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* ~1.0 Introduction

As part of the Remedial Design (RD) effort for Dunn Field of the former Defense
Distribution Center (Memphis) (hereafter referred to as the Memphis Depot), a pilot-scale
zero-valent iron (ZVI) permeable reactive barrier (PRB) will be installed west of Dunn Field
(also referred to as Of f-Depot) using the jet grouting or 'jetting" technique to evaluate its
implementability and cost-effectiveness for the full-scale Off-Depot Remedial Action (RA).
Specifically, this work will include installing a 55-foot long, 8-foot high ZVI PRB from
approximately 70 to 78 feet below ground surface (bgs), advancing confirmatory soil
borings, and installing four additional monitoring wells (MWs) in support of the Off-Depot
Groundwater RD.

The primary objective for the activities described in this work plan is to determine if the
jetting technique is a viable, cost-effective method for installation of a ZVI PRB3. Hydraulic
fracturing is currently the only commercially available method to construct ZVI PRBs below
60 feet bgs. However, the long-term reliability of this method has been difficult to verify. In
addition, because there has been only minimal competition for the hydraulic fracturing
method for constructing deep PRBs, the costs have not decreased despite the installation of
several PRBs.

If the jetted approach is found to be both technically feasible and cost-effective,
implementation study results will be used to develop full-scale design parameters. The
study will focus on the implementability of the jetted ZVI FRB, with some limited long-term
groundwater monitoring. Key implementation study criteria will include:

* Installation time and scalable costs
* PRB permeability and its short- and long-term impact on groundwater flow patterns
* Overall jetting logistics and waste management effort
• Iron wastage rate
* Short- and long-term effect on groundwater chlorinated volatile organic compound

(CVOC) concentrations

In addition, to consolidate work planning efforts, the following tasks will be conducted to
complete the Source Areas Remedial Design Investigation (RDI):

* Installation of three MWs to delineate further the CVOC groundwater plumes and
provide additional monitoring locations for the full-scale groundwater remedy (see
Section 3.2).

* Collection of soil samples using direct-push technology (DPT) methods to refine further
the limits of soil contaminated with CVOCs down to a depth of approximately 30 feet
(within the loess deposits only) (see Section 3.5).

This work plan has been developed by CH2M HILL for the U.S. Army Engineering and
Support Center, Huntsville, Alabama (CEHNC) and the Defense Logistics Agency (DLA).
Once approved by the Memphis Depot Base Realignment and Closure (BRAC) Cleanup Team

(BCT), which consists of personnel from DLA, the U.S. Environmental Protection Agency

FtNAL DF PRB WP.DOC 1-1
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(EPA), and the State of Tennessee Department of Environment and Conservation (TDEC), the
activities described herein will be implemented by CI-2M HILL and its subcontractors.

The data collected during the ZVI PRB Implementation Study effort will be documented
within a technical memorandum (TM) that will be part of the Off-Depot Groundwater RD.
The TM will include, as a minimum:

* Description of the investigation procedures
* Description of the PRB installation procedures
* Field measurement methods and data collected
* Summary of field and laboratory analytical data presented in graphs, tables, and/or figures
* Variances to work plan procedures
* Assessment of jetting as a viable PRB installation technique
* Data quality and validation report

The data collected as part of the supplemental Source Areas RDI will be presented in the
Source Areas RD.

This work plan is organized into the following sections:

* Section 1 Introduction includes a discussion of the work plan structure, objectives, and
organization.

* Section 2 Background Information presents information on the operational history and
current status of Dunn Field.

* Section 3 ZVI PRB Installation Activities describes the activities and procedures
required to install the pilot-scale ZVI PRB.

* Section 4 Sampling and Analysis describes how field sampling, waste characterization,
and sampling and analysis activities will be conducted in support of the ZVI PRB
Implementation Study.

* Section 5 Data Management, Analysis, and Interpretation describes procedures for
recording observations and raw data in the field or laboratory and procedures that will
be used to analyze and interpret data from the ZVI PRB Implementation Study.

* Section 6 Health and Safety and Community Relations briefly reviews the health and
safety aspects that are in accordance with the approved CH2M HILL Memphis Depot
Health and Safety Plan, as well as community relations activities performed in
conjunction with the ZVI PRB Implementation Study.

* Section 7 Reporting describes preparation of the TM documenting the results of the ZVI
PRB Implementation Study.

* Section 8 Schedule indicates the planned starting and ending dates for the tasks
outlined in the work plan.

* Section 9 References lists all documents cited in this work plan.

FINAL DF PRB WP DOG 1-2
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* ~2.0 Background Information

This section presents information on the hydrogeologic setting and the current status of
Dunn Field as related to the RD process. A thorough description of the operational and
regulatory history of Dunn Field is provided in the Dunn Field Remedial Investigation Report
(CH2M HILL, 2002a), Dunn Field Five-Year Reviewv (CH2M HILL, 2003a), and the Dunn Field
Feasibility Study (CH2M HILL, 2003b).

2.1 Hydrogeologic Setting
2.1.1 Geology
The impacted vadose zone at Dunn Field consists of two distinct geological units: a shallow,
relatively low-permeability loess, and the deep, relatively high-permeability alluvium
(fluvial sands). The loess, a semi-cohesive eolian deposit composed of silt, silty clay, silty
fine sand, and mixtures thereof, extends from the ground surface to a depth of about 30 feet
bgs. To the west of Dunn Field, the loess deposits are approximately 20 feet thick.
Underlying the loess are the fluvial deposits, which generally include two layers as shown
on Figures 2-lA and B.

The upper 10 feet of the fluvial deposits represents a transition zone between the silt-0 ~ ~~dominated loess and sand and gravel of the fluvial aquifer. Underneath the western boundary
of Dunn Field, the lower portion of the fluvial deposits, which is comprised of sand, sandy
gravel, and gravelly sand, is about 40 feet thick. The sand is generally bright orange to dark
red and ranges from poorly-graded to well-graded, fine- to coarse-grained, and very well-
sorted to poorly sorted quartz grains. The unit transitions downward into poorly graded, tan
to brownish yellow sandy gravel, with chert being the primary gravel constituent. The gravel
ranges from small pebbles (1/2 inch) up to small cobbles (average diameter of 4 inches).
Interbedded within the sand and gravel are clay lenses that range from thin laminations to
layers up to 1-foot thick.

As shown on Figure 2-1A, a clay unit of variable thickness is present at the bottom of the
fluvial aquifer as this formation transitions to the Jackson Formation/ Upper Claiborne
Group. According to logs from soil borings collected along the path of the proposed PRB,
the unit is an orange, stiff to dense, silty clay with gray mottling that ranges from 5 to 8 feet
in thickness. The unit directly overlies the gray, stiff, dense, silty clay of the Jackson
Formation/ Upper Claiborne Group. The two clay layers are distinguished by their different
colors and the presence of slightly less silt in the clay of the Jackson Formation (ranging
from 20 to 25 percent). Table 2-1 presents the depth information for the clay unit at the
bottom of the fluvial aquifer as found in MWs (i.e., MW-161 and MW-163) and soil borings
(i.e., SB3-i through S8-4) adjacent to the study area.

Additional site and regional geology details are presented in the Dunn Field Remedial
Investigation Report (CH2M HILL, 2002a).

FINAL OF PRB WP.DOC 2-1
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2.1.2 Hydrogeology
The uppermost aquifer at Dunn Field occurs in saturated sand and gravel in the lower
portion of the fluvial deposits. This fluvial aquifer is the target of this study. Recharge to the
fluvial aquifer is primarily from the infiltration of rainfall. Discharge from the fluvial aquifer
is toward underlying units in hydraulic communication with the fluvial deposits.

The base of the fluvial aquifer is the transitional clay unit atop the Jackson
Formation/ Upper Claiborne Group. The saturated thickness of the fluvial aquifer is variable
across Dunn Field and is controlled by the configuration of the transitional and basal clay
layers. Maximum saturated thickness ranges between 10 and 30 feet above the clay. In
November 2005, the average depth to water in the study area was approximately 75 feet
bgs, with an average saturated thickness of 4.7 feet. Locally, the groundwater in the fluvial
aquifer flows in a western direction, which is also the direction of the local dip of the
underlying clay.

Aquifer tests conducted at Dunn Field suggest that the hydraulic conductivity of the Off-
Depot fluvial aquifer generally varies as a function of saturated thickness (Table 2-2). The
geometric mean of the Off-Depot slug test-derived hydraulic conductivities, 1.2x10-2

centimeters per second (cm/sec) (33.9 feet/day [ft/d]), is comparable to previously reported
values for Dunn Field (7.7x10-3 cm/sec) (CH2M HILL, 2002a). However, using the MWs
with saturated thicknesses less than 12 feet that are also near the proposed pilot study area,
the geometric mean of the slug test-derived hydraulic conductivities is 2.5X10-2 CM/ sec (70.8
ft/d). In comparison, the mean hydraulic conductivity for the MWs in the deeper portion of

0 ~~~the fluvial aquifer was estimated to be 3.4x10-3 cm/ sec (9.6 ft/d).

Groundwater Modeling
The groundwater flow model, MODFLOW-96, was selected to develop the groundwater
flow model for the study area. MODFLOW is a well-accepted, 3-D, cell-centered, saturated
groundwater flow model developed by the United States Geological Survey (USGS).
MODPATH, a 3-D particle tracking model, was used to assess the pathlines of groundwater
through the aquifer. This model was also developed by the USGS. The Groundwater Vistas
software interface (Version 3.5), developed by Environmental Simulations, Inc., was used as
the pre-and post-processor for MODFLOW and MODPATH.

After the March 2005 potentiometric surface was replicated in the groundwater flow model
(MACTEC, 2005a), various formation and iron/ sand hydraulic conductivity values were
used to evaluate the groundwater flow path following system installation (summarized in
Table 2-3); the ZVI layout is presented in Section 31. One assumption for the modeling effort
is that the selected sand will not decrease the permeability of the reactive media; therefore,
the model assumed the hydraulic conductivity of the iron alone for the reactive media. The
model also accounts for differences in material porosity (formation was assumed to be 0.3;
the iron, 0.45). As shown in Appendix A, despite similar hydraulic conductivities, the
MODPATH results indicate that the groundwater should flow through the iron/ sand
columns.

1 As of the writing of this document, the hydraulic conductivity of the iron/sand mixture is unknown since the mixtures have not
been completed. However, a sample of the proposed iron/sand blend is to be submitted to a geotechnical laboratory before the
mobilization date for constant head (ASTMA D2434) or falling head (ASTM D5084) permeability testing. In addition, samples of
the aquifer material will be submitted for grain size analysis. The results of these tests will be submitted under separate cover.

FINAL OF PRB WP DOC 2-2
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Additional site hydrogeology details are presented in the Dunn Field Remedial Investigation
Report (CH2MV HILL, 2002a).

TABLE 2-3
Groundwater Model Input Summary
Memphis Depot Dunn Filed ZVI PRB Implementation Study Work Plan

K (ftid)
Pair Formation Iron/sand column Comment 1

1 30 150 * Geometric mean for the Off-Depot formation
* K for 100% Connelly 1167 iron

2 30 200 * Geometric mean for the Off-Depot formation
* K for 1 00% Connelly 1004 iron (slightly coarser)

3 70 150 * Geometric mean for the thin aquifer present in the study
area

* K for 100% Connelly 1167 iron
4 70 200 * Geometric mean for the thin aquifer present in the study

area
* K for 1 00% Connelly 1004 iron (slightly coarser)

5 130 150 * Geometric mean for wells nearest to ZVI PRB (MW-i144 and
MW-1611)

* K for 100% Connelly 1167 iron
6 130 200 * Geometric mean for wells nearest to ZVI PRB (MW-144 and

MW-161)
I .~~~~~~~~~ K for 1 00% Connelly 1004 iron (slightly coarser)

@ 1~~~~~An assumption has been made that the selected sand will not decrease the permeability of the reactive media; therefore,
the model assumed the hydraulic conductivity of the iron alone for the reactive media.

2.2 Nature and Extent of Groundwater Contamination
The nature and extent of contamination in groundwater underlying Dunn Field is based on
chemical analyses of groundwater samples collected since January 1996. Groundwater
samples have been analyzed for explosives, herbicides, metals (total), pesticides,
polychlorinated biphenyls, semnivolatile organic compounds (SVOCs), and CVOCs. CVOCs,
SVOCs, and total metals were the most frequently detected analytical constituents in
groundwater samples. The most recent groundwater sampling data for the study area are
presented in Table 2-4.

As shown on Figure 2-2, there are three major CVOC plumes in the groundwater
underlying Dunn Field that mix and intermingle: a northern plume, a western-northwestern
plume, and a western-southwestern plume. All of the plumes have on-site and Off-Depot
components. The CVOCs that have consistently been detected in groundwater during
sampling events include 1,1,2,2-tetrachloroethane (I'CA), carbon tetrachloride (CT), 1,1,2-
trichloroethane (TCA), chloroform (CF), tetrachloroethene (PCE), Cis- and trans-1,2-
dichloroethene (DICE), total 1,1-DCE, and trichloroethene (TCE).

TICE and 1,1,2,2-PCA concentration trends for MWs located upgradient (i.e., MW-77 and
MW-161) and downgradient (MW-144 and MW-163) of the study area are presented on
Figures 2-3A and 2-,3B. TCE and 1,1,2,2-PCA concentrations appear to be gradually

FINAL OF PRI3 WP DOC 2-3
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decreasing with time and distance, except at MW-77. Because it is closer to the Source Areas
than the other MWs, the TCE and 1,1,2,2-PCA concentration patterns at MW-77 may be the
result of the ZVI injection pilot study conducted in fall 2003. Overall, CVOC concentrations
in the MW-73 area were reduced by more than 90 percent for more than a year. Due to
advection, the Source Area CVOC plume reduction resulted in the 1,1,2,2-PCA
concentration reduction at MW-77 (85 percent reduction from April 2005 to June 2005). As
the CVOC concentrations rebounded in the treatability study area, the CVOC
concentrations at MW-77 also responded (1,1,2,2-PCA increased to 14 milligrams per liter
[mg/LI by November 2005). These data suggest that permanent source area mass removal
will result in significant plume CVOC concentration decreases within a relatively short
timeframe; therefore, the full-scale ZVI PRB design is highly sensitive to the performance of
the Source Areas remedy.

2.3 Current Status of Dunn Field
The Dunn Field Remedial Investigation (RI) and RD have been completed in several stages
and have included the following activities, which are used as a basis for this study:

* RI. The 1996 to 2001 RI included soil, soil gas, and long-term groundwater sampling, in
addition to aquifer testing (CH2M HILL, 2002a).

* Off-Depot Design-Related Investigation. This investigation was conducted from June
through December 2004 by MACTEC to evaluate site hydrogeology and contaminant
concentrations in the area of MW-54, so that appropriate Off-Depot RAs could be
designed and implemented. The objective of the Off-Depot Design-Related Investigation
was expanded to identify the area(s) to be included in the early implementation of the
RA, to provide baseline groundwater data for comparison to post-injection monitoring
results, and to assess the hydrogeology dlowngradient of the area treated with ZVI
(MACTEC, 2005a).

* Dunn Field RDI. This investigation included the installation of on-site and Off-Depot
MWs, membrane interface probe (MIP) and DPT points, and soil borings in support of
the Source Area RD, the Off-Depot groundwater model for the Off-Depot Groundwater
RD, and the design and final placement of the Off-Depot ZVI PRB. The investigation
was conducted in October and November 2005; however, limited additional data will be
collected as part of this work plan to complete the RDI.

Based on the various investigation findings, the following response actions have already
been conducted in, or affect, the Of f-Depot area of Dunn Field:

* Interim Groundwater Remedial Action. A groundwater extraction system consisting of
11 recovery wells was installed along the western Dunn Field boundary and began
operation in November 1998. The objectives of the hydraulic containment system are to:
(1) prevent further contaminant plume migration and (2) reduce contaminant mass in
groundwater.

* Early Implementation of Selected Remedy. Based on the results of groundwater
sampling conducted from June through October 2004, ZVI was injected into the fluvial0 ~ ~~~aquifer to address the concentrations of CVOCs at the leading edge of the high-v

FINAL DF PRB WP.DOC 2-4
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concentration portion of the plume (within the 500-microgram-per-liter [gg/L] isopleth
for total CVOCs). The targeted area was 800 to 1,000 feet dlowngradient (west) of
Dunn Field (MACTEC, 2005b).

Finally, in support of the overall Dunn Field RD, one field-scale treatability study relevant to
the ZVI PRB Implementation Study has been conducted. The ZVI treatability study
(CH2M HILL, 2004b), which included pressurized pneumatic injection of ZVI powder into
the saturated zone (fluvial aquifer) at Dunn Field, was conducted from October 29 to
November 14, 2003, to collect site-specific data to design the full-scale Source Area
groundwater remedy. The results of the study indicate that ZVI is an effective treatment
technology for the groundwater contaminants located under Dunn Field.

Ongoing Dunn Field design and development activities include the following:

* Design of the Source Area subsurface soil and groundwater RAs
* Development of the Off-Depot groundwater model
* Design of the Off-Depot Groundwater RA

2.4 ZVI PRB Implementation Study Justification
Depending on depth, ZVI PRBs are typically installed using the following construction
methods:

Depth (ft) Method
0 to 20 Excavation with or without side wall support (e.g., trench boxes, biodegradable slurry)
15 to 35 Excavation with sidewall support

One-pass trenchers
30 to 60 Excavation with sidewall support (biodegradable slurry)

Hydraulic fracturing
>60 feet Hydraulic fracturing

Hydraulic Fracturing
As indicated above, hydraulic fracturing is currently the only commercially available
method to construct ZVI PRBs below 60 feet bgs. These PRBs are constructed from a series
of wells installed along the PRB alignment. According to the vendor (GeoSierra), a
controlled vertical fracture is initiated in each well at the required azimuth orientation and
depth. Iron filings are injected into the wells in a highly viscous cross-linked proprietary
hydroxypropyl guar biodegradable gel to form a continuous PRB. This installation method
is purported to achieve a uniform distribution of iron up to 9 inches thick through the
targeted zone.

PRB geometry is monitored in real time by active resistivity to ensure that the barrier is
constructed as designed. In addition, hydraulic pulse interference tests can be conducted
before and after placement of the PRB to verify that the PRB3 does not reduce the
permeability of the formation. Vertical hydrofracturing has been used to complete at least 9
iron PRBs up to 117 feet bgs and 1,200 feet in length.

FINAL DF FIRS WP DOC 2-5
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. ~~~Jet Grouting
Jet grouting may be a viable, cost-effective alternative to hydraulic fracturing for the ZVI
PRB installation at Dunn Field. Jet grouting is a ground modification technique that
employs high-velocity, high-energy jets to remove and/or mix soils in situ with cement-
based grout or other engineered media to stabilize soft soils. This process has been used to
create ZVI PRBs at F.E. Warren Air Force Base (AFB), Travis AFB, and the DuPont facility in
Kinston, North Carolina. The ZVI PRB at Travis APR was created with overlapping
columns; the Warren AFB and Kinston ZVI PRBs were created with a series of shallow
panels (comparable to the hydrofracturing approach). In general, the ZVI was applied in a
biodegradable guar-based drilling fluid that rapidly broke down after implementation,
leaving a mixture of native soils and ZVI.

Based on conversations with Glenn Anderson (Travis AFB), John Wright (Warren AFB), and
Richard Landis (DuPont), one of the biggest influences on jetted PRB effectiveness is aquifer
heterogeneity. At both AFI~s, the PRBs were installed in aquifers with multiple and
divergent lithologic layers. As a result, the transmissive layers that were dominating
contaminant flow may have been blended with low-permeability layers to create a low-
permeability wall. Potentiometric and analytical data indicated that neither PRB met
remnediation goals. The pilot-scale Warren AFB ZVI PRB had mixed success, with reductions
in TCE concentrations over a 9-month period ranging between 36 percent and 91 percent 2 .

in comparison, the Kinston PRB has effectively controlled CVOIC migration, allowing the
facility to shut down its expensive groundwater recovery system. The aquifer at Kinston is
shallower and more homogeneous than those at the other jetted sites. In addition, the use of
panels (as opposed to columns) at Kinston may also have been a factor in its long-term
effectiveness.

As detailed in Section 3, Hayward Baker Inc. (HBI) has modified their jetting strategy to
better control jetted ZVI PRB permeability and significantly minimize the iron wastage rate.
Rather than mixing the iron into the formation materials as previously done, HBI intends to
erode and then remove most of the native sediments from the column geometry. A
guar/water slurry will be injected as the formation materials are eroded to support the
column structure before it is replaced with the iron/sand mix. The formation fines will be
either expelled during the erosion process or, since they will tend to be suspended in the
guar slurry, displaced during the addition of the iron/ sand mix via tremie methods. The
coarser native materials will be removed like the fines or may settle to the bottom of the
eroded column before the iron/sand mix is added. This technique modification, coupled
with the relatively homogeneous nature of the fluvial aquifer, suggests that this approach is
a viable alternative for the Dunn Field ZVI PRI3.

0 ~~~~2 Communication with Mike Duschene, ETI (February 28, 2006).
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* ~3.0 Implementation Activities

This section describes the activities and procedures required to implement the Off-Depot
ZVI PRB Implementation Study and complete the Dunn Field RDI.

3.1.1 Preliminary Activities
Preliminary study activities associated with the implementation of the ZVI PRB
Implementation Study include:

* Submission of application for MW installation3 and notice of intent to inject ZVI
following the State of Tennessee underground injection control (UIC)4 permit guidance.
Only the substantive requirements of the applicable regulations will be followed during
the study effort.

* Survey of ZVI PRB alignment.

* Installation of a gate along the western perimeter fence of Dunn Field, possibly at the
corner of Menager Avenue and Kyle Street, and associated temporary road construction,
as necessary.

* Coordination with the City of Memphis, Memphis Light, Gas and Water (MLGW), and
Memphis Depot personnel on the location of utilities in the area.

* Designation of areas for temporary storage of equipment, construction materials, and
waste management.

* Site-specific security and safety concerns.

3.1.2 Logistics
Required equipment, supplies, and personnel will be mobilized after approval of this work
plan and the Site-Specific Health and Safety Plan (HASP). The Site-Specific HASP must be
reviewed and approved by CEHNC before the project begins.

A site coordination meeting will be held after the final work plan has been approved and
before mobilization of the field effort. Participation may include personnel from DLA, EPA,
TDEC, CEHNC, CH2M HILL, the Depot Redevelopment Corporation (DRC), and
subcontractors. The meeting will include discussions of Depot regulations, data quality
objectives (DQOs), field procedures, and field schedules, as well as a review of the Site-
Specific HASP.

3.1.3 Land Surveying
Available maps describing the location of the proposed MWs, DPT points (Figure 3-1), and
pilot-scale ZVI PRB (Figure 3-2) will be provided to Allen & Hoshall, Inc., a professional
land surveyor registered in the State of Tennessee. The surveyor will translate this

3 httP:/Anvw.shelbycountytn.gov > Government > County Services > Health Services ' Environmental Health ' Air Pollution
in formation. The application WIll be submitted by the duilling subcontractor.
4 http://tennessee.gov/environmentfpermitstinjetweI.php
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information and stake the proposed MW and D1PT locations and the PRB alignment basedS ~ ~~o provided northing and easting coordinates. The stakes or pin flags will be positioned at a
sufficient height to be visible to persons mowing the grass.

Post-installation soil confirmation sampling locations will be clearly marked in the field
with stakes or pin flags so that their positions can be surveyed at the completion of the
study.

3.1.4 Utility Locating
CH2M HILL field personnel will have utilities located adjacent to and within the area of the
proposed ZVI PRB alignment and MW and on-site DPT soil sampling locations at least
2 weeks prior to commencement of the activity. Utilities will be marked by a professional
utilities locating service prior to the start of construction. The proposed MW and DPT
locations and ZVI PRB layout are depicted on Figures 3-1 and 3-2, respectively, but final
locations will be based on the utility locations and conditions encountered in the field.

3.2 Monitoring Well Installation
Additional on-site and Off-Depot MWs are proposed to provide further plume delineation
and additional monitoring locations for full-scale implementation and to monitor the pilot-
scale ZVI PRB. The proposed wells are discussed below.. ~~~Dunn Field (RDI)
As shown on Figure 3-1 and summarized below, three MWs have been installed on Dunn
Field to delineate further the CVOC groundwater plumes and provide additional
monitoring locations for the groundwater remedy.

Wail Number Proposed Location Purpose
MW-i172 East of MW-i 73 Delineate the eastern extent of the CVOC plume
MW-i187 East of the inaccessible area near Assess whether there is a groundwater impact due to the

Treatment Area 3 loess contamination discovered during the primary phase
of the RDI

MW-188 South of MW-131 and east of Further delineate the CVOC plume in Treatment Area 2
MW-177

Off-Depot (PRB Monitoring)
As shown on Figure 3-2 and summarized below, eight Off-Depot MWs will be installed to
monitor the effectiveness of the pilot-scale ZVI PRB.

Well Number Proposed Location Purpose
MW-189 10 feet upgradient of the pilot-scale ZVI PRB; in-line Assess upgradient CVOC

with MW-161 and MW-144 concentrations and groundwater
MW-190 10 feet upgradient of the pilot-scale ZVI PRB geochemistry
MW-i9i 10 feet downgradient of the pilot-scale ZVI PRB; in- Assess downgradient CVOC

line with MW-161 and MW-144 concentrations and groundwater
MW-192 10 feet downgradient of the pilot-scale ZVI PRB; geochemistry

other side of the ZVI PRB from MW-l91 in the
direction of groundwater flow
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Weli Number Proposed Location Purpose
10 MW~~-19 30 feet downgradient of the pilot-scale ZVI PRB; Assess downgradient CVOC

other side of the ZVI PRB from MW-191 in the concentrations and groundwater
direction of groundwater flow geochemnistry

MW-194 Installed within the ZVI PRB after the confirmation soil Assess CVOC concentrations and
MW-195 cores have been collected groundwater geochemnistry within the

ZVI PRB
MW-196

All of the new MWs will consist of 2-inch diameter polyvinyl chloride (PVC) and will range
from 80 to 110 feet bgs. All MWs will be installed using rotasonic drilling methods as
conducted by ProSonic Corporation of Aiken, South Carolina.

Continuous soil sampling will be conducted at each of the well locations using the rotasonic
soil coring system. The sampling interval will not be greater than 10 feet. Each location
targeted for the fluvial aquifer will be drilled 10 feet into the underlying clay unit for
verification. The sampling technique must provide samples that are representative of the
interval sampled and that are relatively undisturbed. For the study area only, select soil
cores from below the water table will be archived for future reference. For other areas, select
soil cores from below the water table may be archived for future reference at the discretion
of the field team leader (FTL).

3.2.1 Well Installation
The well casing and screen will be constructed within the rotasonic drill casing (minimum
6¼/-inch inner diameter) as the casing is withdrawn from the boring. The annular space will
be filled with well material consisting of the filter pack, bentonite seal, and grout as the
rotasonic casing is withdrawn from the borehole. The depth of placement of the screen and
well material will be as directed by the FTL.

Well Casing and Screen
Well casings will be new, unused, decontaminated, 2-inch inside diameter schedule 40 PVC
pipe with internal flush-joined threaded joints that conform to American Society for Testing
and Materials (ASTM) Standard F-480-88A or the National Sanitation Foundation Standard
14 (Plastic Pipe System). The 10- to 20-foot screens will be factory-slotted to 0.010 inch. A
threaded PVC cap or point will be placed at the bottom of the screen.

Filter Pack
Filter Seal No. 2 or equivalent will be used as the filter pack, which will extend from the
bottom of the hole to at least 5 feet above the top of the well screen. The filter pack will be
installed with a bottom-discharge tremie pipe. The tremie pipe will be lifted from the
bottom of the hole at the same rate as the filter pack is set. The contractor will record the
volume of the filter pack emplaced in the well. With the approval of the ETE, potable water
may be used to emplace the filter pack so long as no contaminants are introduced.

Bentanite Seal
Following filter pack placement, a 2- to 5-foot-thick bentonite seal will be placed above the
filter pack. The 100 percent sodium bentonite seal will consist of 1/4-inch or 3/8-inch
diameter dry bentonite pellets or chips. The bentonite seal will be installed by gravity
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methods. The bentonite seal will be allowed to hydrate for a minimum of 4 hours prior to* ~~~~h placement of the cement grout.

Cement Grout
Cement grout will be placed in the annular space above the bentonite seal to ground
surface. The grout will be pumped through a side-discharge tremie pipe with the downhole
end of the pipe at the top of the bentonite seal. As the grout is forced through the pipe and
upward through the borehole, the tremie pipe will be lifted (as sections of the tremie pipe
are removed at the surface) while keeping the downhole end below the surface of the grout.
The greatest lift thickness per event will be no more than 60 feet. Grouting events will be
separated by a minimum of 12 hours. The grout seal will be Type II Portland cement or
American Petroleum Institute (API) Class A cement with no more than 4 percent bentonite.
The grout will be mixed in the following proportions: 94 pounds of neat cement, not more
than 4 pounds of 100 percent sodium bentonite powder, and not more than 8 gallons of
potable water. The grout will have a mixed minimum specific density of 9.4 pounds per
gallon (lb/ gal) or the manufacturer's recommended density. A mud balance will be used to
ensure that the density of the mixture conforms to the manufacturer's standards. Before the
wells are completed, the boreholes will be topped off with grout to approximately 1 to 2 feet
bgs.

3.2.2 Well Completion
All MWs will be completed with flush-mount wellhead protection pads and properly
developed. For those wells on Dunn Field, four bollards will be placed at each corner of the
pad. The 3-inch diameter, galvanized steel bollards will be recessed approximately 2 feet
into the ground, fully set in concrete, and painted with high-visibility yellow paint. The
inner annulus of the pipe will be filled with grout.

The top-of-casing and wellhead protection pad will be surveyed for each new MW and
added to the existing Memphis Depot horizontal and vertical coordinate system. After the
new MWs are installed, a site-wide groundwater level gauging event will take place across
Dunn Field that will also include existing MWs. Depth-to-water data will be used to
develop a potentiometric surface map for use in the Off-Depot Groundwater RD.

3.2.3 Well Development
The wells will be developed with a surge block in conjunction with a pump and/or bailers. No
air, detergents, soaps, acids, bleaches, or additives will be used during well development. Well
development will be initiated no sooner than 24 hours following grout placement.

Development will start once the pump or other water-removal device is set within the water
in the well and will continue until clear, sand-free formation water is produced from the
well and until pH, conductivity, turbidity, and temperature measurements have stabilized.
Stabilization is defined as the point at which the pH is within ±0.1, the conductivity is + or -
3 percent, and the turbidity remains less than 10 nephelometric turbidity units (NTUs) for at
least 30 minutes. The FTL will determine when development is complete. Water from
development will be contained and disposed of in accordance with Section 3.8.
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* ~3.3 Baseline Groundwater Sampling
After each new MW is installed and developed, CH2M HILL will collect baseline groundwater
samples from the three new Dunn Field MWs (MW-172, MW-187, and MW-188) to complete
the RDI, five new Off-Depot MWs (MW-189 to MW-193), and seven existing Off-Depot MWs
(MW-54, MW-77, MW-144, MW-150, MW-161, MW-162, and MW-163). Well purging and
sampling procedures for the baseline event (and subsequent monitoring events for the
implementation study area) are included in Section 4. Analytical results from this sampling
event will be used to provide up-to-date CVOC concentration and geochemical data for the
fluvial aquifer in the study area.

The samples will be analyzed for VOCs by Kemnron Environmental of Marietta, Ohio. All
samples will be shipped from the site for laboratory analysis via overnight courier. All data
will be validated by a CH2M HILL chemist. A data quality evaluation report describing the
sampling results will be attached to the TM.

3.4 Slug Testing
CH2M HILL will conduct single-well aquifer tests (slug tests) in the following MWs; in the ZVI
PRB study area:

* Existing: MW-76, -77, -144, -157, -161, -162, -163, -164, and -184
* New: MW-189 to MW-1960 ~~~Slug testing will be done prior and subsequent to ZVI PRB installation to assess whether the
installation caused any change to local permeability of the fluvial aquifer; the MWs installed in
the ZVI PRB (MW-194 to MW-196) will be only slug tested after installation. Results of the slug
tests will be included in tabular form in the TM describing pilot test results.

3.5 On-site Soil Sampling
To complete the RDI, 25 discrete soil samples will be collected using a standard DYE. As
shown on Figure 3-1 and summarized in Table 3-1, the soil sampling locations were selected to
complete the delineation of the areas with CVOC concentrations (particularly 1,1,2,2-PCA)
that are above the established Dunn Field RGs. The vertical sampling interval was selected
based on the maximum MIP response at each targeted sampling location.

