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0 ~Acronyms and Abbreviations

AFCEE Air Force Center for Environmental Excellence
ARAR Applicable or relevant and appropriate requirement
BCT BRAC Cleanup Team
bgs Below ground surface
BRAC Base Realignment and Closure
BCT BRAC Cleanup Team
CF Chloroform (trichioromethane)
CFR Code of Federal Regulations
COC Chemical of concern

CT ~~~Carbon tetrachloride
Cy cubic yard (27 cubic feet)
DICE Dichioroethene
DLA Defense Logistics Agency
DO Dissolved oxygen
DOC Dissolved organic carbon
DoD Department of Defense
DOI/ NPS Department of Interior/ National Park Service
DP Decision point
DQO Data Quality Objective
DRC Depot Redevelopment Corporation
EBT Enhanced Bioremediation Treatment
EPA U.S. Environmental Protection Agency
FFA Federal Facilities Agreement
It Feet
ft2 square feet
FR Federal Regulation
FU Functional unit
HHRA Human health risk assessment
HI Hazard index
IRA Interim remedial action
K Hydraulic conductivity
LTOA Long-Term Operational Area
LTM Long-term monitoring
LUCIP Land use controls implementation plan
MCL Maximum contaminant level
mg/kg Milligram per kilogram
ml Main Installation
MNA Monitored natural attenuation
MSCHD Memphis-Shelby County Health Department
MW Monitoring well
jg/lL Micrograms per liter
NCP National Oil and Hazardous Pollution Contingency Plan
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NPL National Priorities List
O&M Operation and maintenance
ORP Oxidation reduction potential
OU Operable unit
P&ID Process and Instrumentation Diagram
PAHs Polynuclear aromatic hydrocarbons
PCBs Polychiorinated biphenyls
PCE Tetrachloroethene
PCP Pentachiorophenol
PDB Polyethylene diffusion bag
POL Petroleum, oil, and lubricants
ppm Parts per midllion
psi per square inch
PVC Polyvinyl chloride
QA/QC Quality assurance and quality control
RA Remedial action
RA-C Remedial action construction
RA-O Remedial action operation
RAO Remedial action objective
RC Response complete
RCRA Resource Conservation anid Recovery Act
RD Remedial design
RI/FS Remedial investigation!/feasibility study
RIP Remedy in place
ROD Record of Decision
SARA Superfund Amendments and Reauthorization Act
SVOCs Semid-volatile organic compounds
TA Treatment Area
TCA Trichioroethane
TICE Trichloroethene
TDEC Tennessee Department of Environment and Conservation
TTA Target Treatment Area
USAESCH United States Army Engineering and Support Center, Huntsville
VOC Volatile organic compound
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* ~1.0 Introduction

This Final Remedial Design (RD) report is for the Main Installation (MI) of the Defense
Distribution Center (Memphis) in Memphis, Shelby County, Tennessee, commonly referred
to as the Depot. The Depot has an EPA Identification Number listed as TN4210020570. This
report was prepared for the U.S. Army Corps of Engineers (USACE) - Huntsville Center as
part of Task Order 13 under contract number DACAS7-94-D-0009. This document is in
accordance with the Comprehensive Environmental Response, Compensation, and Liability
Act (CERCLA), as amended by the Superfund Amendments and Reauthorization Act
(SARA), and to the extent applicable, the National Oil and Hazardous Pollution
Contingency Plan (NCP). This report is consistent with the Record of Decision (ROD) for the
MI issued on September 7, 2001 (CH2M HILL, 2001).

This document complies with CERCLA guidance on preparing an RD and has been
submitted to satisfy the requirements outlined by the Base Realignment and Closure
(BRAC) Act, as well as requirements set forth by the BRAC Cleanup Team (8CT) for the
Depot. The BCT is composed of representatives of the Defense Logistics Agency (DLA),
Tennessee Department of Environment and Conservation (TDEC), and the U.S.
Environmental Protection Agency (EPA), and it reviews all documents prior to issuance.
The Memphis Depot is operated by DLA and is a former military supply base located in the
southwestern portion of Memphis, Tennessee. From 1995 through 2000, a remedial
investigation/ feasibility study (RI/FS) under EPA, TDEC, and DLA oversight was
conducted at the Memphis Depot. The RI workplans were prepared in 1995 (and amended
in 1998), and the RI report was finalized in January 2000. Separate FS reports were prepared
for the soils and groundwater on the MI. Both FS reports were finalized in July 2000.

The MI ROD was issued on September 7, 2001 and presented the selected alternative for
contaminated soil and groundwater. As stated in the ROD, Enhanced Bioremediation is the
selected remedy for groundwater. As part of the remedy, a pilot test was conducted to
determine how best to implement the remedy. The enhanced bioremediation treatment
(EBT) Treatability Study (TS) was conducted from May 2002 to August 2003. The report
summarizing the EBT study is included as Appendix A of this document. Groundwater
monitoring and land-use controls are also part of the selected remedy. The long-term
groundwater monitoring plan is included as Appendix B. The land-use control
implementation plan is included as Appendix C.

AMhP.11492\1ASI( RDQ3 -Ml REMEDL~ DESIGMRV 1 FINAL Ml RDREV I PJNA Ml RD.DOD -



79 4 8

* ~2.0 Site Description

2.1 Site Name, Location, and Description
The Depot is a former military supply facility that closed in September 1997 under the
BRAC Act. The facility is located in southwestern Memphis, Tennessee (Figure 2-1),
approximately 5 miles east of the Mississippi River and just northeast of Interstate 240. The
Depot includes two components: the MI, which is the focus of this document, and Dunn
Field. For the purposes of completing the RI and FS, while complying with BRAG
requirements, the term "Functional Unit" (FU) was established to identify groups of sites on
the MI based on operational history, expected use, location, and generally uniform human
health exposure. The FUs are a refinement of the "Operable Unit" (OU) designation and are
based on common past and anticipated future use of the land on the MI. The MI is divided
into six FUs for soil and groundwater is PU 7. The PUs are defined in Table 241 and shown
graphically on Figure 2-2. The lead agency for site activities and Federal decisions at Depot
is the DLA. DLA is responsible for implementing the selected response actions and will
incur all associated costs. The regulatory oversight agencies are EPA and TDEC.

* ~~2.2 Site History and Enforcement Activities
Starting in the 1940s, the Depot received, warehoused, and distributed supplies common to
all U.S. military services and some civilian agencies. Industrial activities at the Depot (e.g.,
sandblasting of lead-based paints, application of pesticides, use of hazardous materials)
resulted in release of metals, pesticides, and other less frequently detected chem-icals to
surface soil, surface water, sediment and groundwater above background concentrations.

Important dates for the Depot as part of the cleanup process for these chemicals are shown
in the following table. For additional information see Section 2 of the MI ROD (CH2M HILL,
September, 2001).

Dates Activity

1989 through 1990 The Depot conducts RI at Memphis Depot
September 28, 1990 The Depot was issued a Resource Conservation and Recovery Act (RCRA) Part

B permit (No. TN4 210-020-570) by EPA Region 4 and TDEC.
October 14, 1992 EPA added the Depot to the National Priorities List (NPL) by publication in the

Federal Rlegister (FR), 57 FR 47180 No. 199
March 6, 1995 A Federal Facilities Agreement (FFA) under CEROLA, Section 120, and RCRA,

Sections 3008(h), and 3004(u) and (v), was reached by EPA, TDEO, and the
Depot.

July 1995 The Depot was identified for closure under the BRAG process. The Depot
undertook compliance with requirements for property transfer under Public Law
101 -51 0 of Title XXIX, Defense Base Closure and Realignment.

1995 through 2000 The Depot conducted an RI/FS under EPA, TDEC, and DLA oversight.

ATLf~lEO92TASKRD 03- MIREMEDL~DESIGNMEV IFWnALMI flEV.IEhAF MI RDODC 2-1
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Several interim remedial actions (IRAs) were conducted at the MI. IRAs that have been
performed at the MI are detailed below.

* Approximately 602 cubic yards (cy) of surface and subsurface soil was removed from the
pentachlorophenol (PCP) dip vat area in Functional Unit (PU) 4 (Building 737) because
of elevated levels of PCP (completed in 1985).

* Approximately 5,000 tons (3,700 cy) of surface soil in the Housing Area of FU6 was
removed because of the presence of dieldrin (began in June 1998; completed in October
1998). The soil was disposed at a RCRA-permitted Subtitle D landfill. The Housing Area
is an exception to the overall industrial land use for MI and is acceptable for residential
reuse.

* Approximately 530 tons or 400 cy of surface soil surrounding the cafeteria (Building 274)
in FU6 was removed because of elevated levels of polychlorinated biphenyls (PCBs)
(began in October 1998; completed in November 1998). The soil was disposed at a
Resource Conservation and Recovery Act (RCRA)-permidtted Subtitle 0 landfill.

• Approximately 980 cy of surface and subsurface soil from near Buildings 1084, 1085,
1087, 1088, 1089 and 1090 was removed because of elevated levels of metals and poly-
aromatic hydrocarbons (PAils) (began in May 2000; completed in August 2000). The soil
was disposed at an off-site, RCRA-pennitted Subtitle D landfill.

In addition to these IRAs, one other remedial action (RA) was accomplished in July and
August 2001. Approximately 300 cy of surface soil was excavated near Building 949 in FU4
because of elevated levels of lead. To accomplish the removal, the DLA exercised its0
removal authority under CERCLA Section 104, as delegated in Executive Order 12580. Both
EPA and TDEC agreed that the action was an appropriate part of a final, protective remedy.
This RA is documented in the final Remediation Report, Removal Action at Building 949, dated
February 15, 2002.

2.3 Planned Response Actions at the Ml
The ROD detailed several response actions to achieve acceptable residual risk levels and
allow for the planned industrial and recreational land use for the MI. These include:

* Restrict the following: (1) future residential land use or development (except for the
existing Housing Area in FU6) in FUs 1 through 6; (2) child-occupied facilities, including
day care operations in FUs 1 through 6; and (3) casual access to FU2 from adjacent offsite
residents through land use controls.

* Prevent future groundwater use on the MI while concentrations of chemicals of concern
(COCs) are above maximum contamidnant levels (MCLs).

* Reduce to MCLs the concentrations of CO~s in groundwater within the entire plume
within the perimeter of the MI and, in groundwater migrating away from the MI, as
necessary. Currently, there is no evidence of offsite migration of CO~s from the MI.

* Conduct 5-year reviews of the RA according to Section 121(c) of CERCLA and NCP
§300.430(f)(5)(iii)(C) if there are any hazardous substances, pollutants, or contaminants0

P\160492¶TASK<RD.03 -MI REMEDIAL DESIG~kEV. I FINAL MI RDREV. I FINAL MI RD.DOC 2-2
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remaining at the site above levels that would allow for unlimited use and unrestricted
exposure. The review will be conducted no less often than every 5 years after the
initiation of the RA, to assure that human health and the environment are being
protected.

In addition to these response actions, the ROD also called for development of a long-term
monitoring (LTM) plan for groundwater and land use controls at the MI. The LTM plan for
groundwater is provided in Appendix B. The LUCIP is provided in Appendix C.

2.4 RDIRA Objectives
Remedial action objectives (RAGS) are medium-specific goals that the response actions are
expected to accomplish to protect human health and the environment. RA~s have been
developed to reflect the anticipated future land use for the MI in accordance with EPA
policy set forth in Land Use in the CERCLA Remedy Selection Process (OSW4ER Directive No.
9355.7-04). The groundwater RAOs are expected to prevent ingestion of water contaminated
with volatile organic compounds (VOCs) in excess of MCLs from potential future onsite
wells; to restore groundwater to levels at or less than MCLs; and to prevent horizontal and
vertical offsite midgration of groundwater contaminants in excess of MCLs. The MCLs for
tetrachloroethene (PCE) (5 gg/L), trichloroethene (TCE) (5 micrograms per liter [jig/L]), cis-
1,2-dichloroethene (cis-1,2-DCE) (70 jig/b), vinyl chloride (VC) (2 gg/L), carbon
tetrachloride (CT) (5 gtg/L) and chloroform (CF) (80 gg/L total trihalomethanes) are the
applicable or relevant and appropriate requirements (ARARs) for groundwater beneath the
Ml.

Industrial-based cleanup criteria for soil apply throughout the MI, except for Parcels 1 and 2
in FU6. The surface soil RAO for Parcels 1 and 2 in FU6 will protect future onsite residents
from direct contact/ingestion of surface soils contaminated with dieldrin and arsenic in
excess of human health risk assessment (HHRA) criteria. The RAO will also protect
residential children from direct contact/ ingestion of surface soils contaminated with lead in
excess of risk-based criteria. Section 2.7.1 of the MI ROD presents further discussion of the
HHRA criteria.

Compliance with facility-wide RAOs will reduce the excess lifetime cancer risk and hazard
index associated with exposure to lead in soil to acceptable levels for future workers and
will prevent future residential development in parts of the MI. This will be achieved by
reducing the exposure concentration of lead to the target cleanup level of 1,536 mg/kg and
by imposing land use restrictions. As discussed in Section 2.2, the target cleanup level has
already been accomplished by soil excavation and removal from the Building 949 area.

2.5 Remedies Selected for the MI
The selected surface soil and groundwater remedies as identified in the final ROD for the MI
are discussed below.

PAl60492ATASK RO.03- MI REMEDIAL DESIGNIREV. I FINALM I RD\EV. I FINAL MI RD.DOC 2-3
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2.5.1 Surface Soil
Land Use Controls
The remedial actions will leave contaminated surface soil in place but deed and lease
restrictions, in addition to the existing land use controls, will assure protectiveness of future
users of the MI. Deed and lease restrictions will restrict residential land use in F~L1 through
FUJ6 (exclusive of Parcels 1 and 2 in FU6, which are available for unrestricted use) where
dieldrin, arsenic, and/or lead in the surface soil pose an unacceptable risk for such use.
Residential use controls will include preventing child-occupied facilities, including day care
operations in all FUs. In addition, a boundary fence surrounding EU2 will be maintained to
preclude casual access by adjacent offsite residents.

Deed and lease restrictions and site controls will be coordinated with the Depot reuse
implementation plans, and will be included in all deeds and leases. As described in the
LUCIP, the restrictions are most likely in place in perpetuity. Further information is
provided in Appendix C. The deed and lease restrictions and site controls, in addition to
the existing land use controls, to be applied are as follows:

Deed and Lease Restrictions Preventing
FU Residential Land Use8 Site Controls

1 X

2 X X b

3 X

4 X

5 X

6 XC
aIncludes day care restriction.

bMaintaining a boundary fence surrounding FU2 to preclude casual access by adjacent offsite
residents.
0 ee restrictions do not apply to Parcels 1 and 2 of FU6.

Land use controls selected in the ROD (excluding Parcels 1 and 2 of FU6) will:

* Prevent future residential land use in FUs 1 through 6, thus eliminating the risks
associated with that land use scenario.

* Prevent casual access by adjacent offsite residents through maintenance of a boundary
fence surrounding FU2.

* Prevent development of child-occupied facilities, including day care operations in Hlsl
through 6.

Applying land use controls will result in the following (excluding Parcels 1 and 2 of FU6):

* FUs1, 3, 4, 5,and 6are acceptable for industrial use. Land use controls to prevent
residential development are the only RA needed to address unacceptable risk in surface
soils at FL~s 1, 3, 4, 5, and 6.

PA160492\TASK(RD.03 -MI REMEDIAL DESIGNIREV I FINAL MI RD\REV. I FINAL MI RD DOC 2-4
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Ff32 is acceptable for recreational use. With land use controls in place to prevent future

residential development, and to prevent casual access by adjacent offsite residents
through maintenance of a boundary fence, FU2 can be used for recreational purposes. In
addition, according to Section 24 of the Memphis and Shelby County zoning regulations,
single-family and multi-family residential uses are prohibited. Also, under the Federal
Property Management Regulations, Ff32 is slated for transfer from the Department of
Defense (DOD), specifically the Army, to the Department of Interior/National Park
Service (DOI/NPS). It will then be transferred by public benefit conveyance to the City
of Memphis for use as a park. According to 41 CFR 101-47.308-7, property for use as a
public park or recreational area must be used and maintained for the purpose for which
it was conveyed in perpetuity, or be returned to the United States (24 CFR 51D).

Land use controls are a critical part of the selected remedy for soils at the ML and will be
implemented through the LUCIP. Further discussion of the land use controls and site
controls are presented in Appendix C.

Excavation and Offsite Disposal
As described in Section 2.2, the RA for the removal of surface soils contaminated with lead
was accomplished in 2002. More information on the stipulations made as part of the
removal action can be found in Section 2.11.2 of the MI ROD.

2.5.2 Groundwater
The selected remedy for groundwater at the MI includes enhanced bioremediation through
injection of nutrients at specific treatment areas, monitoring of natural attenuation processes
outside of the treatment areas, and land use controls to prohibit interaction with and use of
the fluvial aquifer beneath the MI. This section presents additional discussion of each
component of the remedy.

Enhanced Bioremediation
This Final RD report describes the methods and materials for injection of nutrients (electron
donor) to enhance the natural attenuation processes. The RA will accelerate biodegradation
in the most contamidnated parts of the groundwater plumes at the MI. Treatment zones will
be established within the interpreted 100 Ig/ L isoconcentration contour for VOC
constituents. Sodium lactate solution will be injected into wells screened into the fluvial
aquifer using a trailer-mounted injection system. The lactate solution will be pumped
manually from a portable tank into each injection well. Additional information on the
treatment system specifications is presented within Section 4 of this document.

Groundwater Monitoring
Periodic groundwater sampling and analysis will occur in the treatment areas and within
the plume outside of the treatment areas to monitor the effects of both enhanced and natural
attenuation processes. Groundwater monitoring will occur until groundwater in the fluvial
aquifer achieves the RAOs. The details of the monitoring are provided in Appendix B.

Maintenance of monitoring wells (cleaning, wellhead repairs) will be performed as needed.
Annual summaries of monitoring data will be produced to document the site conditions and
effectiveness of the remedy. To demonstrate compliance with the RAOs, groundwater

PA160492WASK<RO.03 . MI REMEDIAL DESIGNIREV. I FINAL MI RD\REV. I FINAL MI RD DOC 2-5
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concentrations must be at or below MCLs for four consecutive monitoring events, each
performed at least 3 months apart. The sampling schedule may be changed with the
approval of EPA and TDEC in response to observed trends and variability.

Land Use Controls
As specified in the ROD, the groundwater remedy also includes land use controls. Deed and
lease restrictions will, until cleanup levels are achieved, prohibit both: (1) the installation
and use of commercial and domestic wells, and (2) drilling into aquifers beow the fluviai
aquifer. These restrictions will also guarantee access to RA areas, including all injection and
monitoring wells, for the life of the remedy. These land use controls may be removed at the
completion of the remedy. Evaluations of the site will be conducted periodically in
accordance with the LUCIP (Appendix C) to verify that land use controls, and deed and
lease restrictions are in effect. The evaluation will also ensure that land use changes that
may pose an unacceptable risk to the users have not occurred.

2.6 Hydrogeologic Selling
The following sections are a compilation of investigations that have been performed at the
Memphis Depot. Information developed during the EDT Treatability Study is provided in
Appendix A. A thorough discussion of the regional and local geologic characteristics of
Memphis and Memphis Depot areas is presented in Section 2 of the NU RI report (CH2M
HILL, July 2000).

2.6.1 Geology
The principal geologic units beneath the Depot and of most importance are (from oldest to
youngest): Memphis Sand, Claibomne Group-the Cockfield and Cook Mountain Formations;
the Jackson Fornation; the Pliocene/ Pleistocene fluvial deposits, and the Pleistocene loess
deposits. Monitoring wells drilled for the RI at the MI penetrate all formations down to and
including the top of the Memphis Sand. A clay-rich unit typically occurs near the base of the
fluvial deposits beneath most of the NU. This upper clay of the Jackson Formation/Upper
Claiborne Group does not appear to be present at the base of the fluvial deposits in the
northwestern part of the MI and in the southwestern part of Dunn Field. The MI RI report
concluded that clay-rich units (clay or clayey sand) occur in the Jackson Formation/Upper
Claibomne Group at variable elevations, and also are highly variable in thickness.

The addition of the Long-Term Operational Area (LTOA) monitoring wells MW97, 98, 99,
100, 101, and 102 in late 2001 changed the conceptual site model for the top-of-clay in the
southwestern corner of the MI (Figure 2-3). Beginning at MW100 and 101, the top-of-clay
forms a trough with a gradual decrease in elevation to the northeast towards MW108.
MW108 appears to have been placed within the deepest portion of the trough. Cross-

sectional views of this trough can be seen in Figures 5 and 7 of the LTOA Technical
Memorandum - Appendix A of the MI RD workplan (CH2M HILL, 2002). The trough does
not appear to affect groundwater flow in the fluvial aquifer underlying the southwest
corner of the MI.

PA160492\TASK< RD 03- MI REMEDIAL DESIOREV. I FINAL MI RD'REV. I FINAL MI RD.DOC 2-6
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* ~~2.6.2 Hydrogeology
The fluvial aquifer occurs in fluvial deposits under unconfined conditions at an average
depth of 87 feet below ground surface (bgs) (CH2M HILL, January 2000). Aquifer thickness
ranges from less than 1 foot in the northwest portion of the MH to 57 feet in the west-central
portion of the MI.

The fluvial aquifer is typically underlain by a clay-rich unit that occurs beneath most of the
MI. This upper clay of the Jackson Formation/Upper Claiborne Group does not occur in the
northwestern part of MI and in the southwestern part of Dunn Field (Figure 2-3). The clay-
rich units (clay or clayey sand) occur in the Jackson Formation/ Upper Claiborne Group at
variable elevations, and also are highly variable in thickness. The Memphis Sand aquifer is
typically separated from the overlying fluvial aquifer by units of the Jackson
Formation/ Upper Claiborne Group, but in some locations in Shelby County, the Memphis
Sand is directly overlain by the fluvial deposits. The Memphis Sand aquifer is the source of
water supply for the City of Memphis.

Fluvial Aquifer
Slug tests were performed in the fluvial aquifer during the MI EBT Treatability Study
(Appendix A). Slug test results (Table 2-2) indicate that hydraulic conductivity (K) values
for the fluvial aquifer range from 1.17 to 64.35 feet/ day for Study Area 1 (southwestern MD)
and 0.43 to 31.75 feet/ day for Study Area 2 (southeastern MI). Slug test data presented in
the MI RI report from wells MW21 (near Study Area 1) and MW26 (near Study Area 2)
indicated K values of 48.19 feet/day and 7.65 feet/day, respectively. Assuming an effective
porosity of 30 percent, flow velocities across the study areas average 0.6 foot per day in both
areas.

TABLE 2-2
Study Areas 1 and 2, Estimated Groundwater Flow Velocities
Ml Final RD, Memphis Depot

Hydraulic Groundwater
Conductivity Assumed Porosity Gradient Velocity

Study Area (feet/day) (% (feet/feet) (feet/day)

Area 1 1 .17 30 (MW2l to -1 QOB) 0.022
(low range) 0.0056

Area 1 64.35 30 (MW21 to -110GB) 1.2
(high range) 0.0056

Area 2 0.43 30 (MWlO 5 to -26) 0.016
(low range) o.oi11
Area 2 31.75 30 (MW1O05 to -26) 1.2
(high range) .1

CH2M HILL completed an aquifer test in January 2004 on monitoring well MW-120, located
in the southwestern corner of the MI. The test included a background potentiometric
observation study, a brief step-drawdown test, a 72-hour pump test, and a recovery phase.
Nine monitoring wells were used as observation wells and two other monitoring wells were
used as background observation points. Transmissivity values range from 19.81 to 2,930.23

P.1l60492kTASK RD 03-M I REMEDIAL.DESIGNREV. I FINAL MI RDIREV. I FINAL Mt RD.DOC 247
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feet2! day, with a geometric average of 459.53 ft2/ day. The specific capacity calculated for
the pumping well was 1 gpm/ft of drawdown. Additional information on aquifer testing is
provided in Appendix A.

Water Levels and Groundwater Flow
The hydrogeological properties of the two study areas of the MI EBT TS are summarized in
Table 2-3. Figure 2-4 presents the July 2003 interpretation of the potentiometric surface
underlying the MI. The average depths to groundwater at Area 1 and Area 2 are 92.5 feet
bgs and 96.5 feet bgs, respectively.

2.6.3 Nature and Extent of Contamination
The nature and extent of contamination in groundwater were assessed based on the March
2002 sampling event. The results of this event are presented in Attachment I to Appendix A.
As shown in Figure 2-5, seven PCE plumes occur in the fluvial aquifer. Figure 2-6 shows
seven TCE plumes underlying the MI and one TCE plume just beyond the southeastern MI
boundary. Not shown on these figures are a plume of cis-1,2-DCE and vinyl chloride in the
northeast area of the MI. There is also a small carbon tetrachloride plume in the southeast
corner of the MI.

PA188492\TASI< RD.03 -MI REMEDIAL DESIGUMEV. I FINAL MI RDREV. I FINAL Ml RO.DOC 2-8
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* ~~~~Table 2-1
Description of Functional Units at the Ml
Rev. I Final Ml RD

FU Size Common Past Land
No. Name (acres) Use Description

1 Twenty 89 Transportation to and Located in the northeastern area of the Ml,
Typical storage in closed consisting of about 20 large warehouses, with
Warehouses warehouses interspersed roadways and railroad tracks.

2 Southeast 53 Golf, other recreation Located in the southeastern corner of the Ml I,
Golf Course/ consisting of golf course (Parcel 3). This FU also
Recreational includes a baseball field and a small playground in
Area the southeastern corner. This FU includes two

constructed ponds and two concrete-lined drainage
ditches from the ponds leading to the off-site area.

3 Southwest 92 Transportation to and Located in the southwestern corner of the Ml,
Open Area storage in open-sided consisting of varied type of parcels and sites.

warehouses, painting
and sandblasting,
open storage

4 Northern and 193 Open storage, and Located in the north-central to northwest area of
Open Areas transportation to and the Ml, covering a large area.

storage in closed
warehouses

5 Newer 109 Transportation to and Located in the south-central area of the Ml and
Warehouses storage in closed includes 10 large warehouse buildings.

warehouses

6 Administrative 33 Offices, equipment Located along the property boundary of the Depot
and storage and along the Airways Boulevard. This FU includes the
Residential maintenance, on- old Residential Unit Area, parking lots, and other
Areas base housing asphalt-paved areas.
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TABLE 2-3
Summary of Hydrogeological Properties within Study Areas I and 2

Rev. I Final Ml RD0

Ground TOC Clay ~~~Average Average Screen
Idetifcaion ElGround Elvtio Cleayio Depth to Clay Depth to Fluvial Aquifer Location within Interval

Identifcation elevtio M ) (elevtio M )(eleation (feet bgs) Water Thickness Each Study Area Within
(feet MSL) (feet MSL) (feet MSL) (feet BTOC) (feet) Aquifer

AREA 1

lW-S 292.43 292.12 179.43 113.00 93.3 19.4 Injection Point Lower
IW-6 292.27 291.94 183.27 109.00 93.2 15.5 Injection Point Lower
IW-7 292.26 292.00 182.76 109.50 93.2 16.0 Injection Point Lower

MW-21 295.21 295.00 NA NA 94.5 NA Upgradient Upper
MW-b00B 291.50 290.90 164.10 127.40 92.3 34.5 Downgradient Entire
MW-uS5 291.92 291.67 NA NA 92.6 NA Downgradient Upper
MW-116 291.92 291.67 183.42 108.50 92.6 15.6 Downgradient Lower
MW-117 291.57 291.38 182.57 109.00 92.5 16.3 Downgradient Lower
MW-hg1 291.58 291.17 NA NA 92.2 NA Downgradient Upper
MW-119 291.74 291.50 NA NA 92.4 NA Downgradient Upper
MW-120 291.72 291.56 183.72 108.00 92.5 15.3 Downgradient Lower
MW-121 291.83 291.63 NA NA 92.6 NA Downgradient Upper
MW-l122 291.76 291.62 183.26 108.50 92.6 15.8 Downgradient Lower
MW-123 291.36 291.09 NA NA 92.3 NA Downgradient Upper
MW-124 291.58 291.39 NA NA 92.4 NA Downgradient Upper
MW-125 291.47 291.35 182.47 109.00 92.4 16.5 Downgradient Lower

AREA 20

lw-i 304.29 304.03 205.29 99.00 95.8 3.0 Injection Point Entire
IW-2 304.49 304.21 199.49 105.00 95.8 9.0 Injection Point Entire
IW-3 304.47 304.21 201.47 103.00 96.1 6.7 Injection Point Entire
IW-4 304.66 304.53 199.66 105.00 96.3 8.5 Injection Point Entire

MW-86 304.76 304.29 187.89 116.87 96.5 19.9 Downgradient Entire
MW-eS 305.47 305.15 208.47 97.00 80.0 16.7 Upgradient Entire

MW-105 304.42 304.25 205.42 99.00 96.1 2.8 Downgradient Entire
MW-106 304.65 304.44 197.65 101.00 96.2 10.6 Downgradient Entire
MW-109 304.75 304.57 201.75 103.00 96.5 6.3 Downgradient Entire
MW-lb0 304.82 304.64 202.82 102.00 96.6 5.2 Downgradient Entire
MW-ill 304.87 304.66 205.87 99.00 96.9 1.9 Downgradient Entire
MW-112 304.77 304.57 204.77 100.00 96.6 3.2 Downgradient Entire
MW-113 304.92 304.81 199.92 105.00 97.2 7.7 Downgradient Entire
MW-I114 304.84 304.66 202.84 102.00 96.7 5.1 Downgradient Entire

Notes:
NA: Not Available.
MSL: Mean Sea Level
BTOC : below top of casing



7 94 1 8

2 * ~~~~~NashillteKnrle
ell Tennessee

(Memphis Chtt

LEGEND~~~~~~~~~~~~~----------
Interstate~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~- --- - -- - - - -
State Line~~~~~~~~~~~~~~~~~~~~~--------------

River Creek~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~- ---- - - - - - - - - -

TENNESSEE~~~~~~~~~~~~~~~~~~~~~~~~~-------------------
ARKANSAS~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-------------------

------ ------- ----------- -------~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-- -------------------

LEGENDES
SCALE I ntAP ROX tATE FI UEf-

ARKANSASMHI ETOPLTA AE

1 10ALun2.H MH2MLES-



794 19

I I :1
A SU

Cdz -
mA ow

u.mwL.. I!
I

>1

S

C" S S
O�'Zk� -- � SflLI�S�4IQ QON



94 2

Ii ~~~~~i

;Itml
It II I I I IIIm n fitet III

il~l e .... II I-. I N. I1



;~ ~ ~ ~~- 1; 1-9; ~

IM~tlhigIf I I Mi iti Smig..........~



�>

II � � .2
-

<21 !� . 0
(!�-�.

* .-� it

a

0

.1

I

a

'�- �i�n
-� I

- I

2o 1%,�

F-
'1,

z

U?
w
U- -

7

k
�0�

-4 -. -

* -- ��-0
. -- '0ft

¾ I
I ¾ --

It
I ¾-

� I
� � P

(A -

a a a



C, ..

P4 4% p
S � 7

0
-� N . z

F-

�� El C)

I

�4Jwz

0

Z
o

F-
'a
2
2

en 0�

IC)

e .> LI!
7

C

-�

A Li

/
o
C,

K _______________ _______________ ____________________

a a



7 94 2 4

* ~3.0 Implementation Plan

This section provides information on the tasks to be performed during the Final Design
stage and a schedule for implementation of the RA.

