposal (Off-site)

GRAs to be considered for groundwater located onsite and offsite of Dunn Field include the
following:

No action
Institutional controls
Containment
Treatment
Removal
Disposal (Offsite)
Monitoring

Table 2-2 summarizes the GRAs and their approach to meeting remedial goals. Often there are
several technologies that may be applied to each GRA. These technologies are discussed and
screened for potential effectiveness in the following sections.

2.4 Identification and Screening of Technology Types and
Process Options

The proposed treatment technology for subsurface soil remediation of VOCs is the presumptive
remedy, soil vapor extraction (SVE). This is an in-situ physical treatment technology in which 
vacuum is applied through extraction wells to create a pressure or concentration gradient. Gas
phase volatiles are induced to diffuse through soils to the extraction wells. Additional
enhancements of the technology may include a temporary soil cap or seal and thermal heating
of soil. In addition, a system to handle and treat system off-gasses will likely be required. By
definition of a presumptive remedy, this technology has already been screened against other
alternatives for these contaminants and matrix, and selected as the preferred remedy. This
technology screening process is documented in the Feasibdity Study Analysis for CERCLA Sites
with Volatile Organic Compounds in Soil, (EPA, 1994) and provided as Appendix B. Therefore, the

SECTION 2 (REV. t) DOC 2-7



579 85

MEMPHIS DEPOT DUNN FIELD FS - REV 102]03

no action and SVE treatment options for VOCs contained in soil and soil-to-indoor air will be
carried forward into Sections 3 and 6 of this FS.

Potentially applicable technologies and process options for remediation of surface and
subsurface soil associated with disposal sites are identified and described in Table 2-3.
Potentially applicable technologies and process options for groundwater remediation are
identified and described in Table 2-4. As part of the initial screening process, certain
technologies and/or process options are identified as clearly inappropriate for the physical
features of the site and/or the chemical characteristics of the contaminant matrix. These
inappropriate technologies are shaded in Tables 2-3 and 2-4 and are not evaluated further.

2.4.1 Evaluation and Selection of Representative Technologies
Technologies and process options retained after preliminary screening are further evaluated on
the basis of their relative effectiveness, difficulty to implement, and cost. These factors are
evaluated as follows:

The relative effectiveness of a technology is judged on the basis of its estimated capability to
meet one or more of the RAOs, its estimated protectiveness of human health and the
environment during operation, and its estimated reliability to function considering the
contaminants and site conditions;

¯ The difficulty in implementing a technology considers both the technical and administrative
aspects of construction and operation; and

¯ The cost evaluation focuses on relative capital (initial) and operation and maintenance
(O&IV0 costs. Detailed cost analyses are not performed at this level of screening.

Table 2-5 presents the secondary screening of technologies and process options for surface and
subsurface soil and disposal sites. Table 2-6 presents the secondary screening of technologies
and process options for groundwater. Technologies and/or process options that were rejected
on the basis of effectiveness, implementability, or cost are shaded in the table and were not
evaluated further.

2.4.2 Selection of Representative Process Options
Technologies and process options that were retained after the secondary screening were further
evaluated, relative to other process options within the technology type, to identify one
representative option for use in the developing alternatives. Effectiveness was the primary
consideration for the process option assessment. Process options considered to be similarly
effective were further evaluated on the basis of relative implementability and relative cost,
resulting in the selection of the best process option for the technology.

Similarly, effective process options within various technologies were also evaluated to select the
best representative process option. Identifying a representative process option for each
technology was not intended to limit the process options that could be used in remedial design,
but to provide a basis for evaluating a manageable number of remedial alternatives.

In some cases, multiple process options were retained because of their ability to complement
other technologies. For example, institutional control process options were retained because
they would most likely be used during the implementation of potential remedial alternatives.
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Table 2-7 presents the selection of representative process options for surface and subsurface
soils and disposal sites. Table 2-8 presents the selection of representative process options for
groundwater.

2.5 Summary
Table 2-9 summarizes the GRAs and associated process options for surface and subsurface soil
and disposal site contamination and groundwater retained after the screening process. These
process options are used to develop remedial alternatives in Section 3.
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Table 2-1
Remedial Action ObJectJvu - Disposal Area
Rev 0 Memphis De~t Dunn Rdd FS

Media Land Use Remedial Action Objectives (from RI) General Response Actions

Surface Sod Maintenance PJsks within acceptable range of 1 in 10,000 to No AcUon
Worker one mti]ien, imd hazard index (HI) is less than

1 O, for Ingesti~, dermal and inhalation
exposures ¢ordoined

ledus~J Worker Risks wdh~n soceptabie range of I in I0.000 to NO Action
(Outdoor) one million, and hazard index (HI) is less than

11 0. fo~ ingestion, dermal and inhalation
)xposures cocnhlned

Residenttal MuJr ~Jsk= exceed acceptable range of I In 10,000 to Insetutional Controls
>he million, and hazmd index (HI) is gmafor Excavetinn
hart 1 O, for ingestion, dermal and inhalation Contalnrnent/In-s~to Treatment
~xposums combined

~esidentiel Child* -(azard index (HI) is greater than I 0, InstJtutlonel Controls
ngestion, dermal and inhalation m@osums Excavation
:omblned Cordelnment~n-elta Treatment

;oil Column (Ambient Jellty Worker ¯ Jsks wti~n acceptable range of I in 10,000 to No Action
~Jr) me mtilidn, end hazard index (HI) i= less than

I O. for ingestion, dermal and inhalation
~xpesures combined

ndualdel Worker ~sks v, qthm acceptable range of I in 10,000 to No Action
we mtillon, ~ hazard index (HI) is less than
I O, for ingestion, dermal and inhalation
~xposums combined

:residential Adult" PJsks wlteln acceptable range of Iid 10,0C0 to No Actio¢l
me million, and hazard index (HI) is less than
1 O, fox ingestion, dermal and inhalation
~xposums combined

Dffelto Resident Risks vathth acceptable range of 1 in 10,000 to No Action
~ne miti~on, and hazard index (HI) Is less than
1 O, for ingestion, dermal and thhala6on
exposures combined

Su~surfsoe Soll Jeltiy Worker Buded wastes may present a physlGal or Institutional Controls to prevent subsurface
hernica~ hazard to w~(ers dudng intrusive disturbance of budnd wastes Excavation

acevities whmh wontd disturb subsurface soil Contathment/In-sJtu Treatment
such as excavation, ~annhin¢j, ddllth~, eta

indoor Air Industhal worker Risks exceed acceptable range of I in 10.000 to Instltutiona~ Conth~s for idc~dlzed
~oti-ta-lndeo¢ Air) one rr=11inn, and h¢zard index (HI) is greater ,contaminanta

than 10. for inhalabon expo6ums dee to -~xczsvation
ctdodnatod VOC= in some localized incatinm~ 7.ontalnmentdn-sita Tmatment
across the Dispo~d Area

U tllJty Worker R]skswlthin acceptable range of I In 10,000 to ~o Ac~on
one million, and hazard index (HI) is less foan
10. fo~ ingestion, dermal and inhalation
exposures combined

Residential Adult" Risks exceed acceptable range of 1 in 10.0~0 to nstJtation~ Controls for incakznd
one rnlnlon, and hazard index (HI) is greater :ontamioents
than 10, for inhalation exposures due to -.’xcavation
chlodnafod VOCe in some Iocaltzed ioc~ttons 3ontainment/In-situ Treatment
across the Diepo~el Area

Sediment & Surface Maintenance Risks w~th~n acceptable range of I In 10,000 to ~io Action
Weta~ Worker one mtiiidn, and hazard index {HI) is less than

I O. for ingestion, dermal and inhalation
exposures combined

Industrial Worker RLSk8 V.lthLn acceptable range of I in 10,000 to ~o Action
one rralhon, and hazard index (HI) is less than

O, for inges~on, dermal end thhelation
exposures combined

D~sposel Sties NI potential onstte Unknown buded waste that Could contain Ehrrunata potential for gmundwatar impacts
user8 hazardous matadels that pose an imacosptoble Yore a release of buhed co¢ltainedzed

nsk to groundwater and lend occupants ~azardeus liquids and the leaching of
Location of the disposal sites and potential :ontammants from buded hazardous solids
chenucal constituents ere unknown end will be ~d, eliminate forum unacceptable dsk of
confirmed In the field through a pm*des~gn :hrect contact with buried hazardous liquid
inves~gatinn and/o¢ solids due to intrusive ec~Jv~h es dudx

rutam land use or site development
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Table 2-1
Remedial Action Objectives for the Northeast Open Area
Rev 0 Memphis Depot Dunn Field FS

Media Land Use Remedial Action Objectives (from RI) General Response Actions

Surface S~I Maintenance Worker Risks are below 1 in a milhon, and hazard index qo Acbon*
(HI) Is less than 1.0, for Ingest=on, dermal and
mhalabon exposures comb=ned

Industnal Worker Risks w=thm acceptable range of I in 10,000 to ~O Acbon°
one m=lhon, and hazard index (HI) is less than
1.0, for lngesbon, dermal and inhalabon
exposures combtned

Recreabonal Adult R=sks w=thm acceptable range of I in 10,000 to ~10 Action*
one mdhon, and hazard index (HI) is less than
1 0, for ingestion, dermal and inhalation
exposures combined

~ecreabonal Youth Risks ~qthm acceptable range of I in 1O,O00 to ~1o Action"
one mdhon, and hazard index (HI) ts less than
I 0, for ingestion, dermal and inhalation
expo6ures combined

~ecreabonal Chtld Rtsks within acceptable range of 1 m 10,000 to ~oA~on*
one million, and h~ard index (HI) ts less than
1 0, for ingesbon, dermal and mhalat=on
exposures combined

~esiderdtal Adult** Risks wtthm acceptable range of 1 in 10,000 to ~emoval of contaminated sotls to
one mill=on, and hazard index (HI) ts less than ~srdenbal levels
1 0, for ingestion, dermal and inhalatton
exposures combined. Lead concentrabons are
elevated m Iocahzed areas

:~esldenbel Child** Hazard index (HI) Is less than 1 0, for ingest=on, ~emoval of contamtnated sotls to
dermal and ~nhalat=on exposures comb=ned. Lead ~sldenbal levels
concentrations are elevated in Iocahzed areas

3c~1 Column Industnal worker Risks are below 1 In a mdhon, and hazard index qo Acbon
3od-to-lndoor/~r) (HI) =s less than 1.0, for ingest=on, dermal and

mhalat=on exposures combtned

Utility worker Rtsks are below 1 m a m=lhon, and hazard index No Acbon
(HI) =s less than 1 0, for mgestron, dermal and
mhafabon exposures comb=ned

Offsde Resident Risks are below 1 tn a mdhon, and h~ard index No Ac~on
(HI) Is less than 1 0, for ingest=on, dermal and
inhalation exposures combined

3edtment & Surface Mamtanance Worker Rtsks are below 1 m a mdhon, and hazard Index No Acbon
Nater (HI) Is less than 1 0, for mgesbon, dermal and

inhalatren exposures combined
Industnal Worker Rtsks are below 1 In a mtlllon, and hazard index No Act=on

(HI) =s less than 1 O, for mges~on, dermal and
tnhalaben exposures combined

Recreabonal Adult Risks are below 1 in a m~Jhon, and hazard tndex No Action
(HI) =s less than 1 0, for ingestion, dermal and
inhalation exposures combined

Recreahonal Cthld Risks are below 1 in a milhon, and hazard Index No Action
(HI) is less than 1.0, for ingest=on, dermal and
tnhalatlon exposures comhtned

Recreatmnal Youth Risks are below 1 in a mdhon, and hazard index No Actton
(ill) is less than 1.0, for ingest=on, dermal and
=nhalatlon exposures combtned

"The maximum lead concentrabon detected at 2,100 mg/kg w~ll be removed per the EL/CA (CH2M HILL, July 2002)
"*Risks and hazards evaluated for the Surrogate Stta



579 90
x

Table 2-t
Remldlal Actioe Objectives. Stockpile Area
Rev O Memp~ C~ot Dunn Field F $

Media Land USe Action OT~ecUves (horn RI) Gimeral Response Actlor4

Rblks w;l~n mptable tango of I In IO.OCO to ~ m~l an~ hlzsrd Ir qdex
.3~ffaGe ~ Mairdena~ NoAc~

(HI) ~ ~ than 10. fur ingesboq Oe.111al and ir*hala~ exp~tunm ~ed

Rhlka wl~n accsptable ~ of i In 10.0(X~ Io one miglon, and hazard IndexIn4u~tal Weckm" No AcfJc~
(HI) Is less Man 1 0. for If~u~on. denf~ and Inhstalk~ expowJml ¢on~mKJ

tilks wi~n icceplab~ rlngo Gf 1 In 10 000 to ¢me mlllkm, mid hL~l I~ldexR~lder~al HI) lSlellathan 1 0 for ~eJ~t~’l demlal~lnd b~lla[~gm ox~l~re~¢~rilb~KI No Ac~oa

41mud Index (HI) is grut~" than I 0. for k~geStcA, derm~ nnd in h~41~41
R41~dent~¢ C h’lcr’ tXl~Jrl~ ¢Offlb~e¢i HI Ii phqladly IMMIOC~t~d W;~I ArJleflH: ~ Io~ whk:h II No ACtl~l

~nl~r to backgro;.¢<l ¢~c~mva~o~s (max = 2~ rrt~g)

~lsk~ ~ b~low ~ IlfflO~ of 1 h’l 10 000 Io or, I mullet1 and Ii, l~r~
8o~ C.~umn UlJlily W c,.k~- r~dex (ttl) I~ IOU I~’110. fo~ inge~,0n, darn14 ~eld tnhalab0e NoAc~

x~ned

~ll~l aim b~CW ]Kcep~ble farce O( 1 bl 10.000 to ¢~1 rtdqiotl. [Nld 
Indus~ Wo~klr ndm((HI) llleu ~an 10 fo¢~ dem~ afKli~ll~.~ expOSures

xxnb~ed

Di~4x:4~ Site (CC-2 S,~ta) M J 0~ uum =ot~lial bo.l~ ~ CC-2 ~.4pmgm~ in Itle aouth.~.m~ quadrant C# DuPn Fie4d Ellmlpata ~ for gmu, ndw’~;er Impa~ from a mleluze of
~ocat~c~ of tha d~osal sde aed i:,otent~d c~ernl~d co,ls~uer~ are ur~n,c,m~bud~i ¢orda~r tzld huardous Xquids lind Ihe ~ of
md w~g lae co~rmN In Che I~d I~rou~ a I:~Pdeslg~ InVest~ga¢~o~ ccqltamirdm~ from buded ~rdo~ D~k~ mid. ePmlr,a~ futuf~

~=,l~p~bie r’n~k Of ddz’ect a~f dact w~l~ boded hlL~atdc¢~ gquld
er~" zo~dl dt~ Io InUtmw activi~lm ¢Jdng futzm~ I~nd ule o¢

dev~opme,t.
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Table 2-t
Remedial Action Objectives for Groundwater
Ray. 0 Memphis Depot Dunn Field FS

Media Land Use Remedial Action Objectives (from RI) General Response Actions

’Groundwater (Onsde) (All Industna} worker Risks exceed acceptable range of I in 10,000 to Prevent use of groundwater for
areas) one million and HI exceeds 1 0 pnmanly due to potable use/prevent offslta

resence of chlonnated VOCs migration/remediate groundwater to
drinking water standards

Residenhal Adult Risks exceed acceptable range of I in 10,000 to Prevent use of groundwater for
3ne million and HI exceeds 1 0 primanly due to potable use/prevent offsite
~resence of chlonnated VOCs mlgration/remediate groundwater to

dnnlgng water standards
Resldentiat Child -tl exceeds 1.0 due to presence of chlonnated Prevent use of groundwater for

~OCs potable use/prevent of[site
migration/remediate groundwater to
dnnking water standards

Indoor Air (Onsde) Industrial worker ~tsks are below 1 in a million, and hazard index No Action
Groundwater-to-Indoor IHI) is less than 1.0, for mhalahon exposures
Air) ~om VOCs migrating to indoor air

Residential Adult ~sks are below 1 in a mdllon, and hazard index No Acbon
IHI) =s less than 1.0, for mhalahon exposures
~’om VOCs migmbng to indoor air

Residential Chdd IHI Is less than 1.0, for mhalabon exposures fTomNoAcben
tVOCs m~grating to indoor air

Groundwater (Offslte) Industrial worker Risks exceed acceptable range of I in 10,000 to Prevent use of groundwater for
one million and HI exceeds 1 0 due to ixesenss ~table use/prevent offsLte
of chlorinated VOCs rnlgratmNremediate groundwater to

:lrinkmg water standards
Reszdenbaf Adult Risks exceed acceptable range of I in 10,000 to Prevent use of groundwater for

one million and Hf exceeds 1.0 due to presence;)otable use/prevent offstte
of chlonnated VOCs rnigratmn/mmedlate groundwater to

:lnnkmg water standards
~esidential Chdd HI exceeds 1.0 due to presence of chlonnated Prevent use of groundwater for

VOCs ~otable use/prevent offs~te
-nlgratlordremedtate groundwater to
:lnnklng water standards

Indoor Air (Offslte) ndusthal worker Risks are below I in a mdl~on, and hazard index ~oAchon
3roundwater-to*lndoor (HI) is less than 1 0, for inhalabon exposures
~ur) from VOCs migrating to indoor air

~es~dentJal Adult Risks are below 1 m a mdhon, and hazard mdex ~o Actron
(HI) is less than 1 0, for inhalation exposures
from VOCs migrakng to indoor air

Restdenbaf Chdd HI IS less than 1.0, for inhalation exposures fl’om NoAction
VOCs m~grabng to indoor air
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TABLE 2-2
General Response Actions and Typical Goals Met
Rev. 0 Memphzs Depot Dunn Field FS

Medium General Response Action Remedial Goals Met

Dtsposal Sttes No Action
and
Associated
Subsurface Institutional Controls
Soils

Containment

Removal

Treatment

Disposal

Relies on natural attenuation to reduce contaminant
concentrations vathout performing any other measures.

Reduces the likelihood of direct contact vath or ingestion or
inhalation of contaminated soil.

Minimizes the exposure to contaminated sod. Confines
contamination for posstble removal or treatment and reduces
moblhty of contamination.

Prevents direct contact with or ingestion or inhalation of
contaminated soil or sediment. Eliminates chance of release of
contaminants to groundwater.

Reduces mobility, toxicity, or volume of contaminated media.

Minimizes the likelihood of exposure to contaminants by placing
them in a controlled environment.

Groundwater No Action

Instituhonal Controls

Monztonng

Containment

Removal

Treatment

Disposal

Rehes on natural attenuation to reduce contaminant
concentrations without performing any other measures.

Relies on natural attenuatton to reduce contaminant
concentrations but reduces the hkel=hood of d=rect contact with
or ingest=on of contammatad groundwater.

Rehes on natural attenuation to reduce contamtnant
concentrations but reduces the hkehhood of undetected
contamination or unanhcipated migration In addition, the
monitoring data can be used to assess the effecttveness of
natural attenuation processes.

Acttvely reduces or prevents release of contaminants from sod
to groundwater. Minimizes the migration of contamtnants in the
groundwater.

Mintmtzes or prevents the migration of contaminants m the
groundwater to receptors and removes contaminants from the
saturated zone.

Reduces the mobthty, toxicity, or volume of contaminated
groundwater.

Minimtzes the likehhood of exposure to contamraants by
extracting them from groundwater and placing them in a
controlled environment.
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TABLE 2*7
Final Remedial Technologies and Process Options for Disposal Sites {Various Compounds) and Associated Subsurface
Soils
Rev. 1 Memphis Depot Denn Field FS

|
General Response I] Remedial Technology

ActionsII Types Process Options Descriptions

No Action None NONe Retained per CERCLA No further actions to
address contaminated sods,

Institubonal Controls Acosss and Use Deed Resthctions Deed restnctlons issued for property wthm
Restrictions potenbally contaminated areas to restrict

property use

Signage Delineate restricted areas around potentially
hazardous areas.

Fences Secudty fences installed around potantmlly
contaminated areas to limit access

Containment Capping Clay Cap iCompected clay placed over contam=natad area.
3lay should be covered by at least a foot of silty
5and or sandy sod to maintain the mtagdty of the
"Jay cap.

Synthetic Membranes ~ynthedc membrane placed over prepared soil or
eotextita surface that is over a contaminated

3rea The membrane m seamed by a vanety of
~eex~s The membrane must be compahbta
~h the wastes present.

Asphalt or Concrete Cap =avmg grade asphalt or concrete placed over
~repared contaminated area. Fill settlement must
~e evaluated =n consldenng a concrete cap
:iesign

Mulblayernd Cap 3ap may be composed of natural sotls, soil
admixtures, clay, synthetic membranes, sway-on
asphalts, asphalt concrete, or Portland cement
:oncrate and placed over contaminated areas If
~ropedy designed, wll meet RCRA
"equirements.

Surface Controls Grading Reshaping of topography to manage surface
Nater infiltration and runoff to control erosion

Revegetatation a, systematic revegetation plan includes selection
~f a suitable plant species, seedbed preparation,
seeding/planting, mulching and/or chemical
stab=hzatlon, ferhhzat=on, and maintenance

Erosion Control Natural or man-made matanals used to prevent
erosion and subsequent exposure to
contaminated soils

Diverston and Cotlectlon Diversion and collection structures installed
Systems ~pslope or at penmetar of the site to control

:iralnage of stormwatar runoff System can also
~e implemented to collect contaminated surface
water from excavations for remediatlon.

Dust and Vapor Water Water sprayed over area of concern to prevent
Suppresston dust generabon

Organic Agents/Polymers/ Organic agent~#polymersJfoams sprayed over
Foams area of concem to prevent dust/vapor

generation



TABLE 2-7
Final Remedial Technologies and Process Options for Disposal Sites (Various Compounds) and Associated Subsurface
Soils
Rev. 1 Memphis Depot Dunn Field FS

ii
General Response II Remedial Technology

Actions~ Types Process Options Dsscdptions

:~emoval -2xcavabon Excavabon Excavafion of contaminated sohds/contamers
can use ordlnar~ constrlJCtJon eqtJipment
excavators, and front-end tcaders(s).

treatment In-stta Physical-Chemical Sob dlficatlon/StabdLzabon Sohdlficatton agents physically brad
Treatment contammanta wdhm a stabd=Zed mass

Stabthzmg agents react wnh contaminants to
reduce their mobthly. Augerlcalsson systems and
rejector head systems are used to apply S/S
agents to m-sdu so41s

Ex-sdu Physacal/Chemtcal Sohd Jficatton/Sts bd~zabon Contaminants are physically bound or enclosed
Treatment within a stablhzed mass (solidification), 

chem=cal reachons are induced between the
stabdLZmg agent and contaminants to reduce
their mobthty (stabdJzabon)

)tsposal Landfill Hazardous Waste Landfill Sohd hazardous wastes are permanently
dtspesed of m a RCRA-permdted landfill

Non-Hazardous Waste Sohd nonhazardous wastes are permanently
Landfill dtsposed of m a non-h~ardous RCRA-permdted

landfill
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TABLE 2-8
Final Remedial Technologies and Process Options for Groundwater
Roy. f Memphis Depot Dunn Field FS

General Response Remedial Technology {

Actions Types Process Options Descriptions

No Action None None Retained per CERCLA. No further actions to
address contamznated groundwater. Natural
attenuation occurs.

Institutmnal Controls Access and Use Deed Restrictiona Deed restds’tions issued for property within
Restrictions potentially contaminated areas to pmhibd well

installation. Relies on natural attenuation to
reduce VOC plume

~emits Regulations promulgated to require a permd for
wells to extract groundwater. Relies on natural
attenuation to reduce VOC plume.

Removal Groundwater Extrac~on Corwentienel Pump/Treat Conventlonel groundwater extraction involves
pumping in vertical wells, Other exbacl]on
devices mclude vacuum enhanced recovery, let-
pumping systems, etc. Exl~’acted groundwater
’nay be discharged to a sanitary sower, or
~eated as required and then discharged.

treatment th-s=tu Biological TreatmentEnhanced BaoremedLa~onSubsurface dehveW of electron donors wlthm the
~arget zone to stimulate anaerobtc
~,edagradation of chlonnated compounds by
n~luc~ve dechloonnatJon.

In-sltu Physical/ChemicalAir Sparging Air ts injected into saturated mathces to remove
Treatment contammants through volabhzatton,

Treatment Walls Permeable keatment wells are installed across
the flow path of a contaminant plume. As
groundwater moves through the treatment wall,
contaminants are removed In the treatment
zones by phy~cel, chemical, and/or b~ologtcel
~rocesses.

In-Situ C.hen~cel ReducbonAqueous injection of reduang agents (zero-
velent iron) to promote in-situ reduc~on of
chlodnated organic compounds.

ta-Sltu Chemical Oxida~onAqueous injection of oxidBJng agents
(peroxcle/lmn, permanganate, o~ ozone) 
)romota abot¢ =n-sdu ox’~d ation of chlonnated
organic compounds

Ex-s~tu Biological Anaerobe BioremediatJon B~oreactor contamlng contaminants and electron
Treatment donors to stimulate anaerobic bindegrsdatJon of

c~lednated compounds by requctive
dechlconation.

Treatment Continued Ex-sJtu Phy~cel/ChemicalAir Sthpping Volatile organics are partitioned
Treatment groundwater by increasmg the surface area of

the contam=nated water exposed to air Aeration
methods include packed towers, diffused
aeration, tray aeration, and spray aeration,
Emissions from the air stripping system need to
be monitored and may need to be treated to
conform with federal (Clean Air Act) and local ell
emission rnonitodng requirements.

Liquid-Phase Carbon Groundwater is pumped through a senas of
~dsorpbon :anlstars or cotumns conta~nmg activated carbo

;to which dissolved o~anic contaminants adsorl:
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TABLE 2-8
Final Remedial Technologies and Process Options for Groundwater
Rev. 1 Memphis Depot Dunn Field FS

General Response Remedial Technology
Actions Types Process Opt~a Descriptions

Penodic replacement or regenerabon of
saturated carbon is required. Wastes produced
from the saturated carbon need to be properly
managed

3isposal ~Nastewater Discharge PO’nN Wastewa~r Js discharged to a PO’nN for
f~tment, Must comply w:th Cdy of Memphis
effluent standards. A permit with the Cdy of
Memphis is required,

~on~oring ~oni~dng Monitoring Short-and/or long-term mon~onng is
implemented to record site condmons and
contamination levels,



TABLE 2-9
S©rsenlng Summary of GRAs end Process Options Retained for Alternative Development
Rev. 1 Memphis Depot Dunn Field FS

General Remedial
Medium Response Action Technology Type Process Option

Disposal No Action None
Sites and
Associated Institutional Controls Access and Use Restnctions

Subsurface
Soil

Containment Capping

Removal

Treatment

Disposal

Surface Controls

Dust and Vapor Suppression

Excavation

In-situ PhysicallChemlcal Treatment

Ex-sttu Phystcal/Chemtcal Treatment

Landfill

None

Deed Restri~ons

Signage

Fences

Clay Cap

Synthetic Membranes

Asphalt or Concrete Cap

Multilayered Cap

Gradmg

Revegetatation

Erosion Control

Diversion and Collection Systems

Water

Organic Agents/Polymers/Foams

Excavat=on

Solidlficetton/Stabihzation

Sohd~fication/Stabihzatton

Hazardous Waste Landfill

Non-Hazardous Waste Landfill

Groundwater No Action

Instttutional Controls

Removal

Treatment

Disposal

Monitonng

None
Access and Use Restrictions

Groundwater Extraction

tn-sltu Biological Treatment

In-situ Physical/Chemical Treatment

Ex-situ Biological Treatment

Ex-s=tu Physcal/Chem=cel Treatment

Wastewater Discharge

Monttoring

None
Deed Restrictions

Permits

Conventional Pump/Treat/D=scharge

Enhanced Bioremediation
Air Sparglng

Pneumatic Fracturing

Hydraul=c Fracturing

Treatment Wails

In-S=tu Chemical Reduction

In-Situ Chemical Oxidabon

Anaerobic B~oremedlatlon

Air Stnppmg

Liquid-Phase Carbon Adsorption

POTW

Monitoring
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3.0 Development and Screening of Alternatives

This section develops preliminary and potential remedial alternatives for surface and
subsurface soils, disposal sites and groundwater at Dunn Field. The primary objective of
alternative development and screening is to produce an appropriate range of contaminant
management options that will be analyzed more fully in the detailed analysis phase of this FS
(Sections 4 through 7).

As described in Section 2, the proposed treatment technology for subsurface soil remediation of
VOCs at Dunn Field is the presumptive remedy, soil vapor extraction (SVE). However, there
may be other contaminants in the subsurface that require remediation. For example, the 16
disposal sites identified in the Disposal Area at Dunn Field may contain hazardous materials,
including potentially containerized hazardous materials. Some of the soil associated with these
sites may have become contaminated through rupture or leakage through incompetence of
containers and/or contact with buried waste. Since potential contaminants in the disposal sites
and surrounding soil may not be able to be remediated using SVE, they will be addressed
separately from the VOC-contaminated subsurface soils.

VOCs have been detected in groundwater monitoring wells located within the site boundaries
of Dunn Field, as well as offsite to the west and northeast of Dunn Field. Remedial alternatives
presented as acceptable for treatment of onsite groundwater contamination, however, are not
necessarily feasible for treatment of offsite groundwater contamination with respect to land
accessibility and public acceptance. Therefore, groundwater remedial alternatives are addressed
in the FS in terms of onsite and offsite, allowing for selection of different remedial strategies for
onsite versus offsite groundwater contaminants, within the same remedial alternative.

Remedial alternatives are developed and screened on their ability to achieve RAOs. Initial
screening is based on relative effectiveness, implementability, and cost. The three steps of the
process include:

1. Create an initial list of preliminary alternatives and define them using applicable
technologies (Section 3.1);

2. Screen the preliminary alternatives for redundancy to develop a smaller list of potential
alternatives (Section 3.2); and

3. Screen the potential alternatives for effectiveness, implementability, and cost to develop a
smaller list of final alternatives that are carried forward for detailed evaluation in Sections 4
through 7.

3.1 Development of Preliminary Alternatives
For CERCLA actions, the range of alternatives should include the following:

* A no action alternative;

¯ One or more alternatives that involve containment with little or no treatment; and

SECTION 3 (REV 1) DO(; 3-1
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o A range of alternatives in which treatment addresses the principal threat and eliminates or
minimizes the need for long-term management (EPA, 1988).

Section 121(b) of CERCLA identifies the following statutory preferences when developing and
evaluating remedial alternatives:

o Remedial actions involving treatment that permanently and significantly reduce the toxicity,
mobility, or volume of the COCs are preferred;

o Offsite transport and disposal of COCs without treatment is considered the least favorable
remedial action when practical treatment technologies are available; and

o Remedial actions that use permanent solutions, alternative treatment technologies, or
resource recovery technologies are to be assessed.

The evaluation in Section 2 generated a list of preliminary remedial technologies for further
consideration. The technologies passing the preliminary screening were then assembled into the
remedial action alternatives shown in Tables 3-1 and 3-2. Since the presumptive remedy was
selected for VOC-contaminated subsurface soils and soil-to-indoor air, preliminary screening is
not required; the no action and SVE alternatives are carried forward.

For this FS, only a limited number of alternatwes representing reasonable and practical
remedial approaches were listed. These preliminary remedial alternatives are not intended to
preclude consideration of other remedial alternatives that may be suitable. Rather, the listed
alternatives are proposed as those most applicable, based on site conditions and recent
remediation experience. During the process of remedy selection and implementation, new
information may indicate other technologies are better than those evaluated below.

Descriptions of alternatives for disposal sites and associated subsurface soil, VOC-contaminated
subsurface soil and soil-to-indoor air, and groundwater are presented in the following
subsections.

3.1.1 Description of Remedial Alternatives - Disposal Sites and Associated
Subsurface Soil

3.t.1.1 Alternative 1 - No Action

A no action alternative is required under CERCLA for comparison to active remedies.

3.1.1.2 Alternative 2 - Institutional Controls

Alternative 2 will leave residual waste and associated contaminated soil in place, but will
involve deed restrictions limiting the use of the property or portions of the property. This
alternative includes signage to document the areas and potential hazards within, regulation of
intrusive activities during which potential receptors could encounter COCs, maintenance of
access barriers to limit entry into contaminated areas, and periodic inspection for soil
disturbance or migration of COCs. Some biodegradation and chemical reactions with
subsurface materials will be expected to occur naturally over time.

SEC~ON 3 (RE’/ 1 ) DOC 3-2
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3.1.1.3 Alternative 3 - Soil Containment with Institutional Controls
Alternative 3 involves the placement of a protective cover or cap over contaminated soft and
residual waste to act as a physical barrier against direct contact to workers or residents and
water percolation. Natural clean soil consisting of low-permeability (clay) and high-
permeability (sand) soil, asphalt, concrete or other material such as flexible geomembrane liner
from offsite will be placed over contaminated areas. Surface controls such as stormwater
control and vegetative cover will be necessary to prevent erosion damage to a soil cover. This
alternative will require deed restrictions limiting the use of the property or portions of the
property, regulation of intrusive activities during which potential receptors can encounter
COCs, maintenance of access barriers to limit entry into contaminated areas, signage to warn
visitors to the site that these areas exist, and periodic inspection for cover disturbance.

3.1.1.4 Altemative 4 - In-situ Soil Treatment with Institutional Controls
Alternative 4 includes in-situ treatment for subsurface wastes/soils by solidification.
Solidification treatment physically binds constituents within a stabilized mass. These treatments
typically utilize auger/caisson and injector head systems to apply stabilizing agents to in-situ
contaminated soil and vapor controls. Some form of institutional controls will be necessary to
limit site use during implementation.

3.1.1.5 Alternative 5 - Ex-situ Soil Treatment with Institutional Controls

Alternative 5 includes ex-situ treatment for subsurface wastes/soils by solidification.
Solidification treatment physically binds constituents within a stabilized mass. Ex-situ
treatment assumes removal of residual waste and contaminated soil by excavation and then
utilizes processes such as emulsified asphalt, pozzolan/Portland cement, or
vitrification/molten glass to immobilize or contain the harmful constituents. Some form of
institutional controls will be necessary to limit site use during implementation. Under CERCLA,
material can be replaced on site.

3.1.1.6 Alternative 6 - Excavation, Transportation, and Offsite Disposal

Alternative 6 includes excavation of buried waste and/or contaminated soil, and transportation
and permanent offsite disposal in a RCRA-permitted landfill as an industrial waste or
hazardous waste, depending on levels of contamination and landfill requirements. Some offsite
pretreatment processes might be required to meet land disposal restrictions. Excavated areas
will be filled with clean imported soil.

3.1.2 Description of Remedial Alternatives- VOC-Contaminated Subsurface Soil
and Soil-to-Indoor Air

3.1.2.1 Altemative 1 - No Action

A no action alternative is required under CERCLA for comparison to active remedies.

3.1.2.2 Alternative 2 - Presumptive Remedy (Soil Vapor Extraction System)
Alternative 2 combines institutional controls with SVE as the presumptive remedy for Dunn
Field. A discussion of presumptive remedy approach and justification for its use at Dunn Field
is presented in Section 1.

SECTION 3 (REV 1) DCC 3.3
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For this alternative, air flow will be induced through contaminated soil by applying vacuum
through vapor extraction wells and thus, creating a pressure gradient in the vapor phase within
the vadose zone (unsaturated soil zone above the water table) of the targeted soil. As the soil
vapor migrates through the soil pores toward the extraction vents, VOCs will be volatilized and
transported out of subsurface. The extracted soil vapor may or may not need treatment before
release to the atmosphere depending on the COC, its concentration, and the system flow rate.
SVE may be implemented without any enhancements or in conjunction with technologies that
enhance permeability or vapor transport.

Site controls will be in place to lirmt access during implementation. Further, process controls
will be implemented to minimize fugitive emissions and releases of contaminants above the
acceptable levels.

3.1.3 Description of Remedial Alternatives - Groundwater

3.1.3.1 Alternative 1 - No Action

A no action alternative is required under CERCLA for comparison to active remedies.

3.t.3.2 Alternative 2 - Zero-Valent Iron (ZVI) Injection, Enhanced Bioremediation and Enhanced
Extraction, and MNA with Institutional Controls

Alternative 2 combines ZVI injection, enhanced bioremediation while enhancing the existing
groundwater extraction system positioned along the western boundary of Duun Field. MNA
and institutional controls are also included as part of the remedy.

ZVI injection is intended to remove chlorinated organic contaminants by chemical reduction
utlhzing zero-valent iron injected into the source areas on Duun Fmld to promote abiotic
reduction. A reactive slurry containing colloidal-sized ZVI is delivered to the saturated
subsurface zone. The colloidal iron particles become imbedded throughout the subsurface
matrix within the radius of influence of the injection point, where the iron particles react with
dissolved-phase CVOCs in the saturated environment. The ZVI will be delivered into the
fluvial aquifer source areas by various mixing or injecting methods. The ZVI is the bulk
reducing agent in these systems. However, corrosion of iron metal yields ferrous iron and
hydrogen, both of which are possible reducing agents relative to contaminants such as
chlorinated solvents. A bench-scale treatability test and field pilot study will assist design of the
total number of ZVI injection points and the ZVI admixture required for the site.

The existing extraction system reduces further offsite plume migration by creating a
hydrological barrier along the western side of Dunn Field. For this alternative, additional
extraction wells will be added to the existing system to decrease the possibility of contaminated
groundwater traveling offsite and placing recovery wells offsite in the areas of highest VOC
concentrations. If system effluent concentrations fail to comply with effluent discharge
standards established via a permit with the City of Memphis, onsite treatment will be required
(as a contingency).

Enhanced bioremediation will reduce contaminant levels in those parts of the plumes outside
the influence of the enhanced extraction system. This remediation method involves adding
nutrients, microbes, and/or chemicals that accelerate in-situ anaerobic biodegradation
processes. The injection of microorganisms into the subsurface is considered an experimental
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technology, while the injection of nutrients has been shown to be effective. This alternative will
consider only injection of nutrients, such as vegetable oil and sodium lactate, to enhance
bioremediation. Long-term groundwater monitoring will be needed to record site conditions
and contamination levels and to monitor the progress of the enhanced bioremediation.
Additional injections may be necessary as part of the enhanced bioremediation process.

Institutional controls, such as deed restrictions to prohibit installation of production or
consumptive use wells within Dunn Field, will protect future workers and residents from
contact with the contaminants in groundwater. The Memphis-Shelby County ordinance that
controls wells near CERCLA sites will prohibit new wells near Dunn Field. Prohibitions on
groundwater development on and near Dunn Field will be necessary to protect potential
receptors. MNA will be used as a final polishing step in low concentration areas of the plumes
where more active treatment is not cost-effective. Groundwater monitoring will be needed to
check for potential migration of plumes and degradation of contaminants. If plume degradation
appears to be limited, contingencies for more active remedial measures will be evaluated.

3.1.3.3 Altemative 3 - Zero-Valent Iron (ZVI) Injection, Permeable Reactive Barrier, and MNA with
Institutional Controls

Alternative 3 combines ZVI source area injection as a more aggressive method of remediating
the most contaminated portions of the groundwater plume with a more passive remedial
method, an offsite permeable reactive barrier (PRB). The alternative also includes MNA and
institutional controls. ZVI, MNA, and institutional controls are the same as those indicated in
Alternative 2.

A permeable reactive barrier (PRB) is a passive in situ treatment zone of reactive material,
usually granular zero-valent iron, that degrades or immobilizes contaminants as ground water
flows through it. A permeable treatment wall wdl be installed offsite as a permanent unit across
the flow path of the contaminant plumes. Natural gradients transport contaminants through
strategically placed treatment media. The permeable treatment wall consists of zero-valent iron
granules or other iron beating minerals for the treatment of CVOCs. As the iron is oxidized, a
chlorine atom is removed from the CVOC by one or more reductive dechlorination
mechanisms, using electrons supplied by the oxidation of iron. The iron granules are dissolved
by the process, but the metal disappears so slowly that the remediation barriers can be expected
to remain effective for many years, possibly even decades. These degradation barriers will
facilitate reactions that break down contaminants in the plume into harmless byproducts. Based
on the depth to water in the fluvial aquifer, potential installation methods include jetting and
vertical hydrofracturing. The applicability of PRBs to the site will be demonstrated with the use
of bench-scale testing of zero-valent iron with site groundwater and site COCs.

3.1.3.4 Alternative 4 - Air Sparging with SVE, PRB, and MNA with Institutional Controls

Alternative 4 combines a method that volatilizes the VOCs in groundwater (air sparging) and
removes the vapors (soil vapor extraction, or SVE). In addition, an offsite PRB will be used 
remediate downgradient portions of the plume. MNA and institutional controls will also be
used to monitor groundwater contaminant levels and prevent groundwater use. PRB, MNA,
and institutional controls are the same as those indicated in Alternative 3.

Alternative 4 involves injecting air via wells into the contamination source areas of the fluvial
aquifer. This technology removes contaminants from the groundwater through volatilization
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into the injected air stream. VOCs removed from the groundwater will move upwards into the
vadose zone (unsaturated soil zone) and ultimately towards the SVE system. Lines of sparge
wells will be located within each source area and corresponding contaminant plume. The
treatment will immediately effect concentrations within the zone of influence of the sparge
wells and ultimately reduce levels of VOCs downgradient of the sparge wells. VOC
concentrations downgradient of the sparge wells will also be reduced by the PRB.

The number and placement of sparge wells will have to be determined from pilot testing at the
site. Results of the pilot test will also indicate the release rate of VOCs into the soil and further
aid m the development of the presumptive remedy for subsurface soil. The discharge of VOCs
from the aquifer will be captured by an extension of the SVE system outside of the Dunn Field
perimeter. The SVE lines will be set within the vadose zone above the fluvial aquifer to
immediately pull the vapors from the air sparging system.

3.1.3.5 Alternative 5 - In-situ Chemical Oxidation, PRB, and MNA with Institutional Controls
Alternative 5 combines in-situ chemical oxidation (ISCO) as a source area groundwater
treatment on and offsite (along the west boundary of Dunn Field), with a PRB for the offsite
contamination. In addition, MNA and institutional controls will also be used to monitor
groundwater contaminant levels and groundwater use. PRB, MNA, and institutional controls
are the same as those indicated in Alternatives 3 and 4.

ISCO involves the aqueous injection of oxidizing agents (hydrogen peroxide/iron,
permanganate, or ozone) to promote abiotic in-sltu oxidation of chlorinated organic compounds
into harmless end products. The oxidizing agents are injected into the fluvial aquifer through
boreholes using an injector process. Chemical oxidation is driven by the formation of a free
hydroxyl radical (OH), which is extremely powerful oxidizer. A bench-scale treatability study
and field pilot study will assist design of the total number of ISCO boreholes/injectors required
for the site, and the type of oxidizing agent.

3.t.3.6 Summary of Active Groundwater Remedial Altematives

The table below summarizes the effectiveness of the active groundwater remediation
technologies, described as Alternatives 2 through 5 above, on the CVOCs in the groundwater on
Dunn Field. As indicated in the table, not every active remedial technology is 100% effective in
treating all of the CVOCs.

Contaminant Air PRB or
Sparging ZVI

Tetrachloroethene (PCE) ~" ~(

Trichlomethene (TCE) ,/’

Cis 1,2-Dichloroethene (DCE) ~ ,/

Trans 1,2-Dichloroethene (DCE) ,( ~’

1,1-Dichloroethene (DCE) ~f ,/

Vinyl Chloride ,/ ,/’

1,1,2,2-Tetrachloroethane (PCA) ~(1

1,1,2-Trichloroethane (TCA) ,fl ~f

Enhanced ChemicalAnaerobic OxidationBioremediation

..2

..2
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Contaminant Air PRB or Enhanced Chemical
Sparging ZVl Anaerobic Oxidation

Bioremediation
Carbon Tetrachloride 4. 4’ 4’ ..z

Chloroform 4" 4. 4. s _2

PRB = Permeable Reactive Bamer (granular iron)
ZVI = Zero-Valent Iron
1 = These VOCs have a relatively low Henry’s Law constant and therefore wdl be more difficult to stnplsparge from the groundwater
2 = Chemical oxidabon (wa perex~le/iren, permanganate, or ozone) is effective In the chemcal destruction of unsaturated aliphatlc

compounds or alkenes Saturated sllphabc compounds or slkanas are resistant to chemical oxslabon
3 = Reductwa dachfeHnation of the Dichloreethenas is slower and requires sulfate-reducing and methanogenic conditions.
4 = ReducUve dechlonnabon of Vinyl Chlonde is slower and requffes sulfate-reducing and methanogemc conddions, degrades more

rap~lty under aerobic conditions.
s = Chloroform may degrade slowly under anaerobic conditions or may degrade through cometabohsm
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Natural Attenuabon for Groundwater Ramediation, National Resource Counctl, 2000
Remedlation Technologies Development Forum, 1997
Remediation Technologies Screening Matrix and Reference Guide, 4~ Edlbon, 2002
Groundwater Chemtcal Desk Reference, 2’< Edition, Montgomery, 1996
Thermal Remediation Sennces, Inc., Bellevue, Washington and Atlanta, Georgia, 2002
ARS Technologies, Inc., Brunswick, New Jersey, 2002
En~qronmental Technologies, Ins, Watedoo, Ontano (Canada), 2002
Geo-Cleanse Intamational, Inc., Kendwodh, New Jersey, 2002
Correspondence wth Dr Thomas Byl, USGS, 2002

3.2 Screening of Preliminary Alternatives
In this section, the initial list of preliminary alternatives, presented in Tables 3-1 and 3-2, is
screened for redundancy and elimination of similar technologies. The following table and
discussion documents this initial screening process and presents the list of potential alternatives
for more detailed screening.

Retained for
Further Eliminated from

Alternative Evaluation Consideration Key Screening Comments

Disposal Sites and Associated Subsurface Soil

1 4.

2 4.

3 4"

4

5 4.

6 4"

Keep per CERCLA

Controls are viable

Cover/capping is viable

Not viable for the heterogeneous wastes
and potenbal unknowns

Viable and includes treatment

Permanent Removal

VOC-Contaminated Subsurface Soil and Soil-to-Indoor Air

1 4. Keep per CERCLA

2 4. Presumptive remedy, includes treatment
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Retained for Eliminated fromAltemaUve Further Consideration
Key Screening Comments

Evaluation

Groundwater*

Keep per CERCLA

Vmble and includes treatment

Viable and includes treatment

Viable and includes treatment

Doesnot treat pnmary chlonnated volatde
alkanes (such as 1,1,2,2-PCA)

3.2.1 Preliminary Alternatives for Disposal Sites and Associated Soil
Five of the six preliminary alternatives for disposal pits and associated soil are retained for
further screening as potential alternatives.

Alternative 1, No Action, is retained per CERCLA requirements.

Alternative 2, Institutional Controls, and Alternative 3, Soil Containment, are both viable and are
therefore retained.

Alternative 4, In-situ Treatment, satisfies the CERCLA preference for treatment; however, it not
viable for disposal sites where there are heterogeneous wastes and potential unknowns, such as
those reported in the disposal pits. Therefore, flus alternative is not retained.

Alternative 5, Ex-situ Treatment, satisfies the CERCLA preference for treatment and is retained.

Alternative 6, Excavation, Transport, and Offsite Disposal, is retained as the alternatwe that
permanently removes the waste from the site by transferring it to an approved offsite disposal
facility.

3.2.2 Preliminary Alternatives for VOC-Contaminated Subsurface Soil and
Soil-to-Indoor Air

Since a presumptive remedy has been selected for subsurface soils, both alternatives will be
carried through to Sections 4 and 6. Alternative 1, No Achon, is retained per CERCLA
requirements. Alternative 2, SVE, is the presumptive remedy and satisfies the CERCLA
preference for treatment.

3.2.3 Preliminary Alternatives for Groundwater
Four of the five preliminary alternatives for groundwater are retained for further screening as
potential alternatives.
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Alternative 1, No Action, is retained per CERCLA requirements.

Alternatives 2 through 4 are retained. All alternatives are in-situ technologies that satisfy the
CERCLA preference for treatment. Institutional controls will be implemented during all
alternatives. Alternative 5 is not retained due to fact that the chlorinated alkanes (such as 1,1,2,2-
PCA) are resistant to chemical oxidation.

3.3 Screening of Potential Alternatives

3.3.1 Screening Criteria
This section defines each of the screening criteria used for this phase of the screemng process -
relative effectiveness, implementability, and cost. Potential alternatives with the most favorable
composite appraisal of effectiveness, implementabihty, and cost are carried forward as final
alternatives for detailed analysis in Sections 4 through 7. Alternatives that are considered
effective and implementable are not eliminated on the basis of cost alone.

3.3.1.1 Effectiveness

Effechveness is the degree to which an alternative safeguards human health by reducing
potential human exposure to contaminated media, and protects the environment by preventing
further transport of the constituents. Alternatives that meet this criterion are considered
effective; alternatives that are relatively less effective or not effective are eliminated from further
consideration.

3.3.1.2 Implementability

Implementability refers to the technical and administrative feasibility of implementing the option.

TechnicalJ~aszbility refers to the ability of process options to be constructed and reliably
operated, and to meet technology-specific regulations until a remedial action is complete; the
term also includes operations and maintenance (O&M), replacement, and monitoring 
technical components after the remedial action is complete, if such monitoring is required.

Administrative feasibility refers to the ability to obtain approvals from other offices and agencies;
the availability of treatment, storage, and disposal services and capacity; and the requirements
for, and availability of, specific equipment and technical specialists. Options that are technically
or administratively difficult may be eliminated from further consideration.

3.3.1.3 Cost

Cost refers to the present worth of construction and long-term O&M costs. At this stage of
analysis, costs are discussed qualitatively. Detailed cost analyses for the final alternatives
remaining after screening appear in Sections 4 through 7.
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3.3.2 Screening of Remedial Alternatives - All Media Associated with Dunn
Field

3.3.2.1 Alternative 1 - No Action
Description
Alternative 1 will leave buried receptacles, contaminated soil and groundwater in place.
Receptacles containing contaminant compounds buried in subsurface soils will be expected to
remain competent. Natural processes, such as neutralization and attenuation, are expected to
occur with the potential to reduce contaminant concentrations over time. However, the
concentrations will not be monitored and the degree to which natural processes are occurring
will be unknown. No deed restrictions on future use within Dunn Field takes place under this
alternative.

Evaluation
No action does not guarantee any reduction in the TMV of any contamination at the site. Under
Alternative 1, the potential pathways continue to exist, and the COCs in soil and groundwater
may migrate. Since there is no action to limit potential exposure, the no action alternative is not
considered viable. However, zt will be retained as an alternative, as required by CERCLA.

Effectiveness
The no action alternative relies entirely on natural attenuation processes to remediate associated
soil and groundwater, contaminant receptacles to remain competent, and on existing land use
controls to prevent residential land use. Contamination in associated soil and groundwater will
not likely be remediated under these conditions. Contaminant receptacles may not remain
intact, leaching into surrounding soils and underlying groundwater. The effectiveness of this
alternative is unpredictable.

Implementability
Impiementability is not a consideration since nothing is implemented.

Cost
Alternative I has no associated costs.

3.3.3 Screening of Remedial Alternatives - Disposal Sites and Associated
Subsurface Soil

3.3.3.1 Alternative 2 - Institutional Controls
Description
Alternative 2 wzll leave buried receptacles and contaminated soil in place, but will involve deed
restrictions limiting the use/sale of the property or portions of the property; regulation of
intrusive activities and signage to indicate hazards potential receptors could encounter;
maintenance of access barriers to limit entry into contaminated areas; and periodic inspection
for soil disturbance or migration of COCs. Receptacles containing contaminant compounds
buried in subsurface softs will be expected to remain competent. Some biodegradation and
chemical reactions with subsurface materials may occur naturally over time.
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Evaluation
Institutional controls do not guarantee any reduction in the TMV of any contamination at the
site. Under Alternative 2, the potential pathways continue to exist, and the COCs in soil could
migrate and further impact groundwater in the fluvial aquifer. However, institutional controls
will be used to prevent access to these pathways.

Effectiveness
Alternative 2 relies entirely on natural attenuation processes to remediate associated subsurface
soil and on contaminant receptacles to remain competent. Contamination in associated soil and
buried materials may not be remediated under these conditions. Contaminant receptacles may
not remain intact, leaching into surrounding soils and the underlying groundwater.
Protectiveness depends on preventing access to the site constituents. Long-term protectiveness
is uncertain.

Implementability
Institutional controls involve legal documents such as deed restrictions, and long term custodial
care. These services are not difficult to obtain but long-term care is not always reliable.
Community acceptance may be difficult to obtain compared to remedies that are more active.

Cost
Costs for the institutional controls alternative are relatively low. Some ongoing maintenance
costs are associated with periodic site inspections and remedy evaluations to verify access
limitations and continued remedy effectiveness.

3.3.3.2 Alternative 3 - Soil Containment

Description
The containment alternative involves the placement of a protective cover or cap over
contaminated soil and residual waste to act as a physical barrier against direct contact to
workers or residents and water percolahon. Natural clean soil consisting of low-permeability
(clay) and high-permeability (sand) soil, asphalt, concrete or other material such as flexible
geomembrane liner from offsite will be placed over contaminated areas. Surface controls such
as stormwater control and vegetative cover will be necessary to prevent erosion damage to a
soil cover. This alternative will require deed restrictions limiting the use of the property or
portions of the property, regulation of intrusive activities during which potential receptors can
encounter COCs, maintenance of access barriers to limit entry into contaminated areas, signage
to warn visitors to the site that these areas exist, and periodic inspection for cover disturbance.

Evaluation
With Alternative 3, associated subsurface contamination at the site is expected to attenuate over
time. However, the materials buried in the disposal sites will persist and will not attenuate. The
soil cover or pavement provides a barrier, preventing direct exposure to contamination. It does
not guarantee any reduction in the toxicity or volume of contamination, but would reduce its
mobility somewhat. Reports of containerized liquid waste in the disposal sites suggest that
over time, even if a containment/cap were installed, the containers may become compromised
and release hquids to the environment regardless of any infiltration protection from the
containment. Also, some of the disposal sites may contain waste that would be amenable to a
containment alternative.
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Effectiveness
The containment alternative protects human health by preventing direct contact with the
disposal site. Soil containment relies primarily on a physical barrier preventing exposure to
disposal material and any associated contaminated soil. Natural attenuation processes may
remediate some associated contamination at the site, but the time required for constituents to
attenuate below target levels is difficult to predict. Buried wastes could still pose a risk to the
underlying groundwater.

Implementability
Institutional controls involve legal instruments such as deed restrictions and long-term
custodial care. These services are not difficult to obtain, but long-term care is not always
reliable.

Material from off-site is used for the soil cover or pavement. Dust control would be considered,
and surface controls are necessary to prevent erosion damage to a soil cover. Routine O&M is
required to maintain integrity of the cover, as well as periodic site inspections and cover
evaluations to verify access limitations and continued remedy effectiveness.

Cost
Costs for soil containment are moderately low. They include excavation, hauling, and
placement of soil or paving on top of contan’unated soil. Costs may range from $5 to $50 per ton
of cover material. Some ongoing maintenance costs are associated with site inspection and
maintenance of cover material.

3.3.3.3 Altemative 5 - Ex-situ Soil Treatment with Institutional Controls

Description
Alternative 5 includes institutional controls, as described in Section 3.3.2.2, and provides ex-situ
treatment of contaminated subsurface soils associated with buried receptacles, after the
excavation of soil and receptacles. Like alternative 3, the contaminated soil is physically treated
to bind constituents within a solidified mass. Once contaminated soil is excavated, it is treated
in a pug mill, rotating drum mixer, or other slurry mixing apparatus with emulsified asphalt,
pozzolan/Portland cement, or vitrification/molten glass to immobilize or contain the harmful
constituents. Under CERCLA, material can be replaced on site; however, the locations available
for placement of soil may be limited due to treatment. Therefore, ex-situ soil treatment may also
be used to comply with disposal requirements for offsite disposal facilities. Excavated sites,
containing contaminant compounds, will be disposed of at an appropriate offsite disposal
facility. Institutional controls will be used to limit site access during implementation of the
technology.

Evaluation
Ex-situ soil treatment reduces the mobility of contaminated subsurface soils due to treatment.
There will be no guarantee of any reduction in the toxicity or volume of contamination at the
site. Excavated soil from all burial pits could be placed in one location, decreasing area exposed
to potential pathways. Receptacles will be disposed of, removing any potential future source.

Effectiveness
This alternatwe effectively safeguards human health through treatment of contaminated soil.
This alternative relies on the physical/chemical treatment process of solidification to
immobilize site contaminants. This alternative may take several months to become effective.
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Implementability
All contaminated soil and buried receptacles are excavated. Implementation requires the use of
onsite heavy equipment, an offsite landfill facility that can be used for disposal of receptacles,
and transportation to the facility. The treatment process can result in solidified material that
may affect future use of the site. Some processes within this treatment may result in significant
increase in volume. All soil could be re-located to one central area, reducing the number of
areas on site requiring institutional controls; however, more trucks will be required for
transport of soil. Site supervision will be required during treatment and institutional controls
will need to be obtained.

Substantive requirements of the NPDES permit must be addressed with this alternative. These
include control of sediment runoff in stormwater during the removal/remedial actions, and
may include collecting stormwater samples to verify if any contamination is migrating offsite
during these actions. In addition, dust control may be warranted if the material in the sites
adheres to soil. Additionally, the site must be reasonably returned to its pre-action status by
replacing sod and performing other landscaping as necessary. Offsite soil will need to be
brought onsite to re-grade excavated soil. Dust or vapor control may be required.

Cost
Costs for Alternative 5 are moderate to moderately high and depend on initial and target
concentrations, quantity of soil treated, depth of contamination, soil characteristics, amount of
debris, characteristics of any residual, site preparation, equipment needs, methods for
excavation and transportation. Excavation and hauling costs may range from $5 to $50 per ton,
with the lower end of that range corresponding to a large amount of soil that does not have to
be transported a long distance. Typical costs for ex-situ solidification on excavated soil are
generally the same as Alternative 3, with a mobilization cost of $10,000 to $20,000 and an
operating cost of $90 to $290 per cubic yard.

Costs for preventing sediment runoff, monitoring stormwater runoff, and post-action
landscaping vary with the size of the site, and the type of action. Stormwater runoff costs are
assumed to be minimal, by using passive controls such as hay bales and silt screens. Costs for
post-action landscaping also vary with pre-vegetation and the size of the site, but are assumed
to average $5,000 per acre.

3.3.3.4 Alternative 6 - Excavation, Transportation, and Offsite Disposal

Description
Alternative 6 includes excavation of contaminated soil and buried receptacles, transportation
and, permanent offsite disposal in a RCRA-permitted landfill as an industrial waste or
hazardous waste, depending on levels of contamination and landfill requirements. Some
pretreatment processes might be required to meet land disposal restrictions. Excavated areas
will be graded with clean soil brought from offsite.

Evaluation
Excavation, transport, and offsite removal removes contaminated soil, reducing the possibility
for COC migration or exposure.

Effectiveness
This alternative effectively safeguards human health through removal, and controned disposal
of contaminated soil and buried receptacles. This alternative relies on excavation to remove
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contamination at the site. The duration of this alternative depends on the quantity of soil, the
number of loaders and trucks operating, and the availability of adequate containers to transport
contaminated soil to a disposal facility. This alternative may take several months to implement.

Implementability
Implementation requires the use of onsite heavy equipment, an offsite landfill facility that can
be used for soil disposal, transportation to the facility, and containers for contaminated soil.
Confirmation sampling is required after excavation.

Substantive requirements of the NPDES permit must be addressed with this alternative. These
include control of sediment runoff in stormwater during the removal/remedial actions, and
may include collecting stormwater samples to verify if any contamination is migrating offsite
during these actions. Additionally, the site must be reasonably returned to its pre-action status
by replacing sod and performing other landscaping as necessary. Offsite soil will need to be
brought onsite to re-grade excavated soil. Dust or vapor control may be required.

Cost
Costs for alternative 6 can be moderate to high, and are dependent on the nature of the
hazardous materials, methods used for excavation, transportation costs, and costs for disposal
at the particular type of RCRA-permitted facility. Typlcally costs for hazardous waste landfill
transportation and disposal range from $270 to $800 per ton. The costs for non-hazardous waste
landfill transportation and disposal range from $25 to $150 per ton. The lower end of the range
corresponds to soil contaminated with less hazardous materials, an effective method of
excavation, and a nearby disposal facility.

Costs for preventing dust control, sediment runoff, monitoring stormwater runoff, and post-
action landscaping vary with the size of the site, and the type of action. Stormwater runoff costs
are assumed to be minimal, by using passive controls such as hay bales and silt screens. Costs
for post-action landscaping also vary with pre-vegetation and the size of the site, but are
assumed to average $5,000 per acre.

3.3.4 Screening of Remedial Alternatives - VOC-Contaminated Subsurface
Soil and Soil-to-Indoor Air

As described in Section 1.6, Dunn Field VOC-contaminated subsurface soils and, therefore, soil-
to-indoor alr meet the criteria required to apply the presumptive remedy, SVE. This alternative
has already been screened against several other alternatives for these contaminants and matrix
(EPA, 1994) and recommended as the preferred remedy. This screemng of technologies 
presented in Appendix B. As stated in the document, Presumptive Remedies: Site Characterization
and Technology Selection for CERCLA Sites with VOCs m Soils (EPA, 1993), no additional
preliminary screening is required in this FS.

3.3.5 Screening of Remedial Alternatives- Groundwater

3.3.5.1 Alternative 2 - ZVI Injection, Enhanced Biorernediation and Enhanced Extraction and
MNA with Institutional Controls

Description
Alternative 2 combines ZVI injection and enhanced bioremediation while enhancing the
existing groundwater extraction system positioned along the western boundary of Dunn Field.
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In addition, MNA with institutional controls will be implemented. In this alternative, ZVI is
used to aggressively remediate the more contaminated portions of the fluvial aquifer while the
existing groundwater extraction system is retained and enhanced to further remove the
contaminants. Also, nutrients are injected into the fluvial aquifer to enhance biodegradation of
the contaminants in a down-gradient position.

The potential for groundwater contact and use is restricted by institutional controls until active
treatment reduces contaminant concentrations to acceptable levels. Groundwater monitoring is
conducted until after MCLs are achieved. Momtormg is also required to measure plume
reduction and/or migration. Contingency plans will be evaluated if site contaminants migrate
towards deeper aquifers (see Figure 7-2 for the location of the potential contingency areas).
Additional extraction wells will be added to the existing system to enhance the ability of the
s~,stem to control offsite migration. Treatment of contaminated groundwater Will occ~lr at the
POTW. If system effluent concentrations fail to comply with effluent discharge standards, onsite
treatment, such as an air stripper and/or activated carbon or bioreactor, may be implemented
(as a contingency).

Evaluation
Alternative 2 reduces contamination in groundwater by physical and in-situ biological
treatment and extraction. This alternative includes institutional controls to restrict use of
groundwater in the fluvial aquifer during remediation. Long-term groundwater monitoring
measures the rate of biodegradation, system effectiveness, and defines migration of
contaminant plumes, if any.

Effectiveness
This alternative effectively safeguards human health through treatment of contaminated
groundwater. ZVI injection will act to speed up the treatment of the contamination.Enhanced
bioremediation has been implemented at many hazardous waste sites and is considered an
effective technology. However, multiple injections of biological amendments may be required
to reach remedial goals. In addition, treatment may not work as effectively at sites with very
high VOC concentrations, where a continuing source is indicated. However, the ZVI injection
should alleviate this problem. Since the time required to degrade the contaminants below MCLs
is difficult to predict, protectiveness relies on long-term monitoring and on institutional controls
to prevent access to the groundwater until remediation is complete.

Irnplementability
Bench-scale and pilot testing is required to confirm well spacing and injection rates of the ZVI.
Surface and subsurface heterogeneity may increase the difficulty of injecting amendments into
contaminated areas and adequate injection equipment is required to reach appropriate
treatment depth. Additional extraction wells and the enhanced bioremediation injection wells
will be installed using the rotosonic drilling method and the substantive requirements of
permits will be complied with. The alternative generates relatively little waste and requires
minimal surface structures during operation; however, access to areas off of the Memphis Depot
facility (west of Dunn Field) will be required. The extraction system effluent concentrations
need to comply with discharge standards, as established by the City of Memphis. Institutional
controls will need to be implemented.
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Cost
Costs for Alternative 3 are likely to be high to very high, due primarily to injection of materials
and maintenance of the existing extraction system. Costs include injection of biological
amendments, installation of injection wells or boreholes, equipment, mobilization, and long-
term groundwater monitoring, installation of additional extraction wells, and operation and
maintenance of the current extraction system. Typically, the costs for enhanced in-situ
bioremediation can cost between $1 and $25 per pound of contaminant removed, depending on
the depth to injection and lateral extent of the plume. If discharge from the extraction system
needs to be treated, costs will also include onsite treatment.

3.3.5.2 Alternative 3 - ZVI Injection, PRB with MNA and Institutional Controls

Description
Alternative 3 combines ZVI injection as described in Alternative 2 with installation of a PRB. In
addition, MNA with institutlonal controls will be implemented. In this alternative, an oxidizing
agent (ZVI) is injected into the fluvial aquifer to promote anaerobic degradation of chlorinated
organic compounds. The current groundwater extraction system is not retained as part of this
alternative and will be decommissioned.

A permeable reactive barrier (PRB) will be installed west of Dunn Field (down gradient) to treat
contaminated groundwater that has migrated offsite. A PRB is a passive in situ treatment zone
of reactive material, usually granular zero-valent iron that degrades or immobilizes
contaminants as ground water flows through it. A permeable treatment wall will be installed
offsite as a permanent unit across the flow path of the contaminant plumes. Natural gradients
transport contaminants through strategically placed treatment media. The permeable treatment
wall consists of zero-valent iron granules or other iron bearing minerals for the treatment of
CVOCs. The applicability of PRBs to the site will be demonstrated with the use of bench-scale
testing of zero-valent iron with site groundwater and site COCs.

Evaluation
Alternative 3 reduces contamination in groundwater by in-situ chemical treatment. Institutional
controls will restrict use of groundwater in the fluvial aquifer during remediation. Long-term
groundwater monitoring measures the rate of contaminant reduction, and also indicates if site
contaminants are migratmg towards deeper aquifers. Contingency plans will be evaluated if site
contaminants migrate towards deeper aquifers (see Figure 7-3 for the location of the potential
contingency areas).

Effectiveness
This alternative effectively safeguards human health through treatment of contaminated
groundwater.ZVI source area treatment of groundwater is an emerging technology and has
been implemented at several sites. The effectiveness of treatment may be impeded by site
porosity and the radius of influence of the injected colloidal ZVI. PRBs are also a recent
treatment method but have been used successfully at many locations. Until remediation is
complete, protectiveness relies on institutional controls to prevent access to groundwater.
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Implementability
Pilot or bench-scale testing is required to determine applicability of treatment to site conditions,
confirm injection point spacing, and quantities. Additional requirements to define
implementability will be developed during testing.

Due to the depth of the groundwater, the ZVI source area treatment and reactive barrier wall
will be installed as a series of injection points. Access to areas off of the Memphis Depot facility
(west of Dunn Field) will be required. The alternative generates relatively little waste and
requires minimal surface structures during operation.

Cost
Costs for Alternative 3 can be moderately high, depending on the amount of iron to inject and
injection points required. However, due to its relatively rapid effectiveness, it may be more
cost-effective than other alternatives requiring a longer remediation time. Costs include
injection point installation, colloidal iron (ZVI), mobilization of equipment and personnel, and
long-term monitoring.

3.3.5.3 Alternative 4 - Air Sparging with SVE, PRB with MNA and Institutional Controls;
Description
Alternative 4 combines MNA and institutional controls and air sparging and SVE along the
western boundary of Dunn Field. In addition, a PRB will be installed along the western offsite
boundary of Dunn Field. Air sparging is a proven in-situ technology that injects air into the
groundwater aquifer. This technology removes contaminants from the groundwater through
volatilization into the injected air stream. Volatilized contaminants removed from the
groundwater move into the vadose zone and are recovered by a SVE system (which will be
installed as part of the presumptive remedy for subsurface soils). The current groundwater
extraction system is not retained as part of this alternative and will be decommissioned.
Contingency plans will be evaluated if site contaminants migrate towards deeper aquifers (see
Figure 7-4 for the location of the potential contingency areas). The installation of the PRB is the
same as described in Section 3.3.5.2.

Evaluation
Alternative 4 reduces contamination in groundwater by in-situ physical treatment. Air
sparging is expected to remove VOCs from groundwater in the treatment zone at a high rate.
Calculations using Henry’s Law (assuming chemical equihbrium) indicate that sparging 200
parts per billion (ppb) of PCE produces a vapor concentration of about 31 parts per million 
volume (ppmV), or about 215 mg/L, in the soil zone. Similar calculations suggest that sparging
85 ppb of TCE produces a vapor concentration of about 6 ppmV, or about 32 mg/L, in the soil
zone. Vapors will be removed from the soil by the SVE system.

This alternative includes institutional controls to restrict use of groundwater in the fluvial
aquifer during remediation. Long-term groundwater monitoring measures the rate of
biodegradation, system effectiveness, and also warns if site contaminants are migrating into
deeper aquifers.
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Effectiveness
This alternative effectively safeguards human health through treatment of contaminated
groundwater. Air sparging has been shown to be effective at removing VOCs from
groundwater in relatively homogeneous aquifers. However, air channeling can be a significant
concern. This occurs because the air bubbles form preferential pathways in the aquifer as they
migrate to the surface. The effects of channeling can be minimized by pulsing the airflow into
the well. Air sparging can take years to be effective. Because the time required to degrade the
contaminants below MCLs is difficult to predict, protectiveness relies on monitoring and on
institutional controls to prevent access to the groundwater until remediation is complete.
Additional remedial measures, including the installation of a PRB should reduce the number of
years to remediate groundwater.

Implementability
Pilot testing is needed to determine the configuration of sparge wells, release rates of VOCs,
and airflow rates. Wells and blowers (air pumps) are relatively easy to install and operate.
Bench-scale testing is also necessary for installation of PRBs to determine spacing of injection
points. Access to areas off of the Memphis Depot facility (west of Dunn Field) will 
required.Aboveground equipment and piping are required to implement this technology and
some equipment maintenance is required. The depth to groundwater and the relatively thin
saturated thickness of the fluvial aquifer could cause a limited radius of influence and increase
the number of injection wells.

Injection borings for the PRBs will be installed using the rotosonic drilling method and the
required permits will be obtained. The alternative generates relatively little waste and requires
minimal surface structures during operation.

Cost
Costs for Alternative 4 are moderately high to high, depending on the period of operation.
Costs for air sparging may range from $150,000 to $350,000 per acre and are dependent on
number of sparge points, installation of blowers and piping, short-term monitoring, and O&M
labor. The cost efficiency of the treatment decreases as contaminant concentrations in the plume
decrease over time. If discharge from extraction system needs to be treated, costs will also
include onsite treatment.

3.4 Summary of Alternatives Screening
The relative merits of the potential alternatives were compared and screened on the basis of
effectiveness, implementability, and cost. This screening produced a final list of alternatives for
detailed analysis in Sections 4 through 7.

The "No Action" alternative (Alternative 1) is retained for all media on Dunn Field as required
per CERCLA.

The final alternatives retained for disposal sites and associated subsurface soils are as follows:

o Alternative 3: Soil Containment with Institutional Controls;
o Alternative 5: Ex-situ Soil Treatment with Institutional Controls; and
o Alternative 6: Excavation, Transportation, and Offsite Disposal with Institutional Controls.
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The final alternatives retained for VOC-contaminated subsurface soils and soil-to-indoor air are
as follows:

¯ Alternative 2: SVE (presumptive remedy).

The final alternatives retained for groundwater are as follows:

¯ Alternative 2: ZVI Injection, Enhanced Bioremediation and Enhanced Extraction and MNA
wlth Institutional Controls;

¯ Alternative 3: ZVI Injection, PRB with MNA and Institutional Controls;
¯ Alternative 4: Air Sparging with SVE, PRB with MNA and Institutional Controls.
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4.0 Approach to the Detailed Analysis Process

4.1 Approach
The information presented in Sections 5 through 7 is designed to aid stakeholders in the
evaluation and, ultimately, in the selection of remedial actions for soils and groundwater at
Dunn Field. The detailed analysis follows the development and screening of alternatives
presented in the previous section, and precedes the actual selection of alternatives with the
Proposed Plan. The alternatives selected in the Proposed Plan will be open for public comment
prior to selection of a remedy in the ROD.

The alternatives retained for detailed analysis from Section 3 are described and evaluated in
Section 5 through 7. The components of this evaluation include the following:

¯ Further definition of each alternative, including site-specific application and associated
performance requirements;

¯ A summary evaluation of each alternative comparing its performance to the nine criteria
prescribed by EPA pursuant to CERCLA (42 of the U.S. Code [U.S.C.] Sections 9601 through
9675); and

¯ A summary analysis of the alternatives with respect to each other.

The evaluation criteria and a detailed description of each alternative are provided followed by a
detailed evaluation of the alternatives. Finally, alternatives are compared to each other.

4.2 Evaluation Criteria
Pursuant to CERCLA and the NCP (40 CFR 300), a range of remedial action alternatives was
developed and included in Section 3. Remedial actions must meet the following statutory
requirements:

¯ Protect human health and the environment;

¯ Comply with ARARs or define criteria for invoking a waiver;

¯ Be cost-effective;

¯ Use permanent solutions and alternative treatment technologies or resource recovery
technologies to the maximum extent practicable; and

¯ Satisfy the preference for treatment that reduces toxicity, mobihty, or volume as a principal
element or explain why this is not attainable.

Since these requirements must be specifically addressed in the ROD, the alternatives are
evaluated to show how remedial actions support these requirements. An alternative will not
necessarily fulfill all requirements.
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There are also statutory (CERCLA 121(b)(1)(A)) considerations that address long-term
effectiveness of an action, including:

o Long-term uncertainties associated with land disposal;

o Goals, objectives, and requirements of the Solid Waste Disposal Act;

o Persistence, toxicity, and mobility of hazardous substances and their constituents, and their
propensity to bioaccumulate;

o Short- and long-term potential for adverse health effects from human exposure;

o Long-term maintenance costs;

o Potential for future remedial action costs if the alternative were to fail; and

o Potential threat to human health and the environment associated with excavation,
transportation, and re-disposal, or containment.

EPA has developed nine evaluation criteria that address these statutory requirements and
additional technical and policy considerations that are important for a CERCLA remedial
action. The nine criteria are grouped into three categories: threshold, balancing, and modifying.

4.2.1 Threshold Criteria
Threshold criteria must be met or complied with by the selected remedial action. These criteria
include the following.

4.2.1.10,~erall Protectiveness (Criterion 1)
Under this criterion, each alternative is evaluated to determine its ability to reduce risk to
human health and the environment. The evaluation is also used to assess whether the
alternative poses unacceptable short-term or cross-media impacts. For each alternative, the
evaluation includes the following determinations:

o How is the source of contamination to be reduced or controlled;

o How are the site-related risks to human health and the environment to be reduced; and

o How are target levels attained.

4.1.1.2 Compliance with ARARs (Criterion 2)
Remedial actions must comply with the requirements, criteria, standards, and limitations under
federal or more stringent state and local environmental laws that are legally applicable, or
relevant and appropriate, to the hazardous substances or circumstances at a site. Regulations
considered during this FS include the following:

o RCRA - Applicable to the generation, transportation, storage, treatment, and disposal of
hazardous waste during remedial action;

o SDWA - Applicable to the concentration of contaminants present in groundwater used for
potable water supply, and local groundwater and wellhead protection requirements;
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Drinking Water Standards (MCLs) applicable to the concentration of contaminants present
in groundwater used for potable use;

Clean Water Act - Applicable to NPDES permitting and discharge monitoring requirements;

Clean Air Act - Applicable to local air quality requirements;

Rules and Regulatzons of Wells in Memphis-Shelby County established by the Ground Water
Quality Control Board for Memphis-Shelby County, Tennessee - Applicable to the location,
design, installation, use, modification, repair, and abandonment of all types of wells;

Rules and Regulations of Wells in Shelby County, described above, prohibit water wells within
a half-mile of the designated boundaries of a listed federal or state CERCLA site or RCRA
corrective action site;

State of Tennessee Rule 1200-4-6 - Applicable to underground injection control (UIC) permit
with the Division of Water Supply, and injection well permits;

State of Tennessee Rule 1200-3 - Applicable to emissions to air during on-site treatment and
the substantive requirements of the Tennessee Air Quality Act, as the City of Memphis is in
a non-attainment zone;

State of Tennessee Rule 1200-1-13.08(10) - Applicable to recording Notice of Land Use
Restrictions in deeds transferring property whenever the remedial action does not fully
address the hazardous substances which pose a risk to human health or the environment;

State of Tennessee Rule 1200-1-11.06(7)(g) and (j) - Applicable to the preparation of a 
plat "indicating the locations and dimensions of landfill cells or other hazardous ~waste units
with respect to permanently surveyed benchmarks" and should be submitted to the local
zoning authority and EPA.

Stormwater Discharge from Construction Activities, No. TNR10-0000 - Applicable to
remedial actions that disturb 5 acres or more of land and need to comply with the
substantive requirements of the NPDES Phase I stormwater permit program as
implemented by TDEC under its General Permit;

City of Memphis, Public Works - Permits applicable to industrial effluent discharging to a
POTW.

¯ Existing land use controls - Currently, Dunn Field is zoned as Light Industrial (I-L). The
principal uses permitted are manufacturing, wholesaling, or warehousing.

4.2.2 Balancing Criteria
Balancing criteria are the five criteria used to determine the acceptability of a remedial action.
These criteria provide a way to assess which alternative best achieves the remedial o~ectives
while balancing technical and cost considerations. The balancing criterm are included in the
following paragraphs.

4.2.2.1 Long-term Effectiveness and Permanence (Criterion 3)
Long-term effectiveness and permanence are measured by how much risk remains after the
remedy is completed. Alternatives providing the highest degree of long-term effectiveness and
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permanence are those that leave little or no waste at the site, make long-term maintenance and
monitoring unnecessary, and minimize the need for institutional controls. The evaluation of
long-term effectiveness includes consideration of the following factors:

o The magnitude of the risk to human and environmental receptors posed by untreated waste
or treatment residues after active rerhedial activities;

o The type, degree, and adequacy of long-term management required for untreated waste or
treatment residues after active remedial activities;

o

o

The long-term reliability of engineering and/or institutional actions to provide continued
protection from untreated waste or treatment residues; and

The potential need for replacement of the action and the continuing need for repairs to
maintain the performance of the remedy.

4.2.2.2 Reduction of Toxicity, Mobility, or Volume through Treatment (Criterion 4)

The statutory preference is a remedial action that employs treatment to reduce the toxicity,
mobility, or volume (TMV) of hazardous substances. Criterion 4 addresses the anticipated
performance of technologies to reduce TMV of hazardous substances. Alternatives that do not
include treatment technologies are not considered to reduce TMV. This criterion considers the
following:

o The treatment process(es);

o The amount of hazardous substances that will be treated or destroyed;

o The degree of expected reduction in TMV through treatment, including how the treatment
addresses the principal risk(s);

o The degree to which the treatment will be irreversible; and

o The type and quantity of residuals that will remain following treatment.

4.2.2.3 Short-term Effectiveness (Criterion 5)
This criterion considers the short-term effects of an alternative on human health and the
environment. Short-term effectiveness is measured by:

o Short-term rzsks that might be posed to the community during implementation of an
alternative;

0

o

0

Potential adverse impacts on workers during implementation, and the effectiveness and
reliability of protective measures;

Potential for adverse environmental impacts during implementation, and the effectiveness
and reliability of mitigation measures; and

Estimated duration of implementation needed to achieve the remedial objectives.
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4.2.2.4 Implementability (Criterion 6)
Implementability deals with the difficulties of constructing and operating an alternative, and
the availability of materials and services required. The following factors are considered:

¯ Ability to construct and operate;

¯ Ease of doing more action, if needed;

¯ Ability to monitor effectiveness;

¯ Ability to obtain approvals and coordinate with other agencies;

¯ Availability of services and capacities;

¯ Availability of necessary equipment, specialists, and materials; and

¯ Availability of technologies.

4.2.2.5 Cost (Criterion 7)
Preliminary cost estimates were developed for each remedial alternative. These cost estimates
are used to compare the alternatives, not to bid the work. These estimates were made from
available information, i.e., they have an expected accuracy of -30 percent to +50 percent for the
scope of action described for each alternative. The estimates are divided into capital costs and
O&M costs, and are based on information provided by vendors, regulators, and experience on
similar projects. The present worth of the capital cost and 30 years of O&M are included. Details
of these cost estimates are included in Appendix D. Significant uncertainties that may affect cost
are discussed with each alternative.

4.2.3 Modifying Criteria
State and community acceptance of a proposed remedial action is an important element in the
decision to select and to implement. Concerns of state regulators and the local community must
be addressed during the selection process and are generally termed "modifying criteria."

4.2.3.1 State Acceptance (Criterion 8)

The State of Tennessee (TDEC) will have the opportunity to review and comment on all stages
of the Dunn Field cleanup process. TDEC comments become part of the Administrative Record
and are considered in selection of the preferred remedy.

4.2.3.2 Community Acceptance (Criterion 9)
Potential community concerns are used to evaluate each remedy in this FS. Consistent with the
NCP, public comments will be solicited on the preferred alternative presented in the Proposed
Plan. These public comments are factored into the decision to select a final remedy.
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5.0Detailed Analysis of Disposal Sites and
Associated Soil Alternatives

5.t Definition of Disposal Sites and Associated Soil Alternatives
The EPA guidance for conducting an RI/FS (EPA, 1988) recommends that each alternative 
defined in sufficient detail to apply the evaluation criteria and to determine order-of-magnitude
costs. The definition may include preliminary design calculations and drawings, as well as
address the limitations, assumptions, and uncertainties about each alternative. However, the
definition step is not a remedial design. Complete details of how an alternative will be
implemented are not necessary (or required by CERCLA) for the comparative analyses
performed. The quantitative data given as part of the description of an alternative are estimates
based on conceptual design and professional experience. They are for the purpose of estimating
costs to an accuracy of +50% to -30%, per EPA guidance on FS cost estimates.

In the detailed analyses presented in this sectzon, alternatives were defined with respect to
future land use and respective disposal sites. Based on information generated by the Archives
Search Report, approximately 15 disposal sites are known to exist in the Disposal Area and one
(a CC-2 disposal area) disposal site is known to exist in the Stockpile Area (Table 1-6). These 
sites have been identified by the BCT as having a priority ranking for remedial action. The
anticipated land use for these areas is industrial. The various COCs associated with the disposal
sites are summarized in Table 5-1. While the alternatives discussed in this section may be
effective at remediating contaminants contained within the disposal sites and associated
subsurface soils to industrial use standards, remedial action for subsurface soils contaminated
with VOCs (Section 6) will be required prior to the Disposal Area being acceptable for industrial
use and to be protective of groundwater. The disposal sites and associated soil alternatives
retained from Section 3 are defined in the following sections.

The following RAOs that have been developed for the disposal sites at Dunn Field are as
follows:

Eliminate potential for groundwater impacts from a release of buried containerized
hazardous liquids and the leaching of contaminants from buried hazardous solids;

Eliminate future unacceptable risk of direct contact with buried hazardous liquid and/or
solids due to intrusive activities during future land use or site development.

5.1.1 Alternative I - No Action
This alternative includes no active remedial activities, but is required by CERCLA to be retained
as a baseline for comparison.

SECTION 5 (REV 1) OOC 5-1



578 138
MEMPHIS DEPOT DUNN REID FS - REV 1 02/03

5.1.2 Alternative 3- Soil Containment with Institutional Controls
The soil containment alternative involves the placement of a protective cover or cap over
contaminated soil and residual waste to act as a physical barner against direct contact to
workers or residents and water percolation. Natural clean soil consisting of low-permeability
(clay) and high-permeability (sand) soil asphalt, concrete or other material such as flexible
geomembrane liner from offsite will be placed over contaminated areas. Surface controls such
as stormwater control and vegetative cover will be necessary to prevent erosion damage to a
soil cover. This alternative will require deed restrictions limiting the use of the property or
portions of the property, regulation of intrusive activities during which potential receptors can
encounter COCs, maintenance of access barriers to limit entry into contaminated areas, signage
to warn visitors to the site that these areas exist, and periodic inspection for cover disturbance.

This alternative includes constructing a protective cover or containment of soil or pavement
over contaminated disposal sites with deed restrictions preventing disturbance of the cover and
preventing residential landuse. Disposal sites and any associated contaminated subsurface soils
would be left in place, and a 2-ft thick cover would be installed over them. In addition, deed
restrictions preventing future disturbance of the cover would be provided. These restrictions
would be coordinated with the Depot reuse implementation plans, and would be included in all
deeds and leases. Location of the disposal sites would be required in the deed language. Figure
5-1 depicts the various disposal areas that this alternative would address the disposal sites.

Containment will be applied to individual soil areas within the Disposal Area that require
remedial action to obtain the RAOs. Table 5-1 summarizes the characteristics of these disposal
sites. For purposes of the costing in this FS, it has been assumed that only 12 of the sites (or
10,215 square feet) presented in Table 5-1 will require future remedial efforts.

Preliminary design components will include the following:

¯ Deed restrictions will prevent future residential land use and intrusive activities within the
covered/contained areas. These restrictions will be coordinated with the Depot reuse
implementation plans, and will be included in all deeds and leases. A fence with signage
will be required.

¯ Annual inspections and reports by the DoD will document the site status to ensure that uses
incompatible with the deed restrictions do not take place, with reporting for regulatory
concurrence,

The assumptions used in developing the cost estimate for this alternative were as follows:

¯ The remedy will require less than 1 year to achieve remedial goals.

Areas identified with buried receptacles and subsurface soils contaminated with
concentrataons exceeding the RGOs will be treated. The extent of the disposal sites and
associated subsurface soils as well as the contaminant concentration will be refined prior to
the Dunn Field Remedial Design. The following information was developed within the
Dunn Field RI (CH2M HILL, July 2002) regarding the areas of the pits:

"In 1993, the U. S. Army Engineer Waterways Experiment Station conducted a
geophysical investigation of the western portion of Duma Field. Six areas were
investigated to determine the location of buried trenches, pits, drums, and other sources
that may be contributing to the contamination of the upper aquifer. The final technical
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report (GL-94-8) was published in March 1994. The report concluded that there are
potential burial sites in five of the six areas surveyed. Based on this data, CH2M HILL
conducted field observations on August 18, 1995. The observations indicated many
surface irregularities and depressions, suggesting possible burial sites in the northwest
quadrant of Dunn Field (the Disposal Area). Many of the irregularities and depressions
appeared to correspond with the mapped waste areas while others did not. Engineers
from CH2M HILL revisited Dunn Field in October 1995, and mapped the irregularities
and depressions noted during the visits. The results of the mapping confirm that many
of the field-identified depressions and irregularities correspond well with previously
mapped burial sites on Dunn Field, and there were some that did not. Three (3) figures
generated from the mapping of the irregularities and depressions on the western portion
of Dunn Field are included in Appendix A-6."

Fugitive dust or vapor emissions and stormwater runoff controls will be required during
remedial activities.

o Periodic 5-year reviews performed by the DoD, with concurrence by the regulators, will also
be required.

5.1.3 Alternative 5 - Ex.situ Soil Treatment with Institutional Controls
This alternative includes excavation of each disposal site and associated contaminated
subsurface soils, treatment of contaminated subsurface soils through solidification, and
institutional controls prohibzting future residential use. This alternative will immobilize
contaminants in associated subsurface soils and remove any potential source in the buried
receptacles. The excavated receptacles will be disposed of in an appropriate disposal facility.
Implementation of this alternative will be fully protective for industrial use by ehminating risk
of exposure to subsurface soil areas with contaminants exceeding levels acceptable for
industrial workers. Deed restrictions will be required to prevent industrial use during
implementation of the remedy.

Treatment will be applied to individual soil areas within the Disposal Area that exceed levels
acceptable for industrial land use. Table 5-1 summarizes the characteristics of these disposal
sites. For purposes of the costing in this FS, it has been assumed that only 12 of the sites
presented in Table 5-1 will require future remedial efforts.

Preliminary design components will include the following:

o Buried receptacles and associated contaminated soil will be excavated in areas where
contaminated subsurface soils exceed industrial RGOs (Figure 5-1) to depth of disposal sites.
This varies with each disposal sites but is 10 feet below land surface on average.
Confirmation sampling will be required to verify contaminant areas have been removed.

o Contaminated soil will be treated with a mixture that will solidify the soil, immobilizing
contaminants. Treated soil will be left onsite to the greatest extent possible. Some
hazardous debris (assume 50 tons) will be removed for offsite treatment and disposal.

o Temporary restrictions are afforded by CERCLA to restrict site access during
implementation of the technology. Permanent deed restrictions will prevent future
residential land use. These permanent restrictions will be coordinated with the Depot reuse
implementation plans, and will be included in all deeds and leases.
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Annual inspections and reports by the DoD will document the site status to ensure that uses
incompatible with the deed restrictions do not take place, with reporting for regulatory
concurrence.

The assumptions used in developing the cost estimate for this alternative were as follows:

¯ The remedy will require less than I year to achieve remedial goals.

¯ Deed restrictions will be enforced to prevent residential land use.

Areas identified with buried receptacles and subsurface soils contaminated with
concentrations exceeding the RGOs will be excavated and treated. As described in Section
5.1.2, the extent of the disposal sites and associated subsurface soils as well as the
contaminant concentration will be refined prior to the Dunn Field Remedial Design.

Contaminated soils will be excavated to depth of each disposal site, on average 10 feet, and
replaced with compacted clean (as determined by analyhcal testing) backfill, obtained from
of f site.

Approximately 3,900 cubic yards of contaminated subsurface soil will be treated with
chemical process (emulsified asphalt, pozzolan/Portland cement, or vitrification/molten
glass) to solidify soils. Treated soils will be left on site to greatest extent possible.

Excavated containers and compounds could require special handling, treatment and
dlsposal at a RCRA hazardous waste facility (assume 50 tons); however, disposal
characterization samples will be analyzed prior to disposal.

Trucks will be required to transport clean backfill onslte and transport excavated receptacles
offsite.

¯ Fugitive dust emissions and stormwater runoff controls will be required during remedial
activities.

¯ Excavation confirmation sampling and analyses will be required to confirm that RGOs were
met.

¯ Site restoration will be required following treatment to restore the site to acceptable
conditions.

¯ Periodic 5-year reviews performed by the DoD, with concurrence by the regulators, will also
be required.

5.1.4 Alternative 6 - Excavation, Transportation, and Offsite Disposal
This alternative includes the excavation, transportation, and offsite disposal of contaminated
buried receptacles and associated contaminated subsurface soil. Implementation of this
alternative will be fully protective for industrial use by eliminating risk of exposure to areas
with concentrations exceeding industrial levels.

Excavation and offsite disposal will be applied to individual soil areas within the Disposal Area
that exceed levels acceptable for industrial land use. Table 5-1 summarizes characteristics of the
disposal sites. For purposes of the costing in this FS, it has been assumed that only 12 of the
sites presented in Table 5-1 will require future remedial efforts.
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Preliminary design components will include the following:

Buried receptacles and associated contaminated soil will be excavated in areas where
contaminated subsurface soils exceed industrial RGOs (Figure 5-1) to I foot below the depth
of each disposal site. This varies with each disposal site but is 10 feet below land surface on
average. Confirmation sampling will be required to verify contaminant areas have been
removed.

o Excavation, transportation, and off-site disposal will require temporary controls that will
limit the use of the Depot during implementation. These restrictions will be coordinated
with the Depot reuse implementation plans.

o Annual inspections and reports by the DOD will document the site status to ensure that
uses incompatible with the deed restrictions do not take place, with reporting for regulatory
concurrence.

The assumptions used in developing the cost estimate for this alternative were as follows:

o The remedy will require less than I year to achieve remedial goals.

o Deed restrictions will be enforced to prevent residential land use.

o Areas identified with buried receptacles and subsurface soils contaminated with
concentrations exceeding the RGOs will be treated. As described in Section 5.1.2, the extent
of the disposal sites and associated subsurface soils as well as the contaminant concentration
will be refined within the Dunn Field Remedial Design.

o Approximately 3,900 cubic yards of contaminated subsurface soil and debris will require
treatment.

Contaminated soils will be excavated to I foot below depth of each disposal site, on average
10 feet, and replaced with compacted, clean (as determined by analytical testing) backfill,
obtained from offsite.

Excavated subsurface soil and containers holding chemicals could require special handling,
pretreatment and disposal at a RCRA Subtitle C hazardous waste landfill or other
acceptable disposal facility; however, disposal characterization samples will be analyzed
prior to disposal. If the compounds were determined to be non-hazardous, they could be
disposed of at a local Subtitle D landfill.

Trucks will be required to transport clean backfill onslte and transport excavated receptacles
offsite. Some excavated material may have to be overpacked.

Fugitive dust emissions or vapors and stormwater runoff controls will be required during
remedial activities.

o Excavation confirmation sampling and analyses will be required to confirm that RGOs were
met.

o Site restoration will be required following treatment to restore the site to acceptable
conditions.
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¯ Periodic 5-year reviews performed by the DoD, with concurrence by the regulators, will also
be required.

5.2 Detailed Analysis of Disposal Sites and Associated Soil
Alternatives

The following detailed analyses compare the alternatives to the nine EPA criteria. The analyses
are presented in the following narrative and in a summary table (Table 5-2) following this
section.

5.2.1 Alternative I - No Action
The no action alternative will not be protective of human health for disposal sites and
associated contaminated subsurface soil under industrial land use. The alternative provides no
control of exposure to the contaminated soil for industrial workers or controls to prevent
industrial use. Further, although existing land use restrictions (see Section 4.2.1) currently
prohibit residential development at the Depot, the existing restrictions could be removed or
altered at some time in the future. The no action alternative does not add any protective layer of
institutional controls prohibiting residential development.