3.6 ZVI PRB Installation
As discussed in Section 2, the Dunn Field ZVI PRB will be installed using a procedure
developed from previous jetted PRB efforts (namely Travis and Warren AFl~s). HBI will use
the following two-phase process:

* Phase I- The geometry of the PRI3will be created using HBI's conventional jet grouting
methodologies with a water and biodegradable guar drilling fluid.
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TABLE 3-1
Proposed Soil Sampling Summary
Memphis Depot Dunn Field ZVI PRB Implementation Study Work Plan

Treatment Coordinates
Area North East Depth (feet bgs) Rationale

1 ~~2400 1120 21-22 Complete delineation of impacted loess around MW-10.
2440 1120 14-15

3 1400 1280 12-13 and 27-28 Tighten delineation around inaccessible tree and debris
1400 1330 area, particularly to the north and south.
1440 1260

1440 1330

1480 1260

1480 1330

4 1000 1160 21-22 Complete delineation of impacted area.

1000 1200 26-27
1040 1160 17-18
1040 1280 16-17

1080 1120 7-8

1080 1280 16-17

1120 1280 12-13

1160 1160 11-12

1160 1200 12-13

1160 1240 12-13

1160 1280 12-13

a Phase II - The iron will be mixed with sand and placed down the hole via a tremie pipe;
the enzyme required for breaking the guar slurry will also be added during this phase.
Because of its higher specific gravity, the sand and iron mix will displace the
guar/ water/soil mix within the jetted geometry. If gravity addition results in
incomplete slurry displacement or the tremie pipe plugs due to the angular shape of the
iron particles, the iron/sand will be pumped under low pressures into the column via
tremie pipe. If that is not effective, the column, which would then contain iron/sand and
the guar/ water/ soil slurry, would be rapidly re-jetted to distribute the iron/ sand
throughout the eroded column. This would result in some iron loss, which would be
considered during the final assessment of the technology.

3.6.1 ZVI PRB3 Location and Equipment Layout
As shown on Figure 3-2, the ZVI PRB will be installed west of Rozzelle Street between
MW-144 and MW-161 on an undeveloped parcel beneath the MLGW power line corridor.
The power lines are about 50 feet above ground surface. As presented in Appendix B,
equipment brought on-site during the ZVI PRB Implementation Study will include the
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S .~~~ Rotary drill rig (Bauer BG-15 or similar)
* Double system jet pump (Gardner Denver D-2000 extended duty triplex pump or similar)
* Vacuum truck
* Various tanks, pumps, and ancillary equipment

it is anticipated that standard tractor trailers and removable goose neck trailers will be used
to mobilize the equipment to the site. All of the drilling and jetting equipment will be staged
near the study area. During the mobilization and set-up process, HBJ will make the
necessary electrical connections/ wiring of equipment, connection of hoses/ plumbing, run
high-pressure hoses, and calibrate scales. With City of Memphis, MLGW, and/or Memphis
Depot permission, certain areas may be temporarily blocked off to move equipment or to
create an exclusion zone during the jetting process.

3.6.2 Jeffing Process
The preliminary ZVI PRB layout is shown on Figure 3-3. Based on discussions with HBI and
a bench-scale treatability study conducted for the Memphis Depot by EnviroMetal
Technologies, Inc. (ETI) (Appendix C), the jetted ZVI PRB will have the following
characteristics:

* Length: approximately 55 feet

• Height- 8 feet (extending from approximately 70 to 78 feet bgs)5

* Width: 6-foot diameter columns; 12 feet total (2 rows of offset columns). Based on the
ETI conceptual design, a 100 percent iron PRB would be 1.2 feet thick. The proposed
PRB configuration/ width is defined by the installation method.

* Column volume: 226 cubic feet (ft3) or 8.3 cubic yards (yd 3)

• Iron mass: 4 tons per Column; 68 tons total. Based on the ETI conceptual design, 47 tons
of iron would be required to construct a 1.2-foot thick, 55-foot long, 8-foot tall PRB with
iron at 180 pounds per cubic foot (lb/ ft3). However, because the overlapping column
approach is being used for this application, additional iron is required to meet the
minimum ETI specification of 20 percent iron by volume for each of the 17 columns.

* Sand volume: 6.6 yd3 per column; 113 yd3 total.

The installation process will include reactive media preparation, testing, establishment of
the pilot-scale PRB layout, and completion of Phases I and II.

Reactive Media
The reactive media, consisting of sand and ZVI, will be delivered to the site and staged
separately. Because it has a higher hydraulic conductivity, CC-1004 (-8+50 mesh) will be
used in the PRB implementation study instead of CC-1167 (-18+84 mesh), which was used
in the bench-scale treatability test. Both are manufactured by CONNELLY-GPM, INC. The

5Reactive media height is based on the Report of Offsite Design-Related Investigation Dunn Field (MACTIEC, 2005). soil boring
logs from the October 2005 ROI along the proposed ZVI PRBI alignment, and groundwater levels measured in October and

November 2005.
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seiidmaterial will be delivered to the site in 3,000-pound bulk bags that have an
estimated dry bulk density of 150 lb/ft3. The in-place estimated hydraulic conductivity of

the ZVI is approximately 7.3 x 10-2 cm/ sec, and the surface area of the ZVI is estimated to
vary from 0.8 to 1.5 square meters per gram. The sand in the reactive material mix will be
clean, washed, and screened sand and will conform to a gradation that will not result in loss
of permeability when mixed with the ZVI.

Reactive Media Preparation
Sand and ZVI will be blended on a volumetric basis using one or more ready-mix concrete
trucks that will arrive at the site with a load of pre-weighed sand. At the site, the ZVI will be
placed into the ready-mix truck(s) using a forklift and small conveyor. The ZVI and the dry
weight of the sand will be used to proporticn the backfill. The weight tickets on the bagged
iron will be used to ensure proper weight of the ZVI in the mix.

The ZVI and sand will be mixed thoroughly into a homogenous blend. The samples will be
visually observed by CH2M HILL and HBI to assess the iron content of the mix. The
uniformity of the mixture will also be assessed with a magnetic separation test
(Appendix D). If the specified iron-to-sand ratio is less than 20 percent, then additional iron
will be added; if the mix exceeds 24 percent, then the blending procedure will be evaluated
and revised as necessary. The quantity of reactive media stored overnight will be
minimized.

As discussed below, if biopolyrner is used to deliver the iron and sand into the excavated
column, a mixing tank with a paddle mixer and bottom discharge (or similar) would be

* ~~~used to mix the iron, sand, and biopolymer. A positive displacement pump would then be
used to transfer the slurry through the tremnie pipe into the column. An enzyme breaker
would also be added to the slurry to promote degradation of the biopolymer.

Test Columns
After mobilization to Dunn Field, HBI will complete one or two full-depth test columns near
the study area to verify column geometry and mix design workability. These columns will
be installed with the same techniques that will be used for the production columns. The
quality and distribution of the in-place reactive media will be assessed after the 55-foot long
PRB3 is established.

The vast majority of HBI experience with this technology has been for geotechnical
applications where creating the design geometry is critical. Two methods that HBI has used
in the past include: (1) excavating the column to reveal its final geometry, and (2) using PVC
pipes installed at multiple radial intervals that vibrate or sound when the jet has reached
their location. Although this application is a variation of HBI's conventional jet grouting
method and needs to be tested, their experience, particularly in similar lithology, indicates
that they will be able to reliably generate the design geometry. HBI's initial testing program
will focus on volume to assess geometry as follows:

1. The height of the column will be defined by the interval that is eroded: 8 feet.

2. HBI experience indicates that they are able to erode the formation to form a column;
therefore, the assumption is that the cross-sectional area of the erosion is a circle.
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3. The specific gravity of the guar/water/soil slurry will be adjusted to maintain the shapeS ~ ~~of the column using conventional geotechnical assumptions. The cylinder-shaped cavity
should be maintained until the reactive media is added just after the erosion process.

4. Assuming that the guar slurry can be effectively displaced by either of the reactive
media application methods discussed below, the volume of the cavity will be verified by
the amount of reactive media tremied into the column and the volume of slurry
displaced during the process.

5. Given the volume of slurry, the height of the column, and HBI's experience with column
generation during jetting, the diameter can be calculated.

Since the jetted column does not extend to the ground surface, roof collapse is possible. The
tremie pipe will be used to measure the elevation of the column bottom after the jetting
process has been completed. Jetting process modifications would be made in the field if the
difference between the design and the post-jetting column depth is significantly different
(that is, more than 1 foot).

ZVI PRB Installation
After the testing phase is complete, HBI will commence with the production columns. Each
column will be completed in two phases, as described below.

Phase I - Column Geometry. HBI will use a guar/ water slurry to create the column
geometry. The guar and water solution will be hydrated in a 20,000-gallon tank. It is
anticipated that the guar and water will be combined at the rate of approximately 30 to 40
pounds of powdered guar for every 1,000 gallons of water. Soda ash and biostat will be
added as needed to prevent the premature breakdown of the biopolymer and potential
collapse of the column. After the guar and water are hydrated, the guar slurry will be
transferred via centrifugal pump to a high-pressure, extended-duty triplex pump. Used as
the drilling fluid, the slurry will be injected under low pressures and flow rates as the drill
rods are advanced to the design depth. It is anticipated that the pressure and flow rate will
be approximately 1,500 pounds per square inch (psi) and 25 gallons per minute (gpm),
respectively.

The verticality of the drill rods will be verified using the process commonly used by
environmental well drillers. The verticality of the drill rig will be checked after the mast is
raised to full height and throughout the drilling process. The weight of the drill string and
the cutting tool to be used during this procedure will minimize variance from vertical. After
the drill rod has reached the design depth, the pressure, flow rate, and other jetting
parameters will be as follows:

*Pressure = 6,800 psi
*Flow rate = 80 gpm
*Rotation = 10-12 revolutions per minute (rpm)
*Refraction =l1foot per minute (ft/mmn)

To establish column geometry, the drill rods will be turned at a constant rate and then the
pressure will be increased until design parameters are achieved. A two-phase internal rod
system will be used to independently supply drilling fluid and air to two concentric nozzles.
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The drilling fluid will be used to erode and remove the soil. Air, delivered by a compressor
at approximately 80 psi, will shroud the drilling fluid and increase erosion efficiency.

Erosion will be initiated at an average depth of 78.5 feet bgs (approximately 6 inches into the
clay) with high-velocity injection of cutting and replacement fluids. This process will continue
with consistent, uniform rotation and lifting to create column geometry, while expelling
eroded spoil out of the top of the borehole annulus. The reactive zone is anticipated to be 8 feet
extending from the top of the confining clay layer to at least 1 to 2 feet above the groundwater
table. The drill rod will be lowered to the bottom of the colurmn again so that it can be re-jetted
to loosen the soil and decrease the specific gravity of the column. After the column has been
created, the drilling tools will be removed and relocated to the next hole. The biopolymer
slurry will temporarily support the excavated column.

Phase II - Tremie pipe placement. The 20 percent iron and 80 percent sand mix (by
volume) will be placed using one of the two methods described in the testing phase.

1. The dry sand and iron mixture will be placed under gravity using a tremie pipe with a
funnel. The enzyme breaker will also be added during this process.

2. Alternatively, if the sand and iron mix does not flow into the targeted zone by gravity,
guar slurry will be added to the sand and iron mix before it is pumped into the column
under pressure.

The bottom of the tremie pipe must be maintained close to the backfilled material to
minimize the drop of the iron-sand through the biopolymner and the potential for
segregation. The volume of guar/ water/soil material that is displaced from the column will
be compared to the theoretical volume of the column. The displaced material will be
collected with a vacuum truck and then transferred to a lined roll-off box for temporary
storage. If the correlation is low (less than 90 percent), HBI will briefly re-jet the column to
stir the zone and ensure that the iron is evenly distributed. If the columns are larger than the
design, then the jetting parameters (that is, pressure, flow rate, rotation, and refraction) will
be adjusted to create the correct column volume. Otherwise, additional reactive media (iron
and sand) will be required to complete the ZVI PRB.

3.6.3 Monitoring During Jetting
The HBI drill rig has an electronic sensor board that measures and displays the drilling tool
rotational rate (in rpm) and extraction rate (in ft/min). The drill rig operator will also use a
Stopwatch to monitor the extraction rate for this application. In addition, the pump operator
will monitor the pressure generated by the double pump system. The pressure component
is critical to the effectiveness of the cutting and extraction process so that the desired column
geometry is created.

Guar slurry consistency and injection flow rate will also be monitored during the jetting
process. Careful monitoring of the consistency will help ensure that the guar slurry does not
break down prematurely. The guar slurry injection and extraction flow rate must also be
monitored to gauge cutting and reactive media emplacement effectiveness.

For health and safety purposes, the area surrounding the boreholes and the work area
perimeter will be monitored with a flame ionization detector (FID) with readout levels of
parts per million. A consistent, 30-second, 1-part-per-million measurement will result in a
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change of personal protective equipment (PPE) from standard Level D to Level C.
Additional health and safety aspects of this project are described in the Site-Specific HASP.

3.6.4 Jelling Borehole Abandonment
Each jetting boring will be abandoned by first placing a coarse-grained, clean sand in the
borehole from the bottom to approximately 50 feet bgs. A 2- to 5-foot thick bentonite seal
will be placed on top of the sand. Cement grout will be placed in the annular space above
the bentonite seal to ground surface. The grout will be pumped through a side-discharge
tremie pipe with the downhole end of the pipe at the top of the bentonite seal. As the grout
is forced through the pipe and upward through the borehole, the tremie pipe will be lifted
(as sections of the tremie pipe are removed at the surface) while keeping the downhole end
below the surface of the grout. The greatest lift thickness per event will be no more than 60
feet. The grout seal will be Type II Portland cement or API Class A cement with no more
than 4 percent bentonite. The grout will be mixed in the following proportions: 94 pounds of
neat cement, not more than 4 pounds of 100 percent sodium bentonite powder, and not
more than 8 gallons of potable water. The grout will have a mixed minimum specific density
of 9.4 lb/ gal or the manufacturer's recommended density.

3.6.5 Site Cleanup and Restoration
Upon completion of the implementation study, the site will be cleaned up to pre-
construction conditions. All equipment will be transported offsite; waste will be managed in
accordance with Section 3.8. The site will be regraded and revegetated as necessary.

3.6.6 Communication
During the field effort, CH2M HILL will be responsible for site management and
communications among team members. CH2M HILL anticipates that there will be one
primary Site Manager and up to two other CH2M HILL personnel on-site during the field
activities. HBI may have up to eight personnel at the site performing various functions during
the field effort. Access to HBI personnel will be restricted during the field effort to avoid
miscommunication of instructions. Communications among the team members will be via cell
phones and hand-held radios. Typically, cell phones operate satisfactorily in the study area. In
some cases, hand signals will be used for the pump operator due to noise levels.

CH2M HILL also anticipates that several observers from other organizations will be on
location during the field effort. Team members will communicate with the observers in
person or via cell phone. The site will have designated work and observer zones and will be
marked accordingly. The health and safety aspects of the field work are described in the
Site-Specific HASP, which will be submitted as a separate document for review by CEHNC.

3.7 Confirmation Sampling
3.7.1 Soil Borings
After the ZVI PRB has been installed, ProSonic will mobilize to the site and advance soil
borings through the PRB3 to assess the distribution of the ZVI. At least five borings will be
installed vertically through the PRB in multiple columns and a range of radial distances to
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assess iron distribution. The iron should cause a distinctive black coloration that should be
visually observable in soil cores. Once oxidized, the powder turns to reddish brown, which
may also be detected if the natural soil color is a lighter color. For these borings, select soil
cores will be archived for future reference and testing. Sampling procedures are provided in
Section 4.3.3.

Borehole Abandonment
Each soil boring will be abandoned by first placing a coarse-grained, clean sand in the
borehole from the bottom to approximately 50 feet bgs. A 2- to 5-foot thick bentonite seal
will be placed on top of the sand. Cement grout will be placed in the annular space above
the bentonite seal to ground surface. The grout will be pumped through a side-discharge
tremie pipe with the dlownhole end of the pipe at the top of the bentonite seal. As the grout
is forced through the pipe and upward through the borehole, the tremie pipe will be lifted
(as sections of the tremie pipe are removed at the surface) while keeping the downhole end
below the surface of the grout. The greatest lift thickness per event will be no more than 60
feet. The grout seal will be Type II Portland cement or API Class A cement with no more
than 4 percent bentonite. The grout will be mixed in the following proportions: 94 pounds of
neat cement, not more than 4 pounds of 100 percent sodium bentonite powder, and not
more than 8 gallons of potable water. The grout will have a mixed minimum specific density
of 9.4 lb/gal or the manufacturer's recommended density.

3.7.2 Groundwater Sampling
Groundwater sampling will be performed following the installation of the new MWs;0 ~~~samples will be collected from eight new (Figure 3-2) and seven existing MWs (MW-54,

MW-77, MW-144, MW-157, MW-161, MW-150 and MW-163). Groundwater samples will be
collected during a baseline event (Section 3.3) and six monthly confirmatory sampling
events.

The new downgradient MWs will be positioned so that the impact of the pilot-scale ZVI
PRB3 on groundwater CVOC concentrations can be observed within the first month or two of
monitoring. As shown on Figure 3-2, new and existing MWs will be located about 5 to 10,
20, and 40 feet downgradient of the pilot-scale ZVI PRB. Given the nearly instantaneous iron
corrosion and CVOC dechlorination kinetics and relatively rapid groundwater flow rate (1.1
ft/day), groundwater downgradient of the pilot-scale ZVI PRB should be impacted within
the desired timeframe. Although CVOC concentrations below laboratory detection limits
downgradient of the PRB are not likely to be observed within a month, statistically
significant decreases are anticipated. It is anticipated that the results from the first month or
two of groundwater monitoring, as well as the soil boring findings, will provide the
evidence required to evaluate the viability of the technology for full-scale application.

3.8 Waste Management
Waste generated during installation of the PRB will be managed by HBI and CH2M HILL as
part of the field effort. All solid and liquid waste generated during the ZVI PRB installation
and additional groundwater and soil investigation will be managed and stored in a proper
manner. The jetting spoils will be collected directly from the top of the borehole with

vacuum equipment and then transferred to lined roll-off boxes for temporary storage. The
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solids will be retained in the 30-yd 3 roll-off containers for characterization and eventual
transportation. Water in the roll-off boxes will be characterized and either transferred to the
IRA discharge line or discharged to the ground surface in the study area.

Residual drilling fluids, development water, and wastewater from equipment
decontamination produced during the jetting and drilling operations will be containerized
by HBT, ProSonic, and the DPT subcontractor in 55-gallon drums (or in fractionation tanks
as needed) approved by the U.S. Department of Transportation. The drums will be
permanently marked with a weatherproof label provided by the FTL, signifying the date,
site number, and MW/soil boring number.

All soil cuttings from the MW installation, soil borings, and DPT sampling will be placed in
the roll-off boxes (or other appropriate approved containers) located in a central staging
area on Dunn Field. The soil cuttings may be temporarily staged at the work location prior
to placement in the central roll-off boxes. Soil, wastewater, and sediment generated from
equipment and personnel decontamination activities will also be stored at the site prior to
removal from Dunn Field.

As described in Section 4, representative samples of the investigative-derived waste (IDW)
will be collected for chemical characterization by CH2M HILL for disposal. Once analytical
results of the IDW are available, CH2M HILL will be responsible for management of all
IDW in accordance with federal, state, and local regulations. The IDW will be removed from
the site within 60 days following the receipt of the analytical results. During past
investigation activities at Dunn Field, liquid IDW was disposed of in the City of Memphis

* ~~sewer system after a temporary permit had been obtained from the City of Memphis Public
Works Department. The permit provided an explanation that the water contained
concentrations of contaminants similar to those of the effluent from the operating Dunn
Field groundwater extraction system, which discharges into the City's sewer system.

Non-investigative waste, such as litter and household garbage, will be collected on an
as-needed basis to maintain the site in a clean and orderly manner. This waste will be
containerized and transported to the designated sanitary landfill or collection bin.
Acceptable containers will be sealed containers or plastic garbage bags.

3.9 Decontamination
3.9.1 Personnel Decontamination
On-site activities will require decontamination of personnel exiting the work area, especially
in cases where a release of contaminants has been detected. Decontamination procedures
are defined in Section 4 of the November 2001, EPA Science and Ecosystem Services
Division Environmental Investigation Standard Operating Procedures and Quality Assurance
Manual (EISOPQAM, EPA, November 2001). All PPE will be contained in drums and
disposed of separately in accordance with Section 3.8.

3.9.2 Equipment Decontamination
All dlownhole drilling and other equipment will be decontaminated according to procedures
presented in Appendix B of EISOPQAM (EPA, November 2001).
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Decontamination of the drilling/jetting rig and associated equipment, pipes, bits, and tools
that are considered downhole equipment will be completed before drilling and jetting
begins and at the completion of the PRB installation. This process will consist of the
following:

* Perform high-pressure, low-volume steam-cleaning.

* Wash and scrub with non-phosphate detergent (Liquinox®) and potable water any areas
contaminated by grease, oil, fuels, or dirt.

* Rinse with potable water.

* Air dry to the extent practical.

Decontamination of the DPT rig, drill rig, rotasonic drilling equipment, pipes, bits, tools,
and all downhole equipment will be conducted between each soil sampling location and
MW installation. Decontamination of development equipment will be performed between
each well developed and will consist of the following steps:

1. Perform high-pressure, low-volume steam-cleaning.
2. Wash and scrub with non-phosphate detergent (Liquinox®) and potable water.
3. Rinse with potable water.
4. Rinse with deionized (or analyte-free) water.
5. Air dry to the extent practical.
6. Where practical, wrap equipment in plastic sheeting or aluminum foil.

Decontamination activities will be conducted on a concrete or asphalt decontamination pad
onDunn Field. A minimum 3-foot high splashguard will be constructed around three sides

of the decontamination pad using plywood and plastic sheeting. All wash and
decontamination water will be managed in accordance with Section 3.8.

3.1 0 Health and Safety
A Site-Specific HASP will be developed and submitted to CEHNC for review and approval
prior to mobilization. Issues pertinent to the jetting process and the groundwater and soil
investigation will be discussed in the Site-Specific HASP. These issues may include, but not
be limited to, the following:

* ZVI PRB Installation: Jetting. The installation of the ZVI PRB will require the use of a
rotary drill rig, high-pressure hoses, centrifugal pumps, and a high-pressure pump. The
use of this equipment has inherent hazards, including rotating mechanical equipment,
potential hazardous atmospheres, noise, and the potential for slips, trips, and falls, as
well as high injection pressures (greater than 6,000 psi) during the jetting process.

* MW Installation: Drilling. The installation of wells at Dunn Field will require the use of
rotasonic equipped drill rigs. The use of this equipment has inherent hazards, including
rotating mechanical equipment, potential hazardous atmospheres, noise, and the
potential for slips, trips, and falls.

• Sail Sampling. Soil from the loess deposits may contain levels of VOCs hazardous to
personnel exposed to the vapors. Screening with field equipment will be necessary to
keep the hazards below action levels.
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*Groundwater Sampling: Use of Pumping Equipment. The use of equipment to obtain
samples includes air-operated bladder-type pumps, electrical generators, tubing,
diffusion bags, and portable direct-reading instruments. The work will require effort
around potentially hazardous environments and will require controls on ambient air
hazards.

3.11 Site Security/Erosion Control
Access controls (i.e., orange safety fencing) and erosion control measures will be maintained
around all jetting, drilling, stockpiles, or other areas disturbed by operations. Designated
work and observation zones will be maintained during the field effort. Open holes will be
barricaded with orange safety fence. All work areas will be kept clean and neat. Gates along
the fence to the study area and Dunn Field will be secured at night with padlocks.
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* ~4.0 Sampling and Analysis

Sampling and analysis procedures associated with the activities required for the ZVI PRB3
Implementation Study and completion of the Dunn Field RDI are outlined below. This
section includes information regarding locations, frequency, and analyses for soil and
groundwater to be collected during the investigation, as well as analyses required for
disposal characterization for IDW.

4.1 Data Quality Objectives
The quality control (QC) objectives of the ZVI PRB Implementation Study are to provide
accurate, precise, and complete data to effectively assess jetting as a ZVI PRB3 installation
method at Dunn Field. The primary evaluation will be based on the results of the soil
samples, which will be used to assess the iron distribution. Analyses will also be performed
on the slurry used to emplace the ZVI and the sediment returned to the surface during the
jetting process. Groundwater levels and samples will also be collected to assess ZVI PRB3
performance. The DQOs detailed in Table 4-1 are established to achieve the objectives
outlined in Section 1.

* ~4.2 Groundwater Sampling
Groundwater sampling will be performed following the installation of the new Dunn Field
and Off-Depot MWs; samples will be collected from 11 new Dunn Field and Off-Depot
MWs (Figures 3-1 and 3-2) and 7 existing Off-Depot MWs. As summarized below,
groundwater samples will be collected during a baseline event and six confirmatory
sampling events.

Monthly ZVI PRB Effectiveness
Location NoJ. Baseline Monitoring

New Dunn Field 3 MW-i172, MW-187, and MW-188 None

Existing Dunn Field 0 None None
New Off-Depot 8 MW-189 to MW-193 MW-1 89 to MW-193
New Off-Depot (in wall) 3 None MW-194 to MW-196
Existing Off-Depot 7 MW-54, MW-77, MW-144, MW-150, MW-54, MW-77, MW-144, MW-150,

MW-161, MW-162, and MW-163 MW-161, MW-162, and MW-163

In addition to CVOC analysis, groundwater samples will be analyzed for the field
parameters summarized in Table 4-2. Groundwater sampling and sampling equipment
decontamination will be performed in accordance with this work plan, Remedial Action
Sampling and Analysis Plan (MACTEC, 2004c), the EPA Region 4 Science and Ecosystems
Services Division EISOPQAM, dated November 2001, and the U.S. Army Corps of Engineers
(USACE) Engineer Manual 200-1-3, dated February 2001.
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TABLE 4-1
Data Quality Objectives
Memphis Depot Dunn Field ZVI PRS Implementation Study Work Plan

Objective Data Quality Level Qualitative DQO Quantitative DQO
Conduct land Screening (initial) and Conduct initial land survey to Use a professional land
survey of ZVI definitive (post-study position ZRI PRE, and select surveyor to conduct a survey
PRR3 alignment, and RDI) soil boring and MW locations, and provide specific
and sampling and Post-investigation survey will be geographical coordinates in a
MW locations conducted to establish northing and easting format.

coordinates of additional or
revised sampling locations.

Update CVOC Definitive (Level Ill) Develop profile of CVOC Collect and analyze soil
distribution in (soil samples) distribution within loess deposits samples for target compound
loess deposits soil. list (TCL) VOCs (Method
soil 5035/82608) in offsite

laboratory based on previously
measured MIP response.

Update CVOC Definitive (Level Ill) Collect groundwater samples to Install additional MWs and
distribution in (groundwater revise groundwater CVOC collect groundwater samples.
groundwater: samples) plume maps. Finalize Source MWs will also be sampled
monitor Area groundwater remedial before, during, and after pilot-
downgradient strategy based on results, and full-scale groundwater
total organic Establish baseline groundwater remedy is implemented.
carbon concentration before pilot-scale Analyze groundwater samples

ZVI PRB is installed by SW-846 Method 826083.0 ~ ~~~~~~~~~~~~~~Monitor effectiveness of ZVI
PRB and the breakdown and
flushing of the biopolymer from
the PRB3 over time.

Measure iron Screening (visual Measure iron content to Magnetic separation tests will
concentration in observation and on- estimate mass flux of iron be used to measure iron
iron/sand mix site testing) placed into the fluvial aquifer content.

during the jetting process
Measure iron Screening (visual Measure iron content to Samples will be analyzed for
concentration in observation and on- estimate mass flux of iron total metals according to EPA
return slurry site testing) and returned to the surface during SW846 601013; on-site magnetic

definitive (Level Ill) the tremie process. separation tests will also be
used to measure iron content.

Measure iron Screening (visual Measure iron content in spoils Samples will be analyzed for
concentration in observation and on- to estimate iron wastage rate. total metals according to EPA
jetting spoils site testing) and SW846 601083; on-site magnetic

definitive (Level Ill) separation tests will also be
used to measure iron content.

Measure iron Screening (visual Measure iron concentrations in Collect and analyze five soil
content in soil observation and on- soil cores to assess in place ZVI cores advanced through the ZVI
cores site testing) and PRB and effectiveness of jetting PRB at a range of radial

definitive (Level Ill) method. distances. Samples will be
analyzed for total metals
according to EPA SW846
60108; on-site magnetic
separation tests will also be
used to measure iron content.
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TABLE 4-10 ~ ~~~Data Quality Objectives
Memphis Depot Dunn Field ZVI PRB Implement ation Study Work Plan

Objective Data Quality Level Qualitative DQO Quantitative DQO
Assess hydraulic Definitive Evaluate hydraulic conductivity Measure changes in water
conductivity of of the fluvial aquifer prior and levels after input and removal of
fluvial aquifer subsequent to installation of slug using pressure probe and

PRB. analyze data with accepted
software.

Assess Screening (water Evaluate whether ZVI PRB3 has Measure water levels at MWs
potentiometric level measurements) impacted natural groundwater up-, side-, and down-gradient of
surface over time flow patterns, the ZVI PIRB before, during, and

after implementation (30, 60,
and 90 days post-jetting).

Waste Definitive (Level Ill) Develop profile for disposing of Collect water and soil samples
characterization solid and aqueous waste. and analyze according to EPA

SW methods.

TABLE 4-2
Groundwater Monitoring Parameter Summary
Memphis Depot Dunn Field ZVI PRB Implementation Study Work Plan

Parameter Laboratory Method
_CVOC - Laboratory __________________________

Volatile Organics Fixed Based Laboratory - SW846 Method 82606
Total organic carbon (PRB3 monitoring only) Fixed Based Laboratory - EPA Method 415.1

Geochemnical Parameters - Field
Color FieldNisual
Visible particulate FieldNisual
Turbidity Field Direct Reading Instrument - YSI 6820 Multimeter
Dissolved oxygen (DO) Field Direct Reading Instrument - YSI 6820 Multimeter
Oxidation Reduction Potential (ORP) Field Direct Reading Instrument - YSI 6820 Multimeter
pH Field Direct Reading Instrument - YSI 6820 Multimeter
Temperature Field Direct Reading Instrument - YSI 6820 Multimeter

Groundwater levels will be measured in MWs prior to and during each sampling event.
Water levels will be measured using an electronic sensor with tape graduated in 0.01-foot
increments. Measurements will be recorded as depth to water from the mark on the top of
the well casing. Well number, date and time of measurement, and depth to water will be
recorded in the field logbook.

Before sampling, each well will be purged using a low-f low bladder pump to minimize both
agitation of the groundwater and sample turbidity. The methods discussed below are
consistent with Low-Flow (Minimal Drawdown) Groundwater Sampling Procedures (EPA,
1996). The intent of those procedures is to remove stagnant water from the well and
introduce fresh groundwater into the well at a rate that does not produce significant
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drawdown of the water level in the well being sampled. This procedure reduces both the
time required to purge the wells and the quantity of water removed (IDW).

The field team will keep the pumping rate as low as possible, taking care not to lower the
water level in the well. The anticipated pumping rate is 0.15 to 0.25 gpm so that water levels
do not decline more than 1.2 inches (0.1 foot). Water level measurements will be recorded
concurrently with the water quality parameter measurements. Field measurements of DO,
ORP, turbidity, pH, temperature, and specific conductance will be recorded at the beginning
of the procedure and at 5-minute intervals during purging. The water quality parameters
will be measured using an airtight flow-through cell. Measurement data will be recorded in
the field logbook. Purging will continue until field measurements have stabilized.
Stabilization is defined as the point at which the pH is within ±0.1, the conductivity is ± or -

3 percent, and the turbidity remains less than 10 nephelometric turbidity units (NTUs) for at
least 30 minutes. The FTL will determine when development is complete. The above
parameters will be documented and the wells will then be sampled using the same low-flow
pump rate.

Samples will be collected from MWs using the low-flow bladder pump and Teflon®-lined
tubing once the field parameters have stabilized. Headspace in the VOC sample container
must be minimized by filling the sample vial until a positive meniscus is present.

Containers will be quickly and adequately sealed; container rims and threads will be clean
before tightening lids. Unless otherwise specified, Teflon®-lined screw lids will be used to seal
the vial. Sample containers will be properly labeled and will be immediately cooled to 40C
±20 C, and this temperature will be maintained through delivery to the laboratory until the
samples are analyzed. New tubing will be used and the pump decontaminated for each well.

4.3 Soil Sampling
4.3.1 Soil Core Sampling
During the drilling of each boring for the MWs, soil cores will be collected in continuous
sampling mode from land surface to completion depth. The core samples will be collected in
plastic tube bags placed at the end of the core barrel subsequent to drilling each 10- to 20-
foot length. The core samples will be cut open and examined for geologic characteristics
immediately upon return to the surface.

Lithologic descriptions of unconsolidated materials encountered in the boreholes will be
presented in accordance with the 1990 ASTM D-2488-90, Standard Practice for Description and
Identification of Soils (Visual-Manual Procedure). Descriptive information to be recorded in
the field will include:

* Identification of the predominant particles size and range of particle sizes
* Percent of gravel, sand, fines, or all three
* Description of grading and sorting of coarse particles
* Particle angularity and shape
* Maximum particle size or dimension

* ~~~Plasticity of fines description includes:
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: Color using Munsell Color System
Moisture (dry, wet, or moist)

* Consistency of fine-grained soils
* Structure of consolidated materials
* Cementation (weak, moderate, or strong)

Identification by the Unified Soil Classification System (USCS) group symbol will be used.
Additional information to be recorded is: depth to the water table, caving or sloughing of
the borehole, changes in drilling rate, depths of laboratory sample collection, presence of
organic materials, presence of fractures or voids in consolidated materials, and other
noteworthy observations or conditions, such as the locations of geologic boundaries.