3.1 Implementation Tasks
3.1.1 Ml LUCIP
The MI LUCIP was presented as a Final Rev. 1 version within the Intermediate RD as a
result of approval by the Memphis Depot stakeholders. The implementation and
maintenance of land use controls has already begun and future efforts will be structured
according to the final MI LUCIP.

3.1.2 Ml EBT Treatability Study
The pilot study for development of EBT at the MI was conducted from May 2002 to August
2003 (Appendix A). The results of this study are the primary basis for this design. The
version within the Pre-final RD document received no comments and is presented as Final
within this RD document.

* ~~3.1.3 Conceptual Remedial Design
The conceptual remedial design was presented within the Intermediate RD report. In
December 2003, the BCT met and, among other issues, discussed a technical memorandum
developed by CH2M HILL entitled An Overview of Sodium Lactate Delivery Alternatives -
Memphis Depot, Main Installation (Appendix 0). This document defined two areas (referred
to as target treatment areas 1 and 2) that will be the focus of active remediation (see
Figures 3-1 and 3-2). The recommended approach includes delivery of a 2 percent sodium
lactate solution from a mobile injection system that is dynamic and flexible. The sodium
lactate will be injected into the more contaminated portions of the MI plumes within the
100 pg/L contour and any contamination outside will be allowed to attenuate naturally. The
target treatment areas (TTrAs) are further defined within Section 4.5.3.

The recommended approach also included conducting a design~-related investigation to
define the treatment areas. The objective of the investigation is to delineate the areas of PCE
and TCE contamdination in TfTA1 and TfTA2. The RA contractor has developed a workplan
and installed approximately 21 new monitoring wells in the fluvial aquifer. These wells will
also be available for monitoring to evaluate remediation performance. As of the writing of
this document, the investigation is currently underway. Revision 0 of the Remedial Action
Work Plan (RAWPT) will incorporate all data resulting from this effort.

3.1.4 Basis of Design
The Basis of Design for the MI groundwater remedy was refined at the December 2003 BCT

metn.This report addresses the remediation system and includes estimates of the

ATtWI1492WASK RD 03- MI REMEDIAL DESIGNUEV. I FINAL MI RaREV, 1 F*JAL MI RD.DOC 34I
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number of injection and monitoring wells, quantity of electron donor to be injected to
achieve remedial action objectives, reference engineering standards used for general criteria,
lists of specific USACE standards, and target treatment standards.

3.1.5 Survey of Site Features
The two TITAs have been surveyed and the data are available for production in computer
aided design. Additional surveys will be required to locate the design-related investigation
wells and performance monitoring wells, as described in Section 4. Permanent survey
benchmarks are positioned across the Depot.

3.1.6 Aquifer Testing
Aquifer testing was completed prior to preparing this report (see Section 2.6 above).
Additional information on the testing, analysis procedures, and results are provided in
Appendix B.

3.1.7 Notification to Property OwnerslLeasee
The Defense Distribution Center (Memphis) is currently known as the Memph-is Depot
Business Park and is operated by the Depot Redevelopment Corporation (DRC). The current
owner of the property is the Army, who has an agreement with leaseholders and the DRC
for access rights to the MI for work associated with environmental restoration. All deeds
and leases developed by the DRC for property use incorporate the land use controls
specified in the LUCIP and the right-of-access agreement for the Army and DLA and,
consequently, all contractors working for the property owner.

3.1.8 Final RA Cost Estimate
Section 5 contains an estimate of the costs required to construct and to manage the remedial
implementation and operations. The stakeholders will review the estimate to determidne the
feasibility and schedule for funding the construction effort.

3.1.9 Final Design
The Final Design includes refinement of the design according to comments made on the Pre-
final Design and completion of the design specifications, cost estimate, and schedule for
implementation. This document represents the Final Design submittal. The Depot
stakeholders will review and approve this Final Design before implementation. The Final
Design will be used by the RA contractor, under contract to DLA through the Air Force
Center for Environmental Excellence (AFCEE), to implement the remedy.

3.1.10 Remedial Action Contracts
Several key milestones occur during the RA operations (RA-O) stage of the project. These
include the NU RA Workplan, the MI RA Construction (RA-C), the MI Remedy in Place
(RIP), and the MI RA Operating Properly and Successfully (OPS) stage. The RA contractor,
currently MACTEC, has and will have opportunities to review the RD documnents to
prepare for these RA actions. Each of the RA-O tasks has a schedule for implementation, as
shown in Figure 3-3.

PA160492\TASK RD.03 -Ml REMEDIAL DESIGNNEV. I FINAL MI RDREV. I FINAL Ml RD DOC 3-2
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* ~~3.1.11 Lang-Term Monitoring
According to Figure 3-3, which is based on the MI Master Schedule dated April 22, 2004,
LTM will begin in April 2004. However, LTM is also part of the MI RA-C phase, and
monitoring began before that date. The LTM plan for the MI is presented in Appendix B.

3.1.12 Engineering During Construction
The RA contractor will provide construction inspections necessary to certify that the
remedial option has been implemented in accordance with approved standards. In addition,
the RA Contractor will prepare "as-built" drawings at the end of the construction phase.

3.1.13 Final Inspection
After the remedy has been installed, the construction will be reviewed for acceptance.
Reviews will also take place throughout the construction phase as certain areas are
completed and require final review. In addition, this phase will include completion and
review of an "as-built" survey.

3.2 Five-Year Reviews
CERCLA, Section 121(c) provides for review of an RA where hazardous, substances,
pollutants, or contaminants remain at the site, no less often than each 5 years after initiation
of the RA. The goal of the 5-year review is to evaluate the RA for:

* Continuing protectiveness of public health and the environment
* Functioning as designed
* Degree to which RAOs have been/are being achieved
* O&M being performed, as necessary

Since the expected duration of the Depot restoration process is greater than 5 years, the
five-year review process is triggered by the start of the first RA. The Dunn IRA has already
triggered the five-year review schedule, and the next Five-Year Review is due (final) in
January, 2008. Five-Year Reviews may be discontinued only if levels of contaminants allow
for unrestricted use and unlimited exposure, and appropriate documentation and
notification are provided. Therefore, five-year reviews will be needed indefinitely. For the
MI, the five-year review will also include review of the effectiveness of the RA (i.e., EBT),
institutional controls, and the LTM program. Information on the material typically included
in a Five-Year Review document and guidance on conducting a Five-Year Review can be
found at: http://www.cp~a.gov/supierfund/resources/5year/guidaince.p2d

3.3 Performance Metrics and Contingency Planning
The planned response actions and RA~s for the MI are defined in Sections 2.3 and 2.4. The
remedial action proposes injection of sodium lactate periodically over a two-year period in
the more contaminated portions of the MI plumes. The remainder of the plume will be
allowed to attenuate naturally to MCLs. Until RAOs are achieved, maintenance of land use
controls will restrict groundwater development. The RAC~s for the remedial action are
described in Table 3-1. Table 3-2 provides a list of essential indicators of anaerobic aquifer

PA160492\TASK RD.03 -MI REMEDIAL DESIGIAEV I FINAL Ml RD\REV. I FINAL Ml RDODOC 3-3
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conditions that will be used to determine that lactate treatments are working. The table also
lists other indicators of reductive dechlorination that can be used to measure progress0
toward achieving RAOs.

Some degree of uncertainty exists within all environmental restoration projects. The
recognition and planning for these uncertainties are key to maintaining the project schedule
and remaining within budget. Using the current conceptual model, expected conditions and
potential deviations have been identified for the MI RA. "Expected condition" is defined as
any physical, chemical, technical or regulatory condition that reasonably might be
encountered during the RA. Tables 3-3 and 3-4 present the expected conditions and
reasonable, potential contingencies to the planned RA. The objective of contingency
planning is to ensure that there is a process for identifying deviations from expected
conditions and for modifying the RA (with EPA and TDEC concurrence) to account for the
deviation. The level of pre-response contingency planning for each of the potential
contingencies will need to be determined by the Memphis Depot 8Cr.-
One contingency has been identified by the Memphis Depot as already occurring, which is
the presence of site contam-inants of concern within three (i.e., MW34, MW89, and MW90) of
the designated sentinel wells. Since the RI data were collected, this condition has been
identified. The Memphis Depot BC~ has agreed to investigate the area and develop
stratigraphic and hydrogeologic information. This activity will be further discussed within
the RAWP. Any other contingency plans contained in the RAWP will include a description

of the necessary design modifications and actions required to manage the deviation.

P kIGO4STASK RD.03 -MI REMEDIAL DESIGNWREV. I FINAL Ml RD)REV I FINAL MI RD.DOG 3-4
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Table 3-2
Indicators for Anaerobic Aquifer Conditions (Suitable for Reductive Dechlorination)
Rev. 0 Memphis DptFinal Ml RD

Concentration in Most
Analyte Contaminated Zone Interpretation

DO 0.0 to 0.75 mg/L Optimum suppresses the reductive pathway; however, at higher D0 levels VC
____ ____ ____ ___ ____ ____ ____ ___ may be oxidized aerobically

ORP 0 to -500 my Reductive pathway likely; note that levels less than -250 may be conducive to
_________________ ~methanogenesis

pH 5<pH<9* Optimal range for reductive pathway
5>pH>9* Outside optimal range for reductive pathway

TOO 20 to 2,500 mgIL Carbon & energy source (electron donors); drives dechlorination; can be
natural or anthropogenic

Nitrate <1m/' At higher concentrations may compete with reductive pathway
Iron (II) 7 to 20 mg/L Reductive pathway highly likely; VC may be oxidized under Fe(lll)- reducing

conditions
Sulfate 0.5 to 7mg/L At higher concentrations may compete with reductive pathway
Sulfide >1 mg/L* Reductive pathway possible
Methane 0.05 to 1 mg/L Ultimate reductive daughter product, VC accumulates
Temperature >200C At >200C biochemical process is accelerated
CO2 >2x Backgroundt or 200 Ultimate oxidative daughter product

to 1000 rng/L ______________________________
Alkalinity 200 to 18,000 mg/L Results from interaction between 002 and aquifer minerals
jChloride >2x Backgmound* Daughter product of organic chlorine

Hydrogen >1 nM (nmlL) Reductive pathway possible, VC may accumulate
<1 nM VC oxidized

Notes
*after Barden, M. and Wiedemeier, T., 2001. Natural Attenuation for Remediation of Contaminated Sites.
National Ground Water Association Conference, May 7-9, 2001, Nashville, Tennessee.

mg/L - milligrams per liter
ug/L = micrograms per liter
C = celsius
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O Table 3-3
Contingency Planning - Enhanced Biodegradation and Natural Attenuation
Rev. I Memphis Depot Final Ml RD

Expectd Condtions Potential Factors Influencing Contingency Plan
Expected Conditions Contingencies Contingency Responses

Levels of contamination in more Zone of influence is less The Ml EBT study showed that Increase injection points or electron
concentraled areas of plume (within than expected or introduction of lactate electron doner donor concentration or volume
100 ug/L contour) show significant anaerobic conditions not resulted in significant reduction of
reduction developed, levels of contamination

Levels of contamination in more Lamger than expected The expected extent of influence of Reduce finction volume or
concentrated areas of plume (within zone of influence in electron donor solution is concentration; Adjust injection
1 00 ugA. contour) show significant treatment areas approximately 40 feet frequency downwards; Reduce number
reduction of injection points

Contaminants will reduce through Contaminants of concern Flow pathways are towards middle Develop plans for additional
time without significant migration appear in sentinel wells' and NW corner of Ml stratigraphic and hydrogeologic
towards the geologic window in the investigation of areas surrounding the
northwest corner of the Ml geologic \window/' in the northwest

corner of the MI

Levels of contaminationmi areas Contaminants in areas Without a continuing source Consider more aggressive remedy fora designated for natural attenuation designated for natural presence, contaminant levels will the site, possibly through in-situW show degradation attenuation show naturally through time chemical oxidation, Evaluate the data
persistent levels for best approach

Concentration of contaminants Migration of plume from Off-site plumes appeared[ to have Adjust the design accordingly through
outside of treatment area reduce off-site source contiibuted to GW plumes at Ml development of technical memrondum
through natural attenuation to MCLs previously or during annual monitoring reports:

Develop additonal PRP for site by
working with regulatory agencies:
Charactenze impact through installatior
of monitoning wells

No rebound occurs in treatment Rebound of VOCs above MI EBT study displayed rebound Design modifications through
areas after treatment completed in 2 MCLs within treatment however these tests were investigation of rebound areas, source
years zones conducted in center of plumes. removal, restarting or expansion of

Source material in GW will be treatment areas
sufficientiy reduced through
enhanced bioremediation

No other source areas found within Detection of another Potential source zones in soil and Adjust the design accordingly through
MI perimeter onsite source zone within GW have been reviewed and additional characterization, potential

GW analyzed. Groundwater data for source removal or expand the injection
entire site not indicative of additional areas
on-site sources

Page 1 of 2
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Table 3-3
Contingency Planning - Enhanced Biodegradation and Natural Attenuation __0

Rev. I Memphis Depot Final Ml RD

Expeted ondiionsPotential Factors Influencing Contingency Plan
Expected Conditions Contingencies Contingency Responses

Cis-l1,2-DCE and vinyl chloride (VC). Cis-1 .2-OCE levels do not Degradation of cis-i .2-DCE build-up Consider more aggressive remedy for
if ever present levels, decrease decrease below MC~s and within a year following the injection the site; reduce the electron donor
over period of remedial action do not show "declining of an electron donor at the nearby concentration so that the aquifer

trends~ within aquifer (within 1 mile) TANG site has been becomes more aerobic: consider
demonstrated (SAIC, 2003). bioaugmentation as an enhancement t

the selected remedy

Cis-I1.2-DCE and vinyl chloride (VC). Vinyl chloride will increase With enhanced bioremediation of Consider in-situ chemical oxidation as
if ever present, levels, decrease in plumes as remedy source zones, contaminant levels an alternative to the electron donor
over period of remedial action progresses. should not increase in these wells, injection or reduce the electron donor

concentration per injection

No regulatory changes occur Regulatory change in Regulatory framework may change Consideration of framework of
laws regarding for former industrial sites. MCLs regulatory change and implications to
environmental cleanup may change with additional site will have to be made.
policies or MCLs information discovery.

VOcs = volatdle organic compounds
Ml = Main Installation

RA = remedial action0

RATM = log-emecn AcntonOpraig n
LRP = pongtentill msonsibloprtyg

TANG = ptennill esseprNonaile GuardStey MmhsItrntoa ipr
TAN = groundwate ArNaonlGadStMrps teaini A
MGL = mrudaxiu otamnatlee
*C SinceteR a b er coltmnatletedtl odto a enietfe.TeMmhsDplBThsare oivsiaeteae

and develop stratigraphric and hydrogeologic information

Page 2 of 2
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* ~4.0 Basis of Design

4.1 Background Information
The MI ROD selected enhanced bioremediation as the remedy for groundwater. In a
technical memorandum (TM), dated December 2, 2003, CH2M HILL evaluated two delivery
options for the electron donor: frequent or continuous injection and recirculation. Periodic
injection involving using portable equipment was selected by the 8Cr. Sodium lactate will
be added to a storage tank secured on a hrailer, mixed with water to obtain the appropriate
concentration, and subsequently pumped under low pressure into the injection wells. The
wells will be located within target treatment areas (fl'As) defined by the design-related
groundwater investigation. This RD addresses establishment and maintenance of anaerobic
conditions within the TTAs, and recommends both the location and number of injection
wells within the TTAs. The recommendations are subject to adjustment based on the results
of the design-related groundwater investigation. Actual location and number of injection
wells and monitoring wells within the TrAs will be defined by the RA Work Plan, prepared
by MACTEC.

This section summarizes the EBT study, outlines the critical elements used in the design,
and provides information concerning the injection strategy, performance metrics, and

contingency alternatives, if required. A long term monitoring (LTM) program is an essential
part of the RA and will be implemented across the site. The LTM program is described in
Appendix B.

4.2 Treatability Study Design Related Information
In the EBT report, CH2M HILL (October, 2004) concluded that the "apparent" rates of
biodegradation of PCE, TICE, and carbon tetrachloride (CT) could be enhanced by lactate
injections into the contaminant plume. Table 4-1 shows the enhanced degradation rates
achieved by lactate injections into the fluvial aquifer treatment zones at the MI and at the
nearby (within 1 mile) Tennessee Air National Guard (TANG) site at the Memphis
International Airport. The rates for the TANG site were derived from results reported by
SAIC (2003), based on their full-scale remedial action on a TCE plume in the fluvial aquifer.
The degradation rates from TANG are considered representative of the MI because the
principal contaminant is TCE, the hydrogeological conditions are very similar, and the SAIC
treatment methods (lactate injections) are similar.
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TABLE 4-1
Comparison of Lactate - Enhanced Degradation Rates (numbers are ranges of X, yr-1)
Ml Pre-final RD, Memphis Depot

Site PCE TCE cis-1 ,2-DCE VC

Memphis Depot - MI 4.4 -11 2.3 -7.7 -- NA

TANG 1.6 -8.5 5.1 -11.1 2.8 -6.1 NA
NA - No accumulation

There is no MI enhanced rate for cis-1,2-DCE because the EBT pilot test did not show
degradation of cis-1,2-DCE. This is most likely due to the short duration of the pilot test. The
TANG results showed degradation of cis-1,2-DCE only after at least one year of periodic
lactate injections.

Based on the effectiveness of lactate injections, CH-2M HILL recommended an in situ
biostimulation system consisting of periodic injections of sodium lactate into multiple wells.
The effect of the periodic injections would be to sustain reducing conditions in the fluvial
aquifer treatment zones suitable for reductive dlechlorination. The implications of the
enhanced rates for plume cleanup are that relatively small plume "source" areas need to be
treated for only 2 years, with residual VOC levels in the fluvial aquifer declining to MCLs
through natural attenuation. Calculations using first order degradation rates show that VOC
levels within the treatment areas should meet the ROD cleanup goals (MCI-s) within 2 years
and untreated plume areas should achieve ROD goals in 20+ years. These predictions are
discussed in more detail below.

The current design for groundwater treatment at MI targets two areas, TTAl and TTA2.
These areas are currently defined (bounded) by the interpreted 100 gg/ L isoconcentration
contour for parent compounds PCE and TCE. The enhanced degradation rates from Table 4-
1 can be used to predict the effect of 2 years of lactate injections. The predicted
concentrations use the formula:

C(final)/C(initial) = e [hI'f, where X is the 1st order decay rate and t is time in years.

Table 4-2 summarizes the calculations using the highest reported levels of PCE, TCE~, cis-1,2-
DICE, VC, CT, and CF within the TrAs.

These calculations indicate that, after 2 years of periodic lactate injections, the MCL should
be achieved within the TTAs for PCE, TCE, cis-1,2-DCE, CT, and CF. The calculations also
predict that there will be an accumulation of VC (above the MCL) within the TTAs.
Wiedemeier and others (1999) discuss the observed slow degradation of VC under
anaerobic conditions, and rapid degradation under aerobic conditions. The fluvial aquifer
outside the treatment areas is aerobic, so that any VC that migrates outside a flA will be
degraded quickly (see calculations below). As discussed in Section 4.4.4, monitoring will
indicate when the lactate injections have created anaerobic conditions within a flA.
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0 ~~~~TABLE 4-2
Summary of Predicted Treatment Effects at TTA1 and TTA2.
MI Pro-final RD', Memphis Depot

maximum ~~Total EnacdEstimated ConcentrationCotainnt CocMtaximum Yield Concentration EnaceICL (w/L
Contaminant oncentration Factor* to Degrade Degradation (~/) Yal Ya

In TrA W±IL) 1g/) Rate, 1/yr- (i/) Yar1 Ya

POE 500 0.79 500 4.4 5 6 0
TOE 80 0.74 475 2.3 5 48 0
cis-1,2-DCE 100 0.64 452 2.8 70 .. 28
VO 25 1 1__ 314 1 1 2 1 -115

OT 90 0.78 90 3.5 53 0
CCF 85 ___ 155 1.6 80 (T5HM) 31 1
Notes
-Assumes complete degradation of parent to daughter products:
POE -) TOE 4 cis-i1.2-DOE 4) VC, and CT 4> OF. The Yield Factor is the ratio of daughter/parent molecular weights.
-POE, TOE, CT, OF degradation rates from EBT study (CH2M HILL, October 2003). DOE degradation rate from

TANG data (SAIO, 2003). VC is average field rate from Table 6.6 in Wiedemeler and others (1 999).
- -Assumes no degradation of cis-1,2-DOE during first year of treatment.

THM -sum of all trihalometlianes

The RA relies on natural attenuation to achieve the ROD goals for plumes outside each 'TTA.
Calculations presented in Table 4-3 show the predicted contamirnant levels in the untreated
MI plumes after 10 and 20 years. The calculations use the same equation as in Table 4-2,
except that the starting concentrations and degradation rates are different. Note that in
Table 4-3, the "maximum" levels of cis-1,2-DCE and VC are the residual levels from each
TTA (compare to Table 4-2). Although currently the maximum level of both cis-1,2-DCE and
VC outside the TTAs is 20 ug/L, it is best to be conservative and assume that natural
attenuation must start with the higher concentrations.

TABLE 4-3
Summary of Predicted Natural Attenuation of Plumes Outside Target Treatment Areas
MI Pre-final RD', Memphis Depot

Starting ~~Total Estimated Concentration
Contminnt Cncetrartiong Yield Concentration Degradation IMCL ( L
Contaminnt Concntratio Factor' to Degrade Rate, I /yr- (pg/L) Yearl10 Year 20

(pgIL) ~~~~(pg/L) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

POE 60 0.79 60 0.095 5 23 9
TOE 5o 0.74 97.4 0.289 5 9 3
cis-1,2-DOE 30 0.64 102 0.2 70 12 3
VO 120 _____ 185 4 2 0 0

CT 5 0850.06 5 3 2
CF 5 ____ 90.6 80TM) 0 1
Notes
* -Assumes complete degradation of parent to daughter products:
POE 4 TOE 4 cis-1,2-DOE 4 VO, and CT 4> OF. The Yield Factor is the ratio of daughter/parent molecular weights.
-- Estimated degradation rates under aerobic (natural) conditions within Fluvial aquifer. Data from EBT study (CH-2M HILL1,

2003) and Wiedemeier and others (1 999, Section 6).
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The calculations suggest that 20+ years of natural attenuation processes will be needed to
achieve the RAOs. It is important to recognize that the plumes within MI are stable without0
treatment. Whether natural attenuation requires 10 years or 20 years to achieve the RAIDS,
the plumes are not expected to increase in length (size) after treatment stops.

4.3 Design Elements
This RD details three distinct components: the injection wells, the trailer-mounted injection
system, and the chem-ical storage and transfer facility. Operational procedures and
equipment used in each component are summarized in the following sections.

4.3.1 Injection Wells

Location and Spacing
Injection wells will be installed in areas where concentrations of parent VOCs (such as PCE
and TCE) exceed 100 jg!/ L. The recommnended injection well layout, presented as Figures 4-
1 and 4-2, is based on groundwater monitoring performed for the EDT treatability study.
The recommended injection well spacing should not exceed 40 feet in the downgradient
direction. This spacing is based on the EDT pilot study that showed a maximum lactate
influence of 38 feet downgradient of the injection well. Figures 4-1 and 4-2 show 13 new and
3 existing wells to be used in TITA 1 and 9 new wells to be used in flA 2. The layout in YFA
1 focuses on the region surrounding wells MW21, MW100B, and MW1O1. Wells 1W5, 1W6,
and 1W7 (used during the EBT Treatability Study) could be used for injections during the
RA, provided they are re-developed to clear the wells of emulsified vegetable oil. The
injection wells at flA 2 are within an area bounded by Buildings 261, 265, and 270. The
recommended layouts are subject to modification based on the design-related groundwater
investigation currently underway. As indicated in Figures 4-1 and 4-2, the injection wells
should be placed along a line "perpendicular" to local groundwater flow direction. Final
placement of injection wells must also avoid underground and overhead utilities, and other
site obstructions.

Method and Construction
Mud-rotary drilling techniques' with a minimum borehole diameter of 10 inches are
recommended to install the injection wells. Injection wells will be screened across the entire
thickness of the fluvial aquifer; however, individual wells will be limited to a screens less
than 15 feet long. Where the fluvial aquifer exceeds this thickness, multiple wells will be
nested to span the aquifer. The RA contractor will determine the termdination depth and
screen interval during well installation. Note that the RD cost estimate (see Section 4.4.2)
assumes an average thickness of the fluvial aquifer of 20 feet in ETTA 1 (assumes a two well
cluster each with 10-ft screen) and 10 feet in TITA 2.

Each injection well will be four-inch diameter, SCH so PVC, 0.04-inch slotted screen. The
well casing and screen will be constructed using flush-fitting, internally-threaded joints. The
filter pack will be washed and bagged sand with a grain-size distribution curve that meets
the 4-20 gradation specification. The filter pack should extend below the bottom of the

1 Alternative drilling techniques may be selected by the RA Contractor.
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screen and at least one foot above the top of the screen. A minimum two-foot thick seal of0 ~ ~~hydrated bentonite will be placed above the filter pack to protect the screen during
grouting. Each injection well head will be fitted with a 2-inch male cam-lock fitting and an
air relief valve. A drilling specification and a welihead detail are provided in Appendix E.

4.3.2 Trailer-Mounted Injection System
A trailer-mounted injection system will be used to pump sodium lactate into the injection
wells. The specification for the portable injection system is presented in Appendix F. The
system will consist of the following:

Storage tank - A 500-gallon polypropylene tank fitted with two injection ports (for sodium
lactate concentrate and potable water) will be used for mixing and temporarily storing the
dilute lactate solution. The storage tank will have a top-mounted blind flange to support a
mixer, a top-mounted air vent, and a side-mounted discharge port. The tank will have
volumetric gradations promdinently displayed on the outside. The contents will be mixed
during filling activities, or may be mechanically mixed using an agitator. Float controls are
not required because filling will be manually controlled.

Tank mixer - Mote that below temperatures of 400F, the viscosity of the sodium lactate
concentrate increases dramatically: the nominal viscosity is approximately 0.3 centipoise
(cP), but viscosity increases to 0.9 cP at 300 F. Thus, the substrate/water solution may
require mechanical mixing when ambient temperatures are below 400 F. An electrically-
powered mixer will be permanently mounted on top of the storage tank. The mnixer has been
sized to blend the tank contents within 5 minutes.

Injection pump - A centrifugal pump rated for 20 gallons per minute (gpm) at 50 pounds
per square inch (psi) output pressure will be mounted to the trailer. The pump will be
connected to the storage tank with 2-inch PVC pipe and valving.

Trailer - A trailer will be specified to house the storage tank, piping, instrumentation, and
injection pump. The trailer will be designed with a load capacity to transport 500-gallons of
substrate solution, both on-road and off-road (grassy areas).

Generator - The trailer will have a gasoline-powered generator capable of supplying power
to either the injection pump or tank mixer for four hours. The generator will be trailer-
mounted and permanently wired to the pump and m~ixer. Generator output will be
manually switched.

Delivery hose - The trailer will carry approximately 50 ft of flexible hose to deliver sodium
lactate solution to one injection well at a time. The hose will be 2-inch diameter Teflon hose
with stainless steel braided cover. The injection hose and supporting appurtenances will be
rated for a maximum pressure of >100 psi. The hose will connect to each injection well head
through a cam-lock fitting.

Instrumentation -A pressure gauge and flow meter will be installed at the pump discharge
to measure injection pressure and flow volume. The operator will use polyvinyl chloride
(PVC) ball valve(s) to regulate the injection volume. During injections the operator will
record pressure and flow data in the field logbook.
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4.3.3 Chemical Storage and Transfer Facility
A chemical storage and transfer facility will be located in Building 309. The transfer
equipment will consist of containers of sodium lactate concentrate, a concentrate transfer
system, and a potable water metering system. A layout depicting the storage and transfer
equipment is provided in Appendix G.

Containers of Sodium Lactate Concentrate - Concentrated sodium lactate (60% by weight)
will be delivered in 260-gallon (2,850 pounds) intermediate bulk containers (IBCs). The IBCs
will be stored within a secondary containment curb constructed in the southwestern part of
Building 309.

Concentrate Transfer Sy~stem - Concentrate will be transferred from the IBCs to the trailer-
mounted storage tank through a ¾/-inch diameter hose. The operator will manage the
transfer using a drum pump and batch controller. The drum pump can deliver up to 35 gpm
of concentrate at viscosity in excess of 850 cP. The pump motor will operate on 115 volts,
50/60 Hz, single-phase power through a 15-foot cord and plug. This system provides the
operator wide flexibility in the amount of concentrate transferred to the storage tank. The
operator will record in the field notebook the volume of concentrate transferred.

Potable Water Metering System- Potable water will be added to the storage tank to dilute
the sodium lactate concentrate. The water will be provided from a supply line maintained
by the City of Memphis. A valve on the supply service to Building 309 is approximately 60
feet west of the building; the actual lie-in location will be coordinated with the City of
Memphis. A backflow preventor and flow meter will be installed at the tie-in connection.
The water-supply line will be trenched from the tie-in connection to Building 309. Water at0
50-60 psi will be fed into the storage tank using a 1.5-inch flexible hose fitted to a connection

inside the building. A meter and manual control valve will be placed in the same area as the
controls for the concentrate transfer system. The operator will record in the field notebook
both the total flow from the meter in the building and the liquid level in the storage tank.

4.4 Performance Metrics
4.4.1 Injection Strategy
The injection strategy involves using a combination of substrate concentration, injection
volumes, and injection schedule [frequency and location(s)] to maintain subsurface
conditions suitable for enhanced biodegradation. The injection strategy will be dynamic:
concentrations, volumes, and/or schedule will be adjusted based on results of primary
(laboratory) and secondary (field) performance monitoring. This design assumes a two-year
injection schedule with an initial aggressive strategy to develop anaerobic conditions. After
anaerobic conditions are established the strategy will be adjusted to sustain the conditions at
"minimal" cost for labor and materials. Anaerobic conditions will be verified during the
entire injection period by routine performance monitoring (see Section 4.4.4).

4.4.2 Recommended Initial Injection Strategy
The goals of the initial injection strategy are to develop and to sustain anaerobic conditions

suitable for reductive dlechlorination, and to provide adequate substrate distribution in the
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a ~~~fluvial aquifer. Table 4.4 presents the recommended initial concentration (2%) and injection
W ~~~volumes of sodium lactate for TITA 1 and TlA 2. The recommended initial injection

schedule is biweekly for the first year and monthly for the second year. The injection
frequency and mass of lactate (injection volume times concentration) is recommended to
assure aquifer conditions suitable for reductive dechlorination will be created quickly. As
discussed in Appendix A, a more concentrated lactate solution (up to 40%) was used during
the EBT treatability study. But these high lactate concentrations promoted substantial
methane production. To decrease the competition between the methanogens and the
dlechlorinators, a low lactate concentration is recommended. The recommended 2% lactate
solution is similar to the 1% lactate solution used successfully at the nearby TANG site at the
Memphis International Airport (SAIC, 2003). The recommended injection strategy (includes
lactate concentration, injection volume, and injection schedule) will likely be changed based
on results of performance monitoring (see Sections 3.3 and 4.4.4).