There are no ARARs that apply to the no action alternative for subsurface soils. Long-term
effectiveness will not be acceptable for this alternative. It includes no controls for exposure and
no long-term management measures. All current and future potential risks will remain under
this alternative to industrial workers. This alternative provides no reduction in toxicity,
mobility, or volume of the contaminated soil through treatment. Short-term effectiveness will
not apply since nothing is being implemented; there will be no additional risks posed to the
community, remediation workers, or the environment. Further, there are no implementability
concerns or costs posed by this remedy since no action will be taken. This alternative is not
likely to be accepted by the regulatory agencies or the community. However, it is retained and
presented for detailed evaluation as required by CERCLA.

5.2.2 Alternative 3 - Soil Containment with Institutional Controls
The containment alternative is protective of human health and the environment by
preventing residential and industrial worker exposure to contaminated soil/waste.
ARARs do not apply to cover installation since actions would not involve the disposal of
waste. Controls that would be required include deed restrictions and fencing. These
controls would complement the exJsting zoning and land use controls prohibiting residential
use in the Disposal Area.

For this alternative to remain effective over the long term, the cover would require careful
maintenance of landscaping and controls that would help prevent industrial worker or
residential intrusion below the cover. Because contamination remains on-site, a review
would be conducted at least every 5 years to ensure that the remedy continues to provide
adequate protection of human health and the environment in accordance with CERCLA
121(c). This alternative leaves all wastes in place and unknown waste receptacles/containers
could leak and create a threat to groundwater.
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This alternative provides no reduction in toxicity, mobility, or volume of the contaminated
soil through treatment. The cover reduces the mobility of contaminants by physical
containment.

Site engineering controls would be required to minimize fugitive dust and stormwater
releases during site preparation and installation of the cover. The cover and controls
would be completed in less than I year.

The containment alternative is easily implemented and monitored. No special techniques,
materials, equipment, or skills are required. Soils are available locally for cover. The
containment action could be enhanced by enlarging the cover if more contamination were
discovered.

In the short-term, there is no increase in risk to the community or to workers due to
implementation of this alternative because there are no site activities that will affect exposure.
Controls and restrictions will take an estimated 6 months to implement. Institutional controls
are easy to implement and require no special equipment or materials. The action could be
enhanced by extending the areas of control and adding fencing.

The 30-year present worth cost is estimated to be $616,000, with a capital cost of $304,000, with
an annual O&M cost of $20,000 to control areas exceeding industrial RGOs. This alternative is
not like to be accepted by the state regulators and the community since long-term effectiveness
is marginal, the alternative is not protective of groundwater, and ongoing monitonng and
maintenance of the soil containment is required.

5.2.3 Alternative 5 - Ex-situ Soil Treatment with Institutional Controls
Ex-situ soil remediation is protective of human health and the environment by treating
contaminated subsurface soil and removing buried receptacles that can not be treated onsite.
Treatment and removal reduce exposures to levels that are acceptable to mdustrial land use.
This remedy will comply with ARARs, in particular fugitive dust and stormwater controls, and
RCRA land disposal restrictions. Deed restrictions will prohibit future residential use.

Alternative 5 will be effective and permanent because the treatment immobilizes contaminants
in subsurface soils and excavation and offsite disposal of buried receptacles (that can not be
treated onsite) removes any potential future source. No monitoring or management beyond the
completion period will be required. Solidification is irreversible by fixing contaminants in the
soil matrix so it will not be ingested or inhaled. This alternative meets the statutory preference
for using treatment as a principal element.

For the short-term, site engineering controls will be required to minimize fugitive dust and
stormwater releases during site preparation, treatment activities, and transport of soil and
containers. Site workers might be required to wear dermal and respiratory protection to
minimize the likelihood of exposure during intrusive activities. Temporary controls will be
required to prevent exposure or disturbance to contaminated soil during the treatment period.
Excavation and ex-situ soil treatment are reasonably easy to implement and proven
technologies. The treatment actions could be enhanced by enlarging the treatment areas if more
contamination were discovered. Compliance with RCRA land disposal restrictions could result
in additional treatment, resulting in an increase in difficulty in implementing this remedy.
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The 30-year present worth cost is estimated to be $2,129,000, with a capital cost of $2,069,000,
and an annual O&M cost of $4,000. The capital cost is primarily excavations and onsite
treatment of subsurface soil/wastes, and excavation, transport, and disposal costs for buried
receptacles that can not be treated onsite. The annual O&M cost is primarily for continued
monitoring of compliance with institutional controls. Since contamination remains on-site, a
review will be conducted at least every 5 years. This alternative is likely to be accepted by the
state and the community because it affords protection after a moderate time for cleanup and
removes buried receptacles from the site.

5.2.4 Alternative 6 - Excavation, Transportation, and Offsite Disposal with
Institutional Controls

Excavation, transportation, and off-site disposal is protective of human health and the
environment by removing contaminated soil and buried receptacles. Removing contaminants
reduces industrial worker exposure to levels that are acceptable.

This remedy will comply with ARARs, in particular fugitive dust, vapor, and stormwater
controls and RCRA land disposal restrictions. Sites 3, 7, 10, 11, 15, and 15.1 do not likely contain
compounds that are listed hazardous wastes and are not likely to exceed TCLP criteria;
therefore, they are not considered RCRA hazardous wastes at this time. Sites 4.1, 8, 12, 12.1, and
15.2 likely contain compounds that are listed as hazardous wastes. Sites 4, 13, 16, 16.1, and 17
contain a mixture of compounds, whose characteristics are not completely defined and testing is
required prior to disposal. Site descriptions and COCs are described in Table 5.1

Contaminated subsurface soil will be disposed of at the appropriate land disposal facility. They
will be tested prior to disposal and if they exceed TCLP criteria, they will be disposed of as a
hazardous waste. Upon excavation, compounds still contained in receptacles will either be
saved for recovery and recycling or disposed of in an appropriate and approved waste disposal
facility. Hazardous compounds will go to an approved RCRA t~eatment and/or disposal
facility.

This alternative remains effective after completion because contaminated soil is removed.
Removal is reliable and permanent. No monitoring or management beyond the implementation
period will be required. A 5-year review will be required, as some waste will remain onsite.
This alternative provides no reduction in TMV of the contaminated soil through treatment.
Dmposal in an offsite landfill reduces the mobility of contaminants by physical containment.

For the short-term, site engineering controls will be required to minimize fugitive dust and
stormwater releases during site preparation, treatment activities, and transport of soil and
containers. Site workers might be required to wear dermal and respiratory protection to
minimize the hkelihood of exposure during intrusive activities. Temporary controls will be

required to prevent exposure to contaminated soil during the excavation period. This
alternative is easily implemented and monitored. No special techniques, materials, equipment,
or skills are required. Native soil is available locally for backfill. Offsite transportation may
require special controls on trucking operations. The removal action could be enhanced by
enlarging the excavated area if more contamination were discovered.

The 30-year present worth cost is estimated to be $1,772,000, with a capital cost of $1,715,000,
and an annual O&M cost of $3800 to cover areas exceeding industrial RGOs. The annual O&M
cost is primarily for continued monitoring of compliance with institutional controls. This
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alternative is likely to be accepted by the state and the community because it affords protection
after a moderate time for cleanup and removes contaminated subsurface soil and buried
receptacles from the site.

5.3 Comparative Analysis of Disposal sites and Associated Soil
Alternatives

The alternatives are compared to each other using the nine EPA criteria. A description of this
comparison is included in the following paragraphs. This section concludes with a summary of
the comparative analysis.

5.3.1 Overall Protection of Human Health and the Environment
All alternatives are considered protective of human health and the environment. The no action
alternative is not protective of human health and the environment, which is a threshold criteria;
therefore, it will not be carried forward for discussion under the remaining criteria.

5.3.2 Compliance with ARARs
All alternatives are expected to meet ARARs at the completion of implementation.

5.3.3 Long-term Effectiveness and Permanence
Alternatives 5 and 6 are expected to be effective and permanent at the completion of
implementation through treatment or removal for offsite disposal. Alternative 3 (Soil
Containment) is effective and permanent through the covering of the disposal sites and
associated subsurface soil with a low permeability cap which will prevent rainwater percolation
and intrusive access. However, unknown receptacles/containers could leak and create threat to
groundwater.

5.3.4 Reduction of Toxicity, Mobility, or Volume through Treatment
Alternative 5 (Ex-situ Soil Treatment) is the only action that satisfies the statutory preference for
treatment as a principal element. Ex-situ solidification of subsurface soils/waste are used to
reduce the mobility of contaminants to residual levels acceptable to industrial land use.
Although Alternatives 3 (Soil Containment) and 6 (Excavation, Transportation and Offsite
Disposal) reduces the mobility of chermcals, the reduction is not achieved through treatment.
Treatment may be required at the disposal facility prior to the final disposition of the waste
materials.

5.3.5 Short-term Effectiveness
Alternative 3 (Soil Containment) has the greatest short-term effectiveness because it presents
the least risk to workers, community, and the environment, and is the quickest way to short-
term protection (6 months). This alternative does require some engineering controls during
placement of the cap material. Alternatwes 5 (Ex-situ Soil Treatment) and 6 (Excavation,
Transportation and Off-site Disposal) require significant engineering controls during remedml
activities to minimize impacts from fugitive dust and vapor emissions, and stormwater runoff.
These alternatives pose greater risk to workers and the community through the excavation of
buried waste materials. All alternatives should take less than I year to implement. Alternatives
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5 (to a lesser degree) and 6 may also cause traffic impacts due to offsite hauling of excavated
material and the hauling of backfill material onsite.

5.3.6 Implementability
All alternatives are considered technically feasible and can be implemented with available
labor, materials, and equipment. Additional remedial actions can be readily implemented if
more effectiveness becomes necessary with all three alternatives. Alternative 3 (Soil
Containment) is considered the simplest to implement; however, long-term monitoring and
maintenance will be required for the capped areas. Alternative 5 (Ex-site Soil Treatment) is most
difficult to implement because of the treatment processes and time required. Care will need to
be taken to avoid damage/release from excavated buried containers during implementation of
Alternatives 5 (Ex-site Soil Treatment) and 6 (Excavation, Transportation and Off-site Disposal).

5.3.7 Cost
Present worth costs are summarized in the following list.

Alternative Capital Cost O&M Cost Present Worth

1 -No Act=on $0 $0 $0

3-Soil Containment $304,000 $312,000 $616,000

5-Ex-mtu Treatment $2,069,000 $60,000 $2,129,000

6-Excavation, Transport, $t,715,000 $57,000 $1,772,000
and Offmte Disposal

There are no costs associated with Alternative I (No Action). With present worth cost 
$616,000, Alternative 3 (Soil Containment), is the least expensive of the active alternatives.
Alternative 6 (Excavation, Transportation, and Offsite Disposal) with a present worth cost 
$1,772,000 is more expensive than Alternative 3, but less expensive that Alternative 5 (Ex-situ
Treatment) at $2,129,000.

5.3.8 State Acceptance
State acceptance is likely for all alternatives except soil containment since waste materials are
left in-place and there is a potential long-term threat to groundwater quality.

5.3.9 Community Acceptance
The community is not likely to accept the soil containment with institutional controls alternative
because the contaminants and contents of the disposal sites are left in place and untreated. The
community is likely to accept the ex-situ treatment and excavation, transportation, and offsite
disposal alternatives. Ongoing community involvement activities wdl be an important element
of remedy implementation.

~ECTION 5 (REV 1) DOC 5-10
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5.3.10 Summary
The comparative analysis of alternatives is summarized as follows.

Evaluation Criteria

6
5

3
Excavation,

Ex-sltu Transport, and
1 Soil Containment Treatment with Offslta Disposal

No Action with ICs ICs with Its

Protective of Human Health No Yes Yes Yes
and Environ.

Comphes wtth ARARs NIA Yes Yes Yes

Effective and Permanent N/A Yes Yes Yes

Reduces TMV N/A No Yes No

Short-term Effect=veness N/A Acceptable Acceptable Acceptable

Implementable N/A Yes Yes Yes

Cost $0 $0.62 m=llion $2.13 million $1.77 million

State Acceptance Unhkely Unhkely Dkely Likely

Community Acceptance Unhkaly Unhkely Likely Likely

-SECTION 5 (REV I)DOC 5-11
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TABLE 5-I
Assumptions for the Disposal Sites and Subsurface Soil Areas Requiring Remediation
Rev. 1 Memphis Depot Denn Field FS

RCRA Area of
IRP Site Hazardous Remediatlon
Number Site Description COCs Waste (ftz)

3 Mixed Chemical Burial Site

4 POL Burial Site

4.1 POL Burial Site

7 Nitric Acid Burial Site

8 Methyl Bromide Bunal Site B

10 Solid Waste Burial Site (Near
MW-IO)

11 Tdchloroacatic Actd Bunal
Site

12/12.1 Sulfudc Acid and
Hydrochlonc Acid Bunal

13 Mtxed Chemicat Bunal

15 Sodnum Burial Sites

15.1 Sodium Phosphate Burial

15.2 14 Burial Ptts

16

16.1

17

Total Area

Unknown Acid Burial Site

Acid Bunal Stte

Mtxed Chemical Bunal Site C

CC-2 ImpregnRe Site

Orthotouidine Dihydrochlonde No 300

Oil, grease, paint ND° 200

Od, grease, thinner Yes 400

NJtnc acid Nob 150

Methyl bromide Yes 2025

Metal, glass, trash No 5000

Tnchloroacettc acud Nob <50

Sulfuric Acid, Hydrochlodc Yes 475
Acid

Acid, unnamed solids NDa 1750

Sodium Nob

Sodium phosphate No 2000

Seduum phosphate, sodium, Yes
acid, medical supplies,
chlorinated lime

Acad ND= 250

Acid ND" 100

Mixed chemical ND= 600

CC-2 Impregmte ND° 320

13,620

IRP Installation Restoration Sits

° Exact consbtuenta undetermined. TCLP tasting will need to be performed to determine appropnate land
dusposal facility.
b Although not a listed RCRA hazardous waste, thus matenal may exhibit one or more charactenstics of a

hazardous waste and require appropriate analysis to determme specufic dusposal mquumments.
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6.0Detailed Analysis of VOC-Contaminated Soils
and Soil-to-Indoor Air

6.1 Definition of Onsite Remedial Alternatives - VOCs in Soil and
Soil-to-Indoor Air

The EPA guidance for conducting an RI/FS (EPA, 1988) recommends that each alternative 
defined in sufficient detail to apply the evaluation criteria and to determine order-of-magnitude
costs. The definition may include preliminary design calculations and drawings, as well as
address the limitations, assumptions, and uncertainties about each alternative. However, the
definition step is not a remedial design. The quantitative data given as part of the description of
an alternative are estimates based on conceptual design and professional experience. They are
for the purpose of estimating costs to an accuracy of +50% to -30%, per EPA guidance on FS cost
estimates. Complete details of how an alternative will be implemented are not necessary (or
required by CERCLA) for the comparative analyses performed. In the detailed analyses
presented in this section, alternatives were defined with respect to future land use and
respective COCs. VOC-contaminated soils and soil-to-Indoor air are located within the Disposal
Area of Dunn Field. The intended land use for this area is industrial. While the alternatives
discussed in this section may be effective at remediating VOC-contaminated soils and soil-to-
indoor air to industrial use standards, remedial action for disposal sites and associated soils
(Section 5) and groundwater (Sectmn 7) contaminated wlth VOCs will be required for 
Disposal Area to be acceptable for industrial land use.

The proposed alternative for soils contaminated with VOCs and soil-to-indoor air is the
presumptive remedy, SVE. This alternative has been retained, along with the no action from
Section 3. These alternatives are defined below.

6.1.1 Alternative 1 - No Action
A no action alternative is required under CERCLA for comparison to active remedies.

6.1.2 Alternative 2 - Soil Vapor Extraction
In this alternative, air flow will be Induced through contaminated soil by applying a vacuum,
using vapor extraction wells, to create a pressure gradient in the vapor phase within the
unsaturated zone of the targeted soil. As the soil vapor migrates though the soil pores toward
the extraction vents, VOCs will be volatilized, transported out of subsurface soil, and collected
aboveground. Two preliminary SVE remediation systems for Dunn Field have been designed
for cost estimation: Alternative 2a refers to a vertical SVE system and Alternative 2b refers to a
horizontal and vertical SVE system. Both designs are based on contaminant mass calculations
from soil analytical data and the December 2001/January 2002 Dunn Field SVE pilot test data
(Appendix C).

This alternative also includes institutional controls, which included deed (including lease)
restrictions, in addition to the existing land use controls, limiting the future use by the Depot.

SECTION 6 (REV 1) DOG 6-1
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Deed restrictions will prevent residential land use where surface and subsurface soils pose an
unacceptable risk. Restrictions and controls will be coordinated with the Depot reuse
implementation plans, and will be included in all deeds and leases. Under this alternative,
controls will have to be inspected periodically for effectiveness.

Preliminary design components for a vertical or horizontal SVE system at Dunn Field are
described below:

o The vertical SVE system will include 57 vertical, 4-inch diameter wells installed in the loess
to a depth of approximately 25 ft bls and 24 vertical, 4-inch diameter wells installed in the
fluvial deposits to a depth of approximately 70 ft bls. Piping will connect the SVE wells and
be placed horizontally in 3-ft deep trenches. Figures 6-1 and 6-2 depict the proposed layout
of the vertical SVE system in the loess and fluvial deposits, respectively.

o The horizontal SVE system includes 3 horizontal, 6-inch diameter wells with a total length
of 2,325 ft (each well ranging in length from 705 to 840 ft) at a depth of 15-20 ft bls installed
in the loess and 2 horizontal, 6-inch diameter wells with a total length of 1,550 ft (each well
ranging in length from 705 to 840 ft) at a depth of 50-55 ft bls installed in the fluvial deposits.
In addition, 34 vertical, 4-inch diameter wells will be installed in the loess and fluvial
deposits to a depth as described in Alternative 2a to cover treatment areas outside the
horizontal zone of influence. Piping will connect the SVE wells and be placed horizontally
in 3-ft deep trenches. Figures 6-3 and 6-4 depict the proposed layout of the horizontal and
vertical SVE system in the loess and fluvial deposits, respectively.

o A soil vacuum and vapor monitoring system will be installed within the network of SVE
wells to monitor full-scale soil vapor extraction. Each soil monitoring point cluster will be
constructed with 4, 1-inch diameter monitoring points. Two soil monitoring points will be
installed to depths in the upper and lower portion of the loess (above the fluvial deposits)
and two soil monitoring points will be installed to depths in the upper and lower portion of
the fluvial deposits (below the loess and above the fluvial aqmfer).

o A temporary cap measuring approximately 360,000 ft 2 will be placed over the SVE treatment
area consisting of a 20-ram liner and gravel cover. The site will be cleared and graded prior
to its placement.

o An equipment storage building will be set up with all electrical controls, vacuum pumps,
and off-gas collection and treatment units. Off-gasses (extracted volatile organic
compounds) and hydrochloric acid (HCL) (produced through the oxidation of chlorinated
hydrocarbons) emissions released to the atmosphere will be treated by a chlorinated
catalytic oxidizer and a scrubber, with sodium hydroxide (NaOH). Piping and
instrumentation diagram (P&ID) drawings for the off-gas or vapor treatment system are
presented as Appendix F. Electricity will be hooked up to the building prior to startup.

o Permanent deed restrictions will prohibit residential use of the Disposal Area.

o SVE treatment system operation and maintenance will be performed regularly. The remedy
assumes full-time, onsite oversight during the operahonal hfe of the remedy.

o Annual summaries of monitoring data will be produced to document the site conditions and
progress of the remedy. EPA and TDEC reviews of the remedy are required at 5-year
intervals for Dunn Field (OU-1).

SECTION 6 (REV. 1) OOC 6-2
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The assumptions used in developing the cost estimate for this alternative were as follows:

¯ For a vertical SVE system, 81 SVE wells will be installed using rotosonic-drilling methods.
Ten thousand feet of 4-inch, SDR 11, HDPE piping will be used. Three 25-horsepower (I-IP)
multiphase extraction (MPE) systems for wells constructed in the loess and one 15-HP
regenerative system for wells constructed in the fluvial deposits will be utilized.

¯ For a horizontal SVE system, 5 SVE wells will be installed using a horizontal drilling
methods and 34 SVE wells will be installed using rotosonic-drilling methods. Four thousand
five hundred (4,500) feet of 4-inch, SDR 11, HDPE piping will be used. One 75-HP MPE
system for wells constructed in the loess and one 15-HP regenerative system for wells
constructed in the fluvial deposits will be utilized.

¯ One chlorinated catalytic oxidizer, one scrubber, and 66,600 gallons of sodium hydroxide
will be used to treat-off gasses and hydrochloric acid emissions released to the atmosphere
from the SVE system.

¯ The remedy will require 3 to 4 years to achieve remedial target goals. This estimated
cleanup time is based on the results of the SVE pilot test (see Appendix C) and the average
mass removal rate for the individual CVOCs that was obtained from the pilot test for the
loess and fluvial deposits. Total contaminant mass calculations for VOCs (PCE, TCE and
1,1,2,2-PCA) in soils are presented in Appendix E. The development of measures to signal
completion of the SVE remedy, which should be implemented as part of the design process,
are presented in the Evaluation of Soil Vapor Extraction Treatability Study, included in
Appendix C. This includes calculated soil screening level (SSL) protective of groundwater 
the fluvial aquifer for contamination in the loess and the fluvial deposits. In addition, soil
vapor concentrations in equilibrium with both SSLs (loess and fluvial) were developed for
each COC. The measures also include use of the SVE Termination or Optimizatzon Process
(STOP) developed by the Air Force Center for Environmental Excellence (AFCEE) in 
June 2001 Final Gmdance on Soil Vapor Extraction Optimization. The STOP process is part of an
SVE closure plan in the case where the system has been fully optimized yet continuing
operations requires tradeoff between monetary expenditures and uncertain environmental
benefits. The decision to continue with SVE will be based on scientific, economic, and
engineering judgement included in the STOP process. Part of the decision to discontinue
operation of the SVE system includes a determination that contaminant removal rates have
stabilized and approached asymptotic levels, following one or more temporary shutdown
period. A STOP decision tree that will be implemented into the design of the SVE
presumptive remedy for Dunn Field is also included in Appendix C. At this time, EPA
believes that ultimate cleanup for purposes of determining that the remedy is complete
must be demonstrated by direct measurements of subsurface soil. Soil vapor may be used
as a surrogate for the purpose of optimizing the system operations and indicating when
confirmation sampling should be initiated.

¯ Areas identified with subsurface soils with VOC concentrations exceeding the RGOs will be
treated. Eighty (80) additional soil samples will be collected during soil monitoring point
installation (4 samples from 20 borings) to confirm the extent of vadose VOCs identified 
the RI, or allow adjustments to be made as necessary.

¯ The pilot test has already been performed, which has adequately defined design parameters
for the treatment system.

SECT~N 8 {REV I)DOC
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A network of soil monitoring points will be installed to various depths as part of the SVE
monitoring system.

¯ The SVE treatment areas will be covered by a 360,000-ft2 cap of 20-mm liner covered with
gravel. The cap will be keyed into the existing wells at the site and will be turned-down and
keyed into trenches along the edge of the treatment zones. The site will be graded to direct
stormwater runoff to the existing stormwater system on the western half of Dunn Field.

¯ System startup will last for 14 days.

¯ Off-gas monitoring, SVE performance air monitoring, and system O&M will be performed
regularly. Air samples, collected from the scrubber, for VOCs and HCI will be collected
daily for three days and then weekly for 4 weeks during the system startup. Afterwards,
samples will be collected monthly till completion of treatment. O&M of the SVE system and
air monitoring will be conducted during air sampling events.

¯ Wastewater effluent from the remediation system will be collected and analyzed monthly in
accordance with the industrial discharge agreement between the City of Memphis and the
Depot in order to monitor industrial discharge levels and system performance.

¯ Soil vapor confirmation sampling will be conducted to determine the end of treatment.
Actual soil confirmation samples should be collected when the treatment endpoint has been
reached. The Jury et al. (1983) model was used to evaluate the potential migration 
contaminants of concern in the subsurface at Dunn Field (see Appendix C). The model takes
into consideration aqueous and vapor phase conditions at the site. CH2M HILL used a
version of the Jury model to develop sod vapor screening values that are protective of
groundwater quahty at Dunn Field for both the loess and fluvial deposits. To perform the
screening level calculations, the leachate concentration, or dlssolved contaminant water
concentration, at the water table depth was set at the applicable groundwater criteria level
(MCL, RBC, or the minimum laboratory reporting limit). Smce the model only reads data 
the form of sorbed soil concentrations, the leachate concentration was converted to an
equilibrium target soil concentration. The model was then run using a trial and error
method for each COC to determine the maximum soil concentration at the source that
would be required to achieve the target soil and ]eachate concentrations at the water table.
Once the maximum sorbed soil concentration at the source was deternuned, the equilibrium
soil vapor concentration was calculated. This soil vapor concentration corresponds to the
maximum concentrations of COCs that could remain in the vadose zone without posing a
threat to groundwater quality, assuming no dilution. If dilution is to be incorporated, a DAF
factor is also calculated. A summary of the results is presented in Appendix C. These vapor-
phase concentrations represent screening level indicators that will serve as a benchmark of
site-specific cleanup criteria for COCs in soil at Dunn Field, and for initiating a phased
approach of remedy optimization and determination of the point in which the SVE system
at the site could be: (1) temporarily shut down to perform equilibrium/rebound tests; or (2)
permanently shutdown. Final cleanup confirmation will be determined through direct
measurement of the soils through standard soil sample collection and analyses.

¯ An annual evaluation of treatment applicability and effectiveness will be performed until
treatment is complete. Annual monitoring reports will document the site status.

SECTION 8 (REV. I) DOC 6-4
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Upon completion of the remedy, the system will be decommissioned and all wells will be
abandoned. Site restoration will be required to restore the site to acceptable conditions.

Periodic 5-year reviews by regulators will be required for Dunn Field (OU-1).

6.2 Detailed and Comparative Analysis of Onsite Remedial
Alternatives - Subsurface Soil and Soil-to-Indoor Air

A detailed analyses of the SVE alternative to the EPA criteria is presented in Appendix B of
Appendix B. It should be noted the no action alternative is not protective of human health or
the environment for VOC soil contamination. The following site-specific analysis of the costs,
and state and community acceptance is presented below.

6.2.1 Cost
Present worth costs are summarized in the following list (details of the cost estimates are

provided in Appendix D).

Present Worth Total
Alternative Capital Cost O&M Cost Present Worth

1 - No Action $0 $0 $0

2 -SVE System .$3.183.000 $1.228.000 $4.410.000

6.2.2 State Acceptance
State acceptance is unlikely for no action because it will not reduce the risks to groundwater
and industrial workers. State acceptance of the presumptive remedy, SVE, is likely.

6.2.3 Community Acceptance
Community acceptance is unlikely for no action because it will leave contaminated soils in place
without treatment, and because it will not reduce the risks to groundwater and human health.
Community acceptance of SVE is likely because the life of the remedy is shorter and involves
treatment.

SECTION 6 (REV 1) DOC 645
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6.2.4 Summary
The comparative analysis of alternatives is summarized as follows.

Evaluation Criteria

Remedial AJtematlve

1
NO Action

2
SVE System

Protective of Human Health and Environment

Comphes w~th ARARs

Effective and Permanent

Reduces TMV

Short-term Effectiveness

Implementable

Cost

State Acceptance

Community Acceptance

No

N/A

N/A

NIA

NIA

N/A

$o
UnlLkely

Unlikely

Yes

Yes

Yes

Yes

Acceptable

Yes

$4,410,000

Likely

Likely
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7.0Detailed Analysis of Groundwater
Alternatives

7.1 Definition of Remedial Alternatives- Groundwater
The EPA guidance for conducting an RI/FS (EPA, 1988) recommends that each alternative 
defined in sufficient detail to apply the evaluation criteria and to determine order-of-magnitude
costs. The definition may include preliminary design calculations and drawings, as well as
address the limitations, assumptions, and uncertainties about each alternative. However, the
definition step is not a remedial design. Complete details of how an alternative will be
implemented are not necessary (or required by CERCLA) for the comparative analyses
performed. The quantitative data given as part of the description of an alternative are estimates
based on conceptual design and professional experience. They are for the purpose of estimating
costs to an accuracy of +50% to -30%, per EPA guidance on FS cost estimates.

As presented in Section 3, the groundwater alternatives retained for further development are
defined in the following sections. A composite map of the groundwater VOC plumes is
presented as Figure 7-1.

The BRA identified contaminants in groundwater that could pose unacceptable risk to possible
receptors (CH2M HILL, July 2002). Contaminants in the fluvial aquifer may migrate further
offsite or into deeper aquifers, posing a threat to water supplies. Based on analysis of the
contaminants present, both onsite and offsite potential receptors, and permissible exposure
levels, the following RAOs have been developed for groundwater at Dunn Field:

¯ Prevent use of impacted groundwater as a potable source;

¯ Prevent further offsite migration of VOCs in groundwater in excess of MCLs; and

¯ Remediate fluvial aquifer groundwater to drinking water standards (MCLs) to be protective
of the deeper Memphis aquifer. This RAO means that the site shall be cleaned up until the
sampling program indicates with reasonable confidence that the concentrations of the
contaminants at the entire site are less than the cleanup standard.

7.1.1 Alternative 1 - No Action
This alternative includes no active remedial activities, but is required by CERCLA to be retained
as a baseline for comparison.

7.1.2 Alternative 2 - Zero-Valent Iron Injection for Source Areas, Groundwater
Extraction Enhancement, and Enhanced Bioremediation (with MNA and
Institutional Controls)

The principle active groundwater treatment methods within this alternative include onsite ZVI
injection, enhancement of the existing groundwater extraction system, and enhancement of
bioremediation processes within the fluvial aquifer downgradient of Dunn Field. The ZVI

SEC]]ON 7 (REV 1)_ DOC 7-1
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injection will be used to treat source areas in the aquifer underlying Dunn Field only. The
existing groundwater extraction system will be used to control further migration of
contaminant plumes offsite (Figure 7-2), but will be supplemented with additional extraction
wells. Since the extraction system will be introducing additional contaminant levels into the
current system, the water may exceed current permit City of Memphis limits. For this reason, an
air stripping system or activated carbon canisters may need to be introduced into the system
near the edge of Dunn Field prior to release into the municipal lines. This is considered a
contingency cost.

Enhanced bioremediation will be used to treat portions of the plume away from the perimeter
of the other methods in this alternative. Monitored natural attenuation will be implemented as a
pohshing step to the active groundwater treatment methods. Groundwater monitoring will
occur throughout this alternative and will take place to document changes in plume
concentrations, and to detect any potential plume migration into deeper aquifers, and until the
sampling program indicates with reasonable confidence that the concentrations of the
contaminants at the entire site are less than the cleanup standard.

With active groundwater source area remediation within Dunn Field (injection of ZVI in the
source areas) and along the west side of Dunn Field (groundwater extraction), and 
downgradient enhancement of bioremediation with MNA as a polishing step, a conservative
assumption was made that the alternatives will greatly increase the contaminant
reduction/degradation rate within the fluvial aquifer, and the duration of the remedial action
was assumed to be 15 years. This also takes into account that subsurface soil remediation is
occurring concurrently and the mass transfer from soil to groundwater has been abated on
Dunn Field.

The principal uncertainty of this altematwe is the potential movement of the plume. More
active remedial measures may be needed to control the plume during the life of the action. The
scope and cost of more active measures cannot be predicted.

Preliminary components of this alternative include the following:

Institutional controls (deed restrictions) will prohibit installation and use of production and
consumptive use wells during the operational life of the remedy. The deed restrictions will
also guarantee access to all monitoring wells for the life of the remedy. These restrictions
might be removed at the completion of the remedy.

Zero-valent iron (ZVI) will be injected into the fluvial aquifer underlying Dunn Field
suspected of acting as a source for continued downgradient groundwater contamination. In
this alternative, the ZVI source area treatment will be used on Dunn Field only.

The existing groundwater extraction system will be supplemented with 10 additional
extraction wells along the current line and will have two additional lines added to the
current piping. The current system is described in Section 1. The new lines will serve five
new extraction wells (Figure 7-2). An air stripping system could be placed into the distal end
of the discharge line prior to emptying into the municipal lines as a contingency action to
the alternative. The air stripping system would be used to bring the effluent contaminant
levels down to within limits set by the current City of Memphis discharge permit.

¯ Enhanced bioremedlation via nutrient injection into the fluvial aquifer will be conducted via
approximately 100 borings or injection wells. A treatment zone will be established in a

~ECTION 7 (REV I)_.DOC 7-2
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downgradient position across the plume to capture and reduce contaminants at those
portions not effected by the other treatment methods in this alternative(Figure 7-2). Nutrient
re-injection will occur at intervals determined by monitoring results.

Monitoring of approximately 43 groundwater wells for definition of the effectiveness of the
groundwater remedies and natural attentuation processes will take place quarterly for 1
year and semiannually for the next 9 years. Thereafter, monitoring will be conducted
annually for fwe years or until the sampling program indicates with reasonable confidence
that the concentrations of the contaminants at the entire site are less than the cleanup
standard.

- Wells inside the most contaminated parts of the plumes to measure the effectiveness of
the active treatment measures.

- Boundary wells to detect potential migration of the plume further offsite to the west-
northwest, upgradient or downgradient. Water samples will be analyzed for VOCs.

- Sentinel wells to detect potential migration of the plume into the deeper intermediate
aquifer or the Memphis aquifer.

Field parameters, such as water level, pH, specific conductance, temperature, oxidatlon-
reduction potential, and dissolved oxygen, will be measured during sample collection.

* Monitoring of groundwater extraction system effluent, will take place quarterly.

¯ Annual summaries of monitoring data will be produced to document site conditions and
progress of the remedy.

Annual inspections and reports by the DoD will document the site status to ensure that uses
incompatible with the deed restrictions do not take place, with reporting for regulatory
concurrence. Periodic 5-year reviews performed by the DoD, with concurrence by the
regulators, will also be required.

Groundwater monitoring will continue until data indicates with reasonable confidence that
the concentrations of the contaminants at the entire site are less than the cleanup standard.
The sampling schedule will therefore be subject to change due to observed trends and
variablhty.

Contingency provisions will ensure that ff groundwater contanunation exceeds MCLs at the
sentinel wells, more active measures for plume control will be implemented. Potential
remedial contingency areas are shown on Figure 7-2.

The assumptions used in developing the cost estimate for this alternative were as follows:

¯ The active treatment portion of the remedy will occur over the first 15 years.

¯ ZVI injection will occur in source areas present in the fluvial aquifer underlying Dunn Field
only. Each injection zone will include injection points to the bottom of the fluvial aquifer.

A bench-scale test and a 3-month pilot study will be completed to determine design
parameters of the ZVI injection, such as injection amounts, depth, and zone of influence.
The pilot study will include installation of 4 injection borings and 4 new monitoring wells.

*SECTION 7 (REV 1)__ DOG 7-3
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¯ Ten new extraction wells will be installed, for a total of 21 wells included in the extraction
system.

¯ The effluent from the additional extraction wells is expected to result in exceedance of
permit requirements, therefore, groundwater pumped by the extraction system will be
treated using air stripping or activated carbon canisters before discharge to POTW.

¯ Four samples (discharge effluent and QC samples) will be collected quarterly each year 
monitor the groundwater extraction system. Water samples will be analyzed for VOCs.

¯ A fee will be paid to the local POTW for groundwater discharged into the sewer line; annual
discharge volume will be approximately 53 million gallons per year.

¯ O&M activities for the groundwater extraction system will be performed monthly for the
life of the alternative. Monitoring well maintenance (cleaning, wellhead repairs) will 
performed as needed during groundwater samphng events. O&M activities for the
enhanced bioremediation system will be performed bi-monthly.

¯ 100 injection points will be mstailed by conventional drilling techniques at 40-foot spacing.
Approximately 3,171,000 pounds of nutrients will be re-injected into the aquifer twice.

¯ Clearing and grubbing of the areas surrounding the additional groundwater extraction
system lines will be necessary. Property access, lease or purchase will be required for offsite
remedial actions.

Deed restrictions are the only institutional controls to be imposed to prevent the installation
of wells for production or consumptive groundwater use.

Fifteen new monitoring wells will be installed and a total of 43 wells will be included in the
monitoring program.

Groundwater monitoring will occur quarterly for the first year, semiannually for 9 years
and once every year for 5 years. Water samples will be analyzed for VOCs and degradation
parameters. Field parameters will be measured during sample collection. Monitoring may
be discontinued once the cleanup levels have been achieved and maintained for three
consecutive sampling periods.

All monitoring and extraction wells will be plugged and abandoned per Memphis-Shelby
County requirements at the completion of the remedy.

Annual monitoring reports will document the site status. These reports will include a
potentiometric surface map, a plume map, summary tables of detected parameters,
interpretative text, and an appendix that contains the laboratory data and field forms.

7.1.3 Alternative 3 - Zero-Valent Iron (ZVI) Injection for Source Areas, Installation
of a Permeable Reactive Barrier (PRB) with MNA and Institutional Controls

The principle, active groundwater treatment methods within this alternative include onsite ZVI
injection, installation of an offsite PRB containing ZVI. The ZVI injection will be used to treat
source areas in the aquifer underlying Dunn Field and the area west of Dunn Field (Figure 7-3).
The PRB will t~eat and prevent further migration of contaminants in the relatively higher level
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zones of the plume, specifically offsite portions of the plume. Untreated parts of the plume will
degrade under natural attenuation processes (as described in Alternative 2).

The rate of groundwater moving from monitoring well MW-71 (the western edge of the ZV1
source are treatment) to MW-54 (near the planned location of the PRB) (a distance of 850 linear
feet) was estimated by the average seepage velocity. The average seepage velocity between
these wells was 0.4 feet/day, or 154.6 feet/year. The travel was calculated to be 5.5 years.

With active groundwater source area remedlation within Dunn Field (injection of ZVI in the
source areas both on and off of Dunn Field) and the installation of a PRB with MNA as 
polishing step, a conservative assumption was made that the alternatives will greatly increase
the contaminant reduction/degradation rate within the fluvial aquifer, and the duration of the
remedial action was assumed to be 15 years. This also takes into account that subsurface soil
remediation is occurring concurrently and the mass transfer from soil to groundwater has been
abated on Dunn Field.

The principal uncertainties of this alternative are the rate of degradation achieved using the
PRB and bioenhancement materials and the treatment zone of influence. More bloenhancement
injection points or more frequent application of the electron donors may be needed to treat the
plume during the life of the action. The scope and cost of the actual apphcation cannot be
predicted without pilot test data.

Preliminary components of this alternative include the following:

¯ Institutional controls (deed restrictions) will prohibit installation and use of production and
consumptive use wells during the operational life of the remedy. The deed restrictions will
also guarantee access to all monitoring wells for the life of the remedy. These restrictions
might be removed at the completion of the remedy.

¯ ZVI will be injected into areas of the fluvial aquifer underlying Dunn Field suspected of
acting as a source for continued downgradient groundwater contamination. The ZVI will be
used on Dunn Field and along the western boundary of Dunn Field.

¯ A PRB will be placed offsite, across the towpath of the groundwater plumes to prevent
further migration of relatively high groundwater contaminant concentration (Figure 7-3).
The PRB will consist of three lines of a number of injection points designed to ensure
complete coverage across the plume and adequate residence time within the wall for the
chemical reduction of the CVOCs.

Monitoring of approximately 43 groundwater wells for definition of the effectiveness of the
groundwater remedies and natural attenuation processes will take place quarterly for I year
and semiannually for the next 9 years. Thereafter, monitoring will be conducted annually
for five years or until the sampling program indicates with reasonable confidence that the
concentrations of the contaminants at the entire site are less than the cleanup standard.

- Wells inside the most contaminated parts of the plumes to measure the effectiveness of
the active treatment measures.

- Boundary wells to detect potential migration of the plume further offsite to the west-
northwest, upgradient or downgradient. Water samples will be analyzed for VOCs.
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Sentinel wells to detect potential migration of the plume into the deeper intermediate
aquifer or the Memphis aquifer.

Field parameters, such as water level, pH, specific conductance, temperature, oxidation-
reduction potential, and dissolved oxygen, will be measured during sample collection.

Annual summaries of monitoring data will be produced to document site conditions and
progress of the remedy. Annual inspections and reports by the DoD will document the site
status to ensure that uses incompatible with the deed restrictions do not take place, with
reporting for regulatory concurrence. Periodic 5-year reviews performed by the DoD, with
concurrence by the regulators, will also be required.

Groundwater monitoring will continue until data indicates with reasonable confidence that
the concentrations of the contaminants at the entire site are less than the cleanup standard.
The sampling schedule will therefore be subject to change due to observed trends and
variability.

Contingency provisions will ensure that if groundwater contamination exceeds MCLs at the
sentinel wells, more active measures for plume control will be implemented. Potential
remedial contingency areas are shown on Figure 7-3.

The assumptions used in developing the cost estimate for this alternative were as follows:

¯ The active treatment portion of the remedy will occur over the first 15 years.

¯ ZVI injection will occur in source areas present in the fluvial aquifer underlying Dunn Field
only. Each injection zone will include injection points to the bottom of the fluvial aquifer.

A 3-month pilot study will be completed to determine design parameters of the ZVI
injection, such as injection amounts, depth, and zone of influence. The pilot study will
include installation of 4 injection borings and 4 new monitoring wells.

¯ Approximately 1050 feet of injection points will be installed as part of the PRB construction.
The locations will be set within three lines per each treatment area.

¯ A bench-scale study will be completed to determine design parameters of the PRB injection
lines, such as amount of ZVI needed, depth, and zone of influence.

¯ Deed restrictions are the only institutional controls to be imposed to prevent the installation
of wells for production or consumptive groundwater use.

¯ Clearing and grubbing of the areas surrounding the areas of the planned PRB and offsite
ZVI injections will be necessary. Property lease or purchase may also be required.

¯ Fifteen new monitoring wells will be installed and a total of 43 wells will be included in the
groundwater monitoring program.

Groundwater monitoring will occur quarterly for the first year, semiannually for 9 years
and once every year for 5 years. Water samples will be analyzed for VOCs and degradation
parameters. Field parameters will be measured during sample collection. Monitoring may
be discontinued once the cleanup levels have been achieved and maintained for three
consecutive sampling periods.
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The existing groundwater extraction system will be "moth-balled" during the life of the
remedies in this alternative and will be dismantled at the end of the remedy. The system
will not be dismantled immediately because of potential use in the future to assist with the
aquifer remediation.

All monitoring and extraction wells and injection borings will be plugged and abandoned
per Memphis-Shelby County requirements at the completion of the remedy.

Annual monitoring reports will document the site status. These reports will include a
potentiometric surface map, a plume map, summary tables of detected parameters,
interpretative text, and an appendix that contains the laboratory data and field forms.

7.1.4 Alternative 4 - Air Sparging with SVE for Source Areas Installation of a
Permeable Reactive Barrier (PRB) with MNA and Institutional Controls

This alternative treats groundwater through volatilization in the most contaminated parts of the
plume both on- and offsite by injecting air (Figure 7-4). Volatilized contaminants will 
recovered by the SVE system, installed as part of the presumptive remedy for subsurface soils.
Additional lines for the SVE will be installed in the offsite portions of the plume. The remedy is
expected to remove contaminants from the most contaminated parts of the plume. In addition
to the air sparging activities, a PRB will be constructed downgradient of Dunn Field, across the
flow path of the contaminant plumes.

Untreated parts of the plume will degrade under natural attenuation processes. Therefore, this
alternative must also include institutional controls and groundwater monitoring similar to
Alternative 3.

With active groundwater source area remediation within and west of Dunn Field (via air
sparging with SVE) and the installation of a PRB with MNA as a polishing step, a conservative
assumption was made that the alternatives will greatly increase the contaminant
reduction/degradation rate within the fluvial aquifer, and the duration of the remedial action
was assumed to be 15 years. This also takes into account that subsurface soil remediation is
occurring concurrently and the mass transfer from soil to groundwater has been abated on
Dunn Field.

The principal uncertainties of this alternative is the effective zone of influence of the air
sparging array and the areas that are capable of being bio-remediated. More sparge points and
higher capacity blowers may be needed to treat the plume during the life of the action. More
bioenhancement rejection points or more frequent application of the electron donors may be
needed to treat the plume during the life of the action. The scope and cost of the actual
applications cannot be predicted without pilot test data.

Preliminary design components will include the following:

Air sparging of the fluvial aquifer will be conducted via approximately 364 sparge wells.
Treatment zones will be established in the most contaminated parts of the plume on- and
offsite of Dunn Field (Figure 7-4). Approximately six 20-psi and 300-SCFM positive
displacement (PD) type blowers or compressors will be required. A 1-week pilot test will 
required to determine injection rates, spacing, and zone of influence.
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A remediation compound/trailer will be set up with all electrical equipment, generators,
and off-gas collection and treatment units. The compound will be set up adjacent to an
available power source.

Start up and testing of air sparging system will take approximately 2 months.

Deed restrictions will prohibit the installation and use of production and consumptive use
wells during the operational life of the remedy. The deed restrictions will also guarantee
access to all monitoring wells for the life of the remedy. These restrictions might be removed
at the completion of the remedy.

A PRB will be placed offsite, across the towpath of the groundwater plumes to prevent
further migration of relatively high groundwater contaminant concentration (Figure 74).
The PRB will consist of three lines of a number of injection points designed to ensure
complete coverage across the plume and adequate residence time within the wall for the
chemical reduction of the CVOCs.

Monitoring of approximately 43 groundwater wells for definition of the effectiveness of the
groundwater remedies and natural attenuation processes will take place quarterly for I year
and semiannually for the next 9 years. Thereafter, monitoring will be conducted annually
for five years or until the sampling program indicates with reasonable confidence that the
concentrations of the contaminants at the entire sRe are less than the cleanup standard.

- Wells inside the most contaminated parts of the plumes to measure the effectiveness of
the active treatment measures.

- Boundary wells to detect potential migration of the plume further offsite to the west-
northwest, upgradient or downgradient. Water samples will be analyzed for VOCs.

- Sentinel wells to detect potential migration of the plume into the deeper intermediate
aquifer or the Memphis aquifer.

- Field parameters, such as water level, pH, specific conductance, temperature, oxidation-
reduction potential, and dissolved oxygen, will be measured during sample collection.

Annual inspections and reports by the DoD will document the site status to ensure that uses
incompatible with the deed restrictions do not take place, with reporting for regulatory
concurrence. Periodic 5-year reviews performed by the DoD, with concurrence by the
regulators, will also be required.

Groundwater monitoring will occur quarterly for the first year, semiannually for 9 years and
once every year for 5 years. Water samples will be analyzed for VOCs and degradation
parameters. Field parameters will be measured during sample collection. Monitoring may be
discontinued once the cleanup levels have been achieved and maintained for three
consecutive sampling periods.

Contingency provisions will ensure that if groundwater contamination exceeds MCLs at the
sentinel wells, more active measures for plume control will be implemented. Potential
remedial contingency areas are shown on Figure 7-4.

If levels exceeded permit requirements, groundwater pumped by extraction system will be
treated using air stripping or activated carbon canisters before discharge to POTW.
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The assumptions used in developing the cost estimate for this alternative were as follows:

¯ The remedy will require 15 years to achieve remedial goals.

¯ Fifteen new monitoring wells will be installed, and a total of 43 wells will be included in the
monitoring program.

A 1-week pilot study will be completed to determine design parameters, such as injection
rates, sparge cycle times, and zone of influence. During this test, five air sparge wells and
one air sparging system will be installed. All pilot test wells will be 2-inch diameter PVC
wells installed into the fluvial aquifer. Groundwater samples will be collected prior and post
to pilot test startup from 8 monitoring wells.

An additional 364 air sparge wells will be installed at 30-foot spacing by rotosonic drilling
for the full-scale system. Eight claw-type blowers or compressors, instrument controls, and
in-ground piping will deliver air.

Groundwater monitoring will occur quarterly for the first year, semiannually for 9 years
and once every year for 5 years. Water samples will be analyzed for VOCs and degradation
parameters. Field parameters will be measured during sample collection. Monitoring may
be discontinued once the cleanup levels have been achieved and maintained for three
consecutive sampling periods.

¯ Deed restrictions are the only institutional controls to be imposed to prevent the installation
of wells for production or consumptive groundwater use.

The existing groundwater extraction system will be "moth-balled" during the life of the
remedies in this alternative and will be dismantled at the end of the remedy. The system
will not be dismantled immediately because of potential use in the future to assist with the
aquifer remediation.

¯ Air sparge wells, monitoring wells, and extraction wells will be plugged and abandoned per
TDEC requirements at the completion of the remedy.

Annual monitoring reports will document the site status. These reports will include a
potentiometric surface map, a plume map, summary tables of detected parameters,
interpretative text, and an appendix that contains the laboratory data and field forms.

7.2 Analysis of Remedial Alternatives - Groundwater
The following detailed analyses compare the alternatives to the nine EPA criteria. The analyses
are presented in the following narrative and in a summary table (Table 7-1) following this
section.

7.2.2 Alternative I - No Action
The no action alternative will not be protective of human health and will be not be evaluated
further.
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7.2.3 Alternative 2 - Zero-Valent Iron Injection for Source Areas, Groundwater
Extraction Enhancement, and Enhanced Bioremediation (with MNA and
Institutional Controls)

Alternative 3 is considered protective of human health and the environment because
groundwater will be aggressively treated to MCLs in the areas of highest contaminant
concentration, thereby reducing the risk to human health and the environment in a short time
period. Contaminated groundwater migrating offsite will be removed and treated by an
enhanced groundwater extraction system. In addition, contaminated groundwater on- and
offsite not effected by the ZVI source are injection or the groundwater extraction system will be
treated with enhanced bioremediation methods to reduce contaminant levels. In addition, MNA
will be employed to ensure that outer areas of the plume are degrading as a result of treatment
of groundwater or via natural processes. Groundwater monitoring conducted during the
remedy will indicate if contaminant plumes are degrading as expected and to define if the
plumes are migrating into deeper aquifers, and until the sampling program indicates with
reasonable confidence that the concentrations of the contaminants at the entire site are less than
the cleanup standard. A contingency plan for more aggressive plume control will be developed
if an unacceptable risk is indicated. This alternative also includes institutional controls to
prohibit use of groundwater until MCLs are met. This remedy will comply with ARARs, and is
considered effective and permanent. A review of the alternative will be conducted every 5
years.

This alternative employs aggressive methods to accelerate the degradation of the most
contaminated, on-and offsite parts of the plume. In addition, methods will be used to stimulate
and monitor natural biodegradation processes to remediate other portions of the plume. Use of
these methods will reduce the plume to acceptable levels. The expected duration of this
alternative, 10 years, is also acceptable, with no risk to workers, the community, or the
environment during the remedy lifetime. This alternative is technically feasible and could be
implemented with commercially available labor, materials, and equipment, however, pilot tests
are needed to determine specifications and, ultimately, applicability.

The present worth cost is estimated to be $14,828,000, with a capital cost of $10,506,000, and an
annual O&M cost of $4,322,000. The capital cost is primarily for additional extraction wells,
purchase and injection of ZVI, purchase and injection of nutrients, injection wells for the
enhanced bioremediation remedy, monitoring well installation, and establishing controls. The
annual O&M cost is primarily for extraction system maintenance, groundwater monitoring, and
nutrient re-injection. This alternative is likely to be accepted by the state and the community
because it affords protection after a moderate time for cleanup.

7.2.4 Alternative 3 - Zero-Valent Iron Injection for Source Areas, Installation of a
Passive Reactive Barrier (PRB) with MNA and Institutional Controls

Alternative 3 reduces the risk to human health and the environment because groundwater will
be aggressively treated to MCLs using ZVI injections. Contaminated groundwater migrating
offsite will be treated by the PRB. In addition, portions of the contaminant plume outside of the
influence of the ZVI iniection and the PRB will be treated with enhanced bioremediation. This
alternative also includes institutional controls to prohibit development of groundwater until
MCLs are met, as well as groundwater monitoring for providing reformation on the plume
degradation via mechanical and natural means, and until the sampling program indicates with
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reasonable confidence that the concentrations of the contaminants at the entire site are less than
the cleanup standard. The groundwater data will also indicate plume configuration. This
remedy will comply with ARARs, and is considered effective and permanent. A review of the
alternative will be conducted every 5 years.

The alternative employs ZVI injection as a treatment technology of the most contaminated parts
of the plume, and treatment of the remaining areas of contaminated groundwater through
installation a PRB and enhanced bioremediation. Reduction in the total mass and concentration
of the plume will be acceptable through this alternative. The expected duration of this
alternative, 10 years, is also acceptable, with no risk to workers, the community, or the
environment during the remedy lifetime. The alternative is technically feasible although pilot
tests are needed to determine specifications and, ultimately, applicability. The alternative can be
implemented with commercially available labor, materials, and equipment.

The present worth cost is estimated to be $8,807,000, with a capital cost of $7,827,000, and an
annual O&M cost of $981,000. The capital cost is primarily for purchase and injection of ZVI,
installation of a PRB, establishing controls, installation of monitoring wells, and site
supervision. The annual O&M cost is primarily for groundwater monitoring for 15 years. This
alternative is likely to be accepted by the state and the community because it affords protection
after a short time for cleanup.

7.2.5 Alternative 4- Air Sparging with SVE for Source Areas and Installation of a
Passive Reactive Barrier (PRB) (with MNA and Institutional Controls)

This alternative employs air sparging techniques combined with the presumptive remedy SVE
to treat and remove contaminants from the groundwater. The air sparging methods will be
employed for the most contaminated, on-and offsite areas of the plume. The SVE system
designed for onsite soil contamination will be extended to offsite areas to assist the air sparging
of the groundwater. Contaminated groundwater that has migrated offsite will be treated by a
PRB (using ZVI). This alternative also includes groundwater monitoring to define natural
bioremediation processes occurring at outer areas of the plume and institutional controls to
prohibit use of groundwater until the sampling program indicates with reasonable confidence
that the concentrations of the contaminants at the entire site are less than the cleanup standard.
This remedy will comply with ARARs, and is considered effective and permanent. A review of
the alternative will be conducted every 5 years.

The alternative employs techniques to aggressively treat contaminated groundwater, thus
reduction in TMV of the plume through treatment is acceptable. This alternative is considered
effective in the short-term because adequate controls can be employed to protect workers and
the community from vapors during implementation. The expected duration of this remedy, 15
years, is also acceptable. The alternative is techmcally feasible although a pilot test is needed to
determine its effectiveness. The alternative can be implemented with available labor, materials,
and equipment.

The present worth cost is estimated to be $8,753,00, with a capital cost of $7,195,00, and an
annual O&M cost of $1,949,000. The capital cost is primarily for construction of the air sparging
system and well installation, PRB installation, establishing controls, monitoring well
installation, and site supervision. The cost of this remedy could increase significantly if pilot
tests indicate a more extensive network of sparge wells is needed to achieve treatment or that
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additional ZVI is needed within the PRB. This alternative is likely to be accepted by the state
and the community because it affords protection after a moderate time for cleanup.

7.3 Comparative Analysis of Remedial Alternatives - Groundwater
The alternatives are compared to each other using the nine EPA criteria. A description of this
comparison is included in the following paragraphs. This section concludes with a summary of
the comparative analysis.

7.3.1 Overall Protection of Human Health and the Environment
All alternatives, except no action, are considered protective of human health and the
environment. Alternatives 2, 3 and 4 provide protection through active remediation of the
groundwater in the fluvial aquifer, both on and off Dunn Field, and provide protection for the
deeper, underlying Memphis aquifer. All three alternatives also include institutional controls to
prevent the use of the groundwater in the fluvial aqmfer during remediation.

7.3.2 Compliance with ARARs
All alternatives except no action are expected to meet ARARs at the completion of
implementation. Each of the three active alternatives employ active remediation of the source
areas on and off of Dunn Field, and provide treatment of the offsite plume through installation
of PRB (using ZVI) (Alternatives 3 and 4) or through enhanced bioremediation (Alternative 
MNA is used in all three active alternatives as a ’polishing’ step for the diffuse contaminants
beyond the areas of active in-situ remediation. Based on know groundwater flow velocities and
attenuation data, all three active alternatives are expected to be in compliance with ARARs with
15 years.

7.3.3 Long-term Effectiveness and Permanence
All alternatives except no action are expected to be effective and permanent at the completion of
implementation. The enhanced bioremediation portion of Alternative 2 may require additional
injection of chemicals/nutrients, as they are consumed in the biodegradation process. The ZVI
injected into the source areas or as part of the PRB has been shown to last for up to two decades
without replacement.

7.3.4 Reduction of Toxicity, Mobility, or Volume (TMV) through Treatment
All alternatives except no action are expected to reduce the toxicity, mobility and volume for the
CVOCs through treatment at the completion of implementation. Alternative 2 relies on in-situ
chemical reduction (using ZVI) and enhanced bioremediation for treatment. The groundwater
extraction component of the remedy does not use treatment, but does reduce volume of
contaminants. Alternative 3 relies primarily on in-situ chemical reduction (using ZVI injection
for the source area and a PRB for the downgradient, offsite plumes) for treatment. Alternative 
uses volatilization (through atr sparging) and in-situ chemical reduction (using a PRB for 
downgradient, offsite plumes) for treatment. Vapors generated from air sparge system and
collected through the SVE system are treated aboveground prior to release to the atmosphere.
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7.3.5 Short.term Effectiveness
Alternatives 2 through 4 require some engineering controls during installation of treatment to
protect the environment and safety controls to protect workers. Air sparging will require
engineering controls (an associated SVE system) for fugitive VOC emissions during treatment.
Alternative I has no short-term impacts because nothing is implemented.

7.3.6 Implementability
All alternatives are considered technically feasible and can be implemented with available
labor, materials, and equipment. All of the active remedies require offsite access for remedial
actions, which can pose implementability concerns. The depth to groundwater creates delivery
obstacles for installation of a PRB and for ZVI source area injection. Depth to water and limited
saturated thickness presents technical implementability issues concerning radms of influence
for air sparging and groundwater extraction. With respect to the use of ZVI source area
treatment and ZVI in a PRB, the degree to which complete dechiorinatlon can be achieved is
important for understanding the viability and implementability of the alternatives which rely
on in-situ chemical reduction. In-situ delivery of the ZVI to the subsurface and the resultant
contact time between the CVOC and the ZVI are important implementability issues.
Alternatives 2 through 4 will all require pilot testing to determine an effective design for
implementation.

7.3.7 Cost
Present worth costs are summarized in the following list.

Present Worth Total
Altarnatlve Capital Cost O&M Cost Present Worth

1 - No Action $0 $0 $0
2 - ZVI/Enhanced GE / Enhanced Bto/MNA/IC $10,506,00 $4,322,000 $14,828,000

3 - ZVI/PRB/MNA/IC $7,827,000 $981,000 $8,807,000
4 - Air Sparging/PRB/MNA/IC $7,195,000 $1,949,000 $8,753,000

IC Inshtutional controls
ZVI Zero-Valent Iron (as a source area treatment)
GE Groundwater extraction
PRB Pen’neable reactive barrier (using ZVI [granular iron])
MNA Mondored Natural Attenuahon

There are no costs associated with Alternative I (No Action). Alternatives 3 and 4 are the least
expenswe of the treatment alternatives at approximately $8.8 rmllion each. Alternative 2 is the
most expensive at $14.8 million. Details of the cost estimates are provided in Appendix D.

7.3.8 State Acceptance
State acceptance is likely for all active alternatives.
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7.3.9 Community Acceptance
Community acceptance of all, faster-acting alternatives, such as the alternatives presented

herein, is likely. Ongoing community involvement activities will be an important element of

remedy implementation.

7.4 Summary
The comparative analysis of alternatives is summarized as follows.

2 4
ZVI / Enhanced Groundwater 3 Air Sparging I

1 Extraction I Enhanced ZVI I PRB I PRB I MNA I
Evaluation Criteria No Action Bloremedlatlon/MNA I IC MNA I IC IC

Pmtect=ve of Human Health No Yes Yes Yes
and Envtron.

Comphes ~th ARARs N/A Yes Yes Yes

Effechve and Permanent N/A Yes Yes Yes

Reduces TMV N/A Yes Yes Yes

Short-term Effecttveness N/A Acceptable Acceptable Acceptable

Imptamentabta N/A Yes Yes Yes

Cost $0 $14.8 mifhon $8.8 mdlion $8 8 m=lhon

State Acceptance Unlikely Likely Likely Likely

Community Acceptance Unlikely Dkely Dkely Dkely
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TECHNICAL MEMORANDUM (Rev. 0) CH2MHILL

Review of the Potential Presence of Ordnance and
Explosives (OE) as Defined by References for the
Dunn Field Area, Defense Distribution Center
(Memphis), Memphis, Tennessee
PREPARED FOR: US Army Corps of Engineers, Huntsville Center

Memphis Depot BRAC Cleanup Team (BCT)

PREPARED BY: CI-I 2M HILL

DATE: February 3, 2003

During BCT review of the Rev. 0 Dunn Field Five-Year Review document (CH2M HILL,
September 2002), comments were received on the second sentence of the fifth paragraph
from Section 1.3.1 - Operational History. That paragraph of the document with the sentence
highlighted is repeated below:

The Chemical Warfare Materiel (CWM) disposal pits were located in the Disposal Area section
of Dunn Field and the Stockpile Area portions of Dunn Field (Sites 24-A and 24-B). The
remains of destroyed or partially destroyed explosive ordnance (OE) were also buried
in pits in the Disposal Area. Reports indicate that a 3.2-inch mortar rounds, smoke pots,
hand grenades (smoke), and other unspeci~ed OE were buried in these pits (USATHAMA, 1982
and USA CE, 1995b). Section 1.3.4 of the Dunn Field RI presents add#ional information on theCWM at Dunn Field.

The comment specifically addresses the origin of the statement regarding OE, and questions
if there is any supporting material that states that OE or materials similar in nature, other
than that described in Table 1-1 of the Dunn Field Five-Year Review document, are present in
Dunn Field.

This memorandum seeks to clarify the understanding of the potential presence of OE within
the Duun Field area of the Defense Distribution Center (Memphis) beyond that listed and
described in Table 1-1 of the Dunn Field Five-Year Review document. The discovery process
was completed by reviewing documents that made mention of OE at Dunn Field or
presented specific descriptions of disposal of OE at Dunn Field. If the documents included
references for the description of OE, an attempt was made to find and review the source of
that information.

As noted in the Dunn Field Five-Year Review document as well as the Dunn Field Remedial
Invest|gation (RI) Report (CH2M HILL, July 2002), CWM material (principally remnants 
World War II vintage German mustard gas bombs and associated materiel) was removed by
UXB International, under contract with the US Army Corps of Engineers - Huntsville
Center. The remedial measures were conducted from mid-2000 to March 2001 at Defense
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Sites Environmental Tracking System (DSERTS) Sites 1, 24-A, and 24-B, to reduce 
eliminate the potential CWM risk posed by these wastes.

1982 Installation Assessment
During the review, the earliest document to note the presence of OE at Dunn Field was the
1982, Installation Assessment of Defense Depot Memphis, Memphis, Tenn., Report No. 191. The
assessment was conducted by the Chemical Systems Laboratory, Environmental Technology
Division, Installation Restoration Branch for the Assessment Division of the US Army Toxic
and Hazardous Materials Agency at the Aberdeen Proving Ground, Aberdeen, Maryland.

Section 2.1.4 of the Installation Assessment refers to the use and testing of standard
flamethrowers, high pressure air compressor flamethrowers, ignition cartridges utilizing
No. 2 diesel fuel, standard M2 mechanical smoke generators utilizing SGF1 and 2 fog oil,
and smoke pots at the Dunn Field. However, the description of these items does not include
the location of the testing and if disposal occurred at Dunn Field. In Appendix D -
Interviews of the Installation Assessment, an interview with Mr. Paul J. Traut revealed that
the flamethrowers were tested against the middle of the northwest side of the curved
loading dock on Dunn Field. According to Mr. Traut, diesel fuel was always used in these
tests. After the test, the flamethrowers were recharged and placed back into stockage.

Mr. Traut also revealed that after World War II, Military Police personnel would bring
ordnance confiscated from returning service members. One confiscated item was a 3.2-inch
mortar round. Mr. Traut stated that he would destroy the materials in pits at Dunn Field
either by demolition (explosive) or by chemical reaction. The pits were later covered up with
bauxite storage. In addition, Mr. Traut discussed the history of approximately 200 bombs
that were stored in NC1 Section I (most likely a location on the Main Installation portion of
the Memphis Depot). After disassembling one of the bombs on Dunn Field, the bomb was
found to contain incendiary components. This effort resulted in shipment of the bombs to
"another location".

The Contaminated Waste section of Section 2.2.2 - Solid Waste Treatment presents Figures
10 and 11 and Table 7. Figure 11 shows the disposal and storage sites used at Dunn Field
from the date of the assessment. Table 7 presents a description of materials at various burial,
bum, storage, and other sites. Site 21 is described as a burn site for sanitary waste, smoke
pots, and CN (acronym for chloroacetophenone) canisters. See attached Table 7 and Figure
11 from the Installation Assessment report.

On page 2-22 of the Installation Assessment, Section 2.2.3 - Demolition and Burning Ground
Areas, states that a trash-burning operation area was located just north of the Tennessee
Valley Authority (TVA) line in Dunn Field. The assessment further stated that "burning 
this area dates back to the 1940s and included CN canisters, fuses, and smokes, in addition
to sanitary wastes. Operations were conducted in pits and incorporated the weekly cleanup
of residue and garbage in addition to material. The ash was then buried in the north end of
Dunn Field." Review of Table 7 indicates that this trash-burning area is most likely Site 21.
Installation Assessment Site 21 correlates to the DSERTS Site 19 (Former Tear Gas Canister
Burn Site), as presented in Table 1-1 of the Dunn Field RI report.
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Also on page 2-22 of the Installation Assessment, Section 2.2.3, the document states: "Another
area in the southwest end of Dunn Field was used for burning smoke-pots, CN grenades,
and souvenir ordnances. The areas was covered by the bauxite storage pile in early 1949."
Review of Table 7 indicates that this burn area is most likely Site 31, which, according to the
map presented as Figure 11 in the Installation Assessment, is located approximately 150 feet
east to southeast of DSERTS Site 24-B. This is most likely the area referenced by Mr. Traut as
the location used to destroy confiscated ordnance.

Page 2-23 of the Installation Assessment, Section 2.2.4 - Demilitarization, states: "Limited
quantities of souvenir ordnances were turned into DDMT after WW II for disposal. These
items were destroyed at Dunn Field." There is no discussion as to whether this is the same
material mentioned within Sites 21 and 31.

1995 Archives Search Report - Findings

The January 1995 Archives Search Report (ASR) Findings, which contains the Installation
Assessment document, was produced as part of a review of burial and disposal practices of
CWM and OE performed by the Chemical Warfare Service (CWS) in association with the
Memphis Defense Depot. The document was developed by the US Army Corps of
Engineers Mandatory Center of Expertise and Design Center for Ordnance and Explosive
Waste, under authority from the Comprehensive Environmental Response, Compensation
and Liability Act (CERCLA) and the Superfund Amendments and Reauthorization Act
(SARA). The purpose of the ASR was to compile information obtained through historical
research at various archives and records holding facilities, interview with persons
associated with the site or its operations, and personal visits to the site. All efforts were
directed towards determining possible use or disposal of CWM on the site.

Section 5.1 - Historical Summary of OEW Operations, on page 5-1 of the ASR does not
mention the presence of OE at Dunn Field beyond the description of a Pistol Range in the
northeast area of Dunn Field. The range (known as DSERT Site 60 - Former Pistol Range)
and associated soils surrounding the range are reportedly scheduled to be removed in
January 2003. An Engineering Evaluation/Cost Assessment (EE/CA) and Action
Memorandum have been submitted as fmal for this site. This range is also mentioned in the
1982 Installation Assessment document.

Section 5.1 also states that incendiary bombs were stored in Building 229 of the Main
Installation part of the Memphis Depot. These bombs, which are most likely the same as
those described by Mr. Traut, were shipped out of the Memphis Depot after World War II.

Appendix A of the ASR contains interviews of former employees associated with the former
CWS at the Memphis Depot. An interview of Mr. Charles E. Anderson, who worked with
the Chemical Supply Section in 1955 and 1956, revealed that CN capsules were burned in
pits at Dunn Field from approximately 1950 to 1953. These pits may be the same as Site 21
referenced above. Importantly, Mr. Anderson did note that no live munitions were buried.
The interview summary did not state if this was directly applicable to Dunn Field.
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1995 Archives Search Report - Conclusions and Recommendations
The ASR - Findings document is accompanied with the Archives Search Report - Conclusions
and Recommendations. This report generally reviews and summarizes the information
presented in the Findings document, but also includes maps and drawings of the Memphis
Depot area along with RAC worksheets used to define the risk of OE at the Memphis Depot.

Section 2.1 - Conclusions, Dunn Field Area, describes the CWM and other materiel that was
buried or destroyed at Dunn Field. In addition, this section states that conventional
ordnance was also destroyed in the Dunn Avenue Area following World War 1I.

Section 2.2 - Recommendations, Dunn Avenue Area, states in the first paragraph: "There is
a risk that unexploded Conventional Ordnance may not have been properly disposed of in
the Duun Avenue Area (Map 3, Area A [attached]). The possibility exists, that others may
have disposed of conventional ordnance in the pits used by Mr. Traut of the Chemical
Supply Section. Mr. Traut used the area to dispose of Conventional Ordnance, which was
confiscated from returning service members and brought to the Depot by the local Military
Police." Area A in Map 3 corresponds to the southern end of the Disposal Area and the
southwest area of the Stockpile Area, as defined the Dunn Field RI report (CH2MH1LL, July
2002). Section 2.2 goes on to note that: "Any sub-surface activities in the Dunn Avenue Area,
should consider both the Conventional Ordnance and CWM reported above."

Section 3.0 of the ASR - Conclusions and Recommendations document evaluates the ordnance
and CWM contamination at the Memphis Depot. Section 3.2 discusses the Dunn Avenue
Area. The first paragraph of this section states: "There are many areas in the Dunn Avenue
Area which contain known burials and destructions. There may be more
burials/destruction areas which were not captured by the [ASR] process. Extreme caution
should be used in any intrusive type operations in Areas A, B, & C identified on Map 3 of
this report. Known and probable disposals are discussed in later paragraphs." The second
paragraph of Section 3.2 also notes that: "The remains of conventional ordnance which was
destToyed or partially destroyed is in pits located in Area A. This includes at least one
mortar round, smoke pots &hand grenades (smoke) and other conventional ordnance not
specified In interviews." The reader should note that the document did not mention the
burning and destruction of smoke pots and CN canisters in Site 21.

Page 3-2 of the ASR - Conclusions and Recommendatzons document also notes that "...the area
identified as being used to test Flamethrowers does not present an ordnance hazard."

1999 Engineering Evaluation/Cost Analysis for the Removal of Chemical Warfare Materiel
In 1998, Parsons Engineering Science, Inc. (Parsons) conducted an EE/CA as part of 
investigation into the CWM at Dunn Field. The work only addressed OE related to
disposal/burial of German mustard bombs that contained CWM. As part of this EE/CA,
Parsons utilized aerial and electromagnetic surveys of the western half of Dunn Field to
define the potential CWM areas. Figures 2.8 through 2.18 present the results of the
electromagnetic surveys and review of these figures indicates that the area known as Site 31
on Figure 11 of the Installation Assessment, which, based on available maps in the ASR, is
approximately 150 feet east to southeast of DSERTS Site 24, is shown as an area with more
disturbance and higher metallic content than surrounding areas. The surveys did not cover
the former Site 21 area.
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Conclusions

The documents that have been reviewed for this memorandum have revealed that OE other
than that listed and described in Table 1-1 of the Dunn Field Five-Year Review document has
been brought on to the Dunn Field area and burned, detonated, and chemically destroyed
prior to disposal on Dunn Field¯ The OE in this case reportedly includes "souvenir
ordnance," smoke pots, CN canisters, fuses, and smokes, grenades (smoke), and one mortar
round and possibly other conventional ordnance not specified in interviews. The pits that
were used for the destruction process were located in Sites 21 and 31. Site 21 is now referred
to as DSERTS Site 19, whereas Site 31 does not appear to have a DSERTS site designation.
The later covering of this site by bauxite storage most likely contributed to the lack of follow
up on this location. As stated by the by the US Army Corps of Engineers in the ASR, there
may be more burials/destruction areas which were not captured by the ASR process.

Since Dunn Field has been used in the past as a disposal area for OE, procedures described
in Engineer Pamphlet EP 75-1-2, Unexploded Ordnance (UXO) Support During Hazardous,
Toxic, and Radioactive Waste (HTRW) and Constructzon Actiwties, (USACE, November 2000)
need to be followed during any activity involving intrusive measures. Based on a review of
the information provided in this memorandum and qualifications for UXO support during
construction activities described in EP 75-1-2, there is a low probability that UXO will be
encountered. However, health and safety plans or field sampling plans, etc., describing
future achvities at Dunn Field will need to include procedures for notifying, obtaining
support, and acheiving approval for activities from the USACE - Huntsville OE Center of
Expertise.
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Fig. 11
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Dunn Field Disposal and Storage Sites

(See Table 7 for Descriptions of Sites)
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Table 7.

THAMA-G. I/VTB2-7.1
5/5/82

Description of Dunn Field Disposal sad Storage Sites
(Locations of Sites are Shown on Fig. 11)

Locatlou

Burial
1
2

3

4

5

6
7
8
9

10
11
12
13

14
15
16
17
18
19
22
29
3O

33

Burn Sites
21
31

Sites
Training sets, nine each, mustard sad Lewisite, 1955
7 pounds (Ibs) ~.....~nium hydroxide, I gal glacial

acetic acid, 1955
3.000 quarts (qt) chemicals+ 5 cubic geet (~t5)

ortho-tolldlne dlhydrochlorlde, 1955
Thirteen 55-8al drums oil, grease, and paint, date

unknown
Thirty-two 55-sal drums oil, srease+ and thinner,

1955
3 ft 3 methyl bromide, 1955
40,037 units oinement (eye~, 1955
1,700 bottle, t~ing nitric acid, 1954
3,768 l-sal cans methyl bromide, 1954
Ashes and metal refuse from burning plt, 1955
1,433 l--ounce (oz) bottles trlchloroacetic acid, 1965
Sulphurlc/hydrochloric acids, 1967
32 cubic yards mixed chemicals and acid, 900 lbs

detergent, 7,000 Ibs aluminum sulphate, 200 lbs
sodium

Sodium, 1968
Sodium phosphate, 1968
Acid, 1969
Herbicide, cleaning compound, medical supplies, 1959
Acid, date unknown
Hardware (nuts sad bolts)
XXCC3 impr esuite
Food supplies
Burial site prior to bauxite storage; foods,

construction debris burned; 1948
14 burial pits containing sodium phosphate, sodium,

acid, medical supplies, chlorinated llme; 1970

Sanitary waste, smoke pots, CN canisters
Old burn area, 1946
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Table 7.

TRAMA-G. 1/VTB2-7.2
515182

Description of Duuu Field Disposal and Storage Sites
(Locations of Sites are Shown on Fig. 11)
(Coutlnued, Page 2 of 2)

Location

Stora6e Sites
25
27
28
32

OCher Sites
2O
23
24
26

Pesticide storage
Bauxite
Fluorspar
Bauxite, 19&2-72

Asphalt dump
Open drain dStches
Pistol range
Buried drainpipe

2-21
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APPENDIX A-2

Lithologic Cross Sections from the Dunn Field RI Report
(July 2002)
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APPENDIX A-3

Summary of the Analytical Results of Surface and
Subsurface Soil, Sediment and Surface Water Samples from
the Northeast Open Area, Dunn Field RI Report (July 2002)
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APPENDIX A-4

Summary of the Analytical Results of Surface and
Subsurface Soil, Sediment and Surface Water Samples from

the Disposal Area, Dunn Field RI Report (July 2002)
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APPENDIX A-5

Summary of the Analytical Results of Surface and
Subsurface Soil Samples from the Stockpile Area, Dunn

Field RI Report (July 2002)
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APPENDIX A-6

Figures for the Disposal Sites
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APPENDIX A-7

Groundwater Plume Maps from the Dunn Field RI Report
(July 2002)
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APPENDIX B

Presumptive Remedies: Site Characterization and
Technology Selection For CERCLA Sites With Volatile

Organic Compounds In Soils (EPA, September.1993)
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United States Office of Directive:9355.0..48FS
Environmental Protection Solid Waste and EPA 540-F-93-048
Agency Emergency Response PB 93-963346

September 1993

 .EPA Presumptive Remedies:
Site Characterization and Technology
Selection For CERCLA Sites With
Volatile Organic Compounds In Soils

Office of Emergency and Remedial Response .. Quick Reference Fact Sheet
Hazardous S,te Control Division 5203G

Since Superfund’s inception in 1980~ the. remedial and/~mqval pmgrams l~ve found that certain categories of sites have
sunllar characteristics, such as types of contaminants present, types of dis’posal practices, or how environmental media
are affected. Based on informatio~ acquired from ev~luating and clewing up these sites, the Supeffund program is
undertaking an initiative to develop presumptive remedies to accelerate future cleanups at these types of sites. The
presumptive remedy approach is one tool of acceleratmn wlthm the Superfund Accelerated Cleanup Model (SACM).

Presumptive remedies are preferred technologies for common categones of sites, based on lusturical patterns of remedy
selection and EPA’s scientific and engineering evaluation of performance data on technology implementation. The
objective of the presumptive remedies initiative is to use the program’s past experience to streamline site investigation
and speed up selection of cleanup actions. Over time presumptive remedies are expected to ensure consistency m remedy
selection and reduce the cost and time required to cleanup similar types of sites. Presumptive remedies are expected
to be used at all appropriate sites except under unusual site-specific circumstances.

This directive identifies the presumptive remedies for Comprehensive Environmental Response, Compensation, and
Liabihty Act (CERCLA) sttes with soils contaminated by volatile organic compounds (VOCs). In addition, EPA is
developing guidance on presumptive remedies for wood treatment, municipal landfill, PCB, grain storage, coal
gasification, and contaminated ground-watar sites. EPA has also developed a directive entitled Presumpttve Remedws.
Pohcy and Procedures, (Directive 9355. 0-47FS) which outlines and addresses the issues common to all presumptwe
remedies (e.g., role of innovative technologies, consistency with the NCP, State, community involvement).

PURPOSE

The purpose of this directive is to provide guidance on
selecting a presumptive remedy at sites with soils
contaminated with VOCs. Specifically this guidance:

Presents the presumptive remedies for this site
type;

Describes the presumptive remedy process in terms
of site characterization and technology screening
steps; and

Outlines the data reqmred to select these
presumptive remedies.

Since a presumptive remedy is a technology that EPA
believes, based upon its past experience, generally will
be the most appropriate remedy for a specified type of
site, the presumptive remedy approach will accelerate

site-specific analysis of remedies by focusing the
feasibility study efforts. Where several presumptive
remedies are identified, EPA believes that all deserve
substantial consideration before utilizing the
presumptive remedy approach. EPA personnel should
review the directive entitled Presumptive Remedtes"
Policy and Procedures (Dtrectwe 9355.0-47FS) for
general information on the presumptive remedy process.

Soil vapor extraction (SVE), thermal resorption,
and incineration are the presumptive remedies for
Superfund sites with VOC-eontaminated soil assuming
the site characteristics meet certain criteria. Table 1
provides a brief description of each of these presumptive
remedies

The decision to establish these technologies as
presumptive remedies for this site type is based on
EPA’s collective knowledge about site investigation
and remedy selection for VOC-contaminated softs,
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TABLE 1
Presumptive Remedies for VOCs

in Soil

Soil Vapor Extraction - Soil vapor extraction
(SVE) is an in-situ or ex-situ process which
physically removes ~ontaminants from vadose
zone soils by inducirrgair flow through the soil
mat~’ix. The fl~wing a ¢: strips volatile compounds
from the solids and ~carries them to extraction
wells. The recovered~’yapors may require further
treatment. In-sJtu SVE.Is the pnmary focus of th=s
document.

Thermal Resorption’~- Thermal desorption is an
ex2Sjtu process that ’~ses d=rect or indirect heat
exchange to vaporize~/ganic contamifiants from
soil,, sediment, sludge ~r other solid and semisolid
matrices. The vapo~are then condensed or
otherwise collected f~r-further treatment¯

Incineration - Incineration is an ex-situ
engineered process that employs thermal
decomposition via oxidation at temperatures
usually greater than 900 °C to destroy the organic
fraction of the waste.

The major difference between thermal desorption
and incineration is that incineration oxidizes
organic compounds, thereby destroying the
hazardous material. Thermal desorption
volatilizes contaminants, then concentrates them.
Thermal desorption reduces the volume of
contamination, but the concentrated waste stream
still requires treatment. Disposal or treatment of
residual waste stream, ash, and concentrated
VOC effluent is not covered by this directive.
Options such as off-site disposal/regeneration or
rouse should be considered.

mcluding field expenence from the Superfimd, Resource
Conservation and Recovery Act (RCRA), and
Underground Storage Tank (UST) programs. In addition,
EPA conducted an analysis of FY86 to FY91 Records of
Decision (RODS) for sites where VOC contamination
drove remedy selection. The results of this analysis,
which are provided in Appenthx A, demonstrate that these
three technologies represent over 90% of the remedies
selected in the RODS analyzed

USE OF DOCUMENT

This thrective is primarily intended for use by Superfand
s~te managers. However, site managers in other pmgnuus
(such as RCRA corrective action, the UST program,
States), and the private sector, may also use th~s directwe.

This directive is not a "stand alone" document. To easure]
a full understandmg of VOC site charactertzatmn and’!
r em.edy selection, site.managers, should refer.to all ;.
documents crted in the directive. For assistance ins
understanding complex site conthtions, an experienced..:
site manager, the presumptive remedy; expert team, the’~,
Superfund Technical Assistance and Response Team~
(START) team, or the Environmental Response Teanl:~
should be consulted.

ANTICIPATED BENEFITS OF :~.
PRESUMPTIVE REMEDIES .. :~

Use of this directive will reduce cost and time m remcdyl
selection at VOC sites m the following ways:

The threctwe famhtutes ldentlficatmn of the presumed
or hkely remedial options early m the investigation
process, hence allowmg for a more focused collection
of data during the remedial investigation (RI) 
removal site evaluation. In addition, knowledge of
the presumptive remedy may facilitate collection of
some remethal design data before the ROD or action
memo, thereby allowing the action to proceed more
quickly alter signature of the decision document.

This directive eliminates the need for the imtlal step
of identifying and screening a vanety of altemaaves
during the Feaslbihty Study. Additionally, it will
reduce the number of technologies identified and
analyzed m the EE/CA. The National Off and
Hazardous Substances Pollution Contingency Plan
(NCP) (Sectmn 300.430(e)(1)) states that "the 
agency shall include an alternatives screening step,
when needed_ (emphasis added) to select a reasonable
number of alternatives for detailed analysis." EPA’s
analysis of feasthdlty studies for VOC-contaminated
soft sites (see Appendix A) found that certain
teehnologres are routinely screened out based on
effectweness, implementabihty, or excessive costs,
consistent with NCP Section 300.430(e)(7).
Accordingly, EPA has determined that, when using
presumptive remethes at VOC-contaminated sites,
site-specific identification and screenmg of
alternatives is not necessary. However, thts dtreetwe
and supporting documentation (see "Feasibility Study
Analysis for CERCLA Sites with Volatile Orgamc
Compounds in Soils") should be included m the
Administrative Record for all sites that use the
presumptwe remedy(tes) to document the basis for
climmating the "site-specific identification and



TABLE 2
Typical VOCs Addressed by this

Directive

Haloaenated Volatile Oraanics

Carbon Tetrachloride
Chlorobenzene
Chloroethane, " ~-
Chloroform
t,l-Dichloroethane
1,1-Dichloroethylene
1,2-Dichlorobenzene
1,2-Dichloroethane
1,2-Dichloroethylene
1,2-Dichloropropane
1,4-Dichlerobenzene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
1,1,2,2-Tetrachloroethane
Ethylene Dibromide
Methylene Chloride
Tetrachloroethylene
Tdchloroethlyene
Vinyl Chloride

Non-Haloaenated Volatile Or aanics

Acetone
Methyl Ethyl Ketone
Methyl Isobutyl Ketone

Benzene
Ethyl Benzene
Styrene
Toluene
m-Xylene
o-Xylene
p-Xylene

Note: Other compounds that have physlcal/chemtca
characteristics similar to the compounds listed may
also be addressed by the presumptive remedy
process.

.

screening of technologies" section. In addition, other
supportmg matenals (e.g., FS reports included in the
analysts, technical reports) will be made available at
EPA Headquarters and are available for inclusion in
the Admimstrative Record if needed.

This directive streamlines the detailed analysis portion
of the FS. Remedial altematwes developed for a site
must be evaluated against the nine cntena (required
under NCP Section 300.430(e)(9)). Under 

presumptive remedy approach, the detailed analysis
can be limited to the three presumptive remedies (in
addition to the no-action alternative), thereby
streamlining that portion of the FS. Appendix B
provides a generic evaluation of the presumptive
remedies for seven of the nine criteria. This evaluation
may serve as a basis for each detailed analysis
conducted under the presumptive remedy process
and sl~ould be augmented, as needed, to address site-
sp~i0¢" eonditinns. ¯ ,,~. ~ ,

~ ~ ~ ._.

One of these presumptive remedies is expected to be used
for all VOC sites except under unusual circumstances.
Such circumstances may include unusual site soil
characteristics, demonstration of significant advantages
of altemate (or other iunovatwe) tochnolog~es over the
presumptiv~ remedies, or extraordinary community and
state concerns. If such circumstances are encountered,
additiofial arialyses may be necessary or a more
cofiverftinnal detailed RI/FS may be performed.

PRESUMPTIVE REMEDIES PROCESS

This section and the accompanying diagram (Figure I)
describe the sequence of steps involved in the presumptive
remedy process (site characterization and technology
selection) for sites containing soil contaminated w~th
VOCs. While the process is not mandatory, EPA believes
that following the steps outlined below will expedite the
clean-up process for this category of sites.

SVE is the primary presumptive remedy. SVE has been
selected most frequently to address VOC contamination at
Superfund sites and tmtlal performance data indicate that
it effectively treats waste m place at a relatively low cost.
In cases where SVE will not work or where there is very
highly concentrated contamination, thermal desorption
may be the more appropriate response technology. In a
hmlted number of s~tuations, incmeratmn may be more
appropriate.

The numbered paragraphs below correspond to the
numbered steps m Figure 1 and provide a detailed
discussion of each step.

1. Are YOCs Present in the Soil? The first step is to
determine whether VOCs are the major contaminant
present m soil at the Slta. Table 2 lists the VOCs that
are amenable to the presumptive remedies outlined in
this directwe. If VOCs are present at levels of
concern (see forthcoming guidance on soil screemng
levels), then the presamptlve remedies outlined in
this directive may be applicable. However, if it is
confirmed (at thts point or at any later point dunng the
presumptive remedy process) that there are no VOCs
present in the soil, then tlus directive is not applicable
for use in technology selection at the site.
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FIGURE 1
Decision Tree for Investigating and Selecting a Remedy at Solvent Sites
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2.

,

Most likely, this analysis will occur dimng seoping
of the RI/FS or EE/CA. However, there may be only
limited information available at that time about the
site. Therefore, whatever information m available
should be used to determine whether VOCs are present
or suspected in the soil based on poor use. Chemical
use at a site can be ascertained from a number of
sources such as facility records, previous sampling
efforts by local or State agencies or through
Information Request letters:

Are Non-VOC Contaminants Present That Preclude
the Use’of Presumptive Remedies? In addition to
determining whether VOCs.~are present in the soil, it
is also necessary to identify other non-VOC
contaminants, if any, present in the soil.

The site characterization and technology selection
procedures outlined in this daeetive are recommended
,for use primarily on soil containing VOCs only. See
Table 2 for VOCs that are amenable to the presumptive
remedies.

For sites containing a mixture of VOCs and other
contaminants m sod, the presumptive remedies should
be considered only if they can also be effective in
removing the non-VOC contaminants or combined
with other, non-presumptive remedtes m a (reatment
tram, assuming the presumptive remedies do not
exacerbate the problems presented by the non-VOCs.
For example, sites with VOCs and metals commingled
m soil may be effectively remediated by employing
SVE to remove VOCs followed by fixation or
solidification to address the metal coutammatmn In
contrast, a VOC and polyaromatm hydrocarbons
(PAHs) contamurant combination may be treated
more appropriately with a single biological treatment
scheme that would be effective for both the VOCs and
PAHs. Note that sites containing mixtures of VOCs
and noa-VOCs are varied, and, for this reason, remedy
selection may be more complicated than the
framework presented in this directive; therefore, the
presumptive remedy analysis may need to be
supplemented or modified on a site-specific basis

lnitiate Early Community, State, and Potentially
Responstble Party (PRP) Involvement As early in
the clean-up process as possible, EPA should notify
the community, State, and any PRPs that a presumptive
remedy is being considered for the site. It is important
for all stakeholders to understand completely how the
presumptive remedy process varies from the usual
clean-up process and the benefits of using the
presumptwe remedies process.

Eady identifieatinn of State applicable or relevant
and appropriate requtrements (ARARs) also is 
critical part of tlus process. Because the presumption
set forth in this directive LS national m scope, It does

not take into account State ARARs. For this reason,
State ARARs relating to the presumptive remedies
should be considered on site-spectfie basis. Regions
may want to supplement this directive by compiling
the requirements of the States in their Regions that are
Iukely to be assecmted with the use of the presumptave
remedies and placing them in the administrative
record for a site where presumpt|ve remedies are
being considered. This directive along with the
"Feasibdity Study Analysis for CERCLA Sites with
Vol£tile Organm Compounds in Soils" should be
included in the administrative record for the site ff one
of the presumptive remedaes is proposed for a particular
VOC-eontaminated site.

4. Review Advantages/Limitations of the Presumptive
Remedies. During initial site characterization, Table
3 should be reviewed to consider the advantages and
limitations of the presumptive remedies, This
information may be useful in preparing for and/or
modifying the site characterization or alternatives
analysis process. The "Practical Considerations"
section of this directive should also be reviewed at
this time to ensure a comprehensive site
charactenzatum and remedy evaluation.

5. Conduct Stte Characterizatwn. Szte characterization
for sltas using VOC presumptive remedies should be
designed to:

¯ Positively identify the site type (i.e., VOC site);

¯ Obtain data to determine whether the presumptive
remedy is feasthle for the slta;

Focus (and possibly streamline) site
characterization by collecting data to support the
selectaon of presumptwe remedy(les) only (e.g.,
volume and cost information); and,

Collect some design data (i.e., pilot studies to
determine radius of influence and flow rates of
SVE), thereby streamlining data collection during
the remedml design stage.

Table 4 lists the data that are required for
characterization of sites with soil contaminated with
VOCs. This table also includes the rationale for
collecting these data and references for established
collection methods. Note that bench-scale and pilot/
treatability studies should be performed whenever
possible concurrent with site cberacterization to define
the parameters that vail be tmportaut to designing the
system

In areas with low organic content soil (e.g., alluvial
basins), or where there are impediments to obtaining
soil samples (e g, under buildings), soil gas sampling

5
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is highly recommended as a site characterization
technique. In addition, the use of soil gas sampling
during implementation of SVE and confirmatory sod
sampling afterward is less expenswe than constantly
installing new soil borings, especially for deep
contamination.

If incineration or thermal desorptiun is under serious
consideration, bench-scale treatability studies may
be conducted, especially if metals or other inorganic
compounds are present. Thermal desorptlon g~nerally
should be considered if concentrations of VOCs are
less than 5 to 10 percent; incineration may he
appropriate if VOC concentrations exceed 5 to 10
percent Note that excavation and m~xing of sod can
produce a desorber input of less than 10 percent
contaminant concentration and allow thermal
desorption to be chosen.

Addmonally, the feasibility of excavation should be
determined by evaluating surface contidions and depth
of contaminants as well as the potential for any air
emissions associated with the excavation. Test digs
should be monitored closely to assure protection of
the public and the environment.

It is important to note that during the site
charactenzatlon, the volume and concentration of
waste constituting the prmmpal threats at the site
should be identified. The NCP (Section
300.430(a)(l)(iii)(A) A Grade to Pnneipal Threat
and Low Level Threat Wastes, Supeffund Publication:
9380 3-06FS, November 1991, define pnnctpal
threats as source matenals, including hquids, that are
highly toxic or highly mobile wastes which generally
cannot be reliably contained or would present a
significant risk to human health and or environment
should exposure occur. In accordance wtth NCP
expectations, waste constituting "principal threats"
posed by a site generally are expected to be treated.
The ate manager is encouraged to characterize the
s)te m terms of prmc~pal and low-level threat areas to
determine materials to be targeted for treatment and
containment.

6. Identify Potential ARARs, To Be Constdered (TBCs),
and Preliminary Remediation Goals (PRGs). Potential
Federal and State ARARs and pertinent TBCs
informatton should be identified on a chemical-,
location-, and action-specific basis concurrent with
site characterization. For a more detailed ARARs
discussion, refer to the various ARARs fact sheets.
(See Compendium of CERCLA ARARs Factsheets
and Directives, EPA Publication 9347.3-15, October
1991).

At this step, PRGs should also be idenhfied (NCP
Section 300.430(e)(2)(c)). Note that different 

risk-based PRGs are often set for soils, depending on
depth. Shallow soil levels are usually based both on
direct contact exposure and protection of ground
water, whde levels for deeper soils are generally
based only on mass transport modeling of effects on
ground water. Ecologtcal effects may also be
important to consider in sethng PRGs.

7. Conduct Time-Critical Removal Action (tf necessary).
During inittal site characterization, data will be
gathered to" determine whether Ir tima~critienl removal
action will be needed and to determine whether the
contaminants present are amenable to the presumptive
remedms. Time-cntmal removal actions, such as
drum removal or actions addressing highly
contaminated (typically small volumes) of soil, should
be conducted m accordance with current guidance
and regulations. -The decision to take a time-critical
removal action may be made by the Regional Declsmn
Team (RDT) or if time does not permit, by an On-
Scene Coordinator (OSC) or a Remedial Project
Manager (RPM) in consultation with an OSC.