Headspace field screening (see the field screening Standard Operating Procedure in TM SA.01
- Data Collection Plan for Long-Term Operational Areas, Main Installation, Memphis Depot) will be
conducted over each core using an organic vapor analyzer (OVA)/ FIDJ until the last core is
removed from the boring. No samples will be collected for laboratory analysis. At the
discretion of the field geologist, select soil cores may be archived for future reference.

4.3.2 DPT Sampling
Twenty-five discrete soil samples will be collected using a standard DI'T rig. These samples
will be delivered by CH2M HILL to an offsite laboratory where they will be analyzed for
CVOCs (SW-846 Method 8260B).

* ~~4.3.3 ZVI PRB Confirmation Sampling
After the ZVI PRB has been installed, five borings will be installed vertically through the
PRB in multiple columns and a range of radial distances to assess iron distribution. Soil and
core samples will be collected beginning at approximately 65 feet bgs. The continuous core
samples will be 4 inches in diameter and will be brought to the surface as intact as possible
for an iron content assessment by the FTL (visual and magnetic separation test) and
submittal to the laboratory for total iron analysis according to EPA SW846 60108. The soil
core will be analyzed as follows:

1. Vertically split the entire core (-8 feet of core where the sand/iron column is present),
saving one half for archiving.

2. Divide the remaining half of the core into eight 1-foot sections from top to bottom. Each
section will be about 2 kilograms (kg).

3. Randomly select four of the sections for the magnetic separation test (Appendix D).
Conduct test and record results.

4. Randomly select one of the sections for total iron analysis according to EPA SW846 60108.

Where possible, a conductivity probe will be advanced to identify soil conductivity changes
due to the presence of highly conductive ZVL.
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* ~~4.4 Reactive Media, Return Slurry, and Jetting Spoils Sampling
As discussed in Section 3.6.2, at least one reactive media sample from each mix batch (for
example, once per cement mixer) will be visually observed by the FTL and HBI and analyzed
with the magnetic separation test (Appendix D) to assess the iron content of the mix.

For each column, one sample of the return slurry will be collected and analyzed for total
metals according to EPA SW846 6010B. Samples will be shipped via FedEXTM from the site to
Kemron Environmental of Marietta, Ohio, for laboratory analysis. If possible, the samples
will also be analyzed on-site using the magnetic separation test (Appendix D) to assess iron
content.

All jetting spoils will be transferred to a central staging area on Dunn Field. Water decanted
from the jetting spoils container will be managed in accordance with Section 4.5.3. The
sediment will be sampled for iron content and final disposal purposes according to methods
and analyses required by the accepting transportation/storage/disposal facility (TSDF).
Two samples will be collected per container (lined basin or roll-off box). Once the soil
analytical data have been obtained, the sediment will be removed from Dunn Field within
60 days. The data will also be used to estimate the quantity of wasted iron.

4.5 Investigation-Derived Waste
Representative samples of the IDW will be collected for chemical characterization needed
for offsite disposal. IDW samples will be analyzed for the list of parameters described in

Table 4-3.

4.5.1 Decontamination Sediment
Sediment will be removed from the decontamination area and placed in drums. Sediment
samples will be collected from the drums and analyzed for the same parameters as soil
samples to assess final disposition of IDW materials.

4.5.2 Soil
Soil cuttings generated from the investigation will be placed in drums or other appropriate
storage devices and stored at the site. The soil will be sampled for final disposal purposes
according to methods and analyses required by the accepting TSDF. Once the soil analytical
data have been obtained, the soil will be removed from Dunn Field within 60 days. Previous
IDW soil samples from the ZVI treatability study area were analyzed by toxicity
characteristic leaching procedure (TCLP) methods and were found to be non-hazardous.
The soil did not require special procedures for transportation and disposal.

4.5.3 Water
Water derived from decontamination activities will be collected and containerized. Water
samples will be collected from the drums and analyzed for CVOCs, SVOCs, metals, pH,
reactivity, corrosivity, flammability, and explosivity. Results will be used to determine final
disposition of the water.
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* ~~4.5.4 Personnel IDW
IDW from personnel, including Tyvek"' or Saranex" coveralls, nitrile gloves, rubber booties,
duct tape, and spent jars from field screening, will be placed into separate drums for waste
collection purposes. Analytical results from the soil samples will help determine whether
there is a need to sample the [OW and, if so, what analyses should be performed. Two IDW
samples are estimated for this effort.
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* ~5.0 Data Management, Analysis, and

Interpretation

5.1 Data Description
Information generated from the ZVI PRB Implementation Study and completion of the
Dunn Field RDI will include land survey, hydrogeologic, and geochemical data:

* Land survey data will be derived from the process of selecting the soil sampling
locations (DPT and conventional soil borings locations), new MWs, and ZVI PRB
alignment. Soil confirmation sampling locations will be clearly marked in the field with
stakes or pin flags so that their positions can be identified using a global positioning
system (GP'S) or conventional land survey (Allen & Hoshall, Inc.) when the investigation
is complete.

* Hydrogeologic data will be derived from the collection and analyses of water level
measurements, slug testing, and soil and groundwater samples.

* Geochemnical information from this study will be derived from groundwater sampling
results (CVOC analysis), soil and sediment sampling results (CVOCs or total metals),
and field geochemistry. These data are critical for the completion of the Source Areas
and Off-Depot Groundwater RDs (for example, placement of the Source Area ZVI
injection locations and orientation of the full-scale Off-Depot ZVI PRB).

5.2 Data Management
Data management for the ZVI PRB Implementation Study and completion of the RDI will
match the requirements of the DQOs presented in Section 4.1. Much of the field data will be
obtained through the efforts of field screening, which includes the use of direct-reading
instruments and the laboratory analysis of samples. The information presented in this
section is considered supplemental to the Remedial Action Sampling and Analysis Plan
(MACTEC, 2004c) for the Memphis Depot activities.

5.2.1 Sample Numbering System
During sampling events conducted for the Dunn Field RDI, nomenclature will be used to
distinguish between categories of sampling events, sampling locations, and, where
appropriate, depth of sample collection. Sample numbering protocol as shown in Table 5-1
will be used.
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TABLE 5-1
Sample Numbering Summary
Memphis Depot Dunn Field ZV/I PRB Implementation Study Work Plan

Type of Sample(s)
Sampling Event and Location Sample Number Description Example Sample Number

Groundwater Groundwater on- Sampling location and depth to pump. MW-73_75
sampling for site and Off-Depot Note: for samples collected with a
VOCs and diffusion bag (optional), sample If [diffusion bags are used:
geochemistry numbers will reflect depth of diffusion MW-73_75-78

bag sampler located in each well.

Soil sampling RDI confirmation Sample numbers reflect treatment TA4_N1O8OE1 120_16-18
sample area (1-4), grid location (see Figure

3-1 and Table 3-1), and discrete
sample depth.

ZVI PRB Samples will reflect location and SBQ1 100-1 10
confirmation depth of sample collection.
sample

Iron/sand mix Iron/sand sample Samples will reflect date. IS01 030606
sampling

Return slurry Return slurry Samples will reflect column number RS01 1 030606
sampling sample collect and date.

during the tremie
process0 ~~~~Jetting spoils Sediment sample Samples will reflect date. JS01 030606

sampling collected from the
storage container

Note: For duplicate soil samples, a double blind sample number will be used for the duplicate sample. Matrix
spike/matrix spike duplicates will be denoted with an 'MS/MSD` at the end of the sample number Equipment,
field, and trip blanks will be designated with 'EB', "FBW, and "TS", respectively.

5.2.2 Sail and Water Sample Labels
All soil and water samples obtained at the site will be placed in an appropriate sample
container, as identified in Table 4-3, for shipment to the laboratory. Each sample container
will be identified with a separate identification label. Labeling will be done in
indelible/waterproof ink. Errors will be crossed out with a single line, dated, and initialed.
Each securely affixed label will include the following information:

* Project identification
* Sample identification
* Sampler's name or initials
* Preservatives added
* Date of collection
* Time of collection
* Required analytical method numbers

FINAL DF PRB WP DOC 5-2
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SECTIONS5- DATA MANAGEMENT, ANALYSIS, AND INTERPRETAT!ON

5.2.3 Field Screening Data Management
Field screening efforts will include ambient air screening around MWs and soil borings with
an OVA/ FID and screening of groundwater during purging procedures with portable
direct-reading instruments, which will be calibrated in accordance with the Remedial Action
Sampling and Analysis Plan (MACTEC, 2004c). Data that will be recorded with each
measurement include the following:

*Date and time
*Elapsed time since test began, as necessary
*Location of measurement/location where the sample was collected, as necessary
*Instrument measurement

Each measurement will be handwritten into a bound field logbook and, after the entire test
has been completed, the data will be transferred into an electronic file for use within the
Dunn Field ZVI PRB Implementation Study TM.

Other field notes to be collected during the ZVI PRB Implementation Study and written in
the field logbook include: weather information, personnel present during on-site activities,
subcontractor names and activities, notes on the proximity of the activities to established
features within Dunn Field, and all other pertinent information that may impact data
analysis. This information will be included in the ZVI PRB Implementation Study TM, as
necessary.

* ~~5.2.4 Analytical Laboratory Data Management
Multiple samples will be submitted to an analytical laboratory for CVOC and total metals
analyses and reporting. During collection of groundwater and soil samples, the date, time,
location of sample collection, and the sample number will be recorded in the field logbook.
This information will be transferred, as required, to the chain-of-custody documents. Copies
of the chain-of-custody documents will be kept at the site until the study is complete and
will then be transferred to the site files for record-keeping.

After the analytical data have been received from the laboratory, the data will be stored
electronically, summarized, and reproduced for the Dunn Field ZVI PRB Implementation
Study TM. Prior to this, however, the data will be reviewed by a project chemist for quality
assurance (QA). If there are any differences between the chemist's and the laboratory's review
of the data, a letter report will be issued describing the differences and any potential to affect
the results from the study. Data will be delivered according to Environmental Data
Management System (EDMS) Version 4.11 or higher. Information on EDMS is available at the
following Web site: http://www.aee.faa.gov/emissions/edms/edms Up2dates! Updates.htm

5.3 Data Analysis and Interpretation
The data collected during the ZVI PRB Implementation Study will be tabulated and graphed
to assess CVOC spatial trends. All data and the resulting interpretation will be presented
and described within the Dunn Field ZVI PRB Implementation Study TM and relevant RD
documents. The data will be used as a basis for the design of the Dunn Field groundwater
and soil remedies.

FINAL DF PIRE WP.DOC 5-3
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* ~6.0 Community Relations

The Memphis Depot has an active community involvement program that monitors events
that occur at the Memphis Depot site, especially for Dunn Field. This study will occur with
the knowledge of members of the community, many of whom live just beyond the
perimeter of Dunn Field.

Prior to initiation of field activities, fact sheets describing the investigation and duration of
the fieldwork will be distributed to community members in the area adjacent to Dunn Field.
The findings from the study, once finalized, will also be presented to the Restoration
Advisory Board (RAB) members.

FINAL DE PRB WP DOO 6-1
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* ~7.0 Reports

A ZVI PRB Implementation Study TM will provide the necessary documentation of the
completed study. CH2M HILL plans to complete the TM according to the schedule
presented in Section 8. The TM will include, but not be limited to, the following:

* Description of the study procedures and ZVI PRB implementation process
* Field measurement methods and data collected
* Summary of field and laboratory analytical data presented in graphs, tables, and/or figures
* Variances to field procedures
* Overall impact on the Off-Depot RD

The TM, which will be reviewed by the Memphis Depot BCT, will include
recommendations for possible full-scale application and additional investigations that may
be required to implement the evaluated technology. The TM will also contain a separate
section that covers data quality and validation. At a minimum, the following information
will be included in this section:

* Assessment of measurement data precision, accuracy, and completeness
• Laboratory and performance audit results
* Potential QA problems and corrective actions implemented
a Copies of pertinent documentation, such as memos and reports

The TM will be submitted to the BCT for review and comment. The final TM will be
presented within the Source Area and/or Off-Depot Groundwater RD documents.

FINAL DF PRB WP DOC Ti1
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* ~8.0 Schedule

The schedule of activities associated with this project, such as the completion of the work
plan, the proposed fieldwork, and the preparation of the final TM, is presented as Figure 8-1.
CH2M HILL estimates that 50 days will be required from implementation of the field
effort to completion of the PRB, including mobilization and site setup, through completion
of the soil core sampling. The TM will be produced following the analysis of the field,
groundwater, and soil core data. Groundwater monitoring will continue for another 4
months; the resulting analytical data will be included in the Off-Depot RD.

FINAL OF PRR WP DOG 8.4
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OTABLE 2-1
Summary of Depth Information for Soil Borings Along the Proposed PRE
Memphis Depot Dunn Field ZVI PRB Implementation Study Work Plan

Depth to Top of Clay in
Depth to Top of Clay Jackson FmlUpper Total Depth of
in Fluvial Deposits Claiborne Fm Boring

Boring Number (ft bgs) (ft bogs) (ft bgs)
SB-i 71 76 96

SB-2 74 82 86

S6-3 77 84 86
SB-4 79 86 96

MW-144 76 N.D. 8 6
MW-161* 80.5 N.D. 8 6
MW-163 7 6 84 8 6

Top of clay in the Jackson Formation/Upper Claiborne Unit was not defined in this boring.
ft bgs = feel below ground surface
N.D. = not determined
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0 ~~~~~~~~~~~~~~~~~APPENDIX A* ~~~~~Groundwater Modeling Results
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* ~~Groundwater Modeling

The groundwater flow model, MODFLOW-96, was selected to develop the groundwater
flow model for the study area. MODFLOW is a well-accepted, 3-D, cell-centered, saturated
groundwater flow model developed by the United States Geological Survey (USGS).
MODPATH, a 3-D particle tracking model, was used to assess the pathlines of groundwater
through the aquifer. This model was also developed by the USGS. The Groundwater Vistas
software interface (Version 3.5), developed by Environmental Simulations, Inc., was used as
the pre-and post-processor for MODFLOW and MODPATH.

After the March 2005 potentiometric surface was replicated in the groundwater flow model
(MACTEC, 2005a), various formation and iron/sand hydraulic conductivity values were
used to evaluate the groundwater flow path following system installation (summarized in
Table A-i); the alternating column ZVI layout is illustrated on the model outputs.

TABLE A-i
Groundwater Model input Summary
Memphis Depot Dunn Field

K (ftld)
Pair Formation Ironlsand column Comment'
1 30 150 a Geometric mean for the Off-Depot formation

* K for 100% Connelly 1167 iron
2 30 200 a Geometric mean for the Off-Depot formation

* K for 100% Connelly 1004 iron (slightly coarser)
3 70 150 * Geometric mean for the thin aquifer present in the study

area
* K for 100% Connelly 1167 iron

4 70 200 * Geometric mean for the thin aquifer present in the study
area

* K for 100% Connelly 1004 iron (slightly coarser)
5 130 150 * Geometric mean for wells nearest to ZVI PRB (MW-144 and

MW-161)
* K for 100% Connelly 1167 iron

6 130 200 9 Geometric mean for wells nearest to ZVI PRB (MW-144 and
MW-1161)

______ ~~~~~~~~* K< for 100% Connelly 1004 iron (slightly coarser)
'As of the writing of this document, the hydraulic conductivity of the iron/sand mixture is unknown since the
mixtures have not been completed. However, a sample of the proposed iron/sand blend is to be submitted to a
geotechnical laboratory before the mobilization date for constant head (ASTM D2434) or falling head (ASTM
05084) permeability testing. Until then, an assumption has been made that the selected sand will not
decrease the permeability of the reactive media: therefore, the modal assumed the hydraulic conductivity of
the iron alone for the reactive media.

One assumption for the modeling effort is that the selected sand will not decrease the
permeability of the reactive media; therefore, the model assumed the hydraulic conductivity
of the iron alone for the reactive media. The model also accounts for differences in material
porosity (formation was assumed to be 0.3; the iron, 0.45).
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* ~~Each of the six model outputs shown below have the following elements:

Description Element Comment
Pink or red circles Iron/sand columns
Red lines Groundwater path lines Flow from right (east) to left (west)

Black circles Existing monitoring wells

Thin blue lines March 2005 potentiometric surface
Thick blue lines Groundwater model potentiomnetric surface Used to match field conditions

Gray lines Rozzelle street

Results
Despite similar hydraulic conductivities (formation vs. iron/ sand columns), the MODPATH-
results indicate that the groundwater should flow through the iron/ sand columns. The
groundwater passes through the iron/sand columns such that the required treatment times
are achieved.
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APPENDIX C
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1.0 INTRODUCTION AND BACKGROUND

This bench-scale treatability report was prepared for CH2M Hill to support the design of a
granular iron permeable reactive barrier (PRB) for treatment of dissolved chlorinated volatile
organic compounds (VOCs), present in groundwater at Dunn Field, Memphis Army Depot,
Memphis, TN (the "site"). This report presents the results and data interpretation of a column
treatability study conducted at the Institute for Groundwater Research, University of Waterloo
(UW), Waterloo, Ontario, Canada, under contract to EnviroMetal Technologies Inc. (ETI).

1.1 Background Information on the EnviroMetal Process

As a consequence of the significant limitations of pump-and-treat systems, in-situ PRBs have
been identified as an alternative groundwater remediation technology (Gillham, 1996;
O'Hannesin and Gillham, 1998). The concept involves the construction of a permeable wall
or barrier, containing appropriate reactive materials, across the path of a contaminant plume.
As the contaminated groundwater passes through the wall, the contaminants are removed
through chemical or physical processes. Various configurations of in-situ treatment systems
have been evaluated, based on site-specific conditions. Advantages of in-situ PRBs include:

*low maintenance costs;
*no operating costs;
*long-term passive treatment;
*absence of waste materials requiring treatment or disposal;
*absence of invasive surface structures and equipment; and
*conservation of groundwater resources.

Several types of materials have been suggested for use in PRI~s. The most advanced stage of
application has been achieved with systems using granular iron to degrade chlorinated organic
compounds. Under highly reducing conditions and in the presence of metallic surfaces,
certain dissolved chlorinated organic compounds in groundwater degrade to non-toxic
products such as ethene, ethane and chloride (Gillham and O'Hannesin, 1994). The process is
abiotic reductive dehalogenation, with the metal serving to lower the solution redox potential
(Eh) and as the electron source in the reaction. Using granular iron as the reactive metal,
reaction half-lives (the time required to degrade one half of the original contaminant mass) are

* commonly several orders of magnitude lower than those measured under natural conditions.

31925.10
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The technology is particularly attractive for the remediation of contaminated groundwater
because of the high rates of degradation, the granular iron is relatively inexpensive, the
process requires no external energy supply and because most compounds are degraded with
production of few, if any, hazardous (chlorinated) organic by-products.

To date, granular iron PRBs have been installed at over 125 sites in the United States, Canada,
Europe, Japan and Australia. These PRBs have been installed at Superfund sites;, as part of
brownfield site redevelopment; at various active manufacturing, DOE and dry cleaning
facilities; and landfills. A total of 28 PRBs have been installed at DoD facilities throughout
the United States. With 16 full-scale systems, in addition to 12 pilot-scale systems, which
have been installed at earlier stages of the technology to provide "proof of concept" and over
the past years to demonstrate effective construction methods. The earliest commercial
applications in California and Belfast, Ireland have been in operation for the past 10 years.

1.2 Approach to Technology Implementation at the Site

A granular iron PRB has been proposed as an in-situ treatment alternative to degrade VOCs in
groundwater at the site. When viewed in the context of previous successful applications, the
site appears quite amenable to treatment using this technology:

i) the primary VOCs present, 1, 1,2,2-tetrachloroethane (II 22TeCA), carbon
tetrachloride (CT), chloroform (TCM), tetrachloroethene (PCE), trichioroethene
(TCE) and cis I1,2-dichloroethene (cDCE) have been successfully treated at other sites;
and

ii) the main inorganic chemistry of the plume appears to pose no significant impediments
to technology application.

Based on the information provided to ETI by CH2M Hill, at the proposed PRB location with
a water table of about 80 ft below ground surface (bgs), the VOC plume ranges from about S
to 16 ft in saturated thickness ranging from a depth of 80 to 1 00 fit bgs. The estimated
groundwater velocity at the proposed PRB location is variable with a groundwater velocity
range of about 0.55 to 1.1I ft/day.

Several design parameters need to be addressed and quantified in order to apply the granular
iron technology in the field, and to determine its cost-competitiveness with other treatment
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technologies. This bench-scale test was initiated to provide design parameters (VOC

degradation rates) for the anticipated maximum concentrations entering the PRB3.
Specifically, the following factors need to be investigated to facilitate field implementation of

a treatment system at the site:

i) The degradation rates of chlorinated VOCs present in site groundwater using a
commercial granular iron source. Degradation rates determined using site

groundwater allow refinement of the degradation rates and resulting residence time.

This residence time within the iron treatment zone will provide the time for the VOCs
to achieve concentrations below the regulatory limits.

ii) The production and subsequent degradation rates of chlorinated compounds produced

from the VOCs originally present in the site groundwater (e.g., dichloroethene (DCF)

isomers and vinyl chloride (VC) from TCE and II 22TeCA). These can also affect the
dimensions of the treatment system.

iii) The volume of iron material required. This volume is based on the concentrations of

VOCs present in groundwater entering the treatment zone and potential breakdown
products, degradation rates and groundwater flow velocity.

iv) The effects of the process on the inorganic chemistry of the groundwater, in particular,

the potential for mineral precipitation. Mineral precipitates could affect the long-term
operations and maintenance (O&M) requirements of the treatment system.

1.3 Bench-Scale Test Report Organization

The remainder of this report is organized as follows:

* Section 2.0 presents the detailed objectives and methods for the bench-scale test.

* Section 3.0 presents the organic and inorganic results from the bench-scale test.

* Section 4.0 discusses the calculated residence time required to meet the target levels,
and provide a preliminary conceptual design for the treatment system.

* Section 5.0 summarizes the results.
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O ~2.0 BENCH-SCALE TEST OBJECTIVES AND METHODS

2.1 Bench-Scale Test Objectives

The primary objective of the bench-scale test was to provide the data necessary to determine

the residence time for the dimensions of the granular iron system to remediate the VOCs

present in the plume, and their chlorinated breakdown products, to below their regulatory
criteria. Samples collected during the laboratory column test were used to evaluate the

following specific objectives:

* determine degradation rates of VOCs in site groundwater using granular iron;

* characterization of chlorinated breakdown products, and evaluation of the rates of

degradation of these products;

* changes in inorganic geochemristry as a result of the pH and Eh changes, including

possible mineral precipitation.

2.2 Bench-Scale Test Methods

The bench-scale testing included two columns using groundwater collected from two separate

locations, MW-54 and MW-77. The columns contained 100 % granular iron obtained from

Connelly GPM of Chicago, IL (CC-I 167, -18 to +84 US Standard Mesh size). The grain size

distribution curve for this iron source is shown in Appendix A. The specific surface area of

the granular iron was 1.5 M2 / g determined by the BET method (Brunauer et al., 1938) on a

Micromeretic Gemini 2375 surface analyzer. A hydraulic conductivity value of

3.3 x 10-2 cmlsec (94 ft/day) was obtained for this granular iron sample using a falling head

permeameter test.

The column was constructed of PlexiglasFM with a length of 1 .6 ft (50 cm) and an internal

diameter of 1.5 in (3.8 cm) (Figures 1 and 2). Seven sampling ports were positioned along the
length at distances of 0.08, 0.16, 0.33, 0.50, 0.66, 1.0, and 1.3 fit (2.5, 5, 10, 15, 20, 30, and

40 cm) from the inlet end. The column also allowed for the collection of samples from the