It is important to note that the injection volumes in Table 4-4 are listed according to the
thickness of the fluvial aquifer at the injection well. As indicated in the table, the minimum
injection volume for each TTA is based on a 10-ft aquifer thickness. It is recommended that
actual aquifer thickness be rounded up to the nearest 10 ft when planning the injection
volume at each well (location). For calculation purposes, the total injection volume is
assumed to occur at an injection "well" that may actually be a well cluster. For example, at a
"well" in T1'A 1, the fluvial aquifer may be 28 ft thick. At that location three wells each with
a 10-ft screen would span the fluvial aquifer. The recommended total volume of dilute
solution (540 gal) would be injected in equal portions into each well (180 gal/well).S ~~~The injection volumes in Table 4-4 were calculated from lactate demand using
concentrations of electron acceptors and VOCs that were determined during the EBT
Treatability Study (Appendix A). A summary of the lactate demand calculations for flA 1
and TTA 2 are provided in Tables 4-5 and 4-6, respectively. Note that an engineering safety
factor (SF) of 4 was used in the tables to determine the lactate mass per injection well. The
60% concentration referenced in the tables is the commercially available form of lactate
concentrate solution. The 60% lactate solution is available in both 55-gallon drums and 260-
gallon IBCs.

Based on performance monitoring results, the RA contractor may decide to inject other
mixtures. We have calculated dilutions of the 60% concentrate for multiple safety factors
(SF). Tables 4-7 and 4-8 show the dilution calculations for TTA 1 and TTA 2, respectively,
using SF of 1 (none), 2, 3, and 4. These tables also show volumetric calculations for biweekly
and monthly injection schedules on a per well basis. These calculated volumes may be
compared to an arbitrary, elevated lactate concentration of 1,000 mg/ L which is
approximately 73.6% greater than the calculated demand (264 mg/L) in TrTA 1 (SF = 4), and
approximately 83% greater than the calculated demand (175 mg/ L) in TrTA 2 (SF = 4).
Lastly, the tables provide the estimated cost to follow the recommended injection strategy.
Note that the estimated costs are based on the following assumptions:

* There are16 injection wells at f ~lA1and 9injection wells atflA 2.

* Injection fluid is 2% lactate for both flA 1 and flA 2.
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* For each event, injection volumes are 360 gal/ location in TTA 1 (assumes 20-ft fluvial
aquifer) and 120 gal/'location in TTA 2 (assumes 10-ft fluvial aquifer).0

* Labor estimates include time for injections performed at 10 gpm rounded up to the
nearest 30-minute increment. Labor estimates also include 1 hour for each filling of the
transfer tank, as often as required to complete one event.

4.4.3 Target Treatment Areas
Each TITA (Figures 4-1 and 4-2) was defined using data from the March 2002 Baseline
Sampling event and the baseline sampling for the EBT treatability study. EachTrTA will be
farther refined based on the data collected during the design-related groundwater
investigation that was started in April 2004.

4.4.4 Performance Monitoring
Performance monitoring will include collection of water samples for field and laboratory
analysis and measurement of water levels in wells. The chemical results and water levels
will provide the periodic data necessary to determine how well the in situ treatments are
working, and to modify to the injection strategy. The performance monitoring will provide
primary (laboratory) and secondary (field) data as discussed below. Sampling specifications
and requirements for groundwater monitoring are outlined in Appendix B.

Primary Performance Monitoring Data
During performance monitoring, samples from wells within each TITA and immediately
outside the injection zone will be analyzed in the laboratory for VOCs, dissolved gases,
volatile fatty acids (VFAs), total organic carbon (TOG), dissolved organic carbon (DOG), and
other geochem-ical parameters (see Table 3-2). These primary data will be used to evaluate
the overall effectiveness of the treatments. Pre-injection data will provide a baseline for
measuring changes in VOG concentration as the injections proceed. Sampling will occur for
pre-injection and then every quarter, starting 3 months after the initial injection and
continuing throughout the 2-year injection schedule.

Secondary Performance Monitoring Data
Performance monitoring using field parameters will be performed biweekly, starting one
month after the initial injection event. Dissolved oxygen (DO), oxygen-reduction potential
(ORP), temperature, pH, conductivity will be measured in samples from monitoring wells
for a six-month period after the initial injections and will follow sampling methods
described in Appendix B. These parameters were selected because they are commonly used
to evaluate anaerobic conditions and can be obtained from direct-reading field instruments.
These secondary data will be used to determine that anaerobic conditions suitable for
reductive dechlorination are sustained within the injection areas. A revised monitoring
schedule may be developed at the consent of EPA and TDEC once the fluvial aquifer
reaches suitably anaerobic conditions (see Section 4.4.5).

The secondary results will be used to evaluate (1) the degree of reducing conditions
achieved in the aquifer, (2) the need to modify the injection strategy (should be coupled
with primary results), and (3) the frequency of additional secondary performance

monitoring events. Adjustments to the injection strategy should considered, if in the event,
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anaerobic conditions are not maintained, or are achieved more quickly and with less lactate
injection than that presented in this RD. Potential adjustments in the injection strategy
include changing injection frequency and location(s), changing lactate concentration, and
changing injection volume. Because aquifer conditions may not stabilize "immediately" in
all parts of the injection areas, it is recommended that no changes be made to the injection
strategy during the first quaffer of injections.

Specific performance criteria used to evaluate sustained anaerobic conditions are provided
in Table 3-2. The paragraphs below discuss indicator conditions used for optimizing the
injection strategy.

Dissolved Oxygen

Anaerobic bacteria can not function at DO concentrations greater than 0.5 mg/ L and as a
result, reductive dechlorination will not occur (USEPA, 1998). Prior to the EBT treatability
study, baseline DO readings ranged from 1.9 to 5.4 mg/ L in Study Area 1 and from 3 to 5
mg/L in Study Area 2. Monitoring wells influenced by the sodium lactate injection in Study
Area 2 observed sustained DO measurements less than I mg/ L (CH2M HILL, October
2003).

As a result of the findings from the EBT treatability study, it is recommended that the DO be
sustained less than 1 mg/ L, with a concentration greater than 0.5 mg/ L used to begin
considering alternative injection strategies. An average concentration can be used, but
sustained readings above 0.5 mg/L in one or two performance monitoring wells may
indicate a need to change the injection strategy.

Oxidation-Reduction Potential

An ORP of less than -50 millivolts (my) indicates conditions conducive to reductive
dechlorination (USEPA, 1998). OR? readings greater than -50 my indicate groundwater
conditions that will likely hinder reductive dechlorination. O1W levels less than -100 mV are
ideal for reductive dechlorination. OR? readings greater than -100 mV but less than -50mV
were measured in monitoring wells impacted by the oil emulsion in Study Area 1 during
the EBT treatability study. During the sodium lactate injection in Study Area 2, minimum
OR? measurements were less than -400mV in some wells immediately following substrate
injection. However, these very low OR? levels could not be sustained longer than three
months following lactate injection (CH2M HILL, October 2003).

When evaluating OR? levels there is a desired range for a sustained anaerobic aquifer while
limiting methanogenesis. During methanogenesis, carbon dioxide is used as an electron
acceptor and is converted into methane. At OR? conditions of less than -250 mV, methane
production was observed in the monitoring wells in Study Area 2 (CH2M HILL, October
2003). As a result of the findings from the EDT treatability study, it is recommended that the
OR? be sustained within a range of -200 mV to -50 mV to promote conditions favorable for
reductive dechlorination, and less favorable for methanogenesis. ORP greater than -50 mV
should be used to begin evaluating alternative injection strategies. An average concentration
can be used, but sustained readings above -50 mV in one or two performance monitoring
wells may indicate a need to change the injection strategy.
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pH~~~~~
Baseline measurements of pH prior to the EBT treatability study ranged from 5.9 to 6.3 sa.u
(standard units) in Study Area 1 and from 5.3 to 7 s.u. in Study Area 2. Following injection
in Study Area 1, pH fluctuated slightly, with some wells reporting values of less than 5 s.u.
Sodium lactate injection at Study Area 2 had little effect on pH (CH2M HILL, October 2003).
Microorganisms capable of degrading chlorinated solvents prefer a pH between 6 and 8 s.u.
(USEPA, 1998). As a result, it is recommended that pH values remain in this range during
the 2-year injection period.

4.4.5 RAO Compliance for Groundwater Plumes
Since there are multiple contaminant plumes in the fluvial aquifer beneath the MI, a strategy
has been developed for demonstrating compliance with the RAOs for all plumes. This
strategy will use the existing monitoring well network within each plume for sample
collection and to provide the required data. There are three parts to the strategy and each is
defined as follows:

1. No later than 18 months after initial electron donor injections are started, the RA
contractor will identify in a technical memorandum a subset of monitoring wells for
each plume that are representative of the entire plume at that time, both in area and
concentration. The subset should include wells that define the down-gradient boundary
of the plume (i.e., clean wells), wells within the treatment areas, and wells within the
areas subject to natural attenuation. Once approved by EPA and TDEC, this subset of
wells for each plume will be considered the compliance well network (CWVN) for
purposes of demonstrating compliance with the RAOs.

2. When for any individual plume, the LTM results indicate that the plume is at or close to
MCLs in all locations, compliance monitoring will be initiated in the CWN.

3. Four consecutive rounds with all samples from CWN wells revealing contaminants at or
less than MCLs will be deemed as demonstrating compliance with the ROD for that
plume. Groundwater monitoring in that plume may cease, and wells unique to the
plume's LTM network, including the CWN wells, may be proposed for abandonment,
with approval from EPA and TDEC.

Additional details on the strategy for final compliance monitoring and development of the
CWNs may be presented within the RAWP.

4.5 Performance Monitoring Wells
It is recommended that the wells installed for the design-related groundwater investigation
be used as performance monitoring wells. Twenty-one 2-inch diameter monitoring wells are
recommended downgradient of the injection wells to monitor performance. Figures 4-1 and
4-2 present the recommended monitoring wells in TJTA1 and flA2, respectively. Based on
an estimated seepage rate of 0.6 ft/ day, additional performance monitoring wells should be
installed approximately 30 feet down-gradient of the injection well layout.
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4.6 Operation and Maintenance
Operation of the injection system begins with filling the 500-gallon polyethylene tank on the
trailer with dilute sodium lactate. Dilution of 10 gallons of 60% sodium lactate concentrate
with 290 gallons of potable water will create 300 gallons of 2% lactate solution. A digital
batch controller will be used to deliver proper volumes of concentrate and water to obtain
the desired volume of 2% mix. The tank-mounted midxer may be used to blend the contents
prior to injection. The dilute mix will be transported in the mixing tank to each injection
well. A reinforced Teflon hose will be connected to each injection well using a cam-lock
fitting. A flow meter with totalizer will be used to record the volume of substrate delivered.
Until performance data are generated and evaluated, it is recommended that an equal
volume of substrate be delivered into each injection well during the first three monthly
events.

The RA Contractor will prepare an operation and maintenance (O&M) manual to include in
the RAWP. The O&M manual will define all system maintenance requirements and
operating procedures. The O&M manual should contain the following information:

* Treatment System Operation and Emergency Information - description of all equipment;
system operational overview; normal and emergency operating conditions; safety
instructions; emergency contact information; and required sample collection and
laboratory analyses.

* Preventive and Corrective Maintenance - preventive maintenance practices and
protocols including scheduled equipment inspections; corrective maintenance
procedures to be implemented as a result of system malfunctions.

* Product and Manufacturers' Data - equipment data, recommended operation conditions,
recommended maintenance procedures, and warranties.

* As-Built Drawings - drawings that detail the initial system configuration, and any
modifications made.

During injection events, the operator should perform daily equipment inspections of the
trailer-mounted system, and storage and transfer facility (Building 309). Each piece of
equipment should be inspected to verify that it is operating properly, and each associated
gauge or meter is within "normal" operating conditions, as specified in the O&M manual.
Equipment and material will be visually inspected for damage and leaks (hoses and IBCs
used to store sodium lactate), normal pump operation, excessive system pressures, and
unusual sounds.

Routine maintenance activities should follow the schedule provided in the O&M manual. At
a minimum, daily measurements of all flow rates, pressure readings, and amperage draws
for electric motors should be recorded during injections. Scheduled equipment tests should
include tests of every electrically operated valve; "fail-safe" mechanism; component
activation switch at the control panel; and circuit breaker in the control panel. During
scheduled equipment inspections, equipment adjustments should be completed and
preventative maintenance should be performed as described in the O&M Manual
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. TABLE 4-5
SODIUM LACTATE DEMAND ESTIMATE -PER INJECTION WELL -Target TreatmentAreaI
Rev I Memphis Depot Final Mt RD

Concenfrto Molecular Inlitial Fnt.ddnN.~oeeVn
Parameter(m] Weight (rnmolo-) Oxidaton FiatOiateo rNumbernihof leon Miieqiuvalentz(mg Q/tatdf Ostredtle

DO (OA 8,15 32 0 255 0 -2 4 1.02
Skilfate (SO,"2f 1213 96 0 126 6 -2 a 1.01
Nnnat. (NO') 36 - 62 0 058 5 0 5 0.29

Ferr. Iron (Fe1)' 0." 55,9 0.008 3 2 1 0.01
Manganese (mn2')' 0-los - 54.9 0.2 4 2 2 0.00

PCE (C3Cl4) O0.48 165$ 0,003 a 0.02
TCE (C5IICI5) 00009) 131 0.000 6 000

ds-1,2-DCE (C2H2Ct2) 0 0003- 91 0.000 4 0 00
tmranl20DCE (C2H5 C1,) 0.0025 97 0000 4 0.00

11.D-CE (CaH~ldA 0.00025 91 000 4 0.00
1 .2-OCA (C2 H4C1 0 00025 99 0000O 4 0.00

1.1.2.2-PCA (C5H2CI.) 0.000 167.9 0000 6.00
Chlonolom, (CHCI3 ) 000 119 000 60.00

Carton Tetracmltde (CC4 ) 0.0002 154 0.00 8 0.00
Total meoulvs 2.35

SodiumLactateMolecular Weight (giMOl) = 112.1
Mass of Lactate Required (mgft. water) = 66 00

fleshedl Final Lactaem ConcenliatIon (4X deand) = 284 mgf- (at 100% con)

50% Sodium Lactate Density llted gal

Treatment AseaNolume tmpedial Si
Length' . Ag ft 12mi
Width [I9 f 6mi
Area2

B at 74 In
Depth (Saturated Thickness) [I~ft 3.0 m'
Treatment Zone Volume (including sollds) 8.000 ft, 227 fl1

Treatment Zone Volume (corrected for 0.3 parosity) 2,40 fl 68ma ~~~~~~~~~~~ ~ ~~~17.952 gals 681,013 litersWNumbner at Injection Well Pairs=
Treatmaent Zone per injection well 2,400 ft' 68 mo

17,952 gals 60.013 liters
Lactate mass per Injection wel 39 has 18.0 kg
Total Lactate Mass 39 lbs 18.0 kg
Mass ol Lactate Concentrate (at 60%) per Injection well 66 lbs 30 kg

6 gals
Total Mass of Lactate Cornceritate (at 60%) 66 lbs 30 kg

6 gala

Notes
Unless olhoerwise atteds all concentrations used iii Me lactate demand calculations are from the pre-EBT sample collection event (March 2002) from monitohrig well MWI01
Reported concent-ations of 0 00025 rng/t. are half the established labortory rpmtble limit of 0.005 .,tL
Average concentration of sample results fron 16 MWsJIWs in HTA I from pre-EST sampling events MancfvMay 2002
Area assumes two rows, of 8 Injection wells spaced on 40-ft Centers wit- each row having an assumed downgrailent Influence of approxmately 40 ft.
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TABLE 4-6
SODIUM LACTATE DEMAND ESTIMATE - PER INJECTION WELL -Target Treatment Area 2
Rev 1 Memphis Depot Final MtRD

Pmmete, ~~~~~~Concentr on Moecular Initi)O~ aln Final Oxidation Number of electrons
Parameter (~~~~~~~~mg/I) Weghtol smot.) Oiatio slate uransferrew~mol Weuaet

DO0(0,) 5.3 32 0.166 0 -2 4 0 66
Sulfate (502)' 8.6 96 0.090 6 -2 8 0.72
Nitrate (NO)'f 1.91 62 0 031 5 0 5 015

Feamous len(FE?'T 0 4 55 9 0 007 3 2 1 0.01
Manganese (Mrifl 0.29 54 9 0 004 4 2 2 0.01

PCE (CCOlj 0.1288 165.8 0 001 8 0,01
TOE (0,1-C0,) 0.021 131 0.000 6 0.00o

as-i1.2-DOE (C,H-1,0,) 0.0484 97 0.000 4 0 00
frns-1,2-DCE (C,H-,04) 0.00028 97 0.000 4 0 00

1,1-DOE (0,1,H,)0002 97 0.000 4 0.00)
1.2-OCA (0,1-C01) 0018 99 0.000 4 0.00

1,1.2,2.POA (C2H-lJO .02 167.9 0 000 a 0.00
Chloroform (CHCI,) 0.95 119 0.001 6 0.00

Carbon Tetrachloride (001) 05 154 0.000 8 000D
Total Electron Donor Demand =Total mequlvs 1.56

Sodium Lactate Molecular Weight (gfmnol) = 112.1
Mass of Lactate Required (mg& water) = 43.84

Desired Final Lactate Concentration (4X demand) 175 mg/I. (at 100% conc)

60% Sodium Lactate Density = 10lbs/gal

Treatment AeaNolumne Imperial Si
Length [4DgIf 12 m
Width 2ft6mn

Area' Boo It' 74 m'
Depth (Saturated Thickness) r j fl 3.0r 3

Treatment Zone Volume (ncduding solids) 8,000 ft' 227i 3

Treatment Zone Volume (corrected for 0 3 porosity) 2.400 ft 68 m3
17.952 gals 68,013 tiers0

Number of Injection Wells =L ]
Treatment Zone per injection well 2.400 ft' 68 .

17.952 gals 68.013 liters
Lactate Mass per injection well 26 lbs 11.9 kg
Total Lactate Mass 26 1bo 11 9kg
Mass of Lactate Concenrateu (at 60%) per injection well 44 lbs 20 kcg

4 gals
Total Mass of Lactate Concentrate (at 60%) 44 lbhs 20 kg

4 gala

Notes
Unless otherwise stated all concentrations usedmi the lactate demand calculations are an average of 14 MWsJIWs ferom the pre-EBT sample collection event (May 2002).
Data from the November 2001 sampling event were used for wells MW86 and MWSB.
Repourted concentrations of 0.00025 mg/L. are half the established laboratory reportble limrit of 0.0005 mng/L
Average cnetainof sample results ferom 14 MWsIIWsm TnTA 2 from pre-EBT sampling events March/May 2002.

2 Area assumes two rows of 4 injection wells spaced on 40-ft centers with each row, having an assumed downgrdienit ntfuence of approximately 40 ff,
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*BLE 4-7

OTIMATED SUBSTRATE INJECTION COSTS PER YEAR -Target Treatment Area I
Rev I Final Memphis Depot MI RemedaiaDesign

Well Influence Volume'
Pore Volume 4,800 ft'0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

(40Oft20ftx2OIlxO.3) 35,904 gal Mass of Lactate Concentrate (6%I Iniected Per Well Per Year
Concentration Per Injection Well 26 InjlWelIJYr 12 lnjf~ellJ~r 4 lnj/Well1Yr

Lactate Demand' mon-,, lbs. gals.' lbs. gals." lbs. gals.' lbs. gals."
No SF 66 33 3 857 78 395 36
SF =2 132 66 6 1,714 156 791 72
SF = 3 1SO 99 9 2,571 234 1,186 108
SF=4 264 132 1 2 3,427 312 1,582 144

ComparIiso Concentration 1,000 1499 45 _________ _________ 1,997 182

Volume of Dilute Lactate Solution Injected Per Event and Total Time per Event
__________________ ~Lactate Concentration:

10% 5% 3% 2% 1%
gals. Hours' gals. Hours' gals. Hours' gals. Hours' gals. Hours'

66 mg/L, (No SF)
Water 15 33 57 87 177
Total Volume/Well 18 9 36 9 60 9 90 9 ISO 9

132 mg&L (SF = 2)
Water 30 66 114 174 354
Total Volume/Well 36 10 72 9 120 9 180 9 360 1 7

198 mg/L (SF = 3)
Water 45 99 171 261 531

Total Volume/Well ~~54 1 0 lOS 9 180 9 270 9 540 17

water ~~~~~~~~60 132 228 348 708
Total~~~olume/Well ~72 11 144 9 240 9 360 17 720 25

ater ~~~~~~~409 862 1 .468 2.224 4.494
olal Volun~~e/Well 454 18 908 36 1,513 56 2.270 82 4,539 134

Lactate Injection Cost Estimate Based ont 2% Concentration Per Event Per Year
Sodium Lacrtate Purchase Sodium Lactate Shipping Labor -2 Techniciansd TOTAL

Concentration Unit Rate Unit Quantity' Cost Unit Rate Unit Quantity Cost Unit Rate Unit Quantity Cost COST
66 mg/L ( No SF)
26Nr (biweekly) $1.15 lb. 1,040 $11196 $1,200 LOAD 1 $1,200 $60.00 HR 468 $28,080 $30,476
12N, r(monthly) $1.15 lb. 520 $598 $1,000 LOAD 1 $1,000 $60.00 HR 216 $12,960 $14,558

132 rngitjSF =2)
26Nr (biweekly) $1.04 lb 1,820 $1,884 $1,000 LOAD 2 $2,000 $60.00 HR 468 $28,080 $31,964
I12Yr (monthly) $1.15 lb 1,040 $1,196 $1,000 LOAD 1 $1,000 $60.00 HR 216 $12,960 $15,156

198 mgfiL (SIF = 3)
26Nr(biweekly) $1.04 lb. 2,600 $2,691 $1,200 LOAD 2 $2,400 $60.00 HR 936 $5,160 $61,251
l2N~r(monthly) $1.04 lb. 1,300 $1,346 $1,200 LOAD 1 $1,200 $60 00 HR 432 $25,920 $28,466

264 mgIL (SF = 4)
26Nrf(biweekly) $1.04 lb. 3,640 $3,767 $1,200 LOAD 3 $3,600 $60.00 HR 1,456 $87,360 $94,727
l2Nr (monthly) $1.04 lb. 1,820 $1,884 $1,000 LOAD 1 $1,000 $60.00 HR 672 $40,320 $43,204

1,000 rnglL
ICuairteryi $1.04 lb. 2,060 $2,153 1$1,200 LOAD 1 $1,200 1$60.00 HR 656 $39,360 $42,713

Notes:
-See Tables 4.5 and 4-6 for calculations In TITA I assumes an average 20 ft thick fluvial aquifer.
-Density of lactate concentrate is I1Itlbsfgal

-Time estimate based on 16 wells with a lfl gpm Injection rate rounded up tonearest30ominute incrmnentlper well.
lime includes I hour for each filling of the 500-gallon transfer tank, as required to complete injections.

-Labor rate assumes a two-man crew at a minimum daily billing time of 10 hours per day.
* Adjusted quantity based delivery of 260-gallon intermediate storage containers.

SF -Applied safety factor to calculated lactate concentration.
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TABLE 4-

ESTIMATED SUBSTRATE INJECTION COSTS PER YEAR -Target Treatment Area 20
Rev. I Fonal Memphis Depot Ml Remedial Design

Well Influence Volunt,*
Porte Volume 2.400 ft' _________________________________

(40fbx2Oftxi0fbKO.3) 17,954 gal Mass of Lactate Concentrate 60% Injected per Well Per Year
Concemntation Per Injection Well 26 lnjlWelIUYr 12 lnjfflelilNr 4 InkfWell/Yr

Lactate Demand* mg/ lbs. gals." lbs. -als." lbs. gals." lbs. Is.
No SF 44 Il1 1 286 26 132 12
3F =2 88 22 2 571 52 264 24
SF =3 132 33 3 857 78 396 36
SF=4 176 44 4 1,143 104 527 46

Comparisoni Concentration 1.000 250 23 999 91

Volume of Dilute Lactate Solution Injected per Event and Total Time per Event
__________________ ~Lactate Concentration: _______