8. Is There a Threat Posed by the Site? A risk assessment
must be conducted to determine ff a suffierent health
or environmental threat exists to warrant a removal or
remedial actton. (Refer to R~sk Assessment Gmdance
for Superfund, Volumes I and 11, EPA/540/1-89/002
and EPA/540/I-89/001). Where It ts determined that
such a threat exists, sue-specific exposure data can be
used to modify the PRGs identified in Step 6 (NCP
Section 300.430(e)(2)0)). If tt ts determined 
such a threat does not exist, no farther action at the site
will be required.

9. Proceed With Technology Assessment and Review
"Practical Considerations" section. If the analysis
described in step 8 confirms that the contaminants are
a threat to human health and/or the environment, a
proposed remedy should then be identified.

If this project is a remedial action, a detailed analysis
using the nine criteria will be required under NCP
Sectmn 300.430(e)(9)) to justify the selection 
remedy decision. Appendix B provides an analysis of
SVE, thermal resorptmn, and mmneration against
seven of the nine selection criteria. In additlan to the
seven criteria discussed in Appendix B, community,
and State acceptance must also be evaluated. If a non-
time critical removal action is planned, the streamhned
analysts descnbed in the EE/CA guidance wdl be
reqmred that uses the three criteria of effectiveness,
implementabiilty, and cost During the technology
assessment, the factors listed in the "Practical
Considerations" section of this dtrective should be
reviewed to ensure a comprehensive evaluation of
alternatives.



I0. Does the Pilot/Treatabihty Stu@ Indicate that SVE
ts Feasible? SVE m the pnmary presumptive remedy.
Pilot/treatability study testing of SVE should be
conducted pnor to final remedy selection. Such
testing will provide informatmn on the rate of removal
of contaminants. EPA/540/2-91/091A cited in the
References section of this directive provides guidance
on conducting the pilot/treatability study. Removal
effieiencies and treatment effectiveness must be
carefully considered alongside the PRGs identtfied in
the FS to estimate the potential for ~uccessful remedial
action using SVE

II Is Thermal Desorption Feasible? If SVE will not be
sufficiently effective in achieving PRGs due to low
permeability, lithology or insufficient removal of
contamination during the pilot study, thermal
desorption should be considered as the primary ex-
mtu presumptive remedy.

Thermal desorption technologies cover a variety of
vendors and processes. However, ample data arc
available to substantiate remedy selection of thermal
desorption for soil contaminated solely with VOCs.

12. Is Incineration Feasible? If contaminant
concentrations and bench-scale testing indicate
thermal resorption will not achieve desired PRG
levels, lncmerstmn ~s the second ex-situ presumptive
remedy.

If incineration is planned, and a substantial number of
inorganic contaminants are expected to be present
based on site charactenzatmn data, materials handling
problems, or slagging problems are likely

If none of three presumptive remeides is conmdered
to be feasthle at a particular site, it will be necessary
to consider other technologies. (For more information,
refer to the Pmctmal Considerations scctmn below.)

13 Select Remedy for Remedzal/Removal Action. At this
point, there should be enough data to identify a
preferred remedy in the proposed plan and distribute
the plan for public comment. Once the remedy has
been selected in the ROD, the user can proceed to do
a hmlted design which relies largely on the substantial
amount of design-related data collected dunng the
RI. The extent of additional or supplemental data
required wdl be determined on a site-specific basis.

Practical Considerations

The following factors should be considered prior to taking
any remedial actmn.

Enforcement: This directive applies to fund-lead sites as
well as to sites where a PRP m conducting the investigation
and/or response action. In the event that there is an

ongoing PRP-lead RFFS, the scope of work may be
amended to reflect the presumptive remedy approach to
site charactenzatmn and remedy selection. The potentml
savings in time and money to be gained by using the
presumptive remedy approach are expected to outweigh
the burden of modifying the scope of work in many cases.

Initial Site Actions: If the VOC material is still in
original, intact containers, it may be returned to the
manufacturer (ff the manufacturer is willing to accept
these containers), assuming’thin response is a cost-effective
and feasible action as opposed to treating the material.
Reuse of material (i.e., process liquids and relocation of
equipment to other permitted facilities) should also be
considered. Further, phase separation should be conducted
and recycling considered depending on the purity of the
recovered phase or for any existing hquids that are high
enough in concentratmn. Refer to Appendix C for a list of
the currently recognized waste exchanges.

Site Characterization: Site characterizatmn should
proceed as a single, multi-media actwity whenever
possible. Fmld screening methods should be integrated
into the sampling and analysis plan in order to ~celemte
information gathering Data quahty must reflect the
ultanate use of the mfurmation.

Ground Water: The dectsion maker should consider the
ground-water strategy for the rote since sod clean-up
levels are often set to protect ground-water quahty.
Therefore, greand-water clean-up levels may have a da’ect
impact on the selected clean-up levels for soil. (See
forthcoming guidance on Soil Screening Levels and the
directive entitled Presumptive Remedies: Remedial
Strategy and Treatment Technologres for CERCLA &tes
with Contaminated Ground Water.) It should be noted
that, of the VOC-type contaminants, listed in Table 2, the
halogenated volatfles are dense nonaqueous phase liquids
(dense NAPLs or DNAPLs) and many of the others are
light NAPLs (LNAPLs) in their pure liquid form. 
LNAPLs are present, it may be possible to address thereby
lowering the water table, removing free product (if present),
and applying SVE. To address DNAPLs eontaminatiun,
refer to the above mentioned ground-water guidance.

Management of Different Soils: A situation may arise
where highly contaminated shallow material cannot be
addressed by SVE. The action to address this contamination
may differ from the rest of the soil contamination and will
most likely involve lncmemtlon or thermal desorptmn If
it is suspected that soil contamination existing at greater
depths will also be treated in this manner, then the excavated
shallow material should be staged and stored in order to
treat it with the deep material.

Another situation may arise where VOCs are mixed with
metals, and none of the presumptive remedies can address
both sets of contaminants The action to address this
situation may consist of a treatment train where VOCs are

7
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addressed through SVE or thermal resorption and the
metals are addressed through ftxatlon.

Finally, the site manager should be aware of situations
where a mixture of pnnclpal and low-level threat wastes
call for the use of treatment (i e., SVE or thermal treatment)
of principal threat waste and containment (cupping) 
low-level contamination. (See A Guide to Principal
Threat and Low-Level Wastes in Reference Section).

Off-Site Disposal: In general, it may not be cost-effective
to ship quantities of contaminated soil in excess of 5,000
cubic yards for off-site dmposal. For this reason,
pretreatment of sod and water may be required prior to
shipment or discharge to another treatment facility.

Capping: Capping alone is not recommended to control
the rmgration of VOCs. However, capping can improve
the effectiveness of SVE by decreasrag the rate of
infiltration of residual VOCs through the vadose zone into
the ground water as well as pos’sthly increasing the radius
of influence and preventing "short clmuiting" of air
pathways in the vicinity of the extraction well. Capping
can also be used to address iiun-pnnclpal threat waste
unless it is more cost-effective to treat this waste along
with more highly contaminated materials.

Patents: SVE Is a patented technology. Royalty payments
may be reqmred under certain conditions of
implementation.

Attainment of Remediation Goals: It should be noted
that, like other in-situ teehnologtes, it is difficult to
ascertain with confidence whether SVE will attain
remediation goals until the action is actually implemented

However, the lower cost and ease of SVE unplemantat~on
wdl often weigh heawly in tts favor, as long as protection
of human health and the env:roument is ensured.

Additional Technologies: If for some reason none of the
presumpttve reme&es is apphcable to a particular site, the
site manager is encouraged to refer to EPA’s forthcoming
document entitled Contaminants and Remedial Options
at Solvent Sites for a thscassion of additional VOC treatment
technologies. It should be noted that tlus comprehenswe
document, which identifies addaronal VOCs and
technologies, may be appropriate to consider on a site-
specific basis.

Thermal Treatment Technologies: The site manager
should refer to EPA’s Drafl Strategy for Combustion of
Hazardous Waste (May 18, 1993) when considering any
thermal treatment technologies at a particular site.

Conclusion

For sites containing VOC-contammated soil and
appropriate soil characteristics, SVE is a relatrvely
inexpanslve and efficlant technology. If material needs to
be excavated, thermal desorption is preferred. In a few
cases, incineration may be the most appropnate remedy -
- for example, where SVE and thermal desorptmn will not
meet clean-up cfitena based on contaminant concentrations
or composition.

As remedms other than SVE, thermal desorptmn and
incineration become more widely used in the futta’e, this
directive may be modified to reflect these trends. For
further assistance on presumpttve remedy related activit:es
consult the Regional Presumptwe Remedies contact.

Notice:

The policies set out in this document are intended solely as guidance to the U.S. Environmental
Protection Agency (EPA) personnel; they are not final EPA actions and do not constitute rulemaking.
These policies are not intended, nor can they be relied upon, to create any rights enforceable by any party
m htigation with the United States. EPA officials may decide to follow the guidance provided in this
document, or to act at variance with the guidance, based on an analysis of specific site circumstances.
EPA also reserves the right to change this guidance at any time without public notice.
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APPENDIX A
TECHNICAL BASIS FOR PRESUMPTIVE REMEDIES

This Appendix summarizes the analyses that EPA conducted of Record of Decision (ROD) and
Feasibility Study (FS) data from VOC-contaminated sites which led to establishing soil vapor extraction
(SVE), thermal desorption, and incineration as the presumptive remedies for Superfund sites with VOC-
contaminated soil. The analyses consisted of:

¯ Identifying VOC-contaminated sites
¯ Determining the frequency of technology selection for VOC sites
¯ Identifying sites for the feasibility study (FS) analysis
¯ Conducting the FS analysis.

Results of these analyses, along with the scientific and engineering analysis of the performance data
on technology application (Primary Reference document), provide a support for the decision to eliminate
the initial alternatives identification and screening step for this site type. These technical reviews found
that certain technologies are appropriately screened out based on effectiveness, implementability or
excessive costs. Review of technologies against the nine cdteda led to elimination of additional
alternatives. Provided below is a discussion of each analysis.

Identification of VOC-Contaminated Sites

The first analysis involved generating a list of signed Records of Decision (RODS) (post-SARA),
documenting VOC contamination, from which data could be used for subsequent analyses. The ROD
Information Directory database was used for this purpose. Of the 821 signed FY86-FY91 RODS, 418
are identified in the database as containing VOC contamination in source material. This list of RODS
was subsequently divided into two lists: RODS where VOCs were the only contaminants of concern
identified in the source material and RODS containing VOCs, as well as other contamination, in source
matenal. For those RODS involving VOC plus other contaminants, a review of the ROD document was
conducted to identify cases where only VOCs were driving the selection of remedy. To make this
determination, the Remedial Response Objectives and Selected Remedy sections of the ROD were
reviewed to identify specific language indicating that the remedial action was designed to address only
the VOCs at the site. In addition, if cleanup goals were specified only for VOCs, the assumption was
made that VOCs were driving the remedy.

As a result of this analysis, 88 RODS were identified as VOC-only RODS or VOCs plus other
contaminants RODS where a clear determination could be made that VOCs were ddving the selection
of remedy.

FrQguencv fo Technoloov Selection for VOC-Contaminated Sites

Table 1 presents the distribution of the 88 FY86-FY91 RODS among the treatment technologies used
to address VOCs in soil. This table demonstrates that the three presumptive remedies (SVE, thermal
desorption, and incineration) together were selected more often (over 90% of the RODS analyzed) than
the other applicable technologies. Presumptive Remedies were also those remedies where a fair
amount of performance data on technology implementation was available. Furthermore, SVE, chosen
in over two-thirds of the RODS analyzed, was the primary presumptive remedy selected.

Identification of Sites for Feasibility Study Analysis

The purpose of the FS analysis was to document the technology screening step in FSs of VOC-
contaminated soil/sludge sites and identity the principal reasons given for eliminating technologies from
further consideration. To achieve a representative sample of FSs for the analysis, sites were selected
using ROD data according to the following criteria:

]3
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APPENDIX A
TECHNICAL BASIS FOR PRESUMPTIVE REMEDIES

(Continued)

Table 1

Presumptive Remedy VOC Site Treatment
Summary Table, FY86-FY91*

TECHNOLOGIES USED TO
ADDRESS VOCs IN SOIL

TOTAL

Bioremediation(1) 3

Incineration 11

Soil Flushing/Washing (r) 3

Soil Vapor Extraction 62

Thermal Treatment(2) 9

Total 88

Source:
Notes.

ROD Information Directory (RID), FY86 - FY91
(1) Relatively limited amount of performance data available for these technologies

versus the presumptive remedtes.
(2) Thermal treatment includes RODS employing thermal desorption, thermal aeration,

Iow-temperatura thermal desorption, and the generic remedy "thermal treatment".

A population of 418 RODS was identified for this study based on the parameters: FY 1986-1991,
and VOC contamination of source media.

Sites were chosen, based on the selected remedy, to ensure an even distribution among the five
treatment technologies for VOCs in soil (i.e., bioremediabon incineration, SVE, soil flushing, and
thermal treatment).

Whenever possible, both VOC--only sites and VOC and other contamination sites were represented
under each technology.

Sites were selected to ensure an even distribution in geographic location, ROD signature date,
and stte size.

Feasibility_ Study Analysis

The FS analysis involves a review of the technology screening phase, including any pre-scraening steps,
followed by a review of the detailed analysis and comparative analysis phases in each FS and ROD.
Information dedved from each review was documented on site-specific data coUecbon forms, which are
available for evaluation as part of the Administrative Record for this directive. (See "Feasibility Study
Analysis for CERCLA Sites with Volatile Organic Compounds in Soils", September 1993, available at EPA
Headquarters and Regional Offices.)

]4
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TECHNICAL BASIS FOR PRESUMPTIVE REMEDIES

(Continued)

For the screening phase, the full range of technologies considered was listed on the data collection forms,
along with the key reasons given for eliminating technologies from further consideration. These reasons
were categorized according to the screening criteria: cost, effectiveness, or implementabUity. The
frequency with which specific reasons were given for eliminating a technology from further consideration
was then tallied and compiled into a screening phase summary table (Table 2).

For the detailed analysis and comparative analysis, information on the relative performance of each
technology/alternative with respect to the nine NCP cdteria was documented on the site-specific data
collection forms. The advantages and disadvantages associated with each clean-up option were
highlighted. In some cases, a VOC technology was combined with one or more technologies that address
minor site contaminants into one or more alternatives. Only the component of the alternative which
addressed the VOC contamination was evaluated in this analysis. The disadvantages of a technology/
alternative were then compiled into a detailed analysis/comparative analysis summary table, under the
assumption that these disadvantages contributed to non-selection. All summary tables are available for
review as part of the Administrative Record.

The FS analysis has been completed for 21 sites (representing approximately 25% of universe studied).
The information from these FSs has been complied and summarized in Table 2. Add=tional FS analysis
is planned and will be added to the Administrative Record, when available. Table 2 demonstrates that
technologies, other than the presumptive remedies, are consistently eliminated from further consideration
in the screening phase due to effectiveness, implementability, or excessive costs. In addition, the
analysis indicates that, although certain technologies routinely passed the screening phase, these
technologies were selected infrequently because they did not provide the best overall performance with
respect to the nine critena. Together these analyses (Append=x A to this d=rective and "Feaslbihty Study
Analysis for CERCLA S~tes with Volatile Organic Compounds in So=Is"), along with the scientific analysis
of performance data (USEPA (In Progress) Contaminants and Remedial Options at Solvent Sites) 
support the decision of using presumptive remedies and bypassing the technology identification and
screening step for a particular site. As prewously indicated, this factsheet and accompanying analysis
should be part of the Administrative Record for the site. Further supporting materials, not found in the
Regional files, can be provided by Headquarters, as needed.
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APPENDIX C
U.S. Waste Exchanges

CALIFORNIA WASTE EXCHANGE
Robert McCormick
Department of Health Services
Toxic Substances Control Division

400 P Street
Sacramento, CA 95812
(916) 324-1807

INDIANA WASTE EXCHANGE
Environmental Quality Control
1220 Waterway Boulevard
P.O. Box 1220
Indianapolis, IN 46206
(317) 232-8188

INDUSTRIAL MATERIAL EXCHANGE
SERVICE
Diane Shockey
2200 Churchill Road, #31
Springfield, IL 62794-9276
(217) 782-0450
FAX: (217) 782-9142

INDUSTRIAL MATERIALS EXCHANGE
Bill Lawrence
172 20th Avenue
Seattle, WA 98122
(206) 296-4899
FAX: (206) 296-0188

PACIFIC MATERIALS EXCHANGE
Bob Smee
1522 North Washington Street, Suite 202
Spokane, WA 99205
(905) 325-0551
FAX: (509) 325-2086

NATIONAL WASTE EXCHANGE NETWORK
1-800-858-6625

RENEW
Hope Castillo
Texas Water Commission
P.O. Box 13087
Austin, TX 78711
(512) 463-7773
FAX: (512) 463-8317

INDUSTRIAL WASTE INFORMATION
EXCHANGE
William E. Payne
New Jersey Chamber of Commerce
5 Commerce Street
Newark, NJ 07102
(201) 623-7070

MONTANA INDUSTRIAL WASTE EXCHANGE
Don Ingles
Montana Chamber of Commerce
P.O. Box 1730
Helena, MT 59624
(406) 442-2405

NORTHEAST INDUSTRIAL WASTE EXCHANGE
Lewis M. Culter
90 Presidential Plaza, Suite 122
Syracuse, NY 13202
(315) 422-6572
FAX: (315) 422-9051

SOUTHEAST WASTE EXCHANGE
Maxi May
Urban institute
Department of Civil Engineering
University of North Carolina
Charlotte, NC 28223
(704) 547-2307

SOUTHERN WASTE INFORMATION
EXCHANGE
Gene Jones
P.O. Box 960
Tallahassee, FL 32313
(904) 644-5516
FAX: (904) 574-6704
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APPENDIX D
GLOSSARY

A_n_nlicahle or Relevant and Appropriate Reo_uirements
(~ARARs) - CERCLA Section 121(d) and the NCP require
that onslte remedial actmns must attain (or justify a waiver
of) requirements of environmental laws that are determined
to be Federal or more stringent State applicable or relevant
and appropnate reqmrements

Dense Non-Anueuns Phase Liauid (DNAPL) -DNAPLs
are immiscible hydrocarbon hqmds that are denser than
water, such as chlormated solvents (either as a single
component or as mixtures of solvents), wood preservative
wastes, coal tar wastes, PCBs and some pesticides.
DNAPLs can sink to great depths, can penetrate into
bedrock fractures, can move as a hquid in a direction
Ehffcrent from the flow of groundwater and can act as a
contmual soume of groundwater contanunatmn over tune.

En~ineerin~ Evaluation/Cost Assessment (EE/CA) -
An analysis of removal altematwes for non-tune crittcal
removal actions.

- Removal of material from the ground
for treatment.

Feasibilitv Studv [FS~ - A description and analysis of the
potentmi clean-up altematwas for a site. It is generally
conducted concurrently with the remedml investigation
(RI), together the stuthes are referred to as an RI/FS. (See
remedml investigation )

In-Situ Treatment - The treatment or remediation of
medm occurring in-place.

Innovative Treatment Technologies-Technologies that
have been tested, selected, or used for treatment of
hazardous substances or contaminated materials but lack
well-documented cost and peffomaance under a variety
of operating conditions.

[,and Disposal Restrictions (LDRs~- The Hazardous
and Solid Waste Amendments (HSWA) to the Resource
Conservatmn and Recovery Act (RCRA) include specific
restrictions on the land disposal of RCRA hazardous
wastes. These restrictions, known as LDRs, prohibit the
land thspusal of restricted RCRA hazardous wastes unless
these wastes meet treatment standards specxfied m 40 CFR
268 or other comphance options.

Li~,ht Non-Aoueous Phase l.iauids (LNAPL~ - Like
DNAPLs, LNAPLs are immiscible liquids, but are lighter
than water and therefore float on water As they are hghter
than water, they are most frequently found at the ground-
water table/vadose zone interface.

Record of Decision IROD] - A pubhc document that
explains the basis for selecting the clean-up altematwe(s)
that roll be taken or served under CERCLA.

~- The remedial action that involves
designing and testing to deterrmne whether the remedy
wdl be effective at a site.

Remedial Investigation (Rib An m-depth study designed
to gather the data necessary to determine the nature and
extent of the threat posed by contamination at a Superfund
site. It also helps to estabhsh the prehmmary criteria for
cleaning up the site in the FS and supports the techmcal
and cost analyses of the altematwes. It ts generally
completed and combined vath the FS and referred to as the
RI/FS.

Risk Assessment - The quahtatwe and/or quantxtative
evaluatton performed m an effort to define the nsk posed
to human health and/or the environment by actual and
potential exposures to specific pollutants m air, water, sod
or other media.

Su_nerfund Accelerated Cleanup Model tSACM) - An
ant,atwe desxgned to accelerate all aspects of the Superfund
clean-up process.

Vadose Zone - The zone in sod that hes above the
permanent water table.

Volatile Organic Comoounds (VOCs) - Any orgamc
compound which reathly thssipates into the air.
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TECHNICAL MEMORANDUM TS,06 CH2MHILL

Evaluation of Soil Vapor Extraction Treatability
Study, Dunn Field, Memphis Depot (Rev. 1)
TO:

COPIES:

FROM:

U.S. Army Engineering and Support Center, Huntsville

Defense Distribution Center (Memphis)

U.S. Environmental Protection Agency (USEPA), Region 

Tennessee Department of Environment and Conservation (TDEC)

CH2M HILL

DATE: February 24, 2003

I. Introduction
This Technical Memorandum (TM) document summarizes the results of the Soil Vapor

Extraction (SVE) Treatability Study, conducted at the Dunn Field of the former Memphis
Depot ("the Depot) in Memphis, Tennessee. The purpose of the study was to determine 
SVE represents an effective method for remedlatlon of the vadose zone at Dunn Field. Soil
in the vadose zone underlying Dunn Field is contaminated with volatile organic compounds
(VOCs) as a result of past disposal activities. Additional information on past activities 
Dunn Field and the Depot can be found in the Dunn Fzeld Reme&al Investigation (RI) report

(CH2M HILL, July 2002).

SVE has been chosen as a presumptive remedy for the subsurface soil column and soil-to-
indoor air at Dunn Field. In the September 1993, Directive 9355.0-48FS from the US
Environmental Protection Agency (EPA), SVE was chosen as a presumptive remedy for
Superfund sites with VOC-contaminated soil, assuming the site characteristics meet certain
criteria. The selection of SVE was a result of EPAs collective knowledge about site
investigation and remedy selection for VOC-contarranated soils. Information regarding the

presumptive remedy policies and procedures can be found in the September 1993, Directive
9355.0-47FS, also from EPA. As a result of these documents and decisions by the Memphis

Depot Base Realignment and Closure Act (BRAC) Cleanup Team (BCT), the presumptive
remedy action will be carried forward through the Dunn Field Feasibility Study (IS) effort.

The SVE treatability study at Dunn Field was, to the extent possible and practical,
performed in accordance with the specifications of the Soil Vapor Extraction Treatability Study
Work-plan (CH2MHILL, October, 2001). Exceptions to treatability study methodology
outlined in the workplan are described in the Deviations From the Workplan section below.

P ~160492~TASK TS 06 - DF SVE REPOR~T~EV 0 SVE TECH MEMO DOC 1 160492 TS 06
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Site Description

Site Name and Location
Dunn Field is a 64 acre rectangular area of undeveloped land at the Depot, which is located
in the south central portion of Memphis, Tennessee (Figure 1). Treatablhty study activities
focused on southern portion of an area of Dunn Field referred to as the Disposal Area
(approximately 14 acres), which includes a series of former pits and trenches. Area
designations of Dunn Field are shown in Figure 2.

Geological Setting

The impacted vadose zone at Dunn Field consists of two distinct geological formations - a
shallow, relatively low permeability "loess" formation, and the deep, relatively high
permeability alluvium ("fluvial sand") formation. The two formations are separated by 
thin, but relatively continuous layer of sandy clay. The loess is positioned from immediately
below ground surface (bgs) to approximately 30 feet bgs within the pilot test area.
Underlying the loess is several feet of sandy clay, followed by fluvial sands, silt, and gravel,
which occur at approximately 30 to 75 feet bgs. Further details regarding the geology and
hydrogeology of the site is presented in the Dunn Field RI Report (CH2M HILL, July 2002).

Historical Site Use

Based on information obtained from Depot records and interviews with former Depot
military personnel, Dunn Field was used intermittently for burial of waste. Disposal records
and interviews with facility personnel indicate specific instances when some of the burial
occurred. The earliest records of burial date back to 1946 with the disposal of German bomb
casings containing mustard agent that were neutralized and buried in the western portion of
Dunn Field. After draining and destruction operations were completed, all mustard-
contaminated items (wood, clothing, etc.) were placed into the slurry pit and burned.

During the early to mid-1950s, Chemical Agent Identification Sets (CAIS) were allegedly
disposed of and buried at Dunn Field at in the Disposal Area. The CAIS set contained small
glass ampoules of diluted mustard, lewisite (a vesicant chemical agent), chloropicrin, and
phosgene, which were stored in sealed cylmdrical metal containers (PIGS). CAIS stocks
found to be leakmg or broken during periodic inspection were reportedly buried at Dunn
Field.

In addition to the chemicals and ordnance described above, other chemicals associated with
the use of chemical agents such as Decontaminating Agent Non-Corrosive (DANC) were
buried in Dunn Field. The decontaminant DANC disposed of at Dunn Field is an organic N-
chloroamide compound in solution with 1,1,2,2-tetrachloroethane (PCA). DANC typically
contained 90 percent to 95 percent 1,1,2,2- PCA. Chlorinating compound number I (an N-
chloroamide) and 1,3-dichloro-5,5-dimethylhydantoin (RH-195) were used as organic
chlorinating compounds in DANC. Food stocks, paints, acids, herbicides, and medical waste
were also destroyed or buried in pits and trenches at Dunn Field.

Site Characterization
Subsurface soil samples have been collected at various periods during the RI of Dunn Field
and the Disposal Area, and sample analysis has revealed impacts from various

P ~1604~TASK TS 06 - DF SVE REPORT~TEXT’~EV 0 SVE TECH MEMO DOC 2
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contaminants, including VOCs, Semi-volatile Organic Compounds (SVOCs), metals, and
pesticides. Concentrations of VOCs in subsurface soil samples collected during RI sampling
in 1999 showed significant levels of the following chlorinated VOCs: 1,1,2,2-PCA; 1,2-
Dichloroethane (DCA); carbon tetrachloride (CC14); chloroform; methylene chloride;
Tetrachluroethene (PCE); Tricnioroethene (TCE); and vinyl chloride. For example, 
nighest level of TCE detected during the 1999 investigation was 460 milligrams per kilogram
(mg/kg).

Based on analysis of the 1999 Dunn Field RI data and on detection of possible dense non-
aqueous phase liquid (DNAPL) in groundwater immediately west of the central portion 
the Disposal Area, CH2M HILL conducted further soil sampling efforts in October 2000 in
an effort to further delineate potential source areas. As part of this effort, fifteen soil borings
were installed in the central portion of the Disposal Area, particularly around the former
location of soil boring SBLCA (Figure 3). Analysis of soil samples collected from these
borings revealed VOC concentrations ranging from 0.7 to 22,600 mg/kg.

During installation of these same borings, soil gas samples were collected using a
SimulProbeTM by Parsons Engineering Science, Inc. (Parsons) as part of the Remedial
Process Optimization (RPO) Phase II Evaluation Report, Defense Depot Memphis,
Tennessee (Parsons, June 2001). The analysis of the soil gas samples revealed VOCs as high
as 3.9 parts per billion, volume per volume (ppbv) and that the contamination in soil
appears to increase with depth, "suggesting upward diffusion of volatile contaminants from
the groundwater". Table 3-1 of the June 2001 Final RPO report contains a summary of the
laboratory analytical results for the soil gas samples collected at Dunn Field.

Based on available soil analytical data and review of subsurface soil characteristics, this area
of Dunn Field was selected as most representative of Dunn Field vadose zone contaminant
concentrations and geology, as well as the best location for a presumptive remedy screening
and an SVE test.

Test Area Development

Venting Wells and Monitoring Points

As a result of the studies conducted in 2000 within the central portion of the Disposal Area,
two venting wells, VW-1 and VW-2, and four monitoring points, MP-1 through MP-4, were
installed to act as the SVE Treatability Study site. The location of the venting wells is found
in Figure 3. Construction specification detail sheets on the test venting wells and monitoring
points can be found in the Final Soil Vapor Extraction Treatability Study Workplan
(CH2MHILL, October, 2001) as well as the Dunn Field RI Report (CH2M HILL, July 2002).

VW-1 (venting well for Test 1) is constructed of two-inch diameter PVC, and screened
within the loess formation from 9 to 24 feet bgs. VW-2 (venting well for Test 2) is also
constructed of two-inch diameter PVC and screened within the fluvial sands, from 32 to
72 feet bgs. Each monitoring probe is constructed of 3/4 inch diameter PVC, with six-inch
long screens. In general, two well points from each probe cluster are screened at shallow
depth, wittun the loess, and the remaining two points are screened within the fluvial sands.
Table A-1 in Attachment I provides the construction details for all venting wells and
monitoring points used during the test.
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Based on suggestions made within the June 2001 RPO Report (Parsons, June 2001), four
additional monitoring points were installed in November 2001 at the test site to augment
MP-1 through MP-4 and to refine the anticipated radius of influence of the testing system,
especially within the loess deposit. These monitoring points were numbered MP-5 through
MP-8. The construction of these monitoring points was similar to that of the previously
installed points. As shown in Figure 3, three of the new points, MP-5, MP-6, and MP-7, are
located between VW-1 and the nearest existing probe, MP-3, which is 40 feet from VW-1.
MP-8 is located approximately 200 feet from VW-1 and served as a background monitoring
point outside the anticipated radius of influence (ROI). Except for probes MP-5 and MP-8,
two well points from each probe cluster are screened at shallow depth, within the loess, and
the remaining two points are screened within the fluvial sands. MP-5 has two points
screened entirely within the loess and MP-8 has one point screened within the loess and one
point within the sands. Attachment A presents the completion diagrams of MP-5 through
MP-8.

SOB Core Samples

Soil core samples through the use of Shelby Tubes were collected for geotechnical analysis
of the soil. These cores were collected during the drilling of the borings for MPs 5 through 8
and were collected from both the loess deposits and the vadose zone of the fluvial aquifer at
depths of 5, 10, 15, and 20 feet bgs in the loess deposits and at 40, 50, 60, and 70 feet bgs in
the sand and gravel fluvial aquifer for a total of eight samples. Each core was analyzed by
Law Engineering and Envlronmental Services, Inc. for the following parameters:

¯ Hydraulic Conductivity;
¯ Specific Gravity;
¯ Organic content.

All samples were collected according to ASTM standards for soil core sampling and
according to procedures described in the study workplan. Raw analytical data for the
samples can be found in Attachment B. Table I summarizes the results of the analysis.

II. Treatment Technology Description
SVE is a common and proven technology used to withdraw contaminant-laden vapor from
the vadose zone. SVE is most effective for contaminants that have a tendency to volatilize
readily, as indicated by relatively high vapor pressure and Henry’s Law constant.
Chlorinated solvents, such as those present at Dunn Field, are primarily removed by
volatilization (mass transfer) from the vadose zone. SVE also accelerates in-situ aerobic
biodegradation of some contaminants. Direct aerobic biodegradation of most chlorinated
solvent compounds, other than engineered cometabolic biodegradation, is documented in
literature describing SVE techniques and applications.

Technology Limiting Factors
Some of the factors, other than the contaminant characteristics, that impact the effectiveness
of SVE are as follows:
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¯ Permeabdity

The permeabihty of the soil affects the rate of air and vapor movement through the soil; the
higher the permeability of the soil, the more rapidly vapor can be extracted, over a larger
area.

¯ Soil Structure and Stratification

Soil structure and stratification affect vapor flow patterns and degree of flow uniformity
through the soil. Structural anomalies (e.g., layering, fractures) often result in preferential
flow pathways which can cause asymptotic "tailing" of mass removal and extend project
time frames significantly.

¯ Soil Moisture

High moisture content in soils can reduce soil permeability and, consequently, the
effectiveness of SVE by restricting the flow of air through soil pores. Fine-grained soils
create a thicker capillary fringe than coarse-grained soils. SVE is generally not effective in

treating soils below the top of the capillary fringe unless depression of the water table is
performed.

¯ Native organic material

Soil high in organic material tends to adsorb contaminants more strongly, which reduce the
efficiency of SVE by volatilization (mass transfer).

¯ Temperature

Vapor pressure and Henry’s Law constant increase with temperature. Therefore, thermally
enhanced SVE and other corollary remedial strategies, such as steam injection and electrical
resistance heating, are becoming increasingly common for accelerated remediation of
chlorinated solvents.

¯ Depth to Groundwater

Shallow depth to groundwater renders effective SVE design difficult because a high volume
of groundwater can easily be entrained in the extraction wells. In such cases, horizontal
wells help to mitigate bulk water entertainment in the vapor stream.

Treatment Process And Scale
Pilot-scale treatability studies are an important part of the design phase. Data provided by
this treatability study is necessary to properly design a full-scale SVE system. These studies
also provide information on the concentration of VOCs that is likely to be extracted during
the early stages of operation of a full-scale system. A pilot-scale test is recommended for
evaluating SVE effectiveness and design parameters for any site, especially where SVE is
expected to be only marginally to moderately effective.

Pilot-scale studies typically include short-term (1 to 30 days) extraction of soil vapors from 
single extraction well, which may be an existing monitoring well at the site. However,
longer pilot-scale studies (up to 6 months) that utilize more than one extraction well may 
appropriate for larger sites. As a result of the presence of distinct geological formations
beneath Dural Field, and in accordance with the workplan, separate studies ("Test 1" and
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"Test 2") were conducted for each formation with removal of at least five pore volumes of
gas from each formation being a primary guide. Based on preliminary calculations of the
contaminant mass in the two formations and on Table 3-3 of the June 2001 RPO report
(Parsons, June 2001), the time required to remove the soil gas from the loess deposits was
estimated at 2 days, whereas for the fluvial aquifer, the estimated time was for removal in
approximately 6 days.

Operating Features

As detailed in the workplan, "transient" and "steady state" experiments were planned for
both Test I and Test 2. The transient test consisted of varying the flow at the vacuum pump
(using a throttling valve) and observing the effect on vacuum ROI. The steady state test, 
the name implies, involved purging the vapor extraction well at a constant flow rate, for a
prescribed period of time, as indicated in the preceding section.

III. Treatability Study Approach

Test Objectives and Rationale
Analysis of laboratory analytical data from soil and groundwater samples collected during
the Dunn Field RI field effort indicates that contaminants exist in site soils at levels not
protective of groundwater. The analysis also indicates that soils may not be protective of
human health and the environment. The removal of these contaminants, which act as a
contaminant source, will be a priority for the impending Dunn Field remedial action.
Therefore, the primary objective of this treatability study is to assist the development of SVE
as a presumptive remedy screening tool prior to conclusion of the Dunn Field FS.

SVE is considered a viable technology for removal of VOCs from soil at Dunn Field, based
on review of available literature, as well as projects completed by CH2M HILL at similar
sites, with similar chemical and geologic characteristics. If SVE is deemed applicable for
removal of VOCs after completing the treatability study, it will be presented to the public as
the preferred remedial alternative m the Proposed Plan, and selected as the subsurface soil
and soil-to-indoor air remedy in the Record of Decision. Data generated from the treatability
study will subsequently be used as a design and cost basis for full-scale implementation of
SVE at Dunn Field.

Other objectives of this treatability study include defimtion of."

¯ the relationship between applied vacuum and flow from the well,
¯ air permeability of the soils,
¯ contaminant removal rates as a function of time,
¯ vacuum distribution in soils surrounding the extraction well,
¯ water table response to applied vacuum, and
¯ condensate/liquid production.

The performance of the SVE system has been judged against certain parameters that define
the effectiveness of removal of VOCs from the two formations underneath Dunn Field - the
loess and underlying fluvial sands and gravels. These parameters include:

¯ vacuum influence zone ("ROI"),
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¯ soil permeability to air,
¯ organic vapor concentrations in each formation (prior, during, and post-test),
¯ soil gas chemistry for each formation; and
¯ the relationship between applied vacuum and volumetric vapor flow rate.

In addition, analytical sample data for the soil gas was used to develop a potential soil
cleanup goal during full-scale technology of the technology. The remedial goals take into
account the requirement that the soil levels must be protective of groundwater.

Experimental Design And Procedures
Transient Test

A transient, or "step" test was performed (or attempted) for both Test I and Test 2. The
objective of the step test was to evaluate the relationship between flow and vacuum ROI.
Because of conditions encountered in the field, the step test for Test I was abandoned (refer
to the Results and Discussion section below for additional information).

In order to perform the step test, the ambient air intake ("dilution") valve or flow control
("throttling") valve was adjusted in three increments, based on a maximum achievable flow
rate. The vacuum at the wellhead and surrounding monitoring probes, as well as flow rate,
was measured at pre-determined time intervals. Thas data will be used to predict the
vacuum influence zone at various applied flow/vacuum levels.

Steady State Test
The purpose of the steady-state pressure test is to determine approximate steady-state
vacuum distribution and soft gas chemistry data. As in the case of an aquifer pump test, the
pressure distribution "cone of depression" surrounding a venting well can, in some
instances, require an extended period of time to achieve pseudo steady-state conditions.
This extended time frame to achieve steady state is especially common in low permeability
formations and where sources of recharge or flow barriers may be encountered. Because of
the low density of air relative to water, steady state can be established within a short time
frame (i.e., minutes to hours). For this test, the steady-state condition was the desired
operating condition.

Test Performance. Equipment And Materials
Test 1 - Loess
The test of the loess deposits (Test 1) began on December 18, 2001, and concluded 
December 21, 2001. Prior to conducting Test I within the silty clay soils comprising the loess
deposits, CH2M HILL examined the geologic and physical characteristics of the site. The
following information was developed:

The soil permeability to air flow (k) of silty clay is generally low, and the value of k 
further reduced by soils of high moisture content. The moisture content of the loess
formation was expected to be high, since the site is unpaved and open to surface water
infiltration. A period of heavy rains immediately preceded the test, which exacerbated
this condition. Although heavy rains fell immediately before the test was started, no
further rain fell during the Test I operating period.
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¯ Since the site is unpaved, vertical vapor flow "short circuiting" was expected to occur
through shallow soils near grade surface. The effect of vertical flow on the vacuum ROI
was considered an important component of the test performance evaluation.

As a result of the expected high moisture content of the loess deposits and the low soil
permeability to air flow, an SVE pump of high vacuum capability was specified. High
vacuum capability was considered necessary to overcome the resistance of the dense, silty
clay soil to air flow and, generate sufficient vacuum to remove entrained surface water or
groundwater held by capillary forces. As this entrained water is removed by vacuum
dewatering, the effective porosity (i.e. pore space not occupied by capillary water) 
increased, and soil permeability to air/vapor flow increases proportionally.

A fully enclosed, skid mounted vacuum extraction system was mobilized to the site for the
purpose of Test 1. Equipment with tl’us skid included the following (refer to Figure 4 for 
Piping and Instrumentation Diagram (PID) of Test 1):

¯ Twenty horsepower (hp) oil-sealed, liquid ring vacuum pump, capable of producing
approximately 250 acfm at 25 inches of mercury (inches Hg).

¯ Eighty-gallon moisture separator tank, with integrated progressive cavity discharge
pump, capable of purging the separator tank under full vacuum.

¯ Fifteen hundred-gallon polyethylene holding tank, used for the temporary storage of
water purged during the test.

¯ Three 1,000 pound capacity, vapor phase granular activated carbon beds for vapor
treatment.

¯ Differential pressure (orifice plate type), direct reading vapor flowmeter (placed in line
with the vacuum pump, on the mfluent side) and rotating disc type groundwater flow
meter. Various direct reading analog pressure and vacuum gauges.

¯ Magnehelic differential pressure gauges, of various scale ranges (0.025, 0-1, 0-5, and 0-
10 inches of water), used to collect vacuum and pressure measurements at each
monitoring probe.

The liquid ring vacuum pump was connected to VW-1 using flexible, semi-transparent,
vacuum rated PVC hose, camlock (quick disconnect) fittings, and a rubber "fernco" fitting
with threaded hose clamps. Vacuum/flow was throttled using a valve prior to the pump,
and resulting vacuum was measured both at the moisture separator tank and at the inlet to
the pump. The instantaneous groundwater purge rate VW-1 could not be quantified,
because of the combined fluid stream (groundwater and vapor). However, the total purged
groundwater volume was recorded periodically during the test.

Test 2 - Fluvial Sands
Unlike the loess test, SVE from the fluvial sands was expected to be relatively
straightforward, and a large vacuum ROI was anticipated. The fluvial sands are relatively
porous, well drained, and of relatively high permeability. It was expected that vertical
"short-circuiting" would be at least partially mitigated by the overlying low permeability
loess formation.
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Since the conditions of the fluvial sands are distinct from those of the loess, a different
vacuum pump was mobilized to the site on January 5, 2002 for Test 2, and the liquid ring
unit was transported off-site. Test 2 was conducted from January 7 through 11, 2002. The
vacuum pump used for Test 2 needed to be capable of relatively high flow at low vacuum
levels.

Equipment for Test 2 included the following (refer to Figure 5 for a PID of the equipment
layout for Test 2):

¯ Skid mounted, five hp, regenerative blower, producing approximately 250 standard
cubic feet per minute (scfm) at 30 inches of water column vacuum.

¯ Thirty-gallon moisture separator tank, differential pressure flowmeter, and analog
vacuum gauges.

¯ Magnehelic differential pressure gauges, of various scale ranges (0.025, 0-1, 0-5, and 0-
10 inches of water), used to collect vacuum and pressure measurements at each monitoring
probe.

The venting well and monitoring probe network used to conduct the test is depicted in
Figure 3. The same monitoring probes, MP-1 through MP-8, used for Test I were also used
for Test 2.

As in the case of Test 1, MP-8, located approximately 200 feet from VW-2, was used as
"background" monitoring point, in order to provide quantification of background
pressure/vacuum.

The regenerative blower was connected to VW-1 using flexible, semi-transparent, vacuum
rated PVC hose, camlock (quick disconnect) fittings, and a rubber "fernco" fitting with
threaded hose clamps. Vacuum/flow was throttled using a valve prior to the pump, and
resulting vacuum was measured both at the moisture separator tank and at the inlet to the
pump.

Sampling and Data Management Procedures
Sampling routines and data management for the SVE treatability study followed the
requirements of the DQOs outlined in the Soil Vapor Extraction Treatability Study
Workplan (CH2MHILL, October, 2001). Most of the field data was obtained through the
efforts of field screening, which included the use of direct-reading instruments. Other data
included fixed laboratory analysis. This section describes the sample numbering system and
collection of samples.

Field Screening Data Management

During the SVE treatability study, three tests were conducted; one transient test (at VW-2)
and two steady-state tests (at both VW-1 and VW-2). During each test, samples were
collected using field screening techniques. The field screening techniques included: ambient
air screening with a FID; screening with a FID for VOCs; air monitoring for hazardous
ambient conditions using a CGI/O2 meter; pressure and velocity/flow measurements; and
air sampling for oxygen and carbon dioxide. Data that were recorded with each
measurement included the following:
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1. Date and time;
2. Elapsed time since test beginning, as necessary;

3. Location of measurement/location where the sample was collected; and

4. Instrument measurement.

Sample information was recorded on laminated data collection sheets with permanent
marker to ease measurement collection and data recording, after the entire test has been

completed, the data was transferred into an electronic file for use within the treatability
study report. All field vacuum measurements and field vapor analysis data can be found in

Attachment C. The following table presents a summary of the field sample information.

Field Sample Reference Table

Test Phase
Venting Well (only

0/W) or applicable
Monitoring (MP) to Transient Sample Numbering System (where

Sample Task Point Number Test Type test) : necessary)

Ambient Air Applicable to site Transient 1,2,3,0r4
Screening area Steady-state

Screening with VW-1 or VW-2 Transient 1, 2, 3,0r4

an FID for VOCs and MP-[and no.] Steady-state

Air Sampling for Transient 1,2, 3, or4 VW1-T-1-SMA-** or VW2-T-1-SMA-**

VOCs VW-1 or VW-2
Steady-state VW1-S-1-SMA-** or VW2-S-1-SMA-**

Air Monitoring for Transient 1,2, 3, or4

VOCs
VW-1 or VW-2

Steady-state

Air Samphng for Transient 1,2, 3, or4

02 and C02 Steady-state

Direct read from gauge. Note bme,
Transient 1,2, 3, or4 location, venting well, test type, and

Pressure, VW-1 or VW-2 phase when collecting marling.

Velocity/Flow and MP-[and no.] Direct read from gauge. Note time,
Steedy-state Iocabon, venting well, test type, when

collecting reading.

**Sample number will reflect the bme e) ~ired since test began. Samples were taken at 4, 12, 36, and 72 hours
after the test has begun; therefore, for example, the sample taken during the steady-state test of VW-1 after
4 hours of tesbng=was numbered VW1-S-SMA-4.
SMA = SUMMA~ Camster

For background or baseline samples, the acronym BCKG for background and BSLN for

baseline samples was inserted as a prefix to the sample numbers presented in the table

above. The location of the sampling point is noted in the summary table for those locations

not immediately adjacent to MPs or VWs.

Other field notes collected during performance of the treatability study and written in the

field notebook(s) include: weather information; personnel on-site during the test;

P~160492~TASK TS.06 - DF SVE REFORT~TEXT’4REV 0 SVE TECH MEMO DCC 10



579 332
REV0 MEMPHIS DEPOT DUNN FIELD SVE TREATABtLffY STUDY TECHNICAL MEMORANDUM

subcontractor names and activities; sketches of the SVE system used during the study; notes
on the proximity of the system to established facilities on Dunn Field: type of test being
conducted (transient versus steady-state); and any other pertinent information that would
effect the study results. Vacuum vs. time data for both tests was recorded on water-proof,
laminated field sheets, using permanent markers.

Analytical Laboratory Data Management

SUMMA canisters were collected from four locations during each test:

1. ambient (background) air, 200 feet from VW-1
2. vacuum pump/blower discharge, prior to vapor treatment
3. treated vapor discharge, after both carbon beds

Samples were taken at 4, 12, 36, and 72 hours, as appropriate, after each test had begun.
During collection of the SUMMA canister samples, the date, time, location of sample
collection, test type, and sample number was recorded in the field notebook. This
information was subsequently transferred to the Chain-of-Custody (COC) documents for
each canister. Attachment D contains copies of the SUMMA canister sample COC
documents, the analyhcal reports, and Table D-l, which presents the raw analytical results.

Deviations From the Work Plan
The primary deviation from the workplan regarding sample collection was made within the
sample numbering system. Section 7 of the final workplan defined the sample numbers that
were to be placed on each of the samples collected, whether field measurement or fixed-
based laboratory sample. However, upon reviewing the sample numbering requirements
and the time required in the field to collect measurements, the decision was made to
develop sample data collection sheets that contained all information necessary to categorize
each field measurement or sample. The final data collection sheet format can be found in
Attachment C along with the measurements collected. The data collected in the field was
immediately transferred to electronic format and compared with the original.

IV. Results and Discussion

Loess Formation - Test 1
As a result of the low permeability and high moisture content of the loess deposits, the step
test during Test I was abandoned. After conclusion of the first hour of what was to be the
transient test, a subsequent opening of the throttling valve resulted in negligible effect in
terms of vacuum or vapor flow. Therefore, the transient step test immediately became the
steady state test and was continued for 72 hours (from December 18 to December 21, 2001).
After the first hour, the vacuum pump was operated at maximum vacuum, with the
throttling valve fully opened in an attempt to achieve pseudo "steady state" conditions.

Heavy rains immediately preceding Test I were followed by the onset of a cold front, which
likely impacted barometric pressure in the area, as well as subsurface air pressures. Water
table fluctuation may have also contributed to subsurface pressure fluctuations. Barometric
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pressure readings collected during both testing periods at the Memphis International
Airport, approximately 2 miles from the site, are presented in Attachment E.

Tables 2 through 9 present graphs of the pressure/vacuum versus time data collected
during Test I for each monitoring probe. Individual monitoring probe vacuum versus time
plots for Test I can be found in Attachment F. The vacuum response in surrounding
monitoring probes was delayed by high moisture content of the uncovered, and presumed
nearly saturated, shallow loess soils. Ponded water in the immediate vicinity of VW-1
indicated essentially saturated conditions near the surface. Upon activation of the vacuum
pump at the start of the test, relatively continuous pulses or "slugs" of purged water were
observed being removed from VW-1. The rate of surface/groundwater extraction from
VW-1 declined progressively during the course of the test, as summarized in the following
table.

Test I Elapsed Time Cumulative Purge Water Volume
(hours) (gallons)

Incremented Average Purge Rate
(gallons per minute)

2 200 1.67

19 720 0.51

42 1,080 0.26

72 1,450 0.21

It is assumed that bulk soil water, primarily the result of surface water infiltration from
heavy rains, was extracted rapidly, followed by slow extraction of groundwater entrained
by capillary forces within the loess. The groundwater extraction rate appeared to stabilize at
approximately 0.2 gpm after 72 hours. Depth to water measurements collected in VW-1
varied from 2.45 feet below top of casing (TOC) at the start of Test I (December 18, 2001) 
20.38 feet below TOC at the start of Test 2 (January 7, 2002). This indicates that the majority

of the water purged during Test I was surface runoff.

Based on inspection of the vacuum vs. time data plots, the progress of the test included two
distinct phases: Phase 1, dewatering (0-30 hours); and Phase 2 (30-72 hours), vertical
recharge. During the initial dewatering phase, surface water entrained in the loess was
extracted, and saturated conditions in the shallow subsurface were slowly abated. As the
moisture content of the soil adjacent to VW-1 was reduced, the soil permeability to air-flow
increased, and the zone of vacuum influence (and vapor flow) progressively expanded.
Surface water, ponded and/or entrained in shallow top soil covering the loess, likely
mitigated atmospheric air "short-circuiting" (vertical leakage) during Phase 

Approximately 30 hours into Test 1, vacuum readings in the periphery monitonng points
screened in the loess began to decline sharply. The only monitoring point exhibiting steadily
increasing vacuum during the entire test was the 11 foot deep screen interval at MP-5,
which is located 9.5 feet from VW-1. Vacuum loss was noted at the 21-foot deep screen
interval at MP-5. The loss of vacuum in periphery/deep monitoring points is likely

explained by vertical leakage through the uncovered ground surface. As the shallow surface
soils surrounding VW-1 were dewatered, the permeability to air increased dramatically and
vapor flow pathways were altered significantly. Although VW-1 is screened from 9 to
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24 feet below grade, the majority of gas flow would be expected to occur within the first
several feet of screen, positioned closest to ground surface.

Similar to a groundwater purge scenario, gas fluid flow toward a vacuum extraction well
occurs as a "cone of depression". Accordingly, for an unconfined (i.e. uncovered), shallow
vadose zone, such as the loess, the vast majority of gas flow occurs vertically through the
ground surface, immediately surrounding the extraction well (i.e. the path of least
resistance). This assertion has been verified at similar sites by numerical modeling. Vertical
leakage explains the loss of vacuum in periphery monitoring points greater than 10-15 feet
from VW-1, as well as vacuum loss at the 21-foot depth interval for MP-5.

Barometic pressure fluctuations also impacted the vacuum data (Attachment E). On the
second day of the test, a cold front caused a significant rise in barometric pressure (as
measured at the Memphis airport, located approximately 2 miles south of the site). Changes
in atmospheric pressure produced corresponding fluctuations in subsurface soil gas
pressure. Only negative pressures were recorded during the test, positive pressure readings
were recorded as zero negative pressure. To dlstinguish "ambient" pressure fluctuation
from that resulting from the induced vacuum during the test, MP-8 was installed at a
distance of approximately 200 feet from VW-1, and designated a "background" monitoring
point. The MP-8 location also provides quantification of background pressure/vacuum in
both the loess and the fluvial sands.

Fluvial Sand Formation - Test 2
Test 2 for the fluvial sand formation was conducted from January 7 to January 11, 2002, over
a continuous period of 96 hours. A preliminary step test, or "transient" test, was performed
to evaluate of the relationship between applied vacuum, flowrate, and ROI. Flow and
vacuum were progressively throttled (decreased) in three distinct steps, each lasting I hour:

¯ Step 1, 249 scfm @ 30 inches water column (w.c.) vacuum;
¯ Step 2, 210 scfm @ 18 inches w.c. vacuum; and,
¯ Step 3, 96 scfm @ 16 inches w.c. vacuum.

After the step test was completed, the flow was increased to maximum levels (252 scfm 
31 inches w.c, throttle valve fully opened) for the duration of the "steady state" test, which
was continued for 93 hours.

Tables 10 through 17 present graphs of the pressure/vacuum versus time data collected
during Test I for each monitoring probe. Individual monitoring probe vacuum versus time
plots for Test I can be found m Attachment F. Vacuum response was very rapid for
monitoring points screened m the fluvial sands (i.e. screened from a depth of at least 25-
30 feet bgs). Some points screened in the loess also produced a limited response, indicating
some degree of vertical leakage from the loess. Certain monitoring points showed negligible
response: MP-3 (distance from VW-2, 40.0 feet; fluvial screen depths, 49 and 69 feet) and
MW-4 (distance from VW-2, 53.5 feet; fluvial screen depths, 48, 58, and 70 feet). The cause 
the negligible response in these points, which are well within the vacuum ROI, is uncertain.
Improper construction and/or anomalous soil conditions are possible causes. MP-5 is not
screened in the fluvial sands, therefore, the lack of response in this well was expected.
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Trends in the test data are illustrated in the time vs. vacuum plots. As evident in these data
plots (aside from MP-3, MP-4, and MP-5), a highly erratic, but progressive upward trend 
the data is visible. The erratic nature of the vacuum vs. time data is unusual. Initially, it was
thought that vacuum fluctuations indicate redistribution of preferential flow pathways/
zones and/or vertical leakage. However, the uniform decrease and "rebound" of vacuum
levels in the momtoring points refutes these assertions. Significant barometric pressure
changes were not indicated at MP-8. Therefore, the only explanation is water table
fluctuation, changes in soil moisture content, or other subsurface phenomenon effecting
pressure distribution.

V. Data Analysis and Interpretation

Analysis of Treatability Study Data

Test 1 - Loess Formation

Calculation of the vacuum ROI for Test I was performed using-data collected at elapsed
time 27 hours, which corresponds to the maximum vacuum reading at most of the points.
The 27 hour data is assumed to correspond to approximate "steady state" conditions with a
barrier to surface leakage, in this case, saturated soil.

The in-situ soil permeability (k) of the vadose zone and vacuum ROI were estimated using 
semianalytical, graphical model which describes pressure and velocity distribution and
volumetric vapor flowrate in homogeneous porous media under equilibrium (steady state)
conditions. The 27 hour data was considered to be representative of semi-equdibrium
conditions, therefore, this assumption is considered reasonable. This model is based on one
dimensional compressible flow to a vertical extraction well (Johnson, P.C. and Kemblowski,
M. Qualitative Analysis for the Cleanup of Hydrocarbon-Contaminated Soils by In-Situ Soil
Venting, Groundwater, Vol.28, No. 3, 1990). As is common practice for low permeability
soil, the radius of influence criterion was selected to be I inch of water column vacuum.
Conservatzve selection of the ROI criterion is necessary for silt/clay, because of the low flow
rates achievable in these materials.

Model output for Test I is presented in Attachment G, as well as equations and a
description of variables. The model includes semi-logarithmic regression of absolute
pressure squared vs. natural log of distance. Prior to performing this regression, the
"background" vacuum in the loess at MP-8 was subtracted from 27-hour data for each of the
other points. In addition, MP-6 was elirmnated from the regression, since this point was
relatively unresponsive during the entire test (MP-6 may have been improperly constructed
or installed in a low permeability anomaly).

Based on the regression and model output, the calculated vacuum ROI was determined to
be 53.5 feet. The calculated k value was determined to be 0.2 darcy, in the range expected for
a low permeabihty clay/silt. The presence of measurable vacuum does not necessarily indi-
cate flow sufficient to accomplish remedial objectives. The one-dimensional compressible
flow model described above was used as a preliminary approximation of ROI and perme-
ability, for the purposes of technology screening. CH2M HILL understands this model
represents a simplified and somewhat antiquated approach to SVE well field design, and
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that numerical flow modeling is a robust alternative. Numerical flow modeling is planned
as part of the final design, after SVE is selected for full scale implementation at Dunn Field.

Vapor analytical data is presented in Table 18. Based on review of the organic vapor (FID)
data, concentrations of volatile organic compounds increased progressively throughout the
test and did not appear to achieve "steady state". Quantitative SUMMA canister data
(Attachment D) also exhibits a trend of generally increasing VOC concentrations with hme
during the course of the test.

Test 2 - Fluvial Sand Formation
Calculation of the vacuum ROI was performed using data collected at elapsed time
92 hours, which corresponds to the maximum vacuum reading at most of the points. The
92-hour data is assumed to correspond to approximate "steady state" conditions.

The in-situ soft permeability (k) of the vadose zone and vacuum ROI were estimated using
the identical semi-analytical, graphical model described for Test 1. The ROI for the fluvial
sands was selected to be 50 percent of that selected for the loess, or 0.5 inches of water
column vacuum. Within higher permeability materials, low vacuum levels may indicate the
presence of significant flow, however, numerical modeling would be required to
substantiate this assertion.

Model output for Test 2 (Steady-State) is presented in Attachment G, as well as equations
and a description of variables. The 92 hour data from all the monitoring points, including
MP-3, and MP-4, which did not respond, was included in the regression analysm. Based on
the regression and model output, the calculated vacuum ROI was determined to be 104 feet.
The calculated k value was determined to be 24 darcy, in the range expected for a fine sand.

Model output for the transient test is also presented in Attachment G. The ROI values
obtained for the transient test are: Step 1, 249 scfm, 90.8 feet; Step 2, 210 scfm, 88.2 feet; and
Step 3, 96 scfm, 68.1 feet. The decrease m ROI with flow follows an exponential (non linear)
curve, as illustrated in the "Vacuum ROI vs. Flow" plot contained in Attachment G.

As stated in the Test I section, the presence of measurable vacuum does not necessarily
indicate flow sufficient to accomplish remedial objectives. The one-dimensional compressi-
ble flow model descmbed above was used as a preliminary approximation of ROI and per-
meabihty, for the purposes of technology screening. CH2M HILL understands this model
represents a simphfled and somewhat antiquated approach to SVE well field design, and
that numerical flow modeling is a robust alternative. Numerical flow modeling is planned
as part of the final design, after SVE is selected for full scale implementation at Dunn Field.

Analysis of Waste Stream Characteristics

Test I - Loess Formation
Based on review of the organic vapor (FID) data collected before the test began and then
after the test was completed, concentrations of volatile organic compounds increased
progressively. Vapor data collected via field instruments is found in Attachment C. At
almost all monitoring points, whether screened in the loess deposits or the fluvial sands, the
total VOC values showed an increase in concentration. The values do not appear to achieve
"steady state".

P ~160492~TASK TS 06 - DF SVE REPOR~TEX~EV 0 SVE TECH MEMO DOC 15



Quantitative SUMMA canister data also exhibits a trend of generally increasing VOC
concentrations wlth time during the course of the test. Vapor analytical data collected via
SUMMA canisters for Test I is presented in Table 18 as well as Attachment D. Figure 6
presents a graph of TCE values from the SUMMA canister samples collected after the liquid
ring pump progressively during Test I from December 18 to December 21, 2001. The TCE
values showed a sharp increase in concentration from beginning to the end of the test. The
rise in VOC concentration followed a similar pattern as the TCE values. This data also
suggests that a steady-state condition was not reached and that it is likely that higher
concentrations exist in the formations underneath Dunn Field.

Purged groundwater analytical data from Test 1 is presented in Attachment H. The
dissolved chlorinated solvent concentration within this groundwater ranged from1.36
micrograms per liter (ug/L) of chloroform to 311 ug/L of 1,1,2,2-PCA to 606 ug/L of TCE.
These concentrations are reflective of the contaminant plume concentrations in groundwater
underlying Dunn Field. It is interesting to note that a majority of this water was derived
from shallow sources. Taking into account the amount derived from mixing with the
contaminated air flow, the concentrations dissolved in water indicate that the loess deposit
soils are continuing to act as a source of groundwater contamination.

Test 2 - Fluvial Sand Formation

Based on review of the organic vapor (FID) data collected before the test began and then
after the test was completed, concentrations of VOCs during Test 2 were opposite to those
seen during Test I and tended to decrease overall. Vapor data collected via field
instruments is found in Attachment C. Approximately 75 percent of the monitoring points,
whether screened in the loess deposits or the fluvial sands, showed a decrease in the total
VOC concentrations. The values appear to represent a marked decrease in concentration of
the total VOCs derived from the formations underlying Dunn Field and are in conflict to the
concentrations achieved during Test I two weeks prior to this test. The decrease in VOC
concentrations may be a result of an increase in ambient air leaking through the soil and
mixing with the air being pulled upwards by the SVE system.

Quantitative SUMMA canister data from Test 2 exhibits an almost steady-state trend of
VOC concentrations during the course of the test. Vapor analytical data collected via
SUMMA canisters for Test I is presented in Table 19 as well as Attachment D. Figure 7
presents a graph of TCE values from the SUMMA canister samples collected at the exhaust
pipe progressively during Test 2 from January 7 to December 11, 2002. The TCE values
showed a slight increase in the middle of the test but concentrations decreased again
towards the value found at the beginning of the test. The rise in VOC concentration
followed a similar pattern as the TCE values. This data, as with the field data measure-
ments, suggests that the VOC concentrations may be a result of an increase in ambient air
leaking through the soil and mixing with the air being pulled upwards by the SVE system.

Quality Assurance/Quality Control
DQOs for each sampling task are listed in Table 6-2 of the Soil Vapor Extraction Treatability
Study Workplan (CH2MHILL, October, 2001). Sampling and analytical requirements, field
quality control (QC) requirements, and the required level of quality and data packages are
listed in Table 6-3 of the same document. Project-specific QC objectives for those data are
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included in the August 1995 Memphis Depot Final Generic Quality Assurance Project Plan.
These include the quantitation, accuracy, precision, completeness, representativeness, and
comparability limits by which the data will be evaluated.

All samples were analyzed according to EPA SW-846 Test Methods for Evaluating Solid
Waste, Physical/Chemical Methods, where necessary. Each air sample for VOCs was
analyzed according to Method TO-15. IDW water samples were analyzed for Dunn Field
groundwater contaminants according to EPA SW-846 Test Methods. Analytical results from
SUMMA canister QC samples can be found in Tables 18 and 19 and Attachment D. In
general, VOCs at relatively low concentrations were detected in the equipment and ambient
blanks. Equipment blanks were SUMMA canisters sent to the field but not opened and then
sent on the laboratory for analysis. The presence of VOCs in these blanks is not clearly
understood. Ambient blanks were always collected beside the MP-8 location. The presence
of VOCs in these blanks is most likely the result of VOCs released from the test system.

VI. Future Design Considerations

SVE "Stop" Closure Process
As part of the 2000/2001 RPO review of the Memphis Depot site, recommendations were
made concerning the development of measures to signal completion of the remedy, which
should be implemented, as part of the design process. This includes calculated soil
screening level (SSL) protective of groundwater in the fluvial aquifer for contamination 
the loess and the fluvial deposits. In addition, soil vapor concentrations in equilibrium with
both SSLs (loess and fluvial) were developed for each COC. The measures also include use
of the SVE Termination or Optimization Process (STOP) developed by the Air Force Center
for Environmental Excellence (AFCEE) in the June 2001 Final Guidance on Sod Vapor
Extraction Optimization. The STOP process is part of an SVE closure plan in the case where
the system has been fully optimized yet continuing operations requires tradeoff between
monetary expenditures and uncertain environmental benefits. The decision to continue with
SVE will be based on scientific, economic, and engineering judgement included in the STOP
process. Part of the decision to discontinue operation of the SVE system includes a
determination that contaminant removal rates have stabilized and approached asymptotic
levels, following one or more temporary shutdown periods. At this time, EPA believes that
ultimate cleanup for purposes of determining that the remedy is complete must be
demonstrated by direct measurements of subsurface soil. Soil vapor may be used as a
surrogate for the purpose of optimizing the system operations and indicating when
confirmation sampling should be initiated. Figure 8 presents a STOP deasion tree that will
be implemented into the design of the SVE presumptive remedy for Dunn Field.

Jury and EMSOFT Models
The Exposure Model for Soil-Organic Fate and Transport (EMSOFT), developed by ENSR
Consulting and Engineering (EPA, 1997), was used to calculate site-specific values of soil
concentration and soil vapor concentration that would be protective of groundwater at
Dunn Field. The 1-dimensional screening model is based on the work described by Jury et al
(1983,1990) and incorporates volatilization, advective and diffusive transport, sorption, and
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decay. The model theory, verification, and validation are included in the EMSOFT User’s
Guide (EPA, 1997).

The Fate and Transport Calculations were performed in the following steps:

1. Calculate an infiltration or porewater flux rate for Dunn Field.

2. Calculate a site-specific dilution attenuation factor (DAF) for the Fluvial Aquifer under
Dunn Field.

,

4.

Calculate the target soil leachate concentration for contaminants of concern (COCs) 
the Disposal Area.

Calculate the total soil concentration in equilibrium with the target soil leachate
concentration.

.

6.

Calculate the soil screening level (SSL) protective of groundwater in the Fluvial Aquifer
for contamination in the loess deposits and the fluvial deposits.

Determine the soil vapor concentration in equilibrium with both SSLs (loess and fluvial)
for each COC.

Each of these steps is described in detail below.

Step 1: Determination of Porewater Flux or Infiltration Rate

A flux or infiltration rate through the subsurface at Dunn Field was modeled for the
Disposal Area at the Dunn Field using Hydrologic Evaluation of Landfill Performance
(HELP, Schroeder et al., 1994). The HELP computer program, developed by the U. S. Army
Engineer Waterways Experiment Station (WES), is a quasi-two-dimensional hydrologic
model of water movement across, into, through and out of landfills.

Input parameters used for the HELP model for Dzsposal Area at Dunn Field included
weather (climatic) data, and soil and design data. The weather data required in the HELP
model are classified into four groups: evapotranspiration, precipitation, temperature, and
solar radiation data. Site-specific acres, percent of landfill area where runoff is possible, soil
layer data, and runoff curve data were required for soil and design data. HELP model
output includes annual precipitation, runoff, evapotranspiration, percolation/leakage
through water table, and change in water storage.

Default Evapotranspiration Option, 5 years of historical precipitation data (1974 through
1978), at Memphis, Tennessee was used for the HELP model, evaporative zone depth of 18
inches was estimated based on layer of soil with a grassy form of vegetation, and maximum
leaf area index was evaluated as 3.5 for a good stand of grass at the site. Synthetic
Precipitation Option, Synthebc Temperature Opbon, and Synthetic Solar Radiation Option
at Memphis, Tennessee were used in the HELP model for the site.

Soil and Design input parameters are described as follow and presented in Table I-1.
Disposal Area of Dunn Field was estimated about 13 acres, percent of disposal area where
runoff is possible was estimated approximately 95%, no method of initialization of moisture
storage was used in the model. Four soil layers were used in the model; all were type 1, to
calculate vertical percolation. Top two layers (18 inches and 342 inches for the first and
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second layers, respectively) were classified as ML by CH2M HILL in the Unified Soil
Classification System (USCS) to represent approximately top 30 feet of Loess at the site, and
bottom two layers (270 inches for each layer) were classified as SW by CH2M HILL in the
USCS system to represent approximately bottom 45 feet of Fluvial at the site. Five percent
slope with 1000 feet for ML soil with good grass (vegetation = 4) were used in the model 
calculate runoff curve.

By running HELP model using above input parameters, the model output gives yearly
precipitation of 54.52 inches, runoff of 0.318 inches, evapotranspiration of 35.22 inches,
vertical percolation/leakage through layer four of 7.50 inches, and change in water storage
of 11.48 inches. The HELP model output is included in Table 1-2.

Step 2: Calculate Dilution Attenuation Factor (DAF)

Dilution attenuation factors (DAb’) are calculated to account for the dilution effect of the
aquifer on the soil leachate, once it reaches groundwater. The dilution that occurs in the
aquifer reduces concentrations and can be expressed as a ratio of the soil leachate
concentration to the receptor point concentration. A site-specific DAF was calculated for the
Dunn Fmld using the formulas (Equation 11 and 12) presented in the Soil Screening
Guidance (EPA, 1996).

Equation 11: DAF = 1 + (Kid/IL)

Where,K = hydraulic conductivity,
i = hydraulic gradient,
d = mixing zone thickness,
I = infiltrataon rate, and
L -- source length parallel to groundwater flow direction.

Equation 12: d = (0.0112L2)0s + da{1 - exp[(-Ll/Kida)]}

Where, da = aquifer thickness.

The mixing zone thickness is that portion of the aquifer thickness that may be assumed to
transport the contamination and may not exceed the aquifer thickness. The source length
may be interpreted to be the length of the spill area.

A DAF of 6.1 was calculated for Dunn Field. The parameters used to calculate the value are
summarized in Table 1-3.

Step 3: Calculate Target Soil Leachate Concentrations

The target soft leachate concentration for each COC was determined by multiplying the
groundwater protective level by the DAF calculated in Step 2. This is the soil water
concentration assumed to be leaching into the groundwater system. The maximum
contaminant level (MCL) was selected as the groundwater protective level for all COCs
except 1,1,2,2-Tetrachioroethane (PCA), which does not have an MCL. Since the tap-water
RBC (0.053 ~tg/L) for 1,1,2,2-PCA is lower than the available laboratory reporting limit (0.5
p.g/L) the laboratory reporting limit was selected as the groundwater protective level.
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The MCL used for chloroform, 0.079 mg/L, is based on the MCL for total trihalomethanes
(TTHM), which is the sum of chloroform, Bromodichloromethane (BDCM),
Dibromochloromethane (DBCM) and bromoform. Based on Table 14-3 of the RI Report for
Dunn Field (CH2M HILL, 2002), the maximum detection in groundwater at Dunn Field for
chloroform, BDCM, and DBCM, was 1.61 rag/L, 0.0198 rag/L, and 0.001 rag/L,
respectively. Bromoform was not detected in any groundwater samples. Assuming that
these are concentrations in Dunn Field groundwater, then chloroform makes up 99 percent
of the ITHM concentrations. Therefore, the MCL for chloroform, 0.079 mg/L, is assumed to
be 0.99 times the MCL for TIHM, 0.080 mg/L. Table I-4 summarizes the target soil leachate
concentration calculated for the site.

Step 4: Calculate Total Soil Concentration

Before running the EMSOFT model, the total soil concentration which is in equilibrium with
the soil water or leachate concentration which was calculated in Step 3, was calculated. This
was determined using a set of equilibrium partition equations, discussed in Jury, et al
(1983). The resulting formulas from these partitioning equations is:

Equation 12: CT = RsCs = RLCL = RcCc,
Equation 13: Rs = pb + 0/KD + aKH/KD;
Equation 14: RL = pbKD + 0 + aKH; and
Equation 15: RG = pbKD/KH + 0/KH + a;

Where, CT = total soil concentration,
Cs = Concentration sorbed to solids,
CL = Concentration in solution,
Cg= Concentration in vapor phase,
pb = soil bulk density,
0 = water content,
KD = soil - water distribution coefficient,
a = air filled porosity, and
KH = Henry’s law constant.

The total soil concentration at the depth of the water table was calculated using the terms CL
and RE. Initially, this calculation, returns a concentration in units of g/m3. To translate this
into soil weight units (mg/kg), the concentration was divided by the bulk density. 
summary of the equilibrium total soil concentration at the water table depth is listed in
Table I-4.

Step 5: Calculate the Soil Screening Level (SSL)
The vadose zone at Dunn Field is comprised of 2 lithologic layers: loess and fluvial deposits
(primarily sands). These layers are described in detail in the RI (CH2M HILL, 2002). 
screening levels (SSLs) protective of groundwater were calculated for each of the 12 COCs
for both of these lithologic layers using the EMSOFT model.

The conceptual model for these calculations is based on the 2 layers (loess and fluvial
sands). The top boundary is the ground surface and the bottom boundary is the water table,
or the top of the fluvial aquifer. Based on soil borings collected in the field (SBLCA and
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SBLEE), the depth to the water table was approximated at 75.8 feet below land surface (ft
bls) and the depth of the contaminated soil extends to approximately 74 ft bls. As stated in
the RI (CH2M HILL, 2002), the thickness of the loess averages around 30 feet at Dunn Field.
Within the loess layer, there is approximately 2 feet of clean overburden at the surface. The
fluvial sand layer lies beneath the loess layer.

Since EMSOFT requires homogeneous layers and doe sallow for different geologic
properties to be entered per model run, the loess and fluvial sand models had to be
separately. The models were run in succession to determine a layer-specific SSL for each
COC. The target soil concentration (which is in equilibrium with the target leachate
concentration) was assumed to the concentration at the bottom of the fluvial sand model.
The model was run through a trial and error method to determine the source concentration
with the fluvial sand layer which would result in a concentration at the depth of the water
table equal to the target soft concentration. This source value in the fluvial sand was
assumed to be the soil concentration protective of groundwater, Once this was determined
using EMSOFT, the source concentration calculated for the fluvial sand was assumed to be
the concentration at the bottom of the loess model, or at the loess-fluvial sand interface.
The loess model was then run through a trial and error method to determine the source
concentration w~th in the loess, which would result in the desired "bottom" or interface
concentration. This source value was assumed to be the concentration protective of
groundwater in the loess at Dunn Field.

Input Parameters
The following general parameters were included in all model runs:

¯ Time of Interest
¯ Depth of Interest
¯ Fraction organic carbon (foe)
¯ Soil porosity
¯ Water content
¯ Soil bulk density
¯ Porewater Flux/Infiltration rate
¯ Boundary Layer Thickness
¯ Number of contaminated layers
¯ Thickness of clean overburden
¯ Thickness of contaminated layer(s)

All these parameters are summarized in Table I-5. Based on some preliminary model runs,
it was determined that maximum concentrations for all contaminants at the water table
were reached at a model time of approximately 100 days; therefore this value was selected
as the time of interest. The porewater flux was estimated from the HELP model output, as
described above.

Layer-Specific Parameters
The depth of interest or the bottom depth for the loess model was assumed to be the bottom
of the layer, approximately 30-ft. The depth of interest for the fluvial deposit model was
assumed to be the water table, wl’uch was the distance between the water table and the
bottom of the loess layer. Two feet of clean overburden were input into the loess layer
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model and no overburden was assumed for the fluvial sand model. Geotechnical
parameters (porosity, foc, water content, and bulk density) were determined from tests run
on site soil samples. The results from these tests are included in Attachment B.

The stagnant air boundary layer thickness for the loess model was calculated using
Equation 28 in the Jury et al. (1983), using meteorological parameters. Since the fluvial sand
layer is not exposed to the atmosphere, the stagnant air boundary layer was assumed to be
essentially zero.

Equation 28: Thickness = D~wv * pwv * (1-RH)/2*E*pwL

Where,Da~wv = binary diffusion coefficient of water vapor in air,
pwv = density of water vapor,
RH = relative humidity, and
pWL = density of liquid water.

Chemical Specific Parameters
Chemical-specific parameters were also entered into the EMSOFT model. These include:

¯ Soil organic carbon-water partition coefficient
¯ Henry’s Law Constant
¯ Air Diffusion Coefficient
¯ Aqueous Diffusion Coefficient
¯ Initial soil concentration

The values for these parameters were obtained from the Soil Screening Level Guidance
(EPA, 1996). There were no available site-specific degradation rates for the COCs in soil. 
be conservative, no degradation was assumed to have occurred.

Results
The SSLs calculated for by the EMSOFT model are presented in Table I-6. The EMSOFT
calculated values are compared to the SSL values calculated using the generic SSL equations
in the Soil Screening Level Guidance (EPA, 1996) using a DAF of 6.1. The EMSOFT
calculated values were slightly higher than the generic values for all COCs.

Step 6: Calculate Soil Vapor Concentration

Once the SSL was calculated with EMSOFT, the soil vapor concentration in equilibrium with
the SSL was determined, using the equations in Step 4. Assuming that the SSL equals CT, the
CG term was calculated. The concentrations were then converted into units of parts per
billion volume (ppbv) using the following equabon:

Concentration (ppbv) = 1000" (Concentration in mg/m3)(273.15 + °C)/(12.187)(MW),

Where, MW = molecular weight.

The temperature for the conversions was assumed to be 25°C. The following molecular
weights were obtained from Mackay, et al (2000):
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Parameter Molecular Weight

Carbon Tetrachlodde 153.82
Chloroform 119 38
Dichtoroethano, 1,2- 98.96
D=chloroethene, 1,1 96.94
Dichloroethene, cis-l,2- 96.94
DIchlorosthene,1,2-trans- 96.94
Methylene chloride 50.49
Tetrachloroethane, 1,1,2,2- 167.85
Tetrachloroethene 165.83
Tnchloroethane, 1,1,2- 133.41
Trichloroethene 131.39
Vm~ chlonde 62.5

These soft vapor concentrations are assumed to be in equilibrium with the soil concentration
that is protective of groundwater quality at Dunn Field. They are listed in Table I-6.

Model Assumptions and Limitations
Due to the simplicity of the model, there are several limitations to the model calculations.
The model does not account for several layers with varying geologic properties. The model
only assumes a steady porewater flux and does not account for varying infiltration rates that
occur daily. The model can not handle free product and assumes that chemicals are only
present in the dmsolved phase. Volatilization of soil vapor at the ground surface must flow
through a stagnant air boundary layer.

In addition, due to a lack of site-specific information, such as the time and amount of
release, and vertical soil profiles over time, the model could not be calibrated to site data.
However, the SSL values generated by the EMSOFT model are sufficient for a screening
model.

VII. Findings and Recommendations

Test 1 - Loess Formation
Based on the results of Test 1, remediation of the loess via SVE is feasible, provided the
ground surface is covered with a polyethylene liner or clay cap to mitigate vertical surface
leakage. Vertical leakage was abated by surface water saturation during the early stages of
the test. However, atmospheric leakage appeared to predonunate the last half of the test, to
the extent that vacuum in periphery monitoring points was almost completely lost. Loss of
vacuum at the periphery monitoring points indicates neghgible flow at these locations.

A "best case" vacuum ROl of approximately 53 feet was obtained after the first 27 hours of
the test. This influence zone may be slightly improved by implementation of a fixed,
impermeable cover. In consideration of the type of soil comprising the loess formation,
53 feet is considered an above average result. In CH2M HILL’s experience, vacuum ROI for
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clayey soils is typically 25 feet or less. The favorable result of this test, in terms of vacuum
ROI, is likely associated with secondary permeability characteristics of the loess, which
improve overall soil permeability to air flow.

The flow rate achieved during this test was less than favorable. SVE flow rate and
remediation time frame, are, to a certain extent, inter-related. Bioventing is not expected to
be a significant mechanism for mass removal at Dunn Field, since bioventing of chlorinated
aliphatic hydrocarbons is not well documented in the literature. The flow rate achieved after
27 hours was approximately 24 scfm @ 26 inches Hg inlet vacuum. This result indicates very
strong resistance of the loess soils to vapor flow. A technology such as pneumatic fracturing
may be beneficial to further enhance the natural secondary permeability of the loess.

Test 2 - Fluvial Sand Formation
Based on the results of Test 2, remediation of the fluvial deposits via SVE is feasible, and a
large vacuum ROI can be achieved (approximately 100 feet at 250 scfm). However, because
of the somewhat anomalous results of the test (i.e. fluctuation in vacuum response and lack
of response in MP-3 and MP-4) conservative selection of vacuum ROI (if used for design
purposes) and/or numerical modeling is recommended. It should be noted that numerical
modeling is subject to the same inaccuracies resulting from heterogeneous/anomalous
subsurface environments as semi-analytical modeling.

High flow from individual wells (i.e. greater than 100 scfm) is not expected to be cost
effective for full-scale design. High flow/velocity in the subsurface is typically not cost
effective, because contaminant desorption from the soft and subsequent partitioning into air
is rate hmiting 0.e. increasing vapor flow above a certain point will result in a decrease in
concentration contaminant of the vapor stream). Furthermore, the vacuum ROI for Step 3 of
the transient test (approximately 100 scfm, less than 50 percent of the original flow) only
decreased to 68 feet. Therefore, in general decreased flow, combined with increased density
of vapor extraction wells, results in cost-effective design, as well as increased uniformity of
subsurface air flow distribution. This is particularly true for heterogeneous/anomalous
subsurface environments.
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Table 18
Summary of SUMMA Canister Vapor VOCs Analytical Results for Test I (VW-1)
Memphis Depot - December 2001
Dunn Field Memphis Depot SVE Treatabdtty Study

Venting
SUMMA Canister

Date & Time
Analytical Reporting

IS/Surf.
Well ID

Sampling Parameter ID Results Limits
Locations

Collected
(ppbv) (ppbv)

Recovenj

Chlombenzene 12/18/2001 18 32 50 0 100%
Meth~’lene Chfonde 12/18/2001 18 32 17 O8
cls*1,2-Dmhloroethene 12/18/2001 18 32 40 5 O8
Benzene 12/18/2001 18 32 16 O8
TnchJoroethene 12/18/2001 18 32 585 8 O8
Toluene 12/18/2001 18 32 19 08
11,1,2-Tnchloroethane 12/18/2001 18 32 38 O8

VW-1 After Carbon Canister Fetrachloroethene 12/18/2001 18 32 147 8 O8
~thylbenzene 12/18/2001 18 32 12 08
11,pXylene 12/18/2001 18 32 3O O8
~Xylene 12/18/2001 18"32 26 O8
1,1,2~2-Tetrachloroethane12/18/2001 18 32 473 3 08
3rornofluorobenzene 12/18/2001 18 32 72 3 145%
t~3r 5-Tnmethylbenzene 12/18/2001 18’32 26 O8
1,2,4-Tnmethylbenzene 12/18/2001 18 32 54 O8
-lexachlorobutadmne 12/18/2001 18 32 32 8 08
.3hlorobenzene 12/1812001 18 32 50O 100%
#myl chloride 12/18/2001 18 32 263 4 47
I~l-Dmhloroethene 12/18/2001 18’32 32 5 47
:is-1,2-DLchloroethene 12/18/2001 18 32 847 0 47
3hloroform 12/18/2001 18.32 62 5 47
1,2-D=chloroethane 12/18/2001 18 32 14 1 47
3enzene 12/18/2001 18 32 21 0 47
rnchloroethene 12/18/2001 18 32 3169 6 47
I"otuene 12/18/2001 18 32 196 47

VW-1 After L~quid Ring Pump1,1,2-Tnchloroethane 12/18/2001 18 32 1148 47
retrachloroethene 12/18/2001 18 32 11957 47
Ethylbenzene 12/18/2001 18 32 644 47
"n,pX~’lene 12/18/2001 18 32 45 6 47
~-X),lene 12/18/2001 18 32 349 47
1,1,2,2-Tetrachloroethane12/18/2001 18 32 2391 3 47
3romofluorobenzene 12/18/2001 18 32 26 1 52%
1,315-Tn meth)’lbe nze ne 12118/2001 18 32 65 3 47
1,2,4-Tnmeth~benzene 12/18/2001 18 32 160 4 47
1,2,4-Tnchlorobenzene 12/1812001 18 32 84 47
Hexachlorobutadlene 12/1812001 18 32 109 4 47
Chlorobenzene 12/18/2001 18 32 50O 100%
Tnchloroethene 12/18/2001 18 32 145 O5

VW-1 Equipment blank Tetrachloroethene 12/18/2001 18 32 I 2O O5
1,1,2,2-Tetrachloroethane12/18/2001 18,32 173 0,5
Bromofl uombenzene 12/18/2001 18 32 49 5 99%
Chlorobenzone 12/19/2001 2 32 , 5OO 100%
cls-1,2-Dmhloroethene 12/19/2001 2 32 162 O6
Tnchloroethene 12/19/2001 2 32 1036 O6
Toluene 12/19/2001 2 32 O9 O6
trans-1,3-dlchloropropene12/19/2001 2 32 39 08
1,1,2-Tnchloroethane 12/19/2001 2 32 O7 O6

VW-1 After Carbon Camster Tetrachloroethene 12/19/2001 2 32 32 6 O6
mrp-Xylene 12/19/2001 2 32 09 06
o-Xylene 12/19/2001 2 32 O7 O6
1,1,2,2-Tetrachloroethane12/19/2001 2 32 124 2 O6
Bromofluorobenzene 12/1912001 2 32 49 3 99%
1,3,5-Tnmethylbenzene 12/19/2001 2 32 07 O6
1,2,4-Tdmethylbenzene 12/19/2001 2 32 17 O6
Hexachlombutadlene 1211912001 2.32 44 O6
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Table 18
Summary of SUMMA Canister Vapor VOCs Analytical Results for Test I (VW-1)
Memphis Depot - December 2001
Dunn Fle/d MemphJs Depot SVE Treetoblhty Study

Analytical Reporting
Venting

SUMMA Canister
Date & Time Limits

IS/Sum.

Well ID
Sampling Parameter ID

Collected
Results

Recovery
Locations (ppbv) (ppbv)

ChLorobenzen6 12/19/2001 2 32 5O 0 100%
Vinyl chlonde 12/19/2001 2 32 88.1 6O
1,1-Dchloroethene 12/19/2001 2 32 88 6O
cis-1,2-D=chloroethene 12119/2001 2 32 520 2 6O
Chloroform 12/19/2001 2 32 238 6O
1,2-Dqchloroethane 1211912001 2 32 11.7 6O
Tnchlor~thene 12/19/2001 2 32 1314 2 6O

VW-I After Liquid Ring PumpToluene 12/19/2001 2 32 108 6O
1,1 ~2-Tnchloroethane 12/19/2001 2’32 158 6O
Tetrachloroethene 12/19/2001 2’32 8196 6O
mTpXylene 12/19/2001 2 32 65 6O
1,1,2,2-Tetrachloroethane12/1912001 2 32 937 9 6O
Bromofluombenzene 12119/2001 2 32 48 8 98%
1,2,4-Tnmethylbenzene 12/19/2001 2.32 8.1 8O
Hexachlorobutad~ene 12/19/2001 2’32 174 6O
Chlorobenzene 12/20/2001 2 30 50 O NA 100%
Vinyl chloride 12/20/2001 2 30 : 3128 168 0
c=s-1,2-Dichloroethene 12/20/2001 2 30 : 2611 4 168 0

VW-1 After Carbon Canister Tnchloroethene 12/20/2001 2 30 43300 4 1680
Tetrachloroethene 12/20/2001 2 30 94O42 1680
1.1,2,2-Tetrachloroethane12/20/2001 2 30 14284 9 1680
Bromofiuorobenzene 12/20/2001 2 30 43.8 NA 88%
Chlombenzene 12/20/2001 2.35 5OO NA 100%
Vin}.l chlonde 12/2012001 2 35 317.4 100 0
me-1,2-Dichloroethene 12/20/2001 2 35 2435 5 100 0

VW-1 After Llqmd Ring PumpChloroform 12/20/2001 2 35 1151 160 0
Tnchloroethene 12/20/2001 2 35 316259 1000
Tetrachloroethene 12/20/2001 2 35 8306 3 1000
1,1,2,2-Tetrachloroethane12/20/2001 2 35 12484 7 1000
Bromofluombenzene 12/26/2001 2 35 441 NA 86%
Chlorobenzene 12/20/2001 2 36 50O NA 100%
Vrn~ chlonde 12/20/2001 2 36 1562 1000
c~s-1,2-D=chloroethene 12/20/2001 2 36 2409 O 1000

VW-I Duphcate after PumpChlomforn~ 12/20/2001 2 36 1108 1000
iTnchloroethene 12/20/2001 2.36 32072 3 I00 O
Fetrachloroethene 12/20/2001 2 38 8828 8 100 0
I, 1,2.2-Tetrachloroethane12/2012001 2 36 14784 7 100 0
3romofluorobenzene 12120/2001 2:36 447 NA 89%
3hlorobenzene 12/20/2001 15 00 50 0 NA 100%
:is- l~2-Dichloroethene 12/20/2001 15 O0 10 O8

VW-1 Ambmnt Background rnchloroethene t~J20/2001 15’00 56 0 O8
retrachloroethene 12/20/2001 15’00 67 O8
t,1,2,2.Tetmchloroethane12/20/2001 15 00 28 5 O8
3romofluorobenzene 12/20/2001 15 O0 43 2 NA 86%



Table 18
Summary of SUMMA Canister Vapor VOCs Analytical Results for Test I (VW-1)
Memphis Depot - December 2001
Dunn Field Memphis Depot SVE Treatabddy Study

Venting
SUMMA Canister

Date & Time
Analytical Reporting

IS/Sum
Well ID

Sampling Parameter ID Results Limits
Locations

Collected
(ppbv) (ppbv)

Recovery

Chlorobenzene 12/21/2001 14 30 5OO NA 100%
Vinyl chtonde 12/21/2001 14’30 O7 O5
1,1-Dichloroethene 12/21/2001 14"30 O5 O5
c~s-1,2-Dichloroethene 12/2112001 14:30 25 8 05
Tnchloroethene 12/21/2001 14:30 1302 O5

VW-1 After Carbon Cantster Toluene 12/21/2001 14 30 16 O5
1,1,2-Tnchloroethane 12/21/2001 14 30 15 O5
Tetrachloroethene 12/21/2001 14"30 71 1 O5
1,1,2,2-Tetmchloroethane12/21/2001 14 30 117.7 O5
Bromofluorobenzene 12/21/2001 14 30 489 NA 98%
Hexachlorobutadmne 12/21/2001 14 30 3,1 O5
Chlorobenzene 12/21/2001 14 30 5OO NA 100%
V,nyl chloride 12/2112001 14 30 458.1 168 0
os-1,2-Dichloroethene 12/2112001 14 30 3228 8 168 0

VW-I AOer Liquid Ring PumpTnchloroethene 12/2112001 14 30 46929 9 168 0
Tetrachloroethene 12/2112001 14 30 111674 168 0
1, 1,2,2-Tetrachloroethane12/2112001 14 30 19502 7 168 0
Bromofluorobenzene 12/21/2001 14 30 443 NA 89%
Chlorobenzene 12/21/2001 14 30 50 0 NA 100%
Vmy/chlonde 12/21/2001 14 30 176 0 147
cls-1,2-Dmhioroethene 12/21/2001 14 30 2675 3 147

VW-1 Duphcate after Pump Tnchloroethene 12/2112001 14 30 51571 9 147
Tetrachloroethene 12/21/2001 14’30 114995 147
1,1,2,2-Tetrachloroethane12/21/2001 14 30 19785.3 147
Bromofluorobenzene 12/21/2001 14 30 41 1 NA 82%

Note
ppbv = parts per t~llm¢=, *,~un~ per volume

NA = Not Apl:4icab~

Be~ chlor~e has been removed from O~ target list due to Instab~ity I~ the standa=d~

5S = Sum~te Standard
IS = Interi~aJ Standard 50 ng each
Benzyl chlodde has been remove¢l from the target hst due ~o instabd~y =n the st;mdasds
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Table 19
Summary of SUMMA Canister Vapor VOCs Analytical Results for Test 2 (VW-2)
Memphis Depot - January 2002

SUMMA’Canister
Venting Date & Time

Analytical Reporting IS/Sun"

Well ID
Sampling Parameter ID Results Limits Recove
Locations

Collected
(ppbv) (ppbv) ry

3hlorobenzene 01107/2002 18’30 5O 0 100%
Vinyl chlonde 01107/2002 18’30 7463 9 147 0
1,1 -Dichloroethene 01/07/2002 18:30 437.6 147.0
=is-1,2-Dichloroethene 01/07/2002 18:30 47656.5 147.0
Chloroform 01/07/2002 18:30 1605 3 147 6

VW-2 Exhausbng Pipe Carbon tetrachloride 01/07/2002 18:30 637.5 147.0
Tnchtoroethene 01107/2002 18:30 87003 2 147.0
I tl ~2-Tnchloroethane 01107/2002 18:30 881 6 147 0
Tetrachloroethene 01107/2002 18’30 17820.1 147.0
I r1,2,2-Tetrachtoroethane01/07/2002 18’30 27024 2 147 0
Bromofiuorobenzene 01107/2002 18.30 51.3 103%
Chlorobenzene 10110712002 18.30 50O 100%

VW-2 Equipment blank Tetrachloroethene 01/07/2002 15:30 234.5 100.0
Bromofluoropenzene 01107/2002 18:30 48 0 96%
Chlorobenzene 01108/2002 2:00 50.0 100%
Vinyl chlonde 01/08/2002 2:00 2279.6 100.0
1,1-Dichloroethene 01/08/2002 2:00 248.5 100.0
cis-1,2-Dichloroethene 01/08/2002 2:00 27539.8 100 0
Chloroform 01/08/2002 2"00 772 4 100 0

VW-2 ExhausSng P=pe Carbon tetrachlodde 01108/2002 2.00 363 2 100 0
Trichloroethene 0110812002 2.00 7O494 0 100,0
1,1~2-Tdchloro~hane 01108/2002 2:00 541 5 100 0
Tetrachloroethene 01108/2002 2:00 10056 0 100 0
1,1~2,2-Tetrachloroethane01108/2002 2 00 13191.5 100.0
Bromofluorobenzene 01108/2002 2 00 50 5 101%
Chlorobenzene 01108/2002 2 00 50.0 100%
Vmyl chloride 01108/2002 2:00 3448 1 133 5
1,1 -Dichforoethene 01108/2002 2’00 302.4 133 6
cis-1 ~2-Dichloroethene 01/08/2002 2’00 35588.5 133 5
Chloroform 01108/2002 2’00 992.5 133 5

VW-2 Duplicate Exhausting Carbon tetrachlonde 01108/2002 2’00 468.4 133 5
Tnchloroethene 0110812002 2 O0 88158.4 133 5
1,1,2-Tdchloroethane 0110812002 2:00 816.7 133.5
Tetrachloroethene 0110812002 2.00 12667.9 133.5
1,1,2~2-Tetrachloroet hane 01108/2002 2 O0 21842.2 133.5
Bromofluorobenzene 01/08/2002 2.00 50.5 101%
Chloropenzene 0110912002 2 O0 50.0 NA 100%
Vinyl chlonde 01/09/2002 2:00 2319.8 168 0
1,1-Dichloroethene 01/09/2002 2:00 205 0 168.0
cis-1 t2-Dichloroethene 0110912002 2:00 40977.4 168 0
Chloroform 01/09/2002 2:00 1202 9 168 0

VW-2 Exhausting Pipe Carbon tetrachlonde 01109/2002 2:00 855 3 168 0
Tnchloroethene 01109/2002 2:00 108661.8 168 0
1,1,2-Trichloroethane 01/09/2002 2:00 1039.4 168 0
Tetrachloroethene 01109/2002 2:00 16032.7 168 0
1,1,2,2-Tetrachloroet bane 01/09/2002 2:00 22305 3 168 0
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Table t9
Summary of SUMMA Canister Vapor VOCs Analytical Results for Test 2 (VW-2)
Memphis Depot - January 2002

Venting
SUMMA Canister

Date & Time
Analytical Reporting IS/Surr

Well ID
Sampling Parameter ID Results Limits Recove
Locations

Collected
(ppbv) (ppbv) ry

Bromof~uorobenzene 01/09/2002 2:00 50.7 NA 101%
Chlombenzene 01/09/2002 2 00 50.0 NA I00%
Vm~ chlonde 01/09/2002 2:00 1533 2 168.0
1,1-D=chloroethene 01/09/2002 2.00 209.9 168 0
cis-1,2-Dichtoroethene 0110912002 2 00 42045.9 168.0

VW-2 Duphcate Exhausbng Chloroform 01/09/2002 2.00 1257 3 168 0
Carbon tetrachlodde 01/09/2002 2:00 861.1 168 0
Tnchloroetbene 01/09/2002 2 00 110798.1 168.0
1,1,2-Tdchloroethane 01109/2002 2 00 1012.1 168.0
Tetrachloroethene 01/09/2002 2’00 14878 7 168.0
Bromofluorobenzene 01/09/2002 2.00 51.7 NA 103%
Chlombenzene 01/10/2002 1400 50.0 NA 100%
Vln~ chlonde 01110/2002 14:00 602 2 168.0
c=s-1,2-D=chloroethene 01110/2002 14.00 315095 168.0
Chloroform 01110/2002 14.00 1002.9 168.0

VW-2 Exhausting Pipe Carbon tetrachlodde 01110/2002 14’00 946 7 168.0
Tnchloroethene 0111012002 14:00 88841 1 168.0
1,1,2-Tnchloroethane 01110/2002 14"00 869 8 168.0
Tetrachloroethene 01110/2002 14:00 12789 5 168.0
1,1,2,2-Tetrachloroethane0111012002 14.00 46540 0 168 0
Bromofluorobenzene 01110/2002 14"00 47.3 NA 95%
Chlorobenzene 01/10/2002 14.00 50.0 NA 100%
D~chlomd=fluommethane01110/2002 14:00 11 08

VW-2 Ambient Air Tnchloroethene 01110/2002 14.00 2.7 O8
1,1,2,2-Tetrachloroethane01110/2002 14.00 2.6 0.8
Bromofluorobenzene 0111012002 14"00 46.0 NA 92%
Chlorobenzene 0111112002 14:10 50.0 NA 100%
V~nyl chlonde 01/11/2002 14"10 552 8 168 0
cis-1,2-Dichlomethene 01111/2002 14:10 30332 8 168 0
Chloroform 01111/2002 14 10 1032.5 168 0

VW-2 Exhausting P=pe Carbon tetrachlodde 01/11/2002 14’10 1086.5 168 0
Tnchlomethene 01111/2002 14"10 86466.7 168 0
1,1,2-Tnchloroethane 01111/2002 14.10 828 9 168 0
Tetrachloroethene 01/11/2002 14’10 12029.3 168 0
Bromofluorobenzene 01/11/2002 14 10 49.8 NA 100%

Note

ppbv = parts per billion, volume per volume
NA = Not Applmable

Sum = Surrogate Standard
IS = Intemst Standard 50 ng each
Benzyl chlonde has been removed fTom the target list due to mstat~l~y m the standards
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Table 20
Vapor Mass Removal Calculations
Memphis Depot Dunn Field SVE Treatability Study Techmcal Memorandum

Mass Removed (Ibs)
Vinyl chloride 0.00779
1,1-Dichloroethene 0 00005

Vapor Mass cis-1,2-Dichloroethene 0.08513
Removed Chloroform 0.00146
through Tnchloroethene 1.61757
Test I 1,1,2-Trichloroethane 0.00017

Tetrachlomethene 0.50102
1,1,2,2-Tetrachloroethane 085117

Total: 3.06

Mass Removed (Ibs)
Vinyl chloride 0.33864
1,1-Dichloroethene 0.03249

Vapor Mass cls-1,2-D=chloroethene 8.0966S

Removed Chloroform 0.47795

through
Carbon tetrachlodde 0.51834

Test 2
Tnchloroethene 45.19457
1,1,2oTnchloroethane 0.4383E
Tetrachloroethene 8.34083
1,1,2,2-Tetrachlomethane 15.92897

Total: 79.37
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Yes or Unknown

Yes or Unknown

1
Develop information for the STOP elements a through m

J

NO--

No

] Site Closure Process I

a. What is the estimated residual contaminant mass and areal and vertical extent of the remaining
vadose zone contaminant plume?
b. Do the data indicate migrabon towards the groundwater?
c. What is the lithology of areas that do and do not demonstrate rebounds in soil gas concentration?
d. What are the actual site speafic infiltration and percolation rates?
e. Are there su~c~ent historical groundwater monitoring data for wells at or adjacent to the s=ta to determine
whether the vadoso zone plume has or has not impacted the groundwater?.
f, Are there any other s=ta specific factors that should be considered in the evaluation such as site history
and physical charactedstice (e g organic carbon, biedegradation)?
g What is the actual or predicted concentration and mass flux rate of leachate leaving the vadose zone?
h. What was the mass removal rata prior to SVE shutdown?
i. What are the VOC concentration and cumulative mass removed expressed as a fun~on of lrme?
j How much money has been spent to date on the site’s remediation?
k. Are further enhancement’s to the SVE systems predicted to tie technically- or cast-effective?
I. What are the locations and capture zones of operating groundwater extraction wells relative to the vadose
zone contaminant plume? ,,
m. What is the incremental cost over lime of vadose zone remed=ation compared to the incremental cost
over lime for groundwater remed=ation provided that the undedy=ng contamination has not reached aquifer
cleanup levels?
For additional information, please see. Guidance on So=l Vapor Extraction Optimization. June 2001. AFCEE
Also found at. http lien afit.af.minenv/Doouments/ENVR%20772/sve%20optimization pdf

1
STOP elements addressed J

I

I

No

1
lConl|nuo SVE operation or develop alternate remedial strategy ]

Yes

Figure 8 - STOP Decision Tree
E082002001ATL~ecIs~ Tree m
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PROJECTNUMBER

IWELLNUMBER
160492.TS.04 MP-5 SHEET I OF 1

MONITORING POINT COMPLETION DIAGRAM

PROJECT. Dunn Field M~tor~ Point Installa~on
DRILLING CONTRACTOR Td-State Oflqln~ Services
DRILLING METHOD AND EQUIPMENT USEO HO~W Stem Au~w" 4 25 inch ID
WATER LEVELS NOne START. 11112/01 END 11/12J01

LOCATION Me~i~, Tennessee

1- Ground elevate0.1 at weg

2- Top of c~dng elevation

3- a) coco’ere pad dl~=

N~e feet MSL

None feet MSL

3Rx3A

0 S-inch PVC

0 010 slot PVC

~ fiRe~ sand

4- O~amete, th~ of *ea ca~

5- Typeh~;ot size o/~reee

6- Type ~een flRer
a) Q, antJty used

7- Type of seal
a) Quantity used

Notes
Mor~ring Polnt A.