influent (0 ft, 0 cm) and effluent lines (1.6 ft, 50 cm). Each sampling port consisted of a

* ~~~nylon Swagelok fitting (0.063 in, 0. 16 cm) tapped into the side of the column, with a syringe
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needle (I 6G) secured by the fitting. Glass wool was placed in the needle to exclude the iron

particles. The sampling ports allowed samples to be collected along the central axis of the

column. Each sample port was fitted with a Luer-LokTm fitting, such that a glass syringe

could be attached to the port to collect a sample. When not in operation the ports were sealed

by Luer-Lok TM plugs.

To assure a homogeneous mixture, aliquots of iron were packed vertically in lift sections

within the column. Values of bulk density, porosity, and pore volume (PV) were determined

by weight (Table 1). The column experiment was performed at a site groundwater

temperature of I1Soc (640 F,). An IsmateCTM IPN pump was used to feed the site water from a

collapsible Teflon® bag to the influent end of the column. The pump tubing consisted of

Viton®, and all the other tubing was Teflon® [0. 125 in (0.32 cm) OD x 0.063 in (0. 16 cm)

ID]. Flow velocities of about 1.2 ft/day (36 cm/day) for MW-54 and 0.86 ft/day (26 cm/day)

for MW-77 were selected in consultation with CH2M Hill to be in the range of the site

groundwater velocity and to complete the tests within a reasonable time.

2.2.1 Groundwater Shipment and Storage

Groundwater was collected by CH2M Hill from monitoring well MW-54 and MW-77 at the

site and shipped to UW in 4 L amber glass sample bottles with no headspace. Samples from

the site were analyzed immediately upon arrival for select VOCs, using the methods described

in this section.

The major VOCs detected in the water collected from MW-54 was TCMI at a concentration of

about 8 lag/L; 1,1 ,2-trichloroethane (1 12TCA) at a concentration of about 5 ji1g/L; II 22TeCA

concentration of about 470 lig/L; TCE at a concentration of about 1,000 ~agIL; cDCE

concentration of about 30 ig/L and trans I1,2-dichloroethene (tDCE) of 7 jig/L. Laboratory

grade CT and TCM chemicals were used to increase the CT and TCMI concentrations in the

site water influent reservoir to about 50 and 250 pg/L, respectively, which was considered to

be more representative of anticipated design concentrations along the line of the proposed iron

PRB.

The site water sample from MW-77 had a TCM concentration of about 5 atg/L; 1 I2TCA

concentration of about 10 gLg/L; I I22TeCA of about 8,700 psg/L; PCE concentration of

20 pg/L; TCE concentration of 3,600 .±g/L; cDCE concentration of about 130 ~tg/L and a
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tDCE concentration of about 20 ig/L. Laboratory grade 1 I22TeCA chemical was used to

increase the 11 22TeCA concentration in the site water influent reservoir to about

15,000 jpg/L, which was considered to be more representative of anticipated design

concentrations along the line of the proposed iron PRB.

The column tests were conducted at I 80C (640 F) which is the anticipated groundwater

temperature at the site. The site water was stored at 40C (390 F) until required at which time it

was siphoned from the field sample bottles into a collapsible Teflon® bag. Due to the holding

capacity of this influent reservoir, as noted in Appendix C by reservoir number [RN], the

influent reservoir was filled three times [a-c] for both MW-45 and MW-77 over the course of

the test.

2.2.2 Sampling and Analysis

The columns were sampled every 3 to 10 PVs until steady state concentration profiles were

achieved. In the bench-scale test, steady state is defined as the time when VOC
concentrations versus distance profiles do not change significantly between sampling events.
After removing the stagnant water from the sampling needle, 2.0 to 4.0 mL samples were

collected from the sampling ports using glass on glass syringes, transferred to glass sample

bottles, and analyzed immediately (no holding time). Samples for organic analyses, nitrate,

sulphate, chloride, Eh and pH measurements were collected from each port as well as from

the influent solution and the effluent overflow bottles. Samples for inorganic analyses were

obtained from the influent solution and the effluent overflow bottles towards the end of the

test as steady state conditions were approached.

Additional organic samples were sent to an independent laboratory chosen by CH2M Hill

(Appendix B) to verify the organic influent and effluent results obtained from the UW

laboratory.

0
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. ~~2.3 Analytical Methods

2.3.1 Organic Analyses

The less volatile halogenated organic such as TCE, I1I22TeCA, PCE, 1,1,1-trichloroethane
(I II TCA), II I2TCA, CT and TCMI were extracted from the water sample within the glass
sample bottle using pentane with an internal standard of I1,2-dibromoethane, at a water to
pentane ratio of 2.0 to 2.0 mL. The sample bottles were placed on a rotary shaker for 10
minutes to allow equilibration between the water and the pentane phases, then the pentane
phase was transferred to an autosampler bottle. Using a Hewlett Packard 7673 autosampler, a
1.0 gtL aliquot of pentane with internal standard was automatically injected directly into a
Hewlett Packard 5890 Series IL gas chromatograph (OC). The chromatograph was equipped
with a Ni63 electron capture detector (ECD) and DB-624 megabore capillary column (30 m x
0.538 mm ID, film thickness 3 ±mr). The GC had an initial temperature of 500C, with a
temperature time program of 1 50 C/minute reaching a final temperature of I 50"C. The
detector temperature was 3000 C. The carrier gas was helium and makeup gas was 5%
methane and 95% argon, with a flow rate of 30 mL/min.

For the more volatile compounds such as the DCE isomers, VC, dichloromethane (D)CM),
1,1 -dichloroethane (II DCA) and I1,2-dichloroethane (I12DCA), 4.0 mL samples were
collected in glass on glass syringes and placed in 10 mL Teflon® faced septa crimp cap vials,
creating a headspace with a ratio of 6.0 mL headspace to 4.0 mL aqueous sample. The
samples were placed on a rotary shaker for 15 minutes to allow equilibration between the
water and gas phase. Using a Hewlett Packard 7694 headspace auto sampler, a I mL stainless
steel sample loop injected the samples directly onto a Hewlett Packard 5890 Series II GC.

For the DCE isomers and VC, the chromatograph was equipped with a HNU photoionization
detector (PID) with a bulb ionization potential of 10.2 eV. The GC was fitted with a fused
silica capillary NSW-PLOT column (15 m x 0.53 mm ID). The samples were placed in the
analyzer oven for 2 minutes at 750C, and subsequently injected onto the UC. The temperature
program was 1600C for 5.5 minutes, then increased at 20 IC/min to 2000 C and held for 5.5
minutes. The injector and detector temperatures were 1000 C and 120 0 C, respectively. The
carrier gas was helium with a flow rate of 5.5 mL/min. Data was collected with a Pentium
166 computer using HP-Chemstation Version 5.04.
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For DCM, 11I DCA and I2DCA, the GC was equipped with a Ni6 ECD detector with a J&W
DB-624 (30 m x 0.53 mm). The GC has an initial temperature of 500 C, with a temperature
program of 100'C/min, reaching a final temperature of 130 0C and then is held at l300 C for 0.5
minutes. The detector is set for 3OO0 C and then injector temperature is 2000 C. The carrier
gas is helium with a flow rate of 7 mL/min.

Method detection limits (MDL) were determined for each compound as the minimum
concentration of a substance that can be identified, measured and reported with 99%
confidence that the analyte concentration is greater than zero. The MDLs were determined
from analysis of samples from a solution matrix containing the analytes of interest. Although
MDLs are reported, these values are not subtracted from any reported VOC concentrations
(Appendix C). The reason for this is that it indicates that the organic concentrations are
approaching or advancing within the column, and is helpful when determining degradation
rates. Detection limits for all compounds, as given in Table 2, were determined using the
EPA procedure for MDL (US EPA, 1982).

. ~~2.3.2 Inorganic Analyses

Eh was determined using a combination AgIAgCI reference electrode with a platinum button
and a MarksonTM Model 90 meter. The electrode was standardized with ZoBeIITM. Millivolt
(my) readings were converted to Eh, using the electrode reading and the standard potential of
the Ag/AgGI electrode at a given temperature. The pH measurements were made using a
combination pH-/reference electrode and a MarksonTM Model 90 meter, standardized with the
pH buffer 7 and the appropriate buffer of either 4 or 10. A 2.0 mL sample was collected with
a glass on glass syringe and analyzed immediately for Eh and then pH.

For nitrate, sulphate and chloride analyses, a 2.0 mL sample was collected and added to a
5 mL autosampler plastic vial. The samples were then placed on a Dionex AS-40
autosampler. A 25 pL sample was then injected onto a Dionex ion chromatograph (ICS-
2000) equipped with an ion-eluent generator and conductivity detector. A Dionex [onPac
AS I8 column (4 x 250 mm) was used. The mobile phase used was 30 mm KOH at a flow
rate of 1.2 mL/min. The data were collected with a Dell P4-3GHz computer using Dionex
chromeleon 6.5 software.

Over the course of the test, two water samples were collected from the influent and two from
each effluent, and sent to Philip Analytical Services, Mississauga, Ontario for cation and
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S ~~anion analyses. Cation analyses, included As, Fe, Na, Mg, Ca, Cr, Cu, K, Mn, Si, etc. were
performed using inductively coupled plasma (LCP). The anion samples were unfiltered and
acidified to a pH of 2 with nitric acid. Anion analyses, including Cl, NO 3 and 504, were
performed using ion chromatography. Alkalinity, ammonia (as N), total organic carbon
(TOC) and dissolved organic carbon (DOC) analyses are determined by colorimetry.
Detection limits for the inorganic parameters are included in Table 2.
3.0 BENCH-SCALE TEST RESULTS

3.1 Interlaboratory Comparison

An independent laboratory, Kemron Environmental Services (Kemron), was selected by
CH2M Hill to verify UW organic analyses from three influent samples [0 PV, 43.7 PVs
(MW-54) and 33.3 PVs (MW-77)] and a column effluent sample from each of the site waters
[43.7 PV (MW-54) and 33.3 PV (MW-77); Appendix B]. As shown on Tables 3 and 4, a
good comparison was observed between the two laboratories with the exception of MW-54
CT and TCM analyses from the influent sample (0 PV). It appears that the Kemron data was
2 to 4 times the concentration that was determined by UW. These samples were collected
from the influent reservoir and were sampled just after the influent concentration of CT and
TCM were increased to reflect more representative concentrations for the MW-54 site water.
Since the other organic compounds have a similar concentration, the difference in CT and
TCM appears to be incomplete mixing of the influent reservoir within the refrigerator prior to
sending samples to Kemron. When compared later at 43.7 PVs, the CT and TCM for both the
Kemron and UW have similar concentrations.

3.2 Degradation of Volatile Organic Compounds

Samples for measurement of VOC concentrations along the length of the column were taken
approximately every 3 to 10 PVs (Appendix C). Using the distance for each sampling port
and flow velocity, the residence time was calculated for each port. The results obtained when
steady state conditions were reached are plotted as VOC concentration (ig/L) versus
residence time within the column (hrs). Although some fluctuations in the influent
concentrations occurred, this did not affect interpretation of the observed results, as the
influent concentration for each profile was used to determine the degradation rates for that
particular profile.
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MW-54

The final steady-state concentration profiles for the columns are shown in Figures 3 to 5. At a
flow velocity of about 1.2 ft/day (36 cm/day), one PV corresponds to a residence time of
about 33 hrs. A total of 49 PVs of water were passed through the column. The CT and TCM

concentrations decreased from influent concentrations of 55 and 502 ~ig/L to non-detectable
values within a residence time of 1.6 hrs and 10 hrs, respectively (Figure 3). Due to the
dechlorination of CT and TCM, approximately 50 jig/L of DCM was detected along the
column, as anticipated since DCM does not degrade in the presence of granular iron (Figure
3). The II 22TeCA concentration decreased from an influent concentration of 496 ag/L to
non-detectable values within a residence time of about 7 hrs along the column (Figure 4).
TCE concentration decreased from an influent concentration of 788 lg/L to non-detectable
values within a residence time of 6.6 hrs along the column (Figure 4). Due to the
dechlorination of I I22TeCA and TCE, the cDCE concentration increased from an influent
concentration of 41 pgIL to a peak concentration of 56 gg/L at a residence time of 3.2 hrs and
then declined to non-detectable values within a residence time of 20 hrs along the column
(Figure 5). The tDCE concentration followed the same trend as cDCE, due to the
dechlorination of mainly I1I22TeCA, and increased from an influent concentration of 5.6 to
26 .tg/L at a residence time of 3.2 hrs and declined to non-detectable values within a
residence time of 10 hrs along the column (Figure 5). There were sporadic and trace levels of
1,1I-dichloroethene (I I DGE) and VC found within the column and PCE was only detected in
the influent at 3.0 .ig/L (Appendix C). There were no detectable concentrations of I I I TCA,
II I2TCA, I I1DCA and 12DCA (Appendix C).

MW-77

The final steady-state concentration profiles for the columns are shown in Figures 6 to 8. At a
flow velocity of about 0.86 ft/day (26 cm/day), one PV corresponds to a residence time of
about 46 hrs. A total of 44 PVs of water were passed through the column. The II 22TeCA
concentration declined from an influent concentration of 22,145 lig/L to non-detectable values
within a residence time of about 14 hrs along the column (Figure 6). TCE concentrations

declined from an influent concentration of 3,176 [tg/L to non-detectable values within a
residence time of about 18 hrs along the column (Figure 7). Due to the dechlorination of
II 22TeCA and TCE, the cDGE concentration increased from an influent concentration of 177
to 3,685 pg/L at a residence time of 4.5 hrs and then declined to non-detectable values within
a residence time of about 37 hrs along the column (Figure 7). The tDCE and 11L2TCA
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concentrations followed the same trend as cDCE with an increase in the concentration due to
the dechlorination of 11 22TeCA. The tDCE concentration was 21 itg/L in the influent and
increased to 1,434 jpg/L at a residence time of about 2 hrs and then declined to non-detectable
values within a residence time of about 18 hrs (Figure 7). For 1 I2TCA, the influent
concentration was I11 pg/L and increased to 66 ig/L at a residence time of 2 hrs followed by a
decline in concentration to non-detectable values at a residence time of 14 hrs along the
column (Figure 8). The PCE concentration of 48 jig/L in the influent declined to non-
detectable values within a residence time of about 9 hrs along the column (Figure 8). The
concentration of VC increased from non-detectable values in the influent to 106 ig/L at a
residence time of 9 hrs followed by a decline in concentration to non-detectable values at a
residence time of about 28 hrs along the column (Figure 8). Trace amounts of 11I DCE,
12DCA and DCM were observed in the column. CT was only detected in the influent at
6 ~Lg/L (Appendix C). There were no detectable concentrations of I1II TCA, I11 DCA and
TCM.

3.3 Determination of VOC Degradation Parameters

The VOC degradation trends observed in groundwater in contact with granular iron are
typically described using first-order kinetics:

C = C0 e&kt (I)

or

lnr-Cj = -kit (2)

where: C = VOC concentration in solution at time t,

C0 = VOC concentration of the influent solution,
k = first-order rate constant, and

t =time.

The time at which the initial concentration declines by one-halt, (C/C0 0.5), is the half-life.
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ETI has developed a first-order kinetic model to simulate the degradation of VOCs with
granular iron. In the model, potential breakdown products are concurrently produced and

degraded as described by first-order kinetic equations. The model is an expression of the
chemistry that is observed in the solution phase. For example, for the chlorinated ethenes

(PCE, TCE, cDCE and VC) the production of chlorinated acetylene via a a-elimination
pathway is considered to be the dominant degradation pathway (Eykholt, 1998; Arnold and
Roberts, 1999). However, since chlorinated acetylenes are unstable, shodt-lived,
intermediates that are rapidly reduced to ethene (Roberts et al., 1996; Sivavec et al., 1997),
these compounds are not typically detected in the solution phase and are therefore not

explicitly contained in the degradation model. Arnold et al. (2002) showed that n-elimination

is also the major dechlorination pathway of I I22TeCA with granular iron, resulting in
formation of 12DCE isomers as wells as small amounts of TCE formed via the

dehydrochlorination pathway.

The equations contained in the model were developed by ETI to describe the first-order
kinetic degradation process occurring in a granular iron groundwater treatment zone. For
example, PCE, TCE, cDCE and VC the model takes the form:

frCElkrcE fTcE~kTcE kvc~C~
PCE -WTE - t cDGE-4 VC-

'~~_~~ ~ fT~cEkTcE

where: f = mole fraction (or percent molar conversions)

k = first-order rate constant

In order to determine the VOC concentrations at a given time the following first-order

equations are used:

dPCE / cft = -kPCEPCE (3)
dICE / dit = fpcF~kPCEPCE - kTcETCE (4)

dcDCE / dit = fPCE2kPCEPCE + fTCE~kTCETCE - kCDCEcDCE (5)

dVC /ct = fPCE3kPCEPCE + fTCE2kTCETCE + fCCEkCD~cEDCE - kvcVC (6)
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These equations were adapted for the computer program Scientist® for Windows® Version 2.0
(1995). The Scientist® program can be used to fit the first-order equations to experimental
data using the least squares best-fit method. Least squares fitting is performed using a
modified Powell algorithm to find a local minimum of the sum of squared deviations between
observed data and model calculations. The degradation rate and molar conversion are
determined for each compound sequentially starting with the most chlorinated compound.

The results from the model include half-lives and molar conversions for all VOCs selected
and statistical fit data including coefficient of determination (i9) values. The r' values indicate
how well the degradation model represents the experimental data. The half-lives determined
for the VOC profiles are shown in Table 5. Also shown are the corresponding r2 values.

For MW-54, the degradation model provided relatively good fits to the CT, TCM, I I22TeCA,
TCE, cDCE and tDCE concentration profiles, with r2 values greater than 0.85. Steady state
half-life values at groundwater temperature of I180C (640 F) were 0.3 hrs for CT, 1.1 hrs for
TCM, 1.5 hrs for 11I22TeCA, 2 hrs for TCE, 2.4 hrs for cDCE and 1.2 hrs for tDCE for MW-
54 (Table 3 and Appendix C). For MW-77, the degradation model provided relatively good
fits for I1I22TeCA, I1l2TCA, PCE, TCE, cDCE, tDCE, and VC, with r' values greater than
0.94. Steady state half-life values at groundwater temperature of I180C (640 F) were 1.3 hrs for
I I22TeCA, 2.5 hrs for 1I I2TCA, 2.9 hrs for PCE, 2.7 hrs for ICE, 4.1 hrs for cDCE, 2.5 hrs
for tDCE and 2.4 hrs for VC (Table 5 and Appendix C). Based on the half-lives determined
from previous bench-scale testing with the same iron source at 250C and corrected for 180C,
the half-lives determined in the bench-scale test werein the range of previously determined
values.

The obtained half-life values for cDCE and tDCE were about 2 times higher in the MW-77,
compared to the values in the MW-55 column. ETI notes that degradation behavior of lower
chlorinated compound, like DCE isomers are controlled by two parameters; degradation half -
life and the conversion rate from higher chlorinated compounds, in this case I I22TeCA and
TCE. Figures 9 and 10 summarize the molar conversions determnined using the degradation
mode! for MW-54 and MW-77. For example, cDCE half-life in MW-54 is lower but the
molar conversion from I I22TeCA to cDCE is higher (2.4 hrs, 66%), while MW-77 is the
opposite (4. 1 hr, 49%)

The calculated half-lives and molar conversions are used to develop residence time estimates
for a field-scale PRB in Section 4. 1.
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. ~~3.4 Inorganic Results

Similar to other subsurface environments, the composition of groundwater flowing through a
granular iron PRB will undergo acid-base reactions, mineral precipitation/dissolution,
oxidation/reduction reactions and mixing. These changes may lead to significant changes in
aqueous inorganic chemistry, and the potential precipitation of a variety of mineral phases.

Two influent and effluent samples were collected from both columns as steady state

approached. Changes in inorganic chemical constituents observed in the influent and effluent
groundwater are summarized in Table 6. Appendix D contains the inorganic analytical data

and the nitrate, chloride and sulphate profiles are shown in Appendix C. No change in

concentration was observed arsenic, iron, sodium, sulphate, potassium and dissolved organic
carbon (DOC) for MW-77 and chloride for MW-54. A slight decrease in concentration was

observed for barium and strontium while a slight increase was observed for boron,
molybdenum, zinc and DOG (MW-54). The chloride concentration increased in MW-77 due
to the dechlorination process, an average mass balance of 92% as obtained. The column

chloride profiles reflect similar concentrations.

When iron is exposed to water, several reactions occur as a result of iron corrosion:

Fe' -* Fe 2 + + 2e (8

This iron corrosion drives the geochemical changes that occur as groundwater flows through

the PRB. When groundwater first contacts the granular iron, dissolved oxygen corrodes the

iron:

4Fe0 + 3 0 2(aq) + 12H+ --* 4Fe3 + ± 6H-20 (9)

Hematite (Fe 2O3) is the stable iron oxide that would occur in the upgradient zone of an iron

PRB. However, the initial precipitate would probably be the amorphous iron hydroxide

[Fe(OH) 3ca)] rather than the well-crystallized hematite (Drever, 1997):

F3 + 3H 20 --* Fe(OH)3(a) + 3H+ (10)

After complete depletion of dissolved oxygen, the water corrosion of iron dominates to
produce hydrogen and hydroxide resulting in an increase in pH and decline in Ehi:
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FeO + 2H20 --4 Fe 2+ + H2(aq) + 20HW (I11)

Figure 11I shows the Ehi and pH profiles observed at steady state for both columns. The redox
potential declined to reducing conditions as shown by the decline for MW-54 in Ehi from an
initial value of about +274 mV to a minimum value of about -353 mV and ±330 mnV to a
minimum value of about -366 mV for MW-77 within the columns (Figure 1 1; Appendix C).
Values of pH increased from 6.8 in the influent of the column to a maximum value of 9.5 for
MW-54 and from 7.3 in the influent of the column to a maximum value of 9.5 for MW-77
within the columns (Figure II1; Appendix C). These trends are typically observed.

The hydrogen produced in Equation 11I can be stored within the iron grains, dissolved in the
groundwater, exsolve into a gas and/or be consumed by biological organisms. Tests
conducted with granular irons typically used in PRBs have resulted in water corrosion rates
on the order of 0.1 to I rnmol/kg Fe/day (Reardon, 1995 and ETI, unpublished data). The
water corrosion rate depends on the iron type, dissolved inorganic species and temperature.
Reardon (1995) found that corrosion rate increased by the presence of anions in the order of

* ~~~HCO3-> S04t2 > CI- and Deng et al. (1998) found that hydrogen production was inhibited by
P04o-> B0 3

3-> H2SiO 4. Reardon also notes that iron corrosion has been found to be constant
over a pH range of 4 to 10. Recent test results indicate that corrosion rate declines
significantly with decreasing temperature in the range of 2 to 30 'C, however, the scale of this
temperature dependence is still under investigation (ETI, unpublished data).

As pH increases due to water corrosion, bicarbonate (HC03f) in solution converts to carbonate
(GO 3

2-) to buffer some of the pH increase:

HCO3 --> C0 3' ±-+ (12)

The carbonate may then combine with cations (Ca 2 +,Fe 2+, and Mg2+) in solution to form
mineral precipitates:

Aragonite/Calcite: Ca 2+ + CO3 2- _ CaCO3(,) (13)
Siderite: Fe 2+ ± C032 - -> FeCO3(,) (14)
Artinite: 2Mg 2+ ± C03 ±- 5H 20 -* MgCO3.Mg(OH) 2.3H 20(3 ) ± 2H+ (15)
Hydromagnesite: 5Mg 2+ + 4C0 3

2 + 6H20 --* Mg5(CO3)4(OH) 2.4H 2O(,) + 2H (16)
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In analyses of iron obtained from previous laboratory studies and field sites, siderite as well as
both calcite and aragonite, which are forms of calcium carbonate, have been identified. An
average calcium concentration decreased from 17 mg/L in the influent to an average of
10 mg/L in the column effluent for MW-54 and 20 mg/L in the influent to an average of
12 mg/L in the column effluent for MW-77. Corresponding decreases in alkalinity from
about 65 mg/L to about an average of 3 1 mg/L for MW-54 and 102 mg/L to about 21 mg/L
for MW-77 was observed in the columns. Declines in calcium and alkalinity concentrations
indicate formation of calcium carbonate minerals (see above). In analyses of iron obtained

from previous laboratory studies and field sites, siderite as well as both calcite and aragonite,
which arc forms of calcium carbonate, have been identified.

Concentration of magnesium declined from 8.3 and I I mg/L for MW-54 and MW-77 in the
influent to about 0.07 and 0.12 mg/L, respectively, as groundwater flowed through the
granular iron columns. Magnesium is known to substitute for calcium and iron in the
structure of calcium and iron carbonates, resulting in a higher likelihood of forming solid

mineral solutions (CaMg(C0 3)2 or FeMg(C0 3)2) rather than pure phases. Magnesium may
also precipitate as magnesium hydroxide (Mg(OH)2) known as brucite and/or magnesium. ~~silicate (Mg 4Si6Oi5(OH)2r6H20) known as sepiolite:

Brucite: Mg 2+ ± 20HW-> Mg(OH)2(,) (17)

Sepiolite: 4Mg 2 + + 6H3Si0 4 _ ± 20HW -+ Mg4Si 6O, 5(OH) 2.61- 20 (s) ± 3H 20 (18)

The concentration of silicon declined from about 17 mg/L in both columns to less than
I mg/L in the columns. Silica may have been precipitating as amorphous silicate, sepiotilte
(Eq. 18) and/or adsorbing onto iron hydroxides.

The concentration of sulphate remained the same at 17 mg/L in MW-54 and about 26 mg/L in
MW-77. The column profiles also reflect these concentrations. At high Eh, the stable form of
sulphur is sulphate (S50T2h, while at very low Eh sulphide (H2S or HS-) is the stable form with
HS- being predominant at pH greater than 7:

HS- + 4H20 <4~ S04 2± 9H+ + 8e- (19)

Given the low solubility of iron sulphide (FeS), the hydrogen sulphide produced precipitates
out of solution.

Fe 2+ + HS- -> FeS + H+ (20)
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Over time, iron suiphides transform into pyrite (FeS2) and/or marcasite, a polymorph of
pyrite. Sulphate reduction maybe mediated by biological activity and a reduction in sulphate

is typically not observed in bench-scale column tests. However, declines in sulphate
concentrations have been observed at a number of field sites as groundwater passes through
the iron treatment zones. Sass et al. (2001) found evidence for the formation of marcasite in

cores from two PRB field sites.

Figure 12 shows a decline of the low influent nitrate concentrations of 4.0 mgIL for both

MW-54 and MW-77 to detectable concentrations at the first sampling port (1.6 hr for MW-54;

2.2 hr for MW-77) followed by non-detectable concentrations. It is apparent that nitrate at

these concentrations did not adversely affect the degradation process. This same trend is

observed for other waters with similar nitrate concentrations.

These inorganic changes are similar to those observed in other column PRB studies. The
implication of these data to field scale PRB application is discussed in Section 4.4.
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. ~4.0 FIELD-SCALE TREATMENT SYSTEM DESIGN CONSIDERATIONS

4.1 Required Residence Time

Degradation rates (Table 5) and molar conversions (Figures 9 and 10) determined based on
the column test results and concentrations from MW-54 and MW-77 were input into the first-
order degradation model to determine possible residence time requirements in a field-scale
system. The Scientist®~ program described in Section 3.2 may also be used to simulate the
change in VOC concentrations over time using the first-order kinetic equations. In simulation
mode, the model calculates the VOC concentrations over time, from which the time required
for the VOCs to degrade to their regulatory criteria can be determined. The residence time
calculation is shown conceptually in Figure 13.

These columns tests were conducted at the anticipated field groundwater temperature of I 80C
(640 F). If it is assumed that the groundwater temperature will not fall substantially below
180C (640 F), it is reasonable to use the generated laboratory half-lives.

Based on data provided by CH2M Hill, we have evaluated two PRB locations (near well
MW-54 and MW-77), assuming two alternative influent concentration scenarios at each
location (Tables 7 and 8). Applying those scenarios, the residence times required to achieve
the target risk levels in an iron PRB near MW-54 ranges from 24 hrs (1.0 days) to 26 hrs (1.1I
days) (Table 7 and Figures 14 and 15). For a PRB near MW-77, the required residence time
ranges from 27 hrs (1.1I days) to 29 hrs (1.2 days) (Table 8 and Figures 16 and 17).

4.2 Conceptual System Design

Based on information from CH2M Hill, the proposed PRBs be installed to a depth of up to
I100 ft below ground surface (bgs). The anticipated iron saturated depths are 16 ft near MW-
54 and 8 ft near MW-77. Based on the reported groundwater flow velocities of 0.5 5 and 1.1I
ft/day near MW-54 and MW-77, respectively, and the required residence times, the iron zone
thickness range from 0.55 to 0.61 ft for MW-54 and 1.2 to 1.3 ft for MW-77 (Tables 7 and 8).

The total volume of iron can be calculated as follows:

Volume of Iron = length of treatment zone x saturated depth x flow-through thickness
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Assuming a bulk density for iron of 0.090 ton/ft3 and a PRB length of 1,070 ft, about 847 to

940 tons of granular iron (18/84 US Standard Mesh) may be needed to construct the proposed

PRB near well MW-54 (Table 9). For a 410ft long PRB near well MW-77, 354 to 384 tons

of iron would be needed (Table 9).

A suitable construction method to achieve the depth of 100 ft is vertical hydrofracturing.

Thin vertical treatment zones can be installed using this method which uses a specialized tool

to orient the vertical fracture and initiate the fracture process. The tool is placed to the desired

depth through a borehole and the interval for fracturing isolated by packers. A finer grained

iron is suspended in a biodegradable slurry and pumped under low pressure (a few hundred

psi) into the formation. The fracturing fluid causes the soil to separate creating an iron

treatment zone a few inches in width with a controlled vertical thickness. Several fractures

propagated from boreholes located along the line of installation coalesce to create a

continuous PRB (i.e. a thin vertical plane of iron). Parallel vertical planes can be installed to

increase the flow-through thickness of the granular iron system. GeoSierra is the contractor

who is using this installation technique and costs should be obtained directly from GeoSierra

(Grant Hocking 678-514-3300, www.geosierra.com).

4.3 Iron Consumption

As discussed in Section 3.3, there are many processes such as water corrosion, VOC

degradation, dissolved oxygen reduction, sulphate and methane reduction that may consume

the iron. These processes are not independent of one another and also depend on site

conditions such as groundwater flow velocity, inorganic aqueous concentrations, VOC

concentrations, biological activity and temperature. All of these factors make it difficult to

gauge with exact certainty the time required to consume the iron in a PRB.

If water corrosion were to remain constant over time at a typical rate of 0.3 mmol/kg Fe/day,

the iron is predicted to last several decades. However, Reardon (1995) and Gillham et al.

(2001) noted declining hydrogen production over time at room temperature. This decline in

corrosion rate was likely due to mineral precipitate formation on the surface of the iron over

long periods of time. Sorel et al. (2000; 2001) found that the groundwater pH at the first

commercial PRB in Sunnyvale, CA continues to increase from a value of 7.5 in the upgradient