10% 5% 3% 2% 1%
~~~~~~ ~~~~gals. Hours' gals. Hours0 gals. Hours0 gals. Hours' gats. Hours'

44 mg/L (No SF)
Water 5 1 1 19 29 69
Total Volume/Well 6 5.5 -12 -5.6 20 5.5 30 -5.5 -60 5.5

88 mgIL (SF = 2)
Water 1 0 22 38 58 118
Total VolumemWell 12 5.6 24 6.5 40 5.5 60 5.5 I120 5.5

132 mgIL (SF = 3)
Water IS 33 57 87 177
Total Volume/Well 18 5.5 36 5.5 60 5.5 90 5.6 ISO 5.5

175 mgflL (SF = 4)
Water 20 44 76 116 236
Total Volume/Well 24 5.5 48 5.5 80 5.5 120 5.5 240 5.5

1.000 mg/L
Water 204 431 734 1,112 2,247
Totat Votume/Well 227 8.0 454 14.0 757 22.0 1.135 30.0 2.27 58.0

______________________ Lactate Injection Cost Estimat Based on 2% Concentration Per Event Per Year
Sodium Lactate Purchase Sodium L~actate Shipping Labor -2 Techniciansd TOTAL-

Concentration Unit Rate Unit Quantity' Cost Unit Rate Unit Quantity Cost Unit Rate Unit Quantity Cost COST
44 mg/t (No SF)
261Yr (biweekly) $1.15 lb. 520 $598 $1,200 LOAD I $1,200 $60.00 HR 286 $17,160 $18,952
12/Yr (monthly) $1.15 lb. 260 $299 $1,000 LOAD I $1,000 $60.00 HR 132 $7,920 $9,219

88 mglL (SF = 2)
26/Yr (biweekly) $1.04 lb. 780 $807 $1,000 LOAD I $1,000 $60.00 HR 286 $17,160 $18,967
I12Yr (monthly) $1.15 lb. 520 $598 $1,000 LOAD I $1,000 $60.00 HR 132 $7,920 $9,518
132 mg/L (SF = 3)
26Yr (biw~eekly) $1.04 lb. 1,040 $1,076 $1,200 LOAD I $1,200 $60.00 H R 936 $56,160 $58,436
12Yr (nmonthly) $1.034 lb. 520 $538 $1,200 LOAD 1 $1,200 $60.00 HR 432 $25,920 $27,658

175 ig/l. (SF = 4)
26Nr (biweekly) $1.04 lb. 1.300 $1,346 $1,200 LOAD 1 $1,200 $60.00 HR 1,352 $81,120 $83,666
12/Yr (monthly) $1.04 lb. 780 $807 $1,000 LOAD 1 $1,000 $60.00 HR 624 $37,440 $39,247

1,000 mgiL
Quarterly $1.04 lb. 1,040 $1,076 T$1,200 LOAD I $1,200 1$60.00 HR 624 $37,440 1$39,716

Notes,
S 5e Tables 4-5 and 4-6 for calculations. In HTA 2 assumes an average l0 ft thick fluvial aquifer.
-Density of lactate concentrate is II1 lbs/gal.

-rlime estimate based on 9 wells with a 1 0 gpmn injection rate rounded up to nearest 30 minute increment per well.
Time Includes 1 hour for each filling of the 500-gallon transfer tank, as required to complete injections.

d- Labor rate assumnes, a two-man crew at a minimum daily billing timne of 1 0 hours per day.
-Adjusted quantity based on delivery of 260-gallon intermediate storage containers.

SF -Applied safety factor to calculated lactate concentration.
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* ~5.0 Remedial Design Cost Estimates

Table 5-1 presents the estimated cost to implement EDT at the MI. The estimate includes
labor costs associated with project management and construction oversight. The estimate
also provides labor and analytical costs associated with performance and long-term
monitoring. The estimate is based on a 10-year completion schedule as presented in the MI
ROD. While more than 10 years may be required to achieve the groundwater RAOs, this
estimate does not extend beyond 10 years because of the uncertainty associated with long-
term monitoring and potential use of contingency remedies.

Table 5-2 presents the estimated cost to implement a contingency remedy, if required. These
remedies include one additional year of sodium lactate injection using a monthly injection
frequency and one-time injection of potassium permanganate. Both of these remedies
assume a very localized region of treatment (4 injection wells or well pairs). The contingency
estimates in Table 5-2 assume no additional injection or performance monitoring wells will
be required. The estimates also assume that no additional monitoring will be required, and
that the injection trailer designed for lactate delivery would be used to deliver the
potassium permanganate.

ATAIl6O92kTASK RD 03 -MI REMED4I.L DESIGNIEV. I FINAL. Mi ROTREV. I FINAL MI RI)DOC 5-I
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Table 5-i - Enhanced In Situ Anaerobic Biodegradation using QfH5NaO 3 COST ESTIMATE0
Manual Substrate Injection System TTAs I and 2 SUMMARY

Site: Memphis Depot - Main Installation Description: Manual substrate injection of sodium lactate in the
Location: Memphis. TN fluvial aquifer
Phase: Remedial Design
Base Year: 2004

CAPITAL COSTS
UNIT

DESCRIPTION CITY UNIT COST TOTAL NOTES

Baseline Groundwater Sample
Collection Event 1 EA $56,100 $56,100 49 Monitoring Locations
Mobilization and Prep Work

Security Fencing, Signs. Traffic
Control, and Utility Location I LS $3,500 $3,500
Survey I LS $2,000 $2,000
Manual C3H,NaO3
Injection Systems iTA I and TTA 2
INJECTION WELLS

TTA 1 - 13 Well Pairs
Injection Well Installation 1 EA $537,800 $537,800 TTA 2 -9 Wells

TTA I - 16 Well Pairs
Monitoring Well Installation 1 EA $399,700 $399,700 TTA 2 -7 Wells

500-Gallon Polyethylene
Storage Tank, Tank Mixer,
Chemical Injection Pump,

TRAILER MOUINTED Piping, Valves, Gas-
INJECTION SYSTEM 1 EA $17,500 $17,500 Powered Generator, Trailer
STORAGE AND TRANSFER
FACILITY - BUILDING 309
Equipment and Material

Two Year Injection
Sodium Lactate 97,240 LB $1.04 $101,130 in TTA 1 and 2
Shipping - Sodium Lactate 3 LOAD $1,200 $3,600 39,900 lbs/load
Potassium Bromide Tracer 4,628 LB $3.05 $14,106 200 g1l 0 0 gal solution
Dwum Pump 1 EA $1,000 $1,000
Flow Control Systems
Batch Contmollers I EA $4,830 $4,830
Supply Hose

(Sodium Lactate and H20)
Hose Racks, PVC Piping
Backflow Preventor
Flow Meters, Solenoid Valves
Cam-Lock Fittings I LS $11,155 $11,155
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able 5-1 - Enhanced In Situ Anaerobic Biodegradation using qH5NaO3 COST ESTIMATE
Manual Substrate Injection System TTAs; I and 2 SUMMARY

Site: Memphis Depot - Main Installation Description: Manual substrate injection of sodium lactate in the
Location: Memphis, TN fiuvial aquifer.
Phase: Remedial Design
Base Year: 2004

CAPITAL COSTS
UNIT

DESCRIPTION OTl UNIT COST TOTAL NOTES

Site Work

Connection to Existing Waler Labor and Material
Main -Trenching I LS $4,830 $4,830 Gate Valve and PVC Piping
Constnrjction of Concrete Curb Ready Mix Concrete
for Sodium Lactate Storage 1 LS $3,950 $3.950 4,000 psi Rated
Drill Hole In Wall - Water Pipe 1 LS $210 $210 Labor and Material

Install Electrical Service,
Conduit, Wiring, and System

Electnical Subcontractor I EA $4,700 $4,700 Connections

Site Restoration 1 EA$500 $500 Includes Labor and Materials
SUBTOTAL $1,168,611

CAPITAL COSTS
UNIT

DESCRIPTION QTt UNIT COST TOTAL NOTES

Project Management 3% Of $1,166,611 $34,998
Remedial Design 2% Of $1,166,611 $23,332
Construction Management 2% Of $1,166,611 $23,332
Subcontractor General
Requirements 0.5% of $1,166,611 $5,833

SUBTOTAL $1,254,106

Contingency 10% of $1,254,106 $125,411

TOTAL CAPITAL COST $1,379,5001
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Table 5-1 - Enhanced In Situ Anaerobic Biodegradation using C3H5NaO 3 COST ESTIMATE
Manual Substrate Injection System TTAs I and 2 SUMMARY0

Site: Memphis Depot - Main Installation Description: Manual substrate injection of sodium lactate in the
Location; Memphis, TN fluvial aquifer-
Phase: Remedial Design
Base Year. 2004

OPERATIONS AND MAINTENANCE COST - SYSTEM PERFORMANCE (Years I and 2)
UNIT

DESCRIPTION CITY UNIT COST TOTAL NOTES

Manual C3HNaO,
Injection Systems
Electrical Costs 1 [S 700 $700 Electnicity and Electrician
Miscellaneous Equipment Pads
and Materials/Supplies 1 LS $2,000 $2,000
Labor -O&M Technician 4,104 HR $60 $246,240 2 Technicians
Performance Monitoring

TTAs 1 and 2
Lab Sampling Events 4 EA $56,100 $224,400 49 Monitoring Wells
Field Monitoring Events 6 EA $23.200 $139,200 Monthly First Quarter

SUBTOTAL $612,540

Annual Performance Report
Labor - Project Manager 24 HR $125 $3,000

Labor - Engineer/H-ydrogeologist 80 HR $100 $8,000
Labor - Editor 1 2 HR $65 $780
Labor - CAD Technician 24 HR $65 $1,560

SUBTOTAL -Annual Report $13,340

TOTAL ANNUAL O&M COST $2,0

OPERATIONS AND MAINTENANCE COST - MONITORING AND REPORTING (Years I - 10)
UNIT

DESCRIPTION On' UNIT COST TOTAL NOTES

Annual Monitoring
Year 1 1 [S $257,102 $257,102 Second Year of Injection
Year2 1 [S $31,587 $31,587
Years 3, 5, 7, and 9 I [S $9,430 $9,430
Years 4, 6, 8and 10 1 [S $21,257 $21,257

Well Abandonment - Injection
and Monitoring Wells

Driller 6,485 LF $15 $97,275 40 Injection 21 Monitoning
Labor - Oversight
Erngineer/Hydrogeologist 244 HR $100 $24,400 64 Wells at 4 Hrs[Well

SUBTOTAL -Abandonment $121,675

Five-Year Review

(Years S and 10)

Labor - Engineer/Hydrogeologist 60 HR $100 $6,000

Annual Land Use Control
Review (Years 1 - 10)

Labor - EngineerfiHydrogeologist 32 HR $75 $2,400
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able 5-1 - Enhanced In Situ Anaerobic Biodegradation using C3HNaO3 COST ESTIMATE
Manual Substrate Injection System TTAs I and 2 SUMMARY

Site: Memphis Depot -Main Installation Description: Manual substrate injection of sodium lactate in the
Locatton: Memphis, TN fluvial aquifer.
Phase: Remedial Design
Base Year: 2004
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Table 5-1 - Enhanced In Situ Anaerobic Biodegradation using qH5NaO3 COST ESTIMATE
Manual Substrate Injection System WTAS I and 2 SUMMARY

Site: Memphis Depot - Main Installation Description: Manual substrate injection of sodium lactate in the
Location: Memphis, TN fluvial aquifer.
Phase: Remedial Design
Base Year: 2004

OPERATIONS AND MAINTENANCE COST - MONITORING AND REPORTING (Years 1 -10)
UNIT

DESCRIPTION Qfl' UNIT COST TOTAL NOTES

Annual Groundwater
Monitoring Report Years I through 5
Labor - Project Manager 2 HR $125 $250

Labor - Engineerll-ydrogeologist 60 HR $100 $6,000
Labor - Editor 12 HR $65 $780
Labor - CAD Technician 24 HR $65 $1,560

SUBTOTAL $8,590

Quarterly Groundwater 4 Reportsl~ear for
Monitoring Report Years 1 and 2
Labor - Project Manager 2 HR $125 $250

Labor - Engineer/Hydrogeologist 36 HR $100 $3,600
Labor -Editor 8 HR $65 $520
Labor - CAD Technician 1 6 HR $65 $1,040

SUBTOTAL $5,410

TOTAL ANNUAL REPORTING COST$1,0

PRESENT VALUE ANALYSIS Discount Rate =3.2%

TOTAL
TOTAL COST PRESENT

End Year COST TYPE TOTAL COST PER YEAR VALUE NOTES

FIRST YEAR CAPITAL COST $1,379,500 $1,379,500 $1,379,500
1 ANNUAL O&M COST (Year 1) $899,502 $899,502
2 ANNUAL O&M COST (Year 2) $673,987 $673,987
3 ANNUAL O&M COST (Year 3) $20,420 $20,420
4 ANNUAL O&M COST (Year 4) $32,247 $32,247 $,4,3
5 ANNUAL O&M COST (YearS5) $26,420 $26,420 $,4,3

6 and 8 ANNUAL O&M COST (Years 6 and 8) $23,657 $23,657
7 and 9 ANNUAL O&M COST (Years 7 and 9) $11,830 $11,830

10 ANNUAL O&M COST (Year 10) $151,332 $151,332_______
$3,120,336

TOTAL PRESENT WORTH OF ALTERNATIVE $,2,0

SOURCE INFORMATION
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Table 5-1
Element: Injection Well Installation

Site: Memphis Depot - Main Installation
Location: Memphis, TN
Phase; Remedial Design
Base Year: 2004

WORK STATEMENT

Injection well installation for the manual substrate injection systems in TTAs I and 2

CAPITAL COSTS
UNIT

DESCRIPTION Cfl' UNIT COST TOTAL NOTES

flA 1
Injection Well Installation -
Mud Rotary Drilling with Revert 2,730 LF $30.00 $81,900 Prosonic
Injection Well Screen and
Riser Installation 13 wells@ 1I00 ftbls &
(4-inch, SCH 80 PVC, 1 el t110I i
0.04-inch slot) 2,730 LF $33.00 $90.090
Injection Well Vault and Concrete
Pad (2 It by 2 fi) 26 EA $350 $9,100
Injection Well Head Pressure
Relief Valve and Cam-Lock Fitting
for 2-Inch Hose 26 EA $250 $6,500
TTA 2
Injection Well Installation -
Mud Rotary Dnilling with Revert 945 [F $30.00 $28,350
Injection Well Screen and Prosonic
Riser Installation 9 wells@ 105ft hIs
(4-inch, SCH 80 PVC,
0.04-inch slot) 945 LF $33.00 $31,185
Injection Vault and
Concrete Pad (2 ft by 2 ff) 9 EA$350 $3,150
Injection Well Head Pressure
Relief Valve and Cam-Lock Fitting
for 2-Inch Hose 9 EA $250 $2,250

Mobilization/Demobilization I E $5,800 $5,800 Prosonic
Per Diem 70 DAY $260 $18,200 Prosonic
Well Development Labor 160 HR $145.00 $23,200 Prosonic
Decontamination Pad 2 EA $863 $1,726 Prosonic
Decontamination - Drill Rig 40 EA $250 $10,000 Prosonic
lOW Management 40 EA $375 $15,000 Prosonic
Backhoe Rental 4 MON $1,725 $6,900 Prosonic
55-Gallon Drums for
Drill Cuttings 765 EA $52 $39,589

Assumes Non-Hazardous
Dispose Well Cuttings 765 DRUM $29 $21,994 Waste
Transportation of Well Cuttings 10 LOAD $460 $4,600 80 Drums/Load

17,000 gal/3 month rental ~
Frac Tank for Development $120 3 EA $5,280 $15,840 $1,760/month
Transport and Dispose Assumes Non-Hazardous
Development Water 42,000 GAL $0.30 $12,600 Waste
Waste Characterization
Well Cuttings 7 EA $518 $3,623 TCLP -VOCs and Metals
Waste Characterization TCLP. Ignitability. Reactivity,
Well Development Water 2 EA $1,300 $2,600 Corrosivity

PEand PlO Rental 3 MON $1,000 $3,000
SUTTL $437,196
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Table 5-i
Element: Injection Well Installation

Site: Memphis Depot - Main Installation
Location: Memphis. TN
Phase: Remedial Design
Base Year: 2004

WORK STATEMENT

Injection welt installation for the manual substrate injection systems in TTAs 1 and 2

CAPITAL COSTS
UNIT

DESCRIPTION OTY UNIT COST TOTAL NOTES

Project Management 5% of $437,196 $21,860
Technical Support 5% of $437,196 $21,860
Construction Management 10% of $437,196 $43,720
Subcontractor General
Requirements 3% Of $437,196 $13,116

SUBTOTAL $537,751

TOTAL UNIT COST -$5-37,8-0-0

OPERATIONS AND MAINTENANCE COST
UNIT

DESCRIPTION QTY UNIr COST TOTAL NOTES

TOTAL ANNUAL O&M COST $

Source of Cost Data
1. Sources are as noted in cost table.
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Table 5-1
Element: Monitoring Well Installation

Site: Memphis Depot -Main Installation
Location: Memphis, TN
Phase: Remedial Design
Base Year: 2004

WORK STATEMENT

Monitoring well installation to evaluate performance of enhanced ,n situ biodegradation alternative.

CAPITAL COSTS
UNIT

DESCRIPTION QTW UNIT COST TOTAL NOTES

TTA I
Monitoring Well Installation -
Rotasonic Drilling 3.520 LF $31.05 $109,296 Prosonic
Monitoring Well Screen and Riser Performance Monitoring -
Installation 16 Well Pairs
(2-inch, SCH 40 Pvc, AI@ll 1f0 t bls
0.01-inch slot) 3,520 [F $13.80 $48,576
flA 2
Monitoring Well Installation -
Rotasonic Drilling 735 LF $31.05 $22,822 Prosonic
Monitoring Well Screen and Riser Performance Monitoring -
Installation 7 Wells
(2-inch, SCH 40 PVC, All @ 105 It bis
0.01 -inch slot) 735 LF $13.80 $10,143

Mobilization/Demnobilization 1 EA $2,000 $2,000 Prosonic
Per Diem 90 DAY $260 $23,400 Prosonic
Well Development Labor 117 HR $143.75 $16,819 Prosonic
Decontamination Pad 2 EA $863 $1,726 Prosonic
Decontamination - Drill Rig 39 EA$230 $8,970 Prosonic
IDW Management 39 EA $230 $8,970 Prosonic
Backhoe Rental 3 MON $1,725 $5,175 Prosonic
Roll-Off Containers for
Drill Cuttings 3 month rental
(Rental l5 yd3 container) 9 EA $3,300 $29,700 $1,100/month each

17,000 gal/3 month rental ~
Frac Tank for Development H,0 3 EA $5,280 $15,840 $1,760/month
Transport and Dispose Assumes Non-Hazardous
Development Water 35,100 GAL $0.30 $10,530 Waste

Assumes Non-Hazardous
Dispose Well Cuttings 161 TON $35 $5,629 Waste
Waste Charactenzation
Well Cuttings 2 EA $518 $1,035 TCLP -VOCs and Metals
Waste Characterization TCLP, Ignitability, Reactivity,
Well Development Water 1 EA $1,300 $1,300 Corrosivity
PPE and PlO Rental 3 MON $1,000 $3,000
SUBTOTAL $324,930
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Table 5-1
Element: Monitoring Well Installation

Project Management 5% Of $324,930 $16,247
Technical Support 5% of $324,930 $16,247
Construction Management 10% Of $324,930 $32,493
Subcontractor General
Requirements 3% Of $324,930 $91Z748

SUBTOTAL $399,684

TOTAL UNIT COST $9,0

OPERATIONS AND MAINTENANCE COST
UNIT

DESCRIPTION CIT UNIT COST TOTAL NOTES

TOTAL ANNUAL O&M COST ~ZiI

Source of Cost Data
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Table 5-1
Element: Electrical - Building 309 - Storage and Transfer Facility

Site: Memphis Depot -Main Installation Prepared By: Checked By.
Location: Memphis, TN Date: Date:
Phase: Remedial Design
Base Year: 2004

WORK STATEMENT
Install Control Panel and Electrical Service Connection for Dispensing Potable Water and Sodium Lactate to Trailer-Mounted
Transfer Tank.

CAPITAL COSTS
UNIT

DESCRIPTION QTl' UNIT COST TOTAL NOTES

Electricity Installation
Electrical Wire and Connections I LS $1,200 $1,200 Labor and Material
Electrical Conduit - 3/4-Inch PVC 785 LF $3.75 $2,944

20 amp Ground Fault
Interrupt, Hangers.
Channels, Junction Box, and
NEMA 12 Wiring Boxes

Miscellaneous Electrical Equipment 1 LS $600 $600
SUBTOTAL $4,744

TOTAL UNIT COST $4,700-

OPERATIONS AND MAINTENANCE COST
UNIT

DESCRIPTION OTW UNIT COST TOTAL NOTES

Annual O&M Casts
Electricity 600 kWh $0 10 $60
Electrician 4 HR $150 $600

SUBTOTAL $660

TOTAL ANNUAL O&M COST $700

Source of Cost Data
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Table 5-1
ienient: Sample Collection and Laboratory Costs - Evaluation of System Performance

Site: Memphis Depot - Main Installation
Location: Memphis, TN
Phase: Remedial Design
Base Year: 2004

WORK STATEMENT

Costs associated with water sample collection from monitornag wells only, shipment and analysts on a per event
and per well basis to evaluate enhanced anaerobic biodegradation. Includes design-related groundwater investigation wells.

CAPITAL COSTS
UNIT

DESCRIPTION CITY UNIT COST TOTAL NOTES

Equipment & Labor per Event
Sample Analysis
VOCs - SW8260 - Level III 55 SAMPLE $100 $5,600
Methane, Ethane, Ethene
AM19A 49 SAMPLE $115 $5,635
Carbon Dioxide - Hach Kit 49 SAMPLE $10 $490
Nitrate/Nitrite - 5W9056 49 SAMPLE $25 $1,225 ITAl1
Sulfate - SW9056 49 SAMPLE $20 $980 37 MWs
Sulfide - E376 or 300 49 SAMPLE $20 $980 (16 Pairs -S Existing)
Manganese - SW6010B 49 SAMPLE $20 $980
Potassium 49 SAMPLE $20 $980 TTA 2
Bromide 49 SAMPLE $20 $980 12 MWs
Alkalinity - E310 49 SAMPLE $15 $735
Chloride - SW9056 49 SAMPLE $20 $980 6 OANOC samples
Iron II - SM3500 -Fe 49 SAMPLE $20 $980 (VOCs Only)
Iron III (calculated) 49 SAMPLE $0 $0
Volatile Fatty Adids 49 SAMPLE $80 $3,920
Total Organic Carbon -SW9060 49 SAMPLE $25 $1,225
Dissolved Organic Carbon - SW9060 49 SAMPLE $25 $1,225
Chemical Oxygen Demand - E410.4 49 SAMPLE $25 $1,225
Dissolved Hydrogen 49 SAMPLE $100 $4.900
Dohalococcoides Ethenogones 0 SAMPLE $350 $0 Microbial Insights Est
Equipment & Labor
Sampling Supplies I EA $750 $750
Groundwater Sampling Includes YSI 6500 and
Equipment Rental 3 WK( $600 $1,800 Bladder Pump
Sample Shipment 1 EA $400 $400 CH2M HILL Estimate
Labor -Technicians 147 HR $80 $11,760 3 hirs/well, 2 people
SUBTOTAL $47,650

Data Validation 16 HR $100 $1,600
Data Management 1 6 HR $100 $1,600
Project Management 5% of $47,650 $2,383
Technical Support 3% Of $47,650 $1,430
Construction Management 0% Of $47,650 $0

Subcontractor General Requirements 3% of $47,650 $1,430

SUBTOTAL $50,092

TOTAL UNIT COST jio
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Element: Sample Collection and Laboratory Costs - Evaluation of System Performance

Site: Memphis Depot - Main Installation
Location: Memphis, TN
Phase: Remedial Design
Base Year: 2004

WORK STATEMENT

Costs associated with water sample collection from monitoring wells only, shipment and analysis on a per event
and per well basis to evaluate enhanced anaerobic biodegradation. Includes design-related groundwater investigation wells.

OPERATION AND MAINTENANCE COSTS
UNIT

DESCRIPTION QTY UNIT COST TOTAL NOTES

Quarterly Performance
Sampling Event 4 EA $56,100 $224,400 Monitoring

TOTAL O&M COST $2,0

Source of Cost Data
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Table 5-2
Element: Field Monitoring

Site: Memphis Depot - Main Installation
Location: Memphis. TN
Phase: Remedial Design
Base Year: 2004

WORK STATEMENT

Costs associated with field monitoring on a per event basis to evaluate enhanced anaerobic bioremediation performance.

CAPITAL COSTS
UNIT

DESCRIPTION QTY UNIT COST TOTAL NOTES

Equipment & Labor per Event
Dissolved Oxygen 87 SAMPLE $0 $0 TTA 1

29 IWs
Temperature 87 SAMPLE $0 $0 (13 Pairs -3 Existing)
pH 87 SAMPLE $0 $0 37 MVWs
Eh or ORP 87 SAMPLE $0 $0 (16 Pairs -S Existing)

TTA 2
Turbidity 87 SAMPLE $0 $09 w
Conductivity 87 SAMPLE $0 $0 12 MWs
Equipment & Labor
Sampling Supplies I EA $750 $750
Groundwater Sampling Includes YSI 6500 and
Equipment Rental 2 WK $600 $1,200 Bladder Pump
Sample Shipment 1 EA $400 $400 CH2M HILL Estimate
Labor -Technicians 261 HR $80 $20,880 3 hra/well, 2 people
SUBTOTAL $23,230

Project Management 0% of $23,230 $0
Technical Support 0% of $23,230 $0
Construction Management 0% of $23,230 $0
Subcontractor General Requirements 0% of $23,230 $0

SUBTOTAL $23,230

TOTAL UNIT COST

OPERATION AND MAINTENANCE COSTS
UNIT

DESCRIPTION OTY UNIT COST TOTAL NOTES

Monthly First Quarter
Field Monitoring Event - 1e Year 6 EA $23,200 $139,200 Quarterly Thereafter
Field Monitoring Event - t~ Year 4 EA $23,200 $92,800 Quarterly

TOTAL O&M COST F-$232,0001

SouceofCost Data
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Table 5-I

es,.e Sample Collection and Laboratory Costs -Main Installation Monitoring -Years 1I10

Sie: MeOp. Depo -M.n hnlualaio.

WORK STATEMENT

Cost assodafe altwafrsml, neto mnneioi esod.ssmn n nlso e vn
and pe weM ast moletor plume g Obonhou u liet Man Irttaon

CAP[TAL COSTS
UNIT

OESCRIPTON TY UNRr COST TOTAL N4OTES

SampleAnalsisCosts
VO~~s.5W8200.t~~evelll I SMP5E $100 5Sim

"19A 1 ~ ~~~~~ SMAPLS 51i $115
CabneDsje-HaKd, I SMPL 10 $10
Nfoteut~tNte -SW9156 I SAMKPE $25 $2s
Sulfate -s~iW56S I SAMAPLE $20 $20
Sulfite -E3760,30M I 5MPLE $20 M2
Mananse-SW80IOB 1 SAPE $O0 $20
Possiw I SM~E $2 $20
Bront I S PE$20 $20

A~~alaity - 0310 1 ~~~ SAMKPE 515 $15
ChOrit -5599050 1 SMLPOE S20 $20
Iro11I-SMW50- Fe I SAMPI-E S20 $20
"in Ill (calulted) I SAPE$0 $0
VoWlaleFaftyAdd I SAMPLE $80 $30
ToaOW rgan'cCaiban- SV49000 I SAPLJE $25 $25
Dislie Organi Casbo -SIN)OC I SAMPLE $25 $25
Cheical. O~qge Deman - 410,4 I SAPE $25 $25
D1sslve Hydroge I SAMPLE $100 5100
WSUTOTAL $060

Qurtdyf Event
MalyO1 Cot -VOs OnI, 49 WeA 100 $49100

dalt~ica Costs -MMAPara~ntm 49 Well 5280 $13.720 Tie-n f .h.Fu Event
Dehalooite flseogne 0 SAPLE 5350 $0Miorobl Inalg!,t El
QAOc= mpesV O rdn 6 SAMLE $132 $192
Esuroten &Lae
Sampln 

5
uppis ~ I EA $750 5750

Gsitwae Sampling lndide YI 000 and
Equ,.ipm Rerfa 3 M91 $00 $1,80 Badder Pump
Sample Shipmen I EA $400 $40 C112M HILL Esmatew
Labo -Tedsicae 147 HR $80 $11,760 3 hrshiet 2ipeopl
SUBTOTAL $34.12

MO tVafi~sts 10 HR $1i0 $1600
Data Mnagement IS H R $100 $5,600
Proje Mangeint 5% Of 54.M2 $1.706
Teui,,~caSupoi 3% ot $4,12 $5024
Cosado Manaemei 0% of S34.122 s0

Su.otlidor OOn,al ReOuemens, 3% of$3412 $1,024
TOTM, $41,075

Msl1,af4 stsVOCs~ Dl 1 6 Wll 5100 $1,000
NalyicalCoasI MHA Pacaneles 1 6 well $280 $4.480 One f tOl Two Event
Dehalcocodo CuEf ogene 0 SAMPLE $S50 SO Mioctrat nigt ElI
QNOC Samle -VOCs Only, 3 SAMPE $13 5390

Sanven Suppies I FA $750 $750
Grouckalr amngIndudes YSI 0500-
EquipentRental I MI $000 $000 Bladder Peep
Sampl Stv.Men I EA $40 $40 CH2M HILL Esl.ras

Labor - Tedlniosine ~48 HR $80 $3,840 3 ErIwel 2 pepl
WSBTOTAL $12,060

MO fVabltOO 1 2 HR $S0m $1,200
Oaf M.,..eren 12 HR $00 $1,200

PrOed Managmet 5% of $12O060 $603
Tedeica Suppe 3% of $12,066 $362
C .O*Osl Manageert 0% of $52,00 s0

Stumatado~enralReqirmnst 3% of 312.065 $3M
TOTAL $15v7,93
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E-,,i Sample Collection and Laboratory Costs -Main Installation Monitoring -Years 1 -10

Swte Metris NMpo -Male In,,atatJon
Locaion: Me.m,,s, TN4
phase: ReModiW1 Deagn
Base Year: 2004

WORK STATEMENT

CAPITAL COSTS
UNIT

DESCRIPTION CrY UNIT COST TOTAL NOTES

Mahtkai Costs ~ ~ ~~~6 WWI $060 53,90
Dehaiocoo~es Ettniogenos0 SAMPILE $35 50 MiorMa 1,IhaIgls EaM

QMQC Sanpies- VOCs ONi 2 SM4Pt $532 $28
Foian & U~
Sairon Stippls I EA 5750 5750
Gronswase Samplin Indudjes SI 650U Nd
Eqdpn.er Rental I UN $0 500 BladrP~m
SaMpleSipsi I EA VW0 $40 CH284HILLSEtmAte
Lao -Tedverdan Ia MR W8 SI 440 3 e~aI, 2 peopl
SUBTOTAL $7.414

wat. vabdaiM, 6 HR $100 $00
Dais Managemet 8 MR $,00 Sa00
Projedanagom,,l 5% 0* 57.414 $371
TecM~iwa Soprca 3% of 57.0444 5
Cnru..U0, anageMet 0% of 57.414 50
Sub1osnhudoroenet,Iaeque ,es 3% of 57,414 52

TOTAL 59.c3,

BIannual Even
flnaiyts0* Costs B~ ~~ WeI 506 55.280

Ndeblccados Etheogene 0 &MIPLE 5350 SO Mito.I Inastis Eta
QNOCnwlo- VMO,,Id 2 &M4PLE 5132 5284
Eouiooet & Ltb
Sat0isin Stipple I EA 5750 $75
Gmordiae, SnesPhe lodudes YSI UN0 andJ
EQwpn'et Rental1 I 5000 50O Bladde Pump
SaWMl Shipmet I EA $40 540 CN2M HILL Eatmat
Labo -Tedanicn 24 HR 580 SI 920 3 hrtell 2 peopl
SUBTOTAI- $9.214

Wt.s Vaidaten 0 HR $10 $U0
Wt.a Manae,et 8 HR 5100 5U0
P.,"i MManagmet 5% of 59214 $40
TeomIM.1 Supped 3% of $4,214 5276

CatdonManagemen 0% of 59214 50
Subortradoroeera R.,urMents 3% of $9,214 5270

TOTAL 511,528

OPERATION AND MAINTENANCE COSTS
UNIT

DESCRIPTION Dry UNIT COST TOTAL NOTES

Annual Sampling Costs (Year 1)
Gualeit SAnst Even 4 EA 541,075 $164.302

Annual Samplin, Conic (Year 21
So4MufSamplng Event 2 CA 515.793 $31,587

Annual Sampln CeNts (Years 3, 5. 7,9)
ArvIun Samuli Even I EA 59.430 59,430

Annual Sampling Ce... (Years 4, 6, 8, 10)
M~nuai Samplin inent I EA 59,430 59,430
Biannual Sampling Enen I CA Stfl 5''2 828i

SUBTOT~t 521,257

Source of Cost Data



7 94 7 1

C ~ S t to 0 ai(0 0 -4 I t(

*0
0 3

cKii6ocj

w 0C -

Cm ~ ~ ~ ~ ~ ~~ C

.2~~~~~~.

> 0 - oo &Ooaocad

C) Q~~~

o 0~~~~~~ I - ;F

0-

E I- £ £9£9£ £9~~E

0.
U-j CL m ~ ~ ~ ~ ~ ~~~~ C 0 3000 "



794 72

c Z C C

0~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~C

COS

LU En m 0, 0E
a. R.,V ~~~~~~~~E a,

zE

O~~~~~~~~~~O

LL CCGJ

* 0 < nz~~~~~~~~~ '"va~0 0

co ~ no

20 0~~~~~~~~)

Cl)~ ~ ~ ~~~~~C

o £4

0-

o~~~~~~~~~~~~~~~~~~
0~~~~~~~~~~~~~~~~~~~~~ LU C)

2E ~

0 0 0 0~~~~~~~~~~~~~f C

* -~ 4 a

co 0j Ir8

I- I~ ~ ~~~~~~~- a'o



79 4 73

TABLE 5-2 Enhanced In Situ Anaerobic Biodegradation using qH5NaO3 COST ESTIMATE
Manual Substrate Injection System - Contingency Remedy SUMMARY

Site: Memphis Depot - Main Installation Description: Manual substrate injection of sodium lactate in the
Location: Memphis. TN fluvial aquifer. Localized region within the TTA.
Phase: Remedial Design
Base Year: 2004

CAPITAL COSTS
UNIT

DESCRIPTION CITY UNIT COST TOTAL NOTES

Baseline Groundwater Sample
Collection Event 0 EA $44,300 $0 38 Monitoring Locations
Mobilization and Prep Work

Security Fencing. Signs, Traffic
Control, and Utility Location 0 [S $3,500 $0
Survey 0 [S $2,000 $0
Manual C3H,NaO3
Injection Systems
INJECTION WELLS

Injection Well Installation 0 EA $595,500 $0

Monitoring Well Installation 0 EA $283,000 $0

500-Gallon Polyethylene
Storage Tank, Tank Mixer,
Chemical Injection Pump,

TRAILER MOUNTED Piping, Valves, Gas-
INJECTION SYSTEM 0 EA $17,500 $0 Powered Generator, Trailer
STORAGE AND TRANSFER
FACILITY - BUILDING 309
Equipment and Material

Localized Injection in 4 Well
Sodium Lactate 20,020 LB $1.04 $20,821 or Well Pairs
Shipping - Sodium Lactate I LOAD $1,200 $1,200 39,900 lbs/load
Potassium Bromide Tracer 0 LB $3.05 $0 200 g/l 00 gal solution
Drum Pump 0 EA $1,000 $0
Flow Control Systems
Batch Controllers 0 EA $4,830 $0
Supply Hose

(Sodium Lactate and H,O)
Hose Racks, PVC Piping
Sackflow Preventor
Flow Meters, Solenoid Valves
Cam-Lock Fittings 0 LS $11,155 $0
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A LE 5-2 Enhanced In Situ Anaerobic Biodegradation using qH5NaO3 COST ESTIMATE
anual Substrate Injection System - Contingency Remedy SUMMARY

Site: Memphis Depot - Main Installation Description: Manual substrate injection of sodium lactate in the
Location: Memphis, TN fluvial aquifer. Localized region within the TTA.
Phase: Remedial Design
Base Year: 2004

CAPITAL COSTS
UNIT

DESCRIPTION QTY UNIT COST TOTAL NOTES

Site Work

Connection to Existing Water Labor and Material
Main -Trenching 0 LS $4.830 $0 Gate Valve and PVC Piping
Construction of Concrete Curb Ready Mix Concrete
for Sodium Lactate Storage 0 LS $3,960 $0 4,000 psi Rated

Drill Hole In Wall - Water Pipe 0 LS $210 $0 Labor and Material
Install Electrical Service,
Conduit, Wiring, and System

Electnical Subcontractor 0 EA $4,700 $0 Connections

Site Restoration 0 EA$500 $0 Includes Labor and Materials

SUBTOTAL $22,021

CAPITAL COSTS
UNIT

DESCRIPTION CITY UNIT COST TOTAL NOTES

Project Management 3% Of $22,021 $661
Remedial Design 2% Of $22,021 $440
Construction Management 2% of $22,021 $440
Subcontractor General
Requirements 0.5% of $22,021 $110

SUBTOTAL $23,672

Contingency 10% of $23,672 $2,367

TOTAL CAPITAL COST$2,0
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TABLE 5-2 Enhanced In Situ Anaerobic Biodegradation using qH5 NaO3 COST ESTIMATE
Manual Substrate Injection System - Contingency Remedy SUMMARY

Site: Memphis Depot - Main Installation Description; Manual substrate injection of sodium lactate in the
Location: Memphis, TN fluviaf aquifer- Localized region within the TTA.
Phase: Remedial Design
Base Year. 2004

OPERATIONS AND MAINTENANCE COST - SYSTEM PERFORMANCE (Year 1)
UNIT

DESCRIPTION CITY UNIT COST TOTAL NOTES

Manual C3HNaO3
Injection Systems
Electrical Costs 0 [S $700 $0 Electricity and Electrician
Miscellaneous Equipment Padts
and Materials/Supplies 0.25 LS $2,000 $500
Labor - O&M Technician 720 H-R $60 $43,200 2 Technicians
Performance Monitoring

TTAs 1 and 2
Lab Sampling Events 0 EA $44,300 $0 38 Monitoring Wells
Field Monitoring Events 0 EA $10,500 $0 Monthly First Quarter

SUBTOTAL $43,700

Annual Performance Report
Labor - Project Manager 0 HR $125 $0

Labor -Engineer/Hydrogeologist 0 HR $100 $0
Labor -Editor 0 HR $65 $0
Labor - CAD Technician 0 HR $05 $0

SUBTOTAL -Annual Report $0

TOTAL ANNUAL QAM COST$4,0

PRESENT VALUE ANALYSIS Discount Rate =32%

TOTAL
TOTAL COST PRESENT

End Year COST TYPE TOTAL COST PER YEAR VALUE NOTES

FIRST YEAR CAPITAL COST $26,000 $26,000 $26,000
1 ANNUAL O&M COST (Year 1) $44,000 $44,000 $44,000

$70,000

TOTAL COST OF CONTINGENCY ALTERNATIVE$7,0

SOURCE INFORMATION
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A LE 5-2 In Situ Chemical Oxidation Using MnO4 COST ESTIMATE
Manual Oxidant Injection System - Contingency Remedy SUMMARY

Site: Memphis Depot - Main Installation Description: One time manual oxidant injection of KMnO4 in the
Location: Memphis, TN fluvial aquifer. Localized region Within the TTA.
Phase: Remedial Design
Base Year: 2004

CAPITAL COSTS
UNIT

DESCRIPTION QTY UNIT COST TOTAL NOTES

Baseline Groundwater Sample
Collection Event 0 EA$44,300 $0 38 Monitoring Locations
Mobilization and Prep Work

Security Fencing, Signs, Traffic
Control, and Utility Location 0 LS $3,500 $0
Survey 0 LS $2,000 $0
Manual KMnO4
Injection System
INJECTION WELLS

Injection Well Installation 0 EA $595,500 $0

Monitoring Well Installation 0 EA $283,000 $0

500-Gallon Polyethylene
Storage Tank, Tank Mixer,
Chemical Injection Pump.

TRAILER MOUNTED Piping. Valves, Gas-
INJECTION SYSTEM 0 EA $17,500 $0 Powered Generator, Trailer

STORAGE AND TRANSFER
FACILITY - BUILDING 309
Equipment and Material

Assume 14,000 gallons of
3% KMnO4 injected solution

Potassium Permanganate 3,142 LB $1135 $4,242 (3,142 pounds)
Shipping -Sodium Lactate 1 LOAD $1,000 $1,000 331 pounds per drum
Potassium Bromide Tracer 0 LB $3.05 $0 200 gf 100 gal solution
Drum Pump 0 EA $1,000 $0
Flow Control Systems
Batch Controllers 0 EA $4,830 $0

Supply Hose
(Sodium Lactate and H~20)

Hose Racks, PVC Piping
Backflow Preventor
Plow Meters, Solenoid Valves
Cam-Lock Fittings 0 LS $11,155 $0
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TABLE 5-2 In Situ Chemical Oxidation Using MnO4 COST ESTIMATE
Manual Oxidant Injection System - Contingency Remedy SUMMARY

Site: Memphis Depot - Main Installation Description: One time manual oxidant injection of KMnO 4 in the
Location: Memphis, TN fluvial aquifer. Localized region within the TTA.
Phase: Remedial Design
Base Year: 2004

CAPITAL COSTS
UNIT

DESCRIPTION QTW UNIT COST TOTAL NOTES

Site Work

Connection to Existing Water Labor and Material
Main - Trenching 0 LS $4,830 $0 Gate Valve and PVC Piping
Construction of Concrete Curb Ready Mix Concrete
for Sodium Lactate Storage 0 LS $3,950 $0 4.000 psi Rated
Drill Hole In Wall - Water Pipe 0 LS $210 $0 Labor and Material

Install Electrical Service,
Conduit, Wiring, and System

Electrical Subcontractor 0 EA $4,700 $0 Connections

Site Restoration 0 EA $500 $0 Includes Labor and Materials
SUBTOTAL $5,242

CAPITAL COSTS
UNIT

DESCRIPTION QTW UNIT COST TOTAL NOTES

Project Management 3% of $5,242 $157
Remedial Design 2% of $5,242 $105
Construction Management 2% of $5,242 $105
Subcontractor General
Requirements 0.5% Of $5,242 $26

SUBTOTAL $5,635

Contingency 10% Of $5,635 $563

TOTAL CAPITAL COST F - -$6,2001
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ABLE 5-2 In Situ Chemical Oxidation Using Mn04 COST ESTIMATE
anual Oxidant Injection System - Contingency Remedy SUMMARY

Site: Memphis Depot - Main Installation Description: One time manual oxidant injection of KMnO4 in the
Location: Memphis, TN fluvial aquifer. Localized region within the HTA.
Phase: Remedial Design
Base Year: 2004

OPERATIONS AND MAINTENANCE COST - SYSTEM PERFORMANCE (Year 1)
UNIT

DESCRIPTION CIT UNIT COST TOTAL NOTES

Manual C,H,NaO3
Injection Systems
Electrical Costs 0 LS $700 $0 Electricity and Electrician
Miscellaneous Equipment Padts
and Materials/Supplies 0.25 [S $2,000 $500

2 Technicians
28 - 500 gal deliveries and

Labor - CaM Technician 140 HR $60 $8,400 injection -4 gpm delivery
Performance Monitoring

TTAs 1 and 2
Lab Sampling Events 0 EA $44,300 $0 38 Monitoring Wells
Field Monitoring Events 0 EA $10,500 $0 Monthly First Quarter

SUBTOTAL $8,900

Annual Performance Report
Labor - Project Manager 0 H-R $125 $0

Labor - Engineer/Hydrogeologist 0 HR $100 $0