Mordtof, ng Po~t B

t~

~ite Chips

Screen kmgl~ = 1 feet
Oepth to top of screen 95 ft bgs
Oep~ to bottom of screen 10 5It bgs

Semen leng~ : 1 feet
Oep~ to top 04 screen 19 5 ft bgs
Oep~ to bottom of screen 20 5 ~ bgs

I< "~1

NOTE D~agmm Is no~ to scale

P 1148071 ~ogs~FiJe 2 Attachment .~Mp 5, 6. 7. 8 xls 08t23Y2002
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PROJECT NUMBER

160492.TS.04

iWELL NUMBE~Ip.6

SHEET 1 OF 1

MONITORING POINT COMPLETION DIAGRAM

PROJECT Dunn Reid Morutod~ Point In~ LOCATION - Memphm, Tennessee
ORILLING CONTRACTOR TrPBtate DnlmR Ser, nces
DRILLING METHOD AND EQUfPMENT USED Hollow Stem AU~ 4 25 inch ID
WATERLEVELE None START 11112/01 END 11112/01

1- Ground elcwabo~ at well No~e feet MSL

2- Top of ca=rig elevalJon None feet MSL

3- a) comrete pad d~mensions 3~x3fl

4- Dlameter~ype of well casing 0 5*ir, d~ PVC

5- Typetslot size o~ screen 0 010 dot PVC

6- Type =cree. fl~e¢ #2 tat~ sand
a) ~,lnti~/used b~

7- Type of se~ Bentonite Ct.ps
a) ~bty used b~s

Notes
Mo~o~ng Po~t A. Screen ~ngth = I feet

Depth to botto~ of so~en 105flbgs

~ Po,nt E ~i~ =i feet
Dep~ to top of ~ 195flt>gs

Mo*~ng ~ C Soree(i I~ = I #e(~t
~to~495ft~

Mondonng Point D ,T~men length = 1 feet

~ m b~om ~ s(~een 705 ~I 

NOTE: Omgram e~ no~ to scale

p’~14807 l’&C~s~¢ik) 2/utl~chment/~ 5 6 7 8 xl= 08/23/2002
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rROJECTNUMBER WELL NUMBER
160492.TS.04 FELL MP-7 SHEET 1 OF 1

MONITORING POINT COMPLETION DIAGRAM

PROJECT Dun~l ~ M~i~il~ Po4nt Ir~sta~laUon
DRILLING CONTRACTOR Td-Elate Ddl]ing
DRILLING METHOO AND EQUIPMENT USED Holow Stem Auger 4 25 ~ ID
WATER LEVELS No(~ START 11113/01 END 11113;01

LOCATION Memphis. Te*~el~me

LOGGER ~}ran Euddn~lstock

o c 8 A
2

I¢ ~ =,1

1 - Ground elevaaon at ~ No~e feet MSL

2- Top ot casing etevaSo~ Nor~ feot MSL

3- a) concrete pad 3tl x 311

4- Dtlmeter/~ype ot v, ea cas~ 0 5J~ch PVC

5- Ty;:~/slot size otm 0 010 dot PVC

6- Type scq~n Igt~" #2 Elter sand
a) Q,~n~ ,,.,ed bap

7- Type of seal Bentonrte Ch~
e) Quantity used bags

Notes
Mo~toring Po~t A. ~reetl le~ = 1 feet

Depth to top o1 ec~een 45 ft bgs
Depth to bott(xn of screen 5 5 ft bg=

Mo~Cc;og FOIOt B 3c~efl length = 1 feet
Dep~ ~o top of screen 145 ft b~
Depth to botlom of screen 155 It b¢~

Mordtodng Pckd C Scxeen length = 1 feot
Dep~ to top of screen 39 5 ft bg=
Dep~ to bottom of scree~ 405hb~

Mo~toring Potnt D Screen le~H~h = 1 feet
Dept;~ to top ot screen 59 5E bg=
Dept;~ to bottom ot screen 60 5 ft bgs

NOTE: Diagram hi not to sc~e

P 1148071~ogt~lkl 2 A~chment/V.MP 5, e, 7. 8 xl= 0&,2~2002
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PROJECT NUMBER

160492.TS.04
WELL NUMBER MP’8

SHEET 1

MONITORING POINT COMPLETION DIAGRAM t
PROJECT Du~n FieM Mondonng Point Inst~labcn
DRILLING CONTRACTOR Tn-State 13nilm~l Sen.ces

LOCATION Memph~ Tennessee

DRILLING METHOD AND EQUIPMENT USED HoCow Stem Auge~ 4 25 ~ ID
WATER LEVELS No~e START 11113J01 END 11113/01 LOGGER E~nB~

J- Ground elevabon at weM

2- Top o~ ¢asMg ~m-abon

3- a) ¢c~¢mte pad dime.dcf~

None feet MSL

None feet MSL

3fix 31~

O 5~nch PVC

0 010 slot PVC

#2 f~ter sand

4- D~ametedtype of weg cas~

5- T~ s~ze of screen

6- Type ==’sen lilts,
a) Quan~t’/used

7- Type of seal
a) Quant~ use~

Notes

Moe~toeng Point B

Benlon~e CIvps

Screen le~l~l = 1 feet
Depth to top of screen 14 5 fl bgs
Depth to bottom of screen 15 ERbgs

Scatter1 tength = 1 feet
Depth to top of sc~n 49 5 ft bgs
Depth to bottom of m 50 E fl bgs

I< ~1

NOTIE. Otagrarn == not to s~de

P % 148071 ’.k:,~’,File 2 AttscP~lent A~V,P 5, 6, 7, 8 xls 08Q3~2002
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JACOBS ENGINEERING
FedelrM Operation

TO: CH2M Hill
DATE:.. 4/25/02

JOB NO. DO # 10 - Mobile PRAC

THE FOLLOWING IS TRANSMITTED

QUANTITY l

ATTN: David Nelson

PROJECT: SVE Pilot Study at Dunn Field

x Herewith
Under Separate Cover
For Your Use or Distribution
For Review and Comments
For Correction and Resubmittal

DESCRIPTION

Law-Gibb Geoteehnieal Test Results.

THIS TRANSMITTAL 1S PER X _ Federal Express

__ Your Letter
__ Your Telegram
__ Your Telephone Request

REMARKS: Enclosed is a hard copy of the geoteehnieal analytical results from the soil samples
collected during the installatmn of the additional monitoring points needed as part of the SVE Pilot
Study. I am happy to hear the results are acceptable even though there was a substantial delay in
obtaining them

JACOBS ENGINEERING GROUP INC.

"2 ¯

6/
C:

13723 Rwerport Drive ¯ MaPfland Heights, Missouri 63043 ¯ 314-436-7600
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April 10, 2002

Jacobs Engineering Group Inc.
13723 Riverport Drive
Maryland Heights, MO 83043

Attention: Mr. Virgil Jansen

Subject:Transmittal of Test Results: Memphis Depot
Geotechnieal Testing Services
Law Engineering & Environmental Services Job Number 50160-2-0113

Dear Mr. Jansen:

Law Engineering and Environmental Services, Inc. has completed the assigned laboratory tests for the samples you
had delivered to our office. We are transmitting m you the tabular summary for the samples tested. These are the
final results, thus, we have enclosed two copies of the following test results for your distribution:

Hydraulic Conductivity (ASTM D 5084) (including unit weight)
Organic Content (ASTM 2974-87(95))
Specific Gravity (ASTM D 854-92)

If you have any questions pertaining to these test results or require additional information, please do not hesitate to
call us at (404) 817-0257.

Sincerely,
LAW ENGINEERING and ENVIRONMENTAL SERVICES, INC.

¯

nsen.

LPWEnglneerJng and EnwronmentalSe~lces, lnc
396 Plaslers Avenue, N E ¯Atlanta, GA 30324

40~-873-4761 .Fax 404-881-0508
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LAWGIBB
R o u

ORGANIC CONTENT
(ASTM D2974-87) (1995)

Project No. 50160-2-0113

Tested By J-M
Test Date 3/28/02

Project Name Memphis Depot

Reviewed By (~

Review Date ¢,)/~ ~.

Boring No. MP-5 MP-5 MP-6 MP-6
Sample No. Ud Ud Ud Ud
Sample Depth 4-6 Ft. 14-16 Ft. 9-11 Ft. 49-51 Ft.
A) Tare No. R-14 R-33 V-69 R-6
B) Tare Weight, grams 16.03 16.44 16.42 16.76
C) Wet Soil + Tare, grams 129.7 152.5 146.98 143.88
D) Dry Soil + Tare, grams 105.52 128.64 122.11 138.37
E) Weight of Dry Soil, grams [D - B] 89.49 112.2 105.69 121.61
F) Weight of Moisture, grams [C - D] 24.18 23.86 24.87 5.51
G) Moisture Content, % [F * 100 / E] 27.02 21.27 23.53 4.53
(based on over-dried weight)

H) Tare No. E-3 E-8 E-2 L-1
I) Weight of Tare, grams 107.65 100.45 103.49 99.8
J) Weight of Over-Dried Soil + Tare, grams 165.46 137.74 161.09 174.51
K) Weight of Oven- Dried Soil, grams.. [J - I] 57.81 37.29 57.6 74.71
L) Weight of Ignited Soil + Tare, grams 164.9 137.47 160.72 174.43
M) Ash, grams [L - I] 57.25 37.02 57.23 74.63
N) Ash Content, % [M * 100 / K] 99.03 99.28 99.36 99.89
O) Organic Matter, % [100 - N] 0.97 0.72 0.64 0.I1
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ORGANIC CONTENT
(ASTM D2974-87) (1995)

Project No. 50160-2-0113

Tested By JM

Test Date 3/28/02

Project Name Memphis Depot

Reviewed By ff)~

Review Date ~/¢~

~,oring No.

Sample No.

Sample Depth

A) Tare No.

B) Tare Weight, grams

~) Wet Soil + Tare, grams

D) Dry Soil + Tare, grams

E) Weight of Dry Soil, grams [D - B]

F) Weight of Moisture, grams [C - D]

G) Moisture Content, % [F * 100 / E]

(based on over-dried weight)

MP-6

Ud

65-67 Ft.

R-63

15.99

109.9

103.52

87.53

6.38

7.29

MP-7

Ud

19-21 Ft.

V-9

15.32

71.94

59.14

43.82

12.8

29.21

MP-7

Ud

39-41 Ft.

R-55

31.8

148 61

134.24

102.44

14.37

14.03

MP-7

Ud

59-61 Ft.

R-64

15.96

118.03

115.44

99.48

2.59

2.60

H) Tare No.

I) Weight of Tare, grams

J) Weight of Over-Dried Soil + Tare, grams

K) Weight of Oven- Dried Soil, grams [J - I]

L) Weight of Ignited Soil + Tare, grams

M) Ash, grams [L - I]

!N) Ash Content, % [M * 100 / K]

O) Organic Matter, % [100 - N]

L-3

99.41

166.12

66.71

166.07

66.66

99.93

0.07

E-7

102.78

146.5

43.72

146.23

43.45

99.38

0.62

L-2

99.68

166.59

66.91

166.37

66.69

99.67

0.33

E-3

107.66

182.47

74.81

182.44

74.78

99.96

0.04
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LAWGI BB h_
G ROUp~

HYDRAULIC CONDUCTIVITY

Project No.

Project Name

Boring No.

Sample No.

Sample Depth

Sample Description

50160-2-0113

Memphis Depot

MP-5

Ud

14-16’

Tan, sandy silt

Tested By DMJ
Test Date 01/17/02
Reviewed By

Review Date .F/,)/,,

ASTM D5084 . Falling Head

~e: Ud

Sample Orientation: Vertical

Initial Water Content, %:

Wet Unit Weight, pcf: %
............ 1

Dry Unit Weight, pcf: 104.1

Compaction. %: N/A

Hydraulic Conductivity, cmleec. @20 °C 6.0E-06
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LAWGIBB h_
GRou~

HYDRAULIC CONDUCTIVITY

Project No.

Project Name

Boring No.

Sample No.

Sample Depth

Sample Description

50160-2-0113

Memphis Depot

MP-5

Ud

14-16’

Tan, sandy silt

Tested By DMJ
Test Date 01/17/02
Reviewed By

Review Date ~t~

ASTM D5084 - Falling Head

Sample Type: Ud

Sample Orientation: Horizontal

initial Water Content, %. 23.3
t

Wet Unit W~cf: j 120.0

Dry Unit Weight, pcf: 97.3

Compaction, %: N/A

Hydraulic Conductivity, cm/sec. @20 °C 5.2E-06
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LANGIBB
GROUp

HYDRAULIC CONDUCTIVITY

Project No. 50160-2-0113 Tested By DMJProject Name Memphis Depot
Test Date 01/16/02Boring No. MP-5
Reviewed By

Sample No. Ud
Review Date ~/~ ,--

Sample Depth 4-6’
Sample Description Tan, sandy silt

ASTM D5084- Falling Head

Sample Type:
Ud

Sam m_~Orientation: Horizontal

Initial Water Content, %: 28.2

Wet Unit Weight, pcf:
.~103.8 .--_

Dry Unit Weight, pcf: 81.0

Compaction, %: N/A

Hydraulic Conductivity, cmlsec, @20 °C 1.1E.05
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HYDRAULIC CONDUCTIVITY

Project No.

Project Name

Boring No.

Sample No.

Sample Depth

Sample Description

50160-2-0113

Memphis Depot

MP-5

Ud

4-6’

Tan, san@ silt

Tested By DMJ
Test Date 01/17/02
Reviewed By

Review Date 4~/~

ASTM D5084 - Falling Head

Sample Type: Ud

Sample Orientation: Vertical

Initial Water Content, %: 28.8

_W_et Unit Weight, pcf: 1114.0

Dry Unit Weight, pcf. 88.5

Compaction, %: N/A

Hydraulic Conductivity, cmlsec. @20 °C 2.9E-08
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HYDRAULIC CONDUCTIVITY

Project No.

Project Name

Boring No.

Sample No.

Sample Depth

Sample Description

50160-2-0113

Memphis Depot

MP-6

Ud
49-51’

Brown sand

Tested By DMJ
Test Date 03/23/02
Reviewed By

Review Date ’F/~/~r..

ASTM D5084 - Falling Head

Sample Type: Ud

Sample Orientation: Horizontal

Initial Water Content, %: 6.1

Wet Unit Weight, pcf: 81.4

Dry Unit Weight, pcf: 76.7

3ompaction, %: N/A

Hydraulic Conductivity, cmlsec. @20 °C 4.5E-04 I
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HYDRAULIC CONDUCTIVITY

Project No.

Project Name

Boring No.

Sample No.

Sample Depth

Sample Description

50160-2-0113

Memphis Depot

MP-6

Ud

49-51 ’

Brown sand

Tested By DMJ
Test Date 03/23/02
Reviewed By

Review Date F’/’2,/;~..-

ASTM D5084 - Falling Head

Sample Type:

Sample Orientation:

Initial Water Content, %:

Wet Unit Weight, pcf:

Dry Unit Weight, pcf:

Compaction, %L_ ___

Ud

Vertical

4.7

86.2

82.4

................ I N/A ____

Hydraulic Conductivity, cmlsec. @20 °C i5.9E-04
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HYDRAULIC CONDUCTIVITY

Project No.

Project Name

Boring No.

Sample No.

Sample Depth

Sample Description

50160-2-0113

Memphis Depot

MP-6

Ud
65-67’

Orange sand

Tested By DMJ

Test Date 03/26/02

Reviewed By

Review Date ~/~/~=-

ASTM D5084 - Falling Head

Sample Type: Ud

Sample Orientation: Horizontal

Initial Water Content, %: 8.8

Wet Unit Weight, pcf: 100.2

Dry Unit Weight, pcf: 92.1

Compaction, %: N/A

Hydraulic Conductivity, cmlsec. @20 °C 7.1E-04
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HYDRAULIC CONDUCTIVITY

Project No.

Project Name

Boring No.

Sample No.

Sample Depth

Sample Description

50160-2-0113 Tested By DMJ
Memphis Depot Test Date 03/26/02
MP-6 Reviewed By
Ud Review Date f/~[s-
65-67’

Orange sand

ASTM D5084 - Falling Head

Sample Type: Ud

Sample Orientation: Vertical

Initial Water Content, %: 7.3

Wet Unit Weight, pcf: 96.9

_Dry Unit Weight, pcf: .............. 90.3

Compaction, %: N/A

Hydraulic Conductivity, cm/sec. @20 °C 1.7E-03
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HYDRAULIC CONDUCTIVITY

Project No.

Project Name

Boring No.

Sample No.

Sample Depth

Sample Description

50160-2-0113

Memphis Depot

MP-6

Ud

9-11’

Red-brown sandy silt

Tested By DMJ
Test Date 03/22/02
Reviewed By
Review Date 4/9/p=-

ASTM D5084. Falling Head

Sample Type: Ud

Sa m a~__e_O rie ntation: ......... jHorizontal

Initial Water Content, %: 24.1

Wet Unit Weight, pcf: 116.6

Dry Unit Weight, pcf: 93.9

Compaction, %: N/A

Hydraulic Conductivity, cmlsec. @20 =C 9.4~07
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_LAWGI BB

HYDRAULIC CONDUCTIVITY

Project No.

Project Name

Boring No.

Sample No.

Sample Depth

Sample Description

50160-2-0113

Memphis Depot

MP-6

Ud

9-11’

Red-brown sandy silt

Tested By DMJ
Test Date 03/26/02
Reviewed By

Review Date "~(~/~,--

ASTM D5084 - Falling Head

Sample Type: Ud

S a_mple Orientation: Vertical

Initial Water Content, %" 24_.0 ......

Wet Unit Weight, pcf: 119.5

Dry Unit Weight, pcf: 96.3

Compaction, %: N/A

Hydraulic Conductivity, cmlsec. @20 °C 1.6605
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LAWGIBB h_

HYDRAULIC CONDUCTIVITY

Project No.

Project Name

Boring No.

Sample No.

Sample Depth

50160-2-0113

Memphis Depot

MP-7

Ud

19-2]’
Sample Description Red-brown, silty sand

Tested By DMJ
Test Date 03/26/02
Reviewed By

Review Date ~t.//~,....

ASTM D5084 - Falling Head

Sample Type: Ud

Sample Orientation: Horizontal

Initial Water Content, %: 31.9

Wet Unit Weight, pc-f: 101.4

D_~_Unit Weight, pcf: .................. _.7_6.9

.Compaction, %: N/A

Hydraulic Conductivity, cm/sec. @20 °C 1.4606
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HYDRAULIC CONDUCTIVITY

Project No.

Project Name

Boring No.

Sample No.

Sample Depth

50160-2-0113 Tested By DMJ
Memphis Depot Test Date 03/23/02
MP-7 Reviewed By
Ud

Review Date f’~/~=.
19-21 ’

Sample Description Red-brown silty sand

ASTM D5084 - Falling Head

Sample Type: Ud

Sample Orientation: Vertical

Initial Water Content, %: 29.7

Wet Unit Weight, pcf: 118.4

Dry Unit Weight, pcf: 91.3

Compaction, %: N/A

Hydraulic Conductivity, cm/sec. @20 °C 1.5E-05
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LAWGIBB
G R o x..v l:,~

HYDRAULIC CONDUCTIVITY

Project No.

Project Name

Boring No.

Sample No.

Sample Depth

Sample Description

50160-2-0113

Memphis Depot

MP-7

Ud

39-41 ’

Red-brown, silty sand

Tested By DMJ
Test Date 03/25/02
Reviewed By

Review Date ~’/~/~=---

ASTM D5084 - Falling Head

Sample Type: Ud

Sample Orientation: Horizontal

Initial Water Content, %: 14.4

Wet Unit Weight, pcf: 113.4

Dry Unit Weight, pcf: 99.1

Compaction, %: N/A

Hydraulic Conductivity, cm/sec. @20 °C 9. 7E- 05



5’79 420

o

0

e~
[-,

o

~

~I~

It II II

E
E.= ~’~

..~.~

II I1 II

II II II



579 421

HYDRAULIC CONDUCTIVITY

Project No.

Project Name

Boring No.

Sample No.

Sample Depth

Sample Description

50160-2-0113

Memphis Depot

MP-7

Ud

39-41 ’

Red-brown, silty sand

Tested By DMJ
Test Date 03/26/02
Reviewed By

Review Date ~/’~,,~=..

ASTM D5084 - Falling Head

Ud

~rientation: Vertical

Initial Water Content, %: 12.8

Wet Unit Weight, pcf: 119.2

Dry Unit Weight, pcf: 105.8

Compaction, %: N/A

Hydraulic Conductivity, cm/sec. @20 °C 3.3~04
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HYDRAULIC CONDUCTIVITY

Project No.

Project Name

Boring No.

Sample No.

Sample Depth

Sample Description

50160-2-0113

Memphis Depot

MP-7

Ud

59-61 ’

Orange sand

Tested By DMJ
Test Date 03/25/02
Reviewed By

Review Date f~/~’o J.-

ASTM D5084 - Falling Head

Sample Type: Ud

Sample Orientation: Horizontal

Initial Water Content, %: 6.1

Wet Unit Weight, pcf: 96.2

Dry Unit Weight, pcf: 90.7

Compaction, %: N/A

Hydraulic Conductivity, cm/sec. @20 °C 2.8E-04
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HYDRAULIC CONDUCTIVITY

Project No.

Project Name

Boring No.

Sample No.

Sample Depth

Sample Description

50160-2-0113

Memphis Depot

MP-7

Ud

59-61’

Orange sand

Tested By DMJ
Test Date 03/25/02
Reviewed By (~

Review Date fY~t/~-

ASTM D5084 - Falling Head

Sample Type: Ud

Sample Orientation: Vertical

Initial Water Content, %: 4.5

Wet Unit Weight, pcf: 99.5

Dry Unit Weight, pcf: 95.2

Compaction, %: N/A

Hydraulic Conductivity, cm/sec. @20 °C 2.0E-03
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Attachment D



Research Triangle Park Labs, Inc
5 7 ~ 4 3 7

TO-14A/TO-15 GC/MS Volatiles Report
Sample: Philip 209131 Jacobs Dunnfield SVE Autosampler: 3 Dil. Fact: 9 3Miso: 500mL; 12/18/01 VW-1 TesWW-1 Wellhead ’

GC/MS #1Method: 1702 ~ ~ ~ Flle:~CHEM\l\1702\ 1475132.D Reporting
Limits IS/$urr.Compound CAS # R.T. Q Ion Area ppbv ppbv RecoveryChlorobenzene-d5 (iS) 12.46 117 5998874 50.0 100%Dichlorodifluoromethane (12) 75-71-8 2.13 85 3922 ND 4.7Chloromethane 74-87-3 2 77 50 2228 ND 4.71,2- CI- 1,1,2,2-F ethane (114) 76-14-2 0.00 85 0 ND 4.7Vinyl chloride 75-01-4 3.10 62 966817 263.4 4.7

Bromomethane 74-83-9 0.00 94 0 ND 4.7Chloroethane 75-00-3 4.23 64 5040 ND 4.7
Tnchlorofluoromethane (11) 75-69-4 4.54 101 2680 ND 471,1-Dichloroelhene 75-35-4 5 40 61 375713 32.5 4 7
1,1,2o CI 1,2,2- F ethane (113) 76-13-1 0.00 151 0 ND 4.7Methylene Chloride 75-09-2 6.23 84 15985 ND 4.7MTBE (TO-15 only) 1634-04-4 6 66 73 2392 ND 4.71,1-dichloroethane 75-34-3 7.17 63 5701 ND 4.7cis-1,2-Dichloroethe ne 156-59-2 7.76 61 14446832 874.0 47Chloroform 67-66-3 8.06 83 1481616 62.5 4.71,1,1-Tnchloroethane 71-55-6 8.27 97 8657 ND 4.71,2-Dichloroethane 107-06-2 8.84 62 291241 14 1 4.7Carbon tetrachlodde 56-23-5 8.20 117 15109 ND 4.7Benzene 71-43-2 8.65 78 776995 21.0 4.7Tdchloroetheno 79-01-6 9.33 130 60148322 3169 6 4.71,2-dichloropropane 78-87-5 9.76 63 6228 ND 4.7cis-l,3-dlchloropropene 542-75-6 10.53 75 10928 ND 4.7Toluene 108-88-3 10.79 91 1312542 19.6 4.7trans-1,3-dichloropropene 10061-02-6 11.17 75 633 ND 4.7 .1,1,2-Tdchloroethane 79-00-5 11.41 97 2357431 114.8 4 7Tetrachloroethene 127-18-4 11.20 166 34278871 11957 4.71,2-Dibromoethano 106-93-4 11.87 107 23432 ND 4.7Chlorobenzene 108-90-7 12.47 112 191675 ND 47Ethylbenzene 100-41-4 12.51 91 4966,~-~A. 64.4 4.7m,p-Xylene 1330-20-7 12.51 91 4966~A.~ 45 6 4 7o-Xylene 95-47-6 13.40 91 2260274 34.9 4.7Styrene 100-42-5 13.31 104 118120 ND 4.71,1,2,2-Tetrachloroethane 79-34-5 14.14 83 1.24E+08 2391.3 4.7Bromofluorobenzene (SS) 13.92 95 1152120 26.1 52%1,3,5-Trimethylbenzeno 108-67-8 14.47 105 4858693 65.3 4.71,2,4-Tdmethylbenzene 95-63-6 14.87 105 12000497 160,4 4.71,3-Dichlorobenzene 541-73-1 15.27 146 126082 ND 4 71,4-Dichlorobenzene 106-46-7 15.38 146 213585 ND 4.71,2-Dichlorobenzene 95-50-1 16 94 146 140480 ND 4 71,2,4-Tdchlorobenzene 120-82-1 17.94 180 236468 8.4 4 7Hexachlorobutadiene 87-68-3 17.92 225 3880373 109 4 4 7

chlorJde has bee~~ in the standards.Calibration Data: NIST Traceable Standard Cyhnder: Spectra Gases L69236, lppmv
108 20R.D 108_10B.D 108_301 D

~inted. 1/30/02 3:44 PMND = Not Detected at the Reporting Limits.
SS = Surrogate Standard; 18 = Internal Standard 50 ng each.CoI:RTX-VMS Fused Silica; 30m x 0.25mm, 1.4u film S/N 214582, direct interface; -20C to 210 @ 12C/m; 35-300 ainu full scan

Nutech’ -5C Tenax/Anasorb 747 Trap; desorb @ 180C; TO14/151ci TO15crt4.crt



579 438
Research Triangle Park Labs, Inc.

Sample:
Mlsc:
Method:

TO-14A/TO-15 GC/MS Volatiles Report
Phllfp/Jacobs Dunfield SVE 12/18/01 Auto,sampler: 3
500mL, VW-1 Test/Carbon canister sys, 0066 I~’? ~’~ 3 ~ ̄  b
10801 I~ 3~ File: ’CHEM,1\10801\ ~3020~_01.D~ Reporting

Limits
Compound CAS # R.T. Q ion Area ppbv ppbvChlorobenzene-d5 (IS) 12.42 117 1267684 50.0
DIchtomdinuoromethane (12) 75-71-8 0.00 85 0 ND 0.8Chloromethane 74-87-3 2.70 50 1316 ND 0 8
1,2- CI- 1,1,2,2-F ethane (114) 76-14.2 O.00 85 0 ND 0.8Vinyl chlodde 75-01-4 0.00 62 O ND 0.8
Bromomethane 74-83-9 O.00 94 0 ND 0.8Chloroethane 75-00-3 0.00 64 0 ND 0.8
Tdchlorofluoromethane (11) 75-69-4 0.00 101 0 ND 0 81,1-Dichloroethene 75-35-4 5.40 61 2607 ND 0 8
1,1,2- CI 1,2,2- F ethane (113) 76-13-1 0.00 151 0 ND 0.8Methylene Chloride 75-09-2 6.25 84 16387 1.7 0.8MTBE (]’O-15 only) 1634-04-4 7.31 73 568 ND 0.8
1,1-dichloroethane 75-34-3 7.15 63 1609 ND 0 8
cJs-1,2-Dichloroethene 156-59-2 7.74 61 784798 40.5 0 8Chloroform 67-66-3 8.04 83 14870 ND 0.81,1,1-Trichloroethane 71-55-6 8.25 97 9338 ND 0.81,2-Dichloroethane 107-06-2 8.82 62 5069 ND 0 8Carbon tetrachloride 56-23-5 0.00 117 0 ND 0.8Benzene 71-43-2 8.63 78 68187 1.6 0.8Trichloroethene 79-01-6 9.24 130 13045245 585.8 0.81,2-dichloropropane 78-87-5 0.00 63 0 ND 0.8cis-1,3-dichloropropene 542-75-6 0.00 75 0 ND 0 8Toluene 108-88-3 10.75 91 151731 1.9 0.8trans-l,3-dichloropropene 10061-02-6 10.98 75 7366 ND 0.81,1,2-Trichloroethane 79-00-6 11.36 97 91591 3.8 0.8Tetrachloroethene 127-18-4 11.19 166 4974366 147.8 0.81,2-Dibromoethane 106-93-4 0.00 107 0 ND 0.8Chlorobenzene 108-90-7 12.44 112 11741 ND 0.8Ethyl benzene 100-41-4 12.48 91 105413 1.2 0.8m,p-Xylene 1330-20-7 12 65 91 380307 3 0 0.8o-Xylene 95-47-6 13.19 91 194509 2 6 0 8Styrene 100-42-5 13.22 104 24236 ND 0.81,1,2,2-Tetrachloroethane 79-34-5 14.15 83 28688501 473.3 0 8Bromofluorobenzene (SS) 13.88 95 673310 72 31,3,5-Trimethylbenzene 108-67-8 14 34 105 229626 2.6 0.81,2,4-Tdmethylbenzene 95-63-6 14.81 105 476407 5 4 0 81,3-Dichlorobenzene 541-73-1 15.22 146 4915 ND 0.81,4-Dichlorobenzene 106-46-7 15.33 146 24039 N D 0 81,2-DIchlorobenzene 95-50-1 15.89 146 6356 ND 0.81,2,4-Tnchlorobenzene 120-82-1 17.92 180 9890 ND 0.8Hexachlorobutad=ene 87-68-3 17.89 225 1366684 32.8 0.8

Dil. Fact: 1.7
GC/MS #1

IS/Surr.
Recovery

lO0%

145%

chloride has bee~ue to instability in the standards.
CaSbration Data:
108_20R.D 10810B.D 108 301.D

Date Printed" 1/31/02 2.32 PM
ND = Not Detected at the Reporting Limits.

SS = Surrogate Standard; IS = Internal Standard 50 ng each.
CoI:RTX-VMS Fused Silica; 30m x 0.25mm, 1.4u film S/N 214582; direct interface; -20C to 210 @ 12C/rn; 35-300 ainu full scan
Nutech- -5C Tenax/Anasorb 747 Trap; deserb @ 1800; TO14/15_1ci. TO15crt4 crt



Research Triangle Park Labs, Ine

Sample:
Mlsc:
Method:

TO-14A/TO-15 GC/MS Volatiles Report.
Philip 209131 Jacobs Dunnfield SVE Autosampler: 4

579 439

50OmL; 12/18/01 VW-1 Test/equipment blank
1702 ~ ~, File:~CHEM\1\1702\ 1475134 D Reporting

LimitsCompound CAS # R.T. Q Ion Area ppbv ppbvChlorobenzene-d5 (IS) 12.42 117 3778304 50.0
Dichlorodifluoromothane (12) 75-71-8 0.00 85 0 ND 0.5Chloromethane 74-87-3 2.91 50 1383 ND 0 61,2- CI- 1,1,2,2-F ethane (114) 76-14-2 0.00 85 0 ND 0 6Vinyl chloride 75-01-4 0.00 62 0 ND 0.5Bromomethane 74-83-9 0 00 94 0 ND 0.5Chloroethane 75-00-3 0.00 64 0 ND 0.5
Trichlorofluoromethane (11) 75-69-4 0 00 101 0 ND 0.51,1-Dichloroethene 75-35-4 0 00 61 0 ND 0 5
1,1,2- CI 1,2,2- F ethane (113) 76-13-1 0.00 151 0 ND 0.5
Methylene Chloride 75-09-2 6 25 84 16800 ND 0.5MTBE (TO-15 only) 1634-04-4 0.00 73 0 ND 0 51,1-dmhloroethane 75-34-3 0.00 63 0 ND 0.5cis-l,2-Dichloroethene 156-59-2 7.76 61 26300 ND 0.5Chloroform 67-66-3 8.06 83 6943 ND 0.51.1.1-Trichloroethane 71-55-6 0.00 97 0 ND 0.51,2-Dichloroethane 107-06-2 8.84 62 3142 ND 0 5Carbon tetrachlonde 56-23-5 0 00 117 0 ND 0 5Benzene 71-43-2 8 63 78 11534 ND 0.5Tnchloroethene 79-01-6 9 24 130 1617527 14 5 0.51,2-dichloropropane 78-87-5 0.00 63 0 ND 0.5cis-1,3-dichloropropene 542-75-6 10.51 75 1807 ND 0 5Toluene 108-88-3 10.77 91 29887 ND 0.5trans-l,3-dichloropropene 10061-02-6 11 21 75 1868 ND 0.5l,l,2-Tnchloroethane 79-00-5 11.38 97 1994 ND 0.5Tetrachloroethene 127-18-4 11 19 166 329037 2.0 0.51,2-Dibromoethane 106-93-4 11.85 107 1692 ND 0.5Chlorobenzene 108-90-7 12.46 112 5375 ND 0 5Ethyl benzene 100-41-4 1248 91 15160 ND 05m,p-Xylene 1330-20-7 12.65 91 38262 ND 0.5o-Xylene 95-47-6 13.17 91 9879 ND 0.5Styrene 100-42-5 13.23 104 6040 NO 0.51,1,2,2-Tetrachloroethane 79-34-5 14.13 83 5241444 17.3 0.5Bromofluorobenzene (SS)

13.89 95 1373002 49.51,3,5-Tdmethylbenzene 108-67-8 14.30 105 19031 ND 0.51,2,4-Tdmethylbenzene 95-63-6 14.81 105 31808 ND 0.51,3‘Dichlorobenzene 541-73-1 15.23 146 14235 ND 0.51,4-Dfchlorobenzene 106-46-7 15.35 146 18715 ND 0.51,2-Dichlorobenzene 95-50-1 16.90 146 15582 ND 0.51,2,4-Tfichlorobenzone 120-82-1 17 94 180 25286 ND 0 5Hexachlorobutadiene 87-68-3 17.92 225 47773 ND 0 5

D|I. Fact: 1.0
GC/MS #1

ISISurr.
Recovery

100%

99%

~e target hat due to instabili in the standards

108 20R D 108 10B.D 108-30/D’ ..... y,naer. ~pectra Gases L69236, lppm----- v --

33 Su’" -sle S’°da*d iS -- Internal S ndard 80 ng eaohCoI:RTX-VMS Fused Silica; 30m x 0.25ram, 1.4u film SIN 214582, direct interface; -20C to 210 @ 12C/m; 35-300 amu full scan
Nulech: -5C Tenax,’Anasorb 747 Trap; desorb @ 180C. TO14/15_lcL TO15crt4 crt



579 4,10
Research Triangle Park Labs, Ine

Sample:
Misc:
Method:

TO-14A/TO-15 GC/MS Volatiles Report
Philip 209131 Jacobs Dunnfield SVE Autosampier: 5 Dil, Fact: 1 1500mL; 12/19/01 VW-1 Test/carbon canister

GC/MS #11702 -- ,: z File:~CHEM~l\1702\ 1475135.D Reporting
Limits IS/Surr.Compound CAS # R.T. Q ion Area ppbv ppbv RecoveryChlorebenzene-d5 (IS) 12,43 117 3754044 50 0 100%Dichlorodlfl ueromethane (12) 75-71-8 2.13 85 6106 ND 0,6Chloromethane 74-87-3 2.79 50 2783 ND 0.61,2- CI- 1,1,2,2-F ethane (114) 76-14-2 0.00 85 0 ND 0 6Vinyl chloride 76-01-4 3.07 62 2532 ND 0.6Bromomethane 74-83-9 0.00 94 0 ND 0.6Chloreethane 75-00-3 0.00 64 0 ND 0 6

Tdchlorofluoromethane (11) 76-69-4 4.57 101 2873 ND 0.61,1-Dichloroethene 75-35-4 5.40 61 2467 ND 0.61,1,2- CI 1,2,2- F ethane (113) 76-13-1 0.00 151 0 ND 0.6Methylene Chlonde 75-09-2 6.24 84 13318 ND 0.6MTBE (TO-15 only) 1634-04-4 7.31 73 3308 ND 0.61,1 -dichloroethane 75-34-3 0.00 63 0 ND 0.6cis-l,2-Dichloroethene 156-59-2 7.75 61 1419850 16.2 0.6Chloroform 67-66-3 8.06 83 18373 ND 0.61,1,1-Trichloroethane 71-55-6 8 25 97 18343 ND 0.61.2-Dichloroethane 107-06-2 8.84 62 10992 ND 0.6Carbon tetrachloride 56-23-5 8.18 117 2057 ND 0.6Benzene 71-43-2 8.64 78 65449 ND 0.6Tdchloruethene 79-01-6 9.25 130 10439939 103.6 061,2-dichloropropane 78-87-5 0.00 63 0 ND 0 6cis-l,3-dichloropropene 542-75-6 10.50 75 1788 ND 0.6Toluene 108-86-3 10.76 91 317908 0.9 0.6trans-l,3-d=chloropropene 10061-02-6 10.98 75 364765 3 9 0.61,1,2-Trlchloroethane 79-00-5 11.38 97 72149 0.7 0.6Tetrachloroethene 127-18-4 11.19 166 4964178 32.6 0.61,2-Dibromoethane 106-93-4 11.84 107 1825 ND 0.6Chlorobenzene 108-90-7 12.45 112 11976 ND 0.6Ethyl benzene 100-41-4 12.48 91 147374 ND 0.6m,p-Xylene 1330-20-7 12.65 91 528827 0.9 0.6o-Xylene 95-47-6 13.18 91 251259 0.7 0.6Styrene 100-42-5 13.23 104 62350 ND 0.6l,l,2,2-Tetrachloroethane 79-34-5 14.15 83 34064206 124.2 0.6Bromofluorobenzene (SS) 13.89 95 1359487 49.3 99%1,3,5-Trimethylbenzene 106-67-8 14.34 105 273409 07 0.61,2,4-Trimethylbenzene 95-63-6 1481 105 689153 1.7 0.61,3-Dichlorobenzene 541-73-1 15.23 146 13808 NO 0.61,4-Dichlorobenzene 106-46-7 15.35 146 46494 ND 0.61,2-D=chlorobenzene 95-50-1 15 91 146 16068 ND 0.61,2,4-Trichlorobenzene 120-82-1 17.94 180 26493 ND 0.6Hexachlorobutadiene 87-58-3 17.91 225 821468 4.4 0.6

~st due to instability in the standards.Calibration Data: NIST Traceable Standard Cylinder" Spectra Gases L69236
108_20R.D 108_10B.D 108 30l D " , lppmv

Date Printed: 1/31/02 2:33 PM
ND = Not Detected at the Reporting Limits.

SS = Surrogate Standard; IS = Internal Standard 50 ng each.CohRTX-VMS Fused Silica; 30m x 0.25mm, 1 4u film S/N 214582; direct interface; -20C to 210 @ 12C/m; 35-300 ainu full scan
Nutech: -5C Tenax/Anasorb 747 Trap; desorb @ 180C; T014/151ct. TO15crt4 crt



Research Tnangle Park Labs, Inc

TO-14A/TO-15 GC/MS Volatiles Report
Sample: Philip 209131 Jacobs Dunnfield SVE Autosampler: 6 Dil, Fact: 12.0Mlsc: 500mL; 12/19/01 VW-1 Test/Wenhead

GC/MS #1Method: 1702 : ~ File:~CH£M\I\170~ 1475136 D Reporting
Limits IS/Surf.Compound CAS # R,T. Q ion Area ppbv ppbv RecoveryChlorobenzene-d5 (IS) 12 43 117 4447590 50.0 100%Dichlomdifluoromethane (12) 75-71-8 2.11 85 5667 ND 6 0Chloromethane 74-87-3 2.76 50 699 ND 6.01,2- CI- 1,1,2,2-F ethane (114) 76-14-2 0.00 85 0 ND 6.0Vinyl chlonde 75-01-4 3 07 62 186519 88.1 6.0Bromomethane 74-83-9 0.00 94 0 ND 6.0Chloroethane 75-00-3 0.00 64 0 ND 6 0Trichlorofluommethane (11) 75-69-4 4.57 101 2662 ND 6.0

1,1-Dichlomethene 75-35-4 5.40 61 58430 8 8 6.01,1,2- CI 1,2,2- F ethane (113) 76-13-1 0.00 151 0 ND 6.0Methylene Chloride 75-09-2 6.24 84 22448 ND 6.0MTBE (TO-15 only) 1634-04-4 6.67 73 3012 ND 6 01,1-dichloroethane 75-34-3 7.17 63 1247 ND 6.0cis-l,2-Dichloroethene 156-59-2 7.75 61 4956277 520 2 6.0Chloroform 67-66-3 8.06 83 325813 23.8 6.01,1,1-Trichloroethane 71-55-6 8.25 97 5119 ND 6.01,2-Dichlomethane 107-06-2 8.84 62 139689 11.7 6.0Carbon tetrachlodde 56-23-5 8.18 117 3258 NO 6.0Benzene 71-43-2 8.64 78 89191 ND 6.0Trichloroethene 79-01-6 9.26 130 14376156 1314 2 6.01,2-dfchloropropane 78-87-5 9.78 63 4151 ND 6.0cis-1,3-dichloropropene 542-75-6 10.51 75 1158 N D 6.0Toluene 108-88-3 10.76 91 416951 108 6.0trans-1,3-dlchlompropene 10061-02-6 10.98 75 15920 ND 6 01,1,2-Tdchloroethane 79-00-5 11.38 97 187005 15.8 6.0Tetrachloroethene 127-18-4 11.19 166 13545596 819.6 601,2-Dibromoethane 106-93-4 11 85 107 1787 ND 6 0Chlorobenzene 108-90-7 12.45 112 14367 ND 6 0Ethyl benzene 100-41-4 12.48 91 141186 ND 6.0m,p-Xylene 1330-20-7 12.66 91 405763 6.5 6 0o-Xylene 95-47-8 13.18 91 185088 ND 60Styrene 100-42-5 13.23 104 30199 ND 6 01,1,2,2-Tetrachloroethane 79-34-5 14.15 83 27926332 937.9 6.0Bromofluorobenzene (SS) 13.89 95 1595878 48 8 98%1,3,5-Tdmethylbenzene 108-67-8 14 32 105 183040 ND 6.01,2,4-Trimethylbenzene 95-63-6 14 81 105 348616 8.1 6.01,3-Dichlorobenzene 541-73-1 15.35 146 63071 ND 6.01,4-Dichlorobenzene 106-48-7 15 35 146 63071 ND 6.01,2-Dichlorobenzene 95-50-1 15.91 146 10743 ND 6.01,2,4-Tnchlorobenzene 120-82-1 17.94 180 17286 ND 6 0Hexachlorobutadiene 87-68-3 1791 225 355338 17.4 6.0
~e tar et list due to instab in the standards.
Cahbratlon Data: NIST Traceable Standard Cylinder: Spectra Gases L69236, lppmv
108_20R.D 108_10B.D 108301.D

~nted: 1/31/02 2’33 PM
NO = Not Detected at the Reporbng Limits.

SS = Surrogate Standard, IS =Intemal Standard 50 ng eachCoI:RTX-VMS Fused Silica; 30m x 0.25ram, 1.4u film S/N 214582; direct interface; -20C to 210 @ 12C/m; 35-300 ainu full scan
Nutech -5C Tenax/Anasorb 747 Trap; desorb @ 180C, TO14/15_1cl TO15crt4 crt



579 442
Research Tnangle Park Labs, Inc

Sample:
Misc:
Method:

TO-14A/TO-15 GC/MS Volatiles Report
Philip 209131 JacobskDunnfield SVE Autosampler: 7 Dil. Fact: 3.4
500mL; 12/18/01 VW-~Test/equd baseline

GC/MS #11702 File: ~CHEM~1\1702\ 1475137.D Reporting
Limits IS/Surr.Compound J/ CAS # R.T. Q ion Area ppbv ppbv RecoveryChlorobenzene-d5 (IS) 12.44 117 6449414 50.0 100%Dichlorodifluoromethane (12) 75-71-8 2.11 85 15661 ND 1 7Chloromethane 74-87-3 2.77 50 9770 ND 1.71,2- Cl- l,1,2,2-F ethane (114) 76-14-2 2.53 85 1148 ND 1 7Vinyl chlonde 75-01-4 3.09 62 3116674 284.4 1 7Bromomethane 74-83-9 0.00 94 0 ND 1.7Chloroethane 75°00-3 4 23 64 32981 4.4 1.7Trichlorofluoromethane (11) 75-69-4 4.55 101 8953 ND 1.71,1-Dichloroethene 75-35-4 5.40 61 2984962 86.4 1.71,1,2- CI 1,2,2- F ethane (113) 76-13-1 0 00 151 0 ND 1 7Methylene Chlonde 75-09-2 6.23 84 53707 2.2 1.7MTBE (TO-15 only) 1634-04-4 6.79 73 3342 ND 1.71,1 -dlchloroethane 75-34-3 7.17 63 10001 ND 1.7cis-l,2-Dichloroethene 156-59-2 7.75 61 12910303 261.6 1 7Chloroform 67-66-3 8.06 83 1356935 19.2 1.71,1,1-Tnchloroethane 71-55.6 8.27 97 4372 ND 1.71,2-D=chloroethane 107-06-2 8.84 62 472980 7.7 1.7Carbon tetrachloride 56-23-5 8.18 117 86247 1.8 1.7Benzene 71-43-2 8.63 78 252836 2.3 1.7Tnchloroethene 79-01-6 9.26 130 14175812 250.2 1.71,2-dlchloropropane 78-87-5 9.76 63 3289 NO 1 7cis-1,3-dichloropropene 542-75-6 10.84 75 2838 ND 1.7Toluene 108-88-3 10.77 91 1183826 5.9 1.7trans-1,3-dichloropropene 10061-02-6 11.09 75 15318 ND 1 71,1,2-Tdchloroethane 79-00-5 11.40 97 1029013 16.8 1.7Tetrachloroethene 127-18-4 11.19 166 22516499 263.1 1.71,2-Dibromoethane 106-93-4 11 37 107 2865 NO 1.7Chlorobenzene 108-90-7 12.46 112 168183 ND 1.7Ethyl benzene 100-41-4 12.50 91 680922 3.0 1 7m,p-Xylene 1330-20-7 12.67 91 2042468 6.3 1.7o-Xylene 95-47-6 13.19 91 1294328 6.7 1 7Styrene 100-42-5 13.24 104 30786 ND 1 71,1,2,2-Tetrachloroethane 79-34-5 14.13 83 28375453 184.0 1.7Bromofluorobenzene (SS) 13,89 95 2487902 52.5 105%1,3,5-Trimethylbenze ne 108-67-8 14.32 105 46747 ND 1.71,2.4-Tdmethylbenzene 95-63-6 14.81 105 137824 ND 1.71,3-Dichlorobenzene 541-73-1 15.23 146 35332 ND 1.71,4-Dichlorebenzene 106-46-7 15.35 146 57381 ND 1.71,2-Dichlorobenzene 95-50-1 15.90 146 12792 ND 1.71,2,4-Tdchlorebenzene 120-82-1 17.94 180 28262 ND 1.7Hexachlorobutadlene 87-68-3 17.92 225 14246209 134.6 1.7

~chlodde has bee~e tar et hst due to Instablli"" in lhe stan- --
L;al~Dratlon Data: ~ ,~ me s[angaros.
,~o .... ceaele ~lanaar(] uylrnder: Spectra Gases L~

¯ uo ~url u 108 10B D 108_301 D ....... ~.~..,,v

~"/02 2’34 PM = uS rr°Eata St’ edard; IS = Intamal Standard 50 ng each.
CoI.RTX-VMS Fused Silica; 30m x 0.25ram, 1.4u film S/N 214582; direct interface; -20C to 210 @ 12C/m; 35-300 amu full scan
Nutech. -5C Tenax/Anasorb 747 Trap; deserb @ 180C; TO141151CL TO15ert4.crt



Research

,Sample:
Misc:
Method:

Tnangle Park Labs, Inc

TO-14AKO-15 GC/MS Volatiles Report
Philip 209131 Jacobs I~nnf~e~l SVE Auto.sampler: 8
500mL; 12/18/01 VW-2~t/equd baseline
1702 / f " File::>CHEM~l\1702\ 1475138.D

/
Compound CAS # R.T. Q ion Area ppbvChlorobenzene-d5 (IS) 12.43 117 3803729 50.0Dichlomdlfluoromethane (12) 75-71-8 2.13 85 24177 1.4 0.8Chloromethane 74-87-3 2.71 50 9784 0 9 0.81,2- CI- 1,1,2,2-F ethane (114) 76-14-2 2.64 85 1795 ND 0.8Vinyl chloride 75-01-4 3.07 62 1160 ND 0.8Bromomethane 74-83-9 0.00 94 0 ND 0.8Chloroethane 75-00-3 0.00 64 0 ND 0.8
Tdchlorofluoromethane (11) 75-69-4 4.57 101 15311 ND 0.81,1-Dichloroethene 75-35..4 5,40 61 3234 ND 0.81,1,2- CI 1,2,2- F ethane (113) 76-13.-1 5,56 151 1875 ND 0.8Methylene Chloride 75-09-2 6 24 84 15185 ND 0.8MTBE (TO-15 only) 1634-04.4 6.41 73 1262 ND 0.81,1-dichloroethane 75-34-3 0.00 63 0 ND 0 8cls-1,2-Dichloroethene 156-59-2 7 75 61 224082 3.8 0 8Chloroform 67-66-3 8 06 83 16285 ND 0.8t ,1,1-Trichioroethane 71-55-6 8.25 97 7507 ND 0.81,2-Dichloroethane 107-06-2 8.83 62 6789 ND 0 8Carbon tetrachloride 55-23-5 8 19 117 9546 ND 0.8Benzene 71-43-2 8.64 78 1186721 9.1 0.8Tnchloroethene 79-01-6 9.25 130 8214917 122.9 0.81,2-dichloropropane 78-87-5 10.06 63 1782 ND 0.8cis-l,3-d~chloropropene 542-75-6 10.76 75 22322 ND 0.8Toluene 108-88-3 10.76 91 2585515 11.0 0.8trans- 1,3-dichloropropene 10061-02.6 11.21 75 1183 ND 0.81,1,2-Tdchloroethane 79-00-5 11.37 97 11655 ND 0.8Tetrachloroethene 127-18-4 11.18 166 2011836 19.9 0.81,2-DIbromoethane 106-93-4 0 00 107 0 ND 0,8Chlorobenzene 108-90-7 1245 112 3166 ND 08Ethyl benzene 100-41-4 12.48 91 193609 ND 0.8m,p-Xylene 1330-20-7 12 66 91 418484 1.1 0.8o-Xylene 95-47-6 13.16 91 232994 1.0 0 8Styrene 100-42-5 13.23 104 30068 ND 0 81,1,2,2-Tetrachloroethane 79-34-5 14.13 83 20784000 114.3 0.8Bromofluorobenzene (SS) 13.89 95 1423317 50 91,3,5-Trimethylbenzene 108-67-8 14.31 105 44662 ND 0.81,2,4-Trimethylbenzene 95-63-6 14 79 105 165858 ND 0.81,3-Dichlorobenzene 541-73-1 15 33 146 24664 ND 0,81,4-DIchlorobenzene 106-46-7 15.33 146 24664 ND 0.81,2-Dichlorobenzene 95-50-1 15 89 146 4204 ND 0.81,2,4-Tnchlorobenzene 120-82-1 17.94 180 7667 ND 0,8Hexachlorobutad=ene 87-68-3 17 91 225 862023 6.9 0,8

579 443

Dil. Fact: 1.7
GC/MS #1

Reporting
Limits IS/Surr.
ppbv Recovery

100%

102%

~he tar et list due to instabd In the standards.
Calibrationl08_20R.D Data" 108_10B.D NIST Traceablel08_301StandardD Cyhnder: Spectra Gases L69236, 1 ppmv

~nted: 1/31/02 2:34 PM
ND = Not Detected at the Reporting Limits.

SS = Surrogate Standard; IS = Internal Standard 50 ng each.CoI:RTX-VMS Fused S~lica, 30m x O.25mm, 1.4u film S/N 214582; direct interface; -20C to 210 @ 12C/m, 35-300 amu full scan
Nutech -5C Tenax/Anasorb 747 Trap; desorb @ 180C; TO14/151CL TO15crt4 crt



579 444
Research Triangle Park Labs, Inc

TO-14A/TO-15 GC/MS Volatiles R port
Sample: PhtlJp 209131 Jacobs I~unnfi~d SVE Autosaropler: 9 Dil. Fact: 2.2Misc: 500mL; 12/18/01 VW-l"~"t/pumped baseline

GC/MS #1Method: 1702
~"k, FiIe:~CHEM\1\1702\

1475139D Reporting
Limits IS/Surr.Compound CAS # R.T. Q ion Area ppbv ppbv RecoveryChlorobenzene-d5 (IS) 12.44 117 6213878 50.0 100%DJchtorodifluoromethane (12) 75-71-8 2.14 85 18834 ND 1.1Chloromethane 74-87-3 2.77 50 14851 1 1 1.11,2- CI- 1,1,2,2-F ethane (114) 76-14-2 2.33 85 1345 ND 1.1Vinyl chloride 75-01-4 3.12 62 3569758 222.4 1.1Brooroomethane 74-83-9 0.00 94 0 ND 1 1Chloroethane 75-00-3 4.27 64 27345 2.5 1 1

Trichlorofluoromethane (11) 75-69-4 4.56 101 11326 ND 1 11,1-Dichloroethene 75-35-4 5.41 61 1429211 282 1.11,1,2- CI 1,2,2- F ethane (113) 76-13-1 0.(30 151 0 ND 1.1Methylene Chloride 75-09-2 6.25 84 28413 ND 1.1MTBE (TO-15 only) 1634-04-4 6 72 73 546 ND 1.11,1-dtchloroethane 75-34-3 7.17 63 28163 ND 1.1cts-l,2-D=chloroethene 156-59-2 7.76 61 13879494 192 0 1 1Chloroform 67-66-3 8.07 83 1376113 13.3 1 11,1,1-Tnchloroethane 71-55-6 8.28 97 19191 ND 1.11,2-Dichloroethane 107-06-2 8.87 62 883257 9.8 1 1Carbon tetrachloride 56-23-5 8 21 117 92254 1 3 1.1Benzene 71-43-2 8.68 78 366261 2.3 1.1Tdchloroethene 79-01-6 9.26 130 14235081 171 5 1.11,2-dichloropropane 78-87-5 9.74 63 2828 ND 1.1cis-1,3-dlchloropropene 542-75-6 10.54 75 5959 ND 1.1Toluene 108-88-3 10.77 91 2587047 8.9 1.1trans-l,3-dichloropropene 10061-02-6 11.26 75 1442 ND 1.11,1,2-Trichloroethane 79-00-5 11.40 97 2491709 27.7 1.1Tetrachlomethene 127-18-4 11.19 166 26844782 212.5 1 11,2-Dibromoethane 106-93-4 1133 107 5343 ND 1.1Chlorobenzene 108-90-7 12.46 112 208980 ND 1.1Ethyl benzene 100-41-4 12.49 91 3727300 11.1 1.1m,p-Xylene 1330-20-7 12.67 91 11933153 25.0 1.1o-Xylene 95-47-6 13.24 91 7401044 26.2 1.1Styrene 100-42-5 13.24 104 324176 1.7 1 11,1,2,2-Tetrachloroethane 79-34-5 14.13 83 21471260 95 1 1.1Bromofluorobenzene (SS) 13.90 95 2547997 55.8 112%1,3,5-Trimethylbenzene 108-67-8 14.37 105 588332 1.8 1.11,2,4-Tnmethylbenzene 95-63-6 14.82 105 1771865 5.4 1.11,3-Dtchlorobenzene 541-73-1 15.24 146 22569 ND 1.11,4-Dichlorobenzene 106-46-7 15.35 146 127678 ND 1.11,2-O~chlorobenzene 95-50-1 15.90 146 12824 ND 1.11,2,4-Tnchlorobenzene 120-82-1 17.94 180 20038 ND 1.1Hexachlorobutadiene 87-68-3 1790 225 5120282 33.0 1.1

chlonde has bee~ist due to instability in the standards.
Calibration Data:
108_20R.D 10810B.D 108_30LD

Date Pnnted: 1/31/02 2:34 PM
ND = Not Detected at the Reporting Limits.

SS = Surrogate Standard, IS = Internal Standard 50 ng each.CoI:R’rX-VMS Fused SiItca; 30m x 0.25rom, 1.4u film SIN 214582; direct interface, -20C to 210 @ 12C/m; 35-300 amu full scan
Nutech: -5C Tenax/Anasorb 747 Trap; desorb @ 180C; TO14/15_lci. TO15crt4.crt



Research Triangle Park Labs, Inc

TO-14NTO-15 GC/MS Volatiles Report
Sample: Philip 209131 Jacobs Dunnfleld SVE

Autosampler: 10 Dil. Fact: 400.0Mist: 2.SmL; 12/18/01 VW-2 Pumped basehne
GC/MS #1Method: 1702 File: aCHEIV~l\1702\ 1475140 D Reporting

Limits IS/Surr.Compound CAS # R.T. Q ion Area ppbv ppbv RecoveryChlorobenzene-d5 (IS) 12 41 117 3017983 50.0 100%Dichlomdifluoromethane (12) 75-71-8 0 00 85 0 ND 200.0Chlommethane 74-87-3 0.00 50 0 ND 200.01,2- CI- 1,1,2,2-F ethane (114) 76-14-2 0 00 85 0 ND 200 0Vinyl chloride 75-01-4 3.00 62 51642 1198.8 200.0Bromomethane 74-83-9 0 00 94 0 ND 200.0Chlomethane 75-00-3 0.00 64 0 ND 200 0Trichlomfluoromethane (11) 75-69-4 0.00 101 0 ND 200.01,1-Dichlomethene 75-35-4 5.37 61 15558 ND 200.01,1,2° CI 1,2,2- F ethane (113) 76-13-1 000 151 O ND 200.0Methylene Chloride 75-09-2 6.22 84 1818 ND 200.0MTBE (TO-15 only) 1634-04-4 0.00 73 0 ND 200.01,1 -d~chloroelhane 75-34-3 0.00 63 0 ND 200.0cis-l,2-Dichloroethene 156-59-2 7.73 61 2267293 11688.9 200 0Chloroform 67-66-3 8.04 83 95453 342.9 200.01,1,1-Trichlomethane 71-55-6 0.00 97 0 ND 200.01,2-Dichloroethane 107-06-2 8 81 62 7707 ND 200.0Carbon tetrachloride 56-23-5 8.17 117 14319 ND 200.0Benzene 71-43-2 8.62 78 7136 ND 200.0Tdchloroethene 79-01-6 9.26 130 17980026 80742.2 200.01,2-dichloropropane 78-87-5 9.75 63 1558 ND 200.0cis-1,3-dlchloropropene 542-75-6 0.00 75 0 ND 200.0Toluene 108-88-3 10.74 91 9167 ND 200.0trans-1,3-diehloropropene 10061-02-6 0.00 75 0 ND 200.01,1,2-Tdchloroethane 79-00-5 11.37 97 56243 233.3 200 0Tetrachloroethene 127-18-4 11.18 166 5721084 17005.5 200.01,2-DIbromoethane 106-93-4 0.00 107 0 NO 200.0Chlorobenzene 108-90-7 12 43 112 3396 ND 200.0Ethyl benzene 100-41-4 12.46 91 3793 NO 200.0m,p-Xytano
1330-20-7 12.64 91 9665 ND 200.0o-Xylene 95-47-6 13.14 91 6660 ND 200.0Styrene
100-42-5 0 00 104 0 ND 200.01,1,2,2-Tetrachloroethane 79-34-5 14 13 83 23071485 38064.7 200 0Bromofluorobenzene (SS)

13.87 95 993979 44,8 90%1,3,5-Trimethylbenzene 108-67-8 14.31 105 1305 ND 200.01,2,4-Trimethylbenzene 95-63-6 14.79 105 4466 ND 200.01,3-Dichlorobenzene 541-73-1 0.00 146 0 ND 200.01,4-DIchlorobenzene 106-46-7 0 00 146 0 ND 200.01,2-Dichlorobenzene 95-50-1 0.00 146 0 ND 200.01,2,4-Trichlorobenzene 120-82-1 0 O0 180 0 ND 200.0Hexachlorobutadiene 87-68-3 17.89 225 67124 ND 200 0
~m her rga etlist due to instabdi in the standards.
Calibration Data: NIST Traceable Standard Cylinder: S ectra
108_20R.D 108_10B D 108_301 D

P Gases L69236, lppmv

~mted: 1/31/02 2:34 PMND = Not Detected at the Reporting Limits.
SS = Surrogate Standard; IS = Internal Standard 50 ng each.CoI:RTX-VMS Fused Silica; 30m x 0.25ram, 1.4u film S/N 214582; direct interface; -20C to 210 @ 12C/m; 35-300 ainu full SCan

Nutech: -5C Tenax/Anasorb 747 Trap; desorb @ 180C, TO14/15_lci. TO15crt4 crt



579 446
Research Triangle Park Labs, Inc.

Sample:
Misc:
Method:

TO-14A/TO-15 GC/MS Volatiles Report
Philip 209247 Jacobs Dunnfleld SVE Autosampler: 9 Dil. Fact: 200 02 5mL; 1/7/02 VW-2 Equipment blank

GC/MS #11702 I ~ )-J File: >CHEM\t\1702\ 1475789 D Reporting
Limits IS/Surr.Compound CAS # R.T. Q ion Area ppbv ppbv RecoveryChlorobenzene-d5 (IS) 12.43 117 2763757 50 0 100%DIchlomdifluoromethane (12) 75-71-8 0.00 85 0 ND 100.0Chlommethane 74-87-3 0 00 50 0 ND 100.0

1,2- CI- 1,1,2,2-F ethane (114) 76-14-2 0 00 85 0 ND 100 0Vinyl chlonde 75-01-4 0.00 62 0 ND 100 0
Bromomethane 74-83-9 0.00 94 0 ND 100.0
Chloroethane 75-00-3 0.00 64 0 ND 100.0
Trichlomfluommethane (11) 75-69-4 0.00 101 0 ND 100 0
1,1-Dichlomethene 75-35-4 0.00 61 0 ND 100 0
1,1,2- CI 1,2,2- F ethane (113) 76-13-1 0.00 151 0 ND 100.0
Methylene Chloride 75-09-2 6.23 84 2388 ND 100.0
MTBE (TO-15 only) 1634-04-4 0.00 73 0 ND 100.0
1,1-dichlomethane 75-34-3 0.00 63 0 ND 100.0
cls-1,2-Dichloroethene 156-59-2 7.75 61 3554 ND 100.0
Chloroform 67-66-3 8.06 83 3550 NO 100 0
1,1,1-Tnchlomethane 71-55-6 0 00 97 0 ND 100 0
1,2-Dichloroethane 107-06-2 0 00 62 0 ND 100.0
Carbon tetrachloride 56-23-5 0 00 117 0 ND 100.0
Benzene 71-43-2 0.00 78 0 ND 100.0Tnchloroethene 79-01-6 9.24 130 12600 ND 100.01,2-d=chloropmpane 78-87-5 0.00 63 O ND 100.0
cis-l,3-dichlompropene 542-75-6 0.00 75 0 ND 100.0Toluene 108-88-3 10.77 91 1219 ND 100.0
trans-1,3-dichlompropene 10061-02-6 0.00 75 0 ND 100.01,1,2-Trichlomethane 79-00-5 0.00 97 0 ND 100.0Tetrachloroethene 127-18-4 11.19 166 144467 234.5 100.01,2-Dibromoethane 106-93-4 0.00 107 0 ND 100.0Chlorobenzene 108-90-7 0.00 112 0 ND 1000Ethyl benzene 109-41-4 12.43 91 7859 ND 100.0m,p-Xylene 1330-20-7 12.43 91 7859 ND 100.0o-Xylene 95-47-6 0 00 91 0 ND 100.0Styrene 100-42-5 0.00 104 0 ND 100.01,1,2,2-Tetrachloroethane 79-34-5 14.13 83 64040 ND 100.0Bromofluorobenzene (SS) 13.89 95 975548 48.0 96%1,3,5-Trimethylbenzen e 108-67-8 13.89 105 1772 ND 100.01,2,4-Trimethylbenzene 95-63-6 0.00 105 0 ND 100.01,3-Dichlombenzene 541-73-1 0.00 146 0 ND 100.01,4-Dichlombenzene 106-46-7 0.00 146 0 ND 100 01,2-Dichlombenzene 95-50-1 0.00 146 0 ND 100 01,2,4-Tnchlombenzene 120-82-1 0,00 180 0 ND 100.0HexachlorobutadJene 87-68-3 0.00 225 0 ND 1000
Note than benzyl chloride has been removed from the target list due to instability in the standards.
Calibration Data: NIST Traceable Standard Cylinder: Spectra Gases L69236, 1 ppmv
108 20R D 108 10B.D 108_301 D

Date Printed: 1/31/02 2’43 PM
ND = Not Detected at the Reporting Limds. SS = Surrogate Standard; IS = Internal Standard 50 ng each.
CoI:RTX-VMS Fused Sdica; 30m x 0.25ram, 1.4u film S/N 214582, direct interface; -20C to 210 @ 12C/rn; 35-300 ainu full scan
Nutech: -5C Tenax/Anasorb 747 Trap; desorb @ 180C, TO14/15_IcL TO15crt4 crt



Research Triangle Park Labs, inc.

Sample:
Misc:
Method:

TO-14A/TO-15 GC/MS Volatiles Report
Philip 209247 Jacobs Dunnfield SVE Autosampler: 13
2.5mL, 1/8/02 VW-2 Wellhead
1702 ? e’~ File: :’CHEM\l~1702\ 1475790.D

Compound CAS # R.T. Q Ion Area ppbv
Chlorobenzene-d5 (IS) 12.43 117 3442876 50.0
Dichlorodifluoromethane (12) 75-71-8 0.00 85 0 ND 100.0
Chloromethane 74-87-3 2.72 50 607 ND 100.01,2- CI- 1,1,2,2-F ethane (114) 76-14-2 0.00 85 0 ND 100.0
Vinyl chloride 75-01-4 3 07 62 224053 2279 6 100 0
Bromomethane 74-83-9 0.00 94 0 ND 100.0
Chloroethane 75-00-3 0.00 64 0 ND 100 0
Trichlorofluoromethane (11 75-69-4 0.00 101 0 ND 100.0
1,1-Dichloroethene 75-35-4 5.40 61 76981 248 5 100.0
1,1,2- CI 1,2,2- F ethane (113) 76-13-1 0.00 151 0 ND 100.0Methylene Chloride 75-09-2 6.24 84 5141 ND 100.0
MTBE (TO-15 only) 1634-04-4 0.00 73 0 ND 100.0
1,1-dichloroethane 75-34-3 0.00 63 0 ND 100.0
cis-l,2-Dichloroethene 156-59-2 7.75 61 12187884 27539.8 100.0Chloroform 67-66-3 8.06 83 490585 772.4 100,0
1,1,1-Tnchloroethane 71-55-6 0.00 97 0 ND 100.0
1,2-Dichloroethane 107-06-2 8.85 62 29132 ND 100.0Carbon tetrachloride 56-23-5 8.18 117 153725 363.2 1(30.0Benzene 71-43-2 8 64 78 14172 ND 100.0Trichloroethene 79-01-6 9.32 130 35815949 70494.0 100 01,2-dichlompropane 78-87-5 9.79 63 10311 ND 100.0cis-1,3-dichloropropene 542-75-6 0.00 75 0 ND 100.0Toluene 108-88-3 10.78 91 62195 ND 100.0trans-l,3-dichloropropene 10061-02-6 11.45 75 2387 ND 100 01,1,2-Tnchloroethane 79-00-5 11.39 97 297810 541.5 100 0Tetrachloroethene 127-18-4 11.19 166 7718806 10056.0 100.01,2-Dibromoethane 106-93-4 0.00 107 0 ND 100.0Chlorobenzene 108-90-7 12.45 112 7618 ND 100.0Ethyl benzene 100-41-4 12.48 91 40355 ND 100.0m,p-Xylene 1330-20-7 12.66 91 82598 ND 100.0o-Xylene 95-47-6 13.18 91 36807 ND 100.0Styrene 100-42-5 13.25 104 3011 ND 100.01,1,2,2-Tetrachloroethane 79-34-5 14.13 83 18242346 131913 100.0Bromofluorobenzene (SS) 13.89 95 1276584 50.51,3,5-Trimethylbenzene 108-67-8 14.32 105 4454 ND 100.01,2,4-Tdmethylbenzene 95-63-6 14.81 105 11714 ND 100.01,3-Dichlorobenzene 541-73-1 15.35 146 4965 ND 100.01,4-Dichlorobenzene 106-46-7 15.35 146 4965 ND 100.01,2-Dichlorobenzene 95-50-1 0 00 146 0 ND 100 01,2,4-Trichlorobenzene 120-82-1 0.00 180 0 ND 100.0HexachlorobutadJene 87-68-3 17.91 225 37576 ND 100 0

579 447

Dil. Fact: 200 0
GC/MS #1

Reporting
Limits IS/Surr.
ppbv Recovery

100%

101%

chlonde has bee~ to instabdi in the standards.Calibration Data: NIST Traceable Standard Cylinder: Spectra Gases L69236, lppmv
108_20R D 108_10B D 108_30l.D

Date Pnnted: 1/31/02 2’43 PM
ND = Not Detected al the Reporting Limits.

SS = Surrogate Standard; IS = Internal Standard 50 ng each
CoI:RTX-VMS Fused Silica; 30m x 0.25mm, 1.4u film S/N 214582; direct interface; -20C to 210 @ 12C/m; 35-300 amu full scan
Nutech: -60 Tenax/Anasorb 747 Trap; desorb @ 180C, TO14/15_1c1. TO15crt4.crt



579 448
Research Triangle Park Labs, Inc

Sample:
Mlsc:
Method:

TO-14A/TO-15 GC/MS Volatil s Report
Philip 209247 Jacobs Dunnfleld SVE

Autosampler: 14 Dil, Fact: 267.02 5mL; 1/8/02 VW-2 Source B
1702 2 ¢o d~L~) File:~CHEM~1\1702\ 1475791 D Reporting GC/MS#1

Limits ISJSurr.Compound CAS # R.T. Q ion Area ppbv ppbv RecoveryChlorobenzene*d5 (IS) 12.43 117 3526427 50.0 100%DIchlorodifluoromethane (12) 75-71-8 0.00 85 0 ND 133.5Chloromethane 74-87-3 2.70 50 557 ND 133 51,2- CI- 1,1,2,2-F ethane (114) 76-14-2 0.00 85 0 ND 133.5Vinyl chloride 75-01-4 3 07 62 260024 3448.1 133.5Bromomethane 74-83-9 0.00 94 0 NO 133.5Chloroethane 75-00-3 3.92 64 570 ND 133 5Trichlorofluoromethane (11) 75-69-4 000 101 0 ND 133.51,1-Dichloroethene 75-35-4 5.40 61 71861 302.4 133.51,1,2- CI 1,2,2- F ethane (113) 76-13-1 0.00 151 0 ND 133.5Methylene Chloride 75-09-2 6 24 84 5222 ND 133 5MTBE (TO-15 only) 1634-04-4 0.00 73 0 ND 133.51,1-dichloroethane 75-34-3 0.00 63 0 ND 133 5cis-l,2- Diehloroethene 156-69-2 775 61 12083957 35588.5 133.5Chloroform 67-66-3 8.06 83 483656 992.5 133.51,1,1-Tdchloroethane 71-55-6 7.92 97 1132 ND 133.51,2-D=chloroethane 107-06-2 8.84 62 33741 ND 133.5Carbon tetrachloride 56-23-5 8.18 117 152115 468.4 133.5Benzene 71-43-2 8.64 78 13200 ND 133.5Trichloroethene 79-01-6 9.31 130 34365292 88158.4 133.51,2-d~chloropropane 78-87-5 9.78 63 10015 ND 133.5cis- 1,3-dlchloropropene 542-75-6 0.00 75 0 ND 133.5Toluene 108-88-3 10.78 91 37091 ND 133.5trans-l,3-dlchloropropene 10061-02-6 11 44 75 2278 ND 133.51,1,2-Tnchloroethane 79-00-5 11.38 97 260207 616 7 133.5Tetrachloroethene 127-18-4 11.19 166 7460368 12667.9 13351,2-D=bromoethane 106-93-4 0.00 107 0 ND 133 5Chlorobenzene 108-90-7 12.46 112 7031 ND 133.6Ethyl benzene 100-41-4 12.48 91 21884 ND 133.5rn,p-Xylene 1330-20-7 12.65 91 56761 ND 133.5o-Xylene 95-47-6 13.18 91 26448 ND 133 5Styrene 100-42-5 0 00 104 0 ND 133.51,1,2,2-Tetrachloroethane 79-34-5 14.13 83 23174812 218422 133.5Bromofluorobenzene (SS)
13.89 95 1305003 50 5 101%1,3,5-Trirnethylbenzene 108-67-8 14.22 105 11155 ND 133.51,2,4-Tnmethylbenzene 95-63-6 14.81 105 7253 ND 133.51,3-Dichlorobenzene 541-73-1 15.35 146 3139 ND 133.51,4-Dichlorobenzene 106-46-7 15 35 146 3139 ND 133.51,2-DIchlorobenzene 95-50-1 0.00 146 0 ND 133.51,2,4-Trichlorobenzene 120-82-1 0.00 180 0 ND 133.6Hexachlorobutadiene 87-68-3 17.91 225 14125 ND 133.5

~e tra et ~’s!.due to ,nstab ,n the standards.L, ahbration Data NIST Traceable Standard Cylinder: Spectra Gases L69236, lppmv
108 20R.D 108 10B.D 108 301D

~inted 1/31/02 2:43 PMND = Not Detected at the Reporting Limits.
SS = Surrogate Standard; IS = Internal Standard 50 ng each.CoI:RTX-VMS Fused Sihca, 30m x 0 25ram, 1.4u film S/N 214582; direct interface, -20C to 210 @ 12C/m; 35-300 amu full scan

Nutech: -5C Tenax/Anasorb 747 Trap; desorb @ 180C; TO14/15_IcL TO15crt4 crt



Research Triangle Park Labs, Inc. , 5 7 9 ~ ~ 9

Sample:
Misc:
Method:

TO-14A/TO-15 GC/MS Volatiles Report
Philip 209247 Jacobs Dunnfield SVE

Autosampler: 15 Dil. Fact: 294 02 5mL; 117/02 VW-2 WelJhead
GC/MS #11702 l~ ~ File: aCHEM~l\1702\ 1475792.D Reporting

Limits IS/Surr.Compound CAS # R,T. Q Ion Area ppbv ppbv RecoveryChlorobenzene-d5 (IS) 12.44 117 3718826 50 0 100%Dichlomdlfluoromethane (12) 75-71-8 0.00 85 0 ND 147 0Chloromethane 74-87-3 2.73 50 844 ND 147.01,2- CI- 1,1,2,2-F ethane (114) 75-14-2 0.00 85 0 ND 147.0Vinyl chlonde 75-01-4 3.07 62 539057 7463.9 147.0Bromomethane 74-83-9 0 00 94 0 ND 147.0Chloroethane 75-00-3 4 06 64 725 ND 147.0Trichlorofluoromethane (11 ’ 75-69-4 0.00 101 0 ND 147.01,1-Dichloroethene 75-35-4 5.41 61 99603 437.6 147.01,1,2- CI 1,2,2- F ethane (113) 76-13-1 0.00 151 0 ND 147.0Methylene Chloride 75-09-2 6.25 84 4808 ND 147.0MTBE (TO-15 only) 1634-04-4 0.00 73 0 ND 147 01,1-dichloroethane 75-34-3 0.00 63 0 ND 147.0cls-1,2-Dichloroethene 155-59-2 7.76 61 15497302 476565 147.0Chloroform 67-66-3 8.06 83 749218 1605.3 147.01,1,1-Trichloroethane 71-55-6 8.21 97 743 ND 147.01,2-Dichlomethane 107-06-2 8.84 62 43626 ND 147.0Carbon tetrachloride 56-23-5 8.20 117 198254 637 5 147.0Benzene 71-43-2 8.65 78 16206 ND 147 0Tnchloroethene 79-01-6 9.33 130 32480800 87003.2 147.01,2-dichloropropane 78-87-5 9.81 63 15768 ND 147.0cis-1,3-dichloropropene 542-75-6 0.00 75 0 ND 147.0Toluene 108-88-3 10.77 91 39478 ND 147.0trans-1,3-dichloropropene 10061-02-6 11 45 75 3752 ND 147.01,1,2-Tdchloroethane 79-00-5 11.38 97 356260 881.6 147.0Tetrachloroethene 127-18-4 11.21 166 10050785 17820.1 147.01,2-Dibromoethane 106-93-4 0 00 107 0 ND 147.0Chlorobenzene 108-90-7 12.46 112 11538 ND 147.0Ethyl benzene 100-41-4 12.49 91 22809 ND 147 0m,p-Xylene 1330.20-7 12.67 91 50968 ND 147 0o-Xylene
95-47-6 13.17 91 24942 ND 147.0Styrene
100-42-5 0.00 104 0 ND 147.01,1,2,2-Tetrachloroethane 79-34-5 14.13 83 27460450 27024.2 147.0Bromofluorobenzene (SS) 13 90 95 1401120 51.3 103%1,3,5-Trimethylbenzene 108-67-8 14.23 105 12278 ND 147.01,2,4-Trimethylbenzene 95-63-6 14.81 106 9431 ND 147,01,3-Dichlorobenzene 541-73-1 15.35 146 3359 ND 147.01,4-DIchlorobenzene 106-46-7 15.35 146 3359 ND 147 01,2-Dichlorobenzene 95-50.1 0.00 146 0 ND 147.01,2,4-Trichlorobenzene 120-82-1 0.00 180 0 ND 147.0Hexachlorobutadlene 87-68-3 17.90 225 32645 ND 147.0

~d from the tarQet list due to instabih in the standards.

108 20R.D 108 10B.D 108 30LD

~022’44 PsMs = Sucres, ate Standard; IS= ,ntsrnalStandard 50 ngesch
CoI:RTX-VMS Fused Silica; 30m x 0.25ram, 1.4u film SIN 214582; direct interface, -20C to 210 @ 12C/m, 35-300 amu full scan
Nutech: -5C Tenax/Anasorb 747 Trap; desorb @ 180C; TO14/15_1ci. TO15crt4.crt
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ANALYTICAL S.~,RVIC g$

p.1

pao¢ 1 of 2 I&JANO2 1715 D3 S1E61 RFR

INDUSTRIAL HYGIENE

- EPA/NVLAP 1012B2-Q
¯ AJH/~ ACCREDITATION NO. 1(304;]9
¯ NC D~=NR 599

ENVIRONMENTAL TESTING

* NY DOH 10903 - NJ DEP 77678
- PA DER 06-353 - CT DPH PH~238

ANALYTICAL REPORT

Jecobs Engineering

Kraig Smith
Jacobs Engineering
13723 Riverpurt Dr.
Maryland Heights MO 6304:3

Project: 209146
Received; 24-0~C-01
Reported: 14-~AN-02

Project Descr=ption: Memphis Depot SVE

VW-1 Test/Cod0on Canister Unlt (80,4)
LoP Sample: 147531S
sampled: 21-DEC-01 14:30

See Ath=¢hed Report

RESULT UNITS METHO~ DAT~ ANALYST

vW-I T=s|/Source B (02316)
Lab Sample: 147S317
scrupled: 21-DEC*01 14.:30

See Aflached Repod

VW-I Yes,/Ambient Backaround (11208)
Lab Sample: 147531S
sampled: 2a-DEC-01 15;00

See Aflached Reporl

_VW-1 Te¢t]Wel HOod (12830)
Lab Sample: 1475319
semi=led: 21-DEC-a1 14:30

See Affached Report

VW-I Test/C,’,rbo.n.Cartister West (19301)
Lab Sample: 1"75320
sampled: 20-DEC-01 02:30

See Atlached Report
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Jan 15 02 08:43a PSC Rnsl~tical Servicss
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-- I I I

ANALYTICAL $ERVI:C~
C ~nt: J~00¢~$ icnglnQor~ng
Projeo%; 2091 ~,6

VW-I Test/Well Head (93047).
Lab SompTo: 1476321
ssmpled: 20-DI~C-O1 O2:3S

See Attaohed Report

VW-| Test/Soeme-B (!.2155)
Lab Sample: 147G322
sampled: 20-0EC-01 02"36

INDUSTRIAL HYGIENE

¯ EPA/NV1.AP 101262O
¯A~HA ACCREDITATION NO 100432
¯NC OENR 599

R,ESULT

6 | 0921B6G’;’ p.~

pag,t Z of ~ 14JAND2 1713 D3_N1261 RFR

ENVIRONMENTAL TESTING

¯ PlY ~H 10~103 - NJ DEP 77678
¯ PA DER 05-353 , CT DPH PH-023B

M~HOD DATE ANALY$~,

Indicat=~ Less than "the tlm~t of quan¢ltatton.