aquifer to a value of about I11 in the PRB and that dissolved hydrogen concentrations
approach solubility. Clearly, water corrosion is still occurring at significant rates at this site

* ~~~after IO years.
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Other factors such as desaturation of the iron and oxidation by atmospheric oxygen would

also affect the lifetime of the iron. Although there is some uncertainty in the conditions that
may exist decades in the future, it seems reasonable to expect the iron in the PRB to last for

many decades.

4.4 Possible Effect of Precipitation on Field-Scale Performance

Concern has been expressed regarding the potential for inorganic precipitates to reduce the
activity of the iron and/or to reduce the permeability through pore clogging. Field experience
to date indicates, that at most sites, carbonate precipitates represent the largest volume of

precipitates.

Gillham et al. (200 1) documented the migration of mineral precipitates through a bench-scale
column of granular iron in a long-term test and verified what various research groups had
visually observed. This means that it would take even longer for complete porosity loss to

occur as the precipitation front moves through the PRB. In fact, in long-term column tests by
Gillham et al. (2001), Eykholt (1999) and Sass (2001) indicated that complete porosity loss
did not occur, even in cases where the precipitate had migrated through the entire column (i.e.
effluent aqueous inorganic concentrations equaled influent). For example, Gillham et al.

(2001) determined a maximum porosity loss due to carbonate formation of about 20% of the
original porosity. In addition, these researchers found that the hydraulic conductivity of their

systems only declined by a factor of two or three.

It is, however, important to note that the influent water used by these researchers contained no
dissolved oxygen. Dissolved oxygen has resulted in a significant loss in hydraulic

conductivity in bench-scale column tests (Mackenzie et al., 1997;1 Fort, 2000; and ETI,
unpublished data) and field-scale above-ground and in-situ fixed-bed reactors. Mackenzie et
al. (1997) and Fort (2000) both used iron-sand mixtures to over come the loss in hydraulic

conductivity.

Giliham et al. (2001) reported that the reactivity of the iron was low behind the zone of
carbonate precipitate migration. Vikesland et al. (2000) also showed that various inorganic

precipitates can reduce iron reactivity.
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Core analyses from pilot-scale systems in Upstate NY and Denver, CO revealed porosity

losses in the upgradient few inches of iron in the range of 10% of the initial porosity, with
losses declining sharply over the first foot to below 2% (Vogan et al., 1998 and 1999). These

porosity losses were calculated based on carbonate analyses of iron material retrieved by

coring the treatment zone. The porosity loss measured in the core samples were consistent

with that predicted on the basis of changes in the inorganic water chemistry. Assuming an

initial porosity of 0.5, the porosity after 18 months (Denver) to 2 years (New York) in the first
few inches of the iron zones had declined to about 0.45. Concurrent field data (VOC and

groundwater velocity measurements) indicated that system hydraulics and iron reactivity had
not been adversely affected by the precipitates. Laboratory permeameter tests performed on

intact core samples from the New York site gave hydraulic conductivity values ranging from

6x 102 to 10-' cm/s. These compare favorably with hydraulic conductivity values of 5 x 102 to

I0-' cm/s for "fresh" iron.

A commercial system in Sunnyvale, CA (Sorel et al., 2001) has also been performing

consistently for over 9 years. Groundwater at this site exhibits TDS in the range of 1,000 to
3,500 mg/L. No significant precipitates were observed in cores from an in situ reactive wall

at the University of Waterloo Borden test site two and four years after it was installed

(O'Hannesin and Gillham, 1998). Recent tests at the Borden PRB3 indicated that the reactivity

of the iron in this system has been maintained for I0 years.

4.5 Potential for Biofouling of Reactive Material

There was no evidence of biofouling (sliming, etc.) observed during the bench-scale test.

Field tests to date from other sites have been encouraging. Cores of the reactive wall at the

Borden test site (O'Hannesin and Gillham, 1998), collected two years after the wall was

installed, showed no significant population of iron oxidizing microbes, and only low numbers
of sulphate reducers (Matheson and Tratnlyek, 1994). Phospholipid-fatty acid analysis of

groundwater from an above-ground test reactor at an industrial facility in California and an in-

situ site in New York showed no enhanced microbial population in the reactive material
relative to background groundwater samples. Core samples from the two sites described

above were also analyzed for microbial population. The results indicated no evidence of
increased microbial growth or fouling in the iron zone. Gu et al. (2001) found biomass I to 3

orders of magnitude higher in an iron PRB treating radionuclides and 120 mg/L of nitrate,

compared to background soil and groundwater. They identified abundant sulphate reducers
and denitrifies in the PRB. However, no evidence of biofouling has been observed at the site
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after about 2 years of operation. In summary, there is no reason to expect that microbial
fouling would adversely affect PRB performance at Memphis Army Depot.

4.6 Maintenance

Other than groundwater monitoring, the major factor affecting maintenance costs is the
possible need for periodic rejuvenation of iron sections affected by precipitates.

The objective of rejuvenation of the granular iron would be to restore the permeability loss
due to precipitates and possibly to remove the precipitate from the iron to restore any lost
reactivity of the iron. Possible rejuvenation methods may include:

i) Using ultrasound to break-up the precipitate;
ii) Using pressure pulse technology to break-up the precipitate; and
iii) Using solid-stem augers to agitate the PRB.

To date these possible rejuvenation methods have not been needed and only ultrasound has
been tested in a few limited field-scale tests to determine its effectiveness. At this point we
can only state that these methods may prove to be successfu~l in rejuvenating a PRB.
Although inorganic results from the treatability study and data collected from long-term
bench-scale tests and field sites indicate that mineral precipitates may not be a problem for
perhaps decades at the site.
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. ~5.0 SUMMARY

Bench-scale testing using groundwater from monitoring wells MW-54 and MW-77 at Dunn
Field, Memphis Army Depot, Memphis, TN, showed that:

i) the granular iron technology can degrade the chlorinated VOCs present in the site waters
to below the remediation goals;

ii) the residence time required to degrade the VOC concentrations anticipated in PRBs
located near well MW-54 and MW-77 to below the site risk target levels ranges from

1.0 to 1.2 days;

Iii) the low levels of nitrate appeared to pose no adverse affect on the granular iron

technology;

iv) redox potential (Eh) and pH trends were consistent with bench-scale tests with similar
types of site water; and

v) mineral precipitates (mainly carbonates) will likely occur in a field-scale in-situ
treatment system, but should not significantly effect system performance for many
years.
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Table 1: Iron and Column Properties

Materials:

Iron Source Connelly-GPM, Chicago, IL

1.0 to 0.17 mm
Iron Grain Size (1 8 to ±84 mesh)

Iron Surface Area 1.5 m'/g

Iron Hydraulic Conductivity 3.3 x< 10-2 cm/sec (94 ft/day

Column: MW-54 I MW-77

Test Temperature 1 80C

Flow Velocity 1.2 ft/day (36 cm/day) 0.86 ftlday (26 cm/day)

Residence Time 32.8 hrs 45.8 hrs

Pore Volume 296 mL 289 mL

Porosity 0.52 0.51

Bulk Density 3.16 g/cm 3 ( 19 7 lb/ft3) 3.12 g/CM3 (194 lb/ft3)

Iron to Volume of Solution Ratio 6.1 g: 1 mL 6.2 g: I mL

Surface Area to Volume of Solution 9.1 M 2 :1 mL 9.2 n2 : :I mL
Ratio
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Table 2: Method Detection Limits (MDL) and Detection Limits (DL)

Organic Compounds: MDL (gg/L)
Tetrachloroethene 0.9
Trichloroethene 0.6

cis I1,2-Dichloroethene 1.9
trans I1,2-Dichloroethene 2.3

1,1-Dichloroethene 3.9
Vinyl Chloride 1.3

1,1 1,2,2-Tetrachloroethane 0.5
1,1II1 -Trichloroethane 0.7
1, 1,2-Trichloroethane 0.5

Carbon Tetrachloride 0.8

Chloroform 0.7
1,1I -Dichloroethane 1.0
I1.2-Dichloroethane 1.1

Dichloromethane 1.0

Inorganic Compounds: DL (mg/L)
Arsenic o.ooi
Boron o.oi
Barium o.oos
Calcium o.os
Chromium 0.005

Iron 0.01
Potassium 

Magnesium o.os
Molybdenum 0.02

Sodium 0.1
Silicon o.os
Strontium 0.001
Zinc o.oos
Chloride o.5 (0.5 a)
Ammonia (as N) 0.03
Nitrate (as N) 0.2 (0.5 ~
Sulphate o.5 (0.6 ~
Alkalinity (mg CaCO3/L)I

Total Organic Carbon (TOG) 0.2
Dissolved Organic Carbon (DOC) 0.2

aMDL for UW profile analysis
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O ~~Table 3: loterlaboratory Comparison for MW-54

Concentration (pggL) _________

Compound Influent (0 PV) Influent (4.7 PV) Effluent (43.7 PV)
Kemnron a UW ~ Kemnron' U d Kemnron C UWd

PCIT7 ~~~~~~~~~~~~3.8
PCE ~~~~ ~~4.0 2.5 443.6 nd nd

TCE 746 741 839 796 nd nd
_____ _____ _____ ____ 712 789 _ _ _ _

cis 1,2-Dichloroethene 42 56 38 40 0.36 nd
_______ ______ ______ 38 _ _ _ _ 46

trans 1,2-Dichloroethene 8.7 6.7 7.0 8.6 nd nd
_________________ ______ __________8.2 _ _ _ _ _

Vinyl Chloride nd nd 0.61 nd nd nd

l,l1,I,2-Tetrachloroethane nd nd 0.35 na nd na

1,l1,2,2-Tetrachloroethane 470 467 41491 nd nd

1, 1,2-Trichloroethane 3.7 3.6 3.1 n dn

1,2-Dichloroethane nd nd 1.2 nd nd nd

Carbon Tetrachloride 185 8062 5 dn
184 _____ 79 dn

Chloroform 1,220 4441849lin
______ ______ ______ 1,340 __ _ _ _ 40849ndd

Chloromethane nd nd nd na 1.6 n

Dichloromethane nd nd nd nd 27 40

nd - non detect
na - not applicable

a Date sampled 20 October 2003, sample received 23 October 2003, analyzed 27 October 2003
bDate sampled and analyzed 24 October 2003
Date sampled 16 December 2003, sample received 17 December 2003 and analyzed 19 and 20 December 2003

"Date sampled and analyzed IS September 2003
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Table 4: Interlaboratory Comparison for MW-77

Concentration (gg/L)
Influent (0 PV) Influent (3.3 PV) Effluent (33.3 PV)

Kemron' a b Kemnron' c d Kemnron c Uw d

Tetrachloroethene 14 1 1 58 5 1 nd nd
2,780 3,400~5

Trichloroethcne 3,030 3,094 3,620 3,285 nd nd

cis 1,2-Dichloroethene 138 167 II169 9.9 1 1
__________________________ ~135

trans 1,2-Dichloroethene 25 26 18 16 nd nd
Vinyl Chloride nd nd nd nd 0.88 nd

1, 1,2,2-Tetrachloroethane 12,100 11,126 17,400 18,228 nd nd

1,1,1I -Trichloroethane nd 7.9 3.4 nd nd nd
1, 1,2-Trichloroethane nd 7.9 9.4 1 2 nd nd
1,2-Dichloroethane nd nd 2.5 na 1.5 1.5
Carbon Tetrachloride nd nd nd 5.1 nd ndS ~~~Chloroform 15 1 5 1 nd nd nd nd
Dichloromethane nd na nd na 0.94 .

nd - non detect
nra - not applicable

Date sampled 21 October 2003, sample received 23 October 2003, analyzed 27 October 2003
Date sampled and analyzed 24 October 2003

cDate sampled 16 December 2003, sample received 17 December 2003 and analyzed 19 and 20 December 2003
dDate sampled and analyzed 15 September 2003
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Table 5: Bench-Scale Test Half-Lives at 180C at Steady State Conditions

MW-54 MW-77
Volatile Modeled HafLf tModeled HafLe

Organic ~Influent Influent 1o 
Compound Concentration 8Cr2 Concentration at r8C2

___________ (pg/L) (hr) (gg/L) (hr)

CT 55 0.3 1.000 --

TCM 502 1.1 0.995 - - -

I I22TeCA 508 1.5 0.973 22,238 1.3 0.995

112TCA nd - - b2.5 0.997
___________ ~ ~66)_ _ __ _ _

PCE 3.2 - 50 2.9 0.968

TCE 841 2.0 0.905 3,296 2.7 0.973

CDCE 332.4 0.855 3,68 b 4.1 0.976

tDCE 511.2 0.857 1,34d 2.5 0.998S~~~~ nd - nd- 2.4 0.941

r= Coefficient of determination

nd = non detect

a - Half-lives are based on the last VOC profiles detected in the column test
b- Peak concentrations due to the dechlorination of 1 I22TeCA and TCE
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Table 6: Major Influent and Effluent Inorganic Concentrations at Steady State

Concentration (mg/L)

MW-54 aMW-77 b

___________________ Influent Effluent Influent Effluent
Arsenic ~~<0.001 <0.00 1 <0.001I <0.001
Arsenic ~~~~<0.001 <0.001 <0.001 <0.001
Boron ~~~0.01 0.13 0.01 0.21
Boron ~~~~~~0.02 0.12 0.01 0.18

Barium 0.134 0.010 0.092 0.012
0.134 0.009 0.092 0.011

1 7 1 0 20 1 1
Calcium 1 7 1 0 20 1 3

Iron O.W1 0.01 <0.01 0.02
<0.1 01 <.1 0.1

Potassium <1I I~ 1 1

Magnesium 8.3 0.07 1 1 0.10
0.04 0.07 <0.0 0.04

Molybdenum <0.02 0.05 <0.02 0.06

Sodium ~~1 7 1 8 36 3 7
___________________ _1 7 1 8 3 5 36

1 7 0.67 1 7 0.67
Silicon 1 7 0.73 1 7 0.61

Strontium 0.125 0.074 0.066 0.059
0.125 0.075 0.066 0.070

Zinc 0.008 0.037 <0.005 0.005
0.006 0.0 15 0.006 <0.005

1 4 1 5 25 42
Chloride 1 3 1 5 25 42

3.7 <0.2 2.4 <0.2
Nitrate (as N) 3.6 <0.2 2.4 <0.2

Sulphate ~1 7 1 7 25 29
Sulphate ~~ ~ ~~17 1 7 26 27

Alkalinity 64 3 1 103 20
(mg CaCO3/L) 65 3 1 101 22

Ammonia(as N)<0.03 3.0 0.04 1.3
Ammonia (as N) ~0.05 2.7 0.05 1.3

Total Organic 0.3 1.4 4.0 2.4
Carbon (TOG) <0.2 0.9 6.4 2.4
Dissolved Organic 0.6 1.7 2.3 2.2
Carbon (DOC) <0.2 1.0 2.5 2.3

nd - not detected
a -effluent samples collected at PV 43.7 and 48.9
b -effluent samples collected at PV 36.1 and 40.3
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Table 7: Residence Time Calculation for Site Water From MW-54

Anticipated Anticipated Field
Volatile Target Risk Field Half-Life Concentrationa
Organic Levels a(1 80C) (pg/L)

Compound (pg/L) (hr) Scenario 1 Scenario 2

CT 3 0.3 ND ND

TCM 12 1.1 502 502

II22TeCA 2.2 1.5 4,700 7,500

TCE 5 2.0 2,700 2,000

eDCE 35 2.4 70 60

tDCE 50 1.2 ND ND

VC 2b 2A4e ND ND

DCM Does Not Degrade 43 d

Residence Time b 24 hrs 26 hrs
(1.0 days) (1.1 days)

Groundwater Flow Velocity a0.55 ft/day

LRequired Iron Thickness 0.55 0.61

ND = not detected

o'Provided by CH2M HILL
bU.S Fedcral MCL assumed in the absence of a site target risk level
' Assumed VC half-life based on site water from MW-77
d Generated due to dechlorination of TCM.
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Table 8: Residence Time Calculation for Site Water From MW-77

Anticipated Anticipated Field
Volatile Target Risk Field Half-Life Concentration

Organic Levels (1 80C) (jtg/L)

Compound (ltg/L) (hr) Scenario 1 Scenario 2

II22TeCA 2.2 1.3 4,700 6,200

112TCA 2 2.5 ND ND

PCE 2.5 2.9 ND ND

TCE 5 2.7 1,700 1,700

cDCE 35 4.1 64 60

tDCE 50 2.5 ND ND

VC 2b2.4 ND ND

Residence Time 27 brs 29 hrs
(1.1 days) (1.2 days)

Groundwater Flow Velocity'a 1.1 ft/day

LRequired Iron Thickness 1.2 1.3

ND = not detected

" Provided by GH2M HILL
b U.S. Federal MCL assumed in the absence of a site target risk level
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Table 9: Proposed PRB Design Parameters

PRB/ Residence Gw PRB Saturated Iron Iron Iron
Scenario Time Velocity Length Thickness Thickness Volume Amount'

(days) (ft/day) (ft) (ft) (ft) (ft3) (ton)

PRB near MW-54

Scenario I 1.0 A ;1 ~ A0.55 9,416 847

Scenario 2 1.1 0.61 10,443 940

PRB near MW-77

Scenario 1 1.1 1.2 3,936 354
1.! 1 __ _ _ _. ~~~~Scenario 2 1.2 1.3 4,264 384

aAssuming a bulk density of 0.09 ton/ft
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0~~~~~~~ic

Effluent

Sampling Port

Effluent
Reservoir

Column Sampling

Ports0 ~~~~~~~~~~Reactive

Site Water
Influent
Reservoir

Sampling Port

Figure 1: Schematic of the apparatus used in the bench-scale test.
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25,000-

I 80C

20,000

a,15,000
±

'5,0

0

0 0 1 0 2 3 5 4 5 5
c 10,000~~~~~~~~~esdne ie r

residece tie (soidl Resideongcte Tienc hrscaets)ounfrM-7

The dotted line represents the least squares best fits of the first-order
kinetic model to the data.
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96% b-c

0% 10% 100%~~~~~~~~10%

PCE I% CE cDCE 11vC 10% oEthene and
at ~~~~~~~~~~Ethane

66%/

a.b

II22TeCA tDCE

50%

CT 50% TCM 12%____ DMNon-Chlorinated

End Products

a Degradation pathway through dichloroacetylene
b Degradation pathway through chioroacetylene

Degradation pathway through acetylene
d Fixed molar conversion (typical)

Figure 9: Molar conversions obtained from the least squares best fits of the first-
order kinetic model to the bench-scale test column data for MW-54.
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96% b~c

PC %0% %C DC 100% Ethene and
PCE TCE cDCE VC ~~bEthane

49%

a.b

11 22TeCA tDCE

Degradation pathway through dichioroacetylene
b Degradation pathway through chloroacetylene
C Degradation pathway through acetylene
d Fixed molar conversion (typical)

Figure 10: Molar conversions obtained from the least squares best fits of the first-
order kinetic model to the bench-scale test column data for MW-77.
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Figure II: Redox potential (Eh) and pH profiles versus residence time along the
bench-scale test columns for a) MW-54 and b) MW-77.
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4~COA

Total Residence Time = tC> tA > tB

0
I-

0 CO

C ~ ~ ~ ~ ~ ~ ~ ML

C.)~~~

MCLA MCL0

Residence Time

Figure 13: Illustration of residence time calculations using the degradation model.
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0~~~~1,0

MW-M4 Scenario I

*Targets

1,000

-J

0)

100
C

10TC
1 12)

0 - - - -- - -T

0 5 10 15 20 25 30

Residence Time (hrs)

Figure 14: First-order kinetic model simulation results using concentrations and half-
lives and molar conversions determined from the bench-scale column test
for MW-54 and Scenario I of influent concentration.
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Figure 15: First-order kinetic model simulation results using concentrations and half-
lives and molar conversions determined from the bench-scale column test
for MW-54 and Scenario 2 of influent concentration.
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MW-77 Scenario I
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C~~~~~~~~~~~~tC

.2~~~~~~~~~~~~~~2T
4-~ ~ ~~~~~~~~~~~~~~~~~V

C 1
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Residence Time (hrs)

Figure 16: First-order kinetic model simulation results using concentrations and half-
lives and molar conversions determined from the bench-scale column test
for MW-77 and Scenario I of influent concentration.
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MW-77 Scenario 2

*Targets
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Figure 17: First-order kinetic model simulation results using concentrations and hallf-
lives and molar conversions determined from the bench-scale column test
for MW-77 and Scenario 2 of influent concentration.
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Grain Size Distribution Curve
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8413 2SGrain Size Distribution Curve
Date: 08-Auca-03
UIW Number: UW 255
Iron Tvu~e/ Date: Connellv 18/84

US Sieve Wt Retained Percent Percent
Mesh # mm On sieve Passina

(prams) (0/) ( 0/)

100
7 2.830 0.00 0.00 100.00
12 1.680 0.01 0.01 99.99
18 1.000 3.93 3.94 96.05
25 0.710 23.77 23.87 72.18
40 0.420 37.57 37.72 34.46
50 0.300 17.18 17.24 17.22
60 0.250 5.84 5.86 11.36
80 0.177 8.27 8.30 3.06
120 0.125 2.87 2.88 0.18
170 0.088 0.04 0.04 0.14
230 0.063 0.13 0.13 0.02
325 0.044 0.01 0.01 0.01

<325 0.031 0.01 0.01 0.00

99.60 100.00
Total Wt Total Va

Grain Size Distribution Curve for Connelly Iron (UW# 255)
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LABORATORY REPORT

L03 10 530

10/30/03 08:03

Submitted By

Kemron Environmental Services
109 Starlite Park

Marietta, Ohio 45750
(740) 373-4071

For

Account NHoe: CCI/CH2MHITLL.
115 Perimeter Place NE
Suite 700
Atlanta, GA 30346

Attention: David Nelson

Account Number: 207-630
Work ID: 42577/UNIV OF WATERLOO

P.O. Number: 56952

Sample Summary
Client ID Lab ID Date Collected Date Recieved

!4W-54 'Ž OP L0310530-01 20-OCT-03 23-OCT-03
MW-77 Q QPV L0310530-02 21-OCT-03 23-OCT-03

L OF I



Reprt umbr:1031530KEMRON ENVIRONMENTAL SERVICES 85 4 135. Report Date :October 30, 2003

Sample Nuoter:L0310530-01 Prep Mechod:50308 Irtstrumont:Rp14sil
Client 1D:MW-54 Analytical Methcd:82608 Prep Date:10/27/2003 1:46

Nacrix:Water Analyst:CMS Cal. Date:10-/17/2003 14:43
Workgroup Nuhter:w0152829 Diluticn:5 Run Date:Ia/27/2003 11:46

ColLeCt Date:20-OCT-03 Uni s:ug/L File ID,11M1-7973~

~a ~yt. CAS. &Nter Resultl Qual RL MDL
Acetone 67-64-1 U 500 12.5'
Benzene 71-43-2 U 25.0 0.625
Bromobonzene 108-86-1 Uf - 25.0 0.625
Bromochloromethano 74-97-5 U 25.0 1.00
Bromodichloromethane 75-27-4 U 25.0 1.25
Bromoform 75-25-2 U 25.0 2.70
Bromomethane 74-83-9 U 50.0 2.50
2-Butanone 78-93-3 U 500 12.5
n-Butylbenz.en 104-51-8 U 25.0 1.25
aec-Butylbenzono 135-98-8 U 25.0 1.25
tert-Butylboazone 98-06-6 U 25.0 1.25
Carbon disulfido 75-15-0 U 25.0 2.50
Carbon tetrachloride 56-23-5 185 25.0 1.25
Chlorobenzeno 108-90-7 U 25.0 0.625
Chlorodibromomethane 124-48-1 U 25.0 1.25
Chloroethane 75-00-3 U 50.0 2.50
2-Chloroeehyl vinyl ether 110-75-8 U 50.0 10.0
chloroform 67-66-3 1220 I 25.0 0.625
Chloromothane 74-87-3 U 50.0 1.25
2-Chlorotoluoen 95-49-8 U 25.0 0.625
4 -Chlorotoluene 106-43-4 U 25.0 1.25. l,2-O1ibrom0-3-chloropropane 96-12-8 U 25.0 5.00
1,2-Dibromoothano 106-93-4 U 25.9 1.25
Dibromomothane 74-95-3 U 25.0 1.25
1.2-Dichlorobeazne. 95-50-1 U 25.0 0.625
1.3-Dichlorobenzone 541-73-1 UI 25.0 1.25
1,4-Dichlorobenz.en 106-46-7 uj 25.0 0.625
Dichlorodifluoro...thnan 75-71-8 U! 50.0 1.25
1, 1-fichloroethane 7S-34-3 UI 25.0 0.625
1.2-flichloroethane 107-06-2 Uj 25.0 1.25
1,1-Dichloroothene 75-35-4 25.0 2.50
cis-i. 2-Dichloroethene 156-59.2 41525.0 1.25
trnan-1,2-Dichloroethone 156-60-5 8.74 .2F 25.0 1.25
1,2-Dichloropropane 78-87-5 UL 25.0 0.625
1,3-Dichloroprop~ane 142-28-9 UI 25.0 1.00
2,2-Dichloropropano 594-20-7 U 25.0 1.25
cia-1, 3-Dichloropropone 10061. 01-5 U 25.0 1.25
trans-1.3.Dichloropropene 10061-02-6 U 25.0 2.50
1,1-Dichloropropene 563-58-6 U 25.0 1.25
Ethylbenzono 100-41-4 U 25.0 1.25
2- ..... ano 591-78-5 U 50.0 12.5
Heoxachlorobutadione 67-68-3 U 25.0 1.25
loopropylbenzene 98-82-0 U 25.0 1.25
p-Iaopropyltoluono 99-87.6 U 25.0 1.25
4-Methyl-2-pentanone 106-10-1 U 50.0 12.5
Methylene chloride 75-09-2 U 25.0 1.25
Naphthalene 91-20-3 U 50.0 1.00
a- Propylbanzene 103-65-1 U 25.0 0.625
S tyrene 100-42-5 U 25.0 0.625
1.1,1,2-Totrachloroothane 630-20-6 U 25.0 1.25
1.1.2,2-TetraChloroethane 79-34-5 456 25.0 0.625
Tetrachloroethene, 127-18-4 3.99 S 25.0 1.25
Toluene 108-88-3 U 2.01.25
1,2.3-Trichlorobenzone 8-16U 25.0 0.625
1.2.4-Trichloroboazene 120-82-1 _ ____ U 25.0 1.00
1.1.1-Trichloroethane 71-55-6 U 25.0 1.25
1, 1.2-Trchoroothane 79-00-5 1 3.71 5 25.0 1.25
Trichloro.thene 79-01-6 1 46 25.0 1.25
Trichlorofluoromethane 7S-69-4 I _______ U S.0 1.25

* ~~ ~~~ ~~~~~~~~~1 of 6



KEMRON ENVIRONMENTAL SERVICES
Report t'urmter:L0310530 8 54 1 36
Report Date :October 30, 2003

sample N~uber:t0310530.o1 Prep Methodz5o3On Inotrument±ERpxSl±
Client tDMW-54 Analytical method;8260B Prep Date:10/27/20o3 11:48

Macrix~water Aknalystcmns Cal Date:T10/17/2003 14±-43
Workgroup Nur.ter:WG152829 Dilutlorn:s Run Date:1O/27/2003 11:48

Collect Date20o-ocT-0 Fnt~u/ile tO.11M-17973

1,2,3- ~ Analyte CAS. flum.berResuaalt Quall R MDL
T..3Tichloropropane 96-18-4 U 25.0 37

1.2.4-Trimethylbenzerte ~~95-6~3-6 U 1 25.0 1.25
11.35-Tri.ethylbenzene 109-67-8 U 25.0 1.25
Vinyl acetate 10-!8-05-4 U SOA0 12.5
Vinyl chloride 75-01-4 U 50.0 - 1.25
0-lylene ~95-4~7-6 v 25.0 1 .25
.-p-Xyl..e 136177761.2 ________ U 25.0 25

Surrooate % Recoverty I Lower I upper QdiTFJ
Dibrom..flutroe .. hane -91. 5 86 118
1.2-Dichltroatbane-d4 87.7 so 120
Tluena-d 103 88 110

1Semiquantitative result (out of instrument calibration range)