Labor - Editor 0 HR $65 $0
Labor - CAD Technician 0 HR $65 $0

SUBTOTAL -Annual Report $0

TOTAL ANNUAL O&M COST $-9,-00-0

PRESENT VALUE ANALYSIS Discount Rate =3.2%

TOTAL
TOTAL COST PRESENT

End Year COST TYPE TOTAL COST PER YEAR VALUE NOTES

FIRST YEAR CAPITAL COST $6,200 $6,200 $6,200
1 ANNUAL O&M COST (Year 1) $9,000 $9,000 $9,000

$15,200

TOTAL COST OF CONTINGENCY ALTERNATIVE$1,0

SOURCE INFORMATION

0
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a APPENDIX ATreatability Pilot Study of Enhanced
Bioremediation Treatment (EBT)
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* ~Executive Summary

This report of the Treatability Pilot Study of Enhanced Bioremediation Treatment (EBT) was
prepared for the U.S. Army Corps of Engineers - Huntsville Center. The study was part of
the Remedial Design (RD) for remediation of groundwater at the Main Installation (MI) of
the Defense Distribution Center (Memphis), commonly referred to as the Memphis Depot.
Contaminant plumes beneath the NU contain chlorinated volatile organic compounds
(CVOCs), primarily tetrachloroethene (PCE), trichloroethene (TCE), carbon tetrachloride
(CT), and chloroform. The study began in June 2002 and included use of two electron
donors (vegetable oil and sodium lactate) injected into two separate study areas to develop
design parameters and a suitable donor during full-scale implementation. The objectives of
the EBT treatability study were as follows:

* Obtain additional information on the geology of the aquifer.
* Define the effect of the injection pressure on the aquifer.
* Estimate the radius of influence of electron donors.
* Evaluate transport of electron donors within the aquifer.
* Identify preferential pathways for CVOC migration or retention.
* Define the electron donor depletion period in the aquifer.
* Ascertain the effectiveness of electron donor addition as a remedial treatment.
* Estimate time for aquifer remediation.

A vegetable oil emulsion (food grade soybean oil mixed with lecithin, commercially known
as Cent romix BRTM) was injected into the fluvial aquifer beneath Study Area 1. A 15 to 40
percent solution of sodium lactate was injected into the aquifer beneath Study Area 2. Both
study areas included multiple observation/monitoring wells and 3 to 4 injection wells.
Drilling to prepare for the pilot studies indicated the soil lithology and fluvial aquifer within
the study areas were representative of the MI.

At Study Area 1, a total of 11,592 gallons of vegetable oil emulsion with bromide tracer were
injected. The electron donor was detected almost immediately within a zone up to 63 feet
downgradient of the injection wells. At Study Area 2, an initial injection of 9,705 gallons
lactate and bromide solution was made, with an affected zone up to 38 feet downgradient of
the injection wells. Subsequent lactate injections of 2,995, 3,375, and 3,338 gallons were made
in February, April and May 2003, respectively, into Area 2. Injection pressures had no
measurable effect on water levels in wells greater than 20 feet from the injection well.

Following injection activities, groundwater samples were collected on a monthly basis at
both areas until August 2003. Samples were analyzed for dissolved organidc carbon (DOC),
CVOCs), bromide, dissolved gases (methane, ethane, and ethene), geochemical indicator
parameters, and volatile fatty acids.

Both electron donors persisted for more than 6 months in the aquifer. After one year the oil
emulsion was still detectable near the injection zone. The lactate was substantially depleted
within 7 months of the initial injection, and the subsequent injections were made to sustain

the reducing conditions necessary for reductive dechlorination.
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Comparison of the levels of bromide and DOG in downgradient wells indicated the lactate
was transported in groundwater at approximately an equal rate as the tracer. DOG from the
oil emulsion also traveled downgradient at a rate approximately the same as the tracer. The
DOG from both substrates was degradable and levels were substantially depleted within a
few hundred feet downgradient of the injection zone. Variations in bromide and DOG
within the study areas indicated potential aquifer heterogeneities or preferential pathways
for migration. At both test sites, an area near the injection wells showed very little effect
from the (initial) injection, suggesting a local zone of lower permeability. This has
implications to full-scale implementation because a uniform radius of influence cannot be
assumed. Multiple injections may be required to assure all areas within the target area are
treated.

Both pilot tests showed that EBT can be effective in reducing CVOCs at the MI. Post-
injection sampling revealed that almost immediately both donors created changes in
geochemical conditions favorable for reductive dechlorination. Dissolved oxygen, nitrate,
sulfate, and oxidation reduction potential levels declined, while iron and manganese, DOG,
alkalinity, carbon dioxide, chloride, and dissolved gases (especially methane) increased.
Changes were more dramatic with the lactate injections indicating that substrate was more
available to stimulate midcrobial activity. During the study, water samples were tested for
iron related and sulfate-reducing bacteria. Both types were identified repeatedly at
reasonably high population levels suggesting the electron donors were sustaining
conditions suitable for reductive dechlorination. Tests for a particular bacterium,
Dehalococcoides ethenogenes, known to be effective at completely transforming PCE and TICE
to ethane, were negative (less than 500 cells per gram).

During the one year period of the study, PCE and TCE levels declined in Study Area 1.
Some transformation to cis-1,2-DCE was noted and overall attenuation rates for PCE and
TICE were up to 100 times the natural attenuation rates. However, some of the attenuation
was apparently due to absorption of PCE and TCE into the vegetable oil, not
transformation. Within 3 months of the initial lactate injection in Study Area 2, PCE, TCE,
CT and its daughter products were degrading in areas affected by the electron donor. The
reductive dechlorination reaction appeared to slow somewhat as the lactate became
depleted, but subsequent injections were very effective in removing these contaminants
from nearly all of the study area. Unfortunately, after one year of biostimulation. with
lactate, the indigenous microbial communities did not transform the cis-1,2-DCE to vinyl
chloride and then to ethane. This suggests that full-scale implementation may require longer
treatment periods, or injection of special bacterial strains (bioaugmentation) to complete the
transformation. Ongoing remedial actions at the nearby Memphis Airport suggest that a
more continuous lactate injection might stimulate effective treatment of cis-1,2-DCE over
time. Buildup of cis-1,2-DCE was not noted at Study Area 1 but the slow rate of cis-1,2-DCE
generation indicates the EBT rates for the vegetable oil are slower than the lactate.

Overall, the lactate showed better promise for EBT within the fluvial aquifer. Since short-
term biostimulation with lactate does not cause complete transformation of the chlorinated
ethenes, the design for full-scale implementation should be based on multiple injections to
sustain lactate in the aquifer for a period of a year. As an alternative approach, EBT with
lactate could be used to attenuate PCE/TGE to cis-1,2-DCE, with subsequent attenuation of
the cis-1,2-DCE via aerobic oxidation in downgradient portions of the site (outside the active
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treatment zone). This approach would have to be shown effective via fate and transport
modeling, or by results of continued monitoring of these pilot study sites. If continual EDT
with lactate was to be used, the time for complete treatment of the "hottest" plume areas is
estimated to be at least 2 to 3 years. If limited EDT treatment creates cis-1,2-DCE that will
attenuate via aerobic oxidation, the active treatment lime would be about 1 year, with
overall cleanup time of the "hottest" plume areas possibly in 2 to 5 years.
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* ~Acronyms

BCT Base Cleanup Team

bgs below ground surface

BRAG Base Realignment and Closure

cfu/mL colony-forming units per midlliliter

cis-1,2-DCE cis-1,2-dichloroethene

COz carbon dioxide

COCS Constituents of concern

CT carbon tetrachloride

CVOC chlorinated volatile organic compound

DCE Dichloroethene

DLA Defense Logistics Agency

DO dissolved oxygen

DOC dissolved organic carbon

DQE data quality evaluation

DQOs data quality objectives

EBT Enhanced Bioremediation Treatment

EISOPQAM Environmental Investigations Standard Operating Procedures Quality
EISOPQAM Assurance Manual of the USEPA

EPA Environmental Protection Agency

ELRD enhanced reductive dechlorination

Fe(Il) Ferrous iron

Fe(lIl) Ferric iron

Upm gallons per minute

Hz Hydrogen

HRCO Hydrogen Release Compounds

ID inner diameter
IRB iron-related bacteria

LTOA Long-Term Operational Area

MCL Maximum Contaminant Level

ml Main Installation

pg/kg micrograms per kilogram

mg/kg milligrams per kilogram

pg/L micrograms per liter
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mg/L milligrams per liter

Mn(II) Manganese (II)

MNA Monitored Natural Attenuation

MV Millivolt

ORP oxidation reduction potential

OVA-FID organic vapor analyzer-flame ionization detector

PCE Tetrachloroethene

PCR polymerase chain reaction

PDB3 polyethylene diffusion bag

POL petroleum/oil/lubricants

ppm part per million

psi pounds per square inch

QA quality assurance

RAB Restoration Advisory Board

RI Remediation Investigation

ROD Record of Decision

RPO Remedial Process Optimization

SRB sulfate-reducing bacteria

Su standard units for measurement of pH

TCE Trichloroethene

TDEC Tennessee Department of Environment and Conservation

TOC total organic carbon

VC vinyl chloride

VFAs volatile fatty acids

VOC volatile organic compound
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* ~1.0 Introduction

This report of the Treatability Pilot Study of Enhanced Bioremediation Treatment (EBT) was
prepared for the U.S. Army Corps of Engineers - Huntsville Center. The work was done as
part of the Remedial Design to clean up groundwater at the Main Installation (MI) within
the former Memphis Depot, Memphis, Tennessee (Figure 1.1). The Defense Logistics
Agency (DLA) is the lead agency for site activities at the former Memphis Depot; the
supporting regulatory agencies are the U.S. Environmental Protection Agency (EPA) and
the Tennessee Department of Environment and Conservation (TDEC). Together, DLA, EPA,
and TDEC compose the Base Realignment and Closure (BRAC) Base Cleanup Team (8Cr1)
for the Memphis Depot.

Groundwater beneath the MI is contaminated with chlorinated volatile organic compounds
(CVOC). The cleanup goals for the MI for the groundwater as indicated in Table 1.1.

TABLE 1.1
Groundwater Cleanup Goals
Main Installation, Memphis Depot

Cleanup Maximum Reported
Compound Units Goal Concentration

Tetrachlorethene (PCE) ptg/L 5 480

Trichioroethene (TOCE) Ig/ll 5 179

Cis-1 .2-Dichioroethylene Vg/L 70 53

Trans-1,2-Dichloroethylene pgIL 100 164

Vinyl chloride pgIL 2 0.2

Carbon Tetrachloride pLg/L_ 5 122

Chloroform pgIL 80* 77

1 .2-Dichloroethane piglL 5 21
* the MCL for trihalomethanes
pg/L micrograms per liter

Research has shown that in situ biological processes including reductive dechlorination can
remove CVOCs from groundwater. The Record of Decision (ROD) for the MI selected
enhanced bioremediation as the technology to clean up the most contaminated parts of the
groundwater plumes. Enhanced bioremediation involves adding nutrient amendments
(electron donors) to the groundwater to stimulate or enhance geochemtical conditions for
anaerobic reductive dechlorination of CVOCs. In order to determine the design parameters
and to select a suitable electron donor, CH2M HILL began in June 2002 a pilot-scale study of
EDT at two MI sites. The pilot study tested two electron donors (sodium lactate and
vegetable oil) that are common, commercially available materials proven at other sites to
enhance reductive dechlorination.
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This report presents the objectives, methods, field and laboratory results, and findings of the
pilot study.

1.1 Objectives of the Pilot Study
The objectives of the pilot study were discussed in detail in the Enhanced Bioremediation
Treatment Treatability Study Workplan (CH2M HILL, 2002) and are as follows:

* Obtain additional information on the geology of the aquifer.
Borings for all injection and monitoring wells were logged, and hydraulic (slug) tests
were conducted to measure aquifer properties.

* Define the effect of the injection pressure on the aquifer.
During the initial injection at both study areas and additional injections at Study Area 2,
water levels were measured to assess the radius of hydraulic influence.

* Estimate the radius of influence of elect-ron donors.
Monitoring wells were installed downgradient of the injection wells. Groundwater
samples were collected for dissolved total organic carbon (TOC) and bromide (a
conservative tracer) to indicate the radius of influence of the electron donor.

• Evaluate transport of electron donors within the aquifer.
Groundwater samples were collected for geochemnical parameters (i.e., oxidation
reduction potential [ORP1', dissolved oxygen, sulfate, nitrate, carbon dioxide, etc.),
dissolved TOC, and bromide.

* Identify preferential pathways for CVOC migration or retention.
Bromide was analyzed in groundwater samples to provide estimates of groundwater
velocity and local flow paths. Wells upgradient and within the test area were analyzed
for CVOC to detect changes in concentration.

* Define the electron donor depletion period in the aquifer.
Fourteen monitoring events were conducted after the initial injections in July 2002.
Results from Area 2 revealed the lactate was expended by January 2003; additional
lactate was injected in February 2003, April 2003, and May 2003.

* Ascertain the effectiveness of electron donor addition as a remedial treatment.
Groundwater samples were analyzed for CVOC and daughter products, as well as
geochemical parameters associated with biodegradation (carbon dioxide [C0 2}; pH;
ethane; methane; and ethene).

* Estimate dine for aquifer remediation.
CVOC results were used to estimate biodegradation rates associated with each
substrate. These rates were used to estimate treatment times for the most concentrated
parts of the MI plumes.
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* ~~1.2 Bioremneciation Concepts
Biodegradation of CVOC in groundwater commonly occurs through cometabolic processes,
reductive dechlorination, and/or oxidation. The oxygen content of the groundwater has a
strong effect on the prevalent biological process. At most sites the predomidnant mechanism
for CVOC biodegradation is reductive dechlorination, an anaerobic (oxygen-depleted
groundwater) process. Comnetabolic transformation of CVOC has been reported in both
aerobic and anaerobic environments (McCarty, 1994). Oxidation of CVOC has also been
reported in both aerobic and anaerobic environments (Bradley and Chapelle, 1996). Within
the MI plumes, all three mechanisms m-ight occur (CH2M HILL, 2002).

Subsurface microorganisms create energy for life processes by oxidizing organic matter.
Oxidizing something causes something else to be reduced, hence the term: redox reaction.
Only those redox reactions that yield energy are facilitated by microorganisms. Inside the
microorganism, the oxidation of an electron donor (e.g., native organic carbon, fuel
hydrocarbons, other fermentable organics) combined with the reduction of a terminal
electron acceptor (e.g., oxygen, nitrate, manganese, ferric iron, sulfate, carbon dioxide, and
CVOC) yields energy for use. The m-icrobes use a food source, such as lactate, as an electron
donor and undergo respiration by oxidizing an organic molecule to carbon dioxide using a
terminal electron acceptor. Dissolved oxygen (DO) yields the most energy and is used first.
After DO is consumed, anaerobic microorganisms typically use native electron acceptors (as
available) in the following order of preference: nitrate, ferric iron oxyhydroxide, sulfate, and
CVOC (USEPA, 1998). Figure 1.2 summarizes these geochemnical processes in groundwater.

Reductive dechlorination is a destructive chemical reaction that occurs when
microorganisms respire CVOC (the electron acceptor). The microorganism gains energy
when a hydrogen atom replaces a chlorine atom on the CVOC. The ultimate source for the
hydrogen and electrons in this reaction is the hydrogen (H2) released during fermentation of
simple organic substrates (ITRC, 1998). Reductive dechlorination usually occurs as a series
of sequential reactions. For PCE, the following sequence occurs: PCE -> TCE -> DCE -> VC
-> ethene. For carbon tetrachloride, the following sequence occurs: Carbon tetrachloride -

chloroform -> methylene chloride -> chloromethane -> methane. Figure 1.3 presents
common dechlorination pathways for CVOC contaminants at the MI. Each step in the
reductive pathway requires a lower reduction/oxidation (redox) potential than the previous
one. PCE degradation occurs in a wide range of reducing conditions, whereas VC is reduced
to ethene only under sulfate reducing and methanogenic conditions. It has also been shown
that VC can be oxidized in aerobic environments (McCarty, 1994).

Specific conditions required to sustain a microbial population capable of bioremnediation
includes a source of carbon (electron donor) and terminal electron acceptor~s); appropriate
level of nutrients (e.g., phosphorus and nitrogen); a suitable temperature range; and pH and
ORP in the optimal range. Plume conditions that will not sustain the microbial population
can inhibit CVOC biodegradation. One purpose of this pilot study was to manipulate the
plume conditions to create a sustaining environment for the indigenous microbial
populations to thrive.
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During contaminant bioremediation studies, several parameters are used to evaluate
terminal electron-accepting processes. Table 1.2 presents these parameters and explains the
significance to the pilot study.

1.3 Substrate Selection
Selection factors included the following:

* substrates used successfully at other sites
* contaminant concentrations at the pilot study sites relative to other sites
* viscosity of the substrate and the ability to be injected into the aquifer
* equipment required for substrate injections
* overall substrate effectiveness as reported at other sites

Potential substrates evaluated included lactate, vegetable oil, butyric acid, ethanol,
molasses, HRC®, and hydrogen gas. Hydrogen sparging was eliminated due to the
complexity of delivering the gas to the aquifer. Due to the treatment depth and potential
injection problems into a silty sand aquifer, high viscosity substrates such as HRC® and
molasses were also eliminated. Although butyric acid and ethanol were reportedly effective
at some sites, more consistent results were reported with the lactate. Based on data reported
from other EBT sites, a 60 percent sodium lactate solution, supplied by JRW Technologies of
Lenexa, Kansas, was used as a substrate.

The DLA, as part of the Remedial Process Optimization (RPO) evaluation, recommended
that vegetable oil be used as one of the substrates, based on the positive results reported by
Parsons Engineering Science, Inc. (Parsons) (June, 2001). Parsons reported successful
enhancement of reductive dechlorination by vegetable oil at multiple sites contaminated by
CVOCs (personal communication, 2002). CH2M HILL had also used vegetable oil as a
substrate at several sites but had found little to moderate reduction in contaminant levels. In
order to overcome the low aqueous solubility of pure vegetable oil, CH2M HILL decided to
inject an emulsion of the oil. An emulsion of food-grade soybean oil mixed with lecithin
(commercially known as Centromix BR~m9, as supplied by Central Soya Company of Fort
Wayne, Indiana, was used as the second substrate.

1.4 Report Organization
This Treatability Study Report is organized into the following sections and appendices:

Section 1.0 Introduction includes the objectives of the Treatability Study and a brief
overview of bioremediation concepts and injection material selection.

Section 2.0 Site History and Setting provides background information for the Main
Installation and a brief description of the Study Areas.

Section 3.0 Activities and Methodology of the EBT Treatability Study describes the
activities and methods used during the Treatability Study to gather data needed to answer
the objectives.

Section 4.0 Results summaries and discusses all data collected during the Study.
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Section 5.0 Summary and Conclusions presents the findings of the pilot study and how
0 ~~~the results may be used to develop the remedial design.

Section 6.0 References.

0
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Table 1.2
MnalyincnsallparetonMempisr Depetot fBoeeito
MAnalystiallPaamtonMerphsfo DeptetoofBreditn

Analyte Data Use

Favored electron acceptor used by microbes for the biodegradation of many forms of organic carbon. Strictly
Dissoved Oygen anaerobic bacteria generally cannot function at dissolved oxygen concentrations greater than about 0.5 mg/L.
Dissoved Oygen Highly chlorinated compounds, such as POE, TOE, and TCA are biologically recalcitrant under aerobic

conditions. Low levels of DO will indicate favorable conditions for reductive dechlorination.

After DO has been depleted, nitrate may be used as an electron acceptor for anaerobic biodegradation of
Nitrate organic carbon via denitrification. Nitrate concentrations below background in areas with high organic carbon
Nitrate ~conc~entrations and low DO are indicative of dlenitrification. If nitrate concentrations exceed I mgIL, mhen

microorganisms may use nitrate instead of OVOCs to produce energy (Wiedemeier et a!., 1999).

Manganee (11) Level of Mnill) much above background indicates Mn(IV) reduction during microbial degraidation of organic
Manganee (II) compounds in the absence of dissolved oxygen and nitrate.

The reduction of ferric iron results in the formation of ferrous iron (Fe(ll)). Elevated concentrations of ferrous
Iron (11) iron are often found in anaerobic groundwater systems. Typically, Fe(ll) concentrations greater than 1 mgIL

indicate the potential for an anaerobic pathway (Wiedemeier et al., 1999).

Under more reducing conditions, sulfate may be used as an electron acceptor during microbial degradation
of organic carbon. This is commonly called sulfate reduction (Grbic-Galic. 1990). Sulfate is reduced to sulfide

Sulfate/Sulfide during the oxidation of natural or anthropogenic carbon. Wiedemeier et al. (1999) reports that sulfate may
compete with OVOCs as an electron acceptor and possibly preferred by microorganisms when sulfate
concentrations exceed 20 mg/L.

During methanogenesis, acetate is split to form carbon dioxide and methane, or carbon dioxide is used as an
electron acceptor and is reduced to methane. Methanogenesis generally occurs after oxygen, nitrate, and

Methane sulfate have been depleted. The presence of methane in groundwater is indicative of strongly reducing
conditions. Methane concentrations greater than 0.5 mgIL supports reductive dlechlorination (Wiedemeier et
al., 1999).

Chloride is removed from OVOCs during reductive dechlorination and enters solution. A strong indicator of
Chloride chlorinated solvent dlegradlation is the increase in chloride concentrations of at least two times greater than

background levels (Wiedemeier et at., 1999).

The ORP of groundwater is a measure of electron activity and is an indicator of the relative tendency of
Oxidti~nRedution solutes to transfer electrons. ORP reactions in groundwater containing organic compounds (natural or

Oxidtion-eution anthropogenic) are usually biologically mediated, and therefore, influences the rates of biodegradation.
Potential Typically. redox potential below 50 millivolts (my) enhances the potential for reductive dechlorination

(Wiedemeier at al., 1999).

Carbon dioxide (002) is produced during the biodegradation of native organic compounds. In solution carbon
Alkalinity dioxide forms carbonic acid, thus increasing the alkalinity of the groundwater. Alkalinity is a measure of the

ability of groundwater to buffer changes in pH. Increasing 002 levels are indicative of bioremediation.

Dissolved hydrogen (H-2) is continuously produced in anoxic groundwater systems by fermentative
microorganisms that decompose natural and anthropogenic organic matter. The HZ is then consumed by
respiratory microorganisms that use nitrate, ferric iron, sulfate, carbon dioxide, or CVOC as terminal electron
acceptors. The microorganisms exhibit different efficiencies in utilizing H2. Nitrate reducers are highly

Dissolved Hydrogen efficient H2 utilizers, maintaining very low H2 concentrations. Ferric iron reducers are significantly less
efficient, and thus maintain higher H2 concentrations, and sulfate reducers are even less efficient. Becatuse
each terminal electron-accepting process is associated with a characteristic H2 concentration, HZ
concentrations can be indicators of predominant redox processes. Note: H2 was not analyzed during the pilot
study.
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* ~2.0 Site History and Setting

2.1 Ml Site History
The Defense Distribution Center (also referred to as the Memphis Depot) is a former
military supply base located in the southwestern portion of Memphis, Tennessee. The
Memphis Depot received, stored, and warehoused military and civilian goods from
inception in 1942 until closure under the BRAC program in 1997. Activities at the MI
included storing and shipping various materials (e.g., food, clothing, medical supplies) and
industrial supplies (e.g., hazardous materials). Several commonly used hazardous materials
were also used for facility maintenance. Hazardous materials that were used or stored at the
Depot during its operational period include: flammables, solvents, paints, pesticides,
herbicides, petroleum/ oil/ lubricants (POL), wood treating products, oxidizers, corrosives,
and reactives.

Hazardous materials were released into the relatively highly oxygenated fluvial aquifer that
underlies this facility. The contaminants present in groundwater today consist mainly of
CVOCs, principally PCE and TICE, but also carbon tetrachloride and chloroform.

Memphis Depot, which is now known as the Memphis Depot Business Park, covers
642 acres of land and is separated into two distinct areas (Figure 2.1). The MI comprises
574 acres and Dunn Field, to the north of the MI, comprises the balance. Additional details
on the site history of the MI can be located in the January 2000 MI Remedial Investigation (RI).

2.2 Ml Record of Decision
The MI RI and FSs has been conducted and the final reports are part of the Admidnistrative
Record. The results are discussed in the January 2000 Memphis Depot Main Installation
Remedial Investigation Report, the July 2000 Memphis Depot Main Installation Groundwater
Feasibility Study Report and Memphis Depot Main Installation Soil Feasibility Study Report. The
July 2000 Memphis Depot Main Installation Proposed Plan was presented to the public in
August 2000 and the Memphis Depot Main Installation Record of Decision was completed and
signed by DLA and TUEC in February 2001. EPA signed the MI ROD in September 2001.
The July 2002 Memphis Depot Main Installation Remedial Design Workplan has been approved
by EPA and TDEC.

The primary components of the selected remedy for groundwater on the MI are in part as
follows:

Alternative GW3 uses injection of nutrients to enhance the natural biodegradation processes.
The remedy will accelerate biodegradation in the most contaminated parts of the plume.
Unt reated parts of the plume will degrade under natural attenuation processes (as described
in Alternative GW2, Land Use Controls with Long-Term Monitoring). In the absence of pilot
test data, a conservative assumption was made that the nutrients will triple the
biodegradation rate within the aquifer, and the duration of the remedial action was assumed

P WUNTSVILLE ALABAMA COEW70OO\TASI< TS.Th -EBT TECHNICAL MEMORADUM\EBT TECH MEMOVREV IMEPORTREST REPORT REV lOO0C 2.1
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to be 10 years. Therefore, enhanced bioremediation must also include land use controls and
groundwater monitoring.

Preliminary design components will include the following:

*Nutrient injection into the fluvial aquifer will be conducted via borings or wells.
Treatment zones will be established in the most contaminated parts of the plume within
the MI. Pilot tests will be required to determine injection volumes, spacing, and depth.
Nutrient re-injection will occur at intervals determined by pilot tests and monitoring
results.

The final MI RD, of which the results of this pilot study are included, will be completed in
2004.

2.3 MI Hydrogeology
The fluvial aquifer beneath the Memphis Depot occurs under unconfined conditions in
fluvial deposits at an average depth of 87 feet below ground surface (CH2M HILL, January
2000). Aquifer thickness in the fluvial deposits ranges from <1 foot in the northwest portion
of the MI to as high as 57 feet in the west central portion of the MI. Groundwater flow in this
aquifer is variable but is primarily southwest, south, and southeast. Figure 2.2 presents the
most recent interpretation of the potentiometric surface underlying the MI.

The fluvial aquifer is typically underlain by a clay-rich unit that occurs beneath most of the
MI. This upper clay of the Jackson Formation/Upper Claiborne Group does not appear to be
present at the base of the fluvial deposits in the northwestern part of MI and in the0
southwestern part of Dunn Field (the northern half of the Memphis Depot). The MI RI
concluded that clay-rich units (clay or clayey sand) occur in the Jackson Formation/Upper
Claiborne Group at variable elevations, and also are highly variable in thickness. The
Memphis aquifer is separated from the overlying fluvial aquifer by units of the Jackson
Formation/Upper Claiborne Group. The Memphis aquifer is the source of water supply for
the City of Memphis. Additional information is located in the January 2000 MI RI and the
July 2000 MI Groundwater FS.

2.4 Nature and Extent of Contamination within the MI
The constituents of concern (COCs) in groundwater beneath the MI are PCE, TCE, carbon
tetrachloride, and chloroform. Based on findings from the January 2000 MI RI, the July 2001
pre-designi Long-Term Operational Area (LTOA) Investigation, and the March 2002 MI Baseline
Groundwater Investigation, there are two major groundwater plumes under the MI
(Figures 2.3 and 2.4). The two distinct VOC groundwater plumes were delineated in the
southwestern and southeastern portions of the MI. These plumes appear to have different
origins and, based on recent data, do not commingle. An apparent source for this
groundwater contamination has not been revealed. The areas with the highest CVOC
concentrations were selected for the two Study Areas. Refer to the March 2002 MI Baseline
Sampling Technical Memorandum (Attachment I) and June 2002 EBT Treatability Study
Workplan for additional information about the extent of contamination within the MI.
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* ~~2.5 Preparation of the Study Areas I and 2
The locations of the Study Areas are shown in Eigure 2.5. Study Area 1 is located in the
southwestern corner of MI in a plume of PCE and TCE. Site preparation consisted of
installation of 3 injection wells (1W-5. -6, and -7) and 13 monitoring wells (MW-21, -10083,
-115, -116, -117,4-18, -119, -120, -121, -122, -123, -124, and -125) (see Figure 2.6). Monitoring
wells MW-21 and -100B were installed previously but were included as test wells during
the pilot study. All wells are constructed of 2-inch ID polyvinyl chloride (PVC) casing and
screens, with the injection wells using 0.04-inch slotted screens and the monitoring wells
using 0.01-inch slotted screens. Water levels collected during the installation of the test wells
(April/ May 2002) indicate the thickness of the fluvial aquifer in Study Area 1 ranged from
15 to 20 feet. Monitoring wells were installed in clusters of two wells screened from either
the top of the underlying clay conf ining layer to the center of the aquifer (MW-115, -118,
-119, -121, -123, and -124) or from the center of the aquifer to the water table (MW-116, -117,
-120,4-22, and -125). All injection wells are screened from the top of the underlying clay
confining layer to the middle of the aquifer.

Study Area 2 in the southeastern corner of MI is in a plume of PCE, TICE, carbon
tetrachloride, and chloroform. Site preparation consisted of installation of 4 injection wells
(1W-i, -2, -3, and -4) and 10 monitoring wells (MW-86, -88, -105, -106, -109, -110, -111, -112,
-113, and -114) (see Figure 2.7). Wells MW-86 and -88 were installed previously but were
included as test wells during the pilot study. The construction of the wells is similar to
Study Area 1. Water levels collected in April/May 2002 indicated the thickness of the