~TO/£O0[~ "rI~IsvN ,41],~.S g~£g "£C9 gTg~, IO:IT ~O/~T/TO
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P~r=E 54

 -15 GCIMS VolaUles Re err
,,=t: 1.oMist: 5DO~IL" ~2/21/QI VW-t TeSt¢l~ ¢aEe, zer " ,Method: 1702 F;le: ~CHEM’,II~ 702~ 1475,Rfe, D

Re.earring
GC/M.g #t

~mits 19JSurr.-- ¢omw~und _ CAg/I __ R.T. ~ Iml A¢-,=I baby I~1:~’ R.~/.~IjLCN0~,w,~r.m~a-d5 p$) 12 43 117 ~555891 5g.0 100%Olcl~0r0 d~lu ar=m elha ne (12) 75-71-5 2.13 S~i t335 NO O.SChlorcmM~e 74.87-3 2 72 50 654"f NO 0.51.2- CI- 1, 1,2.2-F ~ar~ (~ 14) 76-14-2 0.00 55 0 NO 0.5tr~ CNorfde 75-O1-4 3,0g 82 14~3o 0.7 O.5¯ ’omo me/hans 74-83,.~ O.OO 94 O ND 0 SChloreeth=ne 75-00.3 0.O0 04 0 NO D 5T6cNor~L~rome~;me (11) 75-eg.4 0,0O 101 O NO 0,51,1-OK~or©ethene 75-35-4 5A0 51 32515 0.5 051,1.2- CI 1,2.2- F e~ne (113} 78-13-1 O.00 15| 0 Ni:) 0.5 "Methyl0t~e Cl~orJd= 7~0~2 8.24 B4 2Q804 N D 0.5M’rSE fro.15 on~ 1634-04-4 7.30 73 551 ND 0.91.1-dcNoro~ne 7 .~ ~1113 ? 18 63 21~D NO D,’¢¢t=-l.2-{3;¢Nometfleae 158-59.2 7.75 81 236",~577 25.5 0 5CIlt0rOf0r m B7"1~4~’5 8.0~ 53 20341 ND 0,51,1, I -T~i~.hloroeli~n e 71-,55~ B.25 g7 10178 NO 0.51,2-Dk:hlmoe~h w~ a 107.05.2 B.r3 52 5883 NO 0 Sc=doo. ~,,~¢~ror,~e se-2~-s e.25 1t7 1~ N~ o.~~on~ene 7’1-43-2 B,64 7B ~.4115 ND O’~Trichloroetne~ 79-01-5 8.2~i 135 13~5411~3 ~30.2 0.61,2-dlcP4eropvaC>sn~ ?a-67-5 0.(30 63 0 ND O"is- 1 .:~l-~ic~lor opt ~= ne 5~2-75-5 10.71} 75 5214 NO O.6T~uene ~ 08-50.3 ’~0.7B st 578535 ~ ̄ 0.5t rani- 1,3.,¢flcrak=rel~p ene f 00~1-02-6 11 ;;3 75 le32 N(3 Ot,l,2-Tdchlome~e,.e 79-00.5 11.39 97 175011 1.5 0.5’Tev;~hl~,’oe~e ne 127-10.4 ~1,1g I~1511267905 71.1 0.51,2-[~broma~thene 1~6-g3-4 0,O0 107 0 NO 0,5CNerobenze~e 108-90-7 12.45 112 23360 ND 0.5Elhvl bencene 100-41-4 12.48 91 141335 NO (~ 5m.o-X~n 1330-20-7 12.58 gl 23~28 NO 0.5o-X,ylen= 9~47.~ 13,18 ~11 100944 N~ 05&~yrene I00-12-5 1323 104 t~1~1 NO 0.51,1 ’2-2"T ¢t~il¢~or °el~l~e 78-34-5 14,17 83 331~t gS~l 1t7,7 0.58romafluaral~enzenefS~) 1389 95 1277439 45 9 911%1,3,$-THmeth~b~n¢=me 158-67-5 14.3= 10=; e4058 ND o.51.2 4.Trlm~bytblsr~etl~ 95-63-6 14.81 105 174745 ND 0 51.3-O;chmrob(m=~Jle 54%73-1 ’; 5,25 14El ~8~4 ND 0 51,4-Dchlorab~ene 106-48-7 15.35 146 29,540 N~ 0,51.2-~;~}or ob~er~ g5-~0-1 15,{)1 145 15427 ND 0,51,2,4-Tr~’~ber~¢me 12~-52-1 17.g4 183 1~84 NO O.5H~xect~arol~J~:lie~e 57-56‘3 17.~1 22~ @15002 3 1 0,5

10~_20R.D 10~1oB D 15L301,D
Oat= Pr~ed_ 1~510~ ~AM

C oI:RTX.VM~; Fuze~ Edi0a; 3Din ̄  0,25ram, ~ ,4u f~1 ~/N 2|4~5~ t:lJre~-t b’l~(I r~a ¢e: --20C b 210 ~ 12C/m, 35-350 amu M,;can
~ute~h. -5C T~mdAnasorb 747 Tml~: ¢l¢~,~rb ~ 1BOC; TO14/1 {L~ TO13¢~4,~

p.3



Mils::
Method: 17o2

T O-14A/TO-15 GCIMS Volatiles Report
2.Sml~ 12121,’01 VW-1 Souroe a Auto~mMt~’: 14 OIL Fa¢-¢ ~4 D

G C-./M $ ~1
Pile: ~CHEM11~17821 1475317.D Rm=portI~B

Ur~m I$t$u~.Compound __ CASjj R,T. q ;on Ares ~PI~ Dob~ .~..,,,.,~ [_C-~;.~b ~ r~.~ =-d~4’15 ) 12.4~ 117 1476716 60.0 lOO%
Dk:Nm’odttruoram eth ar~ (~21 75-71-6 0,00 84 0 ND 147.0
Chloroms~ane 74-87-3 0.00 50 0 ND 147 01.2- Cf- 1+1,2,2~F eP~ne (114) 7(I-14-2 0.00 aS 0 ND 147,0
V’e=/I ©hlorfdo 76-01-4 3,05 ~K2 6757 178.0 147.0
l~’omo m,~;,~,~ 74-¢1-g 0.0o 9¢ 0 NO 147 O
Chlar0¢~ene 7S-00-3 0.00 84 0 ND 147.0
Trlc~l= mfluo~o,m mh=m.~ ( I’I 75-61)-4 0.0O 181 8 ND 147,0
l,l-0k:hl©ro~hehe 7S-35-4 SA0 (}1 8437 NO 147 0
1,1 .~- CI 1 ,:~..2. F =thlne ~113] 70.13-1 ’ 0~00 15~ 0 NO t47 0
Me|hYlen4 Cldott~8 75-0~1 0.00 84 0 N~) 147,0MTBE lTO-15 only) 1834~04-4 O.00 73 0 ND 147,0
1.1 -d’ml~loto~ne 75-34-3 0.08 ~ 0 NO 147.0e.N-1 .~]oto m~ 15(~-~i~-2 7.74 6"~ 46~430 ~B75,3 147 0
Chloral~,m 67-8(I-3 B 04 83 33251 NO 147,0
1,l,l-Trichfomsthene 71-5~1~ O, O0 47 0 NO 1470
1.2-O’¢:hl~rocthan~ 107-08-2 I~B3 82 2370 NO 147.0
C~rbon tetra~lorid, 5G=23-6 D 00 117 0 N~ 147.0
B=nz~tte 71.43.2 8.64 78 3925 ND 147.0
l"rt~10t0eth~n~ 79-01.e 9.24 130 1823~Lg4~ 5~571.8 147,0
1,2-dirJ~oroprc~mle 70-~7-5 0.00 ~’t ~ ND 147.0
ci8-l,3~lcNor0~’opan = $42-75-6 000 75 0 ND 147.0
Tolue~= 10+I-~-3 10 78 01 758"/ ND 14?,0
tm’af~. 1,3-¢tw~ot op~pa f~ 100s~ -042-6 000 75 0 NO 147.0
1.1,2.TrlrJ’~omethan= 78-00.,5 11,37 9? 12345 ND 147.0
7etrs©hlam~ttle~e 127111F4 1’L1§ 18(I 3447~I£ 114~9.5 147.0
1,2-Db~’omo~arte 10~-~ 0.00 107 0 ND 147.0
C’hlorob~n= 108.~O-7 0.00 112 0 NO 147.0EthyJ benz=~e 100.41-4 12.48 I#I 4380 ND 147,0m,p-X~¢ne 1330-20-7 12.04 91 6034 ND 147.0
o-Xyl~ne 9"~47-0 13,16 9~ 3~08 ND 147.0~’en~ 100.~2-5 0,00 104 0 ND 147 0
l~l,2.2oT~trac~oroedlane 79-34-5 14,13 (13 10676708 1~)7~,3 147,0B/omof~uorobenl~le (S~I) 13,89 90 591~00 41.1 82%1,3.5-Tr~be=,Zena 101~67.0 14.18 1~. 481~ ND 147.0
%2,4*~’dm~tnylb~lHIO 85-834 O 00 105 0 NO 147.0
1,3-Did~omb.m,zene 541-73-1 0.00 146 0 NO 147.01.4-Oieblofob4~e~4 106-4G.7 0.00 146 0 ND 147.01,2-Dl~hlort~enzer~ ~’5-~0-I 0.00 14~ 0 ND 147.011~.4 -l’rk~hlombe r24~%~ 120.82.1 000 1~8 ~ ND 1470Hem~l~fle 87.~1..~ 17.~L~ ~’~s t0.~3 ND 147.0
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8108219B67 p.5
8B

TO-14A/TO.15 GC/MS Volafil.~; Report
50DmL; |2/20/01 VW-1 T~stAmb/edM bk~rd AumJMirnl~w: 12 DIL Fact: 1’.’/’
1702 FII~’c:-rEM’~l~,1702’t 1475,318 O Repo~g GC/M8 #1
Coml~ljnd l.kmlts ~urr,
Chmm~e~e...cfs.~i -- - 9ASlF m.’r. a~o. ArBa eobv ,,=~, ~mW12.42 117 ~2.;rz.~ 1 §0.0 100%Ok’hb md]fluecemo unim e (12) 7~71-8 2.t I ~ ?~ NO 0,BCt~’omeft~n¢ 74,’87-3 2,’/’5 50 1..=;85 NO 0.~1,2- Ck 1.1,2.2-F e~leJr~ (114) 78-14..2 0,00 85’ 0 ND 0.BV~ ¢hlodde 75-01-,4 0,oo e~ D NO 0 aBromorne’~ene 74-339 8.09 0# 0 ND 0,8C.hlorool~mne 75-00-3 0.0O 84 0 ND ~,8"i’rlch[era f~uorerrm~e ( tl 7’3-6~-4 464 101 6654 ND 08t,f-oP..hlomemane 7s-35.4 0.o0 61 o ND 0 81,1,2- ~J I,~,2- F ethlple (113] 70-13-I 0.00 181 0 HD 0,§Metht~ne C)~)d@e 73,0~-~ e.23 84 11328 ND 0 8MTBE (70-15 0tlly) t8~4-04-4 0,00 7"J 0 ND 0 81,1 -dlr.k,~oma~=n 8 ?S-34.3 0.00 63 O ND 0,8,’~ e- 1,2-Dichloto ¢,~.t ep, e 185-59-2 7.74 61 32915, 1.0 0 8CN0roferm G’/"~8-3 8.08 83 3070 NO 0.81, t, l-Tr;c:Nors.e~n~ 71-r’~’8 e.25 97 2507 NO 0.81.2-Olchlon:e~har~e I07-0~2 B ~ 52 7nrm ND O.BCa,rl:oe t~r~hlonde $1F?~3-5 8.1e 117 6509 NO 0.BBen:cane 71.43-2 8,~3 ?a 218"/4 ND O.aTri~;oi~efl~ne 79-01-8 S.24 130:146817 86,0 D.81,2-d~llot0pr~ert= 70-B7-5 0.0O 83 0 ND 0.8=i=- f.~-,~¢~lecapre p ee e 54~75=S O.Oo 75 0 NO 0.8T0~Jeee IOe-i)8-2 ~0.75 91 60752 NO 0.Ott~-1,3-dPJ~lSroprol~e~ 10081-82.1~ I0,~8 7=3 2409 NO 0,81,1,2-¥hct,J~roel~S 7g.~0-3 11,19 ~7 Sl~4 ND 0.8"l’e~,~:hloroe~etm 127.18-4 11.17 1~ 394472 5,7 0.81.2,Oibromoethane 108-83.4 O,OO 107 0 NO 0 8Chtamben.Z=me 108.90-7 0.°0 112 0 ND 0.8.EIhyl b~mzane 100-4%4 t2.47 ~1 11943 ND 0.~m,p-Xyl~r~e t330-20-7 12,6~ gl 333~2 ND 0 8~Xy~ene 95-47-8 13.15 91 122S1 ND 0,0se/:e~ 100-42-~t 0.00 1o4 0 ND o 8l,l.2.2-Te’~c~f~roetha~e 79-34-5 14 11 83 303255o 28.5 O 8Bt~mo;luarobenzene (3~) 13 88 85 704923 43.2 ~6%"1 "3" 5"Ttimet)~ benzene 108-87-8 ;4,~0 105 43~2 N~ 01 ’2’4 "Trm~ ~hY~b eru~qlt 95.83-~ 14.79 ";O5 13807 ND 1~81,3,(~[ch!omber=eme 541-73.1 15.3.1 t40 1027 ND 0.B1,4-Qlchfotol~O/l~ene 108-46.7 16.33 14~ 1827 ND 0 81,2-~hlerob~,ene 9:~50-1 O 00 148 O ND 0,81.2,4-TrlohJ~r~be~0fl4 120-112;1 0.00 IB0 O ND 0,8H ~4g¢~lrg t Dbutld/tli~1 87"~-3 ~7.0~1 225 13801 ND O 8
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C~am~/~e 14-67-3 (:10O 50 01,2- CA- 1.1.2,2.F ¢ff~ne (114]
7a-14-2 0,OO 95 OV~ ¢hlo~e
75-01-4 301 82 20884l~’om~nelhBno 74-83*9 P,00 94 0CN~oemene 75-0~-3 9.00 84 0"r Hch)o t o~m.h~,~.~ s [11)
7,-t~-99-4 0.~ 101 o1 ,l-~¢h~rl~ene 7~5-4 S.38 91 102991,1.2- ¢J f~,2- F a~ne (I 13) 76-13-I 0.00 1 $1 0MMffyieP~ C.~t~s 75..~e~ 6.29 84 ~f)57MTIE~ (3o.15 =nly)
1834-04-= 0.00 73 0T, 1 -~lchKm0etfian~ 75.34-S 0.00 83 0=1~" 1.2" D~n~r a ~rnOrlS 156-39-2 7?4 6’q 882t78CMoe~orm (}?-86-3 E04 93 45482l~l.J-T~h~erOeth~na 7t..~5-E O.O0 97 O1,2-O~Nor0eth~nn 107-0~-2 8+~ 82 2903C-rbon t~tmct,P, or k4e 5~23-~ ~,0~ 117 08erQer~ 7143-2 8.81 78 8107Tnc~et~ene ?~,.Ol,e 924 130 11049’323l~-~x~orogr~he
?~-87-8 0.00 8~ 0c~. t,3’.~O~or oDmbe,e
54~.79~ 0.00 75 0T~u~e 108-~3 10.74 91 7313~’ar~- 1,3-di~ o n~a ropene

1,1.2-T~h.ln~
I Q~1-02‘0 0.00 78 0
?~-5 1 t.36 97 125257e~rsch4oroe~hm~e 127-18.4 11.17 188 397~3~.1,2*Dibro~1oe~m~s I0~-~3.4 O,0D 107 OChtoeoben=ene 10~90+7 1~.44 112 2149E~Yl benzene 100-41-4 12.48 91 4397m.g-~ine
1330-20.7 12.63 .ql 747=;O-X;dene 9~-4";’.6 13.15 91 3751S~r=no
100-42-5 0 00 104 01,122-X~O~oothw.~e "rl)-~[-,.~ 14 11 ~L~ ’12¢98070Brorno~ro~ne (SS)

’;3,87 O~ 9728991,3.~Trf, m~O~l=o r= nn~ 105.~7-0 14.1~ 108 4d6"/1,2.4-Tdmeffly~er~efle 9~63-8 14.79 109 39241,3-~c/~orobmzo,~=
541-73-1 0.00 148 01.4-D;~lomber~ene 1~4~+7 000 146 01,2"O~Dr0Deh=ens
9~-~0=1 0.00 148 O1 .~,4 -’rrlchlorobcf~ehe
120-G~-1 0,~ 1~ 0

ND t68.0
NO 103 D

45& 1 11)~,0
NO 188,0
ND 1 ~18,0
ND 18().0
ND 165.0
NO 148 0
ND 189.0
NO IBO.0
NO 1~8.0

~"~.8 S 188¯0
ND 18~ O
NO 1~8,0
N0 188.0
NO 188.0
NO 1~8.0

48~29,9 188,0
NO 188.0
NO 188,0
NO 188.0
NO 188 0
ND 11~B+0

11137.4 168.0
NO 188.~
NO 168.0
NO 188.0
ND 168,0
ND 1~.0
NO 168,0

~gz102.7 188.0
44.3
N~ 188.0
ND 168.0
NO 1~+0
ND 1~8.0
ND 1~,0
ND tfi~ 0

]o.6



TO-14A/TO-15 ~;CIMS Volatlles Report-- . .. _ . ....
~"---"~-,-,P,-.~hili9 206146 ;~-:~-~ D~r~rml~ 8VE

A~a-mP~er: 11 ~ Fact: 336.0 ’ML~: 2.$rnl..; 12/20/01 ’VW-I careen eer~ter ,.~lt
C,C.,M~#sM1~,14~: 1702 Fire: ~CHEM~I"d702t t478320.D Re0or’dng

I..[ml,~ RUSutt.__ COrm~Umll CAS # ~T. Q lira Area aub~. =e~ ~ ;.~, ,,liit~Cnlar:..~.;r.~G;,;.-dS (~’~l-- 12 42 117- 2Bn11870 50.0 100%
DCNafoddtuml~rnmh~rm (12) 7~-71-8 0.00 85 0 NO 15e 0
Chlororne~otte 74.67-3 0,00 50 0 NO 186 0
1,2- CF 1,1,2.2-F l~Bno (1141 78.14-2 O.00 85 0 ND 166,0Vnyl ohlerloe 75-01-4 3.07 6~ 14820 :112.8 leB+0
Brennomelhent* 7~83-9 0.00 64 O NO 168.0
CIl]on=efflene 76-~0-3 0.0O 64 0 NO 186.0
Td¢hlarafluommethsno (11) 75.09-4 0,00 101 0 ND lea.0
1,1 -Dtc~[clr~th~ne 75.3~4 S,38 61 10004 t~¢) t6e.~
1.1.2- Cl 1.22- P" e~a~o (1131 75.’15-t ~.00 151 0 N~ 168.0
Mslly/ene Chlor~e 75-09-2 (;,21 ~;¢ t961 ND 165.0
MTBE (3"O-15 only) 1624-04.4 0.00 ?3 0 ND 168.0
1,1-¢rc~loroeltl;vle 75-34-3 o.0O 63 6 ND 168.0
da-l,2-Dichl~oath~ne 1 ~H~;S-2 7.74 61 550781 2611 4 1~8.0
Chlet0f~’m 57-08-3 8,04 53 40563 ND 168.0
1,1.1oT~lor~fheqe 7 |-SS,,IB 0.00 9"; O ND 1¢8,0
1,2~h~ero~me 10?-GB-2 B, a2 62 2267 NO 168.0
C, arb~n tetra~h foride ~6-23-5 D.0G 117 0 NO 16¢0
~ne 71-43~2 6,6’I 78 6704 ~ 108 0
Tfichlaroelhene 7~-01-0 9,24 13o 10675210 43300,4 ~8.0
1,2-~ghlorol0n~pane 75-87-5 0,06 63 0 ND 16o,0
c~-+ ,3-d~l~opropene ~42-?&e 000 75 0 ND t88.0
Tolu=~e 10~86-3 10.73 91 7411 ND leB.0
~in~1,3-~t~’or~m p at~ IG061-02-6 O0O 75 0 ND I~5.0
I, ~ ,~-Tr~hl~roethen~ 7~k~.5 11,35 97 117~? NO 168.O
Te~:Noreetnene 127-16-4 11.17 166 3502722 9404.2 168.0
1.2-~btOmost~e 166.63-4 0.00 103’ O ND I~6.0
CNorobam~ne 10&-g0.7 12 44 112 1~17 ND t68 0
EtP~ ~m~4ms, 100-4t-~ 12.48 01 2563 NO 186+0m,p,~(~f ~f~ 1330-20-7 12.~3 01 8282 ND 1~,0
o-X~lene 9547-6 13.15 ~1 3t40 ND 188.(~
,Styrene 10~J.2-5 O.00 104 0 NO 1~8.0
’~. 1,2,2 -TeV achk:mKhene 7|,34-6 14.11 63 95~L~756 1428;I.9 1~.08r0me,~,embenzene (S$) 13.57 ~5 g0411 & 43 8 68%1,3,5*}’rlmethylb~¢er~e I0~-6"/-0 14 18 108 2690 ND 158 0
1,2.4-T~msth1~r=~ne 98-63...6 14 66 1~ 1301 ND 188,01,3-Dl~:le~rebecmen= 54~.?~-1 0,00 146 0 ND 168 01,4-C~N0r0~nl~ne 106’-45-? 0.00 14~ 0 NO ~68,0
1,2-~¢~lk~rob~-~s !L~50-I 0.00 148 0 NO 168.0l.~,4-Trchlm~benzeee 120-82,1 D+00 100 0 NO ~68.0
Hex=~hlon=t=u~¢lrene 67-~6.3 17,90 2"25 7166 ND 11~,0
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_ TO-14AJTO-15 GC/M$ Voi tlles Report

2.Sm~ 12/20/01 VW.1 Woflh~d ~c/us ~I
1?0= Fi~: =C~:k11~t~t702~ 14750:~I.0 Reporting

, Limits ~.urt,
Com~omtd _ CA.~ I R~’r= o Ion A~a ~bv _ Dl~ R~u~
C ht-~m~ ID r~en~-d 5 ~ 5’~ -- 12.41 1~7 2688154 ~00 180%
D~r0d~u~Omnth~ (12) 75-~1-8 0,00 ~5 O ~) ~00.0
ChlOfOmethane 74,67-8 2.88 50 tI~ ND 100.O
1.2- Ok 1 .~ ~..2-F ¢thet~ (’~ 14 70-t4-2 0‘98 8S O N~ 100.O
v~ c~ork~a 75-0~ -4 3.02 ~ =6172 317.4 ~OO.0
Bmmomathene 74-83.8 0.00 94 0 NO 100.0
Ci~lom=thBn~ 75.00-3 0.00 64 0 ND 108.0
Tdc~loroflunt~neth~no (1 t) 75,604 0 00 ’~01 O HD 100].0
1 .l-Dk:~k~o~thefle. 75-35-4 5.38 61 14057 ND ]00.0
1J.2- P-J 1.2.~- F oth.~e 1113) 76-13-1 0"00] 151 0 hid 100.0
Merino C)~orld~ 7~-2 8.22 ~4 1734 NO ’lOO 0
MTt~ ("rc.1 $ onty~ 1534-04-4 0 ts0] 73 0 NO 100.0
1,1-~¢~or94~afle 73.34~ 0,00 63 D NO 100.0
¢is-1 .:. D~¢t~oroeth ene 156‘59-:~ 7.73 81 004175 .2455.5 ~00"0
Ghtoroforr~ 6"/-~0-3 8.05 83 01354 "=15 1 lOO.0
%1 1-Tdctt o¢o~h==no 71-8=-6 0.00 9;" 0 ND 1~o,0
1,2-D;¢h~meo’ta~e 107-08-2 8.(13 8"2 417’7’ ND t00 0
C~oon m=reohC=~ioa 5~-23.~ o.oo 117 0 ND ’100"0
G,~n,~ne 71.43-2 ~,6"2 78 9324 ND 100.0
"l’tJCh}oroetht~e 7~-0|~1 g,2~ 130 13479519 31625.9 I00.0
~,2-d;ddo~oor=pane 78.87*5 0.00 83 0 NO 100 o
de,- 1.3 -¢1~1¢~0: Pop erie 542-.75-8 0.00 7& 8 ND 1010.0
Toluone 108~ 10.7(~ Bt 9%87 NO 100,0
I r w’m- 1.~¢lk:h~ r ~m’o ~ or~ 10061 ~2.3 0,00 15 0 ND 100,0
1.1.2-TnchJm=e bw~ 79-DO-5 11.17 ,37 18133 ND 101016
Te~ac~oroe~n¢ 127-1~4 11.18 1~8 ~348461 0606,3 t00.0
1,2-D~mm=~,fhane 1064)3-4 000 t07 0 NO ~00.0
Cr~oro~en=ene 108-80-7 12.43 112 2897 ND 100 0
E~hy; b,r~ene 100-4 I-4 12.46 01 4731 ND 10 O10
m.p-Xy~n= 1338-20-7 12,84 91 ~47 NO 100,0
¯ -Xy~ane 93.47-~ 13.16 ~I 5081 ND 100.0
~tyrerm 100-42=5 0.00 104 0 NO 100,0
l,l,2.~Tetrechlo~’~ana 79-34-5 14 1= I)3 1440328.3 12484.7 I00.0
~lromofluo¢oben~ne ($S) 13.8? 95 936838 44,1 80%
1.3.¢’t d m e~ytbef..zen e 108.67J 14 ~7 1(]5 4603 ND 100.8
1.2.4.Trim eOlyID i¢~ 8no 9S-~3-6 14.79 1015 3T/? N~) 100.0
1.3-0i0hlorob~flZene ~41.73.t 0.00 146 0 ND 1010.9
1.4-D~¢Nom~er~lo ~06‘4~-7 0 00 14~ 0 N~) 100.0
1,2~0h~o~rl~ehe 9~.J~0-1 0 DI~ 146 0 N~ 1 O0 0
1.2.4-Td¢ hi= m b ~r~z e=~ 120-82-~ 0.00 1~0 0 ND 100.0H 4 X~K:P~ gWJ b~t a d)#ne 87-6~-3 1?,89 225 12S40 ND 100,0]



Sample:
MI~¢:
Methocl:

¯ Co,~Doune . . CAg ~, P-T. q ~U- A~a
C~ro~ erQBrle-¢l$ (IS| 12.41 117 21S~1984
DiPJ~ r od~Juot o me(ha rdl (12) 75-71-8 0,00 85 0
CNoram eO~.~n4 74-~/.3 0.00 5"0 0
1,2- C.J- 1,1.2,2-F eJP.aClQ (114] 76-14-,2 0,00 85 O
Vinyl c;,’~ r~e 75-01-4 2.~ 62 12924
8rornomeU-4~e T4-83JJ 0.00 g4 0
Clueroed-ane PS-Q0-3 0,0Q 84 0
TrP_.hlorO~ommethene (I 1 ~ 0,00 101 0
1.1.Dl¢ltlotoethem4 75-35-4 5,$7 61 14874
1,1.2- CA 1,~,2- F elh4ms {113) "/’6-I ~-1 O,00 151 O
Mc.~t yk:n= Chlo~di~ 7~ -05.~ 0.20 B4 2005
MTBE (’1"O-15 only) fl~34,04-4 0.0~ 73 O
I .~..~icNoro~ne 76-34-3 0.00 63 0
¢;~1-1,2-Dk:ttkWO0tl~e114 155.~2 7.73 Sl 897678
~t~roform 6’7.1~l~3 I).04 83 5s232
1,1,1-Xn¢~ioroelh~me 71-$5.~ 0.00 g7 0
1.2-D~chloc’ae~m~ 107-OB=3 8.65 ~12 3812
(;~’b~ tettaahlaridl~ ~5-23-5 0.0D 1’~7 O
Benzene 7’1-~3-2 8.(12 78 8079
Tr;~oroether~e 79..01-~1 9,24 130 137~’B8
1.2-¢llchmropr~;=ms 7B-,E7-S 0,00 G3 0
¢;s- t. 3-di~hloro p r~ p et,,.~ $42-7~.~ 0.00 75 O
"toluene ’;08-1~8-3 10,74 D1 8721
U"~ ~4’.3 -d~lhl~oprop one 1000’t.O~,.O 0.00 75 0
1,1,2-Trir.blomethsne ;P5-O0-5 t1,37 97 22078
TeVlchlot’oethene 12"/’-I 8-4 1%18 1~i8 5 TBt~84
1,2.D]brorno~en~ 10~-g3-4 0.DO 107 0
ChT~o~en~n¢) 10~-8D-7 12,43 1t2 3"547
E~/¢/I bcn;~ene 100-41--4 12,46 gl 5B02
m,p-X54~O 1330-20-? 12.34 91 ’13516
n-X~let~e 95-47,8 13.14 91 B511
S’~en, 100.42-5 0.00 104 0
1.1.2‘~-Te~’acNor0 ~an/ 79-34-5 14.11 83 17P1~619
B m ~u~r obenZ~lne (’-5~) 1367 g5 951402
1.3,5,Tdm©~yl~mz~n~- 10~t%8 14,2g 185 4094
1.2,4-T~ethy~e,~ene 95-83-6 14 7’9 18’; BO82
1,3,D,¢~iorol~zen~ =J41-73-4 0 00 148 0
1.4-~h~roblm,~.ehe 10~’p45-7 0 0(3 148 0
1.2-Otoht o;’o~ onzene ~e~"~O* 1 0 ~10 148 0
1.2 4-Trkm~robehzefle 120-62-1 0.0o 1/10 0
Hex~hlorobuta¢l~ne 87-88,-3 17.89 22’5 ~,A3~O

Dff. F~h., 2D0 0

L1m~13 I~JS~rK
D;d~ O~bv ~cnPef~

58,0 ~00%
ND ID0 0
ND t00,o
ND 100.0

15S,2 100.0
ND 100.0
ND I(]o0
NO 100 0
ND ~no,o
NO 100.0
ND 100.0
ND 1000
NO 100.0

24o~ 0 100 0
tlB8 1~0.0
"ND 101},0
NO 10~ D
NO 100,0
ND 100,0

3,~.072,3 100.0
ND 100.0
ND 100.0
ND 10D 0
ND 100 O
NO 1809

982B.5 100.0
NO 100.0
ND 1 O0 0
NO 100,0
ND 100,0
NO 180,0
ND lO0,0

14"/’84.? 100.0
44.7 89%
NO 1~.O
NO IOQ.0
ND 100,0
I,/D 100.0
~fD 100.0
ND 1000
NO 100,0

_ Not4 m~ b e,~’~’l Cht o~,ha~ beea mF~’~d from t~e~rg~t l~e~ (~ua t~ mbl;t~, in thm ~imdorda.
Cal4~r~top IDeta: NfST Ttam=abM 8ta~l~o Cylkr14~.f’: ~p~ G(I~B6 tog23~. 7pprnv
108_.20R, D 10B_I~B.D IO8_301,D

J~m~ PR~ta~l: 1,~/t12 7:58 AI,~ ¯ , .~= Nel D~,’~,=,,~,,a at~e Repor~g Limi~ $S = l~uffogm Stafl~e;’d; IS = Inmrll~ ~"td~r¢150 no each
CoI, RTX-VMS Fuae~ S~a’, 3oft1 x 0.2Smm, 1 4u film SIN 2~4582; d]red ;ntefface: -20G t~ 210 ~ 120.’m; 35-300 ainu fua ~an
Nutecl~ -5C Ten~0dAnmorb 747 T~p. d~ ~ 1~)~C: TO 14115...],-./ TO1.6P-xt4 o~

p-9
10
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ANALYTICAL SERVICES

__ INDUSTRIAL HYGIENE
¯ ~:PA/NVLAp 101~2o0
"AIHAACCREDITATION NO 100439
¯ NC DENR 599

page 1 of Z Z]JAN0~_16~8 []_N126~ R.R

ENVIRONMENTAL TESTING
¯ NY DOH/NELAC 10903 = NJ DEP 77020¯ PA DEP 06-353 ¯ ~f DPH PH-023a

Client:

Report to:

Jaaobs EngineeHng

Kraig Smith
Jacobs Engineering
3364 Perimeter Hill Dr
Suite 310
Nashville TN 37211

Project Oeso/iptlon: SVE Pilot Study / TO-14

Project:
Received:
R~porTed:

209278
11-JAN-o2
23-JAN-02

Afr Volume~
Lab Sample: 1475889
sampled: 09-JAN-02

Sac Attached Report

Air Volume:
Lab Sample: 1475880
sampled: og-JAN-02

See Atl,’,ched Report

Air Volume:
Lab Sampte, 1475891
semDied: 10-JAN-02

See Aflached Repo~

RESULT UNIT~ METHOD
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p. Zl-

B5

........ TO-14A/TO-15 GC/M8 V la .~.+~’/M8 Volatiles Re oft
MI$~: 2 :S/ill -- "’-"~" Autollalflpler: t0 DIL FSL-’t: 33~0M=ithod: 1702 Fde: :’CHEM~l’,170:~ 1475890 D GC/M8 Jl

’ Rem~r~na
S a Limit= I~lSurt.

Ct~orober~en¢.d~ (181
12.41D;Chk~r~J1uor~ermlhane (1;Z) 7~-71-B

117 3~125 50.0 1D0%C,"dm~-ncman c 0.¢O 05 O ~0 tO&074.0%3 2.~. 50 1343 NO 100.01,2- CI- 1,t,2.2.F e~e ~114)
76.14.2V~ chloride 0.QO 8~ 0 ND 1B8.075.0t-4 3,01 82 140543 2319.8 168.0B~omonlelharm 74~13-9

010CI I)4 0 NO 168.0O-Notoeth=ine
76-00-3 0.0o 64 0 NO 189.0Tdd~oro~uoro~l~fle (11) 75-~l~-4 0,90 101 0 NO 1~.01,1-Ojchloro~en¢
75.3|.4 5.3(I 151 39149 205.0 1,8/~.01,1,~ CI 1,2,;~- F elhene (t 15)
70-13-1

~c"~Jeno Chbr~e
7~-0~-2

o00 1:;1 o hid lS8.0
MT~ (T(~-IS only) 6.21 84 4568 ND 168.o1~-~.-04 -4 0 O0 70 O NO 165.0
1,1-¢lloPJ~mM~s~qe

7§-31l-3 0.©0 83 O NO 188.oc~-l,2-Oieh~’oathcne
150-39.2 7.73 I~| 1117E409 40971’4 108,0ChPerof’orrfl
87-66.3 § 04 83 47090Q 12.02. 9 10&01,1.1-Trlchlor~ ~thame
71-~5-G 01,2-Oichfa*oetha~e 07 576 ND re/).0Cm’Onn t~rk~e 107-08-2 8.81 82 33217 NO 100 0rter~,:e=r~ ~-23-5 8.1~1 117 220145 05.~.3 /08.OTdchtom~ erie 71-43.2 BE| 78 14580 N~) 108,07~.01-0 9.29 130 340~0~47 10~601.0 168.0

1,2-dl0htete~mpeae
7~-87.5 9.76 65 10480 ND 168.0cf~’1.3-<rchlomp ropen¢
542.75-0 0.00 7~; o NO t88 0

7o~ne
108~-3 I0,7~~m~1"1,3 -d~topr g ~ 8r1¢ 91 ]0072 NO 1~a,01,1.~Tr~hlame~ane 1~1.o2-8 11,4t 75 2524 N~) 168_0"~-00-~ 11.3.5 97 352 ~.E 1 I D39 4 19A 0IPe~’~ch lar~ e b~ mm o 127-T0-4 11.17 168 75BS728 1(1032 168.0

1.2"Ol~rornoe~e
100.03.4C~llor0oei~zone 0.0g 107 0 NO 108.0E~yl b~p.~etm 105-9~1.7 I~.42 112 85~ NO 188.0m,p-x]nene ~00-41.4 12.48 81 5798 ND 1~8,0o.X~ene
1330-20-7’ 12,6) 91 13017 ND 16&o61yrene 86,47.6 13,~5 D1 1&~52 NO 1~.O100-42-5 0 00 ; 04 0 ND 160 9

1,1,2,2-YeUlcP, loraeth~e
7’3-34.5 14.11Or~nolluml~b er~zn~e (8IS) 83 lg01358! 2230~ 3 188.01’3’5"T~11Lv~ylber~el~ e
10~-~17.~

13,87 95 13288J)7 50.71,2,4-THin e~hytoer~en o 14.30 105 1382 NO 168 O95-0~ 14.79 105 4B01 ND 188,0
1,3.Dl=hlorobertz~

~41-73-1 15.24 148 3442 ND 1~1 0
1,4-DJchlorobet=~ne

106.4(I.7 IS 33 148 140371,2-O~h/erobel~ene
9-5-60-t ND 168.01.:~,4-Ttmhloro b~nz~ne 15.42 140 547 NO 1680

101%

.-9 ,,o o + I+,o
It.89 223 B~432 NO 15&O

+ua 20RD 10B 1OB,D 108 301.D
ND e Not D~te¢tl~ ¢lt ~he Rel~orb~9 Urnh~

$8 ~ 81arogsfi~ ~tand~lrd, l~q ¯ i/ltlrr,=i I ~ld~lrff :SO no =aGhC~I’RI~-VM~$ FUSed ~h=:~: 30m X O,2~mrn, "1 4u ~m o~., -....~. ___._
Nut ~/t; -~C T ei’~AnemO~lb 747 Tra~; Uesoda 41~ t800; T014110 I~,’ ’" "" ""~.~. e.nlc~ mt~fa¢=i; ~C to 210 ¢~+ ~2CIm, 35.300 ainu ~ll

TO15r.Jt4 oft

~00/~00~
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74-87-3
78-14-2
75-01-4
74-153-9
7~:-00-3
;’5.e~4
75.-35-4
76-13-1
75-09,3
16344~4.4

75-34-3
t56-59-2
6?-66-3
71"~3-6
101-03,2
-~-23-5
71-43-2
7(I-.01,6
75‘67,.~
542-7S-I~

10061..02.¢
7g-00-5
127.15.4
10S-&..~4
1n8.99-7
I0&.4~-4
1330-20.7
9~47-e
100-42-~
79,3,1.5

1(~1-5"/, 

541-73-1
IO44~-7
9~.-50-1

2.?’4 5D ~;~;P NO I56-0o O0 65 ~ NO 168 D

0.00 94 0 ND 108.00,00 B.4 0 NI~ lS8,(;O.(Io 1 D1 0 ~0 168 O.’S.3,B 51 2778’) ND lS~ 0
0-0n 151 0 ND 1M.06.21 84 4256 ND I’~.00.00 7g 0 ND 1(;0.00.0o e$ 0 ND ’ISS 07.73 01 8809732 31509.5 168.o

?.78 97 17115 ND 161108,61 ‘52 2527= ND 16&08.18 117 2473~4 g48.7 156.08,61 75 148M ND TG~.O9,28 130 271~890e J~841 I 1080~’,75 G3 ?454 ND 18B 00.00 75 Q ND 1~8,o1075 (11 714g ND 166.00.o0 75 tj N~ l~a.o11 35 97 ~_9§3~, ~16g,5 168 011.17 i(;S ~1211’ 12789.5 1(~B00 00 107 0 ND 16~.n1~,42 112 -~3g NO 168,012,40 91 4171 NO 16&O12.43 91 ~482 ND 16(;,013.15 91 5917 NO I~5.00,00 104 O ND 18(; ’)4 15 ~3 39737061 45540.0 1~.01387 95 I~10515 473 95%’)4.2;’ ’i05 34)’4 N0 I~.014,75 lO5 2500 ND 105 O15,2.2 14e 3541 ND 156-016,31 t4~l gsgt NO "t~.n0.o0 145 0 ND 168 0
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3an 24 O~ 08:31a PSC Rnalstioat Servioes 0109218867
=L/~,~ 16:3~ 91951881d1 RTp L~15 ZNC

ReM, arcn TnDr~ Park I~s. Inc.
PAGE

Chlotomethane ?4-57-3 2.?9’ 50 5279 N~ 0.81,2" CI- 1,1,2.2.F e~ar~e r 114) 78-14-2 2~.3 ~ t109 ND 0,8Vinyl c~k~lch~
75-01-~1 000 62 0 NO 0.8Ilromorneb~
74-03-9 0.00 94 0 ND 0.8O’,~Bth~
75"r’~3 0.00Tnchlomlt~ron,~ne I11 ) 64 0 ND 0.B73.8~k4 4,$3 10~ 12098 ND

0,8l.l-DicNor~ath~ne
75-35-4 8.5~ El 10540 ND 0.61J,2- CI 1.2,2- ~ ~m’~ (113)
75-13-1 5.$3 15t 12~0 ND 0.8Mefl~yl=n4 Ch~ride
")’~ 6.23 04 13712 ~ 0.(IMTDB f"ro,.,~3 ~rcy)
1634-04.4 5.40 73 ~r~/ ND 0.31.1-~:Moro~Bhe ?5-34-3 0.D0 83 0 ~ 9.$~-1.2-Dloh~
I~-~41-~ 7,73 61Chl~m 3506 No 0 ,~87-~S,,3 6.04 83 483B ND 0.e1, 1.1 -TricNoroe~h~e
71-55-(; 8 23 ~)7% 2-1:~=hrwoelhlne 4488 ND £l B107.00~ 8.62 (~ 1397 ND 0,8Carbo~ t~aeNor~o
55-2~.5 8.16 ~17 10082 ND 0.BBer~ene
71.43-2 861 78 54327 ND O,D’rr~h~oro~’.me
79-01.6 9.22 130 |54193 2.7 0.~t,2-4Jc~’~o~o~opene
78-87-.5 0.00¢15-I, 3-¢ll¢~lgro~ro pe ne 83 0 NO 0.8542"75"6 O 00 75 6 ~ 0,8

T~uer,~
100.50.3 I0,74{r err~l.S- ~¢hl~r~l~cm~ G~ 120205 NO 0.810051-02-6 ~0.g6 75 2G/~24 ND O1. t.2-Tr~hkame~h~ne
79-00~ 11.36 87 17~ NO 0.8

Tetre~l~w~
127-18-4 11.f7 lee 2oeo3 NO O,e~,2-Ollxomoethono
I09-~):1-4 0,00~,~k~oben~en5 107 O ND Aa

F-~ be~2~ne 108.90.7 ~2.43 112 12824 ND D.BmJ:-Xylane 100-41-4 12.46 91 31574 ND O.8~-Xyl~rm 1330-20-7 12 6] 91 73406 ND 0,8$1yrene 86-47-0 13,14 91 ~’8947 ND O 8100-42-5 18.21 104 20005 ND 0.5
1.1.2.2 -Tet~a~hk~m~n~

7~-34.5I)ro~luo,obenzene (SS) 14 11 93 411195 2.8 0.813~? 95 1115651 4B.O~ .3.~-Telm elt~.~,e r~ne
I0~-87-8 14 20 105 7584 ND 0.$

1.2.4-TH/’~14~I~r124 rl~
95-83.61.3-Ok~dot~en~ne 14,79 105 25280 NO 0.81,4.DlChlor~w.~ 541-73.1 15,21 14B 2522 ND 0.91064~.7 15,3~ 148 403~ ND 0 8

1,2-~l:~’~xroi~r~one
95-50-1 15.1~,,1 ~.4-TrtoNorOb~lZ~-~9 140 2;~0 ND 0.8
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ANALYTICAL SERVICES

PSC Rnal~tieal Servlcu$ 6109219667

page 1 Of ! ;~JJANO2 1622 ]~3 NI26~ R.R

INDUSTRIAL HVGfENB
ENVIRONMENTAL TESTING

, EPA/NVLAP 101252-0 ¯ NY DOHINELAC logo3 ¯ NJ DEF~ 77020¯ AIHA ACCRED/TATION NO. 1004;~9
" PA DEP DB-353¯ NC DENR 599 - CT DPH PH-0238

ANALYTICAL REPORT

Jecobs Engineering

Krnig Smith
Jacobs Engineering
3354 Perimeter Hill Dr,
Suite 310
Nashville TN 37211

Project Description: ~VE PJIot Study / TO-1S Analysts

Sampled: lID JAN*02 14:10

Project: 20931 3
Received: 1 4-JAN-02
Reported: 23-JAN-02

PURCHASE OFIDER~ C5X51110

Lab Sample: 1476062

See Attached Repolt

RESULT UNjS

FinaI Gampte CanCentrat~onm calcuial:~c I fr=cn sample aroas iIupp[fed ~ ¢hn;n of cusl:~y.
Indicates Less than the Limit of ¢~an¢iTatlon.

METHOD



PAGE

p.8

11

~00.4
1660Chfoto~Yl~enl 74*87.3 8.(]0 50 0 NC) 168.o1.2- C~- 1. ! ,2.2+F emane (; 14) 7~’t 4-2 0 O0 aS O ND 108.0V~iA cNorfdA ~’5-01..4 305 62 31B51 5’:2.8 lsG.o8r= rnom~ns 74-83.9. Q,0D 94 0 ND 188.0GhlorcL, Chllna ?5,,00.3 0.00 64 O NO 168 0Tr;chlor~=m~mme itt ) 75-89-4 0.00 10’~ O NO 188,01,1 - OP..hkl, roatheho 76-3~-4 5¯36 81 21814 ND 11~1.01.1,~- CI t,2.2o F =lhene i’113| 7/J-13.-1 0.00 151 0 ND 18B,0Me~lylene ChLorl¢le 75.09-2 8.22MTBI~ rro.l~ O~t~y) 04 ~.~41~) NO 1~.0
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Vapor VOCs Analytical Results for Test 1 (vw, -1)

Dunn Field - Memphis Depot (December 2001)

Venting SUMMA Canister Date & Time
AnalyticalReporting

IS/Surr
Well ID Sampling Locations Parameter ID Collected Results Limits

(ppbv) (ppbv) Recover

VW-1 After Carbon Canister Chlorobenzene 12/18/2001 18:32 50.0 100%
VW-1 After Carbon Canister Dichlorodifluoromethane 12/18/2001 18:32 ND 0.8
VW-1 After Carbon Canister Chloromethane 12/18/2001 18:32 ND O8
VW-1 After Carbon Canister 1,2-CI- 1 ,I,2,2-F ethane 12/18/2001 18:32 ND 0.8
VW-1 After Carbon Canister Vinyl chloride 12/18/2001 18:32 ND O8
VW-1 After Carbon Canister Bromomethane 12/18/2001 18:32 ND 0.8
VW-1 After Carbon Canister Chloroethane 12/18/2001 18:32 ND 0.8
VW-1 After Carbon Canister Trichlorofluoromethane 12/18/2001 18:32 ND 0.8
VW-1 After Carbon Canister 1,1-Dichloroethene 12/18/2001 18 32 ND 0.8
VW-1 After Carbon Canister 1,1,2-CI - 1,2,2-F ethane 12/18/2001 18 32 ND 0.8
VW-1 After Carbon Canister Methylene Chloride 12/18/2001 18:32 17 0.8
VW-1 After Carbon Canister MTBE 12/18/2001 18.32 ND 0.8
VW-1 After Carbon Canister 1,1-dlchloroethane 12/18/2001 18:32 ND 0.8
VW-1 After Carbon Canister cis-1,2-Dichloroethene 12/18/2001 18:32 40.5 0.8
VW-1 After Carbon Canister Chloroform 12/18/2001 18:32 ND 0.8
VW-1 After Carbon Canister 1,1,1-Trichloroethane 12/18/2001 18:32 ND 0.8
VW-1 After Carbon Canister 1,2-Dichloroethane 12/18/2001 18:32 ND 0.8
VW-1 After Carbon Canister Carbon tetrachloride 12/18/2001 18:32 ND 0.8
VW-1 After Carbon Canister Benzene 12/18/2001 18:32 1.6 08
VW-1 After Carbon Canister Tnchloroethene 12/18/2001 18:32 585.8 0.8
VW-1 After Carbon Canister 1,2-Dichloropropane 12/18/2001 18:32 ND 0.8
VW-1 After Carbon Canister cls-l,3-Dichloroproene 12/18/2001 18:32 ND 0.8
VW-1 After Carbon Canister Toluene 12/18/2001 18:32 1.9 0.8
VW-1 After Carbon Canister trans-1,3-dlchloropropene12/18/2001 18:32 ND O8
VW-1 After Carbon Canister 1,1,2-Tdchloroethane 12/18/2001 18:32 3.8 O8
VW-1 After Carbon Canister Tetrachloroethene 12/18/2001 18:32 147 8 0.8
VW-1 After Carbon Canister 1,2-Dibromoethane 12/18/2001 18:32 ND 0.8
VW-1 After Carbon Canister Chlorobenzene 12/18/2001 18:32 ND O8
VW-1 After Carbon Canister EthTIbenzene 12/18/2001 18:32 1.2 O8
VW-1 After Carbon Canister m,p-Xylene 1211812001 18:32 3.0 O8
VW-1 After Carbon Canister o-Xylene 12/18/2001 18:32 2.6 0.8
VW-1 After Carbon Canister Styrene 12/18/2001 18:32 ND 08
VW-1 After Carbon Canister 1,1,2,2-Tetrachloroethane12/18/2001 1832 473.3 O8
VW-1 After Carbon Canister Bromofluorobenzene 12/18/2001 18"32 72 3 145%
VW-1 After Carbon Canister 1,3,5-Trlmethylbenzene 12/18/2001 18:32 2.6 0.8
VW-1 After Carbon Canister 1,2,4-Tnmethylbenzene 12/18/2001 18:32 5.4 08
VW-1 After Carbon Canister 1,3-Dichlorobenzene 12/18/2001 18 32 ND 08
VW-1 After Carbon Canister 1,4-Dichlorobenzene 12/18/2001 18"32 ND O8
VW-1 After Carbon Canister 1,2-Dichlorobenzene 12/18/2001 18 32 ND 0.8
VW-1 After Carbon Canister 1,2,4-Tnchlorobenzene 12/18/200t 18:32 ND O8
VW-1 After Carbon Canister Hexachlorobutad,ene 12/18/2001 18:32 32 8 0.8
VW-1 &tier Liquid Ring PumpChlorobenzene 12/18/2001 18 32 5O 0 100%
VW-1 &fter Liquid Ring PumpDichlorodlfluoromethane 12/18/2001 18"32 ND 47
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VW-1 After Liquid Ring PumpChloromethane 12/18/2001 18:32 ND 47
VW-1 After Liquid Ring Pump1,2-CI - 1,1,2,2-F ethane 12/18/2001 18:32 ND 47
VW-1 After Liquid Ring PumpVinyl chloride 12/18/2001 18:32 263 4 47
VW-1 After Liquid Ring PumpBromomethane 12/18/2001 18:32 ND 4.7
VW-1 After Liquid Ring PumpChloroethane 12/18/2001 18:32 ND 4.7
VW-1 After Liquid Ring PumpTrichlorofluoromethane 12/18/2001 18:32 ND 4.7
VW-1 iAfter Liquid Ring Pump1,1-Dichloroethene 12/18/2001 18:32 32.5 4.7
VW-1 After Liquid Ring Pump1,1,2-CI - 1,2,2-F ethane 12/18/2001 18:32 ND 4.7
VW-1 After Liquid Ring PumpMethylene Chloride 12/18/2001 18:32 ND 4.7
VW-1 After Liquid Ring PumpMTBE 1211812001 18’32 ND 4.7
VW-1 After Liquid Ring Pump1,1-dichloroethane 12/18/2001 18 32 ND 47
VW-1 After Liquid Ring Pumpcls-1,2-Dichloroethene 12/18/2001 18:32 847.0 4.7
VW-1 After Liquid Ring PumpChloroform 12/18/2001 18:32 62.5 4.7
VW-1 After Liquid Ring Pump1,1,1-Trichloroethane 12/18/2001 18:32 ND 47
VW-1 After Liquid Ring Pump1,2-Dichloroethane 12/18/2001 18:32 14.1 4.7
VW-1 After Liquid Ring PumpCarbon tetrachloride 12/18/2001 18:32 ND 4.7
VW-1 After Liquid Ring PumpBenzene 12/18/2001 18:32 21.0 4.7
VW-1 After Liquid Ring PumpTdchloroethene 12/18/2001 18:32 3169.6 4.7
VW-1 After Liquid Ring Pump1,2-Dichloropropane 12/18/2001 18:32 ND 4.7
VW-1 After Liquid Ring Pumpcls-1,3-Dichloroproene 12/18/2001 18:32 ND 4.7
VW-1 After Liquid Ring PumpToluene 12/18/2001 18 32 196 4.7
VW-1 After Liquid Ring Pumptrans-1,3-dichloropropene12/18/2001 18.32 ND 4.7
VW-1 After Liquid Ring Pump1,1,2-Trichloroethane 12/18/2001 18’32 114.8 4.7
VW-1 After Liquid Ring PumpTetrachloroethene 12/18/2001 18 32 1195 7 47
VW-1 After Liquid Ring Pump1,2-Dibromoethane 12/18/2001 18:32 ND 4.7
VW-1 After Liquid Ring PumpChlorobenzene 12/18/2001 18:32 ND 47
VW-1 After Liquid Ring PumpEthylbenzene 1211812001 18:32 64.4 47
VW-1 After Liquid Ring Pumpm,p-Xylene 12/18/2001 18:32 45.6 4.7
vw-1 After Liquid Ring Pumpo-Xylene 12/18/2001 18:32 34.9 4.7
VW-1 After Liquid Ring PumpStyrene 12/18/2001 18:32 ND 4.7
VW-1 After Liquid Ring Pump1,1,2,2-Tetrachloroethane12/18/2001 18:32 2391.3 4.7
VW-1 After Liquid Ring PumpBromofluorobenzene 12/18/2001 18:32 26.1 52%
VW-1 After Liquid Ring Pump1,3,5-Trimethylbenzene 12/18/2001 18:32 65.3 4.7
VW-1 After Liquid Ring Pump1,2,4-Trimethylbenzene 12/18/2001 18 32 160 4 4.7
VW-1 After Liquid Ring Pump1,3-Dichlorobenzene 12/18/2001 18 32 ND 4.7
VW-1 After Liquid Ring Pump1,4-Dichlorobenzene 12/18/2001 18.32 ND 4.7
VW-1 After Liquid Ring Pump1,2-Dichlorobenzene 12/18/2001 18:32 ND 4.7
VW-1 After bquid Ring Pump1,2,4-Trichlorobenzene 12/18/2001 18:32 8.4 47
VW-1 After Liquid Ring Pump.Hexachlorobutadiene 12/18/2001 18:32 109 4 4.7
VW-1 Equipment blank Chlorobenzene 12/18/2001 18:32 50.0 100%
VW-1 Equipment blank Dichlorodlfluorometha ne 12/18/2001 18:32 ND 0.5
VW-1 Equipment blank Chloromethane 1211812001 18"32 ND 0.5
VW-1 Equipment blank 1,2-CI- 1,1,2,2-F ethane 12/18/2001 18 32 ND 05
VW-1 Equipment blank Vinyl chloride 12/18/2001 18 32 ND 0.5
VW-1 Equipment blank Bromomethane 1211812001 18 32 ND 0.5
VW-1 Equipment blank Chloroethane 12/18/2001 18’32 ND 05
VW-1 Equipment blank ]-nchlorofluoromethan e 12/18/2001 18:32 ND O5
VW-1 Equipment blank ! 1,1-Dichloroethene 12/18/2001 18 32 ND 0.5
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VW-1 Equipment blank 1,1,2-CI- 1,2,2-F ethane 12/18/2001 18:32 ND 0.5
VW-1 Equipment blank Methylene Chloride 12/18/2001 18 32 ND O5
VW-1 Equipment blank MTBE 12/18/2001 18 32 ND O5
VW-1 Eqmpment blank 1,1-dlchloroethane 12/18/2001 18:32 ND 05
VW-1 Equipment blank cis-1,2-Dichloroethene 12/18/2001 18:32 ND O5
VW-1 Equipment blank Chloroform 12/18/2001 18:32 ND 0.5
VW-1 Equipment blank 1,1,1-Tnchloroethane 12/18/2001 18:32 ND 0.5
VW-1 Equipment blank 1,2-Dichloroethane 12/18/2001 18:32 ND 0.5
VW-1 Equipment blank Carbon tetrachloride 12/18/2001 18:32 ND 0.5
VW-1 Eqmpment blank Benzene 12/18/2001 18:32 ND 0.5
VW-1 Equipment blank Tdchloroethene 12/18/2001 18 32 145 0.5
VW-1 Equipment blank 1,2-Dichloropropane 12/18/2001 18 32 ND 0.5
VW-1 Equipment blank cis-1,3-Dichloroproene 12/18/2001 18 32 ND 0.5
VW-1 Equipment blank Toluene 12/18/2001 18.32 ND O5
VW-1 Equipment blank trans-1,3-dlchloropropene12/18/2001 18:32 ND 0.5
VW-1 Equipment blank 1,1,2-Tnchloroethane 12/18/2001 18:32 ND 0.5
VW-1 Equipment blank Tetrachloroethene 12/18/2001 18:32 20 O5
VW-1 Equipment blank 1,2-Dibromoethane 12/18/2001 18:32 ND 05
VW-1 Equipment blank Chlorobenzene 12/18/2001 18:32 ND 05
VW-1 Equipment blank Ethylbenzene 12/18/2001 18:32 ND 05
VW-1 Equipment blank m,p-Xylene 12/18/2001 18:32 ND 05
VW-1 Equipment blank o-Xylene 12/18/2001 18:32 ND 05
VW-1 Equ,pment blank Styrene 12/18/2001 18:32 ND 05
VW-1 Equipment blank 1,1,2,2-Tetrachloroethane12/18/2001 18"32 17.3 0.5
VW-1 Equipment blank Bromofluorobenzene 12/18/2001 18’32 49.5 99%
VW-1 Equipment blank 1,3,5-Trimethylbenzene 12/18/2001 18"32 ND O5
VW-1 Equipment blank 1,2,4-Trimethylbenzene 12/18/2001 18 32 ND 05
VVV-1 Equipment blank 1,3-Dichlorobenzene 12/18/2001 18.32 ND 0.5
VW-1 Equipment blank 1,4-Dichlorobenzene 12/18/2001 18’32 ND 0.5
VW-1 Equipment blank 1,2-Dichlorobenzene 12/18/2001 18:32 ND 0.5
k, SN-1Equipment blank 1,2,4-Trichlorobenzene 12/18/2001 18:32 ND 0.5
VW-1 Equipment blank Hexachlorobutadlene 12/18/2001 18:32 ND 0.5
VW-1 After Carbon Canister Chlorobenzene 12/19/2001 2:32 50 0 100%
VW-1 After Carbon Canister Dichlorodifluoromethane 12/19/2001 2.32 ND 0.6
VW-1 After Carbon Canister Chloromethane 12/19/2001 2"32 ND 0.6
VW-1 After Carbon Canister 1,2-CI - 1,1,2,2-F ethane 12/19/2001 2"32 ND 0.6
VW-1 After Carbon Canister Vinyl chloride 12/19/2001 2:32 ND 06
VW-1 After Carbon Canister Bromomethane 12/19/2001 2:32 ND 0.6
VW-1 After Carbon CamsterChloroethane 12/19/2001 2:32 ND 0.6
VW-1 After Carbon Canister Tnchlorofluoromethane 12/19/2001 2:32 ND O6
VW-1 After Carbon Canister 1,1-Dichloroethene 12/19/2001 2:32 ND O6
VW-1 After Carbon Canister 1,1,2-CI - 1,2,2-F ethane 12/19/2001 2:32 ND O6
VW-1 After Carbon Canister Methylene Chloride 12/19/2001 2:32 ND 06
VW-1 After Carbon Canister MTBE 12/19/2001 2:32 ND 06
VW-1 After Carbon Canister 1,1-dlchloroethane 12/19/2001 2:32 ND 06
VW-1 After Carbon Canister cls-1,2-Dichloroethene 12/19/2001 2:32 16.2 O6
VW-1 After Carbon Canister Chloroform 12/19/2001 2:32 ND 0.6
VW-1 After Carbon Canister 1,1,1-Trichloroethane 12/19/2001 2:32 ND 06
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VW-1 After Carbon Canister 1,2-Dichloroethane 12/19/2001 2:32 ND O6
VW-1 After Carbon Canister Carbon tetrachloride 12/19/2001 2:32 ND 0.6
VW-1 After Carbon Canister Benzene 12/19/2001 2:32 ND 06
VW-1 After Carbon Canister Tnchloroethene 12/19/2001 2:32 103 6 0.6
VW-I After Carbon Canister 1,2-Dichloropropane 12/19/2001 2:32 ND 0.6
VW-1 After Carbon Canister cis-1,3-Dichloroproene 12/19/2001 2:32 ND O6
VW-1 After Carbon Canister Toluene 12/19/2001 2:32 0.9 0.6
VW-1 After Carbon Canister Lrans-1,3-dichloropropene12/19/2001 2:32 3.9 O6
VW-1 After Carbon Canister 1,1,2-Trichloroethane 1211912001 2:32 07 06
VW-1 After Carbon Canister Tetrachloroethene 12/19/2001 2:32 32.6 0.6
VW-1 After Carbon Canister 1,2-Dibromoethane 12/19/2001 2:32 ND 0.6
VW-1 After Carbon Canister Chlorobenzene 1211912001 2:32 ND 0.6
VW-1 After Carbon Canister Ethylbenzene 12/19/2001 2:32 ND 06
VW-1 After Carbon Canister m,p-Xylene 1211912001 2 32 0.9 0.6
VW-1 After Carbon Canister i)-Xylene 12/1912001 2.32 0.7 O6
VW-1 After Carbon Canister Styrene 12/1912001 2.32 ND O6
VW-1 After Carbon Canister 1,1,2,2-Tetrachloroethane12/1912001 2:32 124.2 06
VW-1 After Carbon Canister Bromofluorobenzene 12/19/2001 2:32 49 3 99%
VW-1 After Carbon Canister 1,3,5-Trlmethylbenzene 12/19/2001 2:32 07 06
VW-1 After Carbon Canister 1,2,4-Trimethylbenzene 12/19/2001 2:32 17 0.6
VW-1 After Carbon Canister 1,3-Dichlorobenzene 12/19/2001 2:32 ND 0.6
VW-1 After Carbon Canister 1,4-Dichlorobenzene 12/19/2001 2:32 ND 0.6
VW-1 After Carbon Canister 1,2-Dichlorobenzene 12/19/2001 2:32 ND 0.6
VW-1 After Carbon Canister 1,2,4-Tnchlorobenzene 1211912001 2:32 ND 0.6
VW-1 After Carbon Canister Hexachlorobutadiene 12/19/2001 2:32 4.4 0.6
VW-1 After Liquid Ring PumpChlorobenzene 12/19/2001 2:32 50.0 100%
VW-1 After Liquid Ring PumpDichlorodlfluoromethane 12/19/2001 2:32 ND 6.0
VW-1 After Liquid Ring PumpChloromethane 12/19/2001 2 32 ND 6O
VW-1 After Liquid Ring Pump1,2-CI - 1,1,2,2-F ethane 12/19/2001 2:32 ND 60
VW-1 After Liquid Ring PumpVinyl chloride 12/19/2001 2’32 88.1 60
VW-1 After Liquid Ring PumpBromomethane 12/19/2001 2.32 ND 6O
VW-1 After Liquid Ring PumpChloroethane 1211912001 2’32 ND 6.0
VW-1 After Liquid Ring PumpTrichlorofluoromethane 1211912001 2 32 ND 6.0
VW-1 After Liquid Ring Pump1,1-Dichloroethene 12/19/2001 2’32 88 6.0
VW-1 After Liquid Ring Pump1,1,2-CI - 1,2,2-F ethane 12/19/2001 2:32 ND 6.0
VW-1 After Liquid Ring PumpMethylene Chloride 1211912001 2:32 ND 6O
VW-1 After Liquid Ring PumpMTBE 12/19/2001 2:32 ND 6O
VW-1 After Liquid Ring Pump1,1-dichloroethane 12/19/2001 2:32 ND 6.0
VW-1 After Liquid Rin~l Pumpcls-1,2-Dichloroethene 12/19/2001 2:32 520 2 6.0
VW-1 After Liquid Ring PumpChloroform 12/19/2001 2:32 23.8 6.0
VW-1 After Liquid Ring Pump1,1,1-Trichloroethane 12/19/2001 2:32 ND 60
VW-1 After Liquid Rin£1 Pump1,2-D~chloroethane 1211912001 2:32 117 6.0
VW-1 After Liquid Ring PumpCarbon tetrachloride 12/19/2001 2:32 ND 60
VW-1 After Liquid Ring PumpBenzene 12/19/2001 2 32 ND 60
VW-1 After Liquid Ring PumpTnchloroethene 1211912001 2 32 1314.2 6O
VW-1 After Liquid Rin£ Pump1,2-Dichloropropane 12/19/2001 2 32 ND 6.0
VW-1 After Liquid Ring Pumpcls-l,3-Dichloroproene 12/19/2001 2 32 ND 60
VW-1 After Liquid Ring PumpToluene 12/19/2001 2 32 108 6O
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VW-1 After Liquid Ring Pumptrans-l,3-dlchloropropene 12/19/2001 2:32 ND 6O
VVV-1 After Dqurd Rin£t Pump1,1,2-Trichloroethane 12/19/2001 2:32 15.8 60
VW-1 After Liquid Ring PumpTetrachloroethene 12/19/2001 2:32 819 6 6.0
VW-1 After Liquid Ring Pump1,2-Dibromoethane 12/19/2001 2:32 ND 6.0
VW-1 After Liquid Ring PumpChlorobenzene 12/19/2001 2.32 ND 6.0
VW-1 After Liquid Ring PumpEthylbenzene 12/19/2001 2.32 ND 6.0
VW-1 After Liquid Ring Pumpm,p-Xylene 12/19/2001 2:32 65 6.0
VW-1 After Liquid Ring Pump3-Xylene 12/19/2001 2:32 ND 6.0
VVV-1 After Liquid Ring PumpStTrene 12/19/2001 2:32 ND 6.0
VW-1 After Liquid Rin9 Pump1,1,2,2-Tetrachloroethane12/19/2001 2:32 937.9 6.0
VW-1 After Liquid Ring PumpBromofluorobenzene 12/19/2001 2:32 48.8 98%
VW-1 After Liquid Rin~l Pump1,3,5-Tnmethylbenzene 12/19/2001 2:32 ND 6.0
VVV-1 After Liquid Ring Pump1,2,4-Trimethylbenzene 12/19/2001 2:32 81 6.0
VW-1 After Liquid Ring Pump1,3-Dichlorobenzene 12/19/2001 2:32 ND 6O
VW-1 After Liquid Ring Pump1,4-Dichlorobenzene 12/19/2001 2:32 ND 6.0
VW-1 After Liquid Ring Pump1,2-Dichlorobenzene 12/19/2001 2:32 ND 6O
VW-1 After Liquid Ring Pump1,2,4-Trichlorobenzene 12/19/2001 2"32 ND 6O
VW-1 After Liquid Ring PumpHexachlorobutadiene 12/19/2001 2 32 174 60
VW-1 After Carbon Canister Chlorobenzene 12/20/2001 2:30 50.0 NA 100%
VW-1 After Carbon Canister Dichlorodifluoromethane 12/20/2001 2 30 ND 168.0
VW-1 After Carbon Canister Chloromethane 12/20/2001 2.30 ND 168.0
VW-1 After Carbon Canister 1,2-CI - 1,1,2,2-F ethane 12/20/2001 2:30 ND 168.0
VW-1 After Carbon Canister Vinyl chloride 12/20/2001 2:30 312.8 168 0
VW-1 After Carbon Canister Bromomethane 12/20/2001 2:30 ND 168 0
VW-1 After Carbon Canister Chloroethane 12/20/2001 2:30 ND 168.0
VW-1 After Carbon Cantster Tnchlorofluoromethane 12/20/2001 2:30 ND 168.0
VVV-1 After Carbon Canister 1,1-Dichloroethene 12/20/2001 2:30 ND 168 0
VW-1 After Carbon Canister 1,1,2-CI - 1,2,2-F ethane 12/20/2001 2:30 ND 168 0
VW-1 After Carbon Canister Meth~,lene Chloride , 12/20/2001 2:30 ND 168.0
VW-1 After Carbon Canister MTBE 12/20/2001 2:30 ND 168 0
VW-1 After Carbon Canister 1,1-dichloroethane 12/20/2001 2:30 ND 168 0
VW-1 After Carbon Camsterc~s-1,2-D~chloroethene 12/20/2001 2:30 2611.4 168 0
VW-1 After Carbon Canister Chloroform 12/20/2001 2:30 ND 168 0
VW-1 After Carbon Canister 1,1,1-Tnchloroethane 12/20/2001 2:30 ND 168.0
VW-1 After Carbon Camster 1,2-Dichloroethane 12/20/2001 2:30 ND 168 0
VW-1 After Carbon Canister Carbon tetrachloride 12/20/2001 2:30 ND 168 0
VW-1 After Carbon Canister Benzene 12/20/2001 2:30 ND 168.0
VVV-1 After Carbon Canister Trichloroethene 12/20/2001 2:30 43300 4 168.0
VVV-1 After Carbon Canister 1,2-Dichloropropane 12/20/2001 2:30 ND 168 0
VW-1 After Carbon Canister cis-1,3-Dichloroproene 12/20/2001 2:30 ND 168 0
VVV-1 After Carbon Canister Toluene 12/20/2001 2:30 ND 168.0
VW-1 After Carbon Canister trans-1,3-dichloropropene12/20/2001 2:30 ND 168 0
VW-1 After Carbon Camster 1,1,2-Tnchloroethane 12/20/2001 2:30 ND 168.0
VW-1 After Carbon Canister Tetrachloroethene 12/20/2001 2:30 9404 2 168 0
VW-1 After Carbon Camster 1,2-D~bromoethane 12/20/2001 2:30 ND 168 0
VW-1 After Carbon CamsterChlorobenzene 12/20/2001 2:30 ND 168.0
VW-1 After Carbon Canister Ethylbenzene 12/20/2001 2:30 ND 168 0
VW-1 After Carbon Camsterm,p-Xylene 12/20/2001 2:30 ND 168 0
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VW-1 After Carbon Canister o-Xylene 1212012001 2’30 ND 168 0
VW-1 After Carbon Canister Styrene 12/20/2001 2.30 ND 168.0
VW-1 After Carbon Canister 1,1,2,2-Tetrachloroethane12/20/2001 2’30 14284.9 168.0
VW-1 After Carbon Canister Bromofluorobenzene 12/20/2001 2.30 43.8 NA 88%
VW-1 After Carbon Canister 1,3,5-Trimethylbenzene 1212012001 2:30 ND 168.0
VW-1 After Carbon Canister 1,2,4-Tnmethylbenzene 1212012001 2 30 ND 168 0
VW-1 After Carbon Canister 1,3-Dichlorobenzene 12/20/2001 2 30 ND 168 0
VW-1 After Carbon Canister 1,4-Dichlorobenzene 12/20/2001 2:30 ND 168 0
VW-1 After Carbon Canister 1,2-Dichlorobenzene 12/20/2001 2:30 ND 168 0
VW-1 After Carbon Canister 1,2,4-Tnchlorobenzene 12/20/2001 2:30 ND 168.0
VW-1 After Carbon Canister Hexachlorobutadiene 12/20/2001 2:30 ND 168.0
VW-1 After Liquid Ring PumpChlorobenzene 12/20/2001 2:35 50.0 NA 100%
VW-1 After Liquid Ring PumpD~chlorodtfluoromethane 1212012001 2:35 ND 100.0
VW-1 After Liquid Ring PumpChloromethane 1212012001 2:35 ND 100.0
VW-1 After Liquid Ring Pump11,2-CI - 1,1,2,2-F ethane 12/20/2001 2:35 ND 100.0
VW-1 After Liquid Ring Pump~/myl chloride 12/20/2001 2:35 317.4 100.0
VW-1 After Liquid Ring PumpE3romomethane 12/20/2001 2:35 ND 100.0
VW-1 After Liquid Ring PumpChloroethane 12/20/2001 2:35 ND 100 0
VW-1 After Liquid Ring Pump1"nchloroftuoromethane 12/20/2001 2:35 ND 100 0
VW-I After Liquid Ring Pump1,1-Dichloroethene 12/20/2001 2:35 ND 100 0
VW-1 After Liquid Ring Pump1,1,2-CI - 1,2,2-F ethane 12/20/2001 2.35 ND 100 0
VW-I After Liquid Ring PumpMethylene Chloride 12/20/2001 2:35 ND 100 0
VW-1 After Liquid Ring PumpMTBE 12/20/2001 2’35 ND 100 0
VW-1 After Liquid Ring Pump1,1-dichloroethane 12/20/2001 2:35 ND 100 0
VW-1 After Liquid Ring Pumpcis-l,2-Dichloroethene 12/20/2001 2.35 2435 5 100 0
VW-1 After Liquid Ring PumpChloroform 12/20/2001 2:35 115.1 100.0
VW-1 After Liquid Ring Pump1,1,1-Trichloroethane 12/20/2001 2:35 ND 100 0
VW-1 After Liquid Ring Pump1,2-Dichloroethane 12/20/2001 2:35 ND 100.0
VW-1 After Dquid Ring PumpCarbon tetrachloride 12/20/2001 2:35 ND 100.0
VW-1 After Liquid Ring PumpBenzene 12/20/2001 2:35 ND 100.0
VW-1 After Dquid Ring PumpTnchloroethene 12/20/2001 2:35 31625.9 100.0
VW-1 After Liquid Ring Pump1,2-Dichloropropane 12/20/2001 2:35 ND 100.0
VW-1 After Liquid Ring Pumpcts-1,3-Dichloroproene 12/20/2001 2:35 ND 100.0
VW-1 After Liquid Ring PumpToluene 12/20/2001 2:35 ND 100.0
VW-1 After Liquid Ring Pumptrans-l,3-dlchloropropene 12/20/2001 2:35 ND 100.0
VW-1 After Dquld Ring Pump1,1,2-Tnchloroethane 1212012001 2:35 ND 100 0
VW-1 After Liqutd Rin9 PumpTetrachloroethene 12/20/2001 2 35 8306.3 100 0
VW-I After Liqutd Ring Pump1,2-Dibromoethane 12/20/2001 2 35 ND 100.0
VW-1 After Ltquld Ring PumpChlorobenzene 1212012001 2 35 ND 100.0
VW-1 After Dquld Rm9 PumpEthylbenzene 12/20/2001 2 35 ND 100 0
VW-1 After Dquid Ring Pumpm,p-Xylene 12/20/2001 2 35 ND 100 0
VW-1 After Liquid Ring Pumpo-Xylene 12/20/2001 2:35 ND 100.0
VW-1 After Dquid Ring PumpStyrene 12/20/2001 2:35 ND 100.0
VW-1 After Ltquid Ring Pump1,1,2,2-Tetrachloroethane12/20/2001 2:35 12484 7 100.0
VW-1 After Liquid Rin9 PumpBromofluorobenzene 12/20/2001 2:35 44.1 NA 86%
VW-1 After Dquid Ring Pump1,3,5-Trimethylbenzene 12/20/2001 2:35 ND 100 0
VW-1 After Liquid Ring Pump1,2,4-Tnmethylbenzene 12/20/2001 2"35 ND 100 0
VW-1 After Dqu=d Ring Pump1,3-Dichforobenzene 12/20/2001 2 35 ND 100 0
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VW-1 After Liquid Ring Pump1,4-Dichlorobenzene 12/20/2001 2:35 ND 100 0
VW-1 After LJquid Ring Pump1,2-Dichlorobenzene 12/20/2001 2:35 ND 100 0
VW-I After Liquid Ring Pump1,2,4-Tnchlorobenzene 12/20/2001 2’35 ND 100 0
VW-1 After Liquid Rin~ PumpHexachlorobutadlene 12/20/2001 235 ND 100 0
VW-1 Duplicate after Pump Chlorobenzene 12/20/2001 2"36 5O 0 NA 100%
VW-1 Duplicate after Pump Dichlorodifluoromethane 12/20/2001 2 36 ND 100.0
VW-1 Duphcate after Pump Chloromethane 12/20/2001 2.36 ND 100 0
VW-1 Duplicate after Pump 1,2-CI - 1,1,2,2-F ethane 12/20/2001 2:36 ND 100.0
VW-1 Duplicate after Pump Vinyl chloride 12/20/2001 2:36 156.2 100.0
VW-1 Duplicate after Pump Bromomethane 12/20/2001 2:36 ND 100.0
VW-1 Duplicate after Pump Chloroethane 12/20/2001 2:36 ND 100.0
VW-1 Duplicate after Pump Tnchlorofluoromethane 12/20/2001 2:36 ND 100.0
VW-1 Duplicate after Pump 1,1-Dichloroethene 12/20/2001 2:36 ND 100.0
VW-1 Duplicate after Pump
VW-1 Duplicate after Pump 1,1,2-CI - 1,2,2-F ethane

12/20/2001 2:36 ND 100.0
Methylene Chloride 12/20/2001 2:36 ND 100 0

VW-1 Duplicate after Pump MTBE 12/20/2001 2:36 ND 100 0
VW-1 Duplicate after Pump 1,1-dichloroethane 12/20/2001 2:36 ND 100 0
VW-1 Duplicate after Pump cis-1,2-Dtchloroethene 12/20/2001 2:36 2409 0 100 0
VW-1 Duplicate after Pump Chloroform 12/20/2001 2:36 110.8 100 0
VW-1 Duplicate after Pump 1,1,1 -Tn ch Ioroethane 12/20/2001 2"36 ND 100 0
VW-1 Duplicate after Pump 1,2-Dichloroethane 12/20/2001 2.36 ND 100 0
VW-1 Duplicate after Pump Carbon tetrachlonde 12/20/2001 2"36 ND 100.0
VW-1 Duphcate after Pump Benzene 12/20/2001 2:36 ND 100.0
VW-1 Duplicate after Pump Trichloroethene 12/20/2001 2:36 32072.3 100 0
VW-1 Duphcate after Pump 1,2-Dichloropropane 12/20/2001 2.36 ND 100.0
VW-1 Duplicate after Pump cls-1,3-Dtchloroproene 12/20/2001 2:36 ND 100.0
VW-1 Duplicate after Pump Toluene 12/20/2001 2.36 ND 100 0
VW-1 Duplicate after Pump trans-l,3-dichloropropene 12/20/2001 2’36 ND 100 0
VW-1 Duphcate after Pump 1,1,2-Tnchloroethane 12/20/2001 2 36 ND 100 0
VW-1 Duplicate after Pump Tetrachloroethene 12/20/2001 2 36 8828 6 100.0
VW-1 Duplicate after Pump 1,2-Dtbromoethane 12/20/2001 2.36 ND 100 0
VW-1 Duplicate after Pump Chlorobenzene 12/20/2001 2.36 ND 100 0
VW-1 Duplicate after Pump Ethylbenzene 12/20/2001 2:36 ND 100.0
VW-1 Duphcate after Pump m,p-Xylene 12/20/2001 2.36 ND 100.0
VW-1 Duplicate after Pump o-Xylene 12/20/2001 2"36 ND 100 0
VW-1 Duplicate after Pump Styrene 12/20/2001 236 ND 100.0
VW-1 Duplicate after Pump 1,1,2,2-Tetrachloroethane12/20/2001 2:36 14784 7 100.0
VW-1 Duphcate after Pump Bromofluorobenzene 12/20/2001 2.36 44 7 NA 89%
VW-1 Duplicate after Pump 1,3,5-Trimethylbenzene 12/20/2001 2:36 ND 100 0
VW-1 Duplicate after Pump 1,2,4-Trimethylbenzene 12/20/2001 2 36 ND 100 0
VW-1 Duphcate after Pump 1,3-Dichlorobenzene 12/20/2001 2:36 ND 100 0
VW-1 Duplicate after Pump 1,4-Dtchlorobenzene 12/20/2001 2.36 ND 100 0
VW-1 Duphcate after Pump 1,2-Dichlorobenzene 12/20/2001 2:36 ND 100 0
VW-1 Duphcate after Pump 1,2,4-Trichlorobenzene 12/20/2001 2.36 ND 100 0
VW-1 Duphcate after Pump Hexachlorobutadlene 12/20/2001 2 36 ND 100 0
VW-1 Ambient Background Chlorobenzene 12/20/2001 15:00 50.0 NA 100%
VW-1 Ambtent Background Dichlorodlfluoromethane 12/20/2001 15:00 ND 0.8
VW-1 Ambient Background Chloromethane 12/20/2001 15:00 ND 0.8
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VW-1 Ambient Background 1,2-CI - 1,1,2,2-F ethane 12/20/2001 15.00 ND 08
VW-1 Ambtent Background Vinyl chlonde 12/20/2001 15 00 ND 08
VW-1 Ambient Background Bromomethane 12/20/2001 15:00 ND O8
VW-1 Ambient Background Chloroethane 12/20/2001 15 00 ND 0.8
VW-1 Ambient Background Tnchlorofluoromethane 12/20/2001 15:00 ND 08
VW-1 Ambtent Background 1,1-Dtchloroethene 12/20/2001 15:00 ND 08
VW-1 Ambient Background 1,1,2-CI - 1,2,2-F ethane 12/20/2001 15:00 ND 08
VW-1 Ambient Background Methylene Chloride 12/20/2001 15.00 ND 0.8
VW-1 Ambtent Background MTBE 12/20/2001 15’00 ND 0.8
VW-1 Ambient Background 1,1-dichloroethane 12/20/2001 15.00 ND 0.8
VW-1 Ambient Background cis-1,2-Dichloroethene 12/20/2001 15:00 10 0.8
VW-1 Ambient Background Chloroform 12/20/2001 15:00 ND O8
VW-1 Ambient Background 1,1,1-Trichioroethane 12/20/2001 15:00 ND 0.8
VW-1 Ambient Background 1,2-Dichloroethane 12/20/2001 15:00 ND 08
VW-1 Ambient Background Carbon tetrachloride 12/20/2001 15:00 ND 08
VW-1 Ambient Background Benzene 12/20/2001 15:00 ND O8
VW-1 Ambient Background Tnchloroethene 12/20/2001 15:00 56.0 0.8
VW-1 Ambient Background 1,2-Dichloropropane 12/20/2001 15:00 ND 0.8
VW-1 Ambient Background cls-1,3-Dtchloroproene 1212012001 15"00 ND 0.8
VW-1 Ambient Background Toluene 12/20/2001 15.00 ND 0.8
VW-1 Ambient Background trans-1,3-dlchloropropene12/20/2001 15:00 ND 0.8
VW-1 Ambient Background 1,1,2-Tnchloroethane 12/20/2001 15:00 ND 0.8
VW-1 Ambient Background ;Tetrachloroethene 12/20/2001 15:00 6.7 O8
VW-1 Ambient Back~lround 1,2-Dibromoethane 12/20/2001 15:00 ND 0.8
VW-1 Ambient Background Chlorobenzene 12/20/2001 15:00 ND 0.8
VW-1 Ambient Background Ethylbenzene 12/20/2001 15:00 ND 0.8
VW-1 Ambient Background rn,p-Xylene 12/20/2001 15:00 ND 0.8
VW-1 Ambient Background o-Xylene 12/20/2001 15 00 ND 0.8
VW-1 Ambient Background Styrene 12/20/2001 15 00 ND 0.8
VW-1 Ambient Background 1,1,2,2-Tetrachloroethane12/20/2001 15:00 28 5 0.8
VW-1 Ambient Background Bromofluorobenzene 12/20/2001 15:00 43.2 NA 86%
VW-1 Ambient Background 1,3,5-Tnmethylbenzene 12/20/2001 15:00 ND 08
VW-1 Ambient Background 1,2,4-Tnmethylbenzene 12/20/2001 15:00 ND O8
VW-1 Ambient Background 1,3-Dichlorobenzene 12/20/2001 15:00 ND 08
VW-1 Ambtent Background 1,4-Dtchlorobenzene 12/20/2001 15:00 ND O8
VW-1 Ambtent Background 1,2-Dtchlorobenzene 12/20/2001 15"00 ND 0.8
VW-1 Ambient Background 1,2,4-Trichlorobenzene 12/20/2001 15’00 ND 0.8
VW-1 Ambtent Background Hexachlorobutadiene 12/20/2001 15.00 ND 08
VW-1 After Carbon Canister Chlorobenzene 12/21/2001 14"30 5O 0 NA 100%
VW-1 After Carbon CamsterDichlorod~fluoromethane12/21/2001 14:30 ND O5
VW-1 After Carbon Canister Chloromethane 12/21/2001 14:30 ND O5
VW-1 After Carbon Cantster 1,2-CI - 1,1,2,2-F ethane 12/21/2001 14:30 ND O5
VW-1 After Carbon Cantster Vinyl chloride 12/21/2001 14 30 07 O5
VW-1 After Carbon Canister Bromomethane 12/21/2001 14’30 ND O5
VW-1 After Carbon CanmterChloroethane 12/21/2001 14 30 ND 05
VW-1 After Carbon Cantster Trichlorofluoromethane 12/21/2001 14:30 ND O5
VW-1 After Carbon Canister 1,1-Dichloroethene 12/21/2001 14:30 0.5 O5
VW-1 After Carbon Canister 1,1,2-CI - 1,2,2-F ethane 1212112001 14"30 ND 0.5
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VW-1 After Carbon Canister Methylene Chloride 12/21/2001 14:30 ND O5
VW-1 After Carbon Canister MTBE 12/21/2001 14:30 ND 0.5
VW-1 After Carbon Canister 1,1-dichloroethane 12/21/2001 14’30 ND 0.5
VW-1 After Carbon Canister cis-1,2-Dichloroethene 12/21/2001 14 30 25.8 05
VW-1 After Carbon Canister Chloroform 12/21/2001 14:30 ND 05
VW-1 After Carbon Canister 1,1,1 -Tnchloroethane 12/21/2001 14:30 ND 0.5
VW-1 After Carbon Canister 1,2-Dichloroethane 12/21/2001 14:30 ND 0.5
VW-1 After Carbon Canister Carbon tetrachlonde 12/21/2001 14:30 ND O5
VW-1 After Carbon Canister Benzene 12/21/2001 14.30 ND 05
VW-1 After Carbon Canister Tnchloroethene 12/21/2001 14 30 130 2 05
VW-1 After Carbon Canister 1,2-Dichloropropane 12/21/2001 14:30 ND O5
VW-1 After Carbon Camstercls-1,3-Dichloroproene 12/21/2001 14:30 ND O5
VW-1 After Carbon Canister Toluene 12/21/2001 14:30 1.6 0.5
VW-1 After Carbon Canister trans-1,3-dichloropropene12/21/2001 14:30 ND 0.5
VW-1 After Carbon Canister 1,1,2-Tnchloroethane 12/21/2001 14:30 1.5 0.5
VW-1 After Carbon Canister Tetrachloroethene 12/21/2001 14:30 71.1 0.5
VW-1 After Carbon Canister 1,2-Dibromoethane 12/21/2001 14:30 ND 0.5
VW-1 After Carbon Canister Chlorobenzene 12/21/2001 14:30 ND 0.5
VW-1 After Carbon Canister Ethylbenzene 12/21/2001 14:30 ND 0.5
VW-1 After Carbon Canister m,p-Xylene 12/21/2001 14:30 ND 0.5
VW-1 After Carbon Canister o-Xylene 12/21/2001 14:30 ND 0.5
VW-1 After Carbon Canister S~rene 12/21/2001 14:30 ND 0.5
VW-1 After Carbon Cantster 1,1,2,2-Tetrachioroethane12/21/2001 14.30 117.7 0.5
VW-1 After Carbon Canister Bromofluorobenzene 12/21/2001 14"30 48.9 NA 98%
VW-1 After Carbon Canister 1,3,5-Trimethylbenzene 12/21/2001 14.30 ND 0.5
VW-1 After Carbon Canister 1,2,4-Trimethylbenzene 12/21/2001 14:30 ND 05
VW-1 After Carbon Canister 1,3-Dichlorobenzene 12/21/2001 14:30 ND 05
VW-1 After Carbon Canister 1,4-Dichlorobenzene 12/21/2001 14:30 ND O5
VW-1 After Carbon Canister 1,2-D~chlorobenzene 12/21/2001 14:30 ND 05
VW-1 After Carbon Canister 1,2,4-Trichlorobenzene 12/21/2001 14:30 ND 0.5
VW-1 After Carbon Canister Hexachlorobutadiene 12/21/2001 14:30 31 0.5
VW-1 After Liqutd Ring PumpChlorobenzene 12/21/2001 14:30 5O 0 NA 100%
VW-1 After Liquid Rin~l PumpDichlorodifluoromethane 12/21/2001 14:30 ND 168 0
VW-1 After Liquid Ring PumpChloromethane 12/21/2001 14:30 ND 168 0
VW-1 After Liquid Ring Pump1,2-CI - 1,1,2,2-F ethane 12/21/2001 14:30 ND 168.0
VW-1 After Liquid Ring PumpVinyl chloride 12/21/2001 14:30 458 1 168.0
VW-1 After Liquid Ring PumpBromomethane 12/21/2001 14:30 ND 168.0
VW-1 After Liquid Ring PumpChloroethane 12/21/2001 14:30 ND 168 0
VW-1 After Liquid Ring PumpTnchlorofluoromethane 12/21/2001 14:30 ND 168 0
VW-1 After Liquid Rin£1 Pump1,1-Dichloroethene 12/21/2001 14:30 ND 168 0
VW-1 After Ltquid Rmg Pump1,1,2-CI - 1,2,2-F ethane 12/21/2001 14.30 ND 168 0
VW-1 After Liquid Ring PumpMethylene Chloride 12/21/2001 14.30 ND 168 0
VW-1 After Dquid Ring PumpMTBE 12/21/2001 14 30 ND 168 0
VW-1 After Liquid Ring Pump1,1-dichloroethane 12/21/2001 14 30 ND 168 0
VW-1 After Liquid Ring Pumpcis-1,2-Dichloroethene 12/21/2001 14 30 3228 8 168 0
VW-1 After Liquid Ring PumpChloroform 12/21/2001 14’30 ND 168 0
VW-1 After L~quld Ring Pump1,1,1 -Trichloroethane 12/21/2001 14"30 ND 168 0
VW-1 After Liquid Ring Pump1,2-Dichloroethane 12/21/2001 14.30 ND 168 0
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VW-1 After Ltquid Ring PumpCarbon tetrachloride 12/21/2001 14:30 ND 168.0
VW-1 After Liquid Ring PumpBenzene 12/21/2001 14:30 ND 168.0
VW-1 :After Liquid Ring PumpTrichloroethene 12/21/2001 14.30 46929 9 168 0
VW-1 ~,fter Liquid Rm9 Pump1,2-Dichloropropane 12/21/2001 14.30 ND 168.0
VW-1 After Ltquid Ring Pumpcis-1,3-Dichloroproene 12/21/2001 14’30 ND 168.0
VW-1 &fter Liquid Ring PumpToluene 12/21/2001 14.30 ND 168.0
VW-1 After Liqutd Rmg Pumptrans-1,3-dichloropropene12/21/2001 14:30 ND 168.0
VW-1 After Liquid Ring1 Pump1,1,2-Tnchloroethane 12/21/2001 14 30 ND 168.0
VW-1 After Ltquld Ring PumpTetrachloroethene 12/21/2001 14.30 11167.4 168 0
VW-1 After Liquid Ring Pump1,2-Dibromoethane 12/21/2001 14:30 ND 168.0
WN-1 After Liqutd Rtng PumpChlorobenzene 12/21/2001 14:30 ND 168 0
VW-1 After Liquid Ring PumpEthylbenzene 12/21/2001 14:30 ND 168.0
VW-1 After Liquid Rin9 Pumpm,p-Xylene 12/21/2001 14:30 ND 168 0
VW-1 After Liquid Ring Pumpo-Xylene 12/21/2001 14:30 ND 168.0
VW-1 After Liquid Ring PumpStyrene 12/21/2001 14:30 ND 168.0
VW-1 After Liquid Ring Pump1,1,2,2oTetrachloroethane12/21/2001 14"30 19502.7 168 0
VW-1 After Liqutd Rmg PumpBromofluorobenzene 12/21/2001 14:30 44 3 NA 89%
VW-1 After Liqutd Ring Pump1,3,5-Tnmethylbenzene 12/21/2001 14:30 ND 168 0
VW-1 After Liquid Ring Pump1,2,4-Trimethyibenzene 12/21/2001 14:30 ND 168 0
VW-1 After Liquid Ring Pump11,3-Dichlorobenzene 12/21/2001 14:30 ND 168 0
VW-1 After Liquid Ring Pump!1,4-Dtchlorobenzene 12/21/2001 14:30 ND 168.0
VW-1 After Liquid Ring Pump1,2-Dichlorobenzene 12/21/2001 14:30 ND 168.0
VW-1 After Liqu=d R=ng Pump1,2,4-Tnchlorobenzene 12/21/2001 14:30 ND 168.0
VW-1 After Liquid Ring PumpHexachlorobutadtene 12/21/2001 14:30 ND 168.0
VW-1 Duphcate after Pump Chlorobenzene 12/21/2001 14:30 50.0 NA 100%
VW-1 Duplicate after Pump Dichlorodifluoromethane 12/21/2001 14:30 ND 147
VW-1 Duplicate after Pump Chloromethane 12/21/2001 14"30 ND 147
VW-1 Duplicate after Pump 1,2-CI - 1,1,2,2-F ethane 12/21/2001 14:30 ND 147
VW-1 Duplicate after Pump Vinyl chloride 12/21/2001 14’30 176 0 147
VW-1 Duplicate after Pump Bromomethane 12/21/2001 14 30 ND 147
VW-1 Duplicate after Pump Chloroethane 12/21/2001 14:30 ND 147
VW-1 Duphcate after Pump Trichlorofluoromethane 12/21/2001 14.30 ND 147
VW-1 Duphcate after Pump 1,1-Dichloroethene 1212112001 14:30 ND 147
VW-1 Duphcate after Pump 1,1,2-CI- 1,2,2-F ethane 12/21/2001 14:30 ND 147
VW-1 Dupltcate after Pump Methylene Chlonde 12/21/2001 14:30 ND 147
VW-1 Duplicate after Pump MTBE 12/21/2001 14:30 ND 147
VW-1 Duphcate after Pump 1,1-dichloroethane 12/21/2001 14:30 ND 147
VW-1 Duphcate after Pump cts-1,2-Dtchloroethene 12/21/2001 14’30 2675 3 147
VW-1 Duphcate after Pump Chloroform 12/21/2001 14:30 ND 147
VW-1 Duphcate after Pump 1,1,1-Tnchloroethane 12/21/2001 14:30 ND 147
VW-1 Duplicate after Pump 1,2-Dichloroethane 12/21/2001 14:30 ND 147
VW-1 Duphcate after Pump Carbon tetrachlonde 12/21/2001 14:30 ND 147
VW-1 Duplicate after Pump Benzene 12/21/2001 14:30 ND 147
VW-1 Duphcate after Pump Tnchloroethene 12/21/2001 14:30 51571 9 147
VW-1 Duplicate after Pump 1,2-Dichloropropane 12/21/2001 14:30 ND 147
VW-1 Duphcate after Pump cis-1,3-Dichloroproene 12/21/2001 14:30 ND 147
VW-1 Duphcate after Pump Toluene 12/21/2001 14:30 ND 147
VW-1 Duphcate after Pump trans-1,3-dichloropropene12/21/2001 14’30 ND 147
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VW-1 Duphcate after Pump 1,1,2-Tnchloroethane 12/21/2001 14:30 ND 147
VW-1 Duplicate after Pump Tetrachloroethene 12/21/2001 14:30 11499 5 147
VW-1 Dupltcate after Pump 1,2-Dtbromoethane 1212112001 14:30 ND 147
VW-1 Duphcate after Pump Chlorobenzene 12/21/2001 14.30 ND 147
VW-1 Duplicate after Pump Ethylbenzene 1212112001 14 30 ND 147
VW-1 Duplicate after Pump m,p-Xylene 12/21/2001 14.30 ND 147
VW-1 Duplicate after Pump o-Xylene 12/21/2001 14:30 ND 147
VW-1 Duplicate after Pump Styrene 12/21/2001 14:30 ND 147
VW-1 Duphcate after Pump 1,1,2,2-Tetrachloroethane1212112001 14:30 19785.3 147
VW-1 Duplicate after Pump Bromofluorobenzene 12/21/2001 14:30 41.1 NA 82%
VW-1 Duphcate after Pump 1,3,5-Tnmethylbenzene 12/21/2001 14"30 ND 147
VW-1 Duplicate after Pump 1,2,4-Tdmethylbenzene 12/21/2001 14:30 ND 147
VW-1 Duplicate after Pump 1,3-Dtchlorobenzene 12/21/2001 14.30 ND 147
VW-1 Duplicate after Pump 1,4-Dtchlorobenzene 12/21/2001 14.30 ND 147
VW-1 Duphcate after Pump 1,2-Dichlorobenzene 1212112001 14 30 ND 147
VW-1 Duplicate after Pump 1,2,4-Tnchlorobenzene 1212112001 14:30 ND 147
VW-1 Dupltcate after Pump Hexachlorobutadtene 1212112001 14:30 ND 147