.* The anaLyte was positively identified, but the quantitation -as below the RL
U Not detected at or above the method detection limit

Sample Nw,ter:L0310530.01 Prep Method:5030a Instrument:HPM511
Client ID:MW.54 Analytical MethodT2~60B Prep Date:10/27/2003 13:51

matrix:Wat-er Analyst: ChS Cal Date:10/11/2003 14:43
Workgroup Nunter:WG152829 Dilution, 50 Run Date:lO/27/2003 13:51

Collect Date:20.OCT-03 Units:uig/L File I-1M77
Sample Tajg:D1D:I177

a ~~~~~~~Analyte CAS. Number Result Quail RL MDLAcetone 67-64-1 IU I 9000 15W Beozno.. 71-43-2 0 1 250 6.5
Bromobonzene 108-86.1 _U+ 250 6.25
Bromochloro...thane 74-97-S U 250 10.0
Bromod chloromothane 75-27-4 U2012.5
aroma for 7S-25-2 U2027.0
Bromomethnan 7 4 -83 -9 U 50025.0
2-But .... na 18-93-3 U 5000 125
.-Butylbonen..e 104-51-8 U 290 12.5
sec-Butylb ...... 135-98.8 U 250 12.5
tertoButylbeonzene 98-06-6 U 250 12.5carbon di.ulf ide 75- 15 -0 U 250 25.0
Carbon tetrachloride - 56-2~3-5 184 .3 250 12.5
Chlorobenzen. 108.90-7 U 250 6.25
Chlorodibromom..thane 124.48-1 U 250 12.5
Chloroethane, 75.00-3 U 500 25.0
2_hiroethyl vinyl ether 11075-S8 U 500 100
Chloroform 67-66-3 1 340 250 6.25
Chloroethne74-87-3 USo0 12.5
2-Chlorotoluons 95-~49-8 -U 250 6.25
4-Chlorotoluene 106-43-4 U 250 12.5
1,2-Dibrm .hoorpn 6-12-8 U 250 50.0
1.2-Dibromoethane 10--93-4 -U 250 12.5
Dibromomethane 74.9S-3 U 250 12.5
1.2-Dichlorobenzene --975-50 - UI I 250 6.25
1,3-Dichlorobenz.en 541.73-1 U 250 12.5
1,4-Dichlorob.nzens 106.46-7 U 250 6.25
Dichlorodifluoromethane 75 -71-8 50 12.5
1,1-Dichloroeth... 7 5 -34.3 U206.25
11,2-OiChloroethane 107.06.2 U2012.5
1 ,l.Dichloroethene 75-35-4 U 25025.0
Icia-1.2-Dichloroothene 15-9237.9 .3 2012.5

trane.1,2.Dichloroethene ~156.60-5 U2012.5

2 of 6



854 137

KEMRON ENVIRONMENTAL SERVICES
Rdport tIumber:L013101530

Report Date :October 30, 2003

Sample Nurnber:L0310530-01 Prep Method:5030B tnstrrment:HPmI1i
Client ID:XW-S4 Analytical Method:8260B Prep Date:10/27/2003 13:51

matrix:water Analyst:CMS Cal Date:10/17/2003 14:43
Workgroup rfunteriWG152829 Dilution:50 Run Date:1g/27/2003 13:51

Collect Date:20-OCT-03 Units:ug/L File rtD:1M17977
Sample ragnil

Analyte CAB. Number Result Quai RL KDL
1,2-Dtchloropropane 76-87-5 U20 6.25
1,3-Dichloropropane 142-28-9 Ua5 10.0
2,2-DichLoropropane 594-20-7 U I 250 12.5
cis-1.3-Dichloropropen. 10061-01-5 U 250 12.5
trans-1,3-Dichloropropene 10061-02-6 U 250 25.0
1,1-Dichloropropenc 563-58-6 U 250 12.5
Ethylbenzene 100-41-4 U 250 12.5
2 -1{xanone-_ 591-78-6 U 500 125
Haxachlorcbutadiene 87-68-3 U 250 12.5
Isopropylbenozne 98-82-8 U 250 12.5
p-rsopropyltoluene 99-87-6 U 250 12.5
4-Methyl-2-pentanons 108-10-1 U S00 125
Methyl.ne chloride 75-09-2 U 250 12.5
Naphithalene 91-20-3 U 500 10.0
n-Propylbenz.ne 103-g5-1 U 250 6.25
S tyrene 100-42-5 U 250 6.25
1.1.l.2-Tetrachloroethane 630.20-6 0 250 12.5
1,1,2,2-Tetrachloroathane 79-34-5 470 250 6.25
Tetrachlo..oethene 127-18-4 U 250 12.5
Toluene 108-88-3 U 250 12.5
1,2,3-Trrichlorobonzene 67-61-6 U 250 6.2

Trichlorobenzone 12-82-1 U201.9 1,2,4 120ichore ta5
l''-richioroethane 71-55-6 U 250 12.5

1,1,2-Trichloroethane ~79-00-5 U 250 12.5
Trichloroethene 79-01-6 712 250 12.5
Trichlorofluoromethane 75-69-4 a 500 12.5
1,2,3-Trichloropropane 96-16-4 a 250 37.5
1.2.4-Trimethylben...ne 95-63-6 U 250 12.5
1.3,5-TrimethYlbenz.... 106-67-B U 250 12.5
vinyl acetate 108-05-4 U 500 125
Vinyl chloride 75-01.4 U 500 12.5
o-Xylene 954-6O 250 12.5

p-Xy~~ene 1)6777-61-2 ci13i 250 25.0

surrogate %Recovey Lower Upper Ql
Dibromofluoromethane 89.9 86 116
l,2-Dichloroethane-d4 86.8 g0 120
Toluene-dB 104 88 110
4-Bromofluorobenzene 101 86 115

J The analyte was positively identified, but the quartitation was below the RL
U Not detected at or above the method detection limit

Sample Nuoter:L0310530-02 Prep Method:5030B mnstriiment:EPMSll
Client TD:MW-77 Analytical Method:8260B Prep Date:10/27/2003 12±19

Matrix:Water Analyst:CMS Cal. Date:10/17/2003 14:43
Workgroup Numnber:WG152829 Dilution:Sa Run Date:10/27/2003 12:19

Collect Date:21-OCT-03 Unlto:ug/L File ID:11M17974

Analyte CA3. Number 1 Result Quail RL
Aeone 57-64-L U I 5000 1 125
en.na. 71-43-2 U 250 6.25

Bromobenzene 108-86.1 U 250 6.25
Hr.o. .h...o.than. 74-97-5 U 250 10.0
Bro. dchloromethane 75.27-4 U 250 2.
Bromofoam 75-25-2 I 20 1.O Bromomet tan. 74-83 -9U502.

3 of 6
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KEMRON ENVIRONMENTAL SERVICES

Report Number:L0310530

Rzeport Date :October 30, 2003

sampie Numnber:L0310530-02 Prep meehcd:5030B tnstrument HPms1
client TDotm-77 Analytical Method±82603 Prep Date:1012712003 12:19

Matrix:Water Analyst:CMS Cal Date2.0/17/2003 14:43

Workgroup Number:WGI15829 Dilution:S0 Run Date:TO/27/2003 12:13
Collect Date:21-OCT-03 Unito:ug/L File ID:11A17974

knalyte CAS. &umber Result QUal I RL Mr, 

2- Butanon. 78-93-3 ________ U 50 2

n-Butylbenzene 104-51-8 U 250 12.5 
nee-Butylbenzon. 135-96-6 U 1 250 12.5

tert-Butylbenzene 968- 0 6-6 U 1 250 12.5
Carbon dinulfide 75-15-0 U 250 25.0

Carbon tetrachloride5-3- U 250 12.5

Chlorobentene 106-90- U 250 6.25
Chlorodibromomethane 124-48-71 jU250iS
Chloroethane 75-00-3 j _______ U Soo 25.0

-Chloroethyl vinyl ether 110-75-8 IU 500 100
Chlo..roform 67-66-3 15.0 .7 250 6.25
Ihlorometan 74-87-3 U 500 -12.5
2-Chor.0Notouen. 95-49-8 U 250 6.25

4Chiootl.n.. 106-43-4 U 250 12.5
l. 2-Dibromo-3-chloroprop... 96-12-8 U 250 50.0

Dibromomethana 74-95-3 U 250 12.
1,2-Dichlorobanzene 95-50-1 U250 6.25-
13.3 Dichlorobenz..nn 541-73-1 U250 12.5

1,4-Dichlorobenzene 106-46-7 U250 6.25

Dichlorodifluoromethane 75-71-8 ut 500 12.5
1,2-Dichloroethane ~~~~~75-34-3 U 250 6.25

1, IDchloroethano 107-06-2 a 250 12.5

1.1-Dtchloroethene ~~~~~7S-3S-4 U 250 25.0
cia-l12-Dichloro.thene 1S6-59-213 7201.

trano-1,2-Dichloroethene 156-60-S 24.5 250 2.5
1,2-Dichloroprop... 78-67-5 U250 I 6.25
1,3-Dichloroprcpane 142-28-9 U250 10.a

2.2-Dichloropropane 594-20-7 0250 12.5
cio-1,3-Dichloropropene 1-0061-01-S 250 12.5

-Tra-1n.-3-Dichloropropeno 10061-02-6 250 25.
1,1-OIchloropropenc 563-58-6 U1 250 12.5
Ethylben...ne 100-41-4 U - 250 12.5

2-Xexanone. 591-76-6 IU 500 125
He...chlorobutadi.ne 87-68-3 U 250 12.5

Isopropylbenzenie 96-82-6 U 250 12.5

p-Isopropyltolnene 99-87-6 U 250 12.5
4-Methyl-2-pentano.. 108-10.1 U 500 125

MaIthylene chloride 75-09-2 U 250 12.5
Naphthalene 91-20-3 U 500 10.0

n-Propylbenzene 103-65-1 U 250 6.25 
SFtyrene 100-42-5 U 1 250 6.25 
1,1,1. 2-Tetrachloroethane 630-20-6 U 250 12.5

1. 1.2,2-Tetrachloroethane 79-34-5 11800 I 250 6.25

Te.trachloroethene 127-18-4 14.3 17 250 12.S
Tolinane__ 108-88-3 U 250 12.5

1.2,3-Trichlorobenzene 67-61-6 U 250 6.25
112,4-Trichlorobenzen. 120-62-1 IU I 201.

L.,-Trichloroathane 71-55-6 IU 201.
1 2-Trichloroethan. 79-00-S U 250 12.5

Trcloroethene 79-01-6 2780 250 12.5
Trihlrofluorotaeth.ne 75-69-4 U 500 12.5
123-Trichloropropan. 96-18-4 U 250 37.5
2.-Trim.thylbenzene 95-63-6 U 250 12.5
1,,-Trimethylbe.n..na 108-67-aU 5 12.5
Viny actate 108-05-4 U00125

VinyL chloride 75-01-4 U5012.5
o-Xylene 95-47-6 ____________5_47__ _ 250 12.5

m-,-Xylene 136777-61-2 }_________ U I 5 25.0 ~~~~~~~~~~~~~~~4 of 6
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KEMRON ENVIRONMENTAL SERVICES
Report Number: L0310530

Report Date ;October 30, 2003

Sample Nuilter:L0310530-02 Prap Mcthod:50303 Inatrugdert:UPMS1II

Client tDMW-7 Analytical Methcd:82605 Prep DatC:10/27/2003 12:15

MJtrix:w~tet Ana!yst:CMS Cal Date:1O/17/2003 14:43

Workgroup tiunter:WG152829 Ditution:50 Run Oate:10/27/2003 12,19

Collect Dace:21-OCT-03 Unita.g/.q P, ile rIU11K17974 .

l,2.gi ..ooet ...-d 84.9 au12

tluene-DO 104 88t 110 I

4-flro...fl.ti~tb~flr~a 101 8 611

IS.mI,xdntitaitive re..ult (out of inst~rmet calibration rang.)

J The agmalyte wad positivelIy identified, but the quantitationi was below the AL

U Hlat detected at orabv the method detection limit

Sample Numdbor:L0310530-O2 Prep M4ethod:50303 Inst r.ment:ICPMSI1

Client 10;W4-77 AnaLyticall M4th~d:8260S Prep D-tC±0/720314:22

Macrixswater Analyot:OS Cal Date:1//20 14:.4 3

Workgroup Number:W0152829 flhlutiOn%:SO0 Run DaCe:10/27/2003 14:22

Collect Date,21-OCT-03 Unitou.g/L File ID:11MX17978

Sample rag:F1

Anal te CAS. uMader Re..ult Qa T D

Actoe 67-64-1 IU 50015

...... e 71-43-2U 2006.

flromoben.... 108-86-1U 2506.

flromoch-...mth.fl 7 4-97-5U 20 0

a Dro~~~~~~Inod ,,ltomthsfl. 75-27-4U 20 2

r Bromofr 75-25-2 I________U 20 7

W B~~~rowmamehne 748- ______ V 50 5

2-utn... 7-9- U 5000125

Carontarachlri56-23-5 U 5015

Chlroantfl0-907 u 2502.

choobroinoiet Afl 124-45-1 U 20 2

Choroothane 5-00-3 U 50 5

2.Chlrothy1 iyin 1ther 110-75-0 2506.

Choroform 67-66-3 ________

hlrootba..e 74-87-3 W} 5012

2.hlrotoln 95-49.82006.

4.Clrotoln 106-43-4 U 20 2

l,2Dibromo-3-dlr. t l 6-12-8 U 20 0

1,-Dibrometan 106-93-4 U 20 2

Oibrmom.thn 7-53U I 50 2

1.-flihloobflgl 541-73-1 U 20 2

l.-Dicl n.b.lZl 106-46-7U 2506S

hich...odiforomethdl 75-71-0 00 2

L2-DiehloroethanO ~~107-06-2 U 50 2

1_, 1-Oichloroethene 75-35-4 ______ U 1 25C005

cis..2-ichlroehene 156-59-2 138 J I 50 2

trane-1.2-OichlotO~tht~t 156-60-5 _____________ U 250 2

1,2.DichloroptOP~~~flft 78-87-5 S_____ 506.

2,2-Dichlor p1pf 9-20-79 U I 250 2

rrans-14-Oicloro ro ene10061-02-6 U 25025

I l1-Di hloro~OP-fe 53-58-6 IU i 25012
8th lbensaa a 100_41-4 Uj 2502

2-1ex.....neI 5178-6U 50010 I

S of 6
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KEMRON ENVIRONMENTAL SERVICES
Report Number: L0310530

Report Date :October 30, 2003

SamPle Numbor:t0310530-02 Prop ?4ethod:50308 1.tnst...ntd{PS~ll
Client ID:NW-77 Analytical Mothod:920 Prep Date:10/27/2003 14,22

MAtrtixt~ater Analyot:Cns Cal Datcc:10/17/2003 14:43
workgroup Number:W0152829 Dilucion:500 Run Dace:1o~/27/2003 14:-22

Collect Date:21-0OC-03 unica~u/1 File 1Dr11lM17978
Sampl. TagDl.

Aoalyte s .. e Rer.lt Quail 2!. ML!
H ....chlorobutadLene a1-68-3 IU 2500 125
Iaopropylbenzene 98-82-S a 2500 125
p-Xaopropyltoluen 95-87-6 U 2500 125
4-Xethyl.2-pentanone los-la-i U 5000 1250
8(0thylone chloride 75-09-2 U 2500 125
Naphthalene 91-20-3 U 5000 100
n-Propylbonzeae 103-65-1 U 2500 62.5
Styrene 100-42-5 U 2500 62.5
1,X.1.2-Tatr.chio....thane 630-20-6 U 2500 125

1,1,2, 2-Tetr~~chloro~th~n. 79-34-5 12100. 2500 6 2. 5
T.trachloro.th ... 127-18-4 U 2500 125
Tel.... 108-88-3 U 2500 125
1.2.3-Tricblorob ...... 87-61-6 U 2500 62.5
1.2.4.Trichlo...b .n.... 120-82-1 U 2500 100

1.1.1-?richtoroeth~~~~n. '1-55-6 U 2500 125
1,1.2-Trichloro.th ... 79-00-5 2500 125
Trichioro.then. 79-01-6 3 03 0 2500 125
Trichlorotluoro...than. 7 5- 69 -4 U 5000 125
12,3-Wrichloropropane 96-18-4 U 2500 375

1:2.4-TrIL.thylbe..noee95*- U 2500 125
1,3,5-Trimethylbe...... 108-67-8 U 2500 125
vinyl acetate 108-0S-4 U 5000 1250
Vinyl chloride 75-01-4 U 5000 125
O_ _ __ _ __ _ __ _ __ _ __ _ __ _ __ _ __ _ _95-47-6 U 2500 125
..p-Xyl... 136777-61-2 U 2500 250

Surrogate % fleove. L.ovr U Cr IQcalI
Dibrcmafluoro...than. 89.6 86 118
1,2-Dichloro.thene-dt4 87.1 80 120

roluane-de ~~~~~~~~~103 88 11
4-Dr...ofluorobenzone 100 8 6 115

* Th. analyte w.a pooltively identified, but the quantitation wan below the RL
U Not detected at or abov the maethod detection limit

6 of 6
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LABORATORY REPORT0 ~ ~~~~~~~~~~L0312 394
12/29/03 14g28

Submitted By

KEMRON Enivironmeantai Services
156 Starlite Drive

Marietta, Ohio 45750
(740) 373-4071

For

Accou.nt Nahue. nu/C12 wvr.
115 Perimeter Place NS
Suite 700
Atlanta, GA 30346

Attention. David Nelson

Account Nunbort 207-S30
Work IDs 42577/CH24HtLL

P.O. Numbers 55952

Sample Summary

Client ID Lob in Date Collected flats Rocieved

563-RFW V -44g IQ L0312394-01. 16-DEC-03 17-DEC-03

564-EV q. bn CV L0312394-02 16-DEC-03 17-DEC-03

563-BAG Q 4.fft, 10312394-03 16-DEC-03 17-DEC-03

a iflAv L0312394-04 16-DEC-03 17-DEC-03

I or 1.
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KEMRON ENVIRONMENTAL SERVICES. Report N~umber:L0312394
Report Date ;Docsmer 29, 2003

sample Numbr:honL312394-01 Prop Method:5030B rnotrumentRPMSA
Client Ifl:563-37V Analytical Method,82605 Prep JDateUZ2/2o/2003 17i17

Navrix:watetr An.1yst:KSS Cal Datezl2/14/2003 16t43
Workgroup NumbertWGl57325 Oilutbionzl Run DatOI12/20/2003 17i17

Collect Oato:16-DNC-03 tlnitsi File 8M O fM311393

Analvte CAB. Number Result I u.1 I RL [ !40L
Acatone 67-64-1 3.15 3 I 30.0 _______0_

Benzene ( 71-43-2 0 1.00 I 0.125

Bromobcnzono 108-86-1 U 1.00 0.125
Bromochloromsthan. 7r 7- U 1.00 I 0.200
Bromodichblrormet~hana F 75-21-4 U 1.00 I 0.250
Broroform [ 75-26-32X 1. 00 I 0.540
Bz'omomethame 74 -83-9 v 1.00 0.500
2-Butan~ono 79-93-3 U 10.0 2.50
n-autlboaen~en 104-51-a U 1.00 0.250

sec-Butyltenzane 135-98-0 U 1.00 0.250
tort-Butylbonzofle 99-06-6 Uf 1.00 0.250
Carbon disulfide 75-15-0 U 1.00 0.500
Carbon tetrachlorideo 56-23-S U 1.00 0.250

Chloroban~~~~ans ~108-90-7 U 1.00 0.125
Chlorodibrowmomethsno 124-48-1 U 1.00 0.250

Chloroothane ~~~~~~75-00-3 U 1.00 0.500
2-Chloroethyl vinyl ether 110-75-8 U 10.0 2.00

Chloroform ~~~~~~~67-66-2 U 1.00 0.125
Chlorocenthane 74-87-3 1.62 1.00 0.250
2-Chlorocoluene 95-49-8 U 1.00 0 .12 5
4-Chlorotoluene 106-43-4 U 1.00 0.250. t2-Dibromo-3-chloropropsne 96-12-a U 5.00 1.00
1,2-flibrormoethane 106-93-4 U 1.00 0.250
flibromomathtn 74 -953-3 U 1.00 0.250
1.2-Diohlorobenzene 95-50-1 U 3.00 0.125
L,3-Dichlorobenzene 541-73-1 U 1.00 0.250
1.4.flicblorobenzofte 106-45-7 U 1.00 0.125
fltchlorodifluoroc,.thane 75-71-8 U 1.00 0.250
J,1-Oicbloroathefl, 75-34-3 U 1.00 0.125
1,2-Dichlorce~thane 107-06-2 U 1.00 0.250
1,1-Diehloroethene 7S-3S-4 U 1.00 0.500
cia-1,2-Dichloroethena 156-59-2 0.36: a' 1.00 0.250

trans-1,2-flichloroothene 156-60.5 U 1.00 0.250
1,2-Dichloropropane 70-87-5 U 1.00 6.12S
1,3-Dichloropropan. 142-28-9 jO 1.00 0.200
2,2-Dichloropropeno 594-20-7 ______ IU 1.00 0.250
cio-1,3-Dichloropropena 10061-a1-S U i.oo ] 0a2so
trana-t,3-DIcbloropropene 10061-02-6 U 1.00 J 0.500
1,1-Dichloropropoea 563-58-6 U 1.00 0.250

Ethylbenzone, ~~~~~~100-41-4 U 1.00 0.250
2-H~~~~xanano ~~~~591-78-6 U tO.0 2.50

H.XaChlorobutadione 87-68-3 U 1.00 0.250
teopropyIbanten. 98-82-8 U 1.00 0.250
p-toopropyltoluene 99-87-6 U 1.00 Ofl50
4-Hsthyl-2-pentamon. 109-10-1 U 10.0 2.50
l4.thylona Chloride 75-09-2 27.1 5.00 0.250

Naphthalene ~~~~~~~91-20-3 U 1.00 0.200
n-Propylbencene 103-65-1 U 1.00 0.125
S tyr.ne 100-42-5 U 1.00 0.L25
1.,l.l.2-Tetrachloroathan. 630-20-6 U 1.00 0.250
t.,1,2.2-Tetrachtorcdthana 79-34-5 U 1.00 0.125
Tetrachloroethene 127-18-4 U 1.00 0.250
rolueno 108-88-3 U 1.00 0.250
1,2,3-Trichlorobanzons 87-61-6 U 1.00 012
1.2,4-Trichlorobonzene 10-82-1 0 .0 .0
1,1,1-Triohtoroothane 71-56U 1.00 0250
1,1,2-Trichloroathane 79-0- .00.250-
Trtchloroetheno 79-01-6 U .0 0.250
Trichloroflt~romrothane 75-69-4 U 10 .5

I of 9
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Repot RuberLO31394KEMRON ENVIRONMENTAL SERVICES

Report Date :December 29, 2003

Sample Nuater.1L032394-0l Prep Method.50300 Iflot.hftOUPHBO

Client ID;563-zrT Analytical Methcd:3260B Prep Dato:12/20/2003 17.17

MatrixzWat.r AnalystxM3s Cal Date:12/l4/2003 16.43

Workgroup Number±WGIS7325 nilutiond. Run Date:12/20/2003 17.17

Collect DatC.16-DZC-03 Unlito:ug~/L File IThBM311393

Analyte CA.NubrResult Qual Rt C

123-Triohlor~otprnop Y6________U_________LS_

124-Trimethylbenzaon - 3- I 10021

1,,-Trimothyl ..e.e. n__IOB__-8_____0

Viy.hloride 10

12-Oichl::Oethen.-44 ~ ~ ~~~~~, -1-U 10.00 25

Surropate % Recover I Lower 5Er Igull 
Dirmfluorotnethons 

Toluno -da 04 110
4.Brcootluorobenzene ~~~110 8 1

J The analyte wan positively identified, but the qijanetittion was below the RL

* Not detected *t or above the method detection limit

Sample Nuraber.L0312394-02 Prep Method:50305 tnat"M~eflt:HPUS8 

Client 1D.564-ZRF Analytical Method:8260B Prep Date:12/20/003 17148-

Naerix:water Artalyst;Riefl Cal Date:12/14/2003 16:43

Workgroup Numnber:W03.57325 Dhltution±1 - Run Datat 12/20/2003 1L7:48

Collect Data;16-DEC-03 unitteug[E - File I0:8M311394

CA.Numr Result Quial. I RLD

Acetone ~647-64- 4.63 Ia 10.0 2.50

Honenao 71-43-2 0.12 Ia 1.00 0.12

Eromobonse..18-8-. 1.00 0.125S

Bromochloromatharm, 74-97-S 1 U 1.00 0.200 1

_oroud ich Io.ro..thaae 75-27-4 UI 1.00 0.250

Bro-aofom 75-25-2 fU 1.00 0.540

-Brcmomo--hanoe 74-93-9 - ,U + 1.00I 0.500

2-sutanone ~~~~~~~~~~ ~~~7 8-53 -3 1U 100 2.50

n.Butylbemnene ~~~~~~~~~~~~104-51-a IU 1.00 0.250-

see-Butylben..... 135-98-8 1U 1.00 0.250

tart-Butvlb...nza. 98-06-6 1U 1.00 0.250
-Carbon dioulfide 75-IS-a IV 1.00 0.500

Carbon tetrachloride 56-23-5 1U 1.00 0.250

CFh ...b~n.ene 108-90-7 IU 1.00 0.125

Chlorodibroamomthane 124.48-1 UI 1.00 1 0.250

Ch-loroothane 75-00.3 UI 1.00 I 0.500

2-Chlorebl iy *br110-f5-I UI 10.0 t 2.00

chloroform 67-GE-3 UI 1.00 1 0.125

Chflornomthane 74-87-3 uI 1.00 1 0.250

2-Chl I' lun.95-.4 9-a 1.00 1 0.125
4.Chlrotouo .0.-43-4U __1.0.250

1,2.Dirtmo-3-chlOropropanlo 9-28U_ .010

l, 2-DibramoothoWC 169- 1.00350
Dlbromc.th..ne 74-95.3 U .0 0250

1.2-Dichlorobanenzon 9S-50-1 U __1.0.125

1, 3.DLchlorobentxn 4-7-U 1.00250

11.4.Dichlorobanzone 106-46-7 U 10 .2

1DichlorodlIfludtoe"thdfl* 75-71-a U 1I0SO25
1,1-Dichloroethano ~~~~~~~~~~7S-34-3 I .0 0125

1,2-0.hicttoC.th.fl. X07-06-1 I .52 10 .5

I1,1-Dtchlo...ethene 75.35-4 U 10 .0

ci.-1,2-Oichloroethoflo 156-59-3 9.91 10 .5

trans-1,2-Dichloroothan.5-6- t.0 .5

2 of 9
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a IC~~~~~~~~EMRON ENVIRONMENTAL SERVICES

V ~~~Report Number:L0312354
Reeport Date :Decowter 29, 2003

Sample Numb.rIL0312)94-02 Prep Mothod:S030B Iatre~tm~ctHPUSS

Chaent 10z564-E7V Analytical Metbcd:82608 ?rep Datat12/20/2003 17.48

lMatriX:Watar Anatyot:x1aZ Cal. Date:-12/14/2003 16.~43

Worhacoup RuwboriW0157325 cilutionzi Run Dato:12/20/2003 1.7:48

Collect D.t.3:3A-0EC-03 unfitoiugL Filo ID:8fl3113R4

Analyto CS. Nun'b.r I feult Deal RL, Mrta
1,3-DiohlOtopopn. C12-2-9U .00 0.200

2,2-DiohlOro-PropaA 394-20-7 *iU 1.00 0 450
oio-L.3-O~~obloc0~~.ropenO 10061-01-S U i-CO 0.2S0

trn -1.DichlotapoptOef 10061-02-6 U 1.00 0.500

o,1 .ihl rovtoPnf b63-58-6 U 1.00.250

.. %.lb nte 100-4L-4 U H.00 0.2S0

I2-HexanOn. 591-78-6 U 10.0 2 .50

IHexachlorobutadi.no 87-68.3 u 1.00 0.250

Ia~ropylboutofl 9 -9a2 -0a U 1.00 0.250

p-z~oopropyltolUen. 99-87-6 U 1.00 0.250

4-Mothyl- 2-Ponttt¶ofl 109-10-1 U 10.0 2 .50
chlyoie boride 75-09-2 0.938 .71 5.00 0.250

Naphthalene 91-20-3 U 1.00 0.200

a-propylboennn. L03-65-1 tU 1.00 0.123
Stvrone 100-42- I U 1.00 0.125

1,1,1.2-T~~t~achl.OcO~thOAO 630-206= U 1.000.0

1.1.2.2-T.trachloroothbafl7 ~-3- 1.00 0.12S

TatrachloroatthenO 12-84 }u 1.00 0.2S0

Tolueane 108-88-3 U 1.00 0.250

.,,-rolroben.n... 87-61-4 1.00 6.125

1.2.:4-?iboo~t 120-82-1 a 10 .0

111-rtcbloroetbhA. 71-55-6 ______ U 1.00 0.250

t2-Cr~~~chloroetban* ~~~79-00-5 U 1.00 0.250

Trl~~~~~~~~~~~~~~~~~~hl.~~~~~~~~~~~~~~~~~V~~~~~~~~~thena 79-01-6 V 1.0, -;~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~7-16_________ 10 .5

Tichlo...f luoromtho;ttO 75-69-i U 1.00 0.250

1,2,3-Trichloropropon. 96-10-4 U 1.000.5

1,2,4-trLno lhylb.flE..l 9S-63-6 a1 1i.00 0.450

1,3,S-¶rtmth~~~~1benz~~na 109.67-8 _______ U 000.5

Vinyl acetat 109-05-4 U 10.0 - 2.SO

Vinyl chlor~~~~~~~~de~7 5- 01- 4 1 0.982 J 1.00 0 .250
c-Xy~~~~~~~~em. ~~~~95-47-6 ________ U 1.00 -0.250

m-,g-Xylene ~~~~~~~~136777-d1-2 ________ U 1.g0 0.300

Otbromofluoramothafl 1. 6 1
1.2.Oichlocoetha.4-d4 889i2

Tlulnon-d8 105 I 9 as110

4.Scomotluorob .n.n.... 6 
J7 Th. .anLyte woo positively identifited, but the quantitation was belo. the RI.
TX Not deteoted at or above the method detection limit

Sample NumbottL0312394-03 Prep Metbod,50309 IflatflimenftHPnhO
Client 10,563-BMd Analytical Metbod1,82-e09 Prep Dat,tO1/920 2

Natrix,Wa-ter AnaLyat:CO4S Cal Date:l 220 1930

Workgroup Number:wM157257 nilutiod:Y50 Run Datel/g 20 21
Collect Date:16-UBC.03 Unite~UqIL File t6X1760

Sample TaqtDl

Analyt. I ~CAM. Number I Result I Qual _ MDI

I~~~~~cetone U ~~~~~~~~~~~~~ 100 35-0
67-64-1 ~ ~~~1-0.0 ___1.25

3 1 of 9



35 4 145

KEMRON ENVIRONMENTAL SERVICES
Report Nurnber:L0312394

Report Data :December 29, 2003

Semople Numbor:L0312394-03 Prep Method±50309 inotrumntft:HPKS

Client ID:563-BnO Analytical Method;82608 Prep Date:12/13/2003 22.13

Matrtx:wat.t ~Aalyst: ams Cal te12403£30

Workqtoup, Nueter:WG157257 DiluitiontlO Ru.n Date:12/19/2003 22.13

Collect Date:16-OZC-03 Uaitesg/ Pile I0:6N441760

Sample tag:Dl

AnaJlyte CAS. Number I Result Cque1 Rat.

,e'ac-utylbenzanel 135-98-S 1 10.0 [ 2.50

t.rt-nu1tylb.asen. 98-06-6 ________ 10.0 [ 2.50

Carbon disulfido 75-15-0 U 10.0 I 50
Ca.rbon tetrachloride 5623S62.2 10.0 i 2.5

Chlorob.nZcne 108-90-7 1 U 10.0 12

-Chlorodibromomtehar. 124-48-1 la1.0 2.50

Chloroethano 75-00-3 U 10.0 5.0
2-ChLoroatklyl vinyl other 110-75-8 .JL 100 20.00

Chl-oroform 67-66-3 1810.0 1.25

Chlorom.th... 74-87-3 U 10.0 2.S0

2. Chlorotolu~ae 495-4- _______ 10.0 1.25

I4-Chlorotoluone 106-43-4 I U 10.0 2.50

t1,2-Dibramo-3-chloroprop~en 96-12-8 U 50.0 10.0

1,2-Oibromoethafle 106-93-4 U 10.0 2.50

Diromom.tbans 74-35-3 a 10.0 2 .5 0

l,-Dtcaorobenz.c. 95-50-1 v______ 10.0 1.25

1 .3.Di rlotbenono.n 541-73-1 U 10.0 2.50

tA.Oicblrobenten. 106-46-7 U 10.0 1.25

Dichlor.difluorm...th... 15-71-8 U 10.0 2.30

1, 1.DcblrthAi.e 75-34-3 U 10.0 1 1.25

1,3-D.Di ....rth.fl 10--7-0-2 U 10.0 1 2.50

1,-fliblroathen. I 75-35.4 1U 10L.0 I 5.-00 -

cio-1,2-Dichloro.thift* 156-59-2 37.8 10.0 2.50 

trans.1,-Diohloro~theflt 156.60-5 .6.95 i I 10.0 t 2.50 

1,2-D ohlorproPafl 70-87-5 U 10. 1.25

1. 3-Dichloropropans, 142-25-9 U 10.0 20
2.3-DI.M~~~~c.0r.P.. 594-20-7 v ~~~~~10.0 2.50

cia.1,3-DichloropropentS 10061-01-5 ______ U 10.0 25
trane-1,3-Oiohloro to one 10061-02-S U 10.0 6.00

1,L-OichlorO~~~tOP~~flC 563.58-6 U 10.0 2.50

Ethylb.n.en. 100-41-4 U 10.0 2.50

2-HexAagon 591-78-6 U I 100 1 25.0

H.xachlorobutadi.nS 87-68-3 U 10. 2.50

Ioopropy1benza..n 98.2SU 10.0 2.50

p-tsoProPyltolutfl* I38. ______ 10.0 2.50

4.Hathyl-3-pontsciona 108_10_1 ________[ 100 25.0

Methylen. chlorids 750- ______ 00 2.50

N.phth.1l... 31-20-3 ______ U 10.0 2.00

n-Propylbo... fls 101-65-1 U 10.0 1.25

Styron. 100-42-5 J ________I"_42 U 1:0.0 1.25

l,1,2,2-T.tr.chloro.thcno 79-34.544 1.0.0 1.25

108-88-3 U ~~~~10.0 2.50
l,2,3ttiohlorobt.nze 6.10 -68I3U 10.0 1.250

1l,2,3.Trichlorobanten. 107-92-1 1. 12.0

.l.24r1.rihloroe...... 712-52-1 IU 10.0 2.50

1,1,2-frihloroethae 79-00-53.07 j 1.0 ~ 2.50

trclro.th..l 79.01-6 839 1002.50

1Trichlorofluoromothane 75-69-4 ______ U 10025

1,2,4-Trimthy btf .fl 95-63-6 ______ U 100.5
1,3.S-Trimethylbanse.n 108-67-8 ______ U 10025

v nyl c~~t~t. --- 108-05-4 U0025.0

Vinyl chloride 75-01-I 1. 2.50

-Xy no 5~~~~~~~~5-47.6 ________ U 1002.50
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85 4 146

KEMRON ENVIRONMENTAL SERlVICES
Report NUmber; L0312394

Report OaIte :Dlecember 29, 2003

Sample Nu~bor1L0312394-03 Prep methodiSO30s InotrumentiHPM36
Client 10:563-BAG Analytical Method;8260B Prep Date:1219203 22.13

Natrlxiwatet Analyot. Cfl Cal Date.11/24/2003 L9,30

Workgroup Number:W0157257 Dilution:tO Run Date:12/19/2003 22,13

Collect Oato:16-DEC-03 1,1ito ~ g/L Pile XD:6M417S0
Sample Taq:Dt

Surrogte R .. overy I Lover I upper I aal
Dibtoa~~~~ofluorozoflhane ~~~~~~94.5 I 96 118
l,2-Dlchloro~~~~~~~thane-d4 ~~~96.5 90120
Toluone-dB ~~~~~~~~~~~~~~92.8 88a 110

4-Brom0fluorobentene 102 8 1
J The snalyto .as positively identified, but the quantttatio.n w.a below the RI.
* Not detected at or above the method detection limit

Sample Number:t.0312394-03 Prep Mothod:SO30B InetrUMent:HPXSS
Client ID:563-BAO Analytical Nethodt82605 Prop flato:12 19 2003 23.1_7

Katrix:Wator Analyot: CMB Cal Daoill/2472003 19300

Workgroup Numnbor:WG157257 flilution~i Run Oate:12/19/2003 23,17

Collect Oatozl6-DEC-03 Uni~to:vg/L 8File ID:6M41762

Analyte C~A. Nube~r Result IanalI RL OWE.

Acetone I ~~~~~~~~~~ ~~~~~~~67-64-1 U 002.50
fle.nzen 71-43-2 0U 1.;00 0.125

Oro= o.nee LOG-US-i UI 1.00 0.125

OromchlOromethan. 74-97-5 1U 1.00 0.200. B~~~~romodlahoromethafle 75-27-4 U I 1.00 a0.250
Ero Ofom 75-25-2 UI 1.00 0.540

Bromomatan 4-3- 1.000.0
2 ..uaone 7--3U 10.0 2.50