* ~~~aquifer in Study Area 2 ranged from 1.5 to 10 feet. Therefore, all injection wells and
monitoring wells at Study Area 2 are screened across the entire aquifer.

Well construction details for the Study Areas are provided in Attachment A.

PAHUNTSVILLE ALABAMACOEXI70039TASKTS.TM-EFRI TECHNICAL MEMORANDUM\FIT TECH MVEMOMEV 1~PEPORT\EBT REPORT REV MCC0 2*3
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0 ~3.0 Activities and Methods

3.1 Ml Groundwater Sampling Event
CH2M HILL completed groundwater sampling of all existing monitoring wells (except for
those sampled as part of the 2001 LTOA investigation [November/December 2001]) and
piezometers on- and off-site of the MI during March 2002. This work was completed to
provide a comprehensive data set of groundwater conditions across the entire facility. Work
was conducted according to procedures described in the sampling plan (CH2M HILL,
November 2002).

3.2 Well Installation and Soil Sampling
Well were installed using rotasonic drilling techniques. Continuous sampling was
conducted from land surface to termination depth. Soil boring logs are included in
Attachment A. One soil sample for headspace field screening was collected from each
boring at a frequency of one per every 5 feet from land surface to the groundwater interface.
The headspace in each sample was analyzed using an organic vapor analyzer (OVA)
equipped with a flame ionization detector (FID). Duplicate headspace samples were also
collected and analyzed with an activated carbon filter to correct for methane concentrations.

One soil sample was collected every 20 feet from soil associated with the highest OVA-FID
concentration greater than or equal to 20 parts per million (ppm) or wherever there
appeared to be obvious staining in the soil profile. If no OVA-ELD concentrations were
greater than or equal to 20 ppm, no soil samples were collected for chemical analysis. A total
of 3 soil samples from 26 borings was collected for VOC analyses via SW-846 Method 8260B
and sent to Kernron Environmental Services in Marietta, Ohio. In addition, a portion of each
sample was placed into corresponding pre-weighed 40-millilter vials preserved with
sodium bisulfate and methanol, and sent to the laboratory for extraction using EPA SW-846
Method 5035. Soil samples were also collected for TOG analysis (SW-846 Method 9060)
within the saturated portion of the borings.

Upon completion of a soil boring, a monitoring well or injection well was installed using
2-inch ID PVC casing and screen. Each well was completed as a flush-mount with an 8-inch
ID manhole set within a 3-foot by 3-foot by 0.5-foot concrete pad. Following installation, all
newly installed monitoring wells were developed in accordance with procedures presented
in the Environmental Investigations Standard Operating Procedures Quality Assurance Manual
(EISOPQAM), Section 6.8 (USEPA, November 2001).

At both study areas, the position of well screens withidn the fluvial aquifer for monitoring
wells was critical. For Study Area 1, historical data indicated an aquifer thickness of
approximately 35 feet; thus, screens were supposed to be set within the upper, middle, and
lower zones of the aquifer. Because the thickness of the fluvial aquifer in Study Area I

ranged from approximately 15 to 20 feet, wells were installed in clusters of 2 no more than
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10 feet apart. The screen intervals for each well cluster were offset with a "deep" well screen
of 10-foot length set at the top of the confining clay layer and a "shallow" well screen of
15-foot length set to intersect the water table. For Study Area 2, historical data indicated the
fluvial aquifer thickness ranged from 13 to 19 feet. Drilling data indicated the thickness of
the fluvial aquifer ranged from 1.5 to 10 feet. Therefore, clustered wells were not used and
all monitoring wells were screened across the entire saturated zone in Study Area 2. Well
construction details are summarized in Table 3.1.

Injection wells were installed in an off-set line perpendicular to the groundwater flow
direction in each study area and upgradient of the monitoring wells. Because the fluvial
aquifer was so thin in Study Area 2, typically the screen interval for each injection well was
set across the entire thickness of the aquifer. Within Study Area 1, the well screens (10-foot
length) were installed approximately 5 feet below the top of the water table to hinder
possible "floating" of the vegetable oil emulsion.

3.3 Injection Activities
Injection activities began with mobilization and setup of equipment at each study area.
Figure 3.1 shows typical injection equipment schematic. After site setup, potable water from
the City of Memphis was treated through two activated-carbon canisters to remove
synthetic organic compounds such as trihalomethanes and stored in an onsite mixing tank.
The initial injection event for Study Areas 1 and 2 used 18,500-gallon mixing tanks equipped
with three 5-horsepower mixers to prepare the injection solutions. Subsequent injection
events at Study Area 2 used a 6,500-gallon tank equipped with a sump pump to midx the
injection solution. In addition to the substrates, sodium brom~ide was added to aid in
monitoring the movement of injection solutions.

Substrates were injected into the fluvial aquifer through the 2-inch-diameter injection wells.
The fluids were pumped by a Watson Marlow SPX-40, high-pressure hose pump capable of
producing 20 gallons per minute, down through the well casing via a 1-inch-diameter PVC
pipe coupled with two rubber packers (Figure 3.1). The open end of the injection pipe was
approximately 2 feet above the bottom of the well and within the screened interval. Once
injection commenced, the substrate was forced into the well between the packer and the
bottom of the screen. As pressure increased, the substrate was forced into the aquifer
through the entire screened interval.

Gauges connected to the injection pipeline allowed the field crew to measure the injection
pressure. An injection pressure of greater than 50 pounds per square inch (psi) caused the
rubber packers to rise within the well casing. In one instance, this overpressuring caused
injection fluid to exit the top of the well. Thereafter, no pumping pressures in excess of
40 psi were used. When 40 psi was registered, the pump was turned off and the pressure
within the well was allowed to decrease. The pump was restarted after the pressure
decreased below 20 psi. Injection activities continued until the prescribed quantity of
substrate had been pumped into the aquifer. After the prescribed quantity had been
injected, potable water that had been pretreated through carbon, was pumped into the well.

Only one injection event occurred within Study Area 1 (June 2002). Approximately

2,379 gallons of the soybean oil/lecithin mixture were combined with 9,213 gallons of water
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(total of 11,592 gallons), creating a solution with 20 percent oil, and was injected equally into
each injection well at Area 1 (3,864 gallons each). Approximately 300 gallons of water were
used to flush the oil from the injection wells and into the aquifer.

Four injections of sodium lactate occurred within Study Area 2, as shown in Table 3.2. The
first injection event occurred in June 2002 and injected a solution of 15 percent sodium
lactate (9,705 total gallons). Seven months after the first injection event, the l3Cr decided to
inject lactate three more times in Study Area 2. All subsequent injection events used various
volumes of a 40 percent sodium lactate solution. Injection volumes per well were calculated
based on the estimated radius of influence, thickness of the fluvial aquifer, and estimated
porosity. Table 3.3 summarizes the volumes of sodium lactate/ potable water injected in
each well.

TABLE 3.2
Treatability, Study Area 2, Sodium Lactate Injections
Main Installation, Memphis Depot

Injection Fluid

60% Sodium Potable
Lactate Water Final 40% Sodium Potable Water Total

Date of Content Content Solution Bromide Content Flush Gallons
Injection (gallons) (gallons) (% (gallons) (gallons) Injected

June 2002 2,423 7,047 15 15 220 9,705

February 2003 1,430 1,430 40 15 120 2,995

April/May 2003 1,620 1,620 40 1 5 120 3,375

May 2003 1,609 1,609 40 0 120 3,338

TABLE 3.3
Treatability Study Area 2, Volumes Injected
Main Installation, Memphis Depot

lw-I IW-2 IW-3 IW-4
Date of Injection (gallons) (gallons) (gallons) (gallons)

June 2002 1,764 2,647 2,647 2,647

February 2003 348 949 749 949

AprilVMay 2003 370 1,081 843 1,081

May 2003 372 1,066 834 1,066
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3.4 Groundwater Sampling for Pilot Study
3.4.1 Baseline Sampling
Prior to the injection of the electron donors, all monitoring and injection wells within the
Study Areas were sampled for VOCs and various geochemnical parameters. Sampling was
conducted according to procedures described in the pilot study workplan (CH2M HILL,
May 2002). The samples were analyzed for the following parameters (method used in
parentheses):

Laboratory

*VOCs (EPA 8260B) * Sulfate/Sulfide (EPA 9056/376.2)
*Dissolved Organic Carbon (EPA 9060) * Chloride (EPA 9056)
*Volatile Fatty Acids (AM21G) * Dissolved Manganese (EPA 200.7)
*Methane, Ethane, and Ethene (AM18) * Arsenic (Method 6020)
*Alkalinity (Method 310.1) * Selenium (Method 6020)
*Nitrate/ Nitrite (EPA 9056) * Bromide (Method 9056)

Field

*Ferrous Iron (Hach Method 8146) * pH (Field Meter)
*Carbon Dioxide (Hach Method 8205) * Temperature (Field Meter)
*Sulfate Reducing Bacteria (Hach * Specific Conductivity (Field Meter)

BART test) a Oxidation-Reduction Potential (01W)
*Iron Reducing Bacteria (Hach BART (Field Meter)

test) * Turbidity (Field Meter)
*DO (Field Meter)

Monitoring wells were sampled for VOCs using polyethylene diffusion bag samplers
(PDBs). PDB samplers allow for collection of discrete water samples and consist of
polyethylene bags filled with distilled water. The VOC concentration gradient between the
groundwater within the well screen and the water-filled bag results in diffusion of
contaminants into the POB. Construction, installation, and sampling of POB samplers
followed guidelines established in USGS (2001). One PDB was installed in each well and
positioned in the center of the aquifer within the screened zone. PDB lengths of 1, 2, or 5 feet
(a mixing ball was used in the 5 foot long bags) were used in each well depending on the
thickness of the aquifer within the screened interval (Table 3.4).

The membrane in the PDB sampler is permeable only to VOCs. Therefore, a pump was used
to collect samples for geochemnical parameters. Pumped samples were obtained using low-
flow techniques, as described in USEPA (November 2001) and Puls and Barcelona (1996).
Before sampling, each well was purged using a bladder pump in order to minimize both
agitation of the groundwater and sample turbidity. Field measurements of DO, 0RP,
turbidity, pH, temperature, and specific conductance were recorded periodically during
purging. These parameters were measured using a YSI 6820 Multi-Parameter System
coupled with an airtight flow-through cell. Purging continued until field measurements
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were stable according to the following standards: plus or minus 0.1 pH, plus or minus
10 m-illivolts ORP, plus or minus 3 percent for specific conductance, and plus or midnus 10
percent for turbidity and DO. Field parameters were recorded in the field logbook.

All samples were preserved as required by USEPA (November 2001) and delivered to a
laboratory within the appropriate holding period. Three different laboratories were used for
analyses: Kemron Environmental Services in Marietta, Ohio (VOCs and geochemnical
parameters), Microseeps, Incorporated in Pittsburgh, Pennsylvania (methane, ethene, and
ethane), and Microbial Insights, Incorporated in Rockford, Tennessee (Volatile Fatty Acids).
Sample information is summarized in Attachment B.

In addition to normal groundwater samples, quality assurance/quality control (QA/QC)
samples were collected . These samples included field duplicates, matrix spike/matrix spike
duplicates, source blanks, equipment blanks, and trip blanks. The quantity of QA/ QC
samples collected at the site were in accordance with guidelines in Section 5.13.11 and
5.13.12 of the EISOPQAM (USEPA, November 2001). Data quality evaluation (DQE) reports
are located in Attachment H.

3.4.2 Post-Injection Groundwater Sampling
Subsequent to the initial injections, groundwater samples were collected biweekly for the
first month (July 2002) and then monthly thereafter. Sample events are summarized in
Table 3.5.

TABLE 3.5
Summary of Sampling Events for Pilot Study
Main Insta/labion, Memphis Depot

Sample Event

Study Area 1 July 2002 (Post-Injection #1)
July 2002 (late) (Post-injection #2)
September 2002 (Post-Injection #3)
October 2002 (Post-Injection #4)
November 2002 (Post-Injection #5)
December 2002 (Post-Injection #6)
January 2003 (Post-Injection #7)
February 2003 (Post-injection #8)

March 2003 (Post-injection #9)
April 2003 (Post-injection #10)
May 2003 (Post-injection #1 1)

June 2003 (Post-injection #12)
July 2003 (Post-injection #1 3)

P:UILNTSVHIE ALABAMAA COE\170039\ASK TS TM -EBT TECHNICAL MEMORANDUIAEBT TECH MEMC~REV I~REPORT\ERT REPORT REV IDOC 3-5
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TABLE 3.50
Summary of Sampling Events for Pilot Study
Main Installation, Memphis Depot

Sample Event

Study Area 2 July 2002 (Post-Injection #11)
July 2002 (late) (Post-injection #2)

September 2002 (Post-injection #3)
October 2002 (Post-Injection #4)

November 2002 (Post-Injection #5)
December 2002 (Post-injection #6)

January 2003 (Post-Injection #7)
March 2003 (Post-Injection #9)

April 2003 (Post-injection #10)
May 2003 (Post-Injection #1 1)

June 2003 (Ppst-linjection #1 2)

July 2003 (Post-Injection #13)
August 2003 (Post-Injection #14)

All post-injection sampling events included the same laboratory and field analyses as the
baseline groundwater sampling event with the exception of the following:

* Injection wells for both sites were sampled during the January 2003 sampling event only.0

* Groundwater samples for arsenic and selenium analysis (Method 6020) were sampled
during the January 2003 sampling event only.

* Groundwater samples for oil-in-water analysis (Method 1664) were collected from wells
within Study Area 1 only.

* Groundwater samples were analyzed for iron-related and sulfate-reducing bacteria
using field test kits. The test kits use BARTm biodetector technology and are sold by
HACH Company, Loveland, Colorado (www~hach~com).

* Additional groundwater samples were collected during the August 2003 sampling event
from MW-86, -10OB, and -111 to be analyzed for bacteria that have been shown to cause
complete transformation of CVOCs to ethene. Microbial Insights of Rockford, Tennessee
(rnicrobe~microbe.com) performed real time polymerase chain reaction (PCR) analyses
on DNA extracted from the bacteria in the groundwater samples.

A list of the analyses performed on each sample is summarized in Attachment B.

3.4.3 Aquifer Tests

3.4.3.1 Slug Tests
Slug tests were performed to determine post-injection hydraulic characteristics of the fluvial
aquifer. Slug tests were performed in wells IW-6, MW-21, MW-100B3, MW-115, and MW-119
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within Study Area 1 and IW-3, MW-26, MW-86, MW-88, and MW-ill within Study Area 2.0 ~ ~~All slug tests were conducted using an In-situ MiniTROLLY datalogger. Slug tests were
analyzed using the Bouwer-Rice Method (Bouwer and Rice, 1976).

3.4.3.2 72-Hour Aquifer Test
A 72-hour aquifer test was performed in monitoring well MW-120 within Study Area 1
during the week of January 12 through 16, 2004. The aquifer test was conducted in three
phases: pre-test, pumping test, and post-test activities. Well locations are located on Figure
2.5 and in more detail in Attachment D.

Pre-Test Activities
Pre-test activities were initiated to collect background information and perform a step-
drawdown test for optimization of the 72-hour pumping test. Initial water level
measurements were collected using a Solinst® water level meter in monitoring wells MW-
20, -21, -22, -99, -lOOB, -101, -102B, MW-115 through - MW-125. Two MiniTROLL®
dataloggers were set in wells MW-21 and MW-99, programmed, and started, for collection
of background data prior to beginning the pumping test. Background data were collected in
these two wells for the duration of the aquifer test activities.

A 2-inch Grundfoso pump was installed in well MW-120 followed by pressure transducers
in monitoring wells MW-116, MW-118, and MW-120 through MW-125. Each pressure
transducer was set approximately one foot from the bottom of each monitoring well and
connected to a centrally located In-Situ Inc. Hermit® 3000 datalogger (Hermit). The Hermit
was programmed for each pressure transducer and test type.

After the setup of equipment, a step-drawdown test was performed in the pumping well,
MW-120. The test consisted of three successive steps using different flow rates with each
step approximately 15 minutes in length. A maximum flow rate of 5 gallons per minute
(gpm) was achieved with minimal drawdown from nearby wells. The size of the fittings and
tubing connected to the pump was increased from 0.5 inch inner-diameter (ID) tubing to
0.75 inch ID tubing to increase flow rate. A brief test indicated the flow rate increased to
approximately 7.7 gpm.

Water levels in all monitoring wells were allowed to return to baseline conditions and a
baseline, background test was conducted using the dataloggers for approximately 13 hours.

Pumping Test
Prior to starting the 72-hour aquifer test, another round of water level measurements was
collected in all test-associated monitoring wells. The Grundfos® pump was then activated
and programmed to pump at its maximum capacity of approximately 7.7 gpm. Monitoring
wells in the pump test network, which were not monitored by pressure transducers or
MiniTROLL® dataloggers, were gauged by field personnel at the start of each hour for the
duration of the 72-hour aquifer test. The pressure transducer within monitoring well MW-
119 failed during the test, therefore, manual depth-to-water measurements were collected
from this well.

Six groundwater samples were collected during the aquifer test for analysis of VOCs to
define the quantity of VOCs removed from the aquifer. The samples were collected at the
initial start of the test (0 hours) and then at hour 14, 28, 42, 56, and 72.
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Past-Test Activities
Prior to ending the 72-hour aquifer test, the Hermit® was programmed to record the water
level recovery event. The Grundfos®& pump was then switched off and the recovery phase
test started on the Hermit®. Water levels in the monitoring wells were found to have
equilibrated within 1 hour. Therefore, the recovery test was stopped. A post-test round of
water level measurements were collected from all test site monitoring wells.

All water removed from the aquifer was stored within one 21,000 gallon and one 17,000
gallon frac tank, which were rented from Wade Services Inc. in Ellisville, MS. A 6,000 gallon
vaccuum truck was used to transfer purged groundwater from the MI to the Stiles Water
Treatment Plant in western Memphis. Permission to dispose of the water at the treatment
plant had been obtained earlier from Mr. Akil AI-Chokachi with the City of Memphis
Utilities Department. Approximately, 31,000 gallons of water were transported to the
treatment plant.

The 72-hour aquifer test was conducted in an unconfined aquifer and, therefore, the data
were analyzed using the Neuman Method (Neuman, 1975), the Cooper-Jacob Time-
Drawdown straight-line method (Cooper-Jacob 1946), the Cooper-Jacob Time-Drawdown
straight-line method (Cooper-Jacob 1946), and the Theis and Jacob recovery method (Theis
1935). The latter three methods were performed using an unconfined aquifer correction. The
Neuman method is based on the assumption of an unconfined aquifer; therefore, a
correction was not required. All tests were performed using the AquiferTest® software,
created by Waterloo Hydrogeologic, Inc
(httn: I//ww.waterloohydrogeologic.com/software/aguifertest/aguifertest ov.htm).
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* ~4.0 Results

4.1 Hydrogeology
Based on soil boring logs generated from wells installed within each study area (Attachment
A), the fluvial aquifer is primarily composed of gravelly sand in Study Area 1, and fine to
medium sand and silty sand within Study Area 2. These aquifer materials are typical
beneath the MI. Historic boring logs suggest the possibility of localized remnant stream
channels filled with sand and gravel, and overbank deposits of sand, silt, and clay. These
conditions will create zones within the fluvial aquifer of highly variable permeability. More
description of the fluvial aquifer is provided in the MI RI report (CH2M HILL, January
2002).

The hydrogeological properties for each area are summarized in Table 4.1. Based on
groundwater elevations, groundwater flow across Study Area 1 is southwest to northeast
and at Study Area 2 the flow is northeast to southwest (Figures 4.1 and 4.2, respectively).
The average depths to groundwater at Area 1 and Area 2 are 92.5 feet below ground surface
(bgs) and 96.5 feet bgs, respectively. Water level measurements and aquifer thicknesses for
both sites were consistent with the MI RI and LTOA findings and are summarized in
Table C.1, Attachment C.

Slug test results indicate hydraulic conductivity (K) values range from 1.17 to 64.35 feet/day
for Study Area 1 and 0.43 to 31.75 feet/ day for Study Area 2 (Table 4.2). Previous Slug test
data generated for the MI RI from existing wells MW-21 (near Study Area 1) and MW-26
(near Study Area 2) indicated K values of 48.19 feet/day and 7.65 feet/day, respectively.
Complete slug test data and interpretive graphs are presented in Attachment D.

The 72-hoar aquifer test results indicate hydraulic conductivity of the fluvial aquifer at
Study Area 1 range from 1.30 to 192.76 feet/day, with a geometric average of 39.12 feet/day;
Transmissivity values range from 19.81 to 2930.23 feet2/day, with a geometric average of
459.53 feet2/day. In general, the Neuman method resulted in lower hydraulic conductivity
and transmissivity values and the Theis and Jacob recovery method estimated higher
values. The specific capacity calculated for the pumping well, MW-120, during the 72-hour
pump test was 0.134 square feet per minute. Complete 72-hour aquifer test data and
interpretive graphs are presented in Attachment D.

No response was observed in monitoring wells MW-21, MW-99, MW-100B, and MW-101
during the aquifer test; therefore data from these wells were not analyzed. Furthermore,
usable data was not obtained from monitoring wells MW-116 and MW-118, possibly due to
a faulty data probes.

Assuming an effective porosity of 30 percent, flow velocities across the study areas average
1.8 feet/day within Study Area 1 and 0.6 foot/day within Study Area 2 (Table 4.3).
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TABLE 4.3
Study Areas 1 and 2, Estimated Groundwater Flow Velocities
Main Installation, Memphis Depot

Hydraulic Assumed Groundwater
Conductivity Porosity Gradient Velocity

Study Area (feetlday) (% (feetlfeet) (feet/day)

Area 1 1.17 30 (MW-21 to -10OB) 0.022
(low range) 0.0056

Area 1 192.76 30 (MW-21 to -1008) 3.6
(high range) 0.0056

Area 2 0.43 30 (MW-1O5 to -26) 0.016
(low range) 0.011

Area 2 31.75 30 (MW-1lOS to -26) 1.2
(high range) 0.011

4.2 Summary of Chemical Results
Soil samples were collected during the drilling of soil borings to determine the native TOG
and levels of VO~s. Twenty-nine soil samples were analyzed for TOG; only seven samples
had concentrations above detection limnits. Of those detected, concentrations ranged from
288 to 681 milligrams per kilogram (mg/kg). These relatively low TOC concentrations are
the primary reason that natural biodegradation rates are low in the fluvial aquifer. TOG
results are summarized in Table 4.4.

Soil samples were collected from borings IW-5 (82.5 feet bgs), NM-116 (52.5 feet bgs), and
MIW-120 (62.5 feet bgs) based on field screening protocol defined in the EBT Treatability
Study workplan, and analyzed for VO~s. TCE was the only GVOC detected: TCE was
measured in soil from IW-5, MW-120, and a duplicate of MW-120 at relatively low
concentrations of 0.612 1 micrograms per kilogram (pg/kg), 2.18 J pg/kg, and 2.43 J pug/kg,
respectively.

The validated laboratory results for the groundwater samples collected during the pilot
study are summarized in the following tables and attachments:

*Table 4.5 - Study Area 1 VO~s
*Table 4.6 - Study Area 1 Other Analytes
*Table 4.7 - Study Area 2 VO~s
*Table 4.8 - Study Area 2 Other Analytes
*Attachment G - Summary of Detected Analytes
*Attachment H - Data Quality Evaluation Reports

4.3 Radius of Influence During Injection Activities
The theoretical radius of influence can be calculated using the volume of injected fluid in
each well. Assumidng the injected volume fills a vertical cylinder within the aquifer centered
around the injection well. The theoretical radius of influence of the vegetable oil emulsion in
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Study Area 1 can be calculated by assuming a cylinder height equal to the length of the
injection well screen and an aquifer porosity of 30 percent. The theoretical radius of
influence of the lactate solution in Study Area 2 can be calculated by assuming a cylinder
height of the thickness of the aquifer and an aquifer porosity of 30 percent. These
calculations are presented in Table 4.9. The radius of influence at the time of injection can be
estimated from water level changes observed in nearby monitoring wells (Table C.2,
Attachment C). The changes in water levels are summarized in Table 4.10.

The post-injection radius of influence was estimated based on the detection of bromide
tracer and dissolved organic carbon (DOC) in the monitoring wells. Baseline results from
both study areas indicated undetectable levels of DOG and less than 0.6 mg/L of bromide
within the fluvial aquifer (Tables 4.6 and 4.8). Two weeks after the injection of vegetable oil
emulsion, bromide and DOC were detected in Study Area 1 monitoring wells
approximately 27 feet downgradient of the closest injection well (Figure 4.3a). Therefore, the
injection radius of influence is estimated to be between 27 and 63 feet. Two weeks after the
first lactate injection, bromide and DOC were detected in Study Area 2 monitoring wells
approximately 25 feet downgradient of the closest injection well (Figure 4.4a). Therefore, the
injection radius of influence is estimated to be between 25 and 38 feet.

A comparison of these radii is summarized in Table 4.11.
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TABLE 4.11
Summary of Estimates of injection Radius of Influence
Main Installation, Memphis Depot

Injection Well Injection Date Theoretical Water Level Bromide DOC'
Radius Effect in Nearby Tracer1 (feet)
(feet) well (feet)

(feet from IW)

Study Area I

lW-5 June 2002 20.2 10 27 to 63 27 to 63

IW-6 June 2002 20.2 10 27 to 63 27 to 63

IW-7 June 2002 20.2 10 27 to 63 27 to 63

Study Area 2

lW-I June 2002 25 Not Measured 25 to 38 25 to 38

IW-2 June 2002 17.6 10 25 to 38 25 to 38

IW-3 June 2002 20. 1 0 25 to 38 25 to 38

IW-4 June 2002 18.2 1 1 25 to 38 25 to38
l- - i February 2003 10.2--Not-Measured 25------------------- to------- 38--38 -to --48.5

IW-2 February 2003 10.3 No 11aue 25 to 38 38 to 48.5

IW-2 February 2003 10.5 1 1 25 to 38 38 to 48.5

IW-3 February 2003 10.6 None 25 to 38 38 to 48.5

lW-i April 2003 11.2 Not Measured >48.5 >48.5

IW-2 AprIl2003 11.2 1 1 >48.5 >48.5

IW-3 April 2003 11.5 10 >48.5 >48.5

IW-4 April 2003 11.5 1 1 >48.5 >48.5

lW-i May 2003 11.1 Not Measured >48.5 >48.5

IW-2 May 2003 11.1 I11 >48.5 >48.5

IW-3 May 2003 11.3 1 7 >48.5 >48.5

IW-4 May 2003 11.4 None >48.5 >48.5

1) Distance measured from 1IW-3 (Area 2) or IW-6 (Area 1) to the furthermost downgradient detection and

assumed for all injection wells. Based on groundwater samples collected after the injection events.