Note:
ND = Not Detected at the Reportmg Limtts
NA = Not Applicable
Benzyl chloride has been removed from the target list due to mstabthty in the standards
SS = Surrogate Standard
IS = Internal Standard 50 ng each
Benzyl chloride has been removed from the target list due to instability in the standards
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VW-2 Exhausting Pipe Chlorobenzene 0110912002 2 00 5O 0 NA 100%
VW-2 Exhausting Pipe Dichlorodtfluoromethane 01/09/2002 2:00 ND 168.0
VW-2 Exhausting Pipe Chloromethane 0110912002 2:00 ND 168.0
VW-2 Exhausting Pipe 1,2-CI - 1,1,2,2-F ethane 0110912002 2:00 ND 168 0
VW-2 Exhausting Pipe Vinyl chloride 0110912002 2:00 2319.8 168.0
VW-2 Exhausting Pipe Bromomethane 01/09/2002 2.00 ND 168.0
VVV-2 Exhausting Pipe Chloroethane 01/09/2002 2.00 ND 168.0
VW-2 Exhausting Pipe Tnchlorofluoromethane 01/09/2002 2.00 ND 168 0
VW-2 Exhausting Pipe 1,1-Dtchloroethene 0110912002 2:00 205 0 168.0
VW-2 Exhausting Ptpe 1,1,2-CI - 1,2,2-F ethane 0110912002 2:00 ND 168.0
VW-2 Exhausting Pipe Methylene Chloride 01/09/2002 2:00 ND 168.0
VW-2 Exhausting Pipe MTBE 0110912002 2:00 ND 168 0
VW-2 Exhaustmg Pipe 1,1-dtchloroethane 01/09/2002 2:00 ND 168.0
VW-2 Exhausting Pipe cis-1,2-Dichloroethene 0110912002 2’00 40977.4 168.0
VW-2 Exhausting Pipe Chloroform 0110912002 2 00 1202.9 168.0
VW-2 Exhausting Pipe 1,1,1-Trichloroethane 01/09/2002 2 00 ND 168 0
VW-2 Exhausting Pipe 1,2-Dichloroethane 01/09/2002 2.00 ND 168.0
VW-2 Exhausting Pipe Carbon tetrachloride 01/09/2002 2:00 855.3 168.0
VW-2 Exhausting Pipe Benzene 01/09/2002 2:00 ND 168.0
VW-2 Exhausting Pipe Trichloroethene 0110912002 2:00 108661 8 168.0
VW-2 Exhausting Pipe 1,2-Dichloropropane 01/09/2002 2:00 ND 168.0
VW-2 Exhausting Pipe cis-l,3-Dichloroproene 01/09/2002 2:00 ND 168.0
VW-2 Exhausting Pipe Toluene 0110912002 2:00 ND 168.0
VW-2 Exhausting Pipe trans-1,3-dichloropropene01/09/2002 2"00 ND 168 0
VW-2 Exhausting Pipe 1,1,2-Tnchloroethane 01/09/2002 2.00 1039.4 168 0
VW-2 Exhausting Pipe Tetrachloroethene 01/09/2002 2’00 16032 7 168 0
VW-2 Exhausting Pipe 1,2-Dibromoethane 01/09/2002 2.00 ND 168.0
VW-2 Exhausting Pipe Chlorobenzene 0110912002 2:00 ND 168.0
VW-2 Exhausting Pipe Ethylbenzene 01/09/2002 2:00 ND 168.0
VW-2 Exhausting PIpe m,p-Xylene 01/09/2002 2:00 ND 168 0
VW-2 Exhausting Ptpe o-Xylene 0110912002 2:00 ND 168 0
VW-2 Exhausting Pipe Styrene 01/09/2002 2"00 ND 168 0
VW-2 Exhaustmg Pipe 1,1,2,2-Tetrachloroethane01/09/2002 2 00 22305 3 168 0
VW-2 Exhausting Pipe Bromofluorobenzene 01/09/2002 2.00 50.7 NA 101%
VW-2 Exhausting Pipe 1,3,5-Trimethylbenzene 01/09/2002 2:00 ND 168.0
VW-2 Exhausting Pipe 1,2,4-Tnmethylbenzene 01109/2002 2:00 ND 168.0
VW-2 Exhausting Ptpe 1,3-Dtchlorobenzene 01/09/2002 2:00 ND 168 0
VW-2 Exhausting Pipe 1,4-Dichlorobenzene 0110912002 2:00 ND 168 0
VW-2 Exhausting Ptpe 1,2-DIchlorobenzene 01/09/2002 2:00 ND 168.0
VW-2 Exhausting Pipe 1,2,4-Trichlorobenzene 01/09/2002 2 00 ND 168.0
VW-2 Exhaustm£1 Pipe Hexachlorobutadiene 0110912002 2 00 ND 168.0
VW-2 Duphcate Exhausting Chlorobenzene 01/09/2002 2’00 5O 0 NA 100%
VW-3 Duplicate Exhausting Dichlorodtfluoromethane 01/09/2002 2 00 ND 168 0
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VW-2 !Duplicate ExhaustingChloromethane 01/09/2002 2:00 ND 168.0
VW-2 Duplicate Exhausting 1,2-Cl - 1,1,2,2-F ethane 01/09/2002 2’00 ND 168.0
WV-2 Duplicate ExhaustingVinyl chloride 01/09/2002 2 00 1533.2 168.0
VW-2 Duplicate Exhausting Bromomethane 0110912002 2.00 ND 168 0
VW-2 Duplicate Exhausting Chloroethane 01/09/2002 2:00 ND 168.0
VW-2 Duplicate Exhausting Trichlorofluoromethane 0110912002 2:00 ND 168 0
VW-2 Duplicate Exhausting 1,1-Dichloroethene 01/09/2002 2:00 209 9 168 0
VW-2 Duplicate Exhausting 1,1,2-Cl - 1,2,2-F ethane 01/09/2002 2:00 ND 168.0
VW-2 Duplicate Exhausting Methylene Chloride 0110912002 2:00 ND 168 0
VW-2 Duplicate Exhausting1MTBE 01/09/2002 2:00 ND 168.0
VW-2 Duplicate Exhaustin~l 1,1-dlchloroethane 01109/2002 2:00 ND 168 0
VW-2 Duplicate Exhausting cis-1,2-Dichloroethene 0110912002 2.00 42045.9 168.0
VW-2 Duplicate Exhausting Chloroform 01/09/2002 2:00 1257 3 168.0
VW-2 Duplicate Exhausting 1,1,1-Trichloroethane 01/09/2002 2:00 ND 168.0
VW-2 Duplicate Exhausting 1,2-Dichloroethane 0110912002 2:00 ND 168.0
VW-2 Duplicate Exhausting Carbon tetrachlonde 0110912002 2:00 861.1 168.0
VW-2 Duplicate Exhausting Benzene 01/09/2002 2:00 ND 168.0
VW-2 Duplicate Exhausting Trichloroethene 01/09/2002 2:00 110798 1 168.0
VW-2 Duplicate Exhausting 1,2-Dichloropropane 01/09/2002 2 00 ND 168.0
VW-2 Duplicate Exhausting cls-1,3-Dichloroproene 01/09/2002 2.00 ND 168 0
VW-3 Duplicate Exhausting Toluene 0110912002 2:00 ND 168.0
VW-4 Duplicate Exhausting1trans-1,3-dlchloropropene 01/09/2002 2:00 ND 168 0
VW-2 Duplicate Exhaustln~l 1,1,2-Tnchloroethane 01/09/2002 2:00 1012.1 168.0
VW-2 Duplicate Exhausting Tetrachloroethene 01/09/2002 2:00 14878.7 168 0
VW-2 Duplicate Exhausting 1,2-Dibromoethane 01/09/2002 2:00 ND 168.0
VW-2 Duplicate Exhausting Chlorobenzene 0110912002 2:00 ND 168 0
VW-2 Duplicate Exhausting Ethylbenzene 0110912002 2:00 ND 168 0
VW-2 Duphcate Exhausting m,p-Xylene 0110912002 2:00 ND 168 0
VW-2 Duplicate Exhausting o-Xylene 01/09/2002 2:00 ND 168.0
VW-2 Duplicate Exhausting S~rene 0110912002 2:00 ND 168 0
VW-2 Duplicate Exhausting 1,1,2,2-Tetrachloroethane0110912002 2:00 ND 168.0
VW-2 Duplicate Exhausting Bromofluorobenzene 01/09/2002 2"00 51.7 NA 103%
VW-2 Duplicate Exhausting 1,3,5-Trimethylbenzene 01/09/2002 2.00 ND 168.0
VW-2 Duplicate Exhausting 1,2,4-Trimethylbenzene 01/09/2002 2.00 ND 168.0
VW-2 Duplicate Exhausting 1,3-Dichlerobenzene 01/09/2002 2:00 ND 168.0
VW-2 Duplicate Exhausting 1,4-Dichlorobenzene 01/09/2002 2:00 ND 168.0
VW-2 Duplicate Exhausting 1,2-Dichlorobenzene 01/09/2002 2:00 ND 168.0
VW-2 Duplicate Exhausting11,2,4-Tnchlorobenzene 01/09/2002 2:00 ND 168.0
VW-2 Duplicate Exhausting Hexachlorobutad~ene 0110912002 2:00 ND 168.0
VW-2 Exhausting Pipe Chlorobenzene 01/10/2002 14:00 5O 0 NA 100%
VW-2 Exhausting Pipe Dichlorodifluoromethane 01/10/2002 14.00 ND 168.0
VW-2 Exhausting Pipe Chloromethane 01/10/2002 14:00 ND 168.0
VW-2 Exhausting Pipe 1,2-CI - 1,t,2,2-F ethane 01/10/2002 14"00 ND 168.0
VW-2 Exhausting Pipe Vinyl chloride 0111012002 14’00 6O2 2 168.0
VW-2 Exhausting Pipe Bromomethane 0111012002 14:00 ND 168.0
VW-2 Exhausting Pipe Chloroethane 01/10/2002 14.00 ND 168.0
VW-2 Exhausting Pipe Trichlorofluoromethane 01/10/2002 14 00 ND 168.0
VW-2 Exhausting Pipe 1,1-Dichleroethene 01/10/2002 14:00 ND 168 0
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VW-2 Exhausting Ptpe 1,1,2-CI - 1,2,2-F ethane 01/10/2002 14.00 ND 168 0
VW-2 Exhaustmg Pipe Methylene Chlonde 01/10/2002 14.00 ND 168 0
VW-2 Exhausting Pipe MTBE 01/10/2002 14’00 ND 168 0
VW-2 Exhausting Pipe 1,1-dlchloroethane 01/10/2002 14:00 ND 168 0
VW-2 Exhausting Pipe :is-1,2-Dichloroethene 01/10/2002 14:00 31509 5 168 0
VW-2 Exhausting Pipe Chloroform 01/10/2002 14:00 1002.9 168 0
VW-2 Exhaustmg Pipe 1,1,1-Tnchloroethane 01/10/2002 14:00 ND 168 0
VW-2 Exhausting Pipe 1,2-Dichloroethane 01/10/2002 14:00 ND 168.0
VW-2 Exhausting Pipe Carbon tetrachloride 01/10/2002 14:00 946.7 168.0
VW-2 Exhaustin~ Pipe Benzene 01/10/2002 14:00 ND 168 0
VW-2 Exhausting Pipe Trichloroethene 01/10/2002 14:00 88841 1 168 0
VW-2 Exhausting Pipe 1,2-Dichloropropane 01/10/2002 14:00 ND 168 0
VW-2 Exhausting Pipe cis-1,3-Dichloroproene 01/10/2002 14:00 ND 168.0
VW-2 Exhausting Pipe Toluene 01/10/2002 14:00 ND 168.0
VW-2 Exhaustm8 Ptpe trans°1,3-dichloropropene01/10/2002 14:00 ND 168.0
vw-2 Exhausting Pipe 1,1,2-Tnchloroethane 01/10/2oo2 14:oo 869.8 168.0
VW-2 Exhausting Pipe Tetrachloroethene 01/10/2002 14:00 12789.5 168.0
VW-2 Exhausting Pipe 1,2-Dibromoethane 01/10/2002 14"00 ND 168 0
VW-2 Exhausting Pipe Chlorobenzene 01/10/2002 14:00 ND 168.0
VW-2 Exhausting Pipe Ethylbenzene 01/10/2002 14.00 ND 168 0
VW-2 Exhausting Pipe m,p-Xylene 01/10/2002 14:00 ND 168 0
VW-2 Exhaustmg Ptpe o-Xylene 01/10/2002 14:00 ND 168 0
VW-2 Exhausting Pipe Styrene 01/10/2002 14:00 ND 168.0
VW-2 Exhausting Pipe 1,1,2,2-Tetrachloroethane01/10/2002 14:00 46540.0 168 0
VW-2 Exhaustmg Ptpe Bromofluorobenzene 01/10/2002 14:00 47.3 NA 95%
VW-2 Exhausting Pipe 1,3,5-Tnmethylbenzene 0111012002 14:00 ND 168.0
VW-2 Exhausting Pipe 1,2,4-Trimethylbenzene 01/10/2002 14"00 ND 168 0
VW-2 Exhausting Pipe 1,3-Dtchlorobenzene 01/10/2002 14.00 ND 168.0
VW-2 Exhaustin~l Pipe 1,4-Dtchlorobenzene 01/10/2002 14 00! ND 168 0
VW-2 Exhausting/Pipe 1,2-Dichlorobenzene 01/10/2002 14 00 ND 168 0
VW-2 Exhausting Pipe 1,2,4-Tnchlorobenzene 0111012002 14.00 ND 168 0
VW-2 Exhausting Pipe HexachlorobutadJene 01/10/2002 14:00 ND 168 0
VW-2 Ambient Air Chlorobenzene 01/10/2002 14:00 50 0 NA ’100%
VW-2 Ambient Air Dichlorodifluoromethane 01/10/2002 14:00 1.1 0.8
VW-2 Ambient Atr Chloromethane 01110/2002 14:00 ND 08
VW-2 Ambient Air 1,2-CI - 1,1,2,2-F ethane 01/10/2002 14:00 ND O8
VW-2 Ambient Air Vinyl chlonde 01/10/2002 14"0( ND O8
VW-2 Ambient Air Bromomethane 01/10/2002 14:00 ND 08
VW-2 Ambient Atr Chloroethane 01/10/2002 14:00 ND 0.8
VW-2 Ambient Air Trichlorofluoromethane 01/10/2002 14:00 ND O8
VW-2 Ambient Air 1,1-Dichloroethene 01/10/2002 14:00 ND O8
VW-2 Ambient Air 1,1,2-CI - 1,2,2-F ethane 01/10/2002 14:00 ND O8
VW-2 Ambient Air Methylene Chlonde 01/10/2002 14:00 ND 0.8
VW-2 Ambient Air MTBE 01/10/2002 14.00 ND 0.8
VW-2 Ambient Air 1,1-dtchloroethane 01/10/2002 14 00 ND 0.8
VW-2 Ambient Air cts-1,2-Dichloroethene 01/10/2002 14 00 ND 0.8
VW-2 Ambient Atr Chloroform 01/10/2002 14 00 ND O8
VW-2 Ambient Air 1,1,1 -Tnchloroethane 01/10/2002 14"00 ND O8
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VW-2 Ambient Air 1,2-Dichloroethane 01/10/2002 14:00 ND 08
VW-2 Ambient Air Carbon tetrachloride 01/10/2002 14 00 ND O8
VW-2 Ambient Air Benzene 01/10/2002 1400 ND O8
VVV-2 Ambient Air Trichloroethene 01/10/2002 14:00 27 0.8
VW-2 Ambient Air 1,2-Dichloropropane 01/10/2002 14"00 ND O8
VW-2 Ambient Air cls-1,3-Dichloroproene 01/10/2002 14:00 ND O8
VW-2 Ambient A*r Toluene 01/10/2002 14:00 ND 0.8
VVV-2 Ambient Air trans-1,3-dlchloropropene01/10/2002 14:00 ND 0.8
VW-2 Ambient A~r 1,1,2-Trichloroethane 01/10/2002 14:00 ND 08
VW-2 Ambient Air Tetrachloroethene 01/10/2002 14:00 ND O8
VW-2 Ambient Air 1,2-Dibromoethane 01/10/2002 14:00 ND 08
VW-2 Ambient Air Chlorobenzene 01/10/2002 14:00 ND 0.8
VW-2 Ambient A~r Ethylbenzene 01/10/2002 14:00 ND 0.8
VW-2 Ambient Air m,p-Xylene 01/10/2002 14:00 ND 0.8
VW-2 Ambient Air o-Xylene 01/10/2002 14:00 i ND 08
VW-2 Ambient Air Styrene 01/10/2002 14:001 ND 0.8
VW-2 Ambient Air 1,1,2,2-Tetrachloroethane01/10/2002 14:60 26 08
VW-2 Ambient Air Bromofluorobenzene 01/10/2002 14.00 46.0 NA 92%
VVV-2 Ambient Air 1,3,5-Tnmethylbenzene 01/10/2002 14.00 ND 08
VW-2 Ambient Air 1,2,4-Trimethylbenzene 01/10/2002 14.00 ND 08
VW-2 Ambient Air 1,3-DIchlorobenzene 01/10/2002 14.00 ND O8
VW-2 Ambient Air 1,4-Dichlorobenzene 01/10/2002 14:00 ND 0.8
VW-2 Ambient Air 1,2-D~chlorobenzene 01/10/2002 14:00 ND 08
VW-2 Ambient Air 1,2,4-Trichlorobenzene 01/10/2002 14:00 ND O8
VW-2 Ambient Air Hexachlorobutadlene 01/10/2002 14:00 ND 08
VW-2 Exhaustln£t Pipe Chlorobenzene 01/11/2002 14:10 5O 0 NA 100%
VW-2 Exhausting Pipe Dichlorodifluoromethane 01/11/2002 14:10 ND 168 0
VW-2 Exhausting Pipe Chloromethane 01/11/2002 14:10 ND 168 0
VW-2 Exhausting Pipe 1,2-CI - 1,1,2,2-F ethane 01/11/2002 14:10 ND 168 0
k.fN-2 Exhausting Pipe Vinyl chloride 01/11/2002 14:10 552 8 168 0
VW-2 Exhausting Pipe Bromomethane 01/11/2002 14:10 ND 168 0
VW-2 Exhausting Pipe Chloroethane 01/11/2002 14 10 ND 168 0
VVV-2 Exhausting Pipe Trichlorofluoromethane 01/11/2002 14 10 ND 168.0
VW-2 Exhausting Pipe 1,1-Dichloroethene 01/11/2002 14’10 ND 168 0
VW-2 Exhausting Pipe i 1,1,2-CI - 1,2,2-F ethane 01/11/2002 14:10 ND 168.0
VW-2 Exhausting Pipe Methylene Chloride 01/11/2002 14:10 ND 168 0
VW-2 Exhausting Pipe MTBE 01/11/2002 14:10 ND 168.0
VW-2 Exhausting Pipe 1,1-dichloroethane 01/11/2002 14:10 ND 168.0
VW-2 Exhausting Pipe cis-1,2-Dichloroethene 01/11/2002 14:10 30332.8 168.0
vw-2 Exhausbng Pipe Chloroform 01/11/2002 14:10 1032 5 168.0
VW-2 Exhausting Pipe 1,1,1-Trichloroethane 01/11/2002 14:10 ND 168 0
VW-2 Exhausting Pipe 1,2-Dichloroethane 01/11/2002 14:10 ND 168 0
VW-2 Exhausting Pipe Carbon tetrachloride 01/11/2002 14:10 1086.5 168 0
VW-2 Exhausting Pipe Benzene 01/11/2002 14:10 ND 168 0
VW-2 Exhausting Pipe Tnchloroethene 01/11/2002 14"10 86466 7 168 0
VW-2 Exhausting Pipe 1,2-Dichloropropane 01/11/2002 14 10 ND 168 0
VW-2 Exhausting Pipe cis-l,3-Dichloroproene 01/11/2002 14’10 ND 168 0
VW-2 Exhausting Pipe Toluene 01/11/2002 14.10 ND 168 0
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VW-2 Exhaustmg Pipe trans-1,3-dichloropropene01/11/2002 14:10 ND 168.0
VW-2 Exhausting Pipe 1,1,2-Tnchloroethane 01/11/2002 14:10 828 9 168 0
VW-2 Exhaustin9 Pipe Tetrachloreethene 0111112002 14:10 12029.3 168.0
VW-2 Exhausting Pipe 1,2-Dibromoethane 01/11/2002 14’10 ND 168 0
VW-2 Exhaustin9 Pipe Chlorobenzene 01/11/2002 14’10 ND 168.0
VW-2 Exhausting Pipe Ethylbenzene 01/11/2002 14.10 ND 168.0
vw-2 ExhaustinQ Pipe m,p-Xylene 01/11/2002 14:10 ND 168.0
VW-2 Exhaustm£1 Ptpe o-Xylene 01/11/2002 14:10 ND 168 0
VW-2 Exhaustm9 Pipe iStyrene 01/11/2002 14:10 ND 168 0
VW-2 Exhausting Pipe 1,1,2,2-Tetrachloroethane01/11/2002 14:10 ND 168 0
VW-2 Exhausting Ptpe Bromofluorobenzene 01/11/2002 14:10 49.8 NA 100%
VW-2 Exhausttng Pipe 1,3,5-Trimethylbenzene 01/11/2002 14:10 ND 168 0
VW-2 Exhausting Pipe 1,2,4-Tnmethylbenzene 01/1112002 14:10 ND 168 0
VW-2 Exhausting Pipe 1,3-Dichlorobenzene 01/11/2002 14 10 ND 168.0
VW-2 Exhausting Ptpe 1,4-Dichlorobenzene 01/11/2002 14:10 ND 168.0
VW-2 Exhaustin9 Pipe 1,2-Dtchlorobenzene 01/11/2002 14:10 ND 168.0
VW-2 Exhausting Pipe 1,2,4-Tnchlorobenzene 01/11/2002 14:10 ND 168.0
VW-2 Exhausting Pipe Hexachlorobutadiene 01/11/2002 14:10 ND 168 0
VW-2 Equipment blank Chlorobenzene 01/07/2002 18:30 50.0 100%
VW-2 Equipment blank Dichlorodtfluoromethane 01/07/2002 18:30 ND 100.0
VW-2 Equipment blank Chloromethane 01/07/2002 18’30 ND 100 0
VW-2 Equtpment blank 1,2-CI - 1,1,2,2-F ethane 01/07/2002 18:30 ND 100.0
VW-2 Equtpment blank Vtnyl chloride 01/07/2002 18:30 ND 100.0
VW-2 Equipment blank Bromomethane 01/07/2002 18:30 ND 100.0
VW-2 Equipment blank Chloroethane 01/07/2002 18:30 ND 100.0
VW-2 Equipment blank Trichlorofluoromethane 01/07/2002 18"30 ND 100 0
VW-2 Equipment blank 1,1-Dichloroethene 01/07/2002 18’30 ND 100 0
VW-2 Equipment blank 1,1,2-CI - 1,2,2-F ethane 01/07/2002 18.30 ND 100.0
VW-2 Equipment blank Methylene Chloride 01/07/2002 18.30 ND 100.0
VW-2 Equipment blank MTBE 01/07/2002 18.30 ND 100 0
VW-2 Equipment blank 1,1 -dichloroethane 01/07/2002 18:30 ND 100 0
VW-2 Equipment blank cis-l,2-Dichloroethene 01/07/2002 18:30 ND 100.0
VW-2 Equipment blank Chloroform 01/07/2002 18:30 ND 100.0
VW-2 Equipment blank 1,1,1 -Trichloroethane 0110712002 18:30 ! ND 100 0
VW-2 Equtpment blank 1,2-Dichloroethane 01/07/2002 18"30 ND 100 0
VW-2 Equipment blank Carbon tetrachlonde 01/07/2002 18:30 ND 100.0
VW-2 Equtpment blank Benzene 01/07/2002 18.30 ND 100.0
VW-2 Equtpment blank Tnchloroethene 01/07/2002 18.30 ND 100.0
VW-2 Equ=pment blank 1,2-Dichloropropane 01/07/2002 18:30 ND 100.0
VW-2 Equipment blank cls-l,3-Dichloroproene 01/07/2002 18:30 ND 100 0
VW-2 Equipment blank Toluene 01/07/2002 18 30 ND 100 0
VW-2 Equipment blank trans-1,3-dtchloropropene01/07/2002 18 30 ND 100 0
VW-2 Equrpment blank 1,1,2-Trichloroethane 01/07/2002 18 30 ND 100 0
VW-2 Equipment blank Tetrachloroethene 01/07/2002 18’30 234 5 100.0
VW-2 Equipment blank 1,2-Dibromoethane 01/07/2002 18:30 ND 100.0
VW-2 Equipment blank Chlorobenzene 01/07/2002 18:30 ND 100.0
VW-2 Equipment blank Ethylbenzene 01/07/2002 18:30 ND 100 0
VW-2 Equipment blank m,p-Xylene 01/07/2002 18.30 ND 100 0
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VW-2 Equipment blank o-Xylene 01/07/2002 18 30 ND 100 0
VW-2 Equipment blank Styrene 01/07/2002 18:30 ND 100.0
VW-2 Equipment blank 1,1,2,2-Tetrachloroethane01/07/2002 18:30 ND 100 0
VW-2 Equipment blank Bromofluorobenzene 01/07/2002 18:30 48 0 96%
VW-2 Equipment blank 1,3,5-Trimethylbenzene 01/07/2002 18"30 ND 100.0
VW-2 Equipment blank 1,2,4-Tnmethylbenzene 01/07/2002 18.30 ND 100.0
VW-2 Equipment blank 1,3-Dichlorobenzene 01/07/2002 18:30 ND 100 0
VW-2 Equipment blank 1,4-Dichlorobenzene 01/07/2002 18:30 ND 100.0
VW-2 Equipment blank 1,2-Dichlorobenzene 01/07/2002 18:30 ND 100 0
VW-2 Equipment blank 1,2,4-Tnchlorobenzene 01/07/2002 18:30 ND 100.0
VW-2 Equipment blank Hexachlorobutadiene 01/07/2002 18:30 ND 100.0
VW-2 Exhausting Pipe Chlorobenzene 01/08/2002 2:00 5O 0 100%
VW-2 Exhausting Pipe Dichlorodifluoromethane 01/08/2002 2:00 ND 100.0
VW-2 Exhausting Pipe Chloromethane 01/08/2002 2:00 ND 100.0
VW-2 Exhausting Pipe 1,2-CI - 1,1,2,2-F ethane 01/08/2002 2:00 ND 100.0
VW-2 Exhausting Pipe Vinyl chloride 01/08/2002 2:00 2279 6 100.0
VW-2 Exhausting Pipe Bromomethane 01/08/2002 2:00 ND 100.0
VW-2 Exhaustin£1 Pipe Chloroethane 01/08/2002 2 00 ND 100.0
VW-2 Exhausting Pipe Trichlorofluoromethane 01/08/2002 2.00 ND 100.0
VW-2 Exhausting Pipe 1,1-Dichloroethene 01/08/2002 2:00 248.5 100.0
VW-2 Exhausting Pipe 1,1,2-CI - 1,2,2-F ethane 01/08/2002 2:00 ND 100 0
VW-2 Exhausting Pipe Methylene Chloride 01/08/2002 2:00 ND 100.0
VW-2 Exhausting Pipe MTBE 01/08/2002 2:00 ND 100.0
VW-2 Exhausting Pipe 1,1-dichloroethane 01/08/2002 2:00 ND 100.0
VW-2 Exhausting Pipe cis-1,2-Dichloroethene 01/08/2002 2:00 27539.8 100.0
k,f/V-2 Exhausting Pipe Chloroform 01/08/2002 2:00 772.4 100.0
VW-2 Exhausting Pipe 1,1,1 -Trlch Ioroethane 01/08/2002 2:00 ND 100.0
VW-2 Exhausting Pipe 1,2-Dichloroethane 01/08/2002 2’00 ND 100.0
VW-2 Exhausting Pipe Carbon tetrachlonde 01/08/2002 2:00 363.2 100.0
VW-2 Exhaustin£l Pipe Benzene 01/08/2002 2.00 ND 100.0
VW-2 Exhausting Pipe Tnchloroethene 01/08/2002 2’00 70494.0 100.0
VW-2 Exhausting Pipe 1,2-Dichloropropane 01/08/2002 2:00 ND 100.0
VW-2 Exhausting Pipe cis-1,3-Dichloroproene 01/08/2002 2:00 ND 100.0
VW-2 Exhausting Pipe Toluene 01/08/2002 2.00 ND 100.0
VW-2 Exhausting Pipe irans-l,3-dichloropropene 01/08/2002 2:00 ND 100.0
VW-2 Exhausting Pipe ’ 1,1,2-Trichloroethane 01/08/2002 2:00 541 5 100.0
VW-2 Exhausting Pipe Tetrachloroethene 01/08/2002 2:00 10056.0 100.0
VW-2 Exhausting Pipe 1,2-D~bromoethane 01/08/2002 2:00 ND 100.0
VW-2 Exhausting Pipe Chlorobenzene 01/08/2002 2:00 ND 100.0
VW-2 Exhausting Pipe Ethyibenzene 01/08/2002 2:00 ND 100.0
VW-2 Exhausting Pipe rn,p-Xylene 01/08/2002 2:00 ND 100 0
VW-2 Exhausting Pipe 3-Xylene 01/08/2002 2:00 ND 100.0
VW-2 Exhaust,n9 Pipe Styrene 01/08/2002 2:00 ND 100 0
VW-2 Exhausting Pipe 1,1,2,2-Tetrachloroethane01/08/2002 2:00 13191 5 100.0
VW-2 Exhausting P~pe Bromofluorobenzene 01/08/2002 2:00 50.5 101%
VW-2 Exhausting Pipe 1,3,5-Tnmethylbenzene 01/08/2002 2:00 ND 100.0
VW-2 Exhausting Pipe 1,2,4-Tnmethylbenzene 01/08/2002 2:00 ND 100 0
VW-2 Exhausting Pipe 1,3-Dichlorobenzene 01/08/2002 2 00 ND 100 0
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AnalyticalReportmgI
Ventmg SUMMA Cantster Parameter ID

Date & Time
Results Limits

IS/Surf.
Well ID Sampling Locations Collected (ppbv) (ppbv)

Recovery

VW-2 Exhausting Pipe 1,4-Dtchlorobenzene 01/08/2002 2:00 ND 100.0
VW-2 Exhausting Pipe 1,2-Dtchlorobenzene 01/08/2002 2:00 ND 100.0
VW-2 Exhausting Pipe 1,2,4-Trichlorobenzene 01/08/2002 2.00 ND 100.0
VW-2 Exhausting Pipe Hexachlorobutadiene 01/08/2002 2:00 ND 100.0
VW-2 Duplicate Exhausting Chlorobenzene 01/08/2002 2"00 50.0 100%
VW-2 Duplicate Exhausting Dtchlorodifluoromethane 01/08/2002 2.00 ND 133.5
VW-2 Duplicate ExhaustmgChloromethane 01/08/2002 2 00 ND 133.5
VW-2 Duplicate Exhausting 1,2-CI - 1,1,2,2-F ethane 01/08/2002 2 00 ND 133 5
VW-2 Duplicate Exhausting Vinyl chlonde 01/08/2002 2:00 3448.1 133.5
VW-2 Duphcate Exhausting Bromomethane 01/08/2002 2’00 ND 133.5
VW-2 Duplicate ExhaustmgChloroethane 01/08/2002 2:00 ND 133.5
VW-2 Duplicate Exhausting Tnchlorofluoromethane 01/08/2002 2:00 ND 133.5
VW-2 Duplicate Exhausting 1,1-Dichloroethene 01/08/2002 2:00 302.4 133.5
VW-2 Duplicate Exhausting 1,1,2-CI - 1,2,2-F ethane 01/08/2002 2:00 ND 133.5
VW-2 Duphcate ExhaustmQMethylene Chloride 0110812002 2:00 ND 133.5
VW-2 Duplicate Exhausting MTBE 01/08/2002 2.00 ND 133 5
VW-2 Duplicate Exhausting 1,1-dlchloroethane 01/08/2002 2 00 ND 133.5
VW-2 Duphcate Exhausting ,cis-l,2-Dichloroethene 01/08/2002 2.00 35588.5 133 5
VW-2 Duplicate Exhausting Chloroform 01/08/2002 2:00 992 5 133.5
VW-2 Duplicate Exhausting 1,1,1-Tnchloroethane 01/08/2002 2:00 ND 133.5
VW-2 Duplicate Exhaustmg1,2-D~chloroethane 01/08/2002 2:00 ND 133.5
VW-2 Duplicate Exhausting Carbon tetrachloride 01/08/2002 2:00 468.4 133.5
VW-2 Duplicate Exhausting Benzene 01/08/2002 2:00 ND 133.5
VW-2 Duplicate Exhausting Trichloroethene 01/08/2002 2’00 88158.4 133 5
VW-2 Duplicate Exhausting 1,2-Dichloropropane 01/08/2002 2’00 ND 133.5
VW-2 Duplicate Exhausting cis-1,3-Dichloroproene 01/08/2002 2.00 ND 133:5
VW-2 Duplicate Exhausting Toluene 01/08/2002 2:00 ND 133 5
VW-2 Duplicate Exhausting trans-1,3-dichloropropene01/08/2002 2:00 ND 133.5
VW-2 Duphcate Exhausting 1,1,2-Trichloroethane 01/08/2002 2:00 616.7 133.5
VW-2 Duplicate ExhaustmQTetrachloroethene 01/08/2002 2:00 12667.9 133.5
VW-2 Duphcate Exhausting 1,2-Dibromoethane 01/08/2002 2:00 ND 133.5
VW-2 Duplicate Exhausting Chlorobenzene 01/08/2002 2"00 ND 133 5
VW-2 DupItcate Exhausting Ethylbenzene 01/08/2002 2 00 ND 133.5
VW-2 Duplicate Exhausting m,p-Xylene 01/08/2002 2’00 ND 133 5
VW-2 Duplicate Exhausting o-Xylene 01/08/2002 2 00 ND 133.5
VW-2 Duphcate Exhausting Styrene 01/08/2002 2 00 ND 133 5
VW-2 Duphcate Exhausting 1,1,2,2-Tetrachloroethane01/08/2002 2:00 21842.2 133.5
VW-2 Duplicate Exhausting Bromofluorobenzene 01/08/2002 2:00 5O 5 101%
VW-2 Duplicate Exhausting 1,3,5-Trimethylbenzene 01/08/2002 2:00 ND 133 5
VW-2 Duplicate Exhausting 1,2,4-Trimethylbenzene 01/08/2002 2:00 ND 133 5
VW-2 Duplicate Exhausting 1,3-Dichlorobenzene 01/08/2002 2.00 ND 133.5
VW-2 Duphcate Exhausting 1,4-Dichlorobenzene 01/08/2002 2 00 ND 133 5
VW-2 Dupltcate Exhausting 1,2-Dichlorobenzene 01/08/2002 2:00 ND 133.5
VW-2 Duplicate Exhausting 1,2,4-Tnchlorobenzene 01/08/2002 2.00 ND 133.5
VW-2 Duphcate Exhausting Hexachlorobutadtene 01/08/2002 2:00 ND 133.5
VW-2 Exhausting Pipe Chlorobenzene 01/07/2002 18 30 5O 0 100%
VW-2 Exhausting Pipe Dichlorodifluoromethane 01/07/2002 18 30 ND 147.0
VW-2 Exhausting Pipe Chloromethane 01/07/2002 18"30 ND 147 0
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Venting
Well ID

VW-2
VW-2
VW-2
VW-2
VW-2
VW-2
VW-2
VW-2
VW-2
VW-2
VW-2
VW-2
VW-2
VW-2
VW-2
VW-2
VW-2

Exhausting Pipe
Exhausting Pipe
Exhausting Pipe
Exhausting Pipe
Exhausting Pipe
Exhausting Pipe
Exhausting Pipe

SUMMA CanJster Date & Time Analytical Reportm! IS/Sum
Parameter ID Results LimitsSampling Locations Collected

(ppbv) (ppbv) Recovery

1,2-CI - 1,1,2,2-F ethane 01/07/2002 18 30 ND 147 0
Vinyl chlonde 01/07/2002 18:30 7463.9 147 0

Exhausting Pipe
Exhausting Pipe
Exhausting Pipe
Exhausting Pipe
Exhausting Pipe
Exhausting Pipe
Exhausting Pipe
Exhausting Pipe
Exhausting Pipe
Exhausting Pipe

VW-2 Exhausting Pipe
VW-2 Exhaushng Pipe
VW-2 Exhaustin~l Pipe
VW-2 Exhausting Pipe
VW-2 Exhausting Pipe
VW-2 Exhausting Pipe
VW-2 Exhausting Pipe
VW-2 Exhausting
VW-2 Exhausting
VW-2 Exhausting
VW-2 Exhausting
VW-2 Exhausting
VW-2 Exhausting
VW-2 Exhausting
VW-2 Exhausting
VW-2 Exhausting
VW-2 Exhausting
VW-2 Exhausting
VW-2
VW-2
VW-2

Note:

Pipe
Pipe
Pipe
Pipe
Pipe
Pipe
Pipe
Pipe
Pipe
Pipe
Pipe

Exhausting Pipe
Exhausting Pipe
Exhausting Pipe

Bromomethane 01/07/2002 18:30 ND 147.0
Chloroethane 01/07/2002 18:30 ND 147.0
Trichlorofluoromethane 01/07/2002 18:30 ND 147.0
1,1-Dichloroethene 01/07/2002 18:30 437 6 147 0
1,1,2-CI - 1,2,2-F ethane 01/07/2002 18.30 ND 147.0

01/07/2002 18:30 ND 147 0Methylene Chloride
MTBE ND01/07/2002 18:30 147.0
1,1-dlchloroethane 01/07/2002 18:30 ND 147 0
cis-l,2-Dichloroethene 01/07/2002 18:30 47656.5 147.0
Chloroform 01/07/2002 18:30 1605 3 147.0
1,1,1-Tnchloroethane 01/07/2002 18:30 ND 147.0
1,2-Dichloroethane 01/07/2002 18:30 ND 147.0
Carbon tetrachlonde 01/07/2002 18:30 637.5 147.0

01/07/2002 18:30
01/07/2002 18:30

Benzene
Tnchloroethene

ND
87003.2

ND1,2-Dichloropropane
cis-1,3-Dichloroproene

01/07/2002 18’30

147.0
147 0
147 0

01/07/2002 18:30 ND 147 0
Toluene 01/07/2002 18:30 ND 147 0

01/07/2002 18:30 ND 147 0trans-1,3-dlchloropropene
1,1,2-Tnchloroethane
Tetrachloroethene

01/07/2002 18:30 881.6
17820.1

ND
ND

01/07/2002 18:30
01/07/2002 18:30
01/07/2002 18:30

1,2-Dibmmoethane
Chlorobenzene

147 0
147.0
147.0
147.0

IEthylbenzene 01/07/2002 18:30 ND 147.0
im,p-Xylene 01/07/2002 18:30 ND 147.0

NDo-Xylene 01/07/2002 18.30
01/07/2002 18"30
01/07/2002 18.30

Styrene
1,1,2,2-Tetrachloroethane

ND
27024.2

147.0
147 0
147 0

01/07/2002 18:30
Bromofluorobenzene 01107/2002 18.30 51.3 103%

ND 147 0
01/07/2002 18:30

1,3,5-Tnmethylbenzene
1,2,4-Tnmethylbenzene
1,3-Dichlorobenzene

ND
ND01/07/2002 18:30

147 0
147.0

Benzyl chlonde has been removed from the target hst due to mstabihty in the standards

ND = Not Detected at the Reporting Limits
NA = Not Applicable
SS = Surrogate Standard
IS = Internal Standard 80 ng each

1,4-D~chlorobenzene 01/07/2002 18:30 ND 147 0
1,2-Dichlorobenzene 01/07/2002 18:30 ND 147 0
1,2,4-Tnchlorobenzene 01/07/2002 18:30 ND 147 0
Hexachlorobutadlene 01/07/2002 18:30 ND 147 0
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Attachment E



5’;’9 488

8

,,&

(6H u!) aJnssaJd

%
%

oo.

%

oo.

%
%
%
%
%
%
%
%
%
%



579 489

~
oo:~

~. 00:6

ii~____,

oo:~,

{~ { O0:et

O0:~t

00:9

~.~

~

00:~

t~
/ I oo:~z

oo:z~

O0:L

00:~

00:1.~
a-- O0:9L

.t~ 00:1,1,

¯ ~
00:9

00:0~

00:~;1,

00:01,

ooOO: o
~

" .

(6 H u!) aJnssaJd



579 490

Attachment F
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Attachment G
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SOIL VAPOR EXTRACTION PILOT TEST DATA "STEADY STATE" SOLUTION - TEST I

Location Memphis Depot, Dunn Fled

Client U S Anny Engmeenng and Support Center, Huntsvdle

Test Date December 18-2 I, 2001

Vapor Extraction Well VW-I

579 551

iV[onflor0ng

Point

Ratha[

Distance (r)

[n]

Rathal

Distance (r)

[cm]

,In(r) Steady-State

Vacuum

[m H20]

Absolute

Pressure (P)

[g/cm s^2]

P^2 Regrssn

P^2

MP-I 85 8 2615 18 7 87 0 45 101188085 I 02E+12 I 03E+12

MP-2 57 1 174041 7 46 114 1010164 82 1 02E+12 1 02E+12

MP-3 40 9 1246 63 713 114 101016482 1 02E+12 I 02E+12

MP-~ 53 5 1630 68 7 40 0 72 1011209 36 102E+12 I 02E+12

MP-5 95 289 56 5 67 6 14 997729 82 9 95E+11 9 98E+11

MP-7 29 9 911 35 681 184 1008423 92 1 02E+12 1 01E+12

’(0 = Pw [ I + (llPwA2)*(Pw^2-Patm^2)*ln(r/Rw)/ln(Rw/RO]^(I/2)

~(r) = absolute pressure at rathus r

= radial dtstanee from extractton well

~w = absolute pressure at the extraction well

= Patm - vacuum

~atm = absolute ambtent atmospheric pressure

~.w = radms of extraetton well

~,1 = radius of influence ofextracllOll well

"(r)^2 (pw~,2. Patm^2~lnfr) . In(Rw)(pw,x2.Patm^~) +Pw~2

ln(Rw/R0 ln(Rw/R0

?(r)~2 m * In(r) + 

~UMMARY OUTPUT

Regression Slattallcs

Vluhlple R 0 96

~. Square 0 92

~.djusted R Square 0 90

]tandard En’or 3 34E+09
)bsercattons 6 00

~NOVA

df SS MS F SI nt teance F
~,egresston 1 00 5 20E+20 5 20E+20 46 62 0 00
~,estdual 400 4 46E+19 I 12E+19
total 5 00 5 65E+20

Coefficients Standard Error t Star P-value Lower 95% Upper 95% Lower 95 0% Upper 95 0%
ntercept 9 23E+11 I 38E+10 66 68 0 00 8 84E+11 9 61E+I I 8 84E+11 9 6 IE+I I
~( Variable I 33E+10 I 95E÷09 6 83 0 00 7 91E+09 1 87E+10 7 91E¢O9 1 87E+1C

16292 cm

53 5 fl

p \projects\ptttsbrg\98013\dataksve Page 1 of 2



5’79
SOIL VAPOR EXTRACTION PILOT TEST DATA "STEADY STATE" SOLUTION - TEST 1

Location Memphis Depot, Dunn Fled

Cbent U S Army Engmeenng and Support Center, Humsvdle

Test Date December 18-21, 2001

Vapor Extrachon WeO VW-I

Q = H*Pl*Ik/u/*Pw*H-(oatra/]~)^2l 2)

ln(Rw/Pa)

Q - volume~c vapor flow rate from well

H = well screen thickness

PJ = 3 142

k = SOl] permeabthty to atr flow

u - vlscostty of extracted vapor

Pw = absolute pressure at the extraction well
= patlll. Vacul2m

Patm = absolute ambtent a h-nosphene pressure

Rw = ra&us of extraction well

Ra = radius of influence of extractt on well

k Q*u*ln(Rw/R0

H*P,*Pw* [ 1 -(Patm/Pw)"2]

H 457 2 [em]

U 0000180 [em/gs]

Q 11443 6 [cm^3/s]

Pw 2514806 [g/cm s^2]

Palm 10130000 [g/em s^2]

Rw 2 54 [em]

Pa 16292 [cm]

k 2 42E-09 [cm^2]

k 0 2 [dare),]

p \proiects~pt ttsbrg\98013\dataksve Page 2 of 2
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579 55G
SOIL VAPOR EXTRACTION PILOT TEST DATA "STEADY STATE" SOLUTION - TEST 2

Locatton Memphis Depot, Dunn Fled

Chent U S Army Engmeenng and Support Center, Huntsvdle

Test Date January 7-11, 2002

Vapor Extraction Well VW-2

In(r) Steady-Slate

Vacuum

[m H20]

Absolute

Pressure (P)

[g/em s^2]

Momtonng

Pomt

Radial

Distance (r)

[a]

Radial

Distance(r)

[em]

Regfssn

P~2

1010761 70MP-I 85 8 2615 18 7 87 09O 102E+12 l 02E+12

MP-2 57 1 174041 7 46 1005539 O0 1 01E+12 1 02E+12

MP-3 40 9 1246 63 713 002 101295026 1 03E+12 1 02E+I 2

1012950 26 1 03E+12 I 02E+12MP-4 53 5 1630 68 7 40 O02

MP-6 95 289 56 5 67 3 70 1003798 10 I 01E+12 1 01E+I2
MP-7 29 9 911 35 681 3 80 1003549 40 1 01E+12 1 01E+I2

P(r) - Pw [ 1 + (l/Pw"2)*(Pv/’2-Patm^2)*ln(r/Rw)/ln(Rw/R0]"(l/2)

P(r) - absolute pressure at radius r

= radial distance from extrachon well

Pw - absolu~ pressure at the extractton we0

= Palm - vaculttn

Patm = absolute ambient atmospheric pressure

Rw = radms of extractton well

RI = radius of illfluence of extraction well

p(r)^2 = (Pw~2. Patm^2)lnfr) . In(P.w)(Pw^2.Patm^2) +PwA2

In(Rw/Pd) ln(Rw/RI)

P(r)^2 - m * In(r) + 

SUMMARY OUTPUT

Regresston Statistics

Multiple R 0 60

R Square 0 35

Adjusted R Square 0 19

Standard Error 8 09E+99
Observattons 6 00

ANOVA

df SS MS F Stgntficance F

Regression I 00 I 44E+20 I 44E+20 2 20 0 21

Restdual 4 00 2 62E+20 6 54E+ 19

Total 5 00 4 06E+20

Co¢ffictenls Standard Error t Stat P-value Lower95% Upper95% Lower950% Upper950%

Intercept 9 67E+I 1 3 35E+10 28 87 0 00 8 74E+11 I 06E+12 8 74E+11 I 0gE+12

X Vanable I 7 01E+09 4 73E+09 1 48 0 21 -6 11E+09 2 01E+I0 -6 I I E+09 2 01E+IC

Rt = 31733 cm

RI = 104 I ft

p \projects\ptttsbrg\98013\dataksve Page I of 5



SOIL VAPOR EXTRACTION PILOT TEST DATA "STEADY STATE" SOLUTION - TEST 2

Location Memphts Depot, Dunn Fred

Chent U S Army Engineering and Support Center, Huntsvdle

Test Date JanuaiT 7-11, 2002

Vapor Extraction Well VW-2

579 557

Q
H

PI

k

i1

Pw

Patm

Rw

RI

Q = H*P]*(k/u\*Pw*[l-(oalm/Pw~^2] 2)

In(Rw/R0

= volumetrtc vapor flow rate from wall

= well screen thickness

= 3 142

= soil permeabdlty to aw flow

= wscostty of extracted vapor

= absolute pressure at the extraction well

= Patm - vacuum

absolute ambtent atraospher]c pressure

= radius of extraction well

= radius of influence of cxlraclton well

k ~ Q*u*ln(Rw/R0
H*Pl*Pw*[I -(Patm/Pw)^2]

H

U

Q
Pw

Patm

Rw

R*

1219 2 [cm]

0000180 [cm/gs]

1189188 [cm^3/s]

931675 I (g/eros^2]

10130000 [g/cm s^2]

2 54 [cm]
31733 [cm]

2 35E-07 [cm^2]

23 8 [darcy]

p \projeets~pLttsbrg\980 t 3\data~ve Page 2 of 5



558 SOIL VAPOR EXTRACTION PILOT TEST DATA "STEP TEST" - STEP 1

Locatton Mcmpths Depot, Dunn Fred

Cbent U S Army Engmeenng and Support Center, Huntsv01e

Test Date January 7, 2002

Vapor Extraction Welt VW-2

MonltorMg Ra&al Radml tn(0 Steady-State Absolute P~2 Regrssn

Pomt Dtstance (r) Distance (r) Vacuum Pressure (P) P^2

[cm] [m H20] [g/cm s^2]

MP-1 85 8 2615 18 7 87 1 60 1009020 80 1 02E+12 1 02E+12

MP-2 57 1 1740 41 7 46 1 80 1008523 40 I 02E+12 1 02E+12

MP-3 40 9 1246 63 713 001 1012975 13 1 03E+12 1 02E+12

MP~I 53 5 1630 68 740 0 O2 1012950 26 1 03E+12 1 02E+12

MP-6 95 289 56 5 67 250 1006782 50 I 01E+12 1 01E+12

MP-7 29 9 911 35 681 250 1006782 50 I OIE+12 1 02E+12

P(O
P(0
r

Pw

Patm
Rw

Pd

= Pw [ I + (l/Pw^2)*(Pw^2-Patm^2)*ln(r/Rw)/In(Rw/R0]^(I/2)

= absolute pressure at ra&us r

=radtal distance from extraction well

- absolute pressure at the extraction well

= pallil, vacuum

= absolute ambmnt atmospheric pressure

= ~dms of extraction well

- radius of mfluence of extractmn well

P(r)A2 (PwA2. patm^2)ln(r)

ln(Rw/R0

- In fRw)(Pw~2-Patm^2)

ln(Rw/R0

p(r)^2 m* In(r) 

SUMMARY OUTPUT

Regresston Slatlstzcs

Muluple R 0 47

R Square 0 22

AdJusted R Square 0 02

Standard Error 5 64E+09

Observatmns 6 O0

ANOVA

df SS MS F Stgn~cance F

Regression 1 O0 3 57E+19 3 57E+19 1 12 0 35

Residual 4 O0 I 27E+20 3 18E+19

Total 5 00 1 63E+20

+Pw~2

Coeff?ctents
Standard Error t Stat P-value Lower93% Upper95% Lower950% Upper950%

Intercept 9 94E+11 2 34E+10 42 56 0 00 9 30E+I I 1 06E+12 9 30E+l I 1 06E+12

X Vanable 1 3 49E+09 3 30E+09 1 06 0 35 -5 66E+09 1 26E+10 -5 66E+09 1 26E+10

2768 9 cm

908 fl

p \prolects\ptttsbrg\98013\dataLsve Page 3 of 5



SOIL VAPOR EXTRACTION PILOT TEST DATA "STEP TEST" - STEP 2

Location Mcmphts Depot, Dunn Fled

Chent U S Army Engineering and Support Center, Humsvtll¢

Test Date Janua,~ 7, 2002

Vapor Extract*on Well VW-2

579 559

Momtormg Radial Radial In(r) Steady-State Absolute P^2 RegfssB

Pomt DLstance (r) Distance (r) Vacuum Pressure (P) P^2

ffq [cm] [In H20] [g/era :21
MP-I 85 8 2615 18 7 87 I 10 101026430 I 02E+12 1 02E+12

MP-2 57 1 174041 7 46 1 O0 101051300 I 02E+12 102E+12

MP-3 40 9 1246 63 713 0 O0 1013000 00 I 03E+12 I 02E+12

MP-4 53 5 1630 68 7 40 0 02 101295026 I 03E+12 I 02E+12

MP-6 95 289 56 5 67 1 70 1008772 10 I 02E+12 I 02E+12

MP-7 299 911 35 681 1 70 1008772 I0 1 02E+12 1 02E+12

P(0
P(r)

r

Pw

PaLm

Rw

RI

= Pw [ I + (I/Pw^2)*(Pw~2-Patm^2)*ln(rIRw)lln(Rw/RO]^(ll2)

= absolute pl~ssurc at rfldluS r

= radial distance from extraction well

= absolute pressure at the extraction well
= pat ITI * VaCUUm

= absolute ambient atmospheric pressure

= radms of extracuon well

= radms of influence of exttactton well

P(r)~2

P(0"2

(Pw~2. Patm^2)lntr)

In(Rw/R0

m* In(r)+b

- In(Rw )(pwA:~ .Patm’,2 

ln(Rw/Rt)

SUMMARY OUTPUT

Regression Stottstlc$
Multiple R 0 50

R Square 0 25

AdJusted R Square 0 06

Standard Error 3 71E+09

Observaaons 6 O0

ANOVA

df SS MS F

Regressmn I 00 1 85E+19 I 85E+19
Residual 4 00 5 52E+19 I 38E+19
Totat 5 00 7 36E+19

I 34
Stgn~cance F

031

+Pw~2

Coeffictents Standard Error t Star P-value

Intercept 1 00E+I2 1 54E+10 65 27 0 00
X Variable 1 2 51E+O9 2 17E+09 I 16 0 31

Lower 95% Upper 95% Lower 95 0% Upper 95 0%
9 61E+I 1 I 05E+12 9 61E+I I 1 05E+12

-3 51 E¢4)9 8 53E--09 -3 51E+09 8 53E+09

RI

2688 2 cm

882 fl

p \proJects\pdt sbrg\98013\data~ve Page 4 of 5



SOIL VAPOR EXTRACTION PILOT TEST DATA ’*STEP TEST" - STEP 3

Locatton Memphis Depot, Dunn Fled

Chent U S Army Engmeenng and Support Center, Huntsvdle

Test Date January 7, 2002

Vapor Extraction Well VW-2

Rathal

Dtstance (0

ffq

Rathal

Distance (r)

&m]

In(r) Steady-State

Vacuum

[m H20]

Absolute

Pressure(P)

[g/cm s^2]

Momtonng

Pomt

P^2 Regrssn

P^2

MP-1 85 8 2615 18 787 I 00 1010513 O0 1 02E+12 I 02E+12

MP-2 57 I 1740 41 7 46 0 60 1011507 80 I 02E+12 I 02E+12

MP-3 40 9 1246 63 713 000 1013000 00 1 03E+12 1 02E+12

MP-4 53 5 1630 68 7 40 001 1012975 13 103E+12 102E+12

MP-6 95 289 56 5 67 1 00 1010513 00 1 02E+12 1 02E+12

911 35 681 1 10 101026430 1 02E+12 1 02E+12MP-7 29 9

P(r) - Pw [ 1 + (l/PwA2)*(PwA2-Patm^2)*ln(r/Rw)/ln(Rw/R0]A(I/2)

e(r) = absolute pressure at rathus r

= radial distance from extraetxon well

Pw = absolute pressure at the extraction well

= Patm ° VaCB~’ll

Palm - absolute ambtem atmospheric pressure

Rw ra&us of extractxon well

R~ = radms of influence of extractton well

P(r)A2 (Pw~2 - Patm"2)th(rl - lnfRw/(Pw"2-Patm^2) +Pw~2

ln(Rw/Pd) ln(Rw/Pd)

P(r)*2 m * In(r) + 

SUMMARY OUTPUT

Regr~ston StattMtc$

Multiple R 0 31

R Square 0 09

Adjusted R Square -0 13

tandard Error 2 70E+09

Observaltons 6 00

ANOVA

df SS MS F Stgntficance F

Regression 1 00 3 06E+ 18 3 06E+ 18 0 42 0 55

Residual 4 00 2 93E+19 7 31E+18

rotal 5 00 3 23E+19

Coefficwnts Standard Error t Stat P-value Lower95% Upper95% Lower950% Upper950%

Intercept I 02E+I 2 1 12E+I 0 90 68 0 O0 9 85E+11 1 05E+12 9 85E+11 1 05E+12

X Variable 1 1 02E+O9 1 58E+O9 0 65 0 55 -3 37E--09 5 41E+09 -3 37E+09 5 41E+O9

20764 cm

681 ft

p \proleets\ptttsbrg\98013\datak~ve Page 5 of 5
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Attachment H



579
ENVIRONMENTAL TESTING & CONSULTING, INC.

2924 Walnut Grove Road ̄ Memph|s, TN 38111 ̄  (901) 327-2750 6 FAX (901) 327~53’~4

Founded 1972

569

January 15, 2002

Mr. Kraig Smith
Sverdrup/Jacobs Eng.
3354 Perimeter Hill Drive,
Suite 310
Nashville, TN 37211

Ref: Analytical Testing
ETC Order #
Project Description

Project Number

0201135
Dunn Field

SVERDRUP
JAI I’ ? JlO,,

RECEIVEb

C5X51108 t-~’)
,-,- %

T he above referenced project has been analyzed per y~r

instructions. The analyses were performed ~ our laboratory
in accordance with Standard Methods, The Sol~d~Waste ~anual

SW-846, EPA Methods for Chemical Analysis of Water a~d Wastes
and~or 40 CFR part 136.

~,~

The analytical data has been validated;using standard quality

control measures performed as required ~y the analytical method.
Quality Assurance, instrumentation maintenance and calibration
were performed in accordance with gu-idelines established by the
USEPA.

I
The results are shown on the attached analysis sheet(s).

r,

Please do not hesitate to confact our office if you have any
questions.

Sincerely,
~’ 12 /,

Connie Bradberry ~"
Laboratory Project Manager

rt
Attachment

SVE_MHDDMTR

Certifications

Tennessee #TN02027
Arkansas #40730
Kentucky #90047
North Carolina #415
South Carolina #84002002

Mississippi
Oklahoma
Virginia
Washington
US Army Corps

USDA
#9311
#00106
#C248

of Engineers

#S-46279



5’79 ,564

Environmental Testing & Consulting, Inc.
Data Qualifiers for Organic Reporting

Within the attached report, some analytical data may be reported as "Qualified Data" as indicated by
a "Data Quahfier" next to the result. This table summarizes the possthle "Data Qualifiers" that may

be associated with this report. These qualifiers do not apply for TIC reports¯

Q Surrogate Recovery Outside QC Limits

J Estunated Value. Presence of the compound was confirmed but less than the

reported detection limit.

E Concentration exceeds the established method cahbration range but is within

Lhe working range of the instrument. .. /t ",

B Analyte detected m the associated Method Blank. ff
U ?Reported result was unconfirmed. Refer to Case Narrative. )

C Result reported from GC/MS confirmation analysis. _,

M Result reported represents a minimum value. Refer to Case Narrative.

NC Result reported from Primary Column. Result did not confirm.

¯ )QC Data (percent recovery/RPD for a particular analyte was outside QC Limits)

Revision 03/01 Dataqual XLS

000001



ENVIRONMENTAL TESTING & CONSULTING, INC.
2924 Walnut Grove Road - Memphis, TN 38111 - (901)327-2750

ANALYTICAL SUMMARY/CROSS REFERENCE TABLE

5 7 9 565

Client Name
Site ID

Sverdrup/Jacobs Eng.
Dunn Field ETC Order #0201135

C5X51108

ETC
Sample ID

020113501
020113501

Field

Carbon- 1
Carbon-I

Matrix

SOLID
SOLID

Method

1311
8260B

Method Descri tion

TCLP Extraction ZHE
TCLP Volatile Organics

page 1
January 9, 2002 09 29 000002
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Environmental Testing & Consulting, Inc.

Login
Chain-of-Custody

000003
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5’19 568

Envirorunental Testing & Consulting,

Cooler Receipt Form

Date Received_i/8/02
Date/Time Checked In_I/8/02-14.55

Carrier/Bill# Hand-Delivered

2. Samples are non-radioactive?

3. Chaln of Custody in plastic?

4 Temperature at receipt (ok = 4 ± 2 °C)<4oC

5 Ice & Packlng- bags, ice

6. Chaln of Custody filled out properly?

7 All containers in separate bags?

8 Sample containers intact?

9. Label(s) complete and in good condition?

I0 Label(s) agree with Chain of Custody?

II. Correct contalners used?

12. Sufficient sample?

13. VOA v±als bubble-free (H20) or no head space (soil)?

14. Preservatlon OK? TM pH ; TRPH pH ; TOC pH ;
TOX pH ; CN pH ; N/P pH ; Other pH

Inc.

LIMS#_0201-135
Project Dunn Field

By Re~e~c~xB~r~er

No

Yes

No

OK

Yes

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Conunents

*Valldated Date and Time of Sample Receipt (VDTSR)

900005



Environmental Testing & Consulting, Inc.

Sample Reports
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5’79 570 ENVIRONMENTAL TESTING & CONSULTING, INC.
2924 Walnut Grove Road - Memphis, TN 38111 - (901)327-2750

Clxent Name Sverdrup/Jacobs Eng.
Memphis Depot, Dunn Field
3354 Perimeter Hill Drive,
Suite 310
Nashville, TN 37211

Site ID

FID #

Dunn Field

Date Arrived 01/08/02
ETC Order Number 0201135

ETC Lab ID 0201135-01
Field ID : Carbon-1

TEST RESULT

TCLP Extraction ZHE Leachate

Matrzx : SOLID
Sample Date : 01/08/02

UNITS
DETECTION DATE DATE
LIMIT ANALYZED EXTRACTED BY

mg/L
METHOD

01/08/02 TL 1311TCLP Volatile Organics

QC Batch
Dilution Factor
Benzene
Carbon Tetrachlonde
Chlorobenzene
Chloroform
1,4-Dichlorobenzene
1,2-Dmhloroethane
1,1 -Dlchloroethene
2-Butanone (MEK)
Tetrachloroethene
Tnchloroethene
Vinyl Chloride

Surroqate Standard
S1 - Dlbromofluoromethane
$2 - Toluene-d8
$3 - 4-Bromofluorobenzene
$4- 1,2-Dichloroethane-d4

V401091
10

ND mg/L 0.010
ND mg/L 0.010
ND mg/L 0.010
ND mg/L 0 010
ND mg/L 0.010
ND mg/L 0.010
ND mg/L 0.010
ND mg/L 1.00
ND mg/L 0.010
ND mg/L 0.010
ND mg/L 0.010

% Recovery QC Limits
85 84 115
87 69 133
83 80 111
78 58 131

01/09/02 LS 8260B
5030B

Data Validator ND - Not Detected Q - Recovery Outside QC Llrmts
000007
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Client Name
Project Name
ETC Order #

ENVIRONMENTAL TESTING AND CONSULTING, INC.
CASE NARRATIVE

GC/MS VOLATILE COMPOUNDS - TCLP

Sverdmp/Jacobs Eng
Duma Field
0201-135

HOLDING TIMES
TCLP Extrachon All samples extracted wlthm 14 days
Sample Analyms All VOC extracts analyzed within 14days

METHOD
Pleparatlon SW-846 1311
Analysis’ SW-846 8260B

QUALITY CONTROL
OC Batch
V401091

Form 4 Summary

V401091LB

System Momtollne Compounds FORM 2
Smrngate recoveries within QC hmits.*
* Su~ rogate DJbromofluoromethane was flagged for low recovery lS samples V401091LB, V401091LCS and 0201 -
135-01MS/MSD Surrogate Bromoflourobenzene was flagged for low recovery in sample 0201-135-01MSD

Method Blank FORM 4
V401091LB
Taiget analytes were not detected in the method blank

Laboratory Control Samole FORM 3
V401091 LCS
All acceptance crltena met

Matrix Spike / Matux Spike DuD FORM
Batch V401091
0201-135-01 RPD All analytes within QC hrmts.
Carbon-1 Spike Recovery All analytes within QC hmlts.
Refer to Laboratory Control Sample(s) for system verification.

CALIBRATION
BFB Dally 12-Hour Tune
Imhal Cahbration
Cahbratlon Verification

All cntena met FORM 5
All criteria met FORM 6
All criteria met FORM 7

Volatile lntelnal Standard Area and RT FORM g
Dady Check Standaid(s) Internal Standard Areas and Retention Times within QC limits

SAMPLE ANALYSIS
Instrnmentatmn HP 5890 Series II GC, 5971MSD
Dduhons Required No dllutmns reqmred

L-V’J
Pl oJect Manager

000009



FORM 2
WATER VOA-GCMS SYSTEM MONITORING COMPOUND RECOVERY

¯ {

579

Lab Name : ETC, INC.

Lab Code: Case No. :

Contract :

SAS No. : SDG No.: 0201135

573

01
02
03
04
05
06
07
O8
O9
I0
II
12
13
14
15
16
17
18
19
2O
21
22
23
24
25
26
27
28
29
30

SAMPLE NO.

V401091LB
020113501
V401091LCS
020!13501MS
020113501MS[

SMCI SMC2
(DFM) 

SMC3 OTHER
(TOL) 

TOT
(BFB)# (DCE) OUT

81. 83 82 73
85

1
87 83

84*
78 0

9O 86 75
78* 1

8O 81
76*

70 1
79 78* 69 2

i.

QC LIMITS
SMCl (DFM) = Dibromofluoromethane (84-115)
SMC2 (TOL) = Toluene-d8 (69-133)
SMC3 (BFB) = Bromofluorobenzene (80-111)
OTHER(DCE) = 1,2-Dichloroethane-d4

(58-131)

# Column to be used to flag recovery values

* Values outside of contract required
QC limits

D System Monitoring Compound diluted out

page 1 of 1 FORM II VOA-GCMS
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579 574
FORM 4

VOA-GC~4S METHOD BLANK SUMMARY

Lab Name: ETC, INC.

Lab Code: Case No.:

Lab File ID: 0402005T

Contract:

SAS No.:

Date Analyzed: 01/09/02

GC Column: ID:

Instrument ID: VOC4

2 (mm)

CLIENT SAMPLE NO.

V401091LB ]

SDG No.: 0201135

Lab Prep Batch: V401091

Time Analyzed: 1231

Heated Purge: (Y/N) 

Lab Sample ID: ILB

THIS METHOD BLANK APPLIES TO THE FOLLOWING SAMPLES, MS and MSD:

01
02
03

O4
O5

06
07
O8
09
10
ii
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
3O

CLIFaXVF
SAMPLE NO.

020113501
V401091LCS
020113501ME
020113501MSD

LaB °

SAMPLE ID

020113501
ILCS
ME
MED

LAB
FILE ID

0601007
1701018TLCS
1901020
2001021

TIME
ANALYZED

1333
1923
2025
2056

COMMENTS :

page 1 of 1

FORM IV VOA-GCMS
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FORM 1
VOA-GCMS ORGANICS ANALYSIS DATA SHEET

579 575
CLIENT SAMPLE NO.

Lab Name: ETC, INC.

Lab Code: Case No. :

Matrix: (soil/water) WATER

Sample wt/vol :

Level : (low/med)

% Moisture: not dec.

GC Column :

Soil Extract Volume:

CAS NO.

ID: 2.00 (ram)

(uL)

COMPOUND

Contract :
V401091LB

SAS No. : SDG No. : 0201135

Lab Prep Batch: V401091

Lab File ID: 0402005T

Date Received:

Date Analyzed: 01/09/02

Dilution Factor: 1.0

Soil Aliquot Volume :

CONCENTRATION UNITS :
(ug/L or ug/Kg) UG/L Q

(uL)

7 i- 43 - 2 ......... Benzene
78- 93 - 3 ......... 2 -Butanone
56-23-5 ......... Carbon Tetrachloride
108 - 90 - 7 ........ Chlorobenzene
67 - 66 - 3 ......... Chloroform
106-46-7 ........ 1,4 - Dichlorobenzene
107- 06- 2 ........ I, 2-Dichloroethane
75 -35-4 ......... 1, l-Dichloroethene
127 - 18 - 4 ........ Tetrachloroethene
79 - 01 - 6 ......... Trichloroethene
75-01-4 ......... Vinyl Chloride

1.00 U
20.00 U

1.00 U
1.00 U
io00 U
1.00 U
1.00 U
1.00 U
1.00 U

I.

FORM I VOA-GCMS



5 7 9
CLIENT SAMPLE NO.

FORM I
5 7 ~ VOA-GCMS ORGANICS ANALYSIS DATA SHEET

TENTATIVELY IDENTIFIED COMPOUNDS

Lab Name: ETC, INC.

Lab Code: Case No. :

Matrix: (soil/water) WATER

Sample wt/vol:

Level: (low/med)

% Moisture: not dec.

GC Column:

Soil Extract Volume:

10.00 {g/mL)

LOW

ID: 2.00 (mm)

(uL)

Number TICs found: 0

Contract:

SAS No.: SDG No.:

Lab Sample ID:

Lab File ID:

Date Received:

Date Analyzed:

Dilution Factor: 1.0

Soil Aliquot Volume:

CONCENTRATION UNITS:
(ug/L or ug/Kg) ug/L

CAS NUMBER

1.

2.
3.
4.
5.
6.
7.
8.
9.

I0.
ii.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22
23

24
25
26
27
28
29
30.

COMPOUND NAME RT

V401091LB

0201135

ILB

0402005T

Ol/O9/O2

EST. CONC. ! Q

(uL)

FORM I VOA-GCIMS-TIC

O0O013



FORM 3
WATER VOA-GCMS LAB CONTROL SAMPLE

!

5 ’79

Lab Name: ETC, INC.
Lab Prep Batch: V401091

Lab Code: Case No.: SAS No.: SDG No.: 0201135
Matrix Spike - Sample No.: V401091LCS

5 7 7

COMPOUND

Benzene
2-Butanone
Carbon Tetrachloride
Chlorobenzene
Chloroform
1,4-Dichlorobenzene
1,2-Dichloroethane
l,l-Dichloroethene
Tetrachloroethene
Trichloroethene
Vinyl Chloride

ADDED
(ug/L)

i00.0
i00.0
I00.0
i00.0
100.0
i00.0
I00.0
I00.0
100.0
i00.0
i00.0

CONCENTRATION
(ug/L)

CONCENTRATI~ %
(ug/L) REC #

95.45 95
92.91 93
88.39 88
84.41 84
82.46 82
92.66 93
79.54 80
79.24 79
87.94 88
89.68 90
70.80 71

LIMITS
REC.

72-124
55-151
64 -123
77-112
70-115
78-116
62-124
69-121
77-115
75-113
65-134

# Column to be used to flag recovery and RPD values with an asterisk

* Values outside of QC limits

RPD: 0 out of 0 outside limits
Spike Recovery: 0 out of ii outside limits

COMMENTS :

FORM III VOA-GCMS



579 5’7 8
FORM 3

WATER VOA-GCMS MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Lab Name: ETC, INC.
Lab Prep Batch:

Lab Code: Case No.: SAS No.:

Matrix Spike - Sample No.: 020113501

V401091

SDG No.: 0201135

COMPOUND

Benzene
2-Butanone
Carbon Tetrachloride
Chlorobenzene
Chloroform
1,4-Dichlorobenzene
1,2-Dichloroethane
l,l-Dichloroethene
Tetrachloroethene
Trichloroethene
Vinyl Chloride

ADDED
(ug/L)

100.0
I00.0
I00.0
i00.0
i00.0
i00.0
100.0
100.0
100.0
100.0
I00.0

CONCENTRATION
(ug/L)

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

CONCENTRATION
(rig/L)

108.6
84.04
95.09
90.55
83.01
95.84
77.05
79.43
86.14
94.58
66.49

MS
%

REC #

109
84
95

90
83
96
77
79
86
94
66

LIMITS
REC.

72-124
55-151
64-123
77-112
70-115
78-116
62 -124
69-121
77-115
75-113
65-134

COMPOUND

Benzene
2-Butanone
Carbon Tetrachloride
Chlorobenzene
Chloroform
1,4-Dichlorobenzene
1,2-Dichloroethane
l,l-Dichloroethene
Tetrachloroethene
Trichloroethene
Vinyl Chloride

SPIKE
ADDED
(ug/L)

100.0
100.0
i00.0
I00.0
i00.0
i00.0
i00.0
i00.0
100.0
100.0
i00.0

MSD
CONCENTRATION

(uS/L)

111.3
85.07
94.62
92.73
83.32
98.79
77.59
79.10
88.04
100.1
66. ii

MSD
%

REC # RPD # RPD

iii 2 20
85 1 20
95 0 2O
93 3 20
83 0 20
99 3 20
78 1 20
79 0 20
88 2 20

i00 6 20
66

i
0 20

% QC LIMITS
REC.

72-124
55-151
64-123
77-112
70-115
78-116
62-124
69-121
77-115
75-113
65-134

# Column to be used to flag recovery and RPD values with an asterisk

* Values outside of QC limits

RPD: 0 out of Ii outside limits
Spike Recovery: 0 out of 22 outside limits

COMMENTS:

FORM III VOA-G(]V[S
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579 580
ENVIRONMENTAL TESTING & CONSULTING, INC

GC/MS VOC Method 8260B Sequence Check List (SW-846)

Sequence ID: [//~/C)~" / Matrix~’~-f-~ I-IBN:

mt : / - f a -- 0 "7
Applicable ETC..Order Nos. for this sequence:

1. BFB Daily 12-Hour Tune Meets Criteria. No analysqs begi~ until criteria are met. (SOP)
2. Initial Calibration Verification Criteria- Method :1/Z/~O [0 4"~, ~"~, (~

a. SPCC - Mean RF > =0.10 (> =0.30 for Chlorobenz%ne/lt22-Tetraehlornethene)
b. CCC - RSD of RF for CCCs and Target Analytes MUST BE< = 30%

c. RSD of analytes < =15% may use Average RF for quantitation
d. Analytes w/RSD >15% use Linear Regression - correlation coefficient > =-0.99

Validated

c./

3. Calibration Verification- Each 12-Hour Shift
a. SPCC - Mean RF > =0.I0 (> =0.30 for Chlorobenzene / 1122-Tetraclfloroethene)
b. CCC - % Difference for Average RF Calibration - < =20%

c. CCC - % Drift for Linear Regression Calibration - < =20%

d. % Di~f)d~nceJ% Dr~R)fo~ all other Target Analytes - =30%

e. Internal Standards - Retention Times within +/-30 seconds from Mid-Point ICAL bTD

f. Internal Standards - Areas within (-50% to +100%) form Mid-Point ICAL STD

4. Method Blanks included in this sequence :
__f’3~// Analyze daily or for each analytical batch (20 samples):

d3(’~ / [ List compounds identified in Method Blank w/concentration.

"][; z//~ Flag final ~aflt "BrI3etected in Blan~ ~ $-’~ /

5. Matrix Spike/Matrix Spike Duplicates included in this sequence :
Analyze daily or for each matrix (ms/msd per 20 samples of same matrix)

List ~/M~qD(:~ pe/rforme0 3girth ~lly f aalluyes :

6. Laboratory Control Samples included in this ~sgq’uence/
Must contain all Target Analytes.

7. Surrogate Recoveries within QC Limits

8. All positive compounds within calibration range

Narrative/Notes :

Form Date 09113/0l
P ~Otl~’ n I Q.S\~l: [l~VO I ~S 260~GCMS VOC ~260~ Cheek List 091201 doc 0 0 0 0 -~



FORM 5
VOLATILE ORGANIC INSTRUMENT PERFORMANCE CHECK

BROMOFLUOROBENZENE (BFB)

Lab Name: ETC, INC.
Contract:

Lab Code: Case No.:

Lab File ID: 0101001

Instrument ID: VOC4

GC Column: ID: 2.00 (mm)

m/e

50
75 ;
95 ;
96 ;

173 I
174 1
175 ]
176 1
177 ]

5 7 9

SAS No.: SDG No.: 0201135

BFB Injection Date: 01/09/02

BFB Injection Time: 1028

Heated Purge: (Y/N) 

ION ABUNDANCE CRITERIA

=====================================================

15.0 - 40.0% of mass 95
30.0 - 60.0% of mass 95--
Base Peak, 100% relative abundance
5.0 - 9.0% of mass 95
Less than 2.0% of mass 174
Greater than 50.0% of mass 95
5.0 - 9.0% of mass 174
95.0 - 101.0% of mass 174
5.0 - 9.0% of mass 176

1-Value is % mass 174

ABUNDANCE

17.1
46.1

I00.0
6.8
0.0 ]----6-~

65.0
5.3 

62.5 ( 96.1)1
4.4 ( 7.0)2

2-Value is % mass 176

58i

THIS CHECK APPLIES TO THE FOLJ-~WING SAMPLEs, MS,

01
02
O3
04
05
06

O7
O8
O9

I0
II
12
13
14
15
16
17
18
19
20

MSD, BLANKS, AND STANDARDS:

21
22

EPA
SAMPLE NO.

DSCI00PPB
020113501
020113501MS
020113501MSD

LAB
SAMPLE ID

LAB
FILE ID

DATE
ANALYZED

TIME
ANALYZED

Ol/O9/O2
Ol/O9/O2
Ol/O9/O2
Ol/O9/O2

020113501
MS
MSD

0201002
0601007
1901020
2001021

1046
1333
2025
2056

page I of 1

FORM V V0A
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579 582
Lab Name: ETC, INC.

Lab Code :

Instrument ID: VOC4

Lab File ID: 0201002

Heated Purge: (Y/N) 

GC Column: ID:

FORM 7
VOA-GCMS CONTINUING CALIBRATION CHECK

Contract:

Case No.: SAS No.:

Calibration Date: 01/09/02

Init. Calib.

Init. Calib.

2.00 (ram)

SDG No.: 0201135

Time: 1046

Date(s): 01/04/02 01/04/02

Times: 1614 2127

COMPOUND

Acetone
Acetonitrle--rFi~
Acrolein
Acrylonitrle-Ffl-~
Allyl chloride
Benzene
Bromobenzene
Bromochloromethane
Bromodichloromethane
Bromoform
2-Butanone
Bromomethane
n-Butylbenzene
sec-Butylbenze~e
tert-Butylbenzen[
Carbon Disulfide
Carbon Tetrachlor1--1~-e
Chlorobenzene
Chlorodibromomethane
Chloroethane
2-Chloroethy~
Chloroform
Chloromethane
Chloroprene
2-Chlorotoluene
4-Chlorotoluene
1,2-Dibromo-3-ch~-oropropane
1,2-Dibromoethane
Dibromomethane
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene

AMOUNT

1149
37.02
105.5
91.44
100.2
90.48
99.16
87.55
87.76
97.72
107.6
103.1
82.34
81.23
90.81
89.31
86.08
95.60
90.41
94.731

_ 83.2 1
84.59I_ 82.531
78.72
80.64
96.12
102.2
82.84
106.6
109.3
101.9

cis-l,4-Dichloro-2-butene 91.17
trans-l,4-Dichloro-2-butene I 107.6
Dichlorodifluoromethane -I 76.73
l,l-Dichloroethane "I 87.50
1,2-Dichloroethane " 84.53

AMOUNT CURVE

i00.0
1000

100.0
100.0
i00.~
100
100.0
100.0
100.0
100.0
100.0
100.0
100.0
i00.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
I00.0
100.0
i00.0
100.0
100.0
100.0
100.0
100.0
100.0
i00.0
lOO.OI
I00.0
100.0

AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG

%D

3.7
14.9
63.0

5.5
8.6
0.2
9.5
0.8

12.4
12.2

2.3
7.6
3.1

17.7
18.8

9.2
10.7
13.9

4.4
9.6
5.3

16.7
15.4
17.5
21.3
19.4

3.9
2.2

17.2
6.6
9.3
1.9
8.8
7.6

23.3
12.5
15.5

page 1 of 3
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Lab Name: ETC, INC.

Lab Code:

Instrumen5 ID: VOC4

Lab File ID: 0201002

Heated Purge: (Y/N) 

GC Column: ID:

FORM 7
VOA-GC~4s CONTINUING CALIBRATION CHECK

Contract:

Case No.: SAS No.:

Calibration Date: 01/09/02

Init. Calib. Date(s): 01/04/02

Init. Calib. Times: 1614

2.00 (mm)

COMPOT~ SAMPLE CALl00

I, l-Dichloroethene
" I 89.711 i00.0 AVRGcis-l, 2 -Dichloroet~ene I 95.84 1 i00.0t rans-1,2-DichloroethenT-[

97"53 I 100.01 AVRGAVRGi, 2-Dichloropropane
91.05
98.32 100.0 AVRG

1,3-Dichloropropane
2,2-Dichloropropane

,l-Dlchloropropene
cis-l,3-Dichloropro~ene
trans-l,3-Dichloropropene
Di isopropyl ether
1,4-Dioxane

Ethyl Acetate
Ethylbenzene
Ethyl methacrylate
Furan
Hexachlorobutadiene
Hexane
2-Hexanone
Iodomethane
Isobutyl Alcohol
Isopropylbenzene
4-Isopropyltoluene
Methacrylonitrile
Methylene Chloride
Methyl methacrylate
4-Methyl-2-Pentanone
Methyl-tertbutyl-Ether
Naphthalene
Propionitrile
n-Propyl Acetate
n-Propylbenzene
Styrene
l,l,l,2-Tetrachloroethane
l,l,2,2-Tetrachloroethane
Tetrachloroethene
Tetrahydrofuran
1,2,3-Trichlorobenzene

90.23
95.35
95.71
94.17
94.43

2336
104.4
85.15
197.5
131.2
105.5
106.2
107.5
81.96

2373
89.19
76.42
956.0
101.2
193.0
103.2
90.79
121.81

1022
151.7
87.36
92.16
80.88
121.5
101.3
108.3
120.4

I00.0 AVRG

100.0 AVRG
100.0 AVRG
i00.0 AVRG
i00.0 AVRG
100.0 AVRG

2000 AVRG
100.0 AVRG
100.0 AVRG
200.0 AVRG
153.0 AVRG
100.0 AVRG
117.0 AVRG
i00.0 AVRG
i00.0 AVRG

2000 AVRG
I00.0 AVRG
100.0 AVRG

1000 AVRG
i00.0 LINR
200.0 AVRG
100.0 AVRG
i00.0 AVRG
100.0 AVRG

I000 AVRG
151.0 AVRG
i00.0 AVRG
100.0 AVRG
I00.0 AVRG
i00.0 AVRG
i00.0 AVRG
91.50 AVRG
i00.0 AVRG

SDG No.: 0201135

Time: 1046

01/04/02

2127

MA~
%D %d

10.3 20.(
4.2 30.£
2.5 30.£
9.0 20.C
1.7 30.C
9.8 30.C
4.6 30.C
4.3 30.C
5.8 30.G
5.6 30.G

16.8 30.0
4.4 30.0

14.8 20.0
1.2:30.0

14.2 30.0
5.5 30.0
9.2130.0
7.5 3O.O

18.0 30.0
18.6 30.0
10.8 30.0
23.6 30.0

4.4 30.0
1.2 30.0
3.5 3O.O
3.2 30.0
9.2 30.0

21.8 30.0
2.2 30.0
0.5 30.0

12.6 30.0
7.8 30.0

19.1 30.0
21.5 30.0

1.3 30.0
18.4 30.0
20.4 30.0

583,
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579 584

Lab Name: ETC, INC.

Lab Code:

Instrument ID: VOC4

Lab File ID:

Heated Purge:

GC Column:

0201002

(Y/N) Y Init. Calib.

ID: 2.00 (mm)

FORM 7
VOA-GCMS CONTINUING CALIBRATION CHECK

Contract:

Case No.: SAg No.:

Calibration Date: 01/09/02

Init. Calib.

SDG No.: 0201135

Time: 1046

Date(s): 01/04/02 01/04/02

Times: 1614 2127

iT°luene
Ii,l,l-T~ichloroethane
Ii,l,2-Trichloroethane
l,l,2-trichloro-i 2 2~ 94.63
Trichloroethene 100.2
Trichlorofluoromethane 73.63
1,2,3-Trichloropropane 90.30
1,2,4-Trimethylbenzene -- 79.07
1,2,4-Trichlorobenzene 121.5
1,3,5-Trimethylbenzene 81.60
Vinyl Acetate 101.9
Vinyl Chloride 83.00
Xylene-mp 175.3
Xylene-o " 88.27

Dibromofluoromethane 39.87
Toluene-d8 46.44
Bromofluorobenzene 39.71
1,2-Dichloroethane-d4 37.16

SAMPLE CALl00AMo 
9456, .... [;it
89.52 I00.0
100.5 I00.0

i00.0
i00.0
100.0
100.0
100.0
I00.0
I00.0
100.0
100.0
200.0
I00.0

5O.00
50.00
50.00
50.00

CURVE %D

5.4
AVRG 10.5
AVRG 0.5
AVRG 5.4
AVRG 0.2
AVRG 26.4
AVRG 9.7
AVRG 20.9
AVRG 2 i. 5
AVRG 18.4
AVRG I. 9
AVRG 17.0
AVRG 12.4
AVRG ii. 7

AVRG 20.3
AVRG 7.1
AVRG 20.6
AVRG 25.7

MAX
%d

20.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0i
30.01
30.01
20.01
30.01
30.01

30.01
30.01
30.01
30.01

page 3 of 3
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FORM8
VOA-GCMS INTERNAL STANDARD AREA AND RT SUMMARY 579

Lab Name: ETC, INC.

Lab Code: Case No.:

Lab File ID (Standard): 0201002

Instrument ID: VOC4

GC Column: ID: 2.00 (mm)

Contract:

SAS No.:

Date Analyzed:

Time Analyzed: 1046

Heated Purge: (Y/N)

SDG No.: 0201135

01/09/02

Y

01
O2
03
O4
O5

06
07

O8
O9
I0
ii
12
13
14
15
16
17
18
19
2O
21
22:

12 HOUR STD
UPPER LIMIT

CLIENT
SAMPLE NO.

IS1
AREA #

846271
1692542

.......... 423136

......... 813385883916917663

RT #

6.92
7.42
6.42

6.92
6.92
6.92

IS2 (DFB)
AREA #

1277286
2554572

638643

1275447
1435681
1475407

RT #

8.00
7.00

7.51
7.51
7.51

IS3 (CBZ)
AREA #

.......... 1378510
2757020

689255

1074916
1176896
1196338

RT #

....... 9.70
10.20

9.20

9.71
9.71
9.71

585
i

IS1 = Pentaf luorobenzene
IS2 (DFB) = 1,4-Dif luorobenzene
IS3 (CBZ) = Chlorobenzene-d5

AREA UPPER LIMIT = +100% of internal standard area
AREA LOWER LIMIT = - 50% of internal standard area
RT UPPER LIMIT = + 0.50 minutes of internal standard RT
RT LOWER LIMIT = - 0.50 minutes of internal standard RT
#, Valuescolumn outsideUSed to offlagQcvalueslimits.OUtside QC limits with an asterisk.

page 1 of 2
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586
FORM 8

VOA-GCMS INTERNAL STANDARD AREA AND RT SUMMARY

Lab Name: ETC, INC.

Lab Code: Case No.:

Lab File ID (Standard): 0201002

Instrument ID: VOC4

GC Column: ID: 2.00 (mm)

Contract:

SAS No.: SDG No.:

Date Analyzed: 01/09/02

Time Analyzed: 1046

Heated Purge: (Y/N) 

0201135

01
O2
03
04

O5
O6
07
08
09
i0
ii
12
13
14
15
16
17
18
19
2O
21
22

12 HOUR STD
UPPER LIMIT
LOWER LIMIT

CLIENT
SAMPLE NO.

is4 (DCB)
AREA #

327534
655068
163767

RT #

11.52
12.02
11.02

AREA # RT # AREA # RT #

020113501MS 303392
020113501MSD 283146

11.53
11.53
11.53

IS4 (DCB) = 1,4-Dichlorobenzene-d4

AREA UPPER LIMIT = +100% of internal standard area
AREA LOWER LIMIT = - 50% of internal standard area
RT UPPER LIMIT = + 0.50 minutes of internal standard RT
RT LOWER LIMIT = - 0.50 minutes of internal standard RT

# Column used to flag values outside QC limits with an asterisk.
* Values outside of QC limits.

page 2 of 2
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FORM 3
WATER VOA-GCMS LAB CONTROL SAMPLE

Lab Name: ETC, INC.
Lab Prep Batch: V401031

Lab Code: Case No.: SAS No.: SDG No.:
Matrix Spike - Sample No.: V401031LCS

579

0112602

607

COMPOUND
========================

Isobutyl Alcohol
Isopropylbenzene
4-Isopropyltoluene
Methacrylonitrile
Methylene Chloride
Methyl methacrylate
4-Methyl-2-Pentanone
Methyl-tertbutyl-Ether
Naphthalene
Propionitrile
n-Propyl Acetate
n-Propylbenzene
Styrene
l,l,l,2-Tetrachloroetha
l,l,2,2-Tetrachloroetha
Tetrachloroethene
Tetrahydrofuran
1,2,3-Trichlorobenzene
Toluene
l,l,l-Trichloroethane
l,l,2-Trichloroethane
l,l,2-trichloro-l,2,2-t
Trichloroethene
Trichlorofluoromethane
1,2,3-Trichloropropane
1,2,4-Trimethylbenzene
1,2,4-Trichlorobenzene
1,3,5-Trimethylbenzene

Column to be used to flag

SPIKE
ADDED
(ug/L)

2000
i00.0
I00.0

1000
100.0
200.0
i00.0
100.0
100.0

1000
I00.0
100.0
I00.0
i00.0
i00.0
i00.0
i00.0
100.0
100.0
i00.0
i00.0
100.0
i00.0
i00.0
100.0
i00.0
100.0
100.0

SAMPLE
CONCENTRATION

(ug/L)

recovery and RPD valu~

* Values outside of QC limits

LCS LCS
CONCENTRATION %

(uS/L) REC #

1620 81
93.79 94
88.99 89
779.0 79
84.58 84
147.0 74
73.20 73
85.05 85
98.36 98
751.3 75
120.2 120
94.74 95
94.38 94
89.12 89
86.82 87
93.68 94
80.47 80
105.3 105
85.55 86
88.50 88
81.46 81
104.8 105
90.70 91
72.51 72
78.87 79
85.88 86
110.4 II0
87.74 88

~s with an aster~s--~

QC.
LIMITS

REC.

60-134
74-125
72-127
70-125
76-115
57-147
42-144
62-122
53-124
58-139
88-170
75-125
77-117
79-113
67-126
77-115
76-181
62-132
77-115
63-122
69-117
70-130
75-113
55-130
62-130
69-126
68-132
69-128

COMMENTS :

page 3 of 4 FORM III VOA-GCMS
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ENVIRONMENTAL TESTING & CONSULTING, INC.
2924 Walnut Grove Road * Memphis, TN 38111 * (901) 327-2750 * FAX (901) 3274,3’34

Founded 1972

January 14, 2002

Mr. Kraig Smith
Sverdrup/Jacobs Eng.
3354 Perimeter Hill Drive,
Suite 310

Nashville, TN 37211

Ref: Analytical Testing
ETC Order #
Project Description

Project Number

0112602
Memphis Depot

C5X51106

The above referenced project has been analyzed per your

instructions. The analyses were performed in our laboratory
in accordance with Standard Methods, The Solid Waste Manual
SW-846, EPA Methods for Chemical Analysis of Water and Wastes
and/or 40 CFR part 136.

The analytical data has been validated using standard quality
control measures performed as required by the analytical method.
Quality Assurance, instrumentation maintenance and calibration
were performed in accordance with guidelines established by the
USEPA.

The results are shown on the attached analysis sheet(s).

Please do not hesitate to contact our office if you have
questions.

any

Sincerely, l~ ,

Connie Bradberry
Laboratory Project Manager

rt
Attachment

SVE MHDDMT6

Certifications

Tennessee #TN02027
Arkansas #40730
Kentucky #90047
North Carolina #415
South Carolina #84002002

Mississippi
Oklahoma
Virginia
Washington
US Army Corps

USDA
#9311
#00106
#C248

of Engineers

#S-46279



579

Environmental Testing & Consulting, Inc.
Data Qualifiers for Organic Reporting

Wxthm the attached report, some analytical data may be reported as "Qualified Data" as indicated by
a "Data Quahfier" next to the result. This table summarizes the possible "Data Qualifiers" that may
be associated with this report. These qualifiers do not apply for TIC reports

609

Q Surrogate Recovery Outside QC Limits

J Estimated Value. Presence of the compound was confirmed but less than the

reported detection limit.

E Concentration exceeds the established method cahbration range but is within

the working range of the instrument.

B Analyte detected in the associated Method Blank

U Reported result was unconfirmed. Refer to Case Narrative.

C ’Result reported from GC/MS confirmatton analysis.

M Result reported represents a minimum value. Refer to Case Narrative.

NC Result reported from Primary Column. Result did not confirm.

QC Data (percent recovery/RPD for a particular analyte was outside QC Limits)

Revision 03/01 Dataqual XLS

000001



5"19 610

Client Name
Site ID

ETC
Sample ID

011260201
011260201
011260201
011260201
011260201
011260201
011260201
011260201
011260201
011260201
011260201
011260201
011260201
011260201
011260201
011260201
011260201
011260201
011260201
011260201
011260201
011260201
011260201
011260201

011260202
011260202

ENVIRONMENTAL TESTING & CONSULTING, INC.
2924 Walnut Grove Road - Memphis, TN 38111 - (901)327-2750

ANALYTICAL SUMMARY/CROSS REFERENCE TABLE

Sverdrup/Jacobs
Memphis Depot

Field
LD

VW-1
VW-I
VW-I
VW-I
VW-1
VW-]
VW-I
VW-I
VW-I
VW- 1
VW-I
VW-I
VW-I
VW-I
VW-I
VW-I
VW-1
VW-1
VW-1
VW-1
VW-I
VW-1
VW-I
VW-I

EFF-12-21
EFF-12-21

Eng. ETC Order #0112602

C5X51106

Matrix Method Method De~

AQUEOUS 150.1 pH
AQUEOUS 160.2 Total Suspended Sohds
AQUEOUS 245.1 Mercury Dig. Batch/Dlss
AQUEOUS 200.7 S,lver
AQUEOUS 200.7 Silver- Dissolved
AQUEOUS 200.7 Arsemc
AQUEOUS 200.7 Arsemc - Dissolved
AQUEOUS 200.7 Barium
AQUEOUS 200.7 Barium - Dissolved
AQUEOUS 200.7 Cadmium
AQUEOUS 200.7 Cadmium - Dissolved
AQUEOUS 200.7 Chromium
AQUEOUS 200.7 Chrormum - Dissolved
AQUEOUS 200.7 Iron
AQUEOUS 200.7 Iron - Dissolved
AQUEOUS 245 1 Mercury
AQUEOUS 245.1 Mercury - Dissolved
AQUEOUS 200.7 Manganese
AQUEOUS 200.7 Manganese - Dissolved
AQUEOUS 200.7 Lead
AQUEOUS 200.7 Lead - Dissolved
AQUEOUS 200.7 Selenmm
AQUEOUS 200 7 Selenium - Dissolved
AQUEOUS 8260B GC/MS Volatile Organics

AQUEOUS 82~B
AQUEOUS 8270C

GC/MS Volatde Organics
GC/MS Base/Neutral & Acid

,+/%
page 1
Janualy 14, 2002 10 13 000002



579 61i

Environmental Testing & Consulting, Inc.

Login

Chain-of-Custody

000003
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579 613

Environmental Testing & Consulting,

Cooler Receipt Form

Date Received_f2/21/01
Date/Time Checked In_12/21/01-I0.45

Carrier/Bill# __Hand-Delivered

2 .

3

4

5.

6

7.