n-Du ..bnzea 104-Si-a U 1.00 0.250

nec-Butylb.znzan 135-98-8 U 1.00 0.250

tort-fluty2bmnzene, 98-06-S U 1.00 1 025
Carton di.su~id. 75-15-0 U 1.00 [ 05,00

Carbon tetrachloride 1 56-23-5 79.1 1.00 [ 0 .25 0

Chlorbenz...no 109-90-7 0.317 .7 L.00 [ 0.125

Chlorod.ibromocflthaae 124-48-1 U 1.00 I 0.250

Chloroothane 75-00-3 U 1.00 0.500
2.Ch2.orcothyl vinyl other 110-75-8 U 10.0 I 2.00

Chloroform 67-66-3 409 a t 1.00 0 .125
Chlormomthene 74-87-3 _______ U 1.00 0.250

2-Chlorotoluene 95-49-8 ______ U 1.0 .125

4-Chlorotoluena 106-43-4 U 1.:000 0.250-

1,2-Dibromo-3-chloropropane 96-12-9 ______ U 5.00 1.00
1, 2-flbromoethane 106-93-4 U 1.00 I 0.250

flieroce .me than. 74-9S-3 U 1.00 0.250

1,2-Oichlorobenzene 95-50-1 U 1,00 0.125
1,3-Dtchlorobonzone 541-73-1 U 1.00 0.250

1,4-flichlorobonzene 10-670 1.00 0.125
Dtchlorodifluorcmuthano 75-71-6 U 1,00 0.250
I1,1.DichloroathaflO 75-34.-3 u 1.00 0.135

1,2-Dichlo....tban. 107-06-2 1.19 1.00 0.250

1,L-Dichl.oroethen. 75-35-4 U .00 d15soo
cis-1,2-flichloroetheno 156-59-2 45.9 -1.-0001 0.250

tran. -1, 2-Dichloroe thanO 156.60-5 9.19 1.00 0.250

1,2.Dich3.o.ro to n. 79-87-S U 1.00 10.125

1.3-DiChloropropann 142-28-9 u 1.00 0.200

2,2-Oichloropropbfl* 594-20-7 ______ U 1.00 0.250

cio.-1, 3-DichloroprOpoflC 10061-01-S 1.00 0.25

trans-1, 3 -DichlorapropeflC 10061-02-6 U .00 0.50

1,1.Dichlrorp..Pfl 563-S8-6 U 1.000.5

tthylbenzene ~~~~~~~~~~~~~~~100-41-4 0.29 3 1.000.0

2-Nexanone 591-78-6 U 10.0 25~
tRex.chlotobultadiofle 87-68-3 U 1.00 -
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85 4 1 47

KEMRON ENVIRONMENTAL SERVICES
Report Number: L0312394

Report Date :December 29, 2003

Sample Number:L0312394-03 Prep method:5030B tnot rumenc:KPMaG
Cliete 10;563-SAG Analytical M~ethod:8260s Prop Oateul2/l9/2003 23*17

matrix:water Analyst: twCal. DatO,11/24/2003 19,30

Workgroup nmrbor,W0157257 Dilution:lI Run Dateul2/1912003 23.17

Collect Date,16-DMC-03 Units~u/ Filo 10c641762

Analyte CAL. Number Result ~ iax ii Xii
loopropylbanzene 98-82-8 U 0 0.*250
p-Isopropyltolueno 99-87-6 100 0.250
4-Mathy1-2-p.ntanona 108-10-1 Ut 7 10. 2.50

Kethylens chloride 75-09-2 U I 5.010 0.250

Naphthalofnt 91-20-3 U 1.00 0.200

n-Propylb.nzaon 103-65-1 ______ U I 1.00 0.125
a tyrene 100-42-5 U 1.00 0.125

l,l,l,2.Tetrachloroethane 630-20-6 0.347 3 1.00 0.250

1,1. 2,2-Tetrachloroethan. 79-34-5 459 1 1.00 o.i25
T.trachlo....thn.n 127-18-4 4.37 1.00 0.250
Tolueno 108-86-3 1 0.346 3 1.00 0.250

l,2,3-Trichlarobenzene I 7-61-5 I ______ U 1.00 0.125

1,2,4-Trichlorobenzono I 120-62-1 U 1.00 0.200

1,1,L-Trichloroathane [ 71.55-6 ______ U 1.00 0.250
L,1,2-rrichloroethano I 79-00-5 3.52 1.00 0.250

Trich-loroatheflO 79-01-6 789 I 1.00 0.250-

Trichloroflu±oromethane 75-69-4 U 1.00 0.250
1,2,3-Trichloropropan. 96-18-4 U 1.00 0.750

1,2,4-Trim~ethylbenzene 9S-63-6 U 1.00 0.250
1,3,5-rrimothylbanzone 108-67-6 U 1.00 0.250. vinyl aestate 100-05-4 U 10.0 1 2.50
vinyl chloride 75-01-4 0.614 J 1.00 1 0.250 

o-XyI~~~~~~~~~nO ~~~9S.47.6 iS 1.00 a:250

M-,P-Xylene 136177-611-2 L 1.000.0
aurrogate % lRecove oer U r Qa

DIbromofluoromothana 101. SG11
1,2.Dichloroethana-d4 10o8 120
Toluen.-d8 92.6 88 110
4-Brcmofluorobenzene 107 864 115

I asmiquantitativ. result (out of instrumnent. calibration range)
j The anslyte was positively identif led, but the quantitation w.a below the AL.
u Not detected at or above the method detection limit

Sample NubOtrIL0312394-04 Prep Method:5030B Inotrument:HPMSS
Client ID:564.BAG Analytical Methodt82603 Prep Date:12/19/2003 22.45

Matrix: water Analyot:C149 Cal Date:11/24/2003 19.30
Workgroup flumber:W0157257 DtlutiOnir1-0 Run flate:12/19/2003 22,45

Collect Date,16-OZEC-03 units:ugt File ID:6M41761
Sample Tag:fll

Analyte CAS. Number Result OualI RL 1 DL I

[Acetone 51-64-1 _______ U 1000 1 250
Boazn.. 71-43-2 U I 100 1 12.5
Bromoban.n.f 108-86- _______ I 100 12.5
Bromochloramethana 74-97.S _______ I 100 20.0
Bromodichlatom.thand 75-27-4 ______ U I 100 25.0
aromofor 75-25-2 U 100 54.0

Srooomathano 74-03.9 U1050.0
2- Butanone 78-93-3 U 110000 250

n-Eutylb.nsena 104-SI-I U 100 25.0
soc-flutylbentene 135-98-fl _______ U 1025.0
tort-Butyiben.one 98.a6-Os 6 U0025.0
Carbon disulfid. 75-15-0 U 100 50. 0

Carbon tetrachloride 56-23-5 W 0 25.0

Chlorbobnaene 100-90-7 U10 12.5

Chlorodibromomethans 124-48-1 is 1025.0

Chloroethane 75-00-3 01050.0

* ~ ~~~~~~~~~~~~~~~~~~6 of 9



8 54 14 8

KEMRON ENVIRONMENTAL SERVICES
Report Number: L0312394

Report Date :flecember 29, 2003

Sample Nulnbert0312394-04 Prep Methodtso309 tnstrument:npn86
client tD:564-8A0 Analytical Method:fl260s Prep D3ate:12/19/2003 22:45

Matrix:ia-ter Analyet:CMs - Cal Date.11/24/2003 19,30
Workgroup NumbersWQlS7257 DilutionzlOO Run Date:1211912003 22,45

Co11ecs flate:16-DRC-03 Unito:uig/L TFile 1Dt6H41.761
Sample Ta901.

Analyto CAS. uNtear Result Qual or. MDL
2-Chtro~tyl. inyl ether 110-75-0 U1 LI 10010 200

1Chlor.oform 67-66-3 l 100 12.5
Chloromothano 74-87-3 LOG0 25.0
I2-Chlorotolu.ne 95-49-9 U I 100 12.5
I4-Chlorotoluene 106-43-4 u I 100 25.0
F1,2-Dtbrerao-3-ohloropropono 96-12-8 uF Sa0 100
1,2-Dibrom~ethane 106-93-4 a 100 25.0
Dibromomoth... 74-95-3 U IGO 25.0
1,2-Dichlorbobnzene 95-30-1 U 100 11.5
1,3-Dichlorobenz.na 541-73-1 U 100 25.0
1,4-Vichlorob.n...no 106-46-7 U 100 12.5
Dichlorodifluotom.thane 75-71-8 U 100 25.0
1, 1-Dichl~oroethane 75-34-3 Of 100 12.5
1,2-flichloroethano 107-06-2 U 100 25.0
1,1-Dichloroethene 75-3S-4 U 100 50.0
cie-1,2-fltchloroethono 156-59-2 III 100 25.0
trano-1. 2-Dichloroethsn, 155-60-5 U 100 25.0
L,2-Dichloroprpopne 78-87-5 U 100 12.5
7,73-Dichloropropane 14-89- 100 20.0
2,2-Dichl.oropropano 594-20-7 U 100 25.0
COt-1,3-Dichloroprop... 10061-01-5 U 100 25.0
trans-1,3-Dtchloropropone 10061-02-6 U 100 50.0

1,1-Oichlorepropeno ~~5 63 -59 -6 U 100 25.0 -

Ethylbaazeae 100-41.4 ______ U 100 25.0
2Hxanone 591-78-6 U 1000 250

H ...achtorobutadiene 87-68-3 U 100 25.0
Zsopropytbanzens 98 -982 -B U 100 25.0
p-Inao0opyltoluone 99-87-6 U 100 23.0
4-Methyl-2-pontanon. 108-10-1 U 1000 25 0
blethylene chloride 75-09-3 TI 500 25.0
Naphthalene 91-20-3 U 100 20.0
n-Propylbonzone 103-65-1 U 100 12.5
Styrene 100-42-5 U 100 12.5
1,1,1,2-Tetraohloroothane 630-20-6 UI 100 25.0
1.-1,2,2-Tetrachloroethsno, F 79-34-5 19100 10 0 12.5
T.trachleoccthono 1 127-18-4 S3.6 J 100 25.0
Toluo.ne 108-88-3 ______ U 100 25-0
1,2,3-Trichlorobenaen. 87-61-6 U 100 12.5
I,2,4-Trich1.rcbenzono 120-82-1 U .100 20.0
1,1,1-Trichloroethane 71-55-6 U 100 25.0
1,1,2-Trichleroethane 79-00-5 U 100 25.0
Trichloroothefl. 79-01-6 3400 100 25.0
TFrichlorof luoromth".n 75-63- a 100 25.0
1,2,3-Trichloropropane 96-184 1 ______ 100 75.0
I,2,4-Tri.lthylbenzene 95-63-6 IU 100 25.0
1,3,5-TriMnthylbo...en. 108-67-8 u I 100 25.0
Vinyl acetate 108-05-4 U I 1000 250
Vitnyl chloride 75-01-4 U 100 25.0
o-Xylene 95-47-6 U 100 25.0
m-,p-Xyleno 136777-61-2 - ( 10u 50.0

surrogate ~ ~ Recovery I lower I Upper lQiia
pibromofluoro...than. 92.0a 86 11e
1,-Dtchlorcothane-d 98.7 80 120
Toluoa-de 91.98 110
4-S... otturbobnz.ne _ 102 86 115

J The arbalyto no positively identified, but the quantitatica was below the RL
U Not d~t.cted at or habve the ethod detection limit

7 of 9



85 4 1 49

KEMRON ENVIRONMENTAL SERVICES
Report tiumber, L0312394

Report Date December 39, 2003

Sample NUmborsr.0312394-04 Prep math~;od:53 tnotnrdaentnevK8

Client M0564-BAG Analytical method:826OE Prep Date.12/19/2003 23,40

$atrx.,water AnalyatEUF43 Cal Datetll/2412002 19:30
Wocksroup Numbor:W0157257 oilution:±o R.. Date:12/19/2003 23 .48

Collect Dato16d-VEC-03 Uaftio:ug/t File TD,6M41763

An.lyte CAE. Number I h.sUlt oual1 RL,

Acetone 57-64-1 j v__ _ _ _ _ too.0 __ __ __ __

Befl**fl 71-43-2 IU 10.0 1.25

Dromob.nzono 108-06-1 ______ U 10.0 1.25
scemee~~~~~uloromethane ~~~~~74-97-S U 10.0 2.00

oromedichlarometha.n 75-27-4 12.7 10. ~00 __2.50
Brornfort 7 5 -25 .2 19.1 10.0 5.40

Eromom.th.no 14-83-9 10.0 5.00

2-BUtanOne 78-93-3 0 100 2.

n-Dutyibonzn.* 104-51-8 U 10-0 2.50

aec-Butymbanzano 135-98-8 U 10.0 2.50

r.rt-sutylb ...... 9-06-6 U 10.0 2.50

C.zbon disulfid. 75-I5-0 U 10.0 5.00

CTarbon tatrachlorid. 56-22-5 U 10.0 2.50

Chloroboazeno 108-90-7 ______ U 10.0 1.25

chlorodibromman~thena 124-48-1 U 10.0 2.50

Chioroathane 75-00-3 U 10.0 5.00

2-hootyl vinyl ether 110-Is-S8 100 20.0

Chloroform 67-6 6- 3 s6l 1 10.0 1.25

Chloroaolthta. 74-a7-3 U 10.0 2.50

2-cblozotoluezie 95.4 9- _________ 10.0 1.25

4-chlorotoluoen 106-43.4 U 1002.50

1,2-fltbromo-3-chloropropano 96-12-8 U 50.0 10.0

t!2-OLbrcmoethane 106-93-4 ______ U 10.0 2.50

vtbromomatbhan. 74 .95 -3 u 10-0 2.50

12-D~ichlorobenzene, 95-50-1 . ( 10.0 1.23

13-Dichlorob.nz.nc S41-73-1 U 10.8 ___25

1,4.oicblorobenu.na 106-46-7 U 10.0 12

Dlchlotodifluotommthaeu,. 75-71-8 W 10.020

1,1.Piobloroathan. ~~~~~~~~~~75-34-3 Uv 10.0 12

1,2-Oiohloroothan. 107-06-2 2.54 IT ILO2.5

L,L-Dichloroethena 75"-5-4 I...R 10.0 50

cio-1,2-flichlo....th.nt 156-59-2 135 10.0 2-50

trana-L.2-fLchLor..th... 1 15-60-5 18.4 10.0 25

1,2.Dichloroproapa. 142-78-07 U i 10.0 .2.0

1.23-Dichloropropans 1 72-87-9 U I 10.0 2.25
2,2-OichloroproP..e 594-20-7 U I 10.0 2.50

o~~a.1,3-Oichl~~~~ropr~~p~~fl. 10061-0:-s u 10.0 2.50
tran.-1, 3-Dichloropropont 10051.02-5 U 10.0 5.00

1A-Dtobloropropona ~~~~~~~~~563-58-6 U 10.0 2.50

Rthylb .n.... 100-41-4 U 10.0 2.50

2 -H.ex.ncn 591-78-6 too10 25.0

Ifexaohlorobut.dioen 87 -68 -3 U 10.0 2.50

Iaoprop~ylbonzene 98- 92-8 U ~ 10.0 2 .50

-tao to yltoluer~~~~~~~~~~a 99-97-6 U 10.0 2.50
F4-tXthyL-2-pontanoo. 100-10-1 (3 130 23.0

flechy lan. chlorIde 75-09-2 (3 5.0 2.50
IHaPhtha.1n.. 91-20 -3 (3 10.0 2.00

a-Prew~b ...... 103-65-1 _______ ~ 10.0 Li23

....en 100-42-5S ______ U 10.0 1.25

1.14,2.Tetraohloro~~~~~~thane~6 3 0- 20- 6 _______ t 10.0 2.50

1,1,2, 2-rThr.ohloroeths. 79-34-S 17400 I 10.0 1.25

Tatacohloroothe.. 1i27-10-l4 57.8 10I.0 2.50

Tt....n 100-80-3 (3 10.0 2.50

1, 2,3-Trrchlorobnznno 87-61-6 10LO0 1.25

12.24-IrLchlorob.ntttle 120-82-1 1U 10.0 2.00

1 11Tthootae71-55-6 j 3.37 i 10.0 2.50

1 :1, .I: T r I caloroo " ha. R=79-00-5 5.38 3 10.0 2

TrLchloroath.nS 79-1632 0 8

Trtchlorot~~~~~uorom~~~thane ~~75:-691 10.0 25

S of 9
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KEMRON ENVIRONMENTAL SERVICES
Report Numbert03123940 ~ ~Report Date fleCesiber 29, 2003

Semple Number.L0312394-04 Prep Nethod,50305 Inst rumentRuPKBS
Client ID,564-BAa Analytical Method:8260B Prep Dtae:12/19/2003 23348

MatrixCwater Acalyst z S Cal Data;l2/00 93
workgroup Uumbor:W0157257 Dilut ion 10 IRun Date.1.2/19/2003 23.480

Collect Dato..16-DKC-03 Un itoa: W/L File ID M41763

AnAlyte CAS . Number Result IQual RI. I W
1,2.3-Trichl.orprop... 96-18-4 U 007.50
1,2,4-Trimethylbentncs 95-63-6 ________ I 10.0 2.50
1.3,5T.Lrmethylbonsene 108-67-8 ______ U 10.0 2.50
Vim I. aestate 108-05-4 ______ U 100 25.0
Vinyl chloride 75-01-4 ________ U 10.0 2.50
o-Zylans 95-47-6 ________ U 10.0 2.50
e-,p-Xylsna 136777-61-2 1 ______ U 10.0 5.00

surrogate %RecoverY Lower Upper usiI
Dibromofluorotmethano 92.2 as I li8
1,-2-Dicbioroethane-dI 55.5 80 4 1.20
Toluend 93.1.8 110
4.Bromfl~uorobenz.n 106 8I11

* Semiquantitative result (out of instrument c~libretion. rangs)
* The aralyte wae positively identified, but the quantitatian was below the RLt
U Not detected at or above the method deteetiort limit

9 of 9
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0 ima~~~~~~~~~KUox ENVIRONMNEITAL SRIE
METHOD BLASE SUMMARY

Login N~brr.112 Work OroupsnfllC7257

Blank Tile ZD10,41 744 Blank Sample ID:Wal=2SA.L....

Date Analytedmltlitft3........Instrament Infl~flS
Time Analyzedilt-td Metbodi 3,SOI'

Analystj MAl

This Method Blank Applies To The Following Samtplent

client ID (Lab Sample ID [ Lab File ID Time Analyzed TAG
LACE W0157257-02 6)141745 12/19/03 14:16
LC52 [WQ157257-03 6M41746 12/19/03 14s48

563-BAG L031,239 4-03 6M141760 12/19/03 22.13 Di

S64-BAG L0312 394-04 5)141761 12/19/03 22.4S Di.

S63-BAG L.0312394-03 6)1441762 12/19/03 23.17

S64-BAG L031.2394-04 U)41763 12/19/03 23a40

KM(ON rooms -adified 10/07/2003
version 1.2
RePOrt generated 12/29/2003 14.31
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XZMAON EnVRTfoNnEN'AL SERVICES
MTHOD BLANK SUIWARX

Login HNumer.LO312314......Work GroupuWG1l7llS

Blank File IflsflN113l~ Blank Sample 

Date Analyzed:1.2426/C1 instrument IDI1M9AS

Tine Analytedtl''17 Method: 2Afl~

AnalystME

Thin Method Blank Applies To The Following Samples,

IClient ID L Lab Samle ID Laeb File 3I82D Time Analyzed TAG
LCS WG 573502 6M3116212/20/03 11:47

S63-SPY L0312394-01 8X311393 12/20/03 17:17

564-E7? L0312394-02 871311394 12/20/03 17:48

KvaMOM FORMS - Icodif led 10/07/2003
Verston 1-2O Report generated 12/29/2003 14,31
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xUmaoi ENVIROflIMflL SERVICES

METHOfl BLANK REPORT

Login Nuzter.LO3'2 1 4 4 Run flatas11/1j~kl3....... Saple Ifl1WQ¶'V7257-Oi

Znstnmetnt r~If~fmRA Run Time:12.44 Prep Ueathoda' SOUR

File Ifl:5M41744 AavtCS Method, 819n

Workgroup (AAB#) .WGrq717 NatrIxm WsIts Units i g4J~~

Contract #.nAr1A'7-Q4-n-flf0Q Cal mID hPMflS-24-nov-01

m.nlyt.s MWL ROL Conc"ntr~ion Dilution Qualifiar

frotcaa 2.50 10.0 2 .50 1 

anzene ~~~~~~~~~~0.125 1.00 0.125 1 U

romobnx"no 0.125 1.00 0. 125 1 U

~romochloomo that. 0.200 1.00 0.200 1U

ronodichloromathano 0. 250 1.00 0.250 3. U

romofomi 0.540 1.00 0.540 1 U

roznoathana 0.500 1.00 0.500 I U

2-Eutanono ~~~~~ ~~~~~ ~~2.50 10.0 2.50 1 U

,-futylbenzen. 0.250 1.00 0.250 1 U

socD.Dtylbainzane 0.250 1.00 0.250 1 U

tort.Butylbsnhon. 0.250 1.00 0.2501 

'arbon dioulfids 0.500 1.00 0.5001 

Carbon t.traChLorid. 0.250 1.00 0.250 2 

hlorobanzeo. 0.125 1.00 0.125 1 U

hlorodibromnomethaxt 0 .25 0 1.00 0.2501U

hiorosthan. 0.500 3.00 0.500 3 . -~~Chloroothyl vinyl ather 2.00 10.0 2.00 1 U

!hlorofors 0.125 1.00 0.125 1 U

hioromethan. 0.250 1.00 0.250 3. 0

2 Chlorotoluea. 0.125 1.00 0.125 1 U

4 -Chlorotoluone 0.250 1.00 0.250 1 U

1,2-Dibrom-3-ohloropropa... 1.00 5.00 3.00 1U

1,2-Dibromoothan. 0.250 1.00 0.250 3. 

DIbrou.oth... 0.250 1.00 0.250 1. 

1,2-Diahloob .n..na. 0.125 1.00 0.125 1 U

1,3-Dichlorobonnne 0.250 1.00 0.250 1. U

1,4-Oiohlorobenzena 0.125 1.00 0.125 1U

Dicblorodifluorossthans 0.250 1.00 0.250 1 

Ft. -Dichloroethane 0.125 1.00 0.125 1 U

1, 2-Dichloroethan. 0.250 1.00 0.250 1. 

.1.-Dichloroethen. 0.500 1.00 0.500 1U

~i..1,2-Dichlorooth.n. 0.250 1.00 0.250 1. U

tran.1,2-Dichloroethens 0 .2 50 1.00 0.250 1 U

1, 2-Diohloropropano 0.125 1.00 I 0.125 1 U

~,3.Oiohloropropane 0.200 1.00 0.200 1 U

,12.liohloropcopan. 0.250 1.00 0.250 1 U

i.-1,3-Dichloropropan. 0.250 1.00 0.250 1 u

treano1,3.Dichloropropene 0.500 1.0 I.0 U

!1,1.Oichloropropen. 0.260 1.0 0I5 U

imthylb .n.... 0.250 1.00 0.250 1 U

-Hexamono 25 002.50 1U

.xachlorobutadi~~~~~~n. [ ~0.250 1.00 0.414 1 .

K~NRON roRXS . Modified 11/19/2003

Version 1.3
R.port qgzterated 12/29/2003 14r

3
1
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XEMRON ENVIRONMEHTAL SERVICES

METHOD BLANK REPORT

Login NwuberL0'
1.230 t Run flatezI.24I94..ffl....... Sample ZD.WGhE1.2R1±1........

InstrUMetnt XD1 IHiMSA . Run Times'
1

3"
4
A
4 Prep Method. A3ABnm

rile If:M174AnfllVttCAS ~Method. t~lDA
workgroup (AAB*) sDfl1279M~7Matrix sVWaarr Units:"IU2L

contract lb_ _ _ _ _ _ __ _ _ _ _ _ _ Cal IDt l y ~ 2 -l V p

n~~axyten [ ~~~~MDL RfLt Concentration -Dilution Qualifier

Isopropylbont.no 0 .250 0.00 0. 250 1. 7

-rsoprcpyltolu... 0. 250 1.00 0. 250 1 Ty

-Met~hyt-.2-e t e2.150 10.0 02.50 1. U

ethylen chlorde 020 5.00.20.U

~aphthrnlene 0.200 1.00 0. 200 1 U

-propylbett~~~~~~~~~~nt ~~0.1.25 1.00 0.125 1 0

'tyrme0. 125 1.00 0.12S I

t,1,72.TatraChlortOhtanfl 0.250 1.00 0.250 1. U

1,1.2,2-Tetracbl~rO*th~flC 0.125 1.00 I.2 2

etr ...rothene 0.250 1.00 0501U

olu .. 0.2S0 1.00 0.5 .u

,r2,-Ttichl;'t-hztl.f 0.125 1.00 0.251 U

1.2,!4.Etiohlorcbanzene 0.200 1.0 0.00L U

,11,1.Triohloroathane 0.250 1.0 0I5 U

111,i2-rrichloroathanle 0.250 .0 .5 1. U

rriotloroethena 0.250 1.000201

richloro fluoromethaue 0.230 1.00 0201

;Ti~~~~~~~~~~hloropropana ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.750 1.00 0.750 3

~12,4 -Trimsthylbatflzfl 0.250 1.00 0.250 1U

,3,5.TrimathylbonzeflC 0.250 1.00 0.250 1 U

toyl aceatoL 2.50 10.0 2.50 1 U

inyl chloride 0.250 1.0 0.250 1U

..Iylono 0.250 1.00 0.250 I UV

a,.,p-Xylone 050 1.0 0.500a

Surrogates Recovery Surrogate Liatito Qualif ier

FibroffifluoC~taneb~l 91.3 as - 1ie PASS

1, 2-Dichloroathsne-,d4 98.8 so - 120 PAS

o~luene-dO 91.4 ea - 110 PASS

.-Broreoftuoobanzane 99.7 86 11 MAs

,* Analyto deteoted above FIOL

NDAnalyte Not detected at or above reporting limit

KStSRON YORKS - Kodified 11/19/2003

VerZio 1.3

Rerert .. n. ratd 12/29/2003 14,31
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REMRON ENVIRONMENTAL SERVICES

METHOD BLANK REPORT

Login NubrT.119 Run Datetl22t0fI2lfl.... Sample ID.Wn19711q.nl

Instrtument IDs r n___ Run Timetftlli7. Prop Methodt 5010A

Wile IDzRU1l1lR1 AnalvatimRA MethodzA79nA

Workgroup (AA.B#) :wfllqfl2 xatrix: st.~n Unitama~'/T.

Contract 4,flACAp7_QAn-Onnn Cal ID: o R~S-IA fl~0_OI

Anolytes MDL ROL Concentration Dilution Qualifier

ec tone 2.50 10.0 2.50 1 2 U

onions 0.125 1.00 0.12S 1. U

romobanzono 0.115 1.00 0.125 3. U

rcmoohloromth... 0.200 1.00 0.200 1 U

row~dichlorcmothan, 0.2s0 1.00 0.250 1. U

romoform 0.540 1.00 0.540 1. U

roromathano 0.500 1.00 0.500 I. U

-Buttftonl 2.50 10.0 2.50 1. U I

.Eutylbonzone 0.250 1.00 0.250 1 U

eoButylbenzono 0.250 1.00 0.250 1 U

trt.Dutylbanzone 0.250 1.00, 0.250 1 U

arbon disulfido 0.500 1.00 0.500 1I

rbton totrachlorid. 0.250 1.00 0.250 1U

hlorobe....nn 0.125 1.00 0.125 I. U

Fhorodtbromomothano 0.250 1.00 0.250 2. a

lThoroothan. 0.500 1.00 0.500 1. U

2.Chloroothyl vinyl other 2.00 10.0 2.00 1 U

hloroform 0.125 1.00 0.125 1 U

Phloromothono 0.250 1.0 0.250 1 U

2-Chlorotolu... 0.125 1. 000 0.12S I. U

4-Chlorotolueno 0.250 1.00 0.2S0 I U

1,2-Oibromo.3 -chloropropane 1.00 5.00 1.00 1 U

1, 2 -Di bromoethan. 0.250 1.00 0.250 1 U

Dibromeomthane 0.250 1.00 [ .250 1. u

1,2.Dichlorobanz.ne 0.125 1.00 0.125 1 U

T,3-Dichlorobenzon. 0.250 1.00 0.250 1 U

1,4-flichlorobn.nono 0.125 1.00 0.125 1 U

Dichlorodifluoromothane 0 .2 50 1 . 00 0.250 1 0

1,1.Oichloroothan. 0.125 1.00 0.125 1 U

1, 2-fichlocoethac. 0.250 1.00 0.250 1 01

1, 1-DichlorOOthOett 0.500 1.00 0.500 I. U

ci..1,2-Dichloroothone 0.250 1.00 0.250 1 U

tr.nc.1,2-Dichloroothono 0.250 1.00 0.250 1 U

11,2.Diohlocopropane 0.125 1.00 0.L25 1 U

1.3-Oichloropropmae 0.200 1.00 0.200 1 U

,2.oichloropropa. 0.250 1.00 0.250 1 U

oIa.-1,3-Dichloropropone 0.250 1.00 0.250 1 U

trans.1,2.Dichloropropene 0.So00 1.00 0.0a 

c ,1Dihoroprope... 0.250 1.00 0.51U

thy zonae. 0.250 1.00 0201U

.Ue...... 2.50 10.0 25 

*xaohorobutadisn..020 1.0.25 

ZUflOt FORMS - Modified ±1/19/2003

Virerson 1.3
Report generated 12/29/2003 14,31
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KEMRON ENqVIRONMENTAL SERVICIS
METHOD BLANK REPORT

Login Numbersr.01l2'lQA Run Date 2Z~l2fil .3242U Ssfople JDW~72q

lnsttrmsint ID,HpM9A Run Time:1 1 '') Prep Me~~,nG

rile IDsBX31l1-ll... Analvst,ME9 Method:R62 ~
workgroup (AAB#) wp1q"71, MatrixiWat'ar .Unitasug

Contract #: Cal ID, ngugA-14-nT'w-61

Analytea MDL RDL concrnttration Dilution Qualifier

sopropylb nzr. 0.250 1.00 0 .250 1 U

-Xsopropyltoluene 0.250 1.00 0.250 I. U

4~-Ketbyl-2-pentanozte 2.50 10.0 2.50 2. U

e.thylene chloride 0.250 5.00 0.250 1 U

apththale... 0.200 1.00 0.200 1 U

.-Pcopylb ...... 0.125 1.00 0.125 2. U

~tyrerte 0.125 1.00 0.125 1 U

l1,1,1,2-Tetrachloroethane 0.350 1.00 0.250 1 U

1*t,2,2-Tetrachloroathano 0.125 1.00 0.125 1 U

retrachloroethene 0.250 1.00 0.250 1 0

Toluene 0.250 1.00 0.250 1 U

1,2,3-Trichlorobenen.. 0.125 1.00 0.125 ±

1,2,4-Tri~chlrotbefllofl 0.200 1.00 0.200 1

1,1,1.Triohlotoethafl* 0.250 1.00 0.5 .U

jt_2,12-Trichloroethane 0.250 1.00 0.250 2.

frrichlcroethene 0.250 1.00 0.250 1. U

Trricbhlarofluocomethane 0.250 1.00 0.250 1U. 1.2,3-Trichloropropen. 0.750 1.00 0.750 1U

1,2,4.Trimathylbenamezt 0.250 1.00 0.250 1

,.3,5.Trimothrlbe.one. 0.250 1.00 OaS0 2.

Vinyl acetate 2.50 10.0 2.50 1U

~inyl chloride 0.250 1.00 0.250 1U

ZXylene 0.2S0 1.00 0.250 1U

P-Xyleno a~~~~~~~~~.500 1.00 0.0 Soo U

flurrogatea % Rcovery Surrogate Limits Qualifier

ibroeoftuoroutethane ~~~~91.4 Be Ila1 pusS

12-flichloroethhne-d4 95.7 80 - 120 PAS

Toluene-dO 106 as - 110 PASS

4-_Bromofluorobenz.snc 09 - 11.5 PASS

*Analyte detected above aoL

ND Analyte Not detected at or above reporting limit

X~nON MM$J4 - modified 11/19/2003

Version 1.3. Report generated 12/29/2003 14,31
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KNHRON MVIRONbMfTAL SXRVICES
LABORATORY CONTROL SAMPLES

Login Nntxbr,LD3fl239,______ AnalvaticM S.........Prop Mlethods 50102

Inatrupment I~1ViPg~fl matrixlwatzxr Method.A2n

Workgroup (AAB#) tWO19g7g15 Units auu/' ~
Sample XDfl 1ff 7g297-01 LO rile JD4414 ---- un Data, l2IattlflAL-ttfI...

Snple ID:9Lfl972S27.An._LCSL...File ID,6V"4174 Run Date,1llffl/.20.. 1t,SA

tOO L092 tco fn
Knon round RR2C Known roued Rt %RPD ITLutl. i"Mts

Corona ~~~~~~~20.0 20 3 102 20.0 20.5 103 .. =.j140 - 142 3

20. 0 20.4 102 20.0 21.1 10 5 3.29 80 - 121 21

C ~~~~~ ~~~~ ~~~~~~20.0 20.2 101 20.0 20.6 103 1.39 so - 120 18

$romochloromc.tha.o 20.0 21. a i.OS 20.0 21.9 I10 1.64 geo - 124 20

.romdtch1otoztetb... 20.0 22.5 112 20.0 22.7 114 1.12 0- 131. 25

flromoor~a 20.0 22.0 110 20.0 22.4 112 1.79 74 - 130 25

Sroroaothano 20.0 18.4 91.8 20.0 18.7 93.3 1.78 SI - 151 56

2-flutanona ~~~~~ ~~~~20.0 24.1 120 20.0 23.1 115 4.21 58 - 145 55

o'Butylbongena 20.0 19.2 95.9 20.0 19.7 98.4 2.57 80 - 131 29

r c8t~bna.20.0 19T.6d 99.0 20.0 20.3 101 2.47 80 - 127 28

it.rt-Sutylb..n. n. 20.0 19.1 95.4 20.0 19.4 97.1 1.68 80 - 226 27

' arbon dioulfide, 20.0 21.6 108 20.0 22.9 115 5.8 58 - 138 49

arbone tetraohlorid. 20.0 20.4 102 20.0 21.1 105 3.51 80 - 137 32

Chlorob.nznn. 20.0 20.1 101 20.0 20.7 104 -2.96 so - 12011id

ChlorodIbromooethan. 20.0 21.4 :4073 20.0 22.0 110 2.3 8 0 - 127 26
h...thoo 00a. 9. 00 1. 97.7 3.57 77 - 133 34

..ChLoroothyl vinyl otheor 20.0 28.0 1.10 20.0 29.3 146 4.31 10 * 211 125

Chloroform 20.0 19.8 96.9 20.0 20.4 102 3.02 00 - 125 23

Chloromothano 20.0 18.3 91.5 20.0 18.9 94.5 3.19 60 . 130 43

-Chlorotoluene 20.0 21.1 106 20.0 21.2. 106 .0267 80 - 127 28

IChlorotoluon, 20.0 20.4 102 20.0 21.2 106 4.14 90 - 125 28

L, 82 .ibrorao - -chloropropan. 20.0 22.0 110 20.0 21.3 108 2.29 63 - 129 390

., 2 -Dibroaa.th... 20.0 22.4 112 20.0 22.4 112 .23 6 90 - 125 20

lhibroaaaor.fhna 20.0 21.6 108 20.0 22.2 11II 2.62 90 .-126 24

&.2-.l~hlotobenlene 20.0 20.1 100 20.0 20.4 102 1.72 80 - 125 13
1,3.DtchlorobonconG 20.0 19.7 98 .3 20.0 20.0 100 1.95 80 - 120 16

j,4.flichloroban.ena 20.0 13.4 96.9 20.0 19.7 98.6 1.78 0 s 120 15

PL1ch1orodif1uoromoth.no 20.0 17.3 05.4 20.0 17.7 88.6 2.62 50 . 133 51

.,1-Oichloroothene 20.0 20.2 101 20.0 20.8 104 2.8 80 - 123 21

1.2-Otohlo....thaa. 20. 0 22.5 112 20.0 22.6 J 113 .631 80 - 129 29

_1,1.fichlorootheno 20.0 20.7 104 20.0 21.8 109 4,97 80 - 132 26

cis.1.2.Diohloro~~~~then. 1~0.0 20.2 101 2 0.0 20.6 103 2.12 80 - 121 19

tran- L. 2.Oiohlo....theaeO 20.0 20.3 L01 20.0 20.9 104 2.96 80 - 127 24

f.2-0i.hl ...opropane 20.0 20.5 103 20.0 21.5 107 4.53 80 . 120 20

.,3-0ichlootpropahe 20.0 21.7 109 20.0 22.0 110 1.04 80 - 120 20

,2-oichloropropea. 20.0 21.0 L05S 20.0 21.6 106 2.74 00 - 133 2 9

~i.-1,3 .0LohXoroprp.npa. 20.0 23.8 119 20.0 24.3 132 2.13 8 - 132 2'

Irans-1,3-Dtch2.otoprOptn6 20.0 22.3 112 20.0 22.6 113 1.43 80 . 120 25

t,1-Dichloroptopefti 20.0 21.1 103 20.0 21.6 108 2.61 74 .139 4-0

11thylb... nzo 20.0 20.2 101 [20.0 20.6 103 1.96 80.12 20

xKRoHRO romB - mod~fied 10/24/2003

Voacion 1.2

;Report generated 12/29/2003 14*33
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0 ~~~~~~~~~~KnRIWONWIROSMTL SRIE

Login flumbargT.2¶223Al Analvat.CNA Prop Method: SWflE

Instrumeant ID.Kflqfi_______ Matrix:Walter______ethod, IA(

Workgroup, (AleE aaaS729 Uniteu.g/t
samnple XIDW015225Z-Al L-CS rile tD~4Z4L.uf lte:6t2/I0I2nfl-l '4,'6