4.4 Transport of Electron Donors

4.4.1 Study Area I
The vegetable oil emulsion was injected into the lower part of the fluvial aquifer in late June
2002. Levels of DOC and bromide indicate breakthrough within two weeks of injection, but

the effects of the emulsion were limited in the wells screened in the upper part of the fluvial0
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aquifer (Figure 4.5a). The effects of the emulsion were much more pronounced in the wells
screened in the lower part of the fluvial aquifer (Figure 4.5b). As indicated by comparison of
Figures 4.3a, b, and c, the emulsion eventually reached at least 63 feet downgradient of the
closest injection well. The emulsion affected both bromide and DOC levels in MW-100B
approximately one month after injection (Figure 4.5b). These results are consistent with
injection of the emulsion to the area between MW-125 and -1008, with groundwater
transport during the month between the injection and the late July sampling event. Using
average flow velocities within Study Area 1, the bromide should have completely
disappeared in the 13 months following the injection. The distribution of bromide over time
(Figures 4.3a and c) suggests some bromide is trapped within the emulsion and not
dispersed by groundwater flow.

4.4.2 Study Area 2
The initial lactate injection occurred late June 2002. As indicated in Figures 4.4a and 4.6a, the
injection pushed the electron donor approximately 30 feet from the nearest injection well. As
indicated in Figure 4.6b, several downgradient wells were not affected by the initial lactate
injection, and were only moderately affected by subsequent injections. These observations
suggest preferential flow paths within Study Area 2 (see discussion below). One month
before the second lactate injection, the bromide levels within the injection zone had depleted
(Figure 4.4b) due to groundwater transport. Levels of lactate were also depleted, most likely
due to microbial utilization (see discussion below). The injections in 2003 were able to
distribute lactate and bromide to all of the wells in the study area (Figures 4.4c, d, and e);
however, the distribution appears to be highly irregular.

4.5 Preferential Pathways Within the Aquifer
The fluvial aquifer contains remnant stream channels filled with sand and gravel, and
overbank deposits of sand, silt, and clay (CH-2M HILL, January 2000). These various
lithologies create zones within the aquifer of highly variable permeability. Zones of high
permeability are preferential pathways for migration of injected substrates.

4.5.1 Study Area I
Figures 4.3a, b, and c suggest that preferential pathways occur within the fluvial aquifer.
Two weeks after the injection, concentrations of DOC within the southern portion of the test
area were 2 to 3 orders of magnitude greater than concentrations in the northern portion.
Levels of bromide in the southern part were an order of magnitude higher. The DOC and
bromide plumes along the northern boundary also bend around MW-119 suggesting a
localized low permeability zone. After seven months, the southern portion of the DOC and
bromide plumes had extended further downgradient to MW-10OB while a larger area in the
vicinity of MW-119 and MW-121 had no detectable concentrations. By the end of month 13,
the entire study area had detectable concentrations of DOC with the southern portion still
containing the higher concentrations.

Comparison of the Figures 4.5a and b suggests that injecting an emulsion had the desired
effect of not allowing the vegetable oil to "float" to the top of the aquifer. The highest levels

ofDOC in the shallow monitoring wells was only about 20 percent of the maximum levels
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measured in the deeper monitoring wells. In contrast, the bromide levels in the shallow
wells reached about 50 percent of the maximtrm levels measured in the deeper wells.

4.5.2 Study Area 2
Figures 4.4a through e indicate preferential pathways may occur in Study Area 2. The initial
and second injections of lactate bypassed wells MW-110 and -113. Levels of DOG and
bromide were consistently higher in the southern wells compared to the northern wells.
These results could also be produced by the groundwater flow direction being more toward
the south. However, the lack of detectable bromide or DOG in MW-110 strongly suggests a
localized low permeability zone, because this well is only 17 feet from the nearest injection
well (IW-4). Similarly the area aquifer near MW-106 must have lower permeability than at
MW-109 or MW-105. NMW106 and MW-105 are approximately the same distance from IW-3

yet MW-105 showed an order of magnitude more DOG after the initial injection. This
pattern was repeated by subsequent injections.

4.6 Electron Donor Depletion
4.6.1 Study Area I
Figures 4.5a and b indicate DOG is sustained for months following the injection oil
emulsion. As indicated in Table 4.6, wells MW-117,4-20, and -123 showed measurable
levels of oil and grease 1 year. The rate of depletion of DOG in MW-117 suggests that the
vegetable oil emulsion could last for several years (Figure 4.5b).

4.6.2 Study Area 2
Figure 4.6a indicates rapid utilization of the lactate within the study area. The data for well
MW-1O5 in Table 4.8 show DOG levels declining rapidly in the first two months after
injection, but are sustained at low levels for a period of at least seven months. Much of the
lactate was apparently converted to methane, as indicated by the data in Table 4.7. The rate
of DOG depletion in MW-105 suggests the lactate would not persist more than one year.

4.7 Effectiveness of Electron Donor Addition
4.7.1 General Geochemnical Conditions
The most important factor influencing enhanced bioremediation is the aquifer geochemical
conditions. The EPA has suggested a list of geochemtical parameters to establish conditions
favorable to enhanced bioremediation (USEPA, 1998). The following sections discuss the
geochemnical parameters and their significance to enhanced bioremediation. The sections
also include an analysis of the changes in these geochemical parameters observed during
the pilot study. Geochemnical data are summarized in Tables 4.6 and 4.8. Plots of
geochemnical parameters over the period of the pilot study are provided in Figures 4.7, 4.8,
4.9, and 4.10. The wells shown in Figures 4.9 and 4.10 were selected to demonstrate the
effects of the electron donor injections. Graphs of geochemidcal data for all study area wells
are provided in Attachment E.
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. ~~~4.7.1.1 Dissolved Oxygen (DO)
Reductive dechlorination occurs under anaerobic conditions; therefore, DO must be
depleted in groundwater before reduction of CVOCs will occur. Anaerobic bacteria
generally cannot function at DO concentrations greater than 0.5 milligram per liter (mg/L)
and thus reductive dechlorination will not occur (USEPA, 1998).

Study Area I
Baseline DO concentrations ranged from 1.9 to 5.4 mg/L (Table 4.6). This is indicative of an
oxic aquifer. Following the vegetable oil injection, DO concentrations in the monitoring
wells screened in the lower portion of the aquifer generally decreased to < 0.5 mg/ L
(Figure 4.9). These levels are conducive to reductive dechlorination. In contrast, the DO
concentrations in the upper part of the aquifer remained elevated thereby inhibiting
reductive dechlorination (Figure 4.7). The differences in DO between the lower and upper
wells are summarized below.

Lower Wells Upper Wells

DO (mgIL) DO (mgIL)
Distance Distance

from from
Nearest Nearest
Injection Injection

well Point Min Max Average Well Point Min Max Average

MW-211 2.4 7.6 5.3 MW-211 2.4 7.6 5.3

MW-uS6 12 ff 0.3 4.3 1.5 MW-1uS 12f: 0.1 5.5 3.6

MW-120 15fIt 0.0 2.8 0.7 MW-121 left 0.3 5.4 2.9

MW-1 17 20 ft 0.2 2.4 0.9 MW-V1 18 20 ff 0.3 7.4 3.3
MW-122 22fft 0.3 4.0 1.0 MW-123 25ff 0.1 3.6 0.8

MW-125 26ff 0.3 4.2 1.2 MW-119 16 ff 1.7 9.4 5.5

MW-100S3 63 ff 0.3 4.9 1.0 MW-124 26fft 0.3 3.1 2.1

1) MW-21 is the background monitoring well.

MW-123 was the only upper well that had, on average, low DO concentrations that might be
conducive to reductive dechlorination. This is likely attributable to the movement of oxygen
depleted groundwater from upgradient wells MW-120 and MW-117.

Study Area 2
During the first seven months of the pilot study, background (MW-88) DO concentrations
ranged from 3 to 5 mg/L (Table 4.8). These concentrations are indicative of an oxic aquifer.
Immediately following the lactate injection, DO concentrations in affected wells decreased
to below 1 mg/L (Figure 4.10). DO levels in these wells remained very low throughout the
period of the pilot study. As indicated by comparison of Figures 4.4 and 4.8, wells not
affected by the lactate injection sustained background DO levels.

4.7.1.2 Oxidation-Reduction Potential
Oxidation-reduction potential (0ORP) is an indicator of electron activity in groundwater.
Biological processes generally occur within a prescribed 0ORP range (USEPA, 1998). As
microbial activity depletes available electron acceptors, the ORP decreases. An ORP of less
than 50 millivolts (my) indicates conditions conducive to reductive dechlorination. 01(1
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levels greater than 50 mV indicate groundwater conditions that will hinder reductive
dechlorination; 01RP levels below -100 mV are ideal for reductive dechlorination.

Study Area I
Figure 4.11 shows 0ORP levels within the study area during the months after the injection of
emulsion. Comparison of Figures 4.3 and 4.9 shows that ORP in wells directly affected by
the injection (MW-117) is marginally below the level conducive to reductive dechlorination.
Other wells that affected over time by the injection (MW-1001 and MW-122) show similar
marginally reducing conditions. Furthermore, ORP levels in the upper and lower part of the
fluvial aquifer were not significantly affected by the oil injection. The differences between
the lower and upper wells are summarized below.

Lower Wells Upper Wells

Distance ORP (mV) Distance ORP (my)
from from

Nearest Nearest
Injection Injection

Well Point Min Max Average Well Point Min Max Average
MW-21 -- 19 516 240 MW-21 -- 1 9 516 240

MW-lie 12ff -42 544 123 MW-1uS 12 ff -67 197 35

MW-120 15fft -114 225 -22 MW-1 21 lefIt 1 1 241 107

MW-1 17 20 ff -71 311 77 MW-1 18 20fft -89 661 92

MW-122 22 ft -94 179 8 MW-123 25 ff -129 142 -27

MW-125 26 ff -117 284 18 MW-119 16 ff -3 433 194

MW-100B 63 It -95 353 35 MW-i124 26 It -50 348 71

These facts suggest that the oil emulsion is not readily available to the microbial conmmunity
as an electron donor.

Study Area 2
Figure 4.12 shows the 01(1 levels across the study area during the pilot test. Figure 4.10
shows ORP levels in selected monitoring wells affected by the lactate injection. As indicated
in the figure, 01RP levels dropped dramatically immediately after the injection. 0ORP levels
below 400 mV suggest massive generation of hydrogen via lactate fermentation. These
conditions are highly favorable for reductive dechlorination. However, the 01(1 change is
not sustained; 01(1 levels increased within three months of the initial injection. This is likely
due to decrease in the amount of hydrogen generation as the lactate levels decline.

4.7.1.3 Nitrate
Nitrate concentrations greater than1.0mg/L can inhibit natural reductive dechlorination,
because the microorganisms prefer nitrate to CVOCs as an electron acceptor. However,
nitrate can also facilitate the anaerobic oxidation of lesser chlorinated compounds such as
cis-1,2-DCE and VC. This process is usually more prevalent at the fringes of CVOC plumes.

Study Area I
Nitrate concentrations measured during the baseline sampling event ranged from below

detection limits to 5.1 mg/L (Table 4.6). After the vegetable oil injection, nitrate0
concentrations dropped significantly in all downgradient wells (Figure 4.9), indicating
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denitrification was occurring. As indicated in Figure 4.8, some wells showed no change in
nitrate levels. Nitrate concentrations remained low (<1 mg/ L) in monitoring wells affected
by the vegetable oil, where as nitrate concentrations returned to pre-injection levels in
unaffected wells within three months.

Study Area 2
Nitrate concentrations measured during the baseline sampling event ranged from below
detection limits to 1 mg/ L (Table 4.8). The low initial levels in this study area make it
difficult to discern any significant impact of the lactate injections.

4.7.1.4 Dissolved Organic Carbon
DOC concentrations in the aquifer are generally used to assess the amount and distribution
of electron donors that microorganisms require to degrade CVOCs. The purpose of the pilot
study was to stimulate reductive dechlorination by adding large amounts of DOC. The
discussion in Sections 4.3, 4.4, and 4.5 present the results of increasing DOC by injections of
electron donors.

4.7.1.5 Iron and Manganese
Ferrous iron WFell1]) is produced from the reduction of ferric iron (Fe[Il1]), a common
constituent of soil and rock. Although less abundant than iron, manganese is also common
in soil and rock: manganese (II) (Mn[1I]) is produced from the reduction of Mn[IV].
Measurable levels of either of these cations in groundwater indicate a reducing environment
favorable for reductive dechlorination. Reduction of Fe(III) and Mn (MV typically occurs
during anaerobic degradation of natural or anthropogenic organic carbon, but may also
occur during anaerobic oxidation of VC. Fe(1I) concentrations above 1 mg/L often indicate
anaerobic conditions in the aquifer (Wiedemeier et al., 1999).

Study Area I
Baseline concentrations of both Fe(II) and Mn(II) were below 1 mg/ L in all monitoring wells
(Table 4.6). After the vegetable oil injection, Fe(ll) and Mn(II) concentrations generally
increased in all affected wells. In some wells, Fe(II) levels increased to above 10 mg/ L
(Figure 4.9). Increases in Mn(II) were not as dramatic. As discussed above, the lower part of
the fluvial was the most affected by the injection and lower ORP conditions were created.
Both Fe(IT) and Mn(II) levels were somewhat higher in the lower wells (Figure 4.7). The
table below compares Fe(lI) levels in lower and upper wells.
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Lower Wells Upper Wells

Distance Fe(ll) mglL Distance Fe(II) mgIL
from from

Nearest Nearest
Injection Injection

well Point Min Max Well Point Min Max
MW-21 -- 0.02 0.19 MW-21 -- 0.02 0.19

MW-116 12 ff 0.00 3.00 MW-115 12fIt 0.60 5.90
MW-120 15 ff 0.05 10.40 MW-121 16 ft 0.24 2.71

MW-1 17 20fft 0.14 5.26 MW-118 20Oft 0.29 4.66
MW-122 22 ft 0.08 10.08 MW-123 25ff 0.25 5.28

MW-125 26 ft 0.00 4.64 MW-119 16fIt 0.00 0.21
MW-10OB 63ft 0.01 11.68 MW-124 26fIt 0.07 5.86

Study Area 2
Baseline Ee(II) and Mn(II) concentrations were below 1 mng/L and 1.5 mg/L, respectively, in
all monitoring wells (Table 4.8). After the lactate injection, Fe(II) and Mn(ll) concentrations
increased in all affected wells following the initial injection and in some cases exceeded
20 mg/U (Figure 4.10). In some wells, the Mn(II) level exceeded the Fe(II) level, possibly due
to Mn-rich sediments locally in the aquifer or reprecipitation of the Fe(II). Fe(II) and Mn(Il)
levels generally remained elevated in affected wells throughout the duration of the pilot
study.

4.7.1.6 Sulfate and Sulfide
Sulfate reduction produces sulfide and is indicative of conditions conducive to reductive
dechlorination. Sulfide is often difficult to detect in groundwater because of its tendency to
precipitate with iron and other metals. Sulfate concentrations greater than 20 mg/U can
reduce the potential for reductive dechlorination because the sulfate is preferred by
microorganisms as an electron acceptor.

Study Area I
Baseline sulfate concentrations ranged from about 6 to 20 mg/U (Table 4.6). During the pilot
test, groundwater inflow replenished sulfate within the treated area. As long as the effects of
the emulsion created reducing conditions at the wells, sulfate reduction kept the sulfate
levels low in the monitoring wells (Figure 4.9). As indicated in Figure 4.7, wells unaffected
by the injection (MW-121 and MW-119) showed little or no loss of sulfate during the pilot
study. As expected sulfide concentrations increased in monitoring wells affected by the
injection (Table 4.6). Because of the reactivity of sulfide with metals, sulfide levels were low
to non-detect in all wells.

Study Area 2
Baseline sulfate concentrations ranged from about 6 to 14 mg/ L (Table 4.8). Although
groundwater inflow replenished sulfate within the treated area, fermentation of the lactate
sustained reducing conditions and suif ate reduction kept sulfate levels low(Figure 4.8). As
indicated in Figure 4.10, sulfate levels in wells strongly affected by the injection showed
nearly zero levels of sulfate. As expected sulfide concentrations increased to detectable
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a ~~~levels in monitoring wells affected by the injection (Table 4.8). Because of the reactivity of
W ~~~sulfide with metals, sulfide levels were low to non-detect in all wells.

4.7.1.7 Methane
During methanogenesis, carbon dioxide is used as an electron acceptor and is converted to
methane. The presence of methane in the aquifer indicates strongly reducing conditions
(commonly ORP is less than -250 mV). Methane-producing organisms are much better at
using hydrogen than organisms causing dechlorination. Therefore, much more of the
hydrogen produced from fermentation of electron donors is used to generate methane than
for reductive dechlorination. In one study, Ballapragada and others (1997) found that 95
percent of the hydrogen produced by fermentation was used for methane production.
However, methane can migrate in groundwater into aerobic environments and facilitate co-
metabolic degradation of chlorinated solvents.

Study Area I
Except for wells IW-5, rW-6, and MW-121, baseline methane concentrations were below
laboratory detection limits in all monitoring wells (Table 4.5). Methane concentrations began
increasing within 1 month after the injection in affected wells. As with other geochemidcal
parameters, the greatest increases in methane levels were noted in the lower part of the
fluvial aquifer, which received most of the electron donor. The differences between the
lower and upper wells are summarized below.

Lower Wells Upper Wells
Distance Methane (mgIL) Distance Methane (mgIL)0 ~~~~~~~~~~~~from from
Nearest Nearest
Injection Injection

Well Point Min Max Well Point Min Max
MW-21 - ND 0.034 MW-21 -- ND 0.034
MW-116 12fIt ND 3.6 MW-1 15 l2ft ND 5.4
MW-120 l5 ft ND 18 MW-121 16 ft ND 1.6
MW-1 17 20 ft ND 19 MW-118 20Oft ND 7.1
MW-122 22 ft ND 7.2 MW-123 25 ft ND 21
MW-125 26 ft ND 15 MW-119 16ft ND 0.092

MW-100B 63fIt ND 26 MW-124 26 ft ND 1.2

Study Area 2
Except for wells MW-105 and MW-109, baseline methane concentrations were below
laboratory detection limits in all monitoring wells (Table 4.7). After a slight decline in
methane concentrations, levels began to increase dramatically after the initial lactate
injection (Figure 4.8). By the end of the pilot study, methane levels exceeded 1 mg/ L in the
wells that received the most electron donor.

4.7.1.8 Alkalinity and Carbon Dioxide
Alkalinity is defined as the capacity of an aqueous solution to neutralize acid (Hem 1970).
The principal contributors to alkalinity in groundwater are dissolved carbonate species.
These are formed by the dissolution of carbon dioxide (C02). C0 2-occurs in the atmosphere
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and also is produced in the aquifer during the biodegradation of native organic carbon
compounds. Therefore, alkalinity occurring above background concentrations might
indicate midcrobial activity and serve as an indirect indicator of CVOC biodegradation

Study Area I
Baseline alkalinity concentrations ranged from 64 to 96 mg/ L; baseline CO2 concentrations
ranged from 39 to 233 mg/L (Table 4.6). After the vegetable oil injection, both alkalinity and
CO2 increased in several monitoring wells affected by the emulsion. Maximum level of
alkalinity was observed in MW-100B (400 mg/L) and maximum C02 occurred in MW-117
(1,024 mg/L). Alkalinity and CO2 rose significantly in affected wells within three months of
the injection. This indicates some organic component of the emulsion is a readily available
food source to microorganisms.

Study Area 2
Baseline alkalinity concentrations ranged from 35 to 60 mg/ L; baseline CO2 concentrations
ranged from 38 to 196 mg/ L (Table 4.8). Reported concentrations of alkalinity below
detection limits in MW-86 and MNW-88 are suspect based on measurable CO2 concentrations
and therefore were not used. The microorganisms can easily ferment lactate and create large
quantities Of C0 2 within the treatment area. Extremely high levels of alkalinity
(>10,000 mg/L) and CO2 (>400 mg/L) were reported for multiple wells.

4.7.1.9 Chloride
Chloride is produced by all CVOHC degradation processes (Figure 1.3). If sufficient CVOCs
are destroyed, chloride levels in groundwater can measurably increase. Reductive
dlechlorination generally results in chloride concentrations greater (> 2x) than background
levels in the contaminated portion of the aquifer (Wiedemeier and others, 1999). Chloride
increases above background could be an indirect indication of CVOC degradation.

Study Area I
Baseline chloride concentrations ranged from 5 to 14 mg/L (Table 4.6). After the vegetable
oil injection, chloride concentrations increased slightly in wells affected by the emulsion
(Figure 4.8). By the end of the pilot study, chloride concentrations had increased less than
S mg/L.

Study Area 2
Baseline chloride concentrations ranged from 11 to 48 mg/L (Table 4.8). Chloride
concentrations were highly variable in this study area; some wells showed both dramatic
increases and decreases during the pilot study (Figure 4.10 and Attachment E). There is no
obvious reason for these variations; possible explanations include laboratory error,
contamination of injected fluids, and contamination of sampling equipment.

4.7.1.10 Temperature and pH
Temperature and pH are groundwater parameters that affect microbial activity.
Microorganisms capable of degrading chlorinated solvents generally prefer a pH between 6
and 8 SU (Standard Units) (USEPA, 1998). Microbial activity tends to increase with
increasing temperature up to a certain level. Below about lO0 Celsius, microbial activity
decreases until it is negligible at freezing temperatures.
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* ~~~Study ArealI
Baseline measurements indicate pH ranged from 5.9 to 6.3 SU. After the injection, pH
fluctuated slightly with some wells testing below 5 SU (Table 4.6). The pH data suggest that
the aquifer was usually within the optimal range during the pilot study.

The injection of the emulsion was not expected to alter groundwater temperatures.
Temperatures remained within the normal range for groundwater at MI during the pilot
study (Table 4.6).

Study Area 2
Baseline measurements indicate pH ranged from 5.3 to 7 SU. Injections of the lactate had
very little effect on pH (Table 4.8). This is likely due to the extremely high levels of alkalinity
generated by the lactate fermentation.

The lactate injections were not expected to alter groundwater temperatures. Temperatures
remained within the normal range for groundwater at MI during the pilot study (Table 4.8).

4.7.1.11 Arsenic and Selenium
Arsenic (As) and selenium (Se), both relatively toxic, were targeted for analysis as risk
indicators during the pilot study. Samples were collected for laboratory analysis daring the
May 2003 baseline event and the January 2003 sampling event from wells IW-6, IW-7,
MW-121, and MW-123 within Area 1 and wells IW-1, IW-4, MW-l10, and MW-114 within
Area 2. Arsenic currently has a maximum contaminant level (MCL) of 0.05 mg/L for
drinking water but this regulatory limit will change to 0.01 mg/L as of January 23, 2006.
Selenium has a MCL of 0.05 mg/L.

Arsenic mobility was expected to be en hanced within the strongly reducing areas (ORP < -
200 my) created by electron donor injections. The principal species was assumed to be
As(III) which could form insoluble sulfide species, if S04 was available to be reduced
(Brookins, D.G., 1988; Nriagu J., 1994). Dimnethyl arsenic acid (cacodylic acid) could also
form, but this volatile compound was unlikely to be of concern, since the highest measured
arsenic levels were less than 4x10-6 molar. Outside the immediate treatment area, more
normal oxidizing conditions would prevail in the Fluvial aquifer, and the As(III) would
rapidly oxidize to As(V). Because As(V) is highly adsorbed to Fe-oxyhydroxides and clay
minerals, the 'normal" redox conditions were expected to control arsenic concentrations to
below MCLs. This is evidenced by background sampling performed within the test areas.

Selenium mobility may be enhanced by the reducing conditions produced by the electron
donor injections. Under normal aquifer conditions, Se(VI) would be present as the selenate
ion [SeO42-]. Se(VI) will reduce to Se(IV) (selenite anion) under strongly reducing conditions
within treated areas (Allen and others, 1993; Brookins, D.C., 1988). Fortunately, available
Se(fV) is greater than 90% adsorbed to Fe-oxyhydroxides in groundwater with a mildly
acidic pH which is characteristic of the Fluvial aquifer. CH-2M HILL notes that high levels of
selenium measured during this pilot study were in highly-turbid water samples, supporting
the claim that selenium was adsorbed, and not in solution. Outside the treatment area, the
mobility of the selenate anion also was controlled by adsorption. Although less strongly
adsorbing than selenite, selenate is still moderately to strongly adsorbing. Low-turbidity
water samples from the Fluvial aquifer were below the MCL, as evidenced by background
sampling performed within the test areas.
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Study Area I
Arsenic and selenium were not detected during the baseline sampling event (fable 4.6).
After the initial injection, arsenic was detected in three of the four wells sampled, which
included one concentration that exceeded the current MCL. The sample from IW-6
contained arsenic at a concentration of 0.274 mg/L. Selenium was also detected in three of
the four wells sampled and exceeded the MCL in IW-6 (0.454 mg/ L). It should be noted that
elevated turbidity (172.9 NTUs) was measured in IW-6 at the time of the sampling and may
have biased the results high for arsenic and selenium. These results indicate injection of oil
emulsion may increase the solubility and mobility of toxic metals in the aquifer.

Study Area 2
Arsenic and selenium were not detected during the baseline sampling event (Table 4.8).
After the initial injection, arsenic was detected in three of the four wells sampled, but did
not exceed the current MCL. Selenium was also detected in three of the four wells sampled
and exceeded the MCL in IW-4 (0.0689 mg/bL). These results indicate injection of lactate
solution may slightly increase the solubility and mobility of toxic metals in the aquifer.

4.7.1.12 Volatile Fatty Acids
Volatile fatty acids (VFAs), also called low molecular weight organic acids, are readily
metabolized, highly oxidized, organic substrates. These acids are used as indicators of
biodegradation in two ways.

* Natural appearance of these acids is unequivocal evidence that biodegradation (via
oxidation) has occurred. However, in all but the most extreme environments (exceptions

are typically landfills) concentrations of these acids is extremely low (Hutchinson, 1995).

* Secondly, concentrations of the VFAs are monitored when they are used as a carbon
source, particularly to induce methanogenic conditions (Fennel et at., 1997). Upon
introduction to the groundwater, lactate releases lactic acid into the groundwater. This
lactic acid is then metabolized by a primary sequential path to pyruvic acid and, in turn,
to acetic acid. Two additional VFAs, butyric and propionic acid are also produced
through secondary reactions.

Study Area I
Baseline concentrations of VFAs were below the detection limit in all monitoring wells,
except MW-100B (lactic acid at 0.7 mg/L) (fable 4.6). After the vegetable oil injection,
concentrations of VFAs increased in all affected wells. However, no significant impacts were
observed in wells MW-116,4-19,4-21, and -124. Vegetable oil was not measured for VFA
content prior to injection activities, and therefore, it is uncertain whether VFA increases are
due to injection of the oil. Delayed increases were observed in MW-122 and MW-100B.
VFAs have been on a decreasing trend in most monitoring wells since September 2002. As of
July 2003, except for MW-117, concentrations were not much above background.

Study Area 2
Baseline VFA concentrations were below detection limits in all wells except MW-106 (formic
acid at 1.7 mg/L) (Table 4.8). As expected, VFA concentrations increased dramatically
following all lactate injections. The highest concentrations were observed after the injections
in the spring of 2003. Detections of acetic acid at levels >3,000 mg/b further emphasize the

bioavailability of lactate compared to vegetable oil emulsion.
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* ~~4.7.2 Testing for Anaerobic Bacteria
4.7.2.1 Iron-related and Sulfate-reducing Bacteria
Field tests were performed during each sampling event at selected monitoring wells to
determine the presence or absence of iron-related and sulfate-reducing bacteria in the study
areas. To perform the test, a sample of groundwater was collected in a prehreated vial,
sealed, and visually checked for microbial growth for 8 days. If bacterial growth was
observed during the test period, the number of bacteria in the groundwater sample was
then estimated. Table 4.12 summarizes the results from the tests for iron-related bacteria
(IRB) and Table 4.13 summarizes the results for the tests for sulfate-reducing bacteria (SRB).
Field observation sheets for each test are included as Attachment F.

IRB were indicated in the majority of the tests. The January 2003 samples contained the least
number of positive test results. When present, the majority of indicated bacteria were
pseudomonads and enterics; however, general anaerobic bacteria and iron-related bacteria
were also indicated. The bacterial populations ranged from 100 to 100,000 colony-forming
units per milliliter (cfu/mL); the average population size was 40,000 cfu/mL.

SRB were indicated during all tests except the baseline event (June 2002). The dominant
bacteria in the majority of tests was indicated to be a complex consortium with sulf ate-
reducers present. The bacterial populations ranged from 100 to 100,000 cfu/mL; the average
population size was 32,000 cfu/mL.

The IRB and SRB test results generally corroborate the other pilot study findings. Baseline
conditions within the pilot study areas were mildly to strongly oxic with small populations
IRB and SRB. Following the injection of electron donors, reducing conditions were created
and populations of IRB and SRB increased. Both study areas showed high populations of
SRB by the end of the pilot test.

4.7.2.2 Dehalococcoides Species
Scientific research has shown that multiple microbial populations are responsible for
degradation of organic compounds including denitrifiers, iron and manganese reducers,
acetogenic bacterial, sulfate-reducers and methanotrophs (Brock and Madigan, 1994). At
some sites, conversion of PCE to TCE to cis-1,2-DCE occurs, but further degradation does
not occur, even after biostimulation (addition of electron donors and nutrients). Compelling
evidence shows that halorespiring bacteria (Dehalococcoides spp., particularly D. ethanogenes)
are needed to facilitate complete reduction of cis-1,2-DCE to ethene. Testing of the native
bacteria may be done at sites where buildup of cis-1,2-DCE occurs after biostimulation to
determine if these specific halorespiring bacteria are present. Bioaugmentation with a
microbial consortium known to degrade CVOCs has been shown to be effective at a few
sites.

Three groundwater samples were collected to test for the presence of Dehalococcoides
bacteria. Samples were collected in August 2003 from MW-86, and MW-ill (Study Area 2),
and MW-100B (Study Area 1) using 1-liter septum-sealed bottles. Sample bottles were filled
to overflowing using a bladder pump operating at a low-flow rate and capped in the field
with zero headspace.
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During laboratory analysis, the presence of Dehalococcoides was based on conducting an
analysis of DNA subsequent to amplification by the Polymerase Chain Reaction using two
primers to amplify sequences of nucleotides in the DNA. Secondly, detection of
Dehalococcoides was also conducted using a probe in a TaqMan based
detection/enumeration method (He, Ritalahti, Aiello, and Loeffler, 2003).

Test results for all wells showed populations (if present at all) were below the reporting
limit of 500 cells per gram. These results indicate that Dehalocaccoides spp. are not present.
at either site at populations significant enough to completely dechlorinate CVOCs to ethene.

4.7.3 CVOCs and Daughter Compounds
The distribution of CVOCs and their daughter compounds were evaluated at each study
area to assess the impact of the electron donor injections. The analytical results for Study
Area 1 and 2 are presented on Tables 4.5 and 4.7. In the figures presented below, CVOC
isoconcentration contours were interpolated using the software program, Surfer0D.
Interpolations were made by the kriging method, which is an accepted geostatistical
gridding method. To represent trends in CVOC concentrations, the analytical results plotted
in Figures 4.14 and 4.17 were converted to micromolar units. This type of plot allows better
comparison of the analytical results because reductive dechlorination of C'VOCs follows a
1:1 molecular ratio of parent to daughter products (Figure 1.3).

4.7.3.1 Study Area I
The principal CVOCs at Study Area 1 are PCE, TCE, and cis-1,2-DCE. Figure 4.13 shows the

areal distribution of PCE, TCE, and cis-1,2-DCE at different times daring the pilot study.0
Trends in CVOC concentrations at individual wells are presented in Figure 4.14. Figure 4.15
presents plots of CVOC concentration versus distance downgradient from the injection area
along the centerline of the study area.