8

9.

I0.

Ii

12.

13

14

TOX pH

Inc.

LIMS# 0112-602

ProjectMemphis Depot

Re~e~hB~r~er

No

Samples are non-radioactive?
Yes

Chaln of Custody in plastic?
Yes

Temperature at receipt (ok = 4 ± 2 °C)<4oC
OK

Ice & Packlng-bags, ice, bubble wrap
Yes

Chaln of Custody filled out properly~
Yes

All containers in separate bags?
No

Sample containers intact?
Yes

Label(s) complete and in good condition?
Yes

Label(s) agree with Chain of Custody?
Yes

Correct containers used?
Yes

Sufficient sample?
Yes

VOA vials bubble-free (H20) or no head space (soil)? Yes

Preservation OK? TM pH ; TRPH pH ; TOC pH ; Yes
; CN pH ; N/P pH ; Other pH

Colmnents

*Valldated Date and Time of Sample Recelpt (VDTSR)

000005



5"/9 6t4

Environmental Testing & Consulting, Inc.

Sample Reports

000006



ENVIRONMENTAL TESTING & CONSULTING, INC.
2924 Walnut Grove Road - Memphis, TN 38111 - (901)327-2750

Client Name Sverdrup/Jacobs Eng.
Memphis Depot, Dunn Field
3354 Perimeter Hill Drive,
Suite 310
Nashville, TN 37211

Site ID Memphis Depot

Date Arrlved 12/21/01

ETC Order Number 0112602

579

ETC Lab ID : 0112602-01
Field ID : VW-I Matrix : AQUEOUS

Sample Date : 12/21/01

DETECTION DATE QCTEST RESULT UNITS LIMIT ANALYZED BY METHOD BATCH
pH 6.5 SU 12/21/01 RB 150.1 1330Total Suspended Solids 177 mg/L 2 12/26/01 JM 160.2 T2122611

615

Data "V"d~dator ND - Not Detected
0 0 0 0 0 7



ENVIRONMENTAL TESTING & CONSULTING, INC.
2924 Walnut Grove Road - Memphis, TN 38111 - (901)327-2750

Client Name Sverdrup/Jacobs Eng.
Memphis Depot, Dunn Field
3354 Perimeter Hill Drive,
Suite 310
Nashville, TN 37211

Date Arrived 12/21/01
ETC Order Number 0112602

Site ID Memphis Depot

ETC Lab ID . 0112602-01 Matrix : AQUEOUS
Field ID : VW-1 Sample Date : 12/21/01

DETECTION DATE DATETEST RESULT UNITS LIMIT ANALYZED PREPARED BY M~ETHOD

Mercury Digestion Batch V9-AQ-26 01/02/02 JF 245 1Metals Dig Batch/Diss V29-AQ-29 12/28/01 NR 3030KStlver ND mg/L 0 0005 01/03/02 12/28/01 SH 200.7Sliver- Dtssolved ND mg/L 0.0005 01/03/02 12/28/01 SH 200.7Arsemc 0 003 mg/L 0.002 01/03/02 12/28/01 SH 200.7Arsenic- Dissolved ND mg/L 0.002 01/03/02 12/28/01 SH 200.7Barium 0.124 mg/L 0.001 01/03/02 12/28/01 SH 200.7Barium- Dissolved 0.065 mg/L 0.001 01/03/02 12/28/01 SH 200.7Cadmium ND mg/L 0.0003 01/03/02 12/28/01 SH 200.7Cadmmm- Dissolved ND mg/L 0.0003 01/03/02 12/28/01 SH 200.7Chrommm 0 014 mg/L 0.002 01/03/02 12/28/01 SH 200.7Chromium- Dissolved ND mg/L 0.002 01/03/02 12/28/01 SH 200.7Iron 11 1 mg/L 0 035 01/03/02 12/28/01 SH 200.7Iron- Dissolved ND mg/L 0 035 01/03/02 12/28/01 SH 200.7Mercury ND mg/L 0.0002 01/03/02 01/02/02 JF 245.1Mercury- Dtssolved ND mg/L 0.0002 01/03/02 01/02/02 JF 245.1Manganese 2 39 mg/L 0.002 01/03/02 12/28/01 SH 200.7Manganese- Dissolved 2 12 mg/L 0.001 01/03/02 12/28/01 SH 200.7Lead 0.049 mg/L 0 002 01/03/02 12/28/01 SH 200.7Lead- Dissolved ND mg/L 0.002 01/03/02 12/28/01 SH 200.7Selemum ND mg/L 0.002 01/03/02 12/28/01 SH 2003Selemum- Dissolved ND mg/L 0.002 01/03/02 12/28/01 SH 200 7

Data validator ND - Not Detected ~,) 0 0 0 0 



Client Name

ENVIRONMENTAL TESTING & CONSULTING, INC.
2924 Walnut Grove Road - Memphis, TN 38111 - (901)327-2750

Sverdrup/Jacobs Eng.
Memphis Depot, Dunn Field
3354 Perimeter Hill Drive,
Suite 310
Nashville, TN 37211

Site ID Memphis Depot

FID

579 617

Date Arrived 12/21/01
ETC Order Number 0112602

ETC Lab ID 0112602-01
Fxeld ID : VW-I Matrix ’ AQUEOUS

Sample Date : 12/21/01

DETECTION DATE DATETEST RESULT UNITS LIMIT ANALYZED EXTRACTED BY METHOD
GC/MS Volatile Organics

12/21/01 LS 8260B
QC Batch V412211 5030B
Dilution Factor 1
Acetone ND ug/L 20.0Benzene ND ug/L 1.00Bromodtchloromethane ND ug/L 1.00Bromoform ND ug/L 1 00Bromomethane ND ug/L 1.002-Butanone (MEK) 57.3 ug/L 20.0Carbon Disulfide 0.64J ug/L 1.00Calbon Tetrachlonde ND ug/L 1.00Chlorobenzeoe ND ug/L 1.00Chlorodlbromomethane ND ug/L 1 00Chloroetlmne ND ug/L 1.00Chlorotbrm 1 36 ug/L 1.00Chloromethane ND ug/L 1.00I,I-Dlchloroethane ND ug/L 1.001,2-Dichloroethane 0,48J ug/L 1.001,1-Dichloroethene ND ug/L 1.00trans-1,2-DIchloroethene 7.91 ug/L 1.001,2-Dichloroproparte ND ug/L 1 O0cls-l,3-Dlchloropropeae ND ug/L 1.00Iraas-l,3-Dlchloropropene ND ug/L 1.00Ethylbenzene ND ug/L 1.002-Hexanone (MBK) ND ug/L 5.004-Methyl-2-pentanone (MIBK) ND ug/L 5.00Methylene Chloride ND ug/L 5.00Styrene ND ug/L 1.00l,l,2,2-Tetrachloroethane 311E ug/L 1 00Tetrachloroethene 25 6 ug/L 1.00Toluene ND ug/L 2.00l,l,l-Trtchloroethane ND ug/L 1 00l,l,2-Trichloroethane 3 20 ug/L 1 00Tnchloloethene 606E ug/L 1.00Vinyl Acetate ND ug/L 20.0Vlnyi Chloride ND ug/L 1.00Xylenes-m,p ND ug/L 1.00Xylenes-o ND ug/L 1.00cts-l,2-Dichloroethene 26 0 ug/L 1.00

Surrogate Standard
SI - Dibromofluoromethane
$2 - Toluene-d8
$3 - 4-Bromofluorobenzene
$4 - 1,2-Dlchloroethane-d4

% Recovery QC Limits
99 84 115
86 69 133
91 80 111
125 58 t31

Data }~alidator ND - Not Detected Q - Recovery Outside QC Limits
900009



5’79 6t8 FORM 1
VOA-GCMS ORGANICS ANALYSIS DATA SHEET

TENTATIVELY IDENTIFIED COMPOUNDS

Lab Name : ETC, INC.

Lab Code: Case No. :

Matrix: (soil/water) WATER

Sample wt/vol : i0.00 (g/mL) NIL

Level : (low/reed) LOW

% Moisture: not dec.

GC Column: ID: 2.00 (ram)

Soil Extract Volume: (uL)

Number TICs found: 0

CLIENT SAMPLE NO.

Contract:

SAS No.:

Lab Sample ID:

Lab File ID:

Date Received:

Date Analyzed: 12/21/01

Dilution Factor: 1.0

Soil Aliquot Volume:

CONCENTRATION UNITS:
(ug/L or ug/Kg) ug/L

011260201

SDG No.: 0112602

011260201

0701008

(uL)

CAS NUMBER COMPOUND NAME

1.

2.
3.
4.
5.

.7.
8.
9

l0
II
12
13
14
15
16
17
18
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

RT EST. CONC. Q

i

J

FORM I VOA-GCMS-TIC

000010



Cllent Name

ENVIRONMENTAL TESTING & CONSULTING, INC.
2924 Walnut Grove Road - Memphis, TN 38111 - (901)327-2750

Sverdrup/Jacobs Eng.
Memphis Depot, Dunn Field
3354 Perimeter Hill Drive,
Suite 310
Nashville, TN 37211

Site ID Memphis Depot

FID #

Date Arrived 12/21/01
ETC Order Number 0112602

5 7 9

ETC Lab ID 0112602-01
Field ID VW-1-DIL1 Matrix . AQUEOUS

Sample Date : 12/21/01

DETECTION DATE DATETEST RESULT UNITS LIMIT ANALYZED EXTRACTED BY METHOD
GC/MS Volatile Organics

01/03/02 LS 8260B
QC Batch V401031 5030B
Dilution Factor 50
l,l,2,2-Tetrachloroethane 16,400E ug/L 50 0Trlchloroethene 788 ug/L 50.0

Surroqate Standard
S1 - Dlbromofluoromethane
$2 - Toluene-d8
$3 - 4-Bromofluorobenzene
$4- 1,2-Dlchloroethaoe-d4

% Recovery QC Limits
104 84 115
93 69 133
102 80 111
104 58 131

L5
Data Validator ND - Not Detected Q - Recovery Outside QC Llmlts

0 0 I.} 0 ~- "1



579 620
Client Name

Date Arrlved
ETC Order Number

ENVIRONMENTAL TESTING & CONSULTING, INC.
2924 Walnut Grove Road - Memphis, TN 38111 - (901)327-2750

Sverdrup/Jacobs Eng.
Memphis Depot, Dunn Field
3354 Perimeter Hill Drive,
Suite 310
Nashville, TN 37211

12/21/01
0112602

Site ID Memphis Depot

FID g

ETC Lab ID 0112602-01
Field ID : VW-1-DIL2 Matrix : AQUEOUS

Sample Date : 12/21/01

DETECTION DATE DATETEST RESULT UNITS LIMIT ANALYZED EXTRACTED BY METHOD
GC/MS Volatile Organics

01/03/02 LS 8260B
QC Batch V401031 5030B
Dilution Factor 1000
1,1,2,2-Tetrachloroethane 18,000 ug/L 1000

Surroqate Standard
SI - Dlbromofluoromethane
$2 - Toluene-d8
$3 - 4-Bromofluorobenzene
$4 - 1,2-Dichloroethane-d4

% Recovery QC L~m4ts
104 84 115
103 69 133
101 80 111
104 58 131

Data Va~dator ND - Not Detected Q - Recovery Outrode QC Llmxts 0 0 0 0fl 2



Cllent Name

ENVIRONMENTAL TESTING & CONSULTING, INC.
2924 Walnut Grove Road - Memphis, TN 38111 - (901)327-2750

Sverdrup/Jacobs Eng.
Memphis Depot, Dunn Field
3354 Perimeter Hill Drive,
Suite 310
Nashville, TN 37211

Site ID Memphis Depot

FID #

579

Date Arrived 12/21/01
ETC Order Number 0112602

ETC Lab ID 0112602-02
Field ID EFF-12-21

’rEST

GC/MS Volatile Organics

Matrzx AQUEOUS
Sample Date . 12/21/01

DETECTION DATE DATERESULT UNITS LIMIT ANALYZED EXTRACTED BY

62i

METHOD

01/03/02 LS 8260B
QC Batch
Dilution Factor
Acetone
Benzene
Bromodmhloromethanc
Bromotorm
B ron’.ol~.aet hane
2-Butanone (MEK)
Calbon Disulfide
Carbon Tetrachlonde
Chlombenzene
Chlorodlbromomethane
Chloroethane
Chlotolbrm
Chloromethane
1, I-Dmhloroethane
1,2-Dmhloroethane
], l-Dichloroelhene
trans- 1,2-Dichloroetheue
1,2-Dichloropropaue
cls- 1,3-Dichloropropeae
tlans-1,3-Dichlolopropene
Ethylbenzene
2-Hexanoue (MBK)
4-Methyl-2-pentanone (MIBK)
Methylene Chlo~ lde
Styrene
1,1,2.2-Tetrachloroethaae
Tetrachloroethene
Toluene
I, 1, l-Trichloroethane
1,1,2-Trichloroethane
Trichlomethene
Vmyl Acetate
Vinyl Chloride
Xylenes-m,p
Xylenes-o
cts- 1,2-Dtchloloethene

Surroqate Standard
S1 - Dibromofiuoromethane
$2 - Toluene-d8
$3 - 4-Bromofluorobenzene
$4- 1,2-Dmhloroethane-d4

V401031
1

ND ug/L 20.0
ND ug/L 1.00
ND ug/L 1.00
ND ug/L 1.00
ND ug/L 1.00
ND ug/L 20.0
ND ug/L 1 00

6 11 ug/L 1.00
ND ug/L 1.00
ND ug/L 1.00
ND ug/L 1.00

52.1 ug/L I 00
ND ug/L 1.00

0.53J ug/L 1.00
ND ug/L 1.00
16.4 ug/L 1.00
13.2 ug/L 1.00
ND ug/L 1 00
ND ug/L 1.00
ND ug/L 1.00
ND ug/L 1.00
ND ug/L 5.00
ND ug/L 5.00
ND ug/L 10 0
ND ug/L 1 00
174 ug/L 1.00

21.6 ug/L 1.00
ND ug/L 2.00

0.65J ug/L 1.00
1.32 ug/L 1.00
173 ug/L 1.00
ND ug/L 20 0
ND ug/L 1.00
ND ug/L 1.00
ND ug/L 1.00

53.6 ug/L 1.00

% Recovery QC Limits
107 84 115
94 69 133
102 80 111
118 58 13t

5030B

Data Va~i~tator ND - Not Detected Q - Recovery Outside QC Limits 0 0 0 013



5 7 9 622
FORM 1

VOA-GCMS ORGANICS ANALYSIS DATA SHEET

TENTATIVELY IDENTIFIED COMPOUNDS

Lab Name: ETC, INC.

Lab Code: Case No.:

Matrix: (soil/water) WATER

Sample wt/vol: i0.00 (g/mL) 

Level: (low/med) LOW

% Moisture: not dec.

GC Column: ID: 2.00 (mm)

Soil Extract Volume: (uL)

Number TICs found: 0

Contract:

SASNo.:

Lab Sample ID:

Lab File ID:

Date Received:

Date Analyzed: 01/03/02

Dilution Factor: 1.0

Soil Aliquot Volume:

CONCENTRATION UNITS:
(ug/L or ug/Kg) ug/L

CLIENT SAMPLE NO.

011260202 i

SDG No.: 0112602

011260202

0901011

(uL)

CAS NUMBER COMPOUND NAME

i.
2.
3.
4.
5.
6.
7.
8.
9.

i0.
ii.
12
13
14
15
16
17
18
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

RT EST. CONC. Q

I

r

FORM I VOA-GCMS-TIC

000014



Cllent Name

ENVIRONMENTAL TESTING & CONSULTING, INC.
2924 Walnut Grove Road - Memphis, TN 38111 - (901)327-2750

Sverdrup/Jacobs Eng.
Memphis Depot, Dunn Field
3354 Perimeter Hill Drive,
Suite 310
Nashville, TN 37211

Site ID Memphis Depot

FID #

579 623

Date Arrived 12/21/01
ETC Order Number 0112602

ETC Lab ID 0112602-02
Field ID EFF-12-21

TEST

GC/MS Base/Neutral & Acid

RESULT UNITS

Matrix : AQUEOUS
Sample Date : 12/21/01

DETECTION DATE DATE
LIMIT ANALYZED EXTRACTED BY METHOD

01/03/02 EM 8270C
12/27/01 3510CQC Batch

Dilution Factm
Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthxacene
Benzo(b)fluol anthene
Benzo(k) fluoranthene
Benzo(g,h,0perylene
Benzo(a)pyrene
Benzoic Acid
Benzyl Alcohol
Bts(2-chloroethoxy)methaae
Bis(2-chtoroethyl)ether
Bts(2-chlormsopropyl)ether
Bls(2-ethylhexyl)phthalate
4-Bromophenyl phenyl ether
Butyl benzyl phthalate
4-Chloroaothne
2-Chloronaphthalene
4-Claloro-3-naethylphenol
2-Chlorophenol
4-Chlorophenyl phenyl ethel
Chrysene
Dibenzo(a,h)anthraceue
Dtbenzofuran
Di-n-butyl phthalate
3,3’-Dlchlorobenzldme
2,4-Dtchlorophenol
Dmthyl phthalate
2,4-Dlmethylphenol
Dlmethyl phthalate
4,6-Dinitro-2-methylphenol
2,4-Dnfitrophenol
2,4-Dmitrotoluene
2,6-Dmttrotoluene
Dt-n-octyl phthalate
Fluoranthene
Fluolene
Hexachlorobenzenc
Hexachlorobutadiene
Hexachlorocyclopentadlene
llexachloroethane
Indeno(1,2,3-cd)pyrene
lsophorone
2-Methylnaphthalene
2-Methylphenol (o-crusol)
4-Methylpheno} (p-cresol)
Naphthalene

Data Validator ND - Not Detected

P07012
1

ND ug/L 2.00
ND ug/L 2 00
ND ug/L 2.00
ND ug/L 2.00
ND ug/L 2.00
ND ug/L 2.00
ND ug/L 2.00
ND ug/L 2.00
ND ug/L 50.0
ND ug/L 10.0
ND ug/L 5.00
ND ug/L 5.00
ND ug/L 5.00
ND ug/L 10.0
ND ug/L 5.00
ND ug/L 5.00
ND ug/L 5.00
ND ug/L 5.00
ND ug/L 5 00
ND ug/L 5.00
ND ug/L 5.00
ND ug/L 2.00
ND ug/L 2.00
ND ug/L 5.00
ND ug/L 5.00
ND ug/L 10 0
ND ug/L 5.00
ND ug/L 5.00
ND ug/L 5 00
ND ug/L 5.00
ND ug/L 10 0
ND ug/L 50.0
ND ug/L 5.00
ND ug/L 5 00
ND ug/L 5 00
ND ug/L 2.00
ND ug/L 2.00
ND ug/L 5.00
ND ug/L 5 00
ND ug/L 5 00
ND ug/L 5.00
ND ug/L 2 O0
ND ug/L 5.00
ND ug/L 2 O0
ND ug/L 5.00
ND ug/L 5.00
ND ug/L 200

Q - Recovery Outside QC Limits 000015



579 624
Client Name

ENVIRONMENTAL TESTING & CONSULTING, INC.
2924 Walnut Grove Road - Memphis, TN 38111 - (901)327-2750

Sverdrup/Jacobs Eng.
Memphis Depot, Dunn Field
3354 Perimeter Hill Drive,
Suite 310

Nashville, TN 37211

Sxte ID Memphis Depot

FID 4#

Date Arrived 12/21/01
ETC Order Number 0112602

ETC Lab ID 0112602-02
Field ID : EFF-12-21

TEST RESULT

GC/MS Base/Neutral & Acid

Matrix : AQUEOUS
Sample Date : 12/21/01

DETECTION DATE DATEUNITS LIMIT ANALYZED EXTRACTED BY METHOD

01/03/02 EM 8270C
Nltrobenzcne
2-Nltmanlllne
3-Nltroamline
4-Nltroanihne
2-Narophenol
4-Nltrophenol
N-Narosodiphenylamme
N-Nitrosodlpropylamine
Pentachlorophenol
Phenanthrene
Phenol
Pyrene
2,4,5-Trichlorphenol
2,4,6-Trichlorophenol

Surroqate Standard
S1 - Nttrobenzene-d5

52 - 2-Fluorobiphenyl
$3 - 4-Terphenyt-dl4
$4 - Phenol-d6
$5 - 2,4,6-Tnbromophenol
$6 - 2-Fluorophenol

ND ug/L 5.00
ND ug/L 5.00
ND ug/L 10.0
ND ug/L 5.00
ND ug/L 5.00
ND ug/L 5.00
ND ug/L 5.00
ND ug/L 5.00
ND ug/L 10.0
ND ug/L 2.00
ND ug/L 5.00
ND ug/L 2.00
ND ug/L 5 00
ND ug/L 5.00

% Recovery QC Limits
51 29 II0
51 38 107
53 33 122
23 7 58
54 16 138
33 8 88

12/27/01 3510C

Data Validator ND - Not Detected Q - Recovery Outside QC Limits O 0 0 0 ~-



FORM 1
BNA-GCMS ORGANICS ANALYSIS DATA SHEET

TENTATIVELY IDENTIFIED COMPOUNDS

Lab Name: ETC, INC.

Lab Code: Case No.:

Matrix: (soil/water) WATER

Sample wt/vol: I000 (g/mL) 

Level: (low/med) LOW

% Moisture: decanted: (Y/N)

Concentrated Extract Volume: l(mL)

Injection Volume: 1.0(uL)

GPC Cleanup: (Y/N) pH: 7.0

Contract:

SAS No. :

579 625
CLIENT SAMPLE NO.

:o1126o2o2

SDG No.: 0112602

Lab Sample ID: 011260202

Lab File ID: 0601008

Date Received:

Date Extracted:

Date Analyzed: 01/03/02

Dilution Factor: 1.0

CONCENTRATION UNITS:Number TICs found: 9
(ug/L or ug/Kg) ug/L

CAS NUMBER COMPOUNDNAME RT EST. CONC. Q
i. UNKNOWN
2. 127-18~4 TETRACHLOROETHYLENE

3.72 0.820 J
3. 79-34-5 ETHANE, I, i, 2,2-TETRACHLORO-

3.79 3.30 NJ

4. 565-75-3 PENTANE, 2,3,4-TRIMETHYL-
4.45 39.58 NJ

5. 542-85-8 ETHANE, ISOTHIOCYANATO-
4.57 1.06 NJ

6. UNKNOWN
4.80 3.27 NJ

7. 398-23-2 I,I’-BIPHENYL, 4,4’-DIFLUORO
5.50 1.07 J

8. 57-10-3 HEXADECANOIC ACID
6.12 1.64 NJ

9. 314-40-9 BROMACIL
7.50 0.932 NJ

i0. 7.58 2.39 NJ
ii.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22."
23."
24.’
25.
26.
27.
28.
29.
30. i

FORM I BNA-GCMS-TIC



579 626

Environmental Testing & Consulting, Inc.

Quality Control Reports

Level III

Inorganics

000018



Client Name
Project Name

ETC Order#

ENVIRONMENTAL TESTING AND CONSULTING, INC.

CASE NARRATIVE -
INORGANICS - AQUEOUS

Sverdrup/Jacobs Engineering
Memphis Depot

0112-602

HOLDING TIMES
Sample Analysis

QUALITY CONTROL
OC Batch
T2122611 TSS

All samples analyzed within Method Specified Holding Times.

Dut~hcat¢~
RPD All analytes within QC lmuts

5 ’7 9 627

P~oject Manage1



DUPLICATE
579 628 INORGANtCS

Lab Name EnvlronmentaITestmg and Consulting, Inc.

UL; QC SAMPLE
Analyte

DUP
Sample No.

%
Batch

QC
Result Result Units RPD # Limits Method

!TSS 01112-611-0 DUPT2122611 344 308 mg/L 11 ol~ 1Rt3 9

ND - Not Detected
# Column to be used to flag recovery values with an asterrsk
* Values outrode of QC limits

RevLewed by~
INORG DUP Ol12-602.iqc _

000020



Environmental Testing & Consulting, Inc.

Quality Control Reports
Level III

Metals (ICP/GFAA/CV)

000021



579 630

Chent Name
Project Name

ETC Order#

ENVIRONMENTAL TESTING AND CONSULTING, INC.
CASE NARRATIVE -
METALS - AQUEOUS

Sverdrup/Jacobs Engmeermg
Memphis Depot

0112-602

PRESERVATION
All aqueous samples pleserved to pH < 2

HOLDING TIMES

QC Batch(s) fol this order

Sample PreparatmrdAnalysls
Met cut y Pt epal atlon/Anatysls

METHOD
Preparation:
Analysis

ICP Metals V29-AQ-29
Mercury V9-AQ-26

All samples digested/analyzed within holding time.
All samples analyzed Wl~ln 28 days of collection

SM3030K/7470A
EPA 200.7/7470A

CALIBRATION
lmhal Cahbrat]on
Continuing Cahblahon

All criteria met.
All criteria met

SAMPLE ANALYSIS
Instrumentatmn

Ddutlons Reqmred

Thermo Jan’ell Ash Envlro-I ICP
CETAC M-6000A Mercury Analyzer
No thlutlons reqmred.

QUALITY CONTROL
0112-602.MQCBLANK

V29-AQ-29BLK ICP Metals
V9-AQ-26BLK Mercury

No target analytes detected m the method blank

0112-6O2.MQCLCS
Laboratory Control Sample(s)
V29-AQ-29LCS ICP Metals
V9-AQ-26LCS Mercury

All acceptance criteria met

0112-602.MQCMSMSD
Matrix Spike / Matrix Spike Duo - ICP Metals
0112-602-01 RPD All analytes within QC hmlts.
VW-I Spike Recovery All analytes within QC hmlts *
¯ h’on was flagged for low recovery m the MS MSD recovery was within QC hrmts Refer to Laboratory
Control Sample(s) for system verification.

Matrix Spike / Matrix Spike Dup - H~
0112-602-01 RPD All analytes wlthm QC hours
VW-I Sp]ke Recovery AI| analytes within QC limats.
Re~el to Labolatoly Control Sample(s) for system venficahon.

Project Manager

000022



FORM 3A
WATER METHOD BLAN}(

METALS

Lab Name: Environmental Testing and Consulting, Inc

579 631

Laboratory ID ICP/GFAA Metals
Laboratory ID Mercury

Date Sample Prepared

V29-AQ-29 BLK
V9-AQ-26 BLK

QC Batch
V29-AQ-29
Vg-AQ-26

12/28/01 ICP/GFAA Metals
1/2/02 Mercury

Detection
Concentration Limit

Metals Date
mg/L mg/L Analyzed Method

Silver ND 0.0005
Arsenic 1/3/02

ND
200.7

0.002
Barium

1/3/02
ND

200.~
0.0005

Cadmium
1/3/02

ND
200.7

0.0003
Chromium

1/3/02 200.7
ND 0.002 1/3/02

Iron 200.7
ND 0.035

Manganese
1/3/02 200.7

ND 0.0005
Lead

1/3/02 200.7

Selentum
ND 0.002 1/3/02 200.7
ND 0.002

Mercury
1/3/02 200.7

ND 0.0002 1/3/02 ~4F; 1

I

ND - Not Detected

Reviewed by/k./"
0112-602 mqc BLANK

900023



579 632,

Lab Name

FORM 7
WATER LABORATORY CONTROl- SAMPLE

METALS

Envtronmental Testing and Consulting, Inc

Laboratory Control ID

Date Prepared

ICP/GFAA Metals V29-AQ-29 LCS
Mercury V9-AQ-26 LCS

ICP/GFAA Metals 12/28/01
Mercury 1/2/02

QC Batch
V29-AQ-29
V9-AQ-26

Spike
QC

Added Found
Metals

%R # Limits
mg/L mg/L

Sdver 0.2500 0.2488 100 80
Arsenic 120

0.100 0.114 114 80 120
Barium 2.500 2.645 106 80Cadmmm 120

0 0200 0.0210 105 80 12O
Chromium 0.500 0.544 109 80 120Iron 2.50 2.78 111 80 120Manganese 0.2500 0.2798 112 80 120
Lead 0.100 0.109 109 80 120
Selenium 0.100 0.106 106 80 120
Mercury 0.0050 0.0055 110 85 115

# Column to be used to flag recovery values with an asterisk
* Values outside of QC hmEts

Revlewed by /~
O112-502.mqc LCS
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FORM 6
WATER MATRIX SPIKE / MATRIX SPIKE DUPLICATE

METALS

Lab Name: EnvtronmentalTestmg and Consulting, Inc

Laboratory ID MS ICP/GFAA Metals
Laboratory ID MS Mercury

0112-602-01
0112-602-01

QC Batch
V29-AQ-29
V9-AQ-26

Date Sample Prepared
12/28/01

1/2/02
ICP/GFAA Metals
Mercury

579 633

Metals

:Sdver
Arsenic
Barium
Cadmium
Chromium
Iron
Manganese

SPIKE
Added
mg/L

0.2500
0.100
2,500

0.0200
0.500
2.50

0.2500
0.100Lead

Selenium 0.100
Mercury O 0050

SAMPLE
Conc
mg/L

ND
0.OO3

0.1235
ND

0.014
11.1

2.393
0.049

ND
ND

MS
Conc
mg/L

0.2495
0.116

2.799
0.0208
0.554
12 4

2.648
0.157
0.106

0.0053

MS
RPD %

<20% # Rec

2 100
O 113
2 107
2 104
2 108
5 52 *
0 102
1 108
0 106
0 106

QC
Limits

#

75 125
75 125

75 125
75 125
75 125
75 125
75 125
75 125
75 125
80 120

ND - Not Detected
# Column to be used to flag recovery values wrth an asterisk
* Values outside of QC hmfts

Reviewed by
0112-602.mqc MSMSD
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579 634
FORM 6

WATER MATRIX SPIKE / MATRIX SPIKE DUPLICATE
METALS

Lab Name. Environmental Testtng and Consulting, Inc

Laboratory ID MS ICP/GFAA Metals
Laboratory ID MS Mercury

QC Batch
0112-602-01 V29-AQ-29
0112-602-01 V9-AQ-26

Date Sample Prepared 12/28/01 ICP/GFAA Metals
1/2/02 Mercury

SPIKE SAMPLE MSD MSD
Added

QC
Conc Conc

Metals
%

mg/L
Limits

mg/L mg/L Rec #:

Silver 0.2500 ND 0.2448 98 75 125
iArsenlc 0.100 0.003 O.116 113 75 125
Barium 2.5O0 0.1235 2.735 104 75 125
Cadmium 0.0200 ND 0.0203 102 75 125
Chromtum 0.500 0.014 0.545 106 75 125
Iron 2.50 11.1 13.1 80 75 125
Manganese 0.2500 2.393 2.640 99 75 125
Lead 0.100 0.049 0.155 106 75 125
Selenium 0.100 ND 0.106 106 75 125
Mercury 0.0050 ND 0.0053 106 80 120

ND - Not Detected
# Column to be used to flag recovery values wtth an astensk
* Values outside of QC hm~ts

Reviewed bv 0112-602 mqc MSMSD

000026



Environmental Testing & Consulting, Inc.

579 63’5

Quality Control Reports
Level III

GC/MS Volatiles
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579 636

Client Name
Project Name

ETC Order#

ENVIRONMENTAL TESTING AND CONSULTING, INC.
CASE NARRATIVE

GC/MS VOLATILE COMPOUNDS- AQUEOUS

Sveldmp/Jacobs Engineering
Memphis Depot

0112-602

SAMPLE PRESERVATION (Verified at time of analysis)
All aqueous samples preserved to pH < 2 and maintained at 4 degrees C until analysis.

METHOD
Prepalataon SW-846 5030B
Analysis’ SW-846 8260B

HOLDING TIMES
Sample Analysis All samples analyzed within 14 days of collection.

QUALITY CONTROL
OC Batch Form 4 Summary
V412211 V412211LB
V40103I V401031LB

System Momtorlne Compounds FORM ?
Surrogate recover!es within QC hmlts.

Method Blank FORM 4
V412211LB
V401031LB
Taz get analytes were not detected m the method blanks, except as listed below:
Methylene Chlollde was ldenfified m method blank V412211LB at 4 60J ug/L Per ETC, Inc. pohcy, sample
concenta atmns less than 10 times the method blank value are flagged with "B - Detected m blank" and should
be arhtbuted to lab contamination.

Laboratory Connol Sample FORM q
V412211LCS/V412212LCS
V40 1031LCS
All target analyte acceptance criteria met
1,1,1,2-Tetrachloroethane was flagged for low recovely m V412211LCS. The LCS was re-analyzed for this
aanlyte Recovel’y was wlthm QC hrmts

MatllX Spike / Matalx Spike Dup FORM 3
Batch V412211
0112-623-02 RPD All analytes within QC hmlts.

Spike Recovery All analytes within QC limits
The MS/MSD was performed on a sample not &rectly associated with this project Batch QC prowded for
mfolanataon only. Refer to Laboratory Control Sample(s) for system verification

Batch V401031
0112-623-01 RPD All analytes within QC hnuts

Spike Recovery All anatytes within QC hnuts *
¯ Multiple analytes wele flagged for high recoveries m the MS/MSD The MS/MSD was performed on a
sample not &rectly assocmted with this project Batch QC plovlded for mformatmn only. Refer to Laboratory
Conuol Sample(s) for system venficatmn

000028



Client Name
Project Name

ETC Order#

ENVIRONMENTAL TESTING AND CONSULTING, INC.

CASE NARRATIVE -
GC/MS VOLATILE COMPOUNDS- AQuEous

Svel dl up/Jacobs Engineering
Memphis Depot

0112-602

579

CALIBRATION
BFB Dally 12-Hour Tune
hutm] Cahhrauon
Cahbiauon Vellficatlon

Sequence V401031
Cahbl atlon Ve~ ificahon (CV)

All crttena met FORM 5
All criteria met. FORM 6
All cnteua met FORM 7 Responses >30% do not affect the data

Date 01/03/02 Time 0857

Multiple analytes weie flagged as outside QC hmlts m this CV. Project samples were analyzed in this sequence
to bung specific target analytes within calibration range. The analytes with responses >30% diffeience thd not
affect the data Samples m this sequence are hsted on Form 5 (Instrument Performance Check). The CV passed
SPCC/CCC evaluation criteria The CV Is valid per SW-846 method 8000A/8260B

Volatde Internal Standard Area and RT FORM 8
Cahblatlon Venficatton standard(s) Internal Standard Areas and RetenUon Times within QC hmlts

SAMPLE ANALYSIS
lnshumentatlon HP 5890 Series II GC, 5971MSD
Ddtmons Reqtured Dilutions were performed, as indicated on the result forms, to bring target analytes

within cahbration range.

637

PJoject Managcl

000029



579 638 2
WATER VOA-GC~4S SYSTEM MONITORING COMPOUND RECOVERY

Lab Name: ETC, INC.
Contract:

Lab Code: Case No.: SAS No. : SDG No. : 0112602

01
02
03
04
o5

06
07
O8
09
i0
ii
12
13
14
15
16
17

18
19
20
21
22
231
24
25

26
27
28
29
3O

CLIENT
SAMPLE NO.

V412211LCS
V412212LCS
V412211LB
011260201
V401031LCS
V401031LB
011260201
011260201
011260202

SMCI
(DEM) 

SMC2
(TOL) 

SMC3
(BFB)#

94
94
97
99
92

97
104
104
107

88
91
95
86
95

103
93

103
94

90
8O
89
91
92
94

102
I01
102

OTHER TOT
(DCE)# Oirf

108 0
114 0
113 0
125 0

91 Oi
91 01

104 01
104 OI
118 OI

, ]

- i

I

I
I
I

I

I

SMCI (DFM)
SMC2 (TOL)
SMC3 (BFB)
OTHER (DCE)

QC LIMITS
= Dibromofluoromethane (84-115)
= Toluene-d8 (69-133)
= Bromofluorobenzene (80-111)
= 1,2-Dichloroethane-d4 (58-131)

# Column to be used to flag recovery values

* Values outside of contract required QC limits

D System Monitoring Compound diluted out

page 1 of 1 FORM II VOA-GCMS
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FORM 4
VOA-GCMS METHOD BLANK SUMMARY

Lab Name: ETC, INC.

Lab Code: Case No.:

Lab File ID: 0402005

Date Analyzed: 12/21/01

GC Column: ID: 2

Instrument ID: VOC4

Contract:

SAS No. :

(mm)

579 639
CLIENT SAMPLE NO..

V412211LB

SDG No.: 0112602

Lab Prep Batch: V412211

Time Analyzed: 1645

Heated Purge: (Y/N) 

Lab Sample ID: V412211LB

THIS METHOD BLANK APPLIES TO THE FOLLOWING SAMPLES, MS and MSD:

01
02
03
04
05
06
07
08
O9
l0
ii
12

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
3O

CLIENT
SAMPLE NO.

V412211LCS
V412212LCS
011260201
011262302
011262302MS
011262302MSD

LAB
SAMPLE ID

ILCS
2LCS
011260201
011262302
MS
MSD

LAB
FILE ID

0201002LCS
0202003LCS
0701008

1101012
2001021
2101022

TIME
ANALYZED

1417
1452
1818
2022
0059
0130

COMMENTS:

page 1 of 1

FORM IV VOA-GCMS
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579 640

Lab Name: ETC, INC.

Lab Code: Case No. :

Matrix: (soil/water) WATER

FORM 1
VOA-GCMS ORGANICS ANALYSIS DATA SHEET

Sample wt/vol: i0.00 (g/mL) 

Level : (low/reed) LOW

% Moisture: not dec.

GC Column: ID: 2.00 (ram)

Soil Extract Volume: (uL)

Contract :

CAS NO. COMPOUND

CLIENT SAMPLE NO.

V41221lLB

SAS No. : SDG No. : 0112602

Lab Prep Batch: V412211

0402005

12/21/01

Lab File ID:

Date Received:

Date Analyzed :

Q

Dilution Factor: 1.0

Soil Aliquot Volume:

CONCENTRATION UNITS :
(ug/L or ug/Kg) UG/L

(uL)

67- 64 - 1 ......... Acetone
75- 05- 8- ........ Acetonitrile
107-02-8 ........ Acrolein
107-13 -I ........ Acrylonitrile
107-05-1 ........ Allyl chloride
71-43 -2 ......... Benzene
108- 86 - 1 ........ Bromobenz ene
74-97- 5 ........ -Bromochloromethane
75 - 27 - 4 ......... Bromodichloromet hane
75 -25 -2 ......... Bromoform
78 - 93 - 3 ......... 2 -But anone
74 - 83 - 9 ......... Bromomethane
104-51-8 ........ n-Butylbenzene
135 - 98 - 8 ........ sec-Butylbenzene
98- 06- 6 ......... tert-Butylbenzene
75-15-0 ......... Carbon Disulfide
56-23-5 ......... Carbon Tetrachloride
108 - 90 - 7 ........ Chlorobenzene
124 - 48 - 1 ........ Chlorodibromomet hane
75 - 00 - 3 ......... Chloroethane
ii0-75- 8 ........ 2-Chloroethyl vinyl ether
67-66 -3 ......... Chloroform
74 - 87- 3 ......... Chloromethane
126 - 99 - 8 ........ Chloroprene
95- 49- 8 ......... 2- Chlorotoluene
i06-43-4 ....... -4-Chlorotoluene

106 - 93 - 4 ......... ........1,2 - Dibromoethane 96 - 12 - 8
i, 2 - Dibromo - 3 - chloropropane_

74 - 95 - 3 ......... Dibromomet hane
95 - 50-1 ......... i, 2 - Dichlorobenzene
54 i- 73 - 1 ........ i, 3 -Dichlorobenzene
106-46-7 ........ i, 4 -Dichlorobenzene
1476-11-5 ....... cis- 1,4 -Dichloro- 2 -butene

20.00
20.00
20.00
20.00

1.00
1.00

11:oOo0
1.00
1.00

20.00

1.00
1.00
1.00
1.00
1.00
!.00

20.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

u I
u I
u I
u I
u I
u I
u r
u I
u I
u I
u I

I
u I
u I
u I
u I

I
u I
u F
u I
u I
u I
u I
u I
u I
u I
u I
u I
u I

I
u I

I
o" I

FORM I VOA-GCMS
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 oRM 1 579 64i
VOA-GC~4S ORGANICS ANALYSIS DATA SHEET CLIENT SAMPLE NO.

Lab Name: ETC, INC.

Lab Code :

Matrix: (soil/water) WATER

Sample wt/vol :

Level : (low/reed)

% Moisture: not dec.

GC Column:

Soil Extract Volume:

Case No. :

i0.00 (g/mL) 

LOW

ID: 2.00 (ram)

(uL)

CAS NO. COMPOUND

Contract :
V412211LB

SAS No. : SDG No. : 0112602

Lab Prep Batch: V412211

Lab File ID: 0402005

Date Received:

Date Analyzed: 12/21/01

Dilution Factor: 1.0

Soil Aliquot Volume:

CONCEhFYPJ~TION DIGITS :
(ug/L or ug/Kg) UG/L Q

(uL)

110 - 57 - 6 ........ t rans - 1,4 - Dichl oro - 2 -but ene
75 - 71 - 8 ......... Dichlorodi f luoromet hane
75- 34- 3 ......... I, l-Dichloroethane
107 - 06- 2 ........ 1,2 -Dichloroethane
75 - 35 - 4 ......... 1,1 - Dichloroethene
156 - 59 - 2 ........ cis- 1,2-Dichloroethene
156- 60- 5 ........ trans-l, 2-Dichloroethene
78 - 87 - 5 ......... I, 2 - Dichl oropropane
142 - 28 - 9 ........ 1, 3 -Dichloropropane
594 - 20 - 7 ........ 2,2 - Dichloropropane
563-58-6 ........ i, l-Dichloropropene
10061-01-5 ...... cis-l, 3 -Dichloropropene
10061-02-6 ........ .....

-trans-l,108_20_3Di isopropyl3 - Dichl°r°pr°peneet her-
123 -91-1 ........ I, 4-Dioxane
141-78-6 ........ Ethyl Acetate
100-4 i-4 ........ Ethylbenzene
97-63-2 ......... Ethyl methacrylate
110-00-9 ........ Furan
87-68-3 ......... Hexachlorobutadiene
110 - 54 - 3 ........ Hexane
591 - 78 - 6 ........ 2 - Hexanone
74 - 88 - 4 ......... Iodomethane
78-83-1 ......... Isobutyl Alcohol
98 - 82 - 8 ......... Isopropylbenzene
99 - 87- 6 ......... 4 - I sopropyl toluene
126- 98- 7 ........ Methacrylonitrile
75-09-2 ......... Methylene Chloride
80-62-6 ......... Methyl methacrylate
108 - 10 - 1 ........ 4 -Methyl- 2 - Pent anone
1634 - 04- 4 ....... Methyl- tertbutyl- Ether
91 - 20 - 3 ......... Naphthalene
107-12-0 ........ Propionit rile

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

100.0
5.00
1.00
1.00
1.00
1.00
1.00
5.00
1.00

100.0
1.00
1.00

i0.00
4.60
1.00
5.001
1.00!

1.00
10.00

FORM I VOA-GCMS
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,579 642 : FORM 1
VOA-GCMS ORGANICS ANALYSIS DATA SHEET CLIENT SAMPLE NO.

Lab Name: ETC, INC.

Lab Code :

Matrix: (soil/water)

Sample wt/vol :

Level : (low/med)

% Moisture: not dec.

GC Column :

Soil Extract Volume:

Case No. :

WATER

10.00 (9/mL) 

LOW

ID: 2.00 (ram)

(uL)

CAS NO. COMPOUND

Contract :
V412211LB

S~ No. : SDG No.: 0112602

Lab Prep Batch: V412211

Lab File ID:

Date Received:

Date Analyzed :

0402005

12/21/01

Dilution Factor: 1.0

Soil Aliquot Volume:

CONCENTRATION UNITS :
(ug/L or ug/Kg) UG/L Q

(uL)

109-60-4 ........ n- Propyl Acetate
103 - 65 - 1 ........ n - Propylbenz ene
100-42-5 ........ Styrene
630-20-6 ........ i, i, i, 2-Tetrachloroethane
79-34-5 ......... 1, i, 2,2-Tetrachloroethane
127-18 -4 ........ Tetrachloroethene
109- 99 - 9 ........ Tet rahydrofuran
87- 61 - 6 ......... 1,2,3 - Trichlorobenzene
108-88-3 ........ Toluene
71- 55 - 6 ......... 1,1, l-Trichloroethane
79- 00- 5 ......... 1, 1,2 -Trichloroethane
76-13-1 ......... I, i, 2-trichloro-l, 2,2-tr-t-~
79-01- 6 ......... Trichloroethene
75 -69-4 ......... Trichloro f luoromethane
96 - 18 -4 ......... 1,2,3 -Trichloropropane
95 - 63 - 6 ......... 1, 2,4 -Trimethylbenzene
120- 82-1 ........ i, 2,4-Trichlorobenzene
108-67-8 ........ I, 3,5-Trimethylbenzene
108-05-4 ........ Vinyl Acetate
75-01-4 ......... Vinyl Chloride
108-38-3 ........ Xylene-mp.
95-47-6 ......... Xylene-o

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

°
1.00
1.00
1.00
1.00

20.00
1.00
1.00
1.00

U
U
U
U
U
U
U
U
U
U
U
U

UU
U
U
U
U
U
O
U
U

FORM I VOA-GCMS
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Lab Name:

Lab Code:

Matrix: (soil/water)

Sample wt/vol:

Level: (low/med)

% Moisture: not dec.

GC Column:

Soil Extract Volume:

Number TICs found: 0

FORM i 579
VOA-GCMS ORGANICS ANALYSIS DATA SHEET

TENTATIVELY IDENTIFIED COMPOUNDS

ETC, INC.

Case No.:

WATER

10.00 (g/mL) 

LOW

ID: 2.00 (mm)

(uL)

6,13

Contract:

SAS No.:

CLIENT SAMPLE NO..

V412211LB

SDG No.: 0112602

Lab Sample ID: V412211LB

Lab File ID: 0402005

Date Received:

Date Analyzed: 12/21/01

Dilution Factor: 1.0

Soil Aliquot Volume:

CONCENTRATION UNITS:
(ug/L or ug/Kg) ug/L

(uL)

CAS NUMBER

i,

2.
3.
4
5
6
7
8
9

i0
ii
12
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

COMPOUND NAME RT EST. CONC. Q

FORM I VOA-GCMS-TIC
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5";’9 644 FORM 3
WATER VOA-GCMS LAB CONTROL SAMPLE

Lab Name: ETC, INC.
Lab Prep Batch: V412211

Lab Code: Case No.: SAS No.: SDG No.:
Matrix Spike - Sample No.: V412211LCS

0112602

COMPOUND
========================

Acetone
Acetonitrile
Acrolein
Acrylonitrile
Allyl chloride
Benzene
Bromobenzene
Bromochloromethane
Bromodichloromethane
Bromoform
2-Butanone
Bromomethane
n-Butylbenzene
sec-Butylbenzene
tert-Butylbenzene
Carbon Disulfide
Carbon Tetrachloride
Chlorobenzene
Chlorodibromomethane
Chloroethane
2-Chloroethyl vinyl eth
Chloroform
Chloromethane
Chloroprene
2-Chlorotoluene
4-Chlorotoluene
1,2-Dibromo-3-chloropro
1,2-Dibromoethane

SPIKE
ADDED
(ug/L)

I00.0
1000

i00.0
100.0
100.0
100.0
i00.0
i00.0
i00.0
i00.0
i00.0
100.0
100.0
100.0
100.0
I00.0
i00.0
100.0
i00.0
i00.0
i00.0
i00.0
i00.0
i00.0
i00.0
i00.0
I00.0
i00.0

SAMPLE
CONCENTRATIO]

(ug/L)

LCS
CONCENTRATION

(ug/L)

106.9
1028

94.20
99.07
87.62
98.31
102.8
97.16
93.54
105.1
103.4
86.79
94.38
81.13
103.5
102.0
98.14
92.98
92.18
104.3
84.83
94.34
100.1
93.58
109.8
107.2
89.22
90.92

LCS
%

REC #

107
103

94
99
88
98

103
97
94

105
103

87
94
81

104
102

98
93
92

104
85
94

I00
94

ii0
107

89
91

Column to be used to flag recovery and RPD values with an aste~

* Values outside of QC limits

QC.
LIMITS

REC.

59-151
57-143

! 59-134
60-146
74-120
72-124
77-120
74-120
68-119
66-136
55-151
40-134
69-129
72-127
73-126
60-133
64-123
77-112
72-118
64-142
22-165
70-115
58-139
73 -118
65-132
67-127
56-134
74-118

COMMENTS:

page 1 of 4 FORM III VOA-GCMS
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FORM 3
WATER VOA-GCMS LAB CONTROL SAMPLE , ’5 79

Lab Name: ETC, INC.
Lab Prep Batch: V412211

Lab Code: Case No.: SAS No.: SDG No.:
Matrix Spike Sample No.: V412211LCS

0112602

COMPOUND
=======================

Dibromomethane
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
cis-l,4-Dichloro-2-but~
trans-l,4-Dichloro-2-bu
Dichlorodifluoromethane
l,l-Dichloroethane
1,2-Dichloroethane
l,l-Dichloroethene
cis-l,2-Dichloroethene
trans-l,2-Dichloroether
1,2-Dichloropropane
1,3-Dichloropropane
2,2-Dichloropropane
l,l-Dichloropropene
cis-l,3-Dlchloropropene
trans-l,3-Dichloroprope
Di isopropyl ether
1,4-Dioxane
Ethyl Acetate
Ethylbenzene
Ethyl methacrylate
Furan
Hexachlorobutadiene
Hexane
2-Hexanone
Iodomethane

ADDED
(ug/L)

i00.0
100.0
i00.0
I00.0
I00.0
i00.0
100.0
100.0
I00.0
i00.0
i00.0
i00.0
100.0
100.0
100.0
100.0
100.0
100.0
i00.0

2000
i00.0
i00.0
200.0
I00.0
100.0
i00.0
i00.0
i00.0

: Column to be used to flag

CONCENTRATION
(ug/L)

recovery and RPD vall

* Values outside of QC limits

LCS --L-~
CONCENTRATIO~ %

(ug/L) REC 

91.00 91
91.93 92
94.14 94
89.46 89
114.2 114
109.6 Ii0
i01.i 101
91.57 92
100.5 I00
86.25 86
88.86 89
85.04 85
96.34 96
88.94 89
102.0 102
100.4 I00
92.53 92
101.8 102
96.44 96

2110 106
100.9 I01
96.57 96
166.4 83
150.1 150,
90.86 91
103.6 104
86.26 86
131.0 131

S with an asterisk

QC.
LIMITS

REC.

75-114
80-113
77-119
78-116
70-130
62-138
48-145
76-118
62-124
69-121
76-114
72-121
64-133
68-128
67-132
76-117
77-120
73-124
62-160
56-131
52-151
77-111
57-140
52-124
69-137
70-130
53-144
51-153

645

COMMENTS :

page 2 of 4 FORM IIl VOA-C<IMS
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579 646
FORM 3

WATER VOA-GCMS LAB CONTROL SAMPLE

Lab Name: ETC, INC.
Lab Prep Batch: V412211

Lab Code: Case No.: SAS No.: SDG No.:
Matrix Spike - Sample No.: V412211LCS

0112602

COMPOUND

Isobutyl Alcohol
Isopropylbenzene
4-Isopropyltoluene
Methacrylonitrile
Methylene Chloride
Methyl methacrylate
4-Methyl-2-Pentanone
Methyl-tertbutyl-Ether
Naphthalene
Propionitrile
n-Propyl Acetate
n-Propylbenzene
Styrene

l,l,l,2-Tetrachloroetha
l,l,2,2-Tetrachloroetha
Tetrachloroethene
Tetrahydrofuran
1,2,3-Trichlorobenzene
Toluene
l,l,l-Trichloroethane
l,l,2-Trichloroethane
l,l,2-trichloro-l,2,2-t
Trichloroethene
Trichlorofluoromethane
1,2,3-Trichloropropane
1,2,4-Trimethylbenzene
1,2,4-Trichlorobenzene
1,3,5-Trimethylbenzene

ADDED
(ug/L)

2000
i00.0
100.0

I000
i00.0
200.0
i00.0
100.0
I00.0

i000
i00.0
100.0
100.0
100.0
i00.0
100.0
i00.0
i00.0
i00.0
i00.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
i00.0

Column to be used to flag recovery-and

CONCENTRATIOB
(ug/L)

RPD values

* Values outside of QC limits

LCS
iCONCENTRATION % LIMITS

(ug/L) REC # REC.

1840 92
100.1 i00
106.7 107
979.2 98
100.4 I00
185.4 93
92.82 93
103.8 104
95.77 96

1026 103
158.3 158
107.3 107
99.10 99
74.52 74*
84.27 84
83.52 84
87.40 87
98.34 98
78.03 78
91.06 91
86.47 86
91.22 91
82.95 83
102.5 102
103.2 103
105.1 105
99.34 99
105.0 105

with an asterisk

60-134
74-125
72-127
70-125
76-115
57-147
42-144
62-122
53-124
58-139
88-170
75-125
77-117
79-113
67-126
77-115
76-181
62-132
77-115
63-122
69-117
70-130
75-113
55-130
62-130
69-126
68-132
69-128

COMMENTS :

page 3 of 4 FORM III VOA-GCMS

900038



FORM 3
WATER VOA-GCMS LAB CONTROL SAMPLE

Lab Name: ETC, INC. Lab Prep Batch:

Lab Code: Case No.: SAS No.:

Matrix Spike - Sample No.: V412211LCS

v412211

SDGNo.:

579

0112602

647

COMPOUND
========================

Vinyl Acetate
Vinyl Chloride
Xylene-mp
Xylene-o

SPIKE
ADDED
(ug/L)

i00.0
i00.0
200.0
i00.0

SAMPLE
CONCENTRATION

(ug/L)

LCS
CONCENTRATION

(ug/L)

90.40
104.6
187.7
94.80

LCS
%

REC #

90
105

94
95

QC.
LIMITS

REC.

28-146
65-134
77-115

77-115

# Column to be used to flag recovery and RPD values with an asterisk

* Values outside of QC limits

RPD: 0 out of 0 outside limits
Spike Recovery: 2 out of 88 outside limits

COMMENTS :

page 4 of 4 FORM III VOA-GCMS

000039



5’7 9 6 ~ 8
FORM 3

WATER VOA-GCMS LAB CONTROL SAMPLE

Lab Name: ETC, INC.
Lab Prep Batch: V412211

Lab Code: Case No.: SAS No.: SDG No.: 0112602
Matrix Spike - Sample No.: V412212LCS

SPIKE I SAMPLE I LCS I LCS I QC.ADDED I CONCENTRATION CONCENTRATION % LIMITSCOMPOUND (ug/L) (ug/L) (ug/L) REC # REC.

# Column to be used to flag recovery and RPD values with an asterisk

* Values outside of QC limits

RPD: 0 out of 0 outside limits
Spike Recovery: 0 out of 1 outside limits

COMMENTS :

FORM III VOA-GCMS

000040



FORM 3
WATER VOA-GCMS MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

5~9’ ~ |9

Lab Name: ETC, INC.
Lab Prep Batch: V412211

Lab Code: Case No.: SAS No.: SDG No.: 0112602
Matrix Spike - Sample No.: 011262302

COMPOUND
========================

Benzene
Chlorobenzene
l,l-Dichloroethene
Toluene
Trichloroethene

SPIKE
ADDED
(us/L)

i00.0
100.0
100.0
i00.0
i00.0

SAMPLE
CONCENT~ATI~

(ug/L)

0.000
0.000
0.000
0.000
0.000

MS
CONCENTRATION

(ug/L)

121.1
100.3
95.99
92.12
93.20

MS
%

REC #

121
100

96
92
93

QC.
LIMITS

REC.

72 -124
77-112
69-121
77-i15
75-113

COMPOUND

Benzene
Chlorobenzene
l,l-Dichloroethene
Toluene
Trichloroethene

SPIKE
ADDED
(ug/L)

i00.0
i00.0
i00.0
100.0
i00.0

MSD
CONCENTRATIOE

(ug/L)

104.4
102.7
99.48
90.81
94.96

MSD
%

REC

104
103

99
91
95

%
RPD #

15
3
3
i
2

QC LIMITS
RPD REC.

20 72-124
20 77-112
20 69-121
20 77-115
20 75-113

# Column to be used to flag recovery and RPD values with an asterisk

* Values outside of QC limits

RPD: 0 out of 5 outside limits
Spike Recovery: 0 out of i0 outside limits

COMMENTS:

FORM III VOA-GCMS

000041



579 650
FORM 4

VOA-GCMS METHOD BLANK SUMMARy CLIENT SAMPLE NO.

Lab Name: ETC, INC.

Lab Code: Case No.:

Lab File ID: 0303005

Date Ihnalyzed: 01/03/02

GC Column: ID: 2

Instrument ID: VOC4

(mm)

Contract:
V401031LB

SAS No.: SDG No.: 0112602

Lab Prep Batch: V401031

Time Analyzed: 1103

Heated Purge: (Y/N) 

Lab Sample ID: ILB

THIS METHOD BLANK APPLIES TO THE FO~WING SAMPLES,
MS and MSD:

LABCLIENT
SAMPLE NO.

01 V401031LCS
02 011262301
03 011260201
04 011260201
05 011260202
06 011262301MS
07 011262301MSE
08

O9
I0
Ii
12
13
14
15
16
17
18
19
20
21
22
231
24
25
26
27
28
29
3O

COMMENTS:

LAB
FILE ID

TIME
ANALYZEDSAMPLE ID

ILCS
011262301
011260201
011260201
011260202
MS
MSD

0201002LCS
0501007
0701009
0801010
0901011
1801020
1901021

0857
1210
1313
1345
1416
1859
1930

page 1 of 1

FORM IV VOA-GC~4S



1 579 65i
VOA-GCMS ORGANICS ANALYSIS DATA SHEET

Lab Name: ETC, INC.

Lab Code :

Matrix: (soil/water

Sample wt/vol :

Level : (low/med)

% Moisture: not dec

GC Column :

Soil Extract Volume:

Case No. :

WATER

10.00 (g/mL) 

LOW

ID: 2.00 (mm)

(uL)

CAS NO. COMPOUND

Contract :

SAS No. : SDG No. : 0112602

Lab Prep Batch: V401031

Lab File ID: 0303005

Date Received:

Date Analyzed: 01/03/02

Dilution Factor: 1.0

Soil Aliquot Volume:

CONCENTRATION UNITS :
(ug/L or ug/Kg) UG/L Q

CLIENT SAMPLE NO.

¯ I/~ V401031LB~

(uL)

67 - 64 - 1 ......... Acet one
75- 05- 8 ......... Acetonitrile
i07- 02 - 8 ........ Acrolein
107-13 - 1 ........ Acrylonitrile
107-05-1 ........ Allyl chloride
71-43 -2 ......... Benzene
i08 - 86 - 1 ........ Bromobenzene
74 - 97 - 5 ......... Bromochloromethane
75 - 27 - 4 ......... Bromodichloromet hane
75-25-2 ......... Bromoform
78 - 93 - 3 ......... 2-Butanone
74 - 83 - 9 ......... Bromomet hane
104 - 51- 8 ........ n-Butylbenzene
135- 98- 8 ........ sec-Butylbenzene
98- 06 - 6 ......... tert-Butylbenzene
75-15-0 ......... Carbon Disulfide
56-23-5 ......... Carbon Tetrachloride
108 - 90 - 7 ........ Chlorobenzene
124-48-1 ........ Chlorodibromomet hane
75 - 00 - 3 ......... Chloroet hane
110-75-8 ........ 2-Chloroethyl vinyl ether
67 - 66 - 3 ........ -Chloroform
74 - 87- 3 ......... Chloromet hane
126 - 99 - 8 ........ Chloroprene
95 - 49- 8 ......... 2-Chlorotoluene
i06- 43 - 4 ........ 4-Chlorotoluene
96 - 12 - 8 - ........

- - - - -i 06 - 93 - 4 1 ,- - - 1,2 - Dibromo - 3 - chloropropane_2 _ Dibromoet hane
74 - 95- 3 ......... Dibromomethane
95 - 50-1 ......... 1,2 -Dichlorobenzene
541 - 73 - 1 ........ i, 3 - Dichlorobenzene
106 - 46 - 7 ........ 1, 4 - Dichlorobenz ene
1476-11-5 ....... cis-l, 4-Dichloro-2 -butene

20.00
20.00
20.00
20.00

1.00
1.00
1.00
1.00
1.00
1.00

20.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

1.00

 :oo
1.00
1.00
1.00
1.00
1.00
1.00
1.00

U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U

FORM I VOA-GCMS
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579 652
1

VOA-GCIMS ORGANICS ANALYSIS DATA SHEET CLIENT SAMPLE NO.

Lab Name: ETC, INC.

Lab Code :

Matrix: (soil/water) WATER

Sample wt/vol :

Level : (low/med)

% Moisture: not dec.

GC Column :

Soil Extract Volume:

Case No. :

10.00 (g/mL) 

LOW

ID: 2.00 (mm)

(uL)

C_AS NO. COMPOUND

V401031LB
Contract :

SAS No. : SDG No. : 0112602

Lab Prep Batch: V401031

Lab File ID: 0303005

Date Received:

Date Analyzed: 01/03/02

Dilution Factor : 1.0

Soil Aliquot Volume:

CONCENTRATION UNITS :
(ug/L or ug/Kg) UG/L Q

(uL)

12075786----_-_- - - _-~la~olo~chlOmet~ -butene_ I

75- 34 -3 ......... ......... ........1,1 ~ Dichloroethane75 - 35 -4

i, 1 -Dichloroethene 107- 06 - 2
I, 2 - Dichloroethane

--~ I

156 -59 -2 ........ cis-I, 2 -Dichloroethene
156 - 60 - 5 ........ t rans - 1,2 - Dichloroethene
78 - 87 - 5 ......... i, 2 - Dichloropropane
142 - 28 - 9 ........ 1,3 - Dichloropropane
594 - 20 - 7 ........ 2,2 - Dichloropropane
563-58-6 ........ i, l-Dichloropropene
10061-01-5 ...... cis-l, 3 -Dichloropropene
1006 i- 02 - 6 ...... trans- 1,3 -Dichloropropene
108-20-3 ........ Di isopropyl ether
123-91-1 ........ i, 4-Dioxane
141-78-6 ........ Ethyl Acetate
100 -41-4 ........ Ethylbenzene
97-63-2 ......... Ethyl methacrylate
110-00-9- ....... Furan
87 - 68 - 3 ......... Hexachlorobutadiene
ii0-54 -3 ........ Hexane
591-78-6 ........ 2 -Hexanone
74 - 88 - 4 ......... Iodomethane
78-83-1 ......... I sobutyl Alcohol
98 - 82 - 8 ......... I sopropylbenzene
99- 87-6 ........ -4- Isopropyltoluene
126- 98- 7 ........ Methacrylonitrile
75-09-2 ......... Methylene Chloride
80-62-6 ......... Methyl methacrylate
108-10-1 ........ 4-Methyl- 2 - Pentanone
1634 - 04 -4 ....... Methyl- tertbutyl -Ether
91 - 20 - 3 ......... Naphthalene
107-12 -0 ........ Propionitrile

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
5.00

I00.0

5111"00"00.00.00

100 .i. 00511" 00. 00. 000

I010.001"005" 005. 001" 005. 0011. 0000. 00

U
U
U
U
U
U
U
U
U
U
U
U
U I
U
U

il
FORM I VOA-GCMS

000O44



 oRM i 579 653
VOA-GCMS ORGANICS ANALYSIS DATA SHEET

Lab Name: ETC, INC.

Lab Code :

Matrix: (soil/water)

Sample wt/vol :

Level : (low/reed)

% Moisture: not dec.

GC Column :

Case No. :

WATER

10.00 (g/mL) 

LOW

ID: 2.00 (ram)

Soil Extract Volume:_ (uL)

CAS NO. COMPOUND

Contract :

SAS No. :

CLIENT SAMPLE NO.

V401031LB I

SDG No. : 0112602

Lab Prep Batch: V401031

Lab File ID: 0303005

Date Received :

Date Analyzed: 01/03/02

Dilution Factor: 1.0

Soil Aliquot Volume:

CONCENTRATION UNITS :
(ug/L or ug/Kg) UG/L

(uL)

109-60-4 ........ n- Propyl Acetate
103 - 65 - 1 ........ n- Propylbenzene
100-42-5 ........ Styrene
630-20-6 ........ I, i, i, 2-Tetrachloroethane
79- 34- 5 ......... 1,1,2,2-Tetrachloroethane
127-18-4 ........ Tetrachloroethene
i09- 99- 9 ........ Tet rahydrofuran
87 -61- 6 ......... i, 2,3 -Trichlorobenzene
108-88-3 ........ Toluene
71-55 -6 ......... i, I, 1 -Trichloroethane
79- 00- 5 ......... 1, I, 2-Trichloroethane
76-13-I ......... i, I, 2- trichloro- i, 2,2~
79- 01- 6 ......... Trichloroethene
75-69-4 ......... Trichloro f luoromethane
96-18-4 ......... 1,2,3-Trichloropropane
95 - 63 - 6 ......... i, 2,4 -Trimethylbenzene
120-82-1 ........ i, 2,4-Trichlorobenzene
108 - 67- 8 ........ i, 3,5 -Trimethylbenzene
108-05-4 ........ Vinyl Acetate
75-01-4 ......... Vinyl Chloride
108 -38 -3 ........ Xylene-mp
95-47-6 ......... Xylene-o

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

20.00
1.00
1.00
1.00

U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U

FORM I VOA-GC~4S
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579 654

Lab Name:

Lab Code:

Matrix: (soil/water)

Sample wt/vol:

Level: (low/med)

% Moisture: not dec.

GC Column:

Soil EXtract Volume:

Number TICs found: 0

" FORM 1
VOA-GCMS ORGANICS ANALYSIS DATA SHEET

TENTATIVELY IDENTIFIED COMPOUNDS

ETC, INC.

Case No.:

WATER

lO.OO (g/n~L) 

LOW

ID: 2.00 (mm)

(uL)

Contract:

SAS No.:

Lab Sample ID:

Lab File ID:

Date Received:

Date Analyzed: 01/03/02

Dilution Factor: 1.0

Soil Aliquot Volume:

CONCENTRATION UNITS:
(ug/L or ug/Kg) ug/L

CLIENT SAMPLE NO.

V401031LB

SDG No.: 0112602

ILB

0303005

(uL)

CAS NUMBER

2.

3
4
5
6
7
8
9

i0.
ii.
12.

COMPOUND NAME RT EST. CONC. Q

13. -;

14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.

30.

FORM I VOA-GCMS-TIC

900046



FORM 3
WATER VOA-GCMS LAB CONTROL SAMPLE

Lab Name: ETC, INC.
Lab Prep Batch:

Lab Code: Case No.: SAS No.:

Matrix Spike - Sample No.: V401031LCS

V401031

SDGNo.:

579

0112602

655

COMPOUND

Acetone
Acetonitrile
Acrolein
Acrylonitrile
Allyl chloride
Benzene
Bromobenzene
Bromochloromethane
Bromodichloromethane
Bromoform
2-Butanone
Bromomethane
n-Butylbenzene
sec-Butylbenzene
tert-Butylbenzene
Carbon Disulfide
Carbon Tetrachloride
Chlorobenzene
Chlorodibromomethane
Chloroethane
2-Chloroethyl vinyl eth
Chloroform
Chloromethane
Chloroprene
2-Chlorotoluene
4-Chlorotoluene
1,2-Dibromo-3-chloropro
1,2-Dibromoethane

Column to be used to flag

SPIKE
ADDED
(ug/L)

i00.0
1000

100.0
i00.0
100.0
100.0
i00.0
i00.0
i00.0
i00.0
I00.0
i00.0
100.0
100.0
100.0
100.0
i00.0
i00.0
100.0
i00.0
i00.0
100.0
i00.0
100.0
100.0
100.0
i00.0
100.0

SAMPLE
CONCENTRATION

(ug/L)

recovery and RPD values

* Values outside of QC limits

! LCS LCS
CONCENT~ATIO} %

(ug/L) REC #

68.26 68
746.2 75
99.73 100
74.25 74
82.43 82
99.31 99
87.62 88
80.56 80
81.82 82
79.04 79
79.18 79
78.92 79
99.63 100
109.0 109
88.23 88
89.65 90
87.92 88
91.89 92
76.86 77
82.94 83
88.49 88
83.76 84
81.67 82
88.78 89
94.57 94
88.32 88
74.02 74
74.92 75

with an asterls-~

QC.
LIMITS

REC.

59-151
57-143
59-134
60-146
74-120
72-124
77-120
74-120
68-119
66-136
55-151
40-134
69-129
72-127
73 -126
60-133
64-123
77-112
72-118
64-142
22-165
70-115
58-139
73-118
65-132
67-127
56-134
74-118

COMMENTS :

page 1 of 4 FORM III VOA-GCMS

900047



579 656
FORM 3

WATER VOA-GCMS LAB CONTROL SAMPLE

Lab Name: ETC, INC.
Lab Prep Batch: V401031

Lab Code: Case No.: SAS No.: SDG No.: 0112602
Matrix Spike - Sample No.: V401031LCS

COMPOUND
========================

Dibromomethane
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
cis-l,4-Dichloro-2-bute
trans-l,4-Dichloro-2-bu
Dichlorodifluoromethane
l,l-Dichloroethane
1,2-Dichloroethane
l,l-Dichloroethene
cis-l,2-Dichloroethene
trans-l,2-Dichloroethen
1,2-Dichloropropane
1,3-Dichloropropane
2,2-Dichloropropane
l,l-Dichloropropene
cis-l,3-Dichloropropene
trans-l,3-Dichloroprope
Di isopropyl ether
1,4-Dioxane
Ethyl Acetate
Ethylbenzene
Ethyl methacrylate
Furan
Hexachlorobutadiene
Hexane
2-Hexanone
Iodomethane

Column to be used to flag

SPIKE
ADDED
(ug/L)

100.0
i00.0
100.0
i00.0
i00.0
i00.0
i00.0
I00.0
i00.0
i00.0
I00.0
i00.0
i00.0
i00.0
i00.0
100.0
i00.0
i00.0
100.0

2000
I00.0
i00.0
200.0
i00.0
I00.0
i00.0
i00.0
100.0

SAMPLE
CONCENTRATION

(Ug/L)

recovery and RPD values

* Values outside of QC limits

LCS LCS
CONCENTRATION %

(ug/L) REC #

82.00 82
99.20 99
102.3 102
97.49 97
74.72 75
88.53 88
59.17 59
84.13 84
76.34 76
87.14 87
87.33 87
92.86 93
87.29 87
80.58 80
92.94 93
99.78 I00
87.39 87
82.77 83
96.43 96

1524 76
78.55 78
93.51 94
134.6 67
119.7 120
102.5 102
113.5 114
67.19 67
88.86 89

with an asterl~

QC.
LIMITS

REC.

75-114
80-113
77-119
78-116
70-130
62-138
48-145
76-118
62-124
69-121
76-114
72-121
64-133
68-128
67-132
76-117
77-120
73-124
62-160
56-131
52-151
77-111
57-140

152-124
69-137
70-130
53-144
51-153

COMMENTS:

page 2 of 4 FORM III VOA-GCMS

000048



Lab Name: ETC, INC.

Lab Code:

Instrument ID: VOC4

Lab File ID: 0201002

Heated Purge: (Y/N) 

GC Column: ID:

FORM 7
VOA-GCMS CONTINUING CALIBRATION CHECK

Contract:

Case No.: SAS No.:

Calibration Date: 01/03/02

Init. Calib. Date(s): 12/27/01

Init. Calib. Times: 1552

2.00 (mm)

579

SDG No.: 0112602

Time: 0857

12/27/01

2105

657

COMPOUND

Acetone
Acetoni~
Acrolein
Acrylonitrle---{iT~
Allyl chlori~e
Benzene
Bromobenzene
Bromochloromethane
Bromodichloromethane
Bromoform
2-Butanone
Bromomethane
n-Butylbenzene
sec-Butylbenzene
tert-Butylbenzene
Carbon Disulfide
Carbon Tetrachloride
Chlorobenzene
Chlorodibromomethane
Chloroethane
2-Chloroethyl vinyl ether
Chloroform
Chloromethane
Chloroprene
2~Chlorotoluene
4-Chlorotoluene

1,2-Dibromo-3-chloropropane
1,2-Dibromoethane
Dibromomethane
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
cis-l,4-Dichloro-2-butene
trans-l,4-Dichloro-2-butene
Dichlorodifluoromethane --
l,l-Dichloroethane
1,2-Dichloroethane

AMOUNT

68.26
746.~
99.7:
74.2~
82.~
99.31
87.62
80.56
81.82
79.04
79.18
78.92
99.63
109.0
88.23
89.65
87.92
91.89
76.86
82.94
88.49
83.76
81.67
88.78
94.57
88.32
74.02
74.92
82.00
99.20
102.3
97.49
74.72
88.53
59.17
84.13

7631i

AMOUNT

i00.0
I000

i00.0
I00.0
i00.0
I00.0
I00.0
i00.0
i00.0
100.0
I00.0
i00.0
100.0
100.0
100.0
i00.0
100.0
100.0
100.0
100.0
i00.0
100.0
100.0
100.0
i00.0
I00.0
I00.0
i00.0
I00.0
i00.0
i00.0
i00.0
i00.0
I00.0
i00.0
I00.0

CURVE

LI~
LI~
A~G
LI~
AVRG
AVEG
A~G
A~G
AVEG
AVEG
AVEG
A~G
AVEG
A~G
AVEG
AVEG
AVEG
A~G
A~G
A~G
A~G
AVEG
A~G
A~G
A~G
AVEG
AVEG
A~G
LI~
AVEG
A~G
A~G
AVEG
A~G
A~G
A~G
AVEG

%D

31.7
25.4

0.3
25.8
17.6

0.7
12.4
19.4
18.2
21.0
20.8
21.1

0.4
9.0

11.8
I0.4
12.1

8.1
23.1
17.1
11.5
16.2
18.3
11.2

5.4
11.7
26

18.0
0.8
2.3
2.5

25.3
11.5
40.8
15.9
23.7

page 1 of 3

FORM VII VOA-GCMS

000090



579 658
Lab Name: ETC, INC.

Lab Code:

Instrument ID: VOC4

Lab File ID: 0201002

Heated Purge: (Y/N) 

GC Column:

FORM 7
VOA-GCMS CONTINUING CALIBRATION CHECK

Contract:

Case No.: SAS No.:

Calibration Date: 01/03/02

Init. Calib. Date(s):

Init. Calib. Times:

ID: 2.00 (mm)

SDG No.: 0112602

Time: 0857

12/27/01 12/27/01

1552 2105

SAMPLE
COMPOUND AMOUNT

============================ ====~=~==

i, l-Dichloroethene
cis- I, 2 -Dichloroethene
trans- 1,2 -Dichloroethene
I, 2 -Dichloropropane
1,3 -Dichloropropane
2,2 -Dichloropropane
i, 1 -Dichloropropene
c i s - 1,3 - Di chl oropropene
trans - 1,3 -Dichloropropene
Di isopropyl ether
1,4 -Dioxane
Ethyl Acetate
Ethylbenzene
Ethyl methacrylate
Furan
Hexachlorobutadiene
Hexane
2-Hexanone
Iodomethane
Isobutyl Alcohol
Isopropylbenzene-
4-1sopropyltoluene
Methacrylonitrile
Methylene Chloride
Methyl methacrylate
4-Methyl-2-Pentanone
Methyl-tertbutyl-Ether
Naphthalene
Propionitrile
n-Propyl Acetate
n-Propylbenzene
Styrene

’l,l,l,2-Tetrachloroethane
!l,l,2,2-Tetrachloroethane
iTetrachloroethene
Tetrahydrofuran
1,2,3-Trichlorobenzene

87.14
87.33
92.86
87.29
80.58
92.94
99.78
87.39
82.77
96.43

1524
78.55
93.51
134.6
119.7
102.5
113.5
67.19
88.86

1620
93.79
88.99i
779.0
84.58
147.0
73.20
85.05
98.36
751.3
120.2
94.74
94.38
89.12
86.82
93.68
80.47
105.3

CALl00
AMOUNT

100.0
100.0
i00.0
i00.0
100.0
i00.0
100.0
100.0
100.0
100.0

2000
100.0
100.0
200.0
153.0
100.0
117.0
100.0
I00.0

2000
100.0
100.0

i000
100.0
200.0
100.0
I00.0
100.0

lO00!
151.O
i00.0~

I00.0
100.0
i00.0
100.0
91.50
i00.0

MAXICURVE %D %d i

AVRG 12.9 20.0
AVRG 12.7 30.0
AVRG 7.1 30.0
LINR 12.7 20.0
AVRG 19.4 30.0
AVRG 7.1 30.0
AVRG 0.2 30.0
AVRG 12.6 30.0
AVRG 17.2 30.0
AVRG 3.6 30.0
AVRG 23.8 30.0
AVRG 21.4 30.0
AVRG 6.5 20.0
AVRG 32.7 30.0
AVRG 21.8 30.0
AVRG 2.5 30.0
AVRG 3.0 30.0
AVRG 32.8 30.0
AVRG Ii.i 30.0
LINR 19.0 30.0
AVRG 6.2 30.0
AVRG ii.0 30.0
AVRG 22.1 30.0
LINR 15.4 30.0
AVRG 26.5 30.0
AVRG 26.8 30.0
AVRG 15.0 30.0
AVRG 1.6 30.0
LINR 24.9 30.0
LINR 20.4 30.0
AVRG 5.3 30.0
AVRG 5.6 30.0
AVRG 10.9 30.0
AVRG 13.2 30.0
AVRG 6.3 30.0
LINR 12.0 30.0
AVRG 5.3 30.0

page 2 of 3
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Lab Name: ETC, INC.

Lab Code:

Instrument ID: VOC4

Lab File ID:

Heated Purge:

GC Column:

0201002

(Y/N) Y Init. Calib.

ID: 2.00 (mm)

FORM 7
VOA-GCMS CONTINUING CALIBRATION CHECK

5 2’9

Contract :

Case No. : SAS No. : SDG No. : 0112602

Calibration Date: 01/03/02 Time: 0857

Init. Calib. Date(s): 12/27/01 12/27/01

Times : 1552 2105

Toluene
l,l,l-Trichloroethane

ll,l,2_Trichloroethane-

l,l,2-trichloro-l,2,2-tr-~
Triehloroethene
Trichlorofluoromethane
1,2,3-Trichloropropane
1,2,4-Trimethylbenzene
1,2,4-Trichlorobenzene
1,3,5-Trimethylbenzene"
Vinyl Acetate
Vinyl Chlorid~
Xylene-mp
Xylene-o
============================

Dibromofluoromethane
Toluene-d8
Bromofluorobenzene
1,2-Dichloroethane-d4

SAMPLE
AMOUNT

85.55
88.50
81.46
104.8
90.70
72.51
78.87
85.88
110.4
87.74
89.20
85.52
187.7
93.92

37.60
38.54
37.54
33.45

CALl00
AMOUNT

i00.0
i00.0
100.0
100.0
100.0
i00.0
100.0
i00.0
i00.0
100.0
100.0
200.0
i00.0

CURVE %D

AVRG 14.4
AVRG 1 i. 5
AVRG 18.5
AVRG 4.8
AVRG 9.3
AVRG 27.5
AVRG 21.1
AVRG 14.1
AVRG 10.4
AVRG 12.3
AVRG 10.8
AVRG 14.5
AVRG 6.2
AVRG 6.1

40.90 AVRG 8.1
50.00 AVRG 22.9
40.80 AVRG 8.0
50.00 AVRG 33.1

MAXl
%d

20.01
30.01
30.01
30.01
3o.or
30.01
30.01
30.01
30.01
30.01
30.01
20.01
30.01
30.01

30.01
30.01
30.01
30.01

659

page 3 of 3
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5’;’9 660 FORM 8
VOA-GCMS INTERNAL STANDARD AREA AND RT SU-~VLARy

Lab Name: ETC,INC.

Lab Code: Case No.:

Lab File ID (Standard): 0201002

Instrument ID: VOC4

GC Column: ID: 2.00 (ram)

Contract:

SAS No.:

Date Analyzed:

Time Analyzed:

Heated Purge:

SDG No.: 0112602

01/03102

0857

(Y/N) 

01
02

03
04i
05
06
07
08
09
i0
ii
12
13
14
15
16
17
18
19
20
21
22

12 HOUR STD
UPPER LIMIT
LOWER LIMIT

CLIENT
SAMPLE NO.

IS1
AREA #

941533
1883066

470767

RT #

6.90
7.40
6.40

IS2(DFB)
AREA #

1456749
2913498

728375

IS3(CBZ)
RT # AREA#

7.49 1019112
7.99 2038224
6.99 509556

RT #

9.69
10.19

9.19

V401031LB
011262301
011260201
011260201
011260202
011262301MS
011262301MSD

645571
583467
569990
547406
509177
542363
597075

6.90
6.90
6.90
6.90
6.90
6.90
6.90

IS1 = Pentafluorobenzene
IS2 (DFB) = 1,4-Difluorobenzene
IS3 (CBZ) = Chlorobenzene-d5

921653
861331
921637
822530
825611
893343
953969

7.49
7.49
7.49
7.49
7.49
7.49
7.49

598556
499642*
553380
548967
516643
701406
751542

9.69
9.69
9.69
9.69
9.69
9.69
9.69

AREA UPPER LIMIT = +100% of internal standard area
AREA LOWER LIMIT = - 50% of internal standard area
RT UPPER LIMIT = + 0.50 minutes of internal standard RT
RT LOWER LIMIT = - 0.50 minutes of internal standard RT

# Column used to flag values outside QC limits with an asterisk.
* Values outside of QC limits.

page 1 of 2
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FORM 8
VOA-GCMS INTERNAL STANDARD AREA AND RT SU594ARY 579, 661

Lab Name: ETC, INC.

Lab Code:

Lab File ID (Standard):

Instrument ID: VOC4

GC Column: ID:

Case No.:

0201002

2.00 (ram)

Contract:

SAS No.: SDG No.: 0112602

Date Analyzed: 01/03/02

Time Analyzed: 0857

Heated Purge: (Y/N) 

01j
O2
03
04
O5
06
07
O8
O9
10
ii
12
13
14
15
16
17
18
19
2O

21
22

12 HOUR STD
UPPER LIMIT
LOWER LIMIT

CLIENT
SAMPLE NO.

V401031LB
011262301
011260201
011260201
011260202
011262301MS
011262301MSD

IS4 (DCB)
AREA #

297425
594850
148713

175543
158839
164634
166798
166351
183368
187816

RT #

11.51
12.01
11.01

ii.51
11.52
11.52
11.52
11.52
11.51
11.51

AREA # RT # AREA # RT #

IS4 (DCB) = 1,4-Dichlorobenzene-d4

AREA UPPER LIMIT = +100% of internal standard area
AREA LOWER LIMIT = - 50% of internal standard area
RT UPPER LIMIT = + 0.50 minutes of internal standard RT
RT LOWER LIMIT = - 0.50 minutes of internal standard RT

# Column used to flag values outside QC limits with an asterisk.
* Values outside of QC limits.

page 2 of 2
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579 663
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5";’9 680
FORM 3

WATER VOA-GCMS LAB CONTROL SAMPLE

Lab Name: ETC, INC.
Lab Prep Batch:

Lab Code: Case No.: SAS No.:

Matrix Splke - Sample No.: V401031LCS

V401031

SDG No.: 0112602

COMPOUND
========================

Vinyl Acetate
Vinyl Chloride
Xylene-mp
Xylene-o

SPIKE
ADDED
(ug/L)

100.0
I00.0
200.0
100.0

SAMPLE
CONCENTRATION

(ug/L)

LCS
CONCENTRATION

(ug/L)

89.20
85.52
187.7
93.92

LCS
%

REC #

89
86
94
94

QC.
LIMITS

REC.

28-146
65-134
77-115
77-115

# Column to be used to flag recovery and RPD values with an asterisk

* Values outside of QC limits

RPD: 0 out of 0 outside limits
Spike Recovery: 0 out of 88 outside limits

COMMENTS:

page 4 of 4 FORM III VOA-GCMS
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FORM 3
WATER VOA-GCMS MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY 5 ’;’9

Lab Name: ETC, INC.
Lab Prep Batch: V401031

Lab Code: Case No.: SAS No.: SDG No.: 0112602
Matrix Spike Sample No.: 011262301

681

COMPOUND

Benzene
Chlorobenzene
l,l-Dichloroethene
Toluene
Trichloroethene

ADDED
(ug/L)

I00.0
i00.0
I00.0
I00.0

CONCENTRATION
(ug/L)

0.000
0.000
0,000
0.000
0.000

CONCENTRATION
(ug/L)

150.2
116.8
115.4
122.7
134.4

MS
%

REC

150,
117"
115
123,
134,

LIMITS
REC.

72-124
77-112
69-121
77-115
75-113

COMPOUND

Benzene
Chlorobenzene
l,l-Dichloroethene
Toluene
Trichloroethene

SPIKE
ADDED
(ug/L)

,I00.0
I00.0
I00.0
i00.0
I00.0

MSD
CONCENTRATION

(ug/L)

128.3
115.2
115.6
117.7
114.2

MSD
%

REC #

128"
115"
116
118,
114"

%
RPD

16
2
1
4

16

QC LIMITS
RPD REC.

20 72-124
20 77-112
20 69-121
20 77-115
20 75-113

# Column to be used to flag recovery and RPD values with an asterisk

* Values outside of QC limits

RPD: 0 out of 5 outside limits
Spike Recovery: 8 out of i0 outside limits

COMMENTS :

FORM III VOA-GCMS
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Environmental Testing & Consulting, Inc.

Quality Control Reports
Level III

GC/MS Semi-Volatiles

000052



Chent Name
Project Name

ETC Order#

ENVIRONMENTAL TESTING AND CONSULTING, INC.

CASE NARRATIVE -
GC/MS SEMI-VOLATILE COMPOUNDS. AQUEOUS

Sveldmp/Jacobs Engineermg
Memphis Depot

0112-602

579.6 83

SAMPLE PRESERVATION
All aqueous samples maintained at 4 degrees C until extraction

HOLDING TIMES
Sample Extrachon All aqueous samples extracted within 7 days.

METHOD
Pleparatlon SW-846 3510C
Analysis. SW-846 8270C

QUALITY CONTROL
OC Batch
P07012

Form 4 Summ~tlS,
P07012LB

System Momtm mg Compounds FORM 2
Smrogate lecovenes within QC limits.

hlza a. mL!g2gg 
P07012LB
’l’alget analytes were not detected in the method blank.

Laboratory Control Samnle FORM
P07012LCS/LCSD
All tmget analyte acceptance crltel’la met, except as hsted below.
Benzldme was flagged for low recoveries in the LCS/LCSD. 2,4-Dlmethylphenol was flagged for low
,ecovexy m the LCSD.

RPDs tbl multiple analytes were flagged as outside QC bruits due to lower recoveries m the LCSD.

Matux Spike / Matrix Spike Dup FORM 3
Batch P07012
Due to the bruited amount of sample available, no MS/MSD was extracted/analyzed. Refer to Laboratory
Control Sample(s) for system venficatmn.

CALIBRATION
DFTPP Dmly 12-Hour Tune All criteria met FORM 5
lmtml Cahbratmn All criteria met FORM 6
Cahb~atlon VeNfieatmn All criteria met. FORM 7 Responses >30% do not affect the data.

Seml-Volatde Internal Standard Area and RT FORM
Cahblatmn Verlficatton standard(s) Internal Standard Areas and Retentmn Times within QC limits

SAMPLE ANALYSIS
Instlumentatlon HP 5890 Series II GC. 5971MSD/HP 6890 GC, 5973MSD
Ddutlons Requn ed No dllutmns required

000053



5’19 684
FORM 2

WATER BNA-GCMS SURROGATE RECOVERY

Lab Name: ETC, INC.

Lab Code: Case No.:

Contract:

SAS No.: SDG No.: 0112602

01
02
03
04
O5
06
07
O8
09
i0
ii
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

¯
CLIENT
SAMPLE NO.

P07012LB
P07012LCS
P07012LCSD
011260202

S1
(NBZ) 

$2
(FBP) 

$3
(TPH)#

$4
(PAL) 

$5
(TBP) 

$6
(2FP) 

54
65
71
51

51
67
69
51

70
82
80
53

23
25
28
23

55
76
71
54

34
36
4O
33

$7
#

$8 TOT
#OUT

0
0
0
0

sz (NBZ)
S2 (FBP)
$3 (TPH)
s4 (PAL)
s5 (TBP)
$6 (2FP)

QC LIMITS
= Nitrobenzene-d5 (29-110)
= 2-Fluorobiphenyl (38-107)
= Terphenyl-dl4 (33-122)
= Phenol-d6 ( 7- 58)
= 2,4,6-Tribromophenol (16-138)
= 2-Fluorophenol ( 8- 88)

# Column to be used to flag recovery values
* Values outside of contract required QC limits
D Surrogate diluted out

page 1 of 1 FORM II BNA-GC~4S
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FORM 4
BNA-GCMS METHOD BLANK SUN,MARY

5’;’9 685
CLIENT SAMPLE NO.

Lab Name: ETC, INC.

Lab Code: Case No.:

Lab File ID: 0301005

Instrument ID: BNAI

Matrix: (soil/water) WATER

Level:(low/med) LOW

P07012LB
Contract:

SAS No.: SDG No.: 0112602

Lab Prep Batch: P07012

Lab Sample ID: P07012LB

Date Analyzed: 01/03/02

Time Analyzed: 1715

THIS METHOD BLANK APPLIES TO THE FOLLOWING SAMPLES, MS andMSD:

01
02
03
O4
O5
06
O7
O8

COMMENTS :

O9
10
ii
12
13
14
15
16
17
18
19
2O
21
22
23
24
25~
26
27
28
29
3O

CLIENT LAB
SAMPLE NO. SAMPLE ID

P07012LCS
P07012LCSD
011260202

P07012LCS
P07012LCSD
011260202

LAB
FILE ID

0401006
0501007
0601008

DATE
ANALYZED

Ol/O3/O2
01/03/02
01/03/02

page 1 of 1

FORM IV BNA-GCMS

000055



579
FORM 1

BNA-GC~4S ORGANICS ANALYSIS DATA SHEET

Lab Name: ETC, INC.

Lab Code: Case No. :

Matrix: (soil/water) WATER

Sample wt/vol: i000 (g/mL) 

Level : (low/med) LOW

% Moisture: decanted: (Y/N)

Concentrated Extract Volume:

Injection Volume: I. 0 (uL)

GPC Cleanup: (Y/N) 

Contract :

SAS No. :

l(mL)

pH: 7.0

CLIENT SAMPLE NO.

P07012LB -I

SIX] NO. : 0112602

Lab Prep Batch: P07012

Lab File ID: 0301005

Date Received:

Date Extracted:

Date Analyzed: 01/03/02

Dilution Factor: 1.0

CAS NO. COMPOUND
CONCE~TF~ATION UNITS :
(us/L or ug/Kg) UG/L Q

83 - 32 - 9 ......... Acenaphthene
208 - 96- 8 ........ Acenaphthylene
98-86-2 ......... .........
Acetophenone62_ 53 _3

Aniline --

120 - 12 - 7 ........ Anthracene
92 -87-5 ......... Benzidine
56-55-3 ......... Benz (a) Ant--~-acene
205-99-2 ........ Benzo (b) fluoranthene
207- 08 - 9 ........ Benzo (k) f luoranthene
191-24 -2 ........ Benzo (ghi) perylene
50-32-8 ......... Benzo (a) pyrene
65-85-0 ......... Benzoic acid
100-51-6 ........ Benzyl alcohol
111-91-1 ........ Bis (2- chloroethoxy) methane
111-44-4 ........ Bis (2-chloroethyl) ether 
108-60-1 ........ Bis (2-chloroisopropyl) eth-~
117-81-7 ........ Bis (2-ethylhexyl) phthalate 
101-55-3 ........ 4-Bromophenyl phenyl ether---
85-68-7 ......... Butyl benzyl phthalate --
86 - 74 - 8 ......... Carbazole
106-47-8 ........ 4 -Chloroaniline
5 i0 - 15 - 6 ........ Chlorobenzilat e
59- 50 - 7 ......... 4 - Chloro - 3 -methylphenol
9 i- 58 - 7 ......... 2 - Chloronaphthalene
95- 57- 8 ......... 2 - Chlorophenol
7005-72-3 ....... 4-Chlorophenyl phenyl ether
218 - 01-9 ........ Chrysene
53 -70-3 ......... Dibenz (a, h) anthracene
132 - 64 - 9 ........ Dibenzofuran
84-74-2 ......... Di-n-butyl phthalate
95 - 50 - 1 ......... 1,2 -Dichlorobenzene
54 i- 73 - 1 ........ i, 3 -Dichlorobenzene
106-46-7 ........ i, 4-Dichlorobenzene

__I

2
2.00
5.00
5.00
2.00

20.00
2.00
2.00
2.0

2.00
50.00

5.00
5.00
5.00
5.00
5.00
5.0q

2.00
5.00
5.00
5.00
2.00
5.00
5.00
2.00
2.00
5.00
5.00
5.00
5.00
5.00

FORM I BNA-C4ZMS
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579
BNA-GCMS ORGANICS ANALYSIS DATA SHEET

Lab Name: ETC, INC.