Ssmile Ifl,W1n1g1'27-O2 rra......File ID:1X4t7_4Af ---- a--Rn flatea'2/19/1 0
A
6 1 ¶ 4 ,4P

LC 8 t.C
S
2

%4

A n a l y t es % R E~Knc Yun A
C f

t
o n

F
o u n d

% ICL
i m

. l
i t

a

-l i n an o n
e 

2 0 .0 2 4 .0 12 0 20 . 0 2 4 .6 12 3 2 .2 1
SG 

1 3 6 49

n
E

.x A e b o r o b u t a d i e n . 2 0 . 0 1 6 . 3 8 1 . 5 2 0 . 0 1 6 . 4
8

2 . 1 .
7

3 4 7 2 - 1 32 36

t ~~~op t o py l b en . . n . ~~~~~~~ 2 0 . 0 20.9
l
04 20.0 21.6 lo

0
t 

1.54 80 - 122 24

I
' - ra n P ro p y l t ol ua n e 20.0 19.7 98.1 20.0 20.3 101. 3.04 80 - 122 24

* I- fl~~~t by l. 2- pe nt ano no ~~~~ 2 0 . 0 26.7 133 20.0 28.0 140 4.97 64 - 1 4 0 47

te t hy l
e
n o c h lo r i de 20 . 0 2 0 .0 10 0 2 0 .0 2 0 .4 1 02 2 . 0 1 80 - 1 2 3 2 2

. ph th a le n. ~~~~~ ~~~~~ ~~20 . 0 1 5 .6 9 8 .0 2 0 .0 2 0 . 1 10,. 2 .7 9 5 9 . 149
1 

55

r
. pr o y l b o nt

e
n e 20 : 0 2 0 :: 1 04 2 0 .0 2 1 . 2 1 0 6 1 .7 3 8 0 - 125 2

7

* ty t ~. 0f l 2.4 10 
20.0 22.0 110 2.58 80 - 123 20

I 1, 1, 1,2 -
T
s t r

&
C
h
fl o ro th

..
.

20.0 24.1 120 20.0 24.3 121 .3 62 80 .130 25

1,1.2,2-Tatrachloraothan* 20.0 21.6 108 20.0 21.7 10* .645 975 -125 28

raetraohloo...the.n 20.0 19.3 PS6.7 20.0 20.0 100 3.55 80 -124 22

Toluan. 20.0 20.4 102 20.0 21.0 L05 2.86 80 -124 22K 1;T.?Lchloro.b na20 .0 18.7 91.7 20.0 19.4 26.5 3.2 42 -140 48

.:2,4 - A cloohnzno200 8. 20.0 200 1. 94.0 1.65 77 -131 33

,1.1-lrLchloroathbflo 20.0 21.7 L08 20.0 22.2 III 2.19 80-.134 28

i, 1,. Irichlocroathane 20.0 21.7 109 20.0 21.9 110 .7 98 90 -X225 20

,trtchloroathana 20.0 19.3 9 6.7 20.0 20.3 10ot 4.73 80 .122 21.

,)ichlorofluoromfthan* 20.0 18.3 31.3 20.0 18.7 93.7 2.55 02 -151 55

d. 2, 3-Trlchloropropana, 20.0 22.5 112 20.0 21.6 108 3.79 80 .126 25

.,2, 4-trimathylb.flzft 20.0 19.5 97.5 20.0 1919 99.4 1.9 80 -125 '26

,t,3, 5.!TtnMttylb.ittefl 20.0 20.4 102 20.0 20.9 1ts 2.41, 80 .127 25

'Vinyl acet.te 20.0 28.6 143 20.0 28.6 143 .1 10 .285 201

tInl my. hlortde 0. 19.3 56.5 20.0 15.6 97.8 1.3 65-.140 46

o-Xyl... 200 0. 2 1011 20.0 F20.6 104 2.61 8 0-.122 18

-,p-Zylan* 40.0 ~~~~~~~~~~~~~40.8 ] 102 40.0 41.7 10--2,0 2 1.2 21-

ItLs LCS2

_________________________flrogtata Raooysurrogate Limits ua tf i or

Irmflu1tomthae. 94.4 94.2 96VI18SA9

*2.fllchloro.th....d4 7 97 .8 96.7 a0 - 2 VMSS

oluane.48 ~~~~~~~~~~ ~~91.5 90.4 88-s1 PASS

WAIt.S tRIO UNIT!

FAILS "D LII=?

1DW01 FORMS . Xodified 10/24/2003

Veroton 1.2

Report ...... atod 12/29/2003 14.23



envirometal 854 1 59
technologies

einc.

Appendix C

* Laboratory Organic Analyses for Bench-Scale Testing
Involving the Granular Iron Technology

S
31925.10



University of Waterloo 854 16 0-

O Treatability Test Column Identification 563
CH2M Hill MW-54 Column Composition: 100% Connelly (UW #255) 18(84

Pore Volume (PV): 296 mL
Porosity: 0.52
Column Length: 1.6 ft (50 cm)
Column Diameter: 1.5 in (3.8 cm)
Flow Velocity: 1.2 ft/day (36 cm/day
Column Temp: 18C (640F)

Column Distance (if) 0.0 0.08 0.16 0.33 0.50 0.66 1.0 1.3 1.6
Residence Time (hr) 0.0 1.6 3.2 6.6 10.0 13.2 20.0 26.2 32.8

PV RN Influent Organic Concentration (pg/L )Effluent HL r2
CTET

4.3 a 80 rid rid rid rd nd nd nd nd
9.8 a 63 nd rid rid nd nd nd nd rid
12.8 a 64 nd nd nd nd nd nd nd nd
20.4 a 64 rid nd nd rid rid nd nd rid
25.7 b 47 nd nd nd nd nd nd nd nd
35.6 b 42 nd nd rid rid nd nd nd nd 0.3 1.000
40.2 b 42 nd rid rid nd nd nd nd nd 0.3 1.000
43.7 c 57 nd nd nd nd nd rid rid nd 0.3 1.000
48.9 c 55 nd nd nd nd nd nd rid nd 0.3 1.000

TCM
4.3 a 398 3.2 rid rid nd rid nd rid nd
9.8 a 413 23 6.3 rid nd nd nd nd nd
12.8 a 442 21 1.9 nd nd nd rid 8.0 nd
20.4 a 425 47 nd nd nd rid nd rid nd
25.7 b 350 76 2.5 nd nd nd nd rid nd
35.6 b 433 125 8.2 rid rid nd nd nd nd 0.8 0.996
40.2 b 408 135 23 nd rid rid nd nd nd 0.9 0.997
43.7 c 491 160 35 nd nd nd nd rid nd 0.9 0.962
48.9 c 502 205 47 2.7 nd nd rid rid nd 1.1 0.995

11 22TECA
4.3 a 525 4.0 nd rid rid rid 60 rid rid
9.8 a 540 22 rid rid rid rid nd nd rid
12.8 a 527 27 1.2 rid rid rid rid rid rid
20.4 a 496 68 1.9 rid rid rid rid rid rid
25.7 b 499 116 6.2 rid 1 9 rid rid rid rid
35.6 b, 526 216 22 rid rid rid rid rid rid 1.1 0.978
40.2 b 449 222 38 rid rid rid rid rid rid 1.3 0.967
43.7 c 491 241 52 1.4 rid ri rid rid rid 1.3 0.983
48.9 c 496 289 84 rid rid rid rid rid rid 1.5 0.973

PV = pore volume
RN = reservoir number
HL = half life (hours)
r2 = coefficient of determination
rid = riot detected
na = riot applicable
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O Treatability Test Column Identification: 563
CH2M Hill MW-54 Column Composition: 100% Connelly (UW #255) 18184

Pore Volume (PV): 296 ml-
Porosity: 0.52
Column Length: 1.6 ft (50 cm)
Column Diameter: 1.5 in (3.6 cm)
Flow Velocity: 1.2 ft/day (36 cm/day
Column Temnp: 1800 (640F)

Column Distance (ft) 0.0 0.08 0.16 0.33 0.50 0.66 1.0 1.3 1.6
Residence Time (hr) 0.0 1.6 3.2 6.6 10.0 13.2 20.0 26.2 32.8

PV RN Influent Organic Concentration (pg/L) Effluent HL r2
1 11 TCA

4.3 a nd ad nd ad nd ad nd rnd ad
9.8 a ad nd nd nd nd ad nd ad nd
12,8 a nd nd nd nd nd nd nd ind ad
20.4 a Ind ad nd ad nd nd Ind Ind ad
25.7 b nd ind nd nd nd nd nd nd nd
35.6 b nd nd nd ad nd ad nd ad ad
40.2 b nd nd ad nd nd ad nd ad nd
43.7 c nd nd nd nd nd ad nd ad nd
48.9 c nd ad nd nd nd Ind nd Ind nd

1 12TCA
4.3 a nd nd ad ad nd nd nd rid nd
9.8 a ad nd ad ad ad ad nd ad nd
12.8 a ad nd nd ad nd nd ad nd ad
20.4 a nd ind ad ad ad nd ad rid nd
25.7 b ad nd nd nd nd ad nd ad nd
35.6 b nd nd ad Ind ad nd nd nd Ind
40.2 b ad nd nd nd nd ind nd nd nd
43.7 c ad nd nd nd and nd Ind Ind nd
48.9 c nd nd Ind nd Ind nd nd Ind ad

PCE
4.3 a 2.5 nd nd ad nd nd nd nd nd
9.8 a 2.3 ind nd ad ad ad nd rid nd
12.8 a 2.3 nd ad ad nd nd nd ad nd
20.4 a 1.9 nd nd ad nd ad nd nd nd
25.7 b 2.9 nd nd nd Ind nd nd nd nd
35.6 b 2.9 nd nd nd nd ad ad ad nd
40.2 bo 3.1 nd nd nd nd nd nd and Ind
43.7 c 3.6 nd ad and Ind nd nd nd Ind
48.9 c 3.2 ad rid nd Ind nd ad Ind nd

PV = pore volume
RN = reservoir number
HL = half life (hours)
r2 coefficient of determination
ad =not detected
na =not applicable
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O Treatability Test Column Identiffication: 563
CH2M Hill MW-54 Column Composition: 1 00% Connelly (UW #255) 18/84

Pore Volume (PV): 296 ml-
Porosity: 0.52
Column Length: 1.6 ft (50 cm)
Column Diameter: 1.5 in (3.8 cm)
Flow Velocity: 1.2 ft/day (36 cm/day
Column Temp: 180C (64uF)

Column Distance (ft) 0.0 0.08 0.16 0.33 0.50 0.66 1.0 1.3 1.6
Residence Time (hr) 0.0 1.6 3.2 6.6 10.0 13.2 20.0 26.2 32.8

PV RN Iafluent Organic Concentration (ag/L) Effluent HL r2
TCE

4.3 a 776 1 8 nd ad 6.1 nd 26 ad nd
9.8 a 757 103 1.8 nd ad nd nd ad ad
12.8 a 759 ill 2.0 nd nd ad nd 1 5 2.3
20.4 a 693 204 4.5 nd nd nd nd nd nd
25.7 b 750 370 14 ad nd nd nd ndt nd
35.6 b 752 514 58 ad nd nd nd nd nd 1.5 0.908
40.2 b 686 508 105 ad nd nd nd nd nd 1.8 0.851
43.7 c 796 566 141 1.2 nd ad nd nd ad 1.7 0.983
48.9 c 788 635 203 nd nd nd nd nd nd 2.0 0.905

cDCE
4.3 a 56 170 170 80 nd nd nd ad ad
9.8 a 36 131 85 79 70 30 nd ad ad
12.8 a 37 120 81 77 58 21 nd nd ad
20.4 a 37 112 85 40 28 1 6 7.5 nd ad

257 b 18 97 72 20 10 9.8 ad nd nd
35.6 b ~ 23 76 152 28 9.1 nd nd nd nd 2.3 0.701

40.2 b 28 60 142 37 1 1 ad ad nd nd 2.4 0 639
43.7 c 40 119 158 93 1 1 3.1 ad nd ad 3.1 0.888
48.9 c 41 95 156 88 12 3.1 ad ad ad 2.4 0.855

tOCE
4.3 a 6.7 21 6.8 ad nd nd ad ad ad
9.8 a 4.6 24 4.8 ad nd ad ad ad ad
12.8 a 4.6 23 3.1 ad ad ad ad ad ad
20.4 a 6.5 27 6.3 ad ad nd nd ad ad
25.7 b 3.2 26 9.0 ad nd ad ad ad ad
35.6 b 6.1 21 22 ad ad ad ad ad ad 1.5 0.899
40.2 b 4.8 18 24 ad ad ad ad ad ad 1.5 0.804
43.7 c 8.6 22 21 ad ad ad ad ad ad 1.2 0.924
48.9 c 5.6 22 26 2.5 ad ad ad ad ad 1.2 0.857

PV = pore volume
RN = reservoir number
HL = half life (hours)
r2 =coefficient of determination
nd =not detected
na =not applicable
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O Treatability Test Column Identification; 563
CH2M Hill MW-54 Column Composition. 1 00% Connelly (UW #255) 18/84

Pore Volume (PV): 296 mL
Porosity: 0.52
Column Length. 1.6 It (50 cm)
Column Diameter: 1.5 in (3.8 cm)
Flow Velocity: 1.2 Mtiay (36 cm/day
Column Temrp: 1St- (640F)

Column Distance (ft) 0.0 0.06 0.16 0.33 0.50 0.66 1.0 1.3 1.6
Residence Time (hr) 0.0 1.6 3.2 6.6 10.0 13.2 20.0 26.2 32.8

PV RN Influent Organic Concentration (pig/L) Effluent HL r2
11OCE

4.3 a nd 1.4 4.0 1.6 nd nd nd nd nd
9.8 a nd nd nd nd nd nd nd nd nd
12.8 a nd nd nd nd nd nd nd 5.5 nd
20.4 a nd nd nd nd nd nd nd nd nd
25,7 b nd 2.4 nd nd nd nd nd nd nd
35.6 b nd nd nd nd nd nd nd nd nd
40.2 b nd nd nd nd nd nd nd nd nd
43.7 c nd nd nd nd nd nd nd nd nd
48.9 c nd nd nd nd nd nd nd nd nd

VC
4.3 a nd 2.5 16 nd nd nd nd nd nd
9.8 a nd nd nd 2.7 nd 3.7 nd nd nd
12.8 a nd nd nd nd 5.6 7.8 nd 3.9 nd
20.4 a nd nd nd nd nd nd nd nd nd

257 b nd nd nd nd nd nd nd nd nd
356 b nd nd nd nd nd nd nd nd nd

40.2 b nd nd nd 3.9 nd nd nd nd nd
43.7 c nd nd nd nd nd nd nd nd nd
46.9 c nd nd nd nd nd nd nd nd nd

DCM
45.1 c nd 25 41 48 48 49 44 44 40
47.1 c nd 20 48 52 52 52 50 44 39

11DCA
45.1 c nd nd nd nd nd nd nd nd nd
47.1 c nd nd nd nd nd nd nd nd nd

12D0A
45.1 c nd nd nd nd nd nd nd nd nd
47.1 c nd nd nd nd nd nd nd nd nd

PV = pore volume
RN = reservoir number
HL = half life (hours)
r2 =coefficient of determination
nd =not detected
na =not applicable
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O Treatabifity Test Column Identification: 563
CH2M Hill MW-54 Column Composition: 1 00% Connelly (UW #255) 18/84

Pore Volume (PV): 296 mL
Porosity: 0.52
Column Length: 1.6 ft (50 cm)
Column Diameter: 1.5 in (3.8 cm)
Flow Velocity: 1.2 ftday (36 cm/day)
Column Temp: 18SC (640F)

Column Distance (It) 0.0 0.08 0.16 0.33 0.50 0.66 1.0 1.3 1.6
Residence Time (hr) 0.0 1.6 3.2 6.6 10.0 13.2 20.0 26.2 32.8

PV RN Influent Organic Concentration (pg/L) Effluent HL r2
Nitrate (N03-N)

12.1 a 4.0 0.2 nd nd nd pa na na na
13.5 a 3.9 0.2 nd nd nd nd nd nd nd
24.3 b 3.8 0.2 nd nd nd na na na na
24.9 b 3.7 0.1 nd nd nd nd nd nd nd
34.8 b 3.7 0.5 nd nd nd nd nd nd nd
41.5 b 3.9 1.2 nd nd nd nd na nd nd
49.5 c 4.3 1.4 0.1 nd nd nd nd nd nd

Chloride (Cl-)
13.5 a 12 13 14 13 14 13 14 15 14
24.9 b 13 14 14 15 14 14 14 15 15
34.8 b 13 13 14 14 14 15 14 14 14
41.5 b 12 13 13 14 14 14 na 15 14
49.5 c 14 14 15 15 15 16 15 16 16

*Sulphate, (S04=)
41.5 1, 18 1 8 1 7 17 16 16 na 17 1 8
49.5 c 19 1 9 1 9 18 17 17 1 7 17 19

PV = pore volume
RN = reservoir number
HL = half life (hours)
r2 =coefficient of determination
nd =not detected
na =not applicable
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. Treatability Test Column Identification: 563
CH2M Hill MW-54 Column Composition: 1 00% Coninelly (UW #255) 18184

Pore Volume (PV). 296 ml-
Porosity. 0.52
Column Length: 1.6 ft (50 cm)
Column Diameter: 1.5 in (3.8 cm)
Flow Velocity: 1.2 ft/day, (36 cm/day)
Column Temp: 180C (64'F)

Column Distance (if) 0.0 0.08 0.16 0.33 0.50 0.66 1.0 1.3 1.6
Residence Time (hr) 0.0 1.6 3.2 6.6 10.0 13.2 20.0 26.2 32.8

PV RN Influent Organic Concentration (pgIL) Effluent HL r2
pH Values

3.7 a 6.6 8.7 9.0 9.2 9.2 9.2 9.1 9.2 9.0
8.1 a 6.7 8.5 8,73 9.0 9.1 9.4 9.3 9.5 9.2
13.5 a 7.2 8.6 8.8 9.2 9.2 9.3 9.5 9.3 9.3
18.8 a 7.6 8.8 8.8 9.1 9.2 9.3 9.5 9.6 9.5
28.7 b 6.8 8.5 8.7 8.9 9.1 9.2 9.4 9.8 9.4
34.8 b 7.1 8.7 8.8 8.9 9.1 9.1 9.3 9.7 9.5
40.8 b 7.2 8.7 8.8 8.9 8.8 9.1 9.3 9.6 9.7
44.3 c 6.6 8.2 8.5 9.0 9.0 9.2 9.3 9.6 9.7
49.5 c 6.9 8.2 8.8 8.8 9.0 9.0 9.2 9.4 9.6
58.5 d 6.8 7.3 8.4 8.5 8.5 8.7 9.0 9.1 9.5

Eh (mVl)
3.7 a 257 -197 -156 -132 -189 -124 -116 -149 -91
8.1 a 359 -14 -36 35 -253 -195 -448 -231 -287
13.5 a 349 -26 -29 -176 -154 -251 -311 -422 -118
18.8 a 313 50 -281 -336 -113 -292 -260 -304 -380
28.7 b 312 2 -229 -207 -267 -274 -274 -366 -405
34.8 b 262 72 -147 -256 -188 -256 -221 -366 -226
40.8 b 350 54 -217 -234 -181 -171 -306 -326 -256
44.3 c 324 26 -297 -399 -308 -479 -508 -536 -414
49.5 c 321 94 -225 -211 -299 -256 -291 -377 -443
58.5 d 274 59 -146 -213 -284 -226 -353 -328 -340

PV = pore volume
RN = reservoir number
HL. = half life (hours)
r2 =coefficient of determination
nd not detected
na not applicable

eof//
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. Treatability Test Column Identification: 564
CH2M Hill MW-77 Column Composition: 100% Connelly (UW #255) 18/84

Pore Volume (PV): 289 mL
Porosity: 0.51
Column Length: 1.6 ft (50 cm)
Column Diameter, 1.5 in (3.8 cm)
Flow Velocity: 0.86 ft/day (26 cm/day
Column Temp: lWt (64"F)

Column Distance (ft) 0.0 0.08 0.16 0.33 0.50 0.66 1.0 1.3 1.6
Residence Time (hr) 0.0 2.2 4.5 9.2 14.0 18.4 27.9 36.6 45.8

PV RN Influent Organic Concentration ( ggL )Effluent HL r2
CTET

4.0 a 1.1 nd nd nd nd nd nd nd nd
9.9 a nd nd nd nd nd nd nd nd nd
16.1 a 4.8 nd nd nd nd nd nd nd nd
20.1 b 1.5 nd nd nd nd nd nd nd nd
30.7 b 3.2 nd nd nd nd nd nd nd nd
33.3 b 5.1 nd nd nd nd rnd nd nd rid
37.0 b 6.2 rid nd nd rid nd rid nd rid
43.7 c 2.8 nd nd nd nd nd nd nd nd

TCM
4.0 a nd nd nd nd rid rid nd nd rid
9.9 a rid rid rid rid nd nd nd nd nd
16.1 a nd nd nd nd nd rid rid nd nd
20.1 b rid nd nd nd rid nd nd rid nd
30.7 b nd nd nd rid nd nd nd nd nd

333 b nd rid nd rid nd nd nd nd rid
370 b nd nd nd rid rid rid nd nd nd

43.7 c nd rid nd nd nd nd nd rid nd

1122TECA
4.0 a 11249 101 1lA 9.5 nd rid nd nd nd
9.9 a 21238 3112 140 nd nd nd rid nd nd
16.1 a 18966 2197 204 nd nd nd nd nd rid
20.1 b 20211 9658 895 6.5 rid nd nd nd nd
27.7 b 23328 1989 117 0.9 rid nd rid nd nd
30.7 b 20888 1549 339 3.2 nd rid nd nd nd 0.6 0.999
33.3 b 18228 5064 879 nd rid nd nd nd nd 1.2 0.999
37.0 b 19529 7231 535 1.3 nd nd rid rid rid 1.4 0.987
43.7 c 22145 7179 892 1 8 nd nd nd nd nd 1.3 0.995

PV = pore volume
RN = reservoir number
HL = half life (hours)
r2 =coefficient of determination
nd =not detected
nia =not applicable
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. Treatability, Test Column Identification: 564
CH2M H-ill MW-77 Column Composition: 100% Coanelly (UW #255) 18/84

Pore Volume (PV): 289 mL
Porosity: 0.51
Column Length: 1.6 ft (50 cm)
Column Diameter: 1.5 in (3.8 cm)
Flow Velocity: 0.86 ft/day (26 cm/day)
Column Temp: 180C (64(F)

Column Distance (fit) 0.0 0.08 0.16 0.33 0.50 0.66 1.0 1.3 1.6
Residence Time (hr) 0.0 2.2 4.5 9.2 14.0 18.4 27.9 36.6 45.8

PV RN Influent Organic Concentration ( .agL )Effluent HIL r2
1 1 1TCA

4.0 a nd ad nd ad ad nd nd ad nd
9.9 a nd ad ad ad ad nd nd ad nd
16.1 a ad nd ad nd ad nd nd ad ad
20.1 b nd nd nd ad nd ad ad ad nd
27.7 b nd nd nd ad nd ad ad and nd
30.7 b nd nd ad nd nd ad nd nd ad
33.3 b ad nd ad nd ad ad ad nd nd
37.0 b nd nd ad nd ad ad nd ad ad
43.7 c nd nd nd nd nd nd ad and nd

112 TCA
4.0 a 9.9 26 7.1 nd nd nd ad nd ad
9.9 a 19 76 38 ad ad nd nd ad nd
16.1 a 10 51 34 5.4 ad nd ad ad ad
20.1 bo 10 52 45 9.5 nd ad nd nd ad
27.2 b 12 59 1 9 3.9 ad nd ad ad ad
30.7 b 1 1 50 36 1 1 nd ad ad nd nd 3.1 0.889
33.3 b 12 47 41 1 1 ad ad ad Ind nd 2.6 0.985
37.0 b 12 42 20 1.0 ad ad ad Ind ad 0.8 0.839
43.7 c 1 1 66 50 1 9 ad ad ad ad ad 2.5 0.997

PCE
4.0 a 12 nd ad ad ad ad nd nd nd
9.9 a 31 4.8 ad nd ad ad ad ad ad
16.1 a 37 ad nd ad nd ad ad ad nd
20.1 b 35 15 2.5 ad nd ad ad ad nd
27.7 b 39 16 4.1 nd ad ad ad nd ad
30.7 b 50 18 8.3 nd ad ad ad ad ad
33.3 b 51 24 9.2 nd ad ad ad ad ad 1.9 0.997
37.0 b 51 32 8.2 nd ad ad ad ad ad 2.3 0.936
42.4 c 48 23 21 ad ad ad ad ad ad 2.7 0.945
43.7 c 48 33 1 6 ad nd ad ad ad ad 2.9 0.968

PV = pore volume
RN = reservoir number
HL = half life (hours)
r2 =coefficient of determination
ad =not detected
na =not applicable
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O Treatability Test Column Identification: 564
CH2M Hill MW-77 Column Composition: 100% Connelly (UW #255) 18/84

Pore Volume (PV): 289 mL
Porosity: 0.51
Column Length: 1.6 ft (50 cm)
Column Diameter: 1.5 in (3.8 cm)
Flow Velocity: 0.86 ft/day (26 cm/dday
Column Temp: 18-C (640F)

Column Distance (ft) 0.0 0.08 0.16 0.33 0.50 0.66 1.0 1.3 1.6
Residence Time (hr) 0.0 2.2 4.5 9.2 14.0 18.4 27.9 36.6 45.8

PV RN Influent Organic Concentration ( MQL )Effluent HL r2
TCE

4.0 a 2969 411 16 6.0 nA 16 nd nd nd
9.9 a 3253 1592 146 2.0 1.6 1.7 1.4 1.7 2.4
16.1 a 2796 849 246 nd Ad nd nd nd nd
20.1 b 3375 1733 633 nd nd nd nd nd nd
27.7 bo 3335 1189 297 3.1 nd nd nd nd nd
30.7 b 3235 1115 564 7.9 nd nd nd nA nA 1.6 0.996
33.3 b 3285 1682 571 nd nd nd nd nd nd 2.0 0.989
37.0 b 3415 1903 294 5.0 nd nd nd nA nd 1.9 0.960
43.7 c 3176 2162 982 16 2.5 nd nd nd nd 2.7 0.973

cDCE
4.0 a 175 2013 1951 1684 1625 963 nd nA Ad
9.9 a 137 4836 4908 3548 3012 1060 1522 309 nd
16.1 a 136 2934 3120 1714 1379 1358 575 140 77
20.1 b 112 2701 3155 2564 910 365 131 87 17
27.7 b 151 1897 2641 1164 314 201 51 44 21
30.7 b 108 3320 3134 1922 536 131 23 25 19 5.1 0.972
33.3 b 169 3317 3859 676 252 112 18 17 1 1 2.7 0.947
43.7 c 177 3636 3685 2404 638 91 5.3 nd nd 4.1 0.976

tDCE 4.0 a 28 820 705 339 12 1.3 nd nd nd
9.9 a 18 766 1172 102 94 16 nd nd nd
16.1 a 15 912 672 76 13 nd nd nd nd
20.1 b 16 937 780 134 nd rA nd nd nA
27.7 b 20 925 437 29 5.9 nd rid nd Ai
30.7 b 12 864 714 97 1.6 nd rid nd nd 2.8 0.96
33.3 b 16 969 729 17 nd rid nd nid nd 1.6 0.973
43.7 c 21 1434 1075 272 7.3 nd nd nd rid 2.5 0.998

PV = pore volume
RN = reservoir number
HL = half life (hours)
r2 = coefficient of determination
rid = not detected
na = not applicable
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. Treatability Test Column Identification: 564
CH2M Hill MW-77 Column Composition; 100% Connelly (UW #255) 18/84

Pore Volume (PV): 289 ml-
Porosity: 0.51
Column Length: 1.6 ft (50 cm)
Column Diameter: 1.5 in (3.8 cm)
Flow Velocity: 0.86 ft/day (26 cmr/day)
Column Temp: 180C (640F)

Column Distance (ft) 0.0 0.08 0.16 0.33 0.50 0.66 1.0 1.3 1.6
Residence Time (hr) 0.0 2.2 4.5 9.2 14.0 18.4 27.9 36.6 45.8

PV RN Influent Organic Concentration (ggIL) Effluent HL r2
IlDCE

4.0 a nd 9.3 7.8 5.8 2.0 nd ad ad ad
9.9 a ad 6.0 4.1 ad nd 2.1 ad nd nd
16.1 a ad 8.9 3.1 ad nd ad nd ad nd
20.1 b nd 4.7 1,4 ad 1.7 ad ad ad ad
27.7 b ad nd ad ad nd ad ad 4.1 ad
30.7 b ad nd 2.3 ad 4.4 ad ad ad ad
33.3 bo ad ad nd ad nd ad nd ad ad
43.7 c ad ad ad 3.1 ad ad ad ad ad

4.0 a ad 63 88 95 118 97 35 ad ad
9.9 a ad 22 81 44 85 77 76 44 12
16.1 a ad 40 36 75 69 52 37 13 14
20.1 b ad 33 24 79 43 31 5.3 ad ad
27.7 b ad 34 82 49 17 1 1 ad ad ad
30.7 b ad 46 52 49 26 23 ad ad ad 1.8 0.919
33.3 b ad 30 44 18 15 5.9 9.6 ad ad 1.1 0.873
43.7 c ad 44 84 106 56 15 ad ad ad 2.4 0.941

DCM
37.0 b na 0.7 1.4 na ad ad ad 0.8 2.5
41.7 c ad ad 1.4 3.1 4.8 2.1 1.1 8.3 ad

ilODCA
37.0 b na ad ad na ad ad ad ad ad
41.7 c ad ad nd ad ad ad ad ad ad

12DCA
37.0 b na 2.2 1.9 re 1.5 1.4 2.4 1.5 1.5
41.7 c ad ad 1,3 1.8 2.3 1.8 ad 1.5 1.2

PV = pore volume
RN = reservoir aumber
HL = half life (hours)
r2 =coefficient of determination
ad =not detected
na =not applicable
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. Treatability, Test Column Identification: 564
CH2M Hill MW-77 Column Composition: 1 00% Connelly (UW #255) 18/84

Pore Volume (PV): 289 mL
Porosity: 0.51
Column Length: 1.6 ft (50 cm)
Column Diameter: 1.5 in (3.8 cm)
Flow Velocity: 0.86 ft/ay (26 cm/day
Column Temp: 18u-C (640F)

Column Distance (ft) 0.0 0.08 0.16 0.33 0.50 0.66 1.0 1.3 1.6
Residence Time (hr) 0.0 2.2 4.5 9.2 14.0 18.4 27.9 36.8 45.8

PV RN Influent Organic Concentration (pg/L) Effluent HL r2
Nitrate (N03-N)

9.2 a 4.0 0.5 0.2 nd nd na na na na
10.6 a 3.0 0.3 0.1 0.1 nd nd nd 0.1 nd
18.7 b~ 3.0 nd nd nd nd na na na na
19.3 b 2.9 nd 0.1 nd nd nd nd nd nd
27.0 b 2.4 nd nd nd nd nd nd nd nd
32.0 b 2.5 nd nd nd nd nd nd nd nd
37.6 b 2.7 nd nd nd nd nd nd nd nd

Cloride (Cl-)
10.6 a 24 36 34 34 34 34 36 38 41
19.3 b 29 37 35 41 38 39 36 42 41
27.0 b 25 35 37 46 42 41 40 1.9 40
32.0 b 25 35 37 40 41 40 39 41 39
37.6 b 26 34 36 39 39 38 37 45 53

* Sulphate (S04-)
32.0 b 27 28 27 27 27 27 29 28 30
37.6 b 28 28 27 28 28 28 31 21 26

PV = pore volume
RN = reservoir number
HL = half life (hours)
r2 =coefficient of determination
nd =not detected
na =not applicable
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O Treatability Test Column Identification: 564
CH2M Hill MW-77 Column Composition: 1 00% Connelly (UW #255) 18/84

Pore Volume (PV): 289 mL-
Porosity: 0.51
Column Length: 1.6 ft (50 cm)
Column Diameter: 1.5 in (3.8 cm)
Flow Velocity: 0.86 ft/ay (26 cm/day)
Column Temgp: 18CC (640F)

Column Distance (ft) 0.0 0.08 0.16 0.33 0.50 0.66 1.0 1.3 1.6
Residence Time (hr) 0.0 2.2 4.5 9.2 14.0 18.4 27.9 36.6 45.8

PV RN Influent Organic Concentration (pgfL) Effluent HL r2
pH Values

3.5 a 6.7 8.8 9.0 9.2 9.3 9.2 9.1 9.2 8.8
6.1 a 6.8 8.6 8.9 9.1 9.3 9.4 9.4 9.3 9.2
10.6 a 7.0 8.5 8.7 9.1 9.2 9.4 9.2 9.1 9.1
14.5 a 7.0 8.5 8.6 9.1 9.3 9.5 9.5 9.6 9.2
22.3 b 6.5 8.2 8.6 8.8 9.1 9.2 9.5 9.5 9.0
27.0 b 6.7 8.5 8.7 8.9 9.2 9.1 9.4 9.5 9.0
31.3 b 6.7 8.7 8.9 8.6 9.0 9.1 9.3 9.7 9.5
34.0 b 6.6 8.6 9.0 9.1 9.2 9.6 9.9 8.8 9.4
37.6 b 7.3 8.7 8.8 8.9 9.0 9.0 9.3 9.5 9.5

Elh (mV)
3.5 a 278 -156 -45 -131 -139 -187 -46 -231 -36
6.1 a 351 82 45 -96 -33 -362 -329 All1 -236
10.6 a 338 -52 -33 -36 -152 -250 -95 -246 -226
14.5 a 329 -75 -197 -291 -146 -336 -360 -402 -278

223 b 319 -242 -98 -193 -238 -295 -326 -317 -200
270 b 315 -226 -217 -219 -181 -236 -157 -261 -178

31.3 b 351 -266 -184 -110 -252 -242 -272 -347 -250
34.0 b 322 -127 -63 -290 -308 -368 -318 -397 -267
37.6 b 330 -181 -162 -238 -221 -275 -292 -301 -366

PV = pore volume
RN = reservoir number
HL. = half life (hours)
r2 coefficient of determination
nd =not detected
na =not applicable

eofl/
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* ~Magnetic Separation Testing Procedure

1. Weigh the empty containers that the samples will be collected in.

2. Samples (approximately 1,000 g) of the iron-sand mixture are collected from the
discharge of the mixing device (e.g., chute of a concrete mixer) and/or from the
recovered soil core.

3. Dry the sample. If cemented together during drying, lightly breakup, weigh and
record the net weight.

4. Weigh the sample (empty container and sample) and record the weight. Determine
the net weight of the sample by subtracting the empty sample container weight. A
suitable weighing device must be used.

5. Spread the sample out in a suitable container (e.g., bowl, pan, cardboard box, etc.).

6. Cover the magnet in a material (such as a plastic bag) to allow the magnetic material

to be easily separated from the magnet.

7. Pass the magnet over the sample to remove the magnetic fraction. Care must be
taken to minimize the trapping sand particles within the iron grains. The magnetic
fraction is removed from the magnet and placed in a container.0 ~ ~~8. Continue passing the magnet over the material until no more magnetic material is
removed. Mixing of the non-magnetic fraction between passes may be required to
obtain all the magnetic particles.

9. The magnetic fraction may contain some non-magnetic (sand) particles. Steps S to S
should be repeated at least three more times to completely separate the magnetic and
non-magnetic fractions. After each separation, the non-magnetic fraction should be
added to the non-magnetic fraction from the previous separation.

10. Weigh the magnetic and non-magnetic fractions and record the results. The total net
weight of the magnetic and non-magnetic fractions should be the same as the weight
prior to separation.

11. The dry iron net weight percent is calculated as follows:

Dry Iron Net Weight Percent = Net Weight of Magnetic Material X0

Total Net Weight of Dry Sample

Depending on the iron/ sand sample moisture content, the estimated time to complete the
magnetic separation test is about 15 to 25 minutes.



* ~~Equipment Required for Magnetic Separation Testing
* Sample containers
* Balance/Scale capable of weighing a 1 kilogram soil sample to a resolution of 0.5 grams

(battery powered scale if electrical outlet is not available)
* Hot plate, if electrical outlet available (or propane camping stove)
* Frying pan (8- or 10 inch)
* Large spoon (metal is better than plastic)
* Disposable aluminum cookie sheet
* Magnet
* Zip top bags (e.g., Ziploc®)
* Permanent ink pen (e.g., Sharpie®)
* Worksheets/Log Book
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