Lab Code: Case No. :

Matrix: (soil/water) WATER

Sample wt/vol: I000 (g/mL) 

Level : (low/med) LOW

% Moisture: decanted: (Y/N)

Concentrated Extract Volume:

Injection Volume : i. 0 (uL)

GPC Cleanup: (Y/N) pH: 7.0

Contract :

SAS No.:

1 (mL)

687
CLIENT SAMPLE NO:

1
SDG NO.: 0112602

Lab Prep Batch: P07012

Lab File ID: 0301005

Date Received:

Date Extracted:

Date Analyzed: 01/03/02

Dilution Factor: 1.0

CAS NO. COMPOUND
CONCENTPJkTION UNITS :
(ug/L or ug/Kg) UG/L

91 - 94 - 1 ......... 3,3 ’ -Dichlorobenzidine
120-83 -2 ........ 2,4-Dichlorophenol
87-65-0 ......... 2,6-Dichlorophenol
84-66-2 ......... Diethyl phthalate
119- 93 - 7 ........ 3,3 - Dimethylbenzi l~e
I05- 67- 9 ........ 2,4 - Dimet hyphenol

131- ii-- 3- - - --- - -- -4D’i~?thyltPht2~-leatt~~51- 28 - 5 .........2,4-Dinitrophenol --
12 i- 14 - 2 ........ 2,4 -Dinitrotoluene
606-20-2 ........ 2,6-Dinitrotoluene
122 - 39 - 4 ........ N-Nit rsdiphylAm/Di~
117-84-0 ........ Di-n-octyl phthalate
62-50-0 ......... Ethyl methanesulfonate
206 - 44 - 0 ........ Fluoranthene
86- 73 - 7 ......... Fluorene
118 - 74 - 1 ........ Hexachl or--0~enzene
87 - 68 - 3 .........

- - - - - - - -77 - 47 - 4 Hexac hl ° r °cyc 1 °pent a--dri-ene- Hexachlorobut adiene
_-

67- 72 - 1 ......... Hexachloroethane
193 -39-5 ........ Indeno (i, 2,3 -cd) pyrene
78 - 59-1 ......... Isophorone
66-27-3 ......... Methyl met~----~nate _-
9 i- 57- 6 ......... 2 -Methylnaphthalene
95-48 - 7 ......... 2 -Methylphenol
108 - 39 - 4 ........ 3 &4 -Methylphenol
91 - 20 - 3 ......... .........

Napht ha i e ne 88 - 74 - 4

2 - Nit roani iYne --

99 - 09 - 2 ......... 3 - Nit roaniline
100-01-6 ........ 4 -Nit roaniline
98-95-3 ......... Nitrobenzene
88 -75-5 ......... 2-Nit rophenol
i00 -02-7 ........ 4 -Nitrophenol

i0.00
5.00
5.00
5.00

I0.00
5.00
5.00

i0.00
20.00

5.01

5.01
2.01
2.0(
5.0(
5.00
5.00
5.00
2.00
5.00
5.00
2.00
5.00
5.00
2.00

10.00
i0.00
I0.00

5.0
I0

5.00

Q

FORM I BNA-GCT4S
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579
FORM 1

BNA-GC~4S ORGANICS ANALYSIS DATA SHEET
CLIENT SAMPLE NO.

Lab Name : ETC, INC.

Lab Code: Case No. :

Matrix: (soil/water) WATER

Sample wt/vol : I000

Level : (low/med) LOW

% Moisture: decanted:

Concentrated Extract Volume:

Injection Volume : I. 0 (uL)

GPC Cleanup: (Y/N) 

ML

(Y/N)

Contract :

SAS No. :

1 (mL)

pH: 7.0

P07012LB

SDG NO. : 0112602

Lab Prep Batch: P07012

Lab File ID: 0301005

Date Received:

Date Extracted:

Date Analyzed: 01/03/02

Dilution Factor: 1.0

CAS NO. COMPOUND
CONCENTRATION UNITS :
(ug/L or ug/Kg) UG/L Q

924 - 16- 3 ........ N-Nit rosodibutylamine
55-18 - 5 ......... N-Nit rosodiethylamine
62 - 75- 9 ......... N- Nit rosodimet hylamine-
621-64 - 7 ........ N-Nit rosodi ~n-propylamine
82 - 68 - 8 ......... Pentachloronitrobenzene
87 - 86- 5 ......... Pent achlorophenol
62-44 -2 ......... Phenacetin
85- 01- 8 ......... Phenanthrene
108-95-2 ........ Phenol
129-00-0 ........ Pyrene
ii0-86-1 ........ Pyridine
95 - 94 - 3 ......... 1, 2,4,5 -Tet rachlorobenzene
58-90-2 ......... 2,3,4,6-Tetrachlorophenol --
120-82-1 ........ i, 2,4-Trichlorobenzene
95-95-4 ........ -2,4,5-Trichlorophenol
88-06-2 ......... 2,4,6-Trichlorophenol
103-33-3 ........ i, 2 - Dphnylhydrzine/Azob-~

5.00 U
5.00 U
5.00 U
5.00 U

10.00 U
10.00 U

5.00 U
2.00 U
5.00 U

FORM I BNA-GCMS
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~o~ 1 5 7 9
BNA-GCMS ORGANICS ANALYSIS DATA SHEET

TENTATIVELY IDENTIFIED COMPOUNDS

Lab Name: ETC, INC.

Lab Code: Case No.:

Matrix: (soil/water) WATER

Sample wt/vol: i000

Level: (low/med) LOW

% Moisture: decanted:

Concentrated Extract Volume:

Injection Volume: 1.0(uL)

GPC Cleanup: (Y/N) 

Contract:

SAS No. :

(g/mL) 

(Y/N)

1 (mL)

pH: 7.0

P07012LB

SDG No.: 0112602

Lab Sample ID: P07012LB

Lab File ID: 0301005

Date Received:

Date Extracted:

Date Analyzed: 01/03/02

Dilution Factor: 1.0

Number TICs found: 3

CAS NUMBER COMPOUND NAME

CONCENTRATION UNITS:
(ug/L or ug/Kg) ug/L

i.

2.
3.
4.
5.
6.
7.

I0
ii
12
13
14
15
16

°

17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

584-94-1
102-82-9

UNKNOWN
HEXANE, 2,3 -DIM~-rHYL-
TRIBt~INE

RT EST. CONC. Q

3.73 1.21 J
4.57 1.13 NJ I
5.50 0.901 NJ I

FORM I BNA-GCMS-TIC
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5’?9 690
, FORM 3

WATER BNA-GC~4S LAB CONTROL SAMPLE

Lab Name: ETC,

Lab Code :

Matrix Spike -

INC.
Lab Prep Batch: P07012

Case No.: SAS No.: SDG No.:

Sample No.: P07012LCS
0112602

COMPOUND

Acenaphthene
Acenaphthylene
Acetophenone
Aniline
Anthracene
Benzidine
Benz(a)Anthracene
Benzo(b) fluoranthene
Benzo(k) fluoranthene
Benzo(ghi)perylene
Benzo(a)pyrene
Benzoic acid
Benzyl alcohol
Bis(2-chloroethoxy)meth
Bis(2-chloroethyl)ether
Bis(2-chloroisopropyl)e
Bis(2-ethylhexyl)phthal
4-Bromophenyl phenyl et
Butyl benzyl phthalate
Carbazole
4-Chloroaniline
Chlorobenzilate
4-Chloro-3-methylphenol
2-Chloronaphthalene
2-Chlorophenol
4-Chlorophenyl phenyl e
Chrysene
Dibenz(a,h)anthracene

! SPIKE
ADDED
(ug/L)

50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
80.00

SAMPLE
CONCENTRATION

(ug/L)

LCS
CONCENTRATION

(ug/L)

37.03
39.46
34.48
29.44
37.54

7.31
39.98
41.12
40.29
37.62
39.57
17.77
28.56
35.24
31.67
35.02
39.23
37.02
38.87
44.00
36.70
36.36
37.84
39.08
28.72
36.89
41.19
40.66

LCS
%

REC #

74
79
69
59
75
15"
8O
82
80
75
79
36
57
70
63
7O
78
74
78
88
73
73
76
78
57
74
82
81

QC.
LIMIT;

REC.

38-117
37-114
32-108
16-133
34-128
22-176
36-127
36-131
32-132
26-123
34-131
Ii- 58
20-109
20-126
16-122
28-108
21-162
31-124
33-142
20-147
24-127
35-118
35-117
29-137
27-102
39-110
30-124
27-124

# Column to be used to flag recovery and RPD values with an asterisk
* Values outside of QC limits

COMMENTS :

page i of 6 FORM III BNA-GCMS
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FORM 3
WATER BNA-GCMS LAB CONTROL SAMPLE

Lab Name: ETC, INC. Lab Prep Batch:

Lab Code: Case No.: SAS No.:

Matrix Spike - Sample No.: P07012LCS

P07012

SDG No.:

579 691

0112602

COMPOUND

Dlbenzofuran
Di-n-butyl phthalate
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
3,3’-Dichlorobenzidine
2,4-Diehlorophenol
2,6-Dichlorophenol
Diethyl phthalate
3,3-Dimethylbenzidine
2,4-Dimethyphenol
Dimethyl phthalate
4,6-Dinitro-2-methylphe
2,4-Dinitrophenol
2,4-Dinitrotoluene
2,6-Dinitrotoluene
N-NitrsdiphylAm/Dipheny
Di-n-octyl phthalate
Ethyl methanesulfonate
Fluoranthene
Fluorene
Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclopentadi(
Hexachloroethane
Indeno(l,2,3-cd)pyrene
Isophorone
Methyl methanesulfonat(

SPIKE
ADDED
(ug/L)

50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
I00.0
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50. O0
5O. O0
50.00
50.00

SAMPLE
CONCENTRATION

(ug/L)
ICONCENTRATION % LI ITS

(ug/L) REC # REC.

37.09
33.32
28.34
26.48
27.52
57.64
34.41
36.02
37.48

3.32
26.59
37.58
34.06
29.03
35.37
36.13
78.99
38.60
31.47
34.00
37.51
35.33
28.58
22.23
24.68
40.40
35.16
22.25

74 40-108
67 19-158
57 26-100
53 21-102
55 24- 99

115 6-192
69 32-110
72 31-112
75 36-130
7 6-192

53 34-105
75 34-123
68 27-128
58 10-132
71 24-147
72 36-125
79 35-116
77 29-136
63 20-121
68 28-127
75 41-116
71 18-1361
57 22-1091
44 10-102
49 16-107
81 22-1261
70 31-116
44 115- 82

# Column to be used to flag recovery and RPD values with an asterisk
* Values outside of QC limits

COMMENTS:

page 2 of 6 FORM III BNA-GCMS
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579 692

Lab Name: ETC,

Lab Code:

Matrix Spike -

FORM 3
WATER BNA-GCMS LAB CONTROL SAMPLE

INC. Lab Prep Batch: P07012

Case No.: SAS No.: SDG No.:

Sample No.: P07012LCS
0112602

COMPOUND

2 - Methylnaphthalene
2 -Methylphenol
3 &4 -Methylphenol
Naphthalene
2 ~Nitroaniline
3 -Nitroaniline
4 -Nitroaniline
Nitrobenzene
2 -Nitrophenol
4 -Nit rophenol
N-Nit rosodibutylamine
N-Nit rosodiethylamine
N - Nit ros odime t hylamine
N-Nitrosodi-n-propylami
Pent achloronit robenz ene
Pentachlorophenol
Phenacet in
Phenanthrene
Phenol
Pyrene
Pyridine
i, 2,4,5-Tetrachlorobenz
2,3,4,6 -Tetrachlorophen
I, 2,4 -Trichlorobenzene
2,4,5-Trichlorophenol
2,4,6-Trichlorophenol
i, 2 - Dphnylhydrzine/Azob

SPIKE
ADDED
(uS/L)

50.00
50.00
50.00
50.00
50.00
50.00
50.O0
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50. O0
50.00
50.00
50.00
50.00
50.00
50.00
50.00

SAMPLE
CONCENTRATION

(ug/L)

LCS
CONCENTRATION

(ug/L)

34.49
27.50
26.02
32.48
37.92
46.45
34.02
33.22
32.55
13.54
38.10
29.41
19.60
36.17
38.28
36.52
37.07
36.84
12.95
34.96
12.76
32.97
39.50
28.78
38.20
37.39
42.40

LCS
%

REC #

69
55
52
65
76
93
68
66
65
27
76
59
39
72
76
73
74
74
26
70
26
66
79
58
76
75
85

QC.
LIMITS

REC.

34-108
22- 97
21- 96
33-108
32-127
28-142
23-139
27-117
25-114

i- 76
31-126
28-107
14- 84
29-114
34 -135
17-142
29-141
40-120
ii- 55
20-154
i0- 71
28-110
28-118
23 -106
26-118
26-115
45-135

# Column to be used to flag recovery and RPD values with an asterisk
* Values outside of QC limits

page 3 of 6 FORM III BNA-GCMS



FORM 3
WATER BNA-GCMS LAB CONTROL SAMPLE

579 69-3

Lab Name: ETC,

Lab Code:

Matrix Spike -

INC. Lab Prep Batch: P07012

Case No.: SAS No.: SDG No.:

Sample No.: P07012LCS
0112602

COMPOUND

Acenaphthene
Acenaphthylene
Acetophenone
Aniline
Anthracene
Benzidine
Benz(a)Anthracene
Benzo(b) fluoranthene
Benzo(k) fluoranthene
Benzo(ghi)perylene
Benzo(a)pyrene
Benzoic acid
Benzyl alcohol
Bis (2-chloroethoxy)meth
Bis(2-chloroethyl)ether
Bis(2-chloroisopropyl)e
Bis(2-ethylhexyl)phthal
4-Bromophenyl phenyl et
Butyl benzyl phthalate
Carbazole
4-Chloroaniline
Chlorobenzilate
4-Chloro-3-methylphenol
2-Chloronaphthalene
2-Chlorophenol
4-Chlorophenyl phenyl e
Chrysene
Dibenz(a,h)anthracene

ADDED
(ug/L)

50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00

CONCENTRATIO~
(Ug/L)

28.69
30.18
35.50
27.90
29.56

6.32
38.82
43.31
45.51
35.00
42.82
16.88
33.21
36.83
37.01
40.96
39.58
26.51
39.35
52.94
35.58
40.82
36.02
30.72
33.38
28.76
38.90
39.05

LCSD
%

REC #

57
60
71
56
59
13"
78
87
91

7O
86
34
66
74
74
82
79
53
79

106
71
82
72
61
67
58
78
78

% QC LIMITS
RPD # RPD REC.

26* 20 38-117
27* 20 37-114

3 20 32-108
5 20 16-133

24* 20 34-128
14 20 22-176
2 20 36-127~
6 20 36-131

13 20 32-132
7 20 26-123
8 20 34-131
6 20 II- 58

15 20 20-109
6 20 20-126

16 20 16-122
16 20 28-108

1 20 21-162
33* 20 31-124

1 20 33-142
18 20 20-147
3 20 24-127

12 20 35-I18
5 20 35-117

24* 20 29-137
16 20 27-102
24* 20 39-110

5 20 30-124
4 20 27-124

# Column to be used to flag recovery and RPD values with an asterisk
* Values outside of QC limits

COMMENTS :

page 4 of 6 FORM IIl BNA-GCMS



FORM 3
WATER BNA-GC~4S LAB CONTROL SAMPLE

Lab Name : ETC,

Lab Code :

Matrix Spike -

INC. Lab Prep Batch:

Case No. : SAS No. :

Sample No. : P07012LCS

COMPOUND

Dibenzofuran
Di-n-butyl phthalate
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
3,3’-Dichlorobenzidine
2,4-Dichlorophenol
2,6-Dichlorophenol
Diethyl phthalate
3,3-Dimethylbenzidine
2,4-Dimethyphenol
Dimethyl phthalate
4,6-Dinitro-2-methylphe
2,4-Dinitrophenol
2,4-Dinitrotoluene
2,6-Dinitrotoluene
N-NitrsdiphylAm/Dipheny
Di-n-octyl phthalate
Ethyl methanesulfonate
Fluoranthene
Fluorene
Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclopentadie
Hexachloroethane
Indeno(l,2,3-cd)pyrene
Isophorone
Methyl methanesulfonate

ADDED
(uH/L)

50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
100.0
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00

ICO LCSD --
NCENTRATION

(ug/L)

28.57
31.27
32.62
30.51
31.80
43.61
34.51
35.49
30.76

3.47
5.46

29.55
27.11
24.05
29.89
30.54
85.16
44.51
36.80
32.84
29.96
26.76
29.76
15.06
27.48
39.01
36.09
26.24

P07012

LCSD
%

REC #

57
62
65
61
64
87
69
71
62
7

ii*
59
54
48
60
61
85
89
74
66
60
54
60
3O
55
78
72
52

SDG No.: 0112602

% QC LIMITS
RPD # RPD

26* 20
8 20

13 20
14 20
15 20
28* 20

0 2O
i 20

19 20
0 2O

131" 20
24* 20
23* 20
19 20
17 20
16 20
7 20

14 20
16 20
3 20

22* 20
27* 20

5 20
38* 20
12 20
4 20
3 20

17 20

REC.

40-108
19-158
26-100
21-102
24- 99

6-192
32-110
31-112
36-130

6-192
34-105
34-123
27-128
10-132
24-147
36-125
35-116
29-136
20-121
28-127
41-116
18 -136
22-109
10-102
16-107
22-126
31-116
15- 82

# Column to be used to flag recovery and RPD values with an asterisk
* Values outside of QC limits

CONIMENTS :

page 5 of 6 FORM III BNA-GC~S
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FoRM 3 57.9 695WATER BNA-GCMS LAB CONTROL SAMPLE

Lab Name: ETC,

Lab Code :

Matrix Spike -

INC. Lab Prep Batch: P07012

Case No.: SAg No.: SDG No.:

Sample No.: P07012LCS

0112602

COMPOUND
========================

2-Methylnaphthalene
2-Methylphenol
3&4-Methylphenol
Naphthalene
2-Nitroaniline
3-Nitroaniline
4-Nitroaniline
Nitrobenzene
2-Nitrophenol
4-Nitrophenol
N-Nitrosodibutylamine
N-Nitrosodiethylamine
N-Nitrosodimethylamine
N-Nitrosodi-n-propylami
Pentachloronitrobenzene
Pentachlorophenol
Phenacetin
Phenanthrene
Phenol
Pyrene
Pyridine
1,2,4,5-Tetrachlorobenz
2,3,4,6-Tetrachlorophen
1,2,4-Trichlorobenzene
2,4,5-Trichlorophenol
2,4,6-Trichlorophenol
1,2-Dphnylhydrzine/Azob

SPIKE
ADDED
(ug/L)

50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00

LCSD LCSD
CONCENTRATION % %

(ug/L) REC # RPD 

35.17
25.48
22.84
33.68
28.43
33.08
30.14
34.45
33.91
11.48
38.57
35.82
22.89
40.13
46.38
29.06
51.30
29.34
14.72
44.92

7.14
25.10
30.33
30.00
28.34
26.32
43.34

70 1
51 8
46 12
67 3
57 28*
66 34*
60 12
69 4
68 4
23 16
77 1
72 20
46 16
80 i0
93 20
58 23*

103 33*
59 22*
29 ii
90 25*
14 60*
50 28*
61 26*
60 3
57 28*
53 34*
87 2

QC LIMITS
RPD REC.

20 34-108
20 22- 97
20 21- 96
20 33-108
20 32-127
20 28-142
20 23 -139
20 27-117
20 25-114
20 i- 76
20 31-126
20 28-107
20 14- 84
20 29-114
20 34-135
20 17-142
20 29-141
20 40-120
20 ii- 55
20 20-154
20 10- 71
20 28-110
20 28-118
20 23-106
20 26-118
20 26-115
20 45-135

# Column to be used to flag recovery and RPD values with an asterisk
* Values outside of QC limits

RPD: 25 out of 83 outside limits
Spike Recovery: 3 out of 166 outside limits

co~/~rs:

page 6 of 6 FORM III BNA-GC~4S
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Environmental Testing & Consulting, Inc.

Quality Control Reports
Level IV

Metals (ICP/GFAA/CV)
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579 697
ENVIRONMENTAL TESTING & CONSULTING, INC

ICP Metals Sequence Check List

Sequence ID : O t~ .’~OZ System ID : ICPI Date/Time: I-~ C’-,q I~

Instrument Profile Intensity Check (Manganese)

Initial Cahbrahon

a lnihal Cahbrahon Blank (STDI-Blank)

b lmttal Cahbratton Standard 1 (CI) 3 Exposures at less than 3% RSD

c Initial Cahbrahon Standard 2 (C2) 3 Exposures at less than 3% RSD

d Initial Calibration Standard 3 (C3) 3 Exposures at less than 3% RSD

e lmtial Cahbratlou Standard 4 (C4) 3 Exposures at less than 3% RSD

f Standardizahon Report

Anal3,st : -~ I..~
S u i)e rviso r:-’~’5 [’~

_q ~ ’-(el 

3 Initial Cahbrati0n Readback (+/- 5% Dff[erence Check Table)

a hutmlCahbratlon Standard 1 (CI)

b huhal Cahbration Standard 2 (C2)

c Iumal Cahbtation Standard 3 (C3)

d lluhal Calibration Standard 4 (C4)

4 In tial Cahbratlou VerlficaUon

Failures

,/
,/

,/

,/

e hutial Calibratton Blank (ICB) - All elements below MDL/MQL

f lmtial Cahbratton Verification ([CVI)- (5%)
c;¢ IXT ~C~’~.

g Low Level Check (LLC 1) - (20%)

h Low Level Check (LLC2)- (20%)

i lnterelement Correction Standard - Initial (ICSAB) - (20%)

J luterelemel~t Correction Standard - Final (ICSAB) - (20%)

,/

J

,/

/

(st

Colnu’lelltS

Applicable ETC Order Nos. for this sequence:

o, zo~ c-,¢’j)____ 5x:~7

C.,I 1 7 ~4,~4 -54 %’
~5"Z -gqL~
d~ Z’ c4(aO
:5"7¢ ,..,,.-5":fc~c,, I
d~4 c’,1 ,T ,’£4"5
:5-cW,.~

\\SERVERYETC_SOPRvle|aIs\AnalylicaI\ICP\ICP Metals 6010B 200 Check List 051000 doc
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’579 698
AutoSampler Report Table: PLASMA1

01/05/02 09:03:56 AM

Table Name: PLASMA1
Autosampler Type: TYPE TJASample Positions: 42/192 QC Positions: 19/19

# Sets: 1Rinse Station location is rack -I, pos. -i.

--- Racks ---

page 1

Rack # Type Usage #Pos Left Analyses/Pos
1 Aux. (L) Rack

STD/QC/BLANK 19 I02 Sample (16mm) Samples 0 13 Sample (16mm) Samples 0 14 Sample (16mm) Samples 0 15 Sample (16mm) Samples 42 1
--- Sample Sets ---

Set# Type Prepare? Description
Method #Pos Rack# StartPos

1 Normal No 010302 ...... ICPT 150 2 1
--- Preparation Info ---

Set# Uptake Uptake#2

No Samples Prepared.

Final Dil.Factor

Rack #I

Pos Row Col Sample Name
Set # #Used Type

(1...19 Not Used)

Rack #2

Pos Row Col Sample Name Set # #Used Type

1 1 1 V29AQ29 SB 1 -NA- Sample2 1 2 V15SO54 SB 1 -NA- Sample3 1 3 V29AQ29 LC 1 -NA- Sample4 1 4 V15S054 LC 1 -NA- Sample
5 1 5 020100101 1 -NA- Sample6 1 6 020100103 1 -NA- Sample7 1 7 011260201 D 1 -NA- Sample
8 1 8 011260201 1 -NA- Sample
9 1 9 011260201 MS 1 -NA- Samplei0 1 i0 011260201 MSD 1 -NA- SampleIi 1 ii CCBI 1 -NA- Sample12 1 12 CCVI 1 -NA- Sample13 2 1 11260201 5 1 -NA- Sample14 2 2 11260201 D 1 -NA- Sample15 2 3 20102601 1 -NA- Sample16 2 4 20102701 1 -NA- Sample17 2 5 CCB2 1 -NA- Sample18 2 6 CCV2 1 -NA- Sample19 2 7 11256402 10 1 -NA- Sample20 2 8 11256406 i0 1 -NA- Sample21 2 9 11256408 I0 1 -NA- Sample

000068



AutoSampler Report

Rack #2

Table: PLASMA1

Pos Row Col

22 2 10
23 2 ii
24 2 12
25 3 1
26 3 2
27 3 3
28 3 4
29 3 5
30 3 6
31 3 7
32 3 8

33 3 9
34 3 10
35 3 ii
36 3 12
37 4 1
38 4 2
39 4 3
40 4 4
41 4 5
42 4 6
43 4 7
44 4 8
45 4 9
46 4 I0
47 4 ii
48 4 12

Sample Name

11255201 PDS
11253802 PDS
11257101
11258404
11258406
11258609
11258609 5
CCB3
CCV3
11258603 5
11258613 PDS
11258613 DT
11255101 MSD
11258614
11258614 MS
11258614 MSD
11262101
11262101 D
11262101 MS
CCB4
CCV4
11262201
11262202
11262203
11262204
11262205
11262206

Rack #3

Pos Row Col

1 1 1
2 1 2
3 1 3
4 1 4
5 1 5
6 1 6
7 1 7
8 1 8
9 1 9

10 1 I0
ii 1 ii
12 1 12
13 2 1
14 2 2
15 2 3
16 2 4
17 2 5
18 2 6
19 2 7
20 2 8
21 2 9

Sample Name

11262207
11262208
11262208 MS
11262208 MSD
CCB5
CCV5
11259701
11259702
11254303
11254304
V29AQ28 SB
V29AQ28 LC
11262301
11262302
11254302
11254305
CCB6
CCV6
11254306
11249601
11246001

01/05~02 09:03:56 AM

Set # #Used Type

1 -NA- Sample
1 -NA- Sample
1 -NA- Sample
1 -NA- Sample
1 -NA- Sample
1 -NA- Sample
1 -NA- Sample
1 -NA- Sample
1 -NA- Sample
1 -NA- Sample
1 -NA- Sample
1 -NA- Sample
1 -NA- Sample
1 -NA- Sample
1 -NA- Sample
1 -NA- Sample
1 -NA- Sample
1 -NA- Sample
1 -NA- Sample
1 -NA- Sample
1 -NA- Sample
1 -NA- Sample
1 -NA- Sample
1 -NA- Sample
1 -NA- Sample
1 -NA- Sample
1 -NA- Sample

Set #

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

#Used Type

-NA- Sample
-NA- Sample
-NA- Sample
-NA- Sample
-NA- Sample
-NA- Sample
-NA- Sample
-NA- Sample
-NA- Sample
-NA- Sample
-NA- Sample
-NA- Sample
-NA- Sample
-NA- Sample
-NA- Sample
-NA- Sample
-NA- Sample
-NA- Sample
-NA- Sample
-NA- Sample
-NA- Sample

579 699
page 2
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579 200
Aut oSampler Report

Rack #3

Pos Row Col

22 2 i0
23 2 II
24 2 12
25 3 1
26 3 2
27 3 3
28 3 4
29 3 5
30 3 6
31 3 7
32 3 8
33 3 9
34 3 I0
35 3 ii
36 3 12
37 4 1
38 4 2
39 4 3
40 4 4
41 4 5
42 4 6
43 4 7
44 4 8
45 4 9
46 4 i0
47 4 ii
48 4 12

Rack #4

Pos Row Col

1 1 1
2 1 2
3 1 3
4 1 4
5 1 5
6 1 6
7 1 7
8 1 8
9 1 9

i0 1 i0
Ii 1 ii
12 1 12
13 2 1
14 2 2
15 2 3
16 2 4
17 2 5
18 2 6
19 2 7
20 2 8
21 2 9

Table: PLASMA1

Sample Name

11246001 MS
11246001 MSD
V15S061 SB
V15S061 LC
11254502
11254504
11254506
CCB7
CCV7
11254509
11254511
11254513
11254515
11254518
11254520
11254522
CCB8
CCV8
ICSA
ICSAB

empty )
empty )
empty )
empty )
empty )
empty )
empty )

Sample Name

empty
empty
empty
empty
empty
empty
empty
empty
empty
empty
empty
empty
empty
empty
empty
empty
empty
empty
empty
empty
empty

01/05/02 09:03:56 AM

Set # #Used Type

1 -NA- Sample
1 -NA- Sample
1 -NA- Sample
1 -NA- Sample
1 -NA- Sample
1 -NA- Sample
1 -NA- Sample
1 -NA- Sample
1 -NA- Sample
1 -NA- Sample
1 -NA- Sample
1 -NA- Sample
1 -NA~ Sample
1 -NA- Sample
1 -NA- Sample
1 -NA- Sample
1 -NA- Sample
1 -NA- Sample
1 -NA- Sample
1 -NA- Sample
1 -NA- -NA-
1 -NA- -NA-
1 -NA- -NA-
1 -NA- -NA-
1 -NA- -NA-
1 -NA- -NA-
1 -NA- -NA-

Set # #Used Type
......................

1 -NA- -NA-
1 -NA- -NA-
1 -NA- -NA-
1 -NA- -NA-
1 -NA- -NA-
1 -NA- -NA-
1 -NA- -NA-
1 -NA- -NA-
1 -NA- ~NA-
1 -NA- -NA-
1 -NA- -NA-
1 -NA- -NA-
1 -NA- -NA-
1 -NA- -NA-
1 -NA- -NA-
1 -NA- -NA-
1 -NA- -NA-
1 -NA- -NA-
1 -NA- -NA-
1 -NA- -NA-
1 -NA- -NA-

page 3
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579 703

Lab Name

Date/Time of Sequence

Concentration Units: ug/L

FORM 4
INTERFERENCE CHECK SAMPLE

ICP METALS

Environmental Testing and Consulting, Inc

01/03/02 0918 Instrument I CPT

True Initial Found Final Found
Sol Sol Sol

Analyte AB AB %REC AB %REC
Silver 200 211 106 206 103
Aluminum 250000 251000 100 246000 98
Arsenic 200 204 102 201 101
Barium 200 209 105 204 102
Calcium 250000 252000 101 244000 98
Cadmium 200 195 98 193 97
Chromium 200 197 99 194 97
Iron 100000 101000 101 99000 99
Magnesium 250000 25400O 102 246000 99
Manganese 200 205 103 200 100
Lead 2O0 202 101 196 98
Selenium 200 202 101 197 99

True Initial Found Final Found
Sol Sol Sol

Analyte A A %REC A %REC
Silver 0 ND 0 ND 0
Aluminum 250000 251000 100 248000 99
Arsenic 0 ND 0 ND 0
Barium 0 ND 0 ND 0
Calcium 250000 254000 102 247000 99
Cadmtum 0 ND 0 ND 0
Chromtum 0 ND 0 ND 0
Iron 100000 101000 101 99900 I00
Magnesium 250000 254000 102 247000 99
Manganese 0 ND 0 ND 0
Lead 0 ND 0 ND 0
Selenium 0 ND 0 ND 0

%R - Recovery should be within 20%.

ICPT 010302 SVERDRUP.xlsForm 4 Int Check
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"~’ ENVIRONMENTAL TESTING
& CONSULTING, INC

MercutT Sequence Check List

Lt’3
Instrument ID. CETAC M-6000A

General Maintenance Check
a Lamp Warm-up [/.~.
b Pump W,ndmg

[1,"]"
c Check GLS

[t....]
d Nation DfTer [/..,}/

Dat T, e: jJ O. A)q4#

Action Taken

Analyst’ ,)/L~
Supervisor.

2 Sequence Check List
Initial Cahbrahon
a Imtlal Calibration Blank (STDI-Blank)
b [ntttalCahbrauon Standard I 0 20 ug/L
c Initial Calibration Standard 2 1 0 ug/L
d Initial Cahbrahon Standard 3 2 0 ug/L
e [nmal Cahbratlon Standard 4 5 0 ug/L

f Inmal Cahbratton Standard 5 l0 0 ug/L

J

J

6

3 Recession coefficient (mmmlum = 0 995)

Imtlal Calibration Blank ([CB) - All elements below MQL

Water = 0 20 ug/L Sod = 0.02 m~d’K.g

5 lnmal Cahbratlon VenficaUon (ICV) - 2cud Source SRN-

Concentration 5 0 ug/L +/- 10% Found.

°Difference. ~--

Continuing Calibration Blank (CCB) - All elements bclow MQL indicate by /

ro 0 ro ~, r0 (..) 0 rO ~ ~a m
tO tO 0 ~

m
ro

0 r.) rO r0 0 ro (3 tO fO. ~ 0 ¢..) t0 r0 0

7 Continuing Cahbratlon Venfication (CCV) - Range- EPA 90-110% SW-846 80-120%

All elements ’,vzthm QC bruits indicate by ~ (Concentration same as ICV) SPUN: kj--~-’~.fl ~]

Applicab[¢ ETC Order I~os. for this sequence:

6~],~.6 vc.q,¢(O~ ..a-~ .r,-.5 L
~/L~c’2 ~ !12t.5-q BLK Oils -- --±!.~22 i/~&.q L il~.t?c,

Ii~-Ci _
- ~ . ~ tl,,~d.C

\kServcr\etc_sop~’letalskAn.aly.dca[’uMercurykMercuty 7000 Check List 053000.doc
~-)00074
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579 709

Environmental Testing & Consulting, Inc.

Quality Control Reports
Level IV

GC/MS Volatiles
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5 7 9 710

ENVIRONMENTAL TESTING & CONSULTING, INC
GC/MS VOC Method 8260B Sequence Check List (SW-846)

Sequence ID: \l u~ \~x Matrix:
Date: C6[-~:~IcA
Applicable ETC Order Nos. for this sequence:

HBN:
Analyst _~
Super

Validated

1. BFB Daily 12-Hour Tune Meets Criteria. No analyses begins until criteria are met.
2. Initial Calibration Verification Criteria - Method : ~d q X ¢Y~.q"~-~’ct~o.

a. SPCC - Mean RF > =0.10 (> =0.30 for Chlorobenzene / 1122-Tetraehloroethene)
b. CCC - RSD of RF for CCCs and Target Analytes MUST BE< = 30%

C. RSD of analytes < =15% may use Average RF for quantitation
d. Analytes w/RSD > 15% use Linear Regression - correlation coefficient > =0.99

(soP)

3. Calibration Verification - Each 12,-Hour Shift
a. SPCC - Mean RF > =0.10 (> =0.30 for Chlorobenzene / l122-Tetrachloroethene)
b. CCC - % Difference for Average RF Calibration - < =20%
c. CCC - % Drift for Linear Regression Calibration - < =20%

d. % DiffereneeJ% Drift for all other Target Analytes - < =30%

e. Internal Standards - Retention Times within +1-30 seconds from Mid-]Point ICAL STD
f. Internal Standards - Areas within (-50% to +100%) form Mid-]Point ICAL b’rD

4. Method Blanks included in this sequence :
Analyze daily or for each analytical batch (20 samples):
List compounds identified in Method Blank w/concentration.
Flag final result "B-Detected in Blank"
~’t’~,~ ~,q3,r ~ ~.,~,~.~ IL

5. Matrix Spike/Matrix Spike Duplicates included in this sequence :
Analyze daily or for each matrix (ms/msd per 20 samples of same matrix)
List MS/MSD(s) p6rformed with any failures 

6. Laboratory Control Samples included in this sequence :
Must contain all Target Analytes.

7. Surrogate Recoveries within QC Limits

J

8. All positive compounds within calibration range

Narrative/Notes :

i/

Form Datc 09/13/01
000080,^ ..... , ....... k~t~n~r~4q V~" R~NR Check L~st 091201 doe



FORM 5
VOLATILE ORGANIC INSTRUMENT PERFORMANCE CHECK

BROMOFLUOROBENZENE (BFB)

Lab Name: ETC, INC.

Lab Code:

Lab File ID: 0101001

Instrument ID: VOC4

GC Column:

Case No.:

Contract:

ID: 2.00 (mm)

579, .711

SAS NO.: SDG NO.: 0112602

BFB Injection Date: 12/21/01

BFB Injection Time: 1403

Heated Purge: (Y/N) 

m/e

5O
75
95
96

173
174
175
176
177

ION ABUNDANCE CRITERIA
=====================================================

15.0 - 40.0% of mass 95
30.0 - 60.0% of mass 95
Base Peak, 100% relative abundance
5.0 - 9.0% of mass 95
Less than 2.0% of mass 174
Greater than 50.0% of mass 95
5.0 - 9.0% of mass 174
95.0 - 101.0% of mass 174
5.0 - 9.0% of mass 176

1-Value is % mass 174 2-Value is % mas, i

46.3
100.0

6.9
0.0 ]----~

65.4
4.8 7--77D-f

65.2 ( 99.7)1
4.3 ( 6.7)2

176

THIS CHECK APPLIES TO THE FOLLOWING SAMPLES,

01
02
03
04
05
06
07
08
09
I0
ii
12
13
14
15
16
17
18
19
20
21
22

EPA
SAMPLE NO.

V412211LCS
DSCI00PPB
V412212LCS
DSCI00PPB
V412211LB
011260201
011262302
011262302MS
011262302MSI

LAB
SAMPLE ID

ILCS

2LCS

MS, MSD, BLANKS, AND STANDARDS:

DATE
ANALYZED

TIME
ANALYZED

LAB
FILE ID

V412211LB
011260201
011262302
MS
MSD

0201002LCS
0201002
0202003LCS
0202003
0402005
0701008
1101012
2001021
2101022

12/21/Ol
12/21/Ol
12/21/Ol
12/21/Ol
12/21/Ol
12/21/Ol
12/21/01
12/22/01
12/22/01

1417
1417
1452
1452
1645
1818
2022
0059
0130

page 1 of 1

FORM V VOA
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579 71Z’
Lab Name: ETC, INC.

Lab Code:

Instrument ID: VOC4

Lab File ID: 0201002

Heated Purge: (Y/N) 

GC Column: ID:

FORM 7
VOA-GCMS CONTINUING CALIBRATION CHECK

Contract:

Case No.: SAS No.:

Calibration Date: 12/21/01

Init. Calib.

Init. Calib.

2.00 (mm)

SDG No.: 0112602

Time: 1417

Date(s): 10/24/01 10/24/01

Times: 1433 1946

COMPOUND
===========================

Acetone
Acetonitrile
Acrolein
Acrylonitrile
Allyl chloride"
Benzene
Bromobenzene
Bromochloromethane
Bromodichloromethane
Bromoform
2-Butanone
Bromomethane
n-Butylbenzene
sec-Butylbenzene
tert-Butylbenzene
Carbon Disulfide
Carbon Tetrachloride
Chlorobenzene
Chlorodibromomethane
Chloroethane
2-Chloroethyl vinyl ether
Chloroform
Chloromethane
Chloroprene
2-Chlorotoluene
4-Chlorotoluene
1,2-Dibromo-3-chloropropane
1,2-Dibromoethane
Dibromomethane
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
cis-l,4-Dichloro-2-butene
trans-l,4-Dichloro-2-butene
Dichlorodifluoromethane --

~il-Dichloroethane2-Dichloroethane

xo6.91 lOO.O
10281 1000

94.201 100.(
99.07 100.(
87.62 I00.(
98.31 100.(
102.8 100.0
97.16 100.0
93.54 100.0
105.1 i00.0
103.4 100.0
86.79 100.0
94.38 100.0
81.13 i00.0
103.5 100.0
102.0 100.0
98.14 100.0
92.98 100.0
92.18 i00.0
104.3 I00.0
84.83 i00.0
94.34 100.0
i00.i 100.0
93.58 i00.0
109.8 i00.0
107.2 i00.0
89.22 100.0
90.92 100.0
91.00 i00.0
91.93 100.0
94.14 100.0
89.46 100.0
114.2 i00.0
109.6 i00.0
I01.I i00.0
91.57 100.0
100.5 I00.

CURVE

AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG

%D

6.9
2.8
5.8
0.9

12.4
1.7
2.8
2.8
6.5
5.1
3.4

13.2
5.6

18.9
3.5
2.0
1.9
7.0
7.8
4.3

15.2
5.7
0.i
6.4
9.8
7.2

10.8
9.1
9.0
8.1
5.9

10.5
14.2

9.6
I.I
8.4
0.5

%d

30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
20.0~
30.01
30.01
30.01
30.01
30.01
30.01
30.01
30.01
30.01
30.01
30.01
30.01
30.01
30.01
30.01

page I of 3
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Lab Name: ETC, INC.

Lab Code:

Instrument ID: VOC4

Lab File ID: 0201002

Heated Purge: (Y/N) 

GC Column: ID:

FORM 7
VOA-GCMS CONTINUING CALIBRATION CHECK

Contract:

Case No.: SAS No.:

Calibration Date: 12/21/01

Init. Calib. Date(s): 10/24/01

Init. Calib. Times: 1433

2.00 (rm’n)

$DG No.: 0112602

Time: 1417

lO/24/Ol

1946

COMPOUND

l,l-Dichloroethene
cis-l,2-Dichloroethene
trans-l,2-Dichloroethene
1,2-Dichloropropane
1,3-Dichloropropane
2,2-Dichloropropane
l,l-Dichloropropene
cis-l,3-Dichloropropene
trans-l,3-Dichloropropene
Di isopropyl ether
1,4-Dioxane
Ethyl Acetate
Ethylbenzene
Ethyl methacrylate
Furan
Hexachlorobutadiene
Hexane
2-Hexanone
Iodomethane
Isobutyl Alcohol
Isopropylbenzene
4-Isopropyltoluene
Methacrylonitrile
Methylene Chloride
Methyl methacrylate
4-Methyl-2-Pentanone
Methyl-tertbutyl-Ether
Naphthalene
Propionitrile
n-Propyl Acetate

n-Propylbenzene
:Styrene
l,l,l,2-Tetrachloroethane
l,l,2,2-Tetrachloroethane
Tetrachloroethene
Tetrahydrofuran
1,2,3-Trichlorobenzene

SAMPLE
AMOUNT

86.25
88.86
85.04
96.34
88.94
102.0
100.4
92.53
101.8
96.44

2110
100.9
96.57
166.4
150.1
90.86
103.6
86.261
131.0

1840
i00.i
106.7
979.2
100.4
185.4
92.82
103.8
95.77

1026
158.3
107.3
99.10
98.49
84.27
83.52
87.40
98.34

CALl00
AMOUNT

i00.0
i00.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
i00.0

2000
i00.0
i00.0
200.0
153.0
i00.0
117.0
i00.0
i00.0

2000
i00.0
i00.0

i000
100.0
200.0
100.0
100.0
i00.0

i000
151.0
i00.0
i00.0
100.0
100.0
100.0
91.50
100.0

CURVE

AVRG
AVRG
AVRG
LINR
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
LINR
AVRG
AVRG
AVRG
AVRG
AVRG
LINR
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG

%D

13.8
ll.1
15.0

3.7
ii.i

2.0
0.4
7.5
1.8
3.6
5.5
0.9
3.4

16.8
1.9
9.1

11.4
13.7
31.0

8.0
0.i
6.7
2.1
0.4
7.3
7.2
3.8
4.2
2.6
4.8
7.3
0.9
1.5

15.7
16.5

4.5
1.7

~MAX
%d

20.0
30.0
30.0
20.0
30.01
30.01
30.01
30.01
30.01
30.01
30.OJ
30.01
20.01
30.01
30.01
30.01
30.01
30.01
30.01
30.01
30.01
30.01
30.01
30.01
30.01
30.01
30.01
30.01
30.01
30.0I
30.oI
30.0
30.0
30.01
30.01
30.01
30.01

page 2 of 3
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5’79 714

Lab Name: ETC, INC.

Lab Code:

Instrument ID: VOC4

Lab File ID:

Heated Purge:

GC Column:

0201002

(Y/N) 

ID: 2.00

FORM 7
VOA-GCMS CONTINUING CALIBRATION CHECK

Contract:

Case No.: SAS No.:

Calibration Date: 12/21/01

Init. Calib. Date(s):

Init. Calib. Times:

(mm)

SIX] No.: 0112602

Time: 1417

10/24/01 10/24/01

1433 1946

COMPOUND

Toluene
l,l,l-Trichloroethane
l,l,2-Trichloroethane
l,l,2-trichloro-l,2,2-tr--~
Trichloroethene
Trichlorofluoromethane
1,2,3-Trichloropropane
1,2,4-Trimethylbenzene
1,2,4-Trichlorobenzene
1,3,5-Trimethylbenzene--
Vinyl Acetate
Vinyl Chloride
Xylene-mp
Xylene-o

SAMPLE
AMOUNT

78.03
91.06
86.47
91.22
82.95
102.5
103.2
105.1
99.34
105.0
90.40
104.6
187.7
94.80

Dibromofluoromethane 50.17
Toluene-d8 47.23
Bromofluorobenzene 55.68
1,2-Dichloroethane-d4 52.05

CALl00
AMOUNT

100.0
i00.0
i00.0
i00.0
100.0
100.0
i00.0
100.0
i00.0
100.0
100.0
i00.0
200.0
100.0

50.00
50.00
50.00
50.0~

CURVE

AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG

AVRG
AVRG
AVRG
AVRG

MAXl
%D %d

22.0 20.01
8.9 30.01

13.5 30.0]
8.8 30.01

17.0 30.01
2.5 30.01
3.2 30.01
5.1 30.01
0.7 30.01
5.0 30.0]
9.6 30.01
4.6 20.0i
6.2 30.01
5.2 30.01

0.3 30.01
5.5 30.01

11.4 30.01
4.1 30.01

page 3 of 3
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Lab Name: ETC, INC.

Lab Code:

Instrument ID: VOC4

Lab File ID: 0202003

Heated Purge: (Y/N) 

GC Column: ID:

FORM 7
VOA-GCMS CONTINUING CALIBRATION CHECK

Contract:

Case No.: SAS No.:

Calibration Date: 12/21/01

Init. Calib. Date(s): 10/24/01

Init. Calib. Times: 1433

2.00 (mm)

5,79

SDG No.: 0112602

Time: 1452

10/24/01

1946

715

COMPOUND

Toluene
============================

Dibromofluoromethane
Toluene-d8
Bromofluorobenzene
1,2-Dichloroethane-d4

0.653
1.306
0.536
0.690

RRFI00

0.654
1.281
0.533
0.761

MIN
RRF

MAX
%D %D

4.1 20.0

0.2 30.0
1.9 30.0
0.6 30.0

10.3 30.0

FORM VII VOA-GCMS
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5’79 716
FORM 8

VOA-GCMS INTERNAL STANDARD AREA AND RT SUMMARY

Lab Name: ETC, INC.

Lab Code: Case No.:

Lab File ID (Standard): 0202003

Instrument ID: VOC4

GC Column: ID: 2.00 (mm)

Contract:

SAS No.: SDG No.:

Date Analyzed: 12/21/01

Time Analyzed: 1452

Heated Purge: (Y/N) 

0112602

01
02
03
04
05
06
07
O8
O9
i0
ii
12
13
14
15
16
17
18
19
20
21
22

.... ~ #

UPPER LIMIT 2301690
LOWER LIMIT 575423

====~===~==:

CLIENT
SAMPLE NO.

V412211LB
011260201
011262302
011262302MS
011262302MSI

1082051
986876
939724

1021364
1112557

IS2 (DFB) IS3 (CBZ)
RT # AREA # RT # AREA #

6.92 1896752 7.51 1912092
7.42
6.42

6.92
6.92
6.92
6.92
6.92

IS1 = Pentafluorobenzene
IS2 (DFB) = 1,4-Difluorobenzene
IS3 (CBZ) = Chlorobenzene-d5

3793504
948376

1653425
1699657
1613041
1826158
1908306

8.01
7.01

7.52
7.52
7.52
7.52
7.52

3824184
956046

1492564
1360729
1285255
1683678
1734938

RT #

10.21
9.21

9.72
9.71
9.71
9.71
9.72

AREA UPPER LIMIT = +100% of internal standard area
AREA LOWER LIMIT = - 50% of internal standard area
RT UPPER LIMIT = + 0.50 minutes of internal standard RT
RT LOWER LIMIT = - 0.50 minutes of internal standard RT

# Column used to flag values outside QC limits with an asterisk.
* Values outside of QC limits.

page 1 of 2
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FORM 8
VOA-GCMS INTERNAL STANDARD AREA AND RT SUMMARY 579

Lab Name: ETC, INC.

Lab Code: Case No.:

Lab File ID (Standard): 0202003

Instrument ID: VOC4

GC Column: ID: 2.00 (mm)

Contract:

SAg No.: SDG No.:

Date Analyzed: 12/21/01

Time Analyzed: 1452

Heated Purge: (Y/N) 

0112602

01
O2

O3
04
O5

06
07
O8
09
i0
ii
12
13
14
15
16
17

18
19
20
21
22

12 HOUR STD
UPPER LIMIT
LOWER LIMIT

CLIENT
SAMPLE NO.

V412211LB
011260201
011262302
011262302MS
011262302MSD

IS4(DCB)
AREA #

715184
1430368

357592

634402
583986
550098
658638
651137

RT #

11.53
12.03
11.03

11.53
11.54
11.54
11.54
11.54

AREA # RT # AREA # RT #

717

IS4 (DCB) = 1,4-Dichlorobenzene-d4

AREA UPPER LIMIT = +100% of internal standard area
AREA LOWER LIMIT = - 50% of internal standard area
RT UPPER LIMIT = + 0.50 minutes of internal standard RT
RT LOWER LIMIT = - 0.50 minutes of internal standard RT

# Column used to flag values outside QC limits with an asterisk.
* Values outside of QC limits.

page 2 of 2
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,579 718
ENVIRONMENTAL TESTING & CONSULTING, INC

GC/MS VOC Method 8260B Sequence Check List (SW-846)

 a,rix
Date:/~ 9 -~

HBN:

Applicable ETtfi O_rderNos. for this seque~ep: _

L///e - -ffOZ - i,
://~ - 6~- I-#L. 0~o1_07y7_1---~

1. BFB Daily 12-Hour Tune Meets Criteria. No analyses ]~egips~til criteria are njet. (SOP)
2. Initial Calibration Verification Criteria- Method://~/~:~’7], ~’~:,0~

a. SPCC - Mean RF > =0.10 (> =0.30 for Chlorobenze~ene / [122-Tetrachloroethene)
b. CCC - RSD of RF for CCCs and Target Analytes MUST BE< = 30%
c. RSD of analytes < =15% may use Average RF for quantitation
d. Analytes w/RSD >15% use Linear Regression - correlation coefficient > =0.99

3. Calibration Verification - Each 12-Hour Shift
a. SPCC - Mean RF > =0.10 (> =0.30 for Chlorobenzene I l122-Tetrachlornethene)
b. CCC - % Difference for Average RF Catibration - < =20%
c. CCC - % Drift for Linear Regression Calibration - < =20%
d. %ADiffe~ence/% Drift for all other Target AILalyt~s - ~<~ =~;0~

e. Internal Standards - Retention Times within +1-30 seconds from Mid-Point ICAL STD
f. Internal Standards - Areas within (-50% to +100%) form Mid-Point ICAL STD

4. Method Blanks included in this sequence :
Analyze daffy or for each analytical batch (20 samples):
List compounds identified in Method Blank w/concentration.

5. Matrix Spike/Matrix Spike Duplicates included in this sequence :
Analyze daily or for each matrix (ms/msd per 20 samples of same matrix)
List ~tS/]VI.SD~(~) p~ar~edj~th~anyfaffures /7

__ I, /2,/1 ~’~ ~ Z ~O I f7-7~, f77.~ ~ //_-~

~ -
_ .

.--
6. Laboratory Control Samples mcluded m thi~ sequence :Must contain aff Target Analytes. ~/~.’J ,

7. Surrogate Recoveries within QC Limits

½/

8. All positive compounds within calibration range

Narrative/Noles :

Form Date 09113/01
p \Organlcs~,gcmsvoD,8260~GCMS VOC 8260B Check List 091201 doc

~ ~ |~ ~’~ ~ 8



FORM 5
VOLATILE ORGANIC INSTRUMENT PERFORMANCE CHECK

BROMOFLUOROBENZENE (BFB)

Lab Name: ETC, INC.

Lab Code:

Lab File ID: 0101001

Instrument ID: VOC4

GC Column:

Case No.:

Contract:

ID: 2.00 (mm)

5 7 9

SAS No.: SDG NO.: 0112602

BFB Injection Date: 01/03/02

BFB Injection Time: 0835

Heated Purge: (Y/N) 

719

m/e ION ABUNDANCE CRITERIA % RELATIVE
ABUNDANCE

50 15.0 - 40.0% of mass 95
18.875

95
96

173
174
175
176
177

30.0 - 60.0% of mass 95"
48.1Base Peak, 100% relative abundance

I00.05.0 - 9.0% of mass 95
7.0Less than 2.0% of mass 174
0.0Greater than 50.0% of mass 95

57.65.0 - 9.0% of mass 174
5.095.0 - 101.0% of mass 174

57.4 ( 99.6)15.0 - 9.0% of mass 176
3.7 ( 6.5)2

1-Value is % mass 174
2-Value is % mass 176

THIS CHECK APPLIES TO THE FOLLOWING SAMPLES,

01
02
03
O4
O5
06
O7
O8
O9
I0
Ii
12
13
14
15
16
17
18
19
20
21
22

EPA
SAMPLE NO.

V401031LCS
DSCI00PPB
V401031LB
011262301
011260201
011260201
011260202
011262301MS
011262301MSD

MS, MSD, BLANKS, AND STANDARDS:

LAB
SAMPLE ID

ILCS

ILB
011262301
011260201
011260201
011260202
MS
MSD

LAB DATE TIME
FILE ID ANALYZED ANALYZED

0201002LCS
0201002
0303005
0501007
0701009
0801010
0901011
1801020
1901021

01/03/02 0857
01/03/02 o857
01/03/02 1103
01/03/02 1210
01/03/02 1313
01/03/02 1345
01/03/02 1416
oi/o3/o2 1859
01/03/02 1930

page 1 of i
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Environmental Testing & Consulting, Inc.

Quality Control Reports
Level IV

GC/MS Semi-Volatiles
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ENVIRONMENTAL TESTING & CONSULTING, INC
GC/MS BNA Sequence Check List (SW-846) 579 749

Seque~qe [D ..~ tOI D’~f)IDate /4!0"l.
Applicable ETC Order Nos. for this scuuence.
o l:Z oo _ " "

Validated

1. DFTPP Daily 12-Hour Tune Meets Criteria. No analysis begins until criteria are met. (SOP)
2. Degradation/Peak Tailing Check (may be combined with DFTPP Tune):

a. DDT to DDE/DDD <=20% Benzidine/PCp - Normal Response with no visible peak tailing.

2. Initial Calibration Verification Criteria - Method : ~:~//~0//’/’}1

a. SPCC- Mean RF >=0.050

b. CCC - RSD of RF for CCCs and Target Analytes MUST. BE <=30 %

c. RSD of analytes <=15% may use Average RF for quantitation

d. Analyles w/RSD >15 % use Linear Regression - correlation coefficient >=0.99

3. Calibration Verification - Each 12-Hour Shift

a. sPcc- RF >=0.050

b. CCC - % Difference for Average RF Calibration - <=20%

e. CCC - % Drift for Linear Regression Calibration. <=20%

d. % Differentce/% Drift for an other Target Analytes - <=30~o~. ¢~

~v,h-,-,anl lin9, ~ ~ ,~ae,
e. Internal Standards - Retention Times wit[tin +/-~’30 seconds’from Mid.Point ICAL STD
f. Internal Standards - Areas within (-50% to +100%) from Mid-Point ICAL STD

3. Method Blanks included in this sequence :
Analyze for each analytical batch (20 samples):
List compounds identified in Method Blank w/concentration.

~finai rf~ult ~4~-Detected in Blank"O l rZ.z45 .- OIL

4. Matrix Spike/Matrix Spike Duplicates ineluded-in4his-sequenee : ,,,A
Analyze for each anal~ieal batch (20 samples) . List MS/MSD(s) performed with any failures I’~7~-

w"5. Laboratory Control Samples included in this sequence :

%t contain all Target Aualvtes, ~ ~ ] io ~0 ,jN.~Ij.. ~ t~l.~£//i,]l~

6. Surrogate Recoveries within QC Limits ~6 0[ 3 ~’~ ~])~’~" / //

7. All positive compounds within calibration range Y

Narrative/Notes :

HAQAQC~QCPACK\CHKLIST~GCBNA DOC

O00136



DFTPP TUNE/TAILING FACTOR/DEGRADATION SUMMARY RESULTS
O
u~ DFTPp Ion Abundance/Ratio Criteria Chart -
r~ II°nl

Abundance Criteria
+

+
] Base Peak Other ITestI

+r~ 198 Base Peak, 100% relative abundance
I00.00 PASSLo

51
681
6,c

7C
127
197
199
275
365
441
442
443

30 - 60% of mass 198
Less than 2% of mass 69
Mass 69 relative abundance
Less than 2% of mass 69

40 60% of mass 198
0 - 1% of mass 198
5 - 9% of mass 198

i0 - 30% of mass 198
Greater than 1% of mass 198
Present, but less than mass 443
Greater than 40% of mass 198

51.39 PASS
0.00 ( 0.00) PASS

58.23 PASS
0.31 ( 0.52) PASS

55.79 PASS
0.00 PASS
7.06 PASS

27.41 PASS
3.50 PASS

12.39 (78.76) PASS
78.30 PASS17 - 23% of mass 442
15.73 (20.09) PASS

TAILING ANALYSIS SU594ARY

T +Compound
. ITail Factor IMaxAllowedlTestl

==============================================================entachlorophenol I 0.64893621 5.000 PASSI

IBenzidine I 1.15829151 3 0001PASSI
==============================================================

DDT DEGRADATION BREAKDOWN ANALYSIS SUMMARY

+___ Compound I Response 1%Breakdown IMax ~lowedTTest

633398 1 IN/A
4,4-DDE 0 I 0.0 15.0 IPASS
4,4-DDD 26453 1 4.0 15.0 IPASS

4,4-DDD + DDE 26453 I 4.0 15.0 IPASSi

Tuning Sample, //ETCBDC/DD/chem/bnal.i/BIOIO3OI.B/OIOIOOI.D/OIOIOOI.D,*** PASSED **

W*WW~WW*~W*WWW



FORM 5
SEMIVOLATILE ORGANIC INSTRU~ PERFORMANCE CHECK

DECAFLUOROTR I PHENYLPHOS pH INE (DFTPP)

Lab Name: ETC, INC. Contract:

Lab Code: Case No. :

Lab File ID: 0101001

Instrument ID: BNAI

579

SAS No.: SDG NO.: 0112602

DFTPP Injection Date: 01/03/02

DFTPP Injection Time: 1530

m/e i ION ABUNDANCE CRITERIA % RELATIVE
ABUNDANCE

~ , 30.0 - 60.0% of mass 198
68 I Less than 2.0% of mass 69 51.4

o.o 69 J Mass 69 relative abundance
58.270 I Less than 2.0% of mass 69

0.3127 i 40.0 - 60.0% of mass 198
55.8197 i Less than 1.0% of mass 198

0.0198 i Base Peak, 100% relative abundance
i00.0199 I 5.0 to 9.0% of mass 198

7.1275 J I0.0 - 30.0% of mass 198
27.4365 J Greater than 1.0% of mass 198

3.50441 J Present, but less than mass 443
12.4442 i Greater than 40.0% of mass 198
78.3443 I 17.0 - 23.0% of mass 442
15.7

1-Value is % mass 69 2-Value is % mass 442

THIS CHECK APPLIES TO THE FOLLOWING SAMPLES, MS, MSD, BLANKS, AND STANDARDS:

EPA LAB LAB DATE TIMESAMPLE NO. SAMPLE ID FILE ID ANALYZED ANALYZED

13
14
15
16
17
18
19
2O
21
22

01 8270 CVI
02 P07012LB
03 P07012LCS
04 P07012LCSD
05 011260202
O6
O7
08
09
i0
ii
12

P07012LB
P07012LCS
P07012LCSD
011260202

0202004
0301005
0401006
0501007
0601008

01/03/02
Ol/O3/O2
01/03/02
oi/03/o2
01/03/02

1653
1715
1737
1758
1820

page 1 of 1
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579 752

Lab Name : ETC,

Lab Code :

Instrument ID: BNAI

Lab File ID: 0202004

GC Column: DB- 5MS

FORM 7
BNA-GCMS CONTINUING CALIBRATION CHECK

INC.
Contract :

Case No. : SAS No. : SDG No. : 0112602

Calibration Date: 01/03/02 Time: 1653

Init. Calib. Date(s): 12/29/01 12/29/01

Init. Calib. Times: 0923
1217

ID: 0.25 (mm)

COMPOUND

Acenaphthene
Acenaphthylene
Acetophenone
Aniline
Anthracene
Benzidine
Benz(a)Anthracene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(ghi)perylene
Benzo(a)pyrene
Benzoic acid
Benzyl alcohol
Bis(2-chloroethoxy)methane
Bis(2-chloroethyl)ether
Bis(2-chloroisopropyl)eth--h-~--
Bis(2-ethylhexyl)phthalate 
4-Bromophenyl phenyl ether---
Butyl benzyl phthalate --
Carbazole
4-Chloroaniline
Chlorobenzilate
4-Chloro-3-methylphenol
2-Chloronaphthalene
2-Chlorophenol
4-Chlorophenyl phenyl ether
Chrysene
Dibenz(a,h)anthracene
Dibenzofuran
Di-n-butyl phtb~late
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
3,3’-Dichlorobenzidine
2,4-Dichlorophenol
2,6-Dichlorophenol
Diethyl phthalate

SAMPLE
AMOUNT

51.27
53.27
54.14
57.24
51.73
94.02
50.93
53.12
54.45
48.92
55.99
48.46
55.05
53.67
54.97
55.98
48.54
55.45
48.86
59.31
51.57
44.92
52.95
53.25
53.98
49.73
51.22
52.63
50.9O
45.94
53.80
52.63
53.16
62.74
53.38
55.09
49.08

CAL50
AMOUNT

50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
5o.ooI
5o.ooI
50.00
50.00

CURVE

AVRG
AVRG
AVRG
AVRG
AVRG
LINR
AVRG
AVRG
AVRG
AVRG
AVRG
LINR
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
LINR
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVEG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
2 OR/DR

%D

2.5
6.5
8.3

14.5
3.5

88.0
1.9
6.2
8.9
2.2

12.0i
3.1

i0.i
7.3
9.9

12.0
2.9

10.9
2.3

18.6
3.1

10.2
5.9
6.5
8.0
0.5
2.4
5.3
1.8
8.1
7.6
5.2
6.3

25.5
6.8

10.2
1.8

I MA
%d

20.
30.
30.
30.,
30.I
35.1 <-
30.1
30.(
30.(
30.(
20.(
35.(
30.(
30.(
30.(
30.(
30.(
30.£
30.C
30.C
30.C
35.C
20.C
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
:~0.0
~0.0
~0.0
~0.0
~0.0

page 1 of 3
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FORM 7
BNA-GCMS CONTINUING CALIBRATION CHECK

Lab Name: ETC, INC.

Lab Code:

Instrument ID: BNAI

Lab File ID: 0202004

GC Column: DB-5MS ID:

Contract:

Case No.: SAS No.: SDG No. :

579
i

0112602

Calibration Date: 01/03/02 Time: 1653

Init. Calib. Date(s): 12/29/01 12/29/01

Init. Calib. Times: 0923 1217

0.25 (mm)

753

COMPOUND

3,3-Dimethylbenzidine
2,4-Dimethyphenol
Dimethyl phthalate
4,6-Dinitro-2-meth~
2,4-Dinitrophenol
2,4-Dinitrotoluene
2,6-Dinitrotoluene ----
N-NitrsdiphylAm/Di~
Di-n-octyl phthalate
Ethyl methanesulfonate
Fluoranthene
Fluorene
Hexachlor--o-benzene
Hexachlorobutadiene
Hexachlorocyclopenta--d~ene
Hexachloroethane
Indeno(l,2,3-cd)pyrene
Isophorone
Methyl methanesul-fonate
2-Methylnaphthalene
2-Methylphenol
3&4-Methylpheno-][
Naphthalene
2-NitroanilTne
3-Nitroaniline

4-Nitroaniline
Nitrobenzene
2-NitrophenoT
4-Nitrophenol
N-Nitrosodibu~
N-Nitrosodiethylamine
N-Nitrosodimethylamine
N-Nitrosodi-n-propylamine
Pentachloronitrobenzene
Pentachlorophenol
Phenacetin
Phenanthrene

s~
AMOUNT

80.45
54.92
48.59
48.02
47.42
43.66
44.13
57.83
50.78
52.36
51.39
50.04
54.82
52.07
49.53
52.69
51.85
54.00
52.50
52.54
56.08
55.00
57.99
50.24
43.56
30.43
52.64
52.02
42.65
53.89
53.70
53.58
53.84
53.59
47.27
47.47
51.32

AMOUNT

5O.0O
5O.00
50.00
50.00
5O.OO
50.00
50.OO
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.00
50.0O
5O.00
50.00,
50.00
50.0
50.00
50.00
50.00
50.00
50.00
50.00
50.00

CURVE

20RDR
AVRG
AVRG
LINR
20RDR
AVRG
AVRG
AVRG
20RDR
AVRG
LINR
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
2ORDR
AVRG
20RDR
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
AVRG
LINR
AVRG
AVRG

%D

page 2 of 3
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579 754
Lab Name : ETC,

Lab Code :

Instrument ID: BNAI

Lab File ID: 0202004

GC Column: DB- 5MS

FORM 7
BNA-GCMS CONTINUING CALIBRATION CHECK

INC. Contract :

Case No. : SAS No. :

Calibration Date: 01/03/02

Init. Calib. Date(s): 12/29/01

Init. Calib. Times: 0923

ID: 0.25 (n~n)

SDG No.: 0112602

Time: 1653

12/29/01

1217

COMPOUND

Phenol
Pyrene
Pyridlne

1,2,4,5-Tetrachlorobenzene
2,3,4,6-Tetrachlorophenol --
1,2,4-Trichlorobenzene
2,4,5-Trichlorophenol
2,4,6-Trichlorophenol
1,2-Dphnylhydrzine/Az~

Nitrobenzene-d5
2-Fluorobiphenyl
Terphenyl-dl4
Phenol-d6
2,4,6-Tribromophenol
2-Fluorophenol

SAMPLE CAL50
AMOUNT AMOUNT

54.8 5o;;
50.32 50.00
56.01 50.00
56.29 50.00
54.74 50.00
51.94 50.00
53.68 50.00
54.10 50.00
59.99 50.00

51.58 50.00
52.64 50.00
41.71 50.00
54.49 50.00
48.67 50.00
54.03 50.00

MAX
CURVE %D %d

AVRG 9.7 20.0
LINR 0.6 30.0
AVRG 12.0 30.0
AVRG 12.6 30.0
AVRG 9.5 30.0
AVRG 3.9 30.0
AVRG 7.4 30.01
AVRG 8.2 20.01
AVRG 20.0 30.01

AVRG 3.2 30.01
AVRG 5.3 30.01
AVRG 16.6 30.01
AVRG 9.0 30.01
20RDR 2.7 30.01
AVRG 8.1 30.01

page 3 of 3
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FORM 8
BNA-GCMS INTERNAL STANDARD AREA AND RT SUMMARY 579

Lab Name: ETC, INC.

Lab Code: Case No.:

Lab File ID (Standard): 0202004

Instrument ID: BNAI

Contract:

SAS No.: SDG No.:

Date Analyzed: 01/03/02

Time Analyzed: 1653

0112602

01
O2
03
04
O5
O6
O7
O8
09
I0
ii
12
13
14
15
16
17
18
19
2O
21
22

12 HOUR STD
UPPER LIMIT
LOWER LIMIT

CLIENT
SAMPLE NO.

P07012LB
P07012LCS
P07012LCSD
011260202

ISI(DCB)
AREA #

693454
173364

376748
371537
343126
380079

IS2 (NPT)
RT # AREA #

4.92 1416790
5.42 2833580
4.42 708395

4.92 1469844
4.92 1501251
4.92 1424814
4.92 1498039

RT #

5.62
6.12
5.12

5.62
5.62
5.62
5.61

IS3(ANT)
AREA #

711030
1422060

355515

766544
799930
775332
800695

RT #

6.54
7.04
6.04

6.54
6.54
6.54
6.54

ISl (DCB) = 1,4-Dichlorobenzene-d4
IS2 (NPT) = Naphthalene-d8
IS3 (ANT) = Acenaphthene-dl0

AREA UPPER LIMIT = +100% of internal standard area
AREA LOWER LIMIT = - 50% of internal standard area
RT UPPER LIMIT = + 0.50 minutes of internal standard RT
RT LOWER LIMIT = - 0.50 minutes of internal standard RT

# Column used to flag internal standard area values with an asterisk.
* Values outside of QC limits.

755,

page 1 of 1

FORM VIII BNA-GC~S



$79 756
FORM 8

BNA-GCMS INTERNAL STANDARD AREA AND RT SUMMARY

Lab Name: ETC, INC.

Lab Code: Case No.:

Lab File ID (Standard): 0202004

Instrument ID: BNAI

Contract:

SAS No.: SDG No.:

Date Analyzed: 01/03/02

Time Analyzed: 1653

0112602

01
02
03
04

O5
06

O7
O8
09
I0

ii
12

13
14
15
16
17

18
19

2O
21
22

12 HOUR STD
UPPER LIMIT
LOWER LIMIT

CLIENT

SAMPLE NO.

P07012LB 1153015
P07012LCS 1052824
P07012LCSD 1240652
011260202 1318309

±S~(PHN)

AREA # RT #

893683 7.34
1787366 7.84

446842 6.84

IS5 (CRY)
AREA #i

429908
859816
214954

IS6 (PRY)
RT # AREA #

9.22 314353
9.72 628706
8.72 157177

i

7.33 568860
7.34 423850
7.33 676327
7.33 1146153*

9.22 422035
9.22 305307
9.22 467140
9.22 879786*

RT

11.32
11.82
10.82

11.32
11.32
11.32
11.32

IS4 (PHN) = Phenanthrene-dl0
IS5 (CRY) = Chrysene-dl2
IS6 (PRY) = Perylene-dl2

AREA UPPER LIMIT = +100% of internal standard area
AREA LOWER LIMIT = - 50% of internal standard area
RT UPPER LIMIT = + 0.50 minutes of internal standard RT
RT LOWER LIMIT = - 0.50 minutes of internal standard RT

# Column used to flag internal standard area values with an asterisk.
* Values outside of QC limits.

page 1 of 1
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Attachment I



HELP Model Input Parameters
Dunn Field, Memphis Depot

Weather Data

1 Evapotranspiration

IEvap°rative Zone Depth
IMximum leaf area index’ ~ Tennessee ]

2. Precipitation
1Default Precipitation: IMemphm, Tennessee I

3. Temperature
I Default Temperature: IMemphts, Tennessee I

4. Solar Radiation Data
IDefault Radiation: IMemphm, Tennessee I

Soil and Design Data

1. Dunn Field Area:

2 Percent of landfill area where runoff is possible:

3. Method of mitiahzatton of moisture storage:

4. Layer Data

Layer Type Layer ThicknessSoil Texture
(inches) Number

1 18 8
1 342 8
1 27O 2
1 27O 2

5 Runoff Cuwe
Slope’ 50%
Slope Length 1000 feet
Soil Texture: 8
Vegetation: 4

113 IAcres I

195% I

I N° I
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TABLE I-2

HELP Model Output Parameters
Dunn Field, Memphis Depot

Inches Std Deviations Cu. Feet Percent
Precipitation 54 52 7.39 2572799 100
~unoff 0.318 0.253 14991 0.58
EvapotranspIratton 35.22 2.26 1662194 64.6

Percolatton/Leakage thru
layer 4

7.50 7.69 353713 13.75

Change m water storage 11.48 12 29 541902 21
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APPENDIX D-1

Cost Estimates for the Disposal Sites Alternatives
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APPENDIX D-2

Cost Estimates for the VOC Soil Presumptive Remedy
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APPENDIX E

VOC (PCE, TCE & 1,1,2,2-PCA) Total Mass Calculations
and Cleanup Time Estimations
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Total Mass of PCE in loess (0-30 feet) and Clean-up Time Estimation

Treatment Depth Area Thickness VolumeStation ID Zones (if) (ft2) (ft) (ft3)

SBLEE* ~, 8-10 400 10 4,000
SBLCA* A 8-10 400 10 4,000
SBLCB A 8-10 10
SBLCD A 8-10 10
SBLEA A 8-10 219,200 lC 2,192,000
SBLDE A 8-10 10
iSBLDC A 8-10 10
SBLCA A 28-30 10
SBLCB A 28-30 10
SBLDC A 28-30 10
SBLCD A 28-30 10
SBLCF A 28-30 220,000 10 2,200,000
SBLDA A 28-30 10
SBLDE A 28-30 10
SBLDF A 28-30 10
SBLCA* A 14-16 400 1C 4,000
SBLEE A 14-16 10
SBLCD A 14-16 10
SBLCB A 14-16 10
SBLDC A 14-16 10
SBLEA A 14-16 219,600 1( 2,192,000
SBLDE A 14-16 lC
SBLDB A 14-16 lC
SBLDF A 14-16 1C
SBLDD A 14-16 1C
SBLBC E 28-30 10,000 1C 100,000
SBLAB F 8-10 14,400 1C 144,000
SBLAB F 28-30 lC
SBLBD F 28-30 14,400 1C 144,000

SBLAB F 14-16 1C
SBLBD F 14-16 14,400 10 144,000
SBLAA F 14-16 10
SBLFE G 8-10 1022,500 225,000SBLFG G 8-10 10
SBLFE G 28-30 22,500 10 225,000
SBLFE G 14-16 10
SBLFG G 14-16 22,500 I

10 225,000
SBLFD N/A 14-16 0 10 0

Conc.
(mg/kg)

44
19

0.0t5
0 007
0.00~
0.002

0 0009
0.31

0.013
0.008
0.007
0 006
0.005
0.003
0.002

19
0.056
0.025
0.017
0.005
0.00E
0.003

0.0008
0.0006
0.0004
0.0005
0 041
0 089

0.0005
0.14

0 00O~
0 00041
0.0311
0.025
0.006
0.018
0.002

Ave.
Conc. @
interval
(mg/kg)

N/A
N/A

0.00598

0.04425

N/A

0.01276

N/A
N/A

0 04475

0.04707

0 028

N/A

0.010

Bulk Density

(Ibs/ft3)

91.35
91.35
91 35
91.35
91 35
91 35
91.35
91.35
91.35
91.35
91.3!
91.35
91.35
91.35
91.35
91 35
91.35
91.35
91.35
91.35
91.35
91.35
91.35
91.35
91 35
91 35
91.35
91 35
91 35
91.35
91.35
91.35
91.35
91.35
91.35
91 35
91.35

Total Mass
(Ibs)

1 6078
0.6943

1 1974

8.8929

0.6943

2.5542

0.0046
0.5393

0.5887

0 6191

0.5755

0 1233

0.2055

0 005 N/A 91.35 0.000C
Total 18 2969
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Note:
1. Total mass of the contaminant = soil volume * so~l dry bulk denstty * the contaminant conc.in sod

Reference Book: Practical Destgn Calculations for Groundwater and Soil Remedtation (Kuo, J, 1998)
2. SVE areas were divided into four zones (A, E, F, and G), refer to attached figure
3 Soil analytical results were obtained from the 1999 investigatton.
4. Three vertical intervals (0-10’, 10-20’, and 20-30’) were used to calculate total mass of the contaminant in loess
5 Assumes the contaminant concentration detected m the 2 feet interval represents conc.in the 10 feet interval
6. * Hot soil analytical results, therefore 400 square feet soil around the sampling point was calculated for the interval.

Soil concentrations other than hot spots were averaged for treatment zones
7. N/A - Not Applicable
8. SVE recovery rate will decrease over the operation time, mass removal rates from the ptlot test were

averaged since the data obtained from the test were not conbnually decrease
9. The Average Mass Removal Rate for PCE was obtained from the pilot test 1: 0.00411 (Ibs/hr)
10. Remediatton time: 185 (day) = 0.5 year
11 Dry Bulk Density Calculation:

Statton ID Depth (if) Dry Untt Wetght (Ibs/ft3)
MP-5 14-16 104.1
MP-5 14-16 97.3
MP-5 4-6 81
MP-5 4-6 88.5
MP-6 49-51 76 7
MP-6 49-51 82.4
MP-6 65-67 92 1
MP-6 65-67 9O 3
MP-6 9-11 93 9
MP-6 9-11 96.3
MP-7 19-21 76.9
MP-7 19-21 91 3
MP-7 39-41 99 1
MP-7 39-41 105.8
MP-7 59-61 90.7
MP-7 59-61 95 2

Ave: 91.35
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Total Mass of TCE m loess (0-30 feet) and Clean-up Ttme Esttmation

Ave

Station ID Treatment Depth Thtckness Volume Conc Conc. @Bulk DensitY, Total Mass
Zones (ft) Area (ft2)i (ft) (mg/kg) interval (Ibs/ft3) 0bs)

(mg/kg)
SBLEE* A 14-16 40C 10 4,000 210 N/A 76.734
SBLCA* A 14-16 4OO 10 4,000 9.5 N/A 3 471:
SBLCD* A 14-16 400 10 4,000 4.9 N/A 1.79046
SBLCB A 14-16 10 0.96
SBLDC A 14-16 10 0 47
SBLDG A 14-16 10 0.11
SBLEF A 14-16 10 0 033
SBLCF A 14-16 10 0 025
SBLDE A 14-16 218,800 10 2,188,000 0.021 0.14867 29 7158
SBLDB A 14-16 10 0.007
SBLCC A 14-16 10 0.006
SBLDD A 14-16 10 0.002
SBLCE A 14-16 10 0.0008
SBLEA A 14-16 10 0 0006
SBLCA* A 28-30 400 10 4,000 18 N/A 6.5772
SBLCD* A 28-30 40C 10 4,000 39 N/A 1 42506
SBLCB* A 28-30 400 10 4,000 13 N/A 0.47502
SBLCF* A 28-30 400~ 10 4,000 1.1 N/A 0.40194
SBLDC A 28-30 10 0.59
SBLDF A 28-30 10 0.093
SBLDG A 28-30 10 0.071
SBLDE A 28-30
SBLEE A 218,40C 2,184,000 0.10384

10 0 O43
28-30 10 0 027 91.35

20.716~

SBLEF A 28-30 10 0.004
SBLDA A 28-30 10 0.002
SBLDD A 28-30 10 0.0007
SBLEE* A 8-10 40(] I0 4,000 460 N/A 168.084
SBLCA* A 8-10 406 10 4,000 6.8 N/A 2.48472
SBLCD* A 8-10 40(3 10 4,000 1.9 N/A 0 69426
SBLCB A 8-10 10 0.68
SBLDC A 8-10 10 0.073!
SBLDE A 8-10 10 0 009!
SBLCF A 8-10 218,80C 10 2,188,000 0 00E 0.1105 22.0861
SBLDG A 8-10 10 0.003:
SBLCC A 8-10 10 0 002!
SBLDF A 8-10 10 0.0005;
SBLBC E 14-16 40(3 10 4,000 0.023N/A 0 0084042
SBLBC E 28-30 40(3 10 4,000 0.031N/A 0.0113274
SBLAB F 14-16 10 0 47
SBLBD F 14,40(3 144,000 0.243! 3 203114-16 10 0017
SBLAB F 28-30 10 0.33
SBLBD F 14,40(3 144,000 0 173528-30 2.282310 0017
SBLAB F 8-10 14,40C 10 144,000 0.10 N/A 1 31544
SBLFG G 14-16 22,50(3 10 225,000 0 OO6N/A 0.1233225
SBLFG G 8-10 22,50C 10 225,000 0 OO5N/A 0.000(3

Total: 341 6004
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Note
1 Total mass of the contaminant = soil volume * soil dry bulk density * the contaminant conc in soil

Reference Book: Practical Design Calculations for Groundwater and Soil Remediation (Kuo, J., 1998)
2. SVE areas were divided into four zones (A, E, F, and G), refer to attached figure
3. Soil analytical results were obtained from the 1999 investigation.
4. Three vertical intervals (0-10’, 10-20’, and 20-30’) were used to calculate total mass of the contaminant in loess
5. Assumes the contaminant concentration detected in the 2 feet interval represents conc.m the 10 feet interval
6. * Hot soil analytical results, therefore 400 square feet soil around the sampling point was calculated for the interval.

Soil concentrations other than hot spots were averaged for treatment zones.
7. N/A- Not Applicable
8. SVE recovery rate will decrease over the operation time, mass removal rates from the pilot test were

averaged since the data obtained from the test were not continually decrease
9. The Average Mass Removal Rate for TCE was obtained from the pdot test 1: 0 01292 (Ibs/hr)
10 Remediation time: 1,102 (day) = 3.9 year
11. Dry Bulk Density Calculation"

Station ID Depth (ft) Dry Unit Weight (Ibs/ft3)

MP-5 14-16 104.1
MP-5 14-16 97.3
MP-5 4-6 81
MP-5 4-6 88 5
MP-6 49-51 76.7
MP-6 49-51 82 4
MP-6 65-67 92.1
MP-6 65-67 90.3
MP-6 }-11 93.9
MP-6 9-11 96.3
MP-7 19-21 76.9
MP-7 19-21 91.3
MP-7 39-41 99.1
MP-7 39-41 105.8
MP-7 59-61 9O 7
MP-7 59-61 95 2

Ave: 91.35
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Total Mass of 1,1,2,2-PCA in loess (0-30 feet) and Clean-up Time Estimatton

Ave. Conc Bulk
Station ID

l TreatmentDepth Thickness Volume Conc. Total Mass
Zones (ft) Area (ft2) (ft) (fP) Density

(mg/kg)
@ mterval

(mg/kg) (Ibs/ft3) (Ibs)

SBLEE A 14-16 400 10 4,000 46 N/A 91 35 16.8084
SBLCA A 14-16 400 10 4,000 8.6 N/A 91.35 3.1424
SBLCD A 14-16 400 10 4,000 2.5 N/A 91.35 0.9135
SBLEF A 14-16 10 0.032 91.35
SBLCC A 14-16 10 0.007 91.35
SBLDG A 14-16 218,800 10 2,176,000 0.003 0.0096 91.35 1.9083
SBLDB A 14-16 10 0.003 91.35
SBLCB A 14-16 10 0.003 91.35
SBLCA A 28-30 400 10 4,000 33 N/A 91.35 12.0582
SBLCD A 28-30 10 0.91 91.35
SBLCB A 28-30 10 0.027 91.35
SBLEE A 28-30 219,600 10 2,192,000 0.009 0.1908 91.35 38.2056
SBLEF A 28-30 10 0 004 91 35
SBLDA A 28-30 10 0.004 91 35
SBLEE A 8-10 400 10 4,000 160 N/A 91 35 58.4640
SBLCD A 8-10 400 10 4,000 1.6 N/A 91 35 0.5846
SBLCA A 8-10 219,200 10 2,184,000 0 24 N/A 91 35 ,47.882016
SBLBC E 28-30 10,000 10 100,000 0.055 N/A 91.35 0 5024
SBLAB F 28-30 10 0 00914,400 91 35
SBLBD

144,000 0.007 0.0921F 28-30 10 0.005 91 35
Total- 180.5616

Note’
1. Total mass of the contaminant = soil volume * sod dry bulk density * the contaminant conc.m soil

Reference Book Practical Design Calculations for Groundwater and Soil Remediation (Kuo, J., 1998)
2. SVE areas were divided into four zones (A, E, F, and G), refer to attached figure
3. Soil analytical results were obtained from the 1999 investigation.
4. Three vertical intervals (0-10’, 10-20’, and 20-30’) were used to calculate total mass of the contaminant in loess
5. Assumes the contaminant concentration detected in the 2 feet interval represents conc in the 10 feet interval
6. * Hot sod analytical results, therefore 400 square feet sod around the samphng point was calculated for the interval.

Sod concentrations other than hot spots were averaged for treatment zones
7. N/A- Not Applicable
8. SVE recovery rate will decrease over the operetton time, mass removal rates from the prior test were

averaged since the data obtained from the test were not continually decrease
9. The Average Mass Removal Rate for 1,1,2,2-PCAwas obtained from the pilot test 1: 0.00676 (Ibs/hr)
10. Remed~ation time: 1,114 (day) = 3.1 year
11. Dry Bulk Density Calculation:

Station ID Depth (if) Dry Unit Weight (Ibs/ft3)

MP-5 14-16 104.1
MP-5 14-16 97.3
MP-5 4-6 81
MP-5 4-6 88.5
MP-6 49-51 76.7
MP-6 49-51 82.4
MP-6 65-67 92.1
MP-6 65-67 90 3
MP-6 9-11 93 9
MP-6 9-11 96 3
MP-7 19-21 76.9
MP-7 19-21 91.3
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MP-7 3941 99.1
MP-7 3941 105 8
MP-7 59-61 90.7
MP-7 59-61 95 2

Ave: 91.35
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.. -..
p t’,

Total Mass of PCE in fluvial (30 ~ 80 feet) and Clean-up Time Estimation

TmatmentStationlD
Zones

SBLCA-SB1 A
SBLCA-SB4 A
SBLCA-SB3 A
SBLCA-SB2 A
SBLCA-SB8 A
SBLCA-SB3 A
SBLCA-SB3 A
SBLCA-SB8 A
SBLCA-SB2 A
SBLCA-SB4 A
SBLCA-SB5 A

Depth Area
(ft) (ft2)

33 220,000
42
44 220,000
44
52 220,000
53
67 220,000
72
73 220,00075
77

Thickness
Volume (ft3)

(ft)

10 2,200,000

10 2,200,000

10 2,200,000

10 2,200,000

10 2,200,000

Ave.

Conc. Conc. @
(mg/kg) mterval

(mg/kg)

0 OO6
0 0012
0.001
0 004
0.002
0.001

0 0009
0.066
0.001
0.001
0 002

N/A

0.00207

0.0015

N/A

0.0175

Dry Bulk
Density

(Ibs/ft3)

91.35

Total Mass
(Ibs)

1.2058

0.4153

0.3015

0.1809

3 5170

Total: 5.6205
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9. The Average Mass Removal Rate for PCE was obtained from the ptlot test 2:
10. Remedlation time: 3 (day) = 0.007
11. Dry Bulk Density Calculation:

Note:
1 Total mass of the contaminant = sod volume * soil dry bulk density * the contaminant conc.m soil

Reference Book: Practical Design Calculattons for Groundwater and Soil Remedlation (Kuo, J, 1998)
2. Calculations were based on area A (250’ X 880’)
3. Sotl analytical results were obtained from the 2000 mvesttgation
4. F~ve vertical intervals (30-40’, 40-50’, 50-60’, 60’-70’, & 70-80’) were used in the calculatton
6. Assumes the contaminant concentrattons detected tn the interval represent conc.in the 10 feet interval
6. Soil concentrations in the same intervals were averaged for the area
7. N/A - Not Apphcable
8. SVE recovery rate wtll decrease over the operation time, mass removal rates from the pilot test were

averaged since the data obtained from the test were not continually decrease
0.08901 (Ibs/hr)
year

Station ID Depth (if) Dry Unit Wetght (Ibs/ft3)

MP-5 14-16 104 1
MP-5 14-16 97 3
MP-5 4-6 81
MP-5 4-6 88.5
MP-6 49-51 76 7
MP-6 49-51 82 4
MP-6 65-67 92 1
MP-6 65-67 9O 3
MP-6 9-11 93.9
MP-6 9-11 96 3
MP-7 19-21 76 9
MP-7 19-21 91 3
MP-7 ~9-41 99 1
MP-7 39-41 105.8
MP-7 59-61 90 7
MP-7 59-61 95 2

Ave: I 91.35
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Total Mass of TCE m fluvial (27-81 feet) and Clean-up Ttme Esttmatian~
C’ ’,

Depth
Area (ft21(ft)

27 5 220,000
33
37.5 220,000
37.5
42
42
44 220,00044
44
47
52
52
53 220,00054
56
57.5
64
67 220,000
67
68
72
72.5
73
74 220,00075
77
77
81

TreatmentStation ID Zones

SBLCA-SB 11 A
SBLCA-SB1 A
SBLCA-SB11 A
SBLCA-SB10 A
SBLCA-SB4 A
SBLCA-SB9 A
SBLCA-SB2 A
SBLCA-SB3 A
SBLCA-SB5 A
SBLCA-SB8 A
SBLCA-SB8 A
SBLCA-SB4 A
SBLCA-SB3 A
SBLCA-SB5 A
SBLCA-SB9 A
SBLCA-SB10 A
~BLCA-SB1 A
SBLCA-SB3 A
SBLEE-SB1 A
SBLCA-SB2 A
SBLCA-SB8 A
SBLCA-SB10 A
SBLCA-SB2 A
SBLCA-SB1 A
SBLCA-SB4 A
SBLCA-SB5 A
SBLCA-SB9 A
SBLCA-SB 11 A

Note:
1.

Thickness
(ft)

25

10

10

10

10

11

Volume

550,000

2,200,000

2,200,000

2,200,000

2,200,000

2,420,000

CORC.

(mg/kg)

0.009
0.132
0 059
0.058
0.089
0.021
0 176
0.075
0.061
0.006
0.161
0 055
0 O54
0 099
0.012
O 045
0.075
0 063
0.011
0.041
0.322
0.008
0.145
0.009
0.164
0.179
0.065
0.888

Ave.

Conc @
mterval
(mg/kg)

N/A

0 0830

0 0713

0 0710

0 0475

0.2225

Bulk Density
(Ibs/ff3)

91.35

Total Mass
(Ibs)

0.4522

16 6805

14 335£

14.268£

9 5461

49.1874

Total: 104.4712

Total mass of the contammant = soil volume * soil dry bulk density * the contaminant conc.m sod
Reference Book: Practical Destgn Calculattons for Groundwater and Soil Remediatton (Kuo, J., 1998)

2 Calculations were based on area A (250’ X 880’)
3. Soil analytical results were obtained from the 2000 mvestigation.
4. Stx vertical intervals (27 5-30’, 30-40’, 40-50’, 50-60’, 60’-70’, & 70-81’) were used m the calculation
5. Assumes the contammant concentrations detected in the interval represent conc.for the entire interval
6 Soil concentrattons in the same intervals were averaged for the area
7. N/A- NotApphcable
8. SVE recovery rate wtll decrease over the operation time, mass removal rates from the ptlot test were

averaged since the data obtained from the test were not contmuaily decrease
9. The Average Mass Removal Rate for TCE was obtained from the pilot test 2: 0 45311 (Ibs/hr)
10. Remedtatlon time: 10 (day) = 0.0 year
11. Dry Bulk Density Calculatton:

Station ID Depth (ft)
MP-5 14-16
MP-5 14-16

Dry Untt Weight (Ibs/ft3)

104.1
97.3



MP-5 4-6 81
MP-5 4-6 88.5
MP-6 49-51 76.7
MP-6 49-51 82 4
MP°6 65-67 92.1
MP-6 65-67 90 3
MP-6 9-11 93 9
MP-6 9-11 96.3
MP-7 19-21 76.9
MP-7 19-21 91 3
MP°7 3941 99 1
MP-7 39-41 105.8
MP-7 59-61 907
MP-7 59-61 952

Ave: 91.35
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Total Mass of 1,1,2,2-PCA in fluvial (40-81 feet) and Clean-up Time Estimation ’ ~, 

TreatmentStattonlD
Zones

SBLCA-SB2* A
SBLCA-SB5 A
SBLCA-SB3 A
SBLCA-SB5* A
SBLCA-S810 A
SBLCA-SB3 A
SBLCA-SB4 A
SSLCA-SB8 A
SBLCA-SB2* A
SBLCA-SB3* A
SBLEE-SB1 A
SBLCA-SB1 A
SBLCA-SB2* A

SBLCA-SB11* A
SBLCA-SB4* A
SBLCA-SB8 A
SBLCA-SB5 A
SBLCA-SB9 A

SBLCA-SB10 A
SBLCA-SB1 A

Note:

Depth
(ft)

44
44

44
54
57.5
53
52
52
68
67
67
64
73
81
75
72
77
77

72.5
74

Ave. Conc ’
Area (ft 2) Thickness

Volume Conc
(ft) (ft3) (mg/kg) @ interval

(mg/kg)

400 10 4,000 22 6 N/A

219,600 10 2,192,000 0.4655
0.914
0.017

400 10 4,000 3 42 N/A

10 2,192,000219,600

0.265
0.087
0.022
0.021

0.09875

400 10 4,000 15 1 N/A
400 10 4,000 1 07 N/A

10219,200 0 153
0.0825

0.012
2,184,000

400 11 4,400 13.6 N/A
400 11 4,400 5 98 N/A
400 11 4,400 2.03 N/A

11 2,393,600

0.399
0.159
0.124
0 099
0 008

218,800 0.1578

Bulk
Denst~ Total Mass

(ibs/~3) (Ibs)

8.2580

93.2113

1 2497

19.7736

5 5175

91.35 0.3910

16.4594

5.4664
2.4036
0.8159

34.5038

Total: 188.0504880,000

1. Total mass of the contaminant = soil volume * soil dry bulk density * the contaminant conc.m soil
Reference Book: Practical Design Calculattons for Groundwater and Sotl Remediation (Kuo, J., 1998)

2 Calculations were based on area A (250’ X 880’)
3. Sotl analytical results were obtained from the 2000 investigation
4. Five vertical intervals (30-40’, 40-50’, 50-60’, 60’-70’, & 70-81’) were used in the calculation
5 Assumes the contammant concentrations detected m the interval represent conc.for the entire interval
6. * Hot soil analyttcal results, therefore 400 square feet soil around the sampling point was calculated for the interval.

Soil concentrations other than hot spots were averaged for the treatment zone.
7 N/A - Not Applicable
8 SVE recovery rate will decrease over the operation time, mass removal rates from the pilot test were

averaged since the data obtained from the test were not contJnually decrease
5. The Average Mass Removal Rate for 1,1,2,2-PCA was obtained from the pilot test 2:
6. Remedtatlon time: 55 (day) = 8.2 year
7. Dry Bulk DensJty Calculation.

0.14305 (Ibs/hr)

Station ID Depth (ft) Dr,/, Unit Weight (Ibs/ff3)

MP-5 14-16 104 1
MP-5 14-16 97 3
MP-5 4-6 81
MP-5 4-6 88.5
MP-6 49-51 76 7
MP-6 49-51 82 4
MP-6 65-67 92.1
MP-6 65-67 90.3
MP-6 9-11 93.9
MP-6 9-11 96.3
MP-7 19-21 769
MP-7 19-21 91 3
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MP-7 3941 99.1
MP-7 3941 105 8
MP-7 59-61 90.7
MP-7 59-61 95.2

Ave: 91.35
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!

APPENDIX F

SVE Treatment System P&ID
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