PCE
Baseline PCE concentrations ranged from 1.3 ~tg/ L to 53 [ig/ L (Table 4.5 and Figure 4.13a).
Following the vegetable oil injection in June 2002, PCE concentrations decreased slightly in
many site wells. During the months following the injection, the greatest impact to PCE
concentrations was observed in downgradient wells located in the southeastern portion of
the site. Concentrations of PCE in wells located closest to the injection wells decreased
immediately after the injection, then rebounded to baseline conditions (Table 4.5). This
phenomenon has been reported for other test sites using vegetable oil as an electron donor.
These changes in concentrations are attributed to adsorption of the CVOC into the oil phase.
Also, as indicated in Figure 4.15, about one year after injection, PCE levels in the upgradient
wells had rebounded to pre-injection levels. This may be due to influx of CVOCs from
upgradient (untreated areas) or gradual desorption of CVOCs from the vegetable oil, or
both.

Downgradient of the zone initially impacted by the injection, microorganisms used the
soluble organics from the emulsion (DOC) to facilitate reductive dechlorination. For
example in well MW-122, where low levels of DOC were sustained during the study, both
PCE and TCE were completely transformed to cis-1,2-DCE (Figure 4.14). As shown in the
figure, concentrations of PCE decreased in nearly all wells affected by the injection. PCE
levels in both MW-100B and MW-117 decreased to non-detect levels near the end of the
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study period. However, further inspection of the Figure shows losses of PCE in most wells
are not matched with increases of TCE and cis-1t2-DCE. This suggests that processes other
than reductive dechlorination are responsible for the apparent loss of PCE.

TCE
Baseline TCE concentrations ranged from 9 itg/L to 170 gig/L (Table 4.5 and Figure 4.13b).
Until four months after the injection, TCE concentrations were relatively unaffected
(Figure 4.13b). However, beginning in October 2002 and continuing throughout the entire
study period, TCE levels decreased in nearly all of the downgradient wells. During the
treatability study period, concentrations of TCE were observed to fluctuate greatly.
Typically wells located in the southern part of the study area had the highest concentrations
of DOG and therefore showed the greatest decrease in TCE levels. It is possible that the oil,
especially in MW-117 and MW-120, absorbed some of the TCE. Inspection of Figure 4.14
shows that in several wells (MW-115, MW-118, MW-119, and MW-121) the decrease in TCE
does not match the increase in cis-1,2-DCE. This suggests that processes other than
reductive dechlorination are responsible for the loss of TCE.

As indicated in Figure 4.15, TCE concentrations near the center of the study area remained
relatively constant while the concentrations further downgradient of the injection declined
to non-detect. This pattern suggests that TCE was being "added" and degraded at about
equal rates near the injection area, but TCE degradation was predomidnant in the
downgradient areas. Addition of TCE likely occurred from degradation of PCE, influx of
CVOCs in groundwater from upgradient (untreated) areas, and desorption of CVOCs from
the oil.

In MW-117 and MW-124 the TCE levels increased slightly during the study period
(Figure 4.14). In both cases, this is attributed to degradation of PCE causing "addition" of
TICE to groundwater at the well. At MW-117 there is also the potential for desorption from
the oil, since the well was immediately affected by the injection and continued to show high
concentrations of oil throughout the study period (Table 4.6). However, desorption could
not have contributed much TICE, because PCE only rebounded to about 25 percent of pre-
injection (baseline) levels during the study period. Well MW-124 showed later, very low-
level effects of the injection (Figure 4.3), and thus showed degradation of both PCE and TCE
with generation of cis-1,2-DCE.

DCE
During the reductive dechlorination of TCE, three isomers of DCE may be created: 1,1-0GE,
cis-1,2-DCE, and trans-1,2-DCE. Gis-1,2-DCE is the predominant isomer produced by
microbial degradation of TCE. Because this compound occurs at only trace levels in
manmade solvents, its presence in GVOC plumes is strong evidence of reductive
dechlorination (Wiedemeier and others 1999). Table 4.5 provides analytical results for
cis-1,2-DCE; analytical results for 1,1-DCE and trans-1,2-DCE are provided in Attachment G.

Baseline levels of cis-1,2-DCE ranged from below the detection limit to 1.2 pg/L (Table 4.5).
Within about 4 months after the injection, cis-1,2-DCE began to appear in samples from the
monitoring wells (Figure 4.13c). Levels of cis-1,2-DCE increased gradually in many wells
affected by the injection, but the earliest increases were noted in wells (MW-l0aB, MW-125)
that received low to moderate levels of DOG (Table 4.6, Figure 4.14). Two wells immediately

afetdby the injection (MW-117 and MW-120) showed different responses: MW-120
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showed large increases in cis-1,2-DCE levels after about 9 months, while MW-117 had only
minimal cis-1,2-DCE levels after one year. These delays in transforming CVOCs have been
noted at other sites using vegetable oil as an electron donor (Parsons ES, oral
communication). The delay is attributed to the slow rate of dissolution of the oil and release
of DOC that the microorganisms can digest.

Figures 4.13c and 4.15 show the distribution of cis-1,2-DCE was very irregular within the
study area. This is believed to be due to variations in distribution of indigenous bacteria, not
to the irregular distribution of DOC noted in Section 4.5.

Vinyl Chloride
During the baseline event, vinyl chloride was not detected in any study area wells. During
the pilot study, levels of cis-1,2-DCE were seen to rise, but vinyl chloride was only detected
once in MW-10OB (2.57 pg/L) (Table 4.5). Reductive dechlorination is not the only
degradation process for vinyl chloride: vinyl chloride may be mineralized or cometabolized
mn aerobic environments (Figure 1.1). ORP measurements suggest that mildly reducing
conditions were typical within areas affected by the injection (Section 4.7.1.2) so these
alternative degradation processes seem unlikely or of minimal importance. The lack of
detections of vinyl chloride during the pilot study indicates that complete transformation of
CVOCs may not be occurring. This further suggests that biostimulation by addition of
vegetable oil may not be completely effective in removing the CVOC plumes at MI.

Ethene
Ethene is the result of complete transformation of PCE and TCE. The maximum
concentration of ethene detected during the baseline event was 1,000 Pg/ L in IW-5
(Table 4.5). Although a slight increase was observed in downgradient wells MW-IOOB, -117,
-122, and -123 after the injection, no significant increase was observed in any site wells. The
lack of increase in ethene concentrations after the injection indicates complete
transformation of PCE and TCE did not occur.

4.7.3.2 Study Area 2
The CVOCs in Study Area 2 are PCE, TCE, cis-1,2-DCE, carbon tetrachloride, chloroform,
and methylene chloride. Analytical data for these parameters are presented in Tables 4.7
and 4.8. Figures 4.16, 4.17 and 4.18 show areal and at well changes in CVOC concentrations
during the pilot study. Figure 4.19 shows concentration versus distance plots of chlorinated
ethenes and chlorinated methanes along the centerline of the study area.

PCE
Baseline PCE concentrations in study area wells ranged from 30 [ig/L to 220 Pig/L
(Table 4.7). As shown in Figure 4.16 and 4.19, PCE concentrations declined slightly after the
first injection, and declined significantly only after the second injection in February 2003.
Figure 4.19 also shows that after the last injection some PCE rebound occurred due to influx
of CVOCs from upgradient areas. The initial injection caused little reductive dechlorination,
possibly because most of the lactate was used to generate methane. PCE concentrations
were relatively stable until December 2002 when some decrease was noted at MW-86. Most
of the PCE degradation occurred in the southern part of the treatment area, the area most
affected by the injection (compare Figures 4.4 and 4.16). In contrast to the vegetable oil
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study, the lactate injection caused transformation of both PCE and TCE to cis-1,2-DCE
(Figure 4.17).

TCE
Baseline TICE concentrations ranged from 13 pg/L to 29 .'g/L (Table 4.7). Slight increases in
TCE were observed following the initial injection (Figures 4.16b and 4.19), most likely
produced from degradation of PCE. Most of the TCE reduction was observed in the
downgradient areas located along the centerline and in the southern part of the treated area.
By August of 2003, TCE concentrations had decreased to low levels in nearly all of the wells
in the study area, indicating the lactate was effective in stimulating reductive dechlorination
of both PCE and TICE.

DCE
Baseline levels of cis-1,2-OCE within the study area ranged from 26 pg/L and 64 pg/L
(Table 4.7). After the first injection, cis-1,2-OCE concentrations increased slightly throughout
the study area, but the greatest increases were observed after the subsequent injections
(Figures 4.16c and 4.17). Wells located in the center of the treatment area showed minimal
changes in cis-1,2-DCE levels until about 6 months after the initial injection (Figure 4.19). As
was noted during the vegetable oil pilot study, cis-1,2-DCE appears to accumulate rather
than degrade to vinyl chloride and ethene (Figure 4.17). This indicates biostimulation with
lactate may not be effective in completely transforming chlorinated ethene plumes at MI.

Vinyl Chloride
Vinyl chloride was not detected in any wells during the pilot study except in July 2003, in
MW-112 at 0.2631 pg/b. The low levels of vinyl chloride may indicate that cis-1,2-DCE is not
being transformed or that vinyl chloride is being rapidly removed by another mechanism,
such as co-metabolism. The persistence of cis-1,2-DCE (Figures 4.16c and 4.17) suggests that
incomplete transformation of the chlorinated ethenes is the principal reason that vinyl
chloride was not detectable within the study area.

Ethene
Baseline concentrations of ethene ranged from below the detection limit to 1.3J pLg /L
(Table 4.7). Concentrations increased above detection limits (0.0025 pg IL) in all site wells
with the greatest increase in the area around MW-86. However concentrations remained
very low and close to baseline conditions, even after multiple injections of lactate. This is
further evidence that chlorinated ethenes are not being fully transformed by biostimulation.

Carbon Tetrachloride
Baseline concentrations of carbon tetrachloride (CT) ranged from 30 pg/L to 91 pg/b
(Table 4.7). Within two months after the first injection, CT concentrations had decreased in
wells nearest to the injection wells and in the southeastern part of the study (Figures 4.16d
and 4.19). After the subsequent injections, CT was removed from all areas that received
moderate or higher amounts of lactate (i.e., DOC >500 mg/L) (compare Figures 4.4 and
4.16e). As shown in Figure 4.18 an increase in chloroform or methylene chloride
concentration (or both) matched the decrease in CT concentration. These changes indicate

the loss of CT was due to addition of the lactate that stimulated reductive dechlorination.
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Chloroform
Baseline chloroform concentrations ranged from 52 Rg/L to 91 gg/L (Table 4.7). Withidn two 0
months following the first injection, chloroform concentrations increased in areas
moderately to highly affected by the lactate (Figures 4.16e and 4.19). Wells nearest the
injection zone showed reductive dechlorination of chloroform to methylene chloride for
about three months after the first injection (Figure 4.18). The chloroform transformation
apparently slowed (or stopped) as the lactate was depleted, and the untreated CVOC plume
migrated into the study area. Chloroform levels remained stable or rose slightly in the
upgradient areas during the months preceding the second lactate injection (Figures 4.16e
and 4.18). The entire study area showed depletion of the chloroform and measurable
accumulation of methylene chloride only after the subsequent injections.

Methylene Chloride
Baseline levels of methylene chloride ranged from below the detection limit to 1.4 gEg/ L
(Table 4.7). Within two months after the first injection, methylene chloride concentrations
began to increase in areas near the injection zone (Figures 4.16f and 4.19). After the later
injections, wells in the center and the southeastern part of the study area showed the
greatest concentrations of methylene chloride, and the greatest reduction of chloroform.
Figure 4.18 shows that methylene chloride was degraded relatively quickly after being
created by EBT. Apparently the compound was subject to both reductive chlorination and
anaerobic oxidation processes in the aquifer.

Chloromethane
Chloromethane was not measured above the detection limit during the pilot study
(Table 4.7). These results suggest that the disappearance of methylene chloride could be due0
to anaerobic oxidation, rather than reductive dechlorination.

Methane
Baseline levels of methane ranged from below the detection limit to 4.4 pig/L (Table 4.7).
Concentrations of methane increased in the area nearest the injection zone almost
immediately (Figure 4.18). Methane is the byproduct of reductive dechlorination of
chloromethane, but chloromethane was not detected during the pilot study. It is possible
that the degradation of chloromethane is almost instantaneous, and therefore
chloromethane would not be detected. However, it seems more likely that the majority in
methane is the result of methanogenesis following fermentation of the lactate.

4.7.4 Rates of CVOC Degradation
The rate that microbes degrade CVO1Cs is often calculated for the purpose of estimating
cleanup times for a contaminated aquifer. The degradation rates are generally dependent on
several factors:

*microbial growth rates and initial populations in the aquifer
*concentrations of electron donors (substrates) and receptors
*availability of essential nutrients
*ratio of degradation due to attached-phase versus suspended-phase microorganisms

The first-order degradation rate equation, which commonly represents the apparent

degradation kinetics of chlorinated ethenes and methanes is:
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Ct = Coe-kt

where:

Q = Solute (e.g., PCE) concentration in mg/L at time t
co Solute (e.g., PCE) concentration in mg/L at time "zero'

It time (days)
k = first-order degradation rate (day-')

It is important to note that this equation includes the effects of both biological and physical
(i.e., dispersion, adsorption, volatilization, and dilution) degradation mechanisms.

This section discusses the calculation of CVOC degradation rates from monitoring data
obtained during the pilot study. Only the data that indicated contaminant reduction were
used to calculate degradation rates (i.e., data from a period of increasing contam-inant levels
were not used). The data were plotted arithmetically and logarithmically for each of the
wells to estimate the first-order degradation rates. These rates are not intended to represent
actual biodegradation rates, since the calculations are based on data that included the effects
of other attenuation processes, such as advection, dispersion, volatilization, and adsorption.
The calculated rates likely overestimate the actual biodegradation rates, especially in Study
Area 1 where the vegetable oil was used. As discussed above, the oil appears to have
absorbed PCE and TCE, thus depleting the apparent concentrations without any
biodegradation. Also, since the CVOCs degrade in sequential reactions, a 'net' reduction
rate is estimated by these methods. Finally, it is expected that biodegradation rates vary in
different parts of each site, depending on the local geochemical conditions and microbial
populations.

4.7.4.1 Study Area I
Evidence of reductive dechlorination was observed only in the data from MW-10OB and
MW-122. The data are summarized in Table 4.14. Plots of the data are provided in Figure
4.20.

PCE
First-order degradation rates for PCE ranged from 0.016 day-1 (5.8 yr41) to 0.058 day-1 (21 yr-1)
(Table 4.14). The calculated degradation rates are equal to a PCE half-life ranging of 12 to 43
days. As shown in Table 4.15, the calculated PCE degradation rates are generally consistent
with other EDT studies.

FCE levels in the background well increased slightly during the pilot test study, therefore
no degradation rate could be calculated for the aquifer outside the study area. Natural
attenuation rates for PCE at the MI indicated a half-life ranging from 3.2 to 7.3 years (CH2M
HILL, January 2000). These estimates suggest that the vegetable oil EBT attenuated PCE 60
to 100 times faster than natural processes.

TCE
First-order degradation rates for TCE ranged from 0.023 day-1 (8.4 yr-') to 0.039 day-1 (14 yr
1). The calculated degradation rates are equal to a TCE half-life ranging of 18 to 30 days. As
shown in Table 4.16, these TICE degradation rates are generally consistent with other EDT
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TABLE 4.14
POE and TOE Degradation Rate Analysis for Area 1
Main Installation, Memphis Depot

MW21 (BG Well) MW122 MWIOOB
Distance from Injection Wells

22 63
Date PCE/TCE Concentrations (pgIL)

12111101 -50> 79
3/20/02 '~0> 76
51211/02 -53 49

7/9/02 ~-~~t110- 66 ys< ~32
7/ 29102 AA&25 i 53.6 v'<253 5.
9/3/02 0 8#ii 81 A-0 52
10/7102 if5 ~ % 4. 4~66
11/11/02 8 k. 37.6 ~~46 68.
12/16/02 38.3 1 548.
1/2-0/03 3.

4121/03 33.Li8 ttA 33.

6/23/03 t~~f59' 34 <0.55<
7/21103 K i Bt220 33.6 <0.5 <1 <as. <1

First-Order Analysis _______

Rae (ld0.058 0.082 -0.016 0.023
Rate -1 -)0.958 0.829 j 0.01 0.963

Half-life (d) - 12 -18 43 30

Period of observable POE and/or TCE degradation is shaded black.
italics = estimated value.

TABLE 4.15
First-Order POE Degradation Rate Summary
Main Installation, Memphis Depot

First.Order Degradation Rates
Source Day-' Year' Half-life (d) Comments

Area I (this study) 0o0j6 - .058 5.8-21 12 - 43 electron donor vedetable oil~,

LA 2rnis stIudy) -0.012 -0-.031 - - 4A4-11 _ 22 --58 -electron donor-acae -
Sheldon, 1999 0.005 - 0011 2.0 -3.8 66 -128 rates decreased as HRC was depleted
Dooley, 1999 0.021 7.7 33 rate order not reported (assumed first)
Maierle, 2001 0.021 - 0.027 7.7 -9.5 26 -33 enhanced reductive dechlorination (ERD)
EnSafe, 2002 0.009 -0.01 13-3-3.7 69 -77 carbon source: sodium acetate

For comparison, TCE concentrations at MW-21 (background well upgradient of the study
area) have decreased from 76 pg/ L in March 2002 to 34 iig/ L in August 2003. Thids decrease
yields a first-order degradation rate of 0.0015 day-1 (0.5 yr-i) and a half-life of 470 days (11.3
years) with an R-squared value of 0.63. TCE degradation rates for the MI ranged from 1.9 to
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4.4 years (CH-2M HILL RI, January 2000). These data suggest the EBT rate is as much as 50
times the natural attenuation rate in the aquifer near the study area.

TABLE 4.16
First-Order TCE Degradabon Rate Summary
Main Installation, Memphis Depot

First-Order Degradation Rates Comments
Source Ia~ Ye( Half-life (d)I

Enhanced In Situ Bioremediation
<MrealI (ttlisptudy);k tD ,Q23 -0.039 8.4 -14 7*A19OK electron donor.v~egetable~oilt.%~.

Dooley, 1999 0.018 6.6 39 rate order not reported

Maierle, 2001 J0.005 -0.023 1.8 -8.4 30 - 139 enhanced reductive dechlorination (ERD)
EnSafe, 2002 j0.016 - 0.026 5.8 -9.5 27 -43 carbon source: sodium acetate

Natural Attenuation
.trejris, ia~djfA 2 .4 Backgiduund rnniorl ItMW21V@

Cox,______1995 _____0___003__ ________ 231______ sequential anaerobic-aerobic aquifer
Wiedemneier and 0.0001 - 0.002 0.05 -0.9 350 -6900 Reported in BIOCHLOR v. 1.0 manual

Lee, 1995 0.002 0.7 347 downgradient of an industrial landfill

. ~~437.412 Study Area 2
Figures 4.21a and 4.21b show the data plots for the calculations.

PCE
First-order degradation rates for PCE ranged from 0.012 day-' (4.4 yr-1) to 0.031 day-' (11 yrli)
(Table 4.17). The calculated rates are equal to a PCE half-life ranging from 22 to 58 days. As
shown in Table 4.15, the calculated degradation rates are generally consistent with rates
calculated by other EBT studies.

PCE concentrations at background monitoring well MW-88, which is nearly 245 feet
upgradient of the Area 2 study, increased slightly during the study period therefore no
degradation rate for the aquifer outside the study area could be calculated. Natural
attenuation rates for PCE at the MI indicated a half-life ranging from 3.2 to 7.3 years (CH2M
HILL RI, January 2000). These estimates suggest the lactate EBT rate is as much as 50 times
the natural attenuation rate.

TCE
First-order degradation rates for TCE ranged from 0.0063 day-1 (2.3 yr-l) to 0.021 day-' (717
yr-I). The calculated degradation rates are equal to a TCE half-life ranging from 33 to 110
days. As shown in Table 4.16, the TCE degradation rates are generally consistent with other
EBT studies. However, the higher rate is 7 to 10 times greater than the reported literature
value of natural attenuation studies at monitored natural attenuation (MNA) sites; the lower
rate is 2 to 3 times greater than reported from MNA studies.

TCE concentrations at MW-88 (background well) decreased from 7.1 pg/L to 5.4 pg/L
during the pilot study. This decrease equates to a first-order degradation rate of 0.0008 day-
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1 (0.3 yr-') and a half-life of 920 days (2.5 years). Natural attenuation of TCE for the MI
indicates half-life ranging from 1.9 to 4.4 years (CH2M H-ILL RI, January 2000). These data
suggest the EBT degradation rate is 10 to 30 limes the natural attenuation rate for TCE.

P:HUItNTSVILLE ALABAMA COE\170039\TASI( TS TM -EST TECHNICALIMEMORANDUM\EBT TECH MEMOREV 1UREPORTLEBT REPORT REV IDOC 4-24



79 4 14 5

-Z 04: 0 q ' CQ~0

0. o

0

U) 0 cot c -l ocq Cc

0~~~~~~~~~~~~~~~~~~~

0~~~~~~~~~~~~~~~~~~~~~

ow O)U)04C90J*CV) In CfN.I 01

C

C) £00) 0

C,~~~~~~~~~~~~~~~~~~~~-

0~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~a

w con to r 0i> ci >t i) f
0~~~~

T7 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0-

0~~~~~~~~~~~~~~~~

w 0 w m m ~ ~ ~ ~ ~ ~ ~ I

a-q

() ~~0 0)100)( ) 0o

CD 00'--0t - m -Itoo co 0 O O

zo C~~~) ) a
C~~~~~~~~~~~ ~~~~) CC U

0) CD Cod)-'. - . Coo cd o~~~~ 0)04 CD0

000)0 .1 .01.0.040 CO -R . C

0) 0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

o 0~~~~~~~~~~~~~~~~~~~~



7 94 14 6

Carbon Tetrachioride
First-order rates for CT degradation ranged from 0.0072 day-' (2.6 yr-1) to 0.059 day-' (22 yr-1)
(Table 4.18). The calculated degradation rates are equal to a CT half-life ranging of 12 to 96
days.

CT concentrations at MW-88 (background) increased during the period of the pilot study,
and no degradation rate was calculated.

TABLE 4.18
Carbon Tetrachloride Degradation Rate Analysis for Area 2
Main Installation, Memphis Depot

BIG Well Central Path South Path North Path

MW-88 MW-106 MW-86 MW-114 MW-Ill IMW-1131MW-1051MW-1121MW-109 MW--lbo

Distance from Injection Wells

6 ft 19ff 24 ff 36 ff 47ff 6ff 18 ft 113ff 19 ff
Date CT Concentrations (ptgIL)

5/20/02* 3 82 77 *91 30 f . 7

718/02 4.7 89 *80 50 110

7/30/02 5.54 23.7 96.1 69.1 120

9/3/02 6.61 42.1 60.7 <1 <1 131

10/7/02 5.3 392 <1 429 112 < .5 9

11/11/02 5.79 42 c 5. 92.8 59 181 05 12.8 98.3

12/16/02 6-76 441 <1 *106 896 4.88 1.3 11.6 120

1/20/03 6.98 <1 *108 * 4.28 3.2 13.8 109

3/24/03 4.63 * <1 76.5 I1 <1 <1 <1 90.5

4/21/03 5.61 * <1 a1 < < 0

5/19/03 5.08 -i* <1 I<1 <1 77.7

6/23/03 6.17 12.4 <1 <1 12

7121/03 8.17 <i <i <1 <1 38 <1 <1 c 60.8

8/18/03 7.3 <1 <1 <1 10.3 142.7 <11 <1 5.

First-Order Analysis _______

R2
- 0.86 0.80 0Q79Y 0.83 10.93 10.74 0.87 0.70 0.80 -

Rate (lid) - -0.028 -0.051 -0.019 1 O.039 -0.086 -0.0072 -0.05 -0.048 -0.05 -

Half-life (d)I - 27 14 37 118 18.1 96 12 1 5 12

*MW-86 and MW-88 baseline samples were collected on November 30, 2001.
Period of observable CT degmadation is shaded black.
Italics = estimated value.
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Chloroform
First-order rates for chloroform degradation ranged from a.0027 day-1 (0.99 yr-I) to
0.065 day-1 (24 yr-1) (Table 4.19). The calculated degradation rates are equal to a chloroform
half-life ranging of 11 to 257 days.

Chloroform levels at MW-88 increased slightly during the pilot study period, and no
degradation rate was calculated.

TABLE 4.19
Chloroform Degradation Rate Analysis for Area 2
Main Installation, Memnphis Depot

BIGWell Central Path 71 South Path j Nort~h Path

MW-8 M-101 M 6 MW-114 IMW-ill1 MW-1113 MWIO5 MW-112 I MWj19 MW-l11O

Distance from Injection Wells

- 6ft 19ff 24ff 36ff 147ff f ~ t 3f 9f

Date Chloroform Concentrations (jigiL)

5/20/02* 1.1 76 77 84 85 765269 8

7/8/02 1.9 87 57 75 85 79 90 5690 85

7/30/02 2.10 130 8. 129 96.8 98.0 9.6 9.

9/3/02 1.86 71.3.7.3 0. ~~~10/7/02 1.81 75.7. 4. 8

12/16/02 1.88 903* 93.4 87.6 8.17,8 987 85.4

1/20/03 1.64 95998 2 93.824742

3/24/03 1.23 83.77. 08 617.

4/21/03 1.43 90.1822 147563

5/19/03 1.71 83.4 120 84.4 29.7634

6/23/03 1.93 83.9 109 189.8 48.8 *. 91.3

7/21/03 2.08 85.8 11 . ~ 106 89.7 12* 78.3

8/18/031 1.93 19.72 12.1 * 97.5 80.4 9.2. 54.8

First-Order Analysis

R' 0-9 -f-i0.84 Q 070 0.78 1.0 0.88 -

Rate (lid) -- 0.091-0007 -0.00541j-0.06 -0.021j-030 008 -

Half-life (d) 76 - 12 1 3 2 37

*MW-86 and MW-88 baseline samples were collected on November 30, 2001.
Period of observable CT degradation is shaded black.
Italics = estimated value.
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4.7.5 Plume Treatment
The two pilot studies showed that EBT could be effective in accelerating natural attenuation
rates for the CVOCs in the fluvial aquifer. At Study Area 1 the vegetable oil emulsion
attenuated PCE and TCE as much as 100 times the rate of natural attenuation. These
"apparent" rates may not be indicative of reductive dechlorination since the vegetable oil
may have absorbed PCE and TCE, thus lowering the concentration without biodegradationa
The lactate EBT showed degradation rates up to 50 times the natural attenuation rates. The
oil emulsion was persistent for at least a year after injection and was reasonably successful
mn depleting PCE and TCE within the areas affected by the injection. The lactate was less
persistent, with substantial depletion of the electron donor within 7 months of the initial
injection. Three subsequent injections were successful in removing nearly all of the PCE and
TCE from within the study area in one year. The injection process produced a "radius of
influence" from the injection wells in excess of 30 ft, and both substrates were transported
downgradient under natural gradients at rates approximately equal to the bromide tracer.
However, both studies showed local heterogeneities in the aquifer strongly affected the
distribution of the injected fluids, and thereby the zones of EBT.

Neither electron donor was effective at totally transforming the PCE and TCE to vinyl
chloride and ultimately to ethene. Buildup of cis-1,2-DCE was especially noticeable at Study
Area 2, but Study Area 1 also showed signs that cis-1,2-DCE was not degrading. This
"stalling" of the degradation process has been noted at other sites where the natural
bacterial consortium is missing a key bacterial species, Dehalococcoides ethenogenes. Tests of
groundwater samples from the study areas indicate this bacterium is not present or if

present, occurs at extremely low populations. The injection of lactate was, however,0
successful in completely transform-ing the CT and daughter products. These one-year pilot
studies suggest that biostimulation alone may not be successful in transform-ing the PCE
and TCE plumes at the MI. Lactate injections into the CVOC plume at the nearby Memphis
International Airport have indicated the buildup of cis-1,2-DCE; however, the data show
that it may be a temporary phenomenon. After about 1 year of "continuous" lactate
injections the cis-1,2-DCE is also beginning to be depleted (SAIC, September 2003).

The results of the pilot studies confirmed that EBT can be used to remove PCE, TCE, aT,
and chloroform from the fluvial aquifer. The oil emulsion appears to absorb PCE and TCE
rather than initiate biodegradation, but there are signs that, one year after the donor was
injected, degradation is occurring. The lactate provided much quicker response from the
indigenous bacteria, but also was depleted (digested) much faster. After multiple injections
the lactate FBT removed nearly all of the PCF, TCE, CT and its daughter products from the
area affected by the injections. Based on these results the most contaminated parts of the MI
plumes could be treated by lactate EBT and show nearly complete cleanup within one year.
If the results from the Memphis Airport are typical, the residual cis-1,2-IJCE may require a
longer, more continuous treatment of lactate. As an alternative, the plume could be irjected
(b ioaugmented) with Dehalococcoides ethenogenes to complete the transformation of the
chlorinated ethenes.
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FIGURE 4.1
Potentiomnetric Surface at Study Area 1
Main installation, Memphis Depot
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0 ~~~~FIGURE 4.2
Potentiomretric Surface at Study Area 2
Main installation, Memphis Depot

Area 2 (Police Station Parting Lot), Memphis Depot Lgn
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. Table 4.4
Summary of Total Organic Carbon In Soil
Main Installation: Memphis Depot

__________ Study Area I Study Area 2

Sample TCSample TC
Well Sampe Date Deth(feet (mgkg) Well Sample Date Depth (feet (mglkg)

______ _____ ______ ______ bgs) __ _ _ _ _ _ _ bgs) _ _ _ _ _

IW-5 1 8-Apr-2002 100.0 120 lW-I 16-Apr-2002 97.5 120
IWO6 05-May-2002 97.0 115 IW-2 19-Apr-2002 104.0 681
IW-7 05-May-2002 108.0 290 IW-3 20-Apr-2002 103.0 645

MW-l00B 08-Oct-2001 98.0 601 IW-4 16-Apr-2002 '100.0 225
MW-11IS 22-Apr-2002 97.0 115 MW-86 20-Sep-2001 103.0 60
MW-li6 21-Apr-2002 100.0 669 MW-88 20-Sep-2001 83.0 60
MW-117 01-May-2002 95.0 115 MW-lOS 01-May-2002 97.0 115
MW-lie1 01-May-2002 100.0 115 MW-lO6 17-Apr-2002 104.0 135
MW-119 02-May-2002 98.0 110 MW-109 02-May-2002 97.0 120
MW-I120 20-Apr-2002 100.0 115 MW-lbI 04-May-2002 98.0 120
MW-121 20-Apr-2002 102.0 627 MW-Ill1 23-Apr-2002 98.0 120
MW-122 04-May-2002 102.0 110 MW-112 21-Apr-2002 98.0 288
MW-123 29-Apr-2002 100.0 110 MW-113 17-Apr-2002 105.0 135
MW-124 03-May-2002 100.0 110 MW-1 14 30-Apr-2002 102.0 125. MW-125 I23-Apr-2002 105.0 120

Notes:
mglkg :milligrams per kilogram
bgs : below ground surface
Underlined value :half of the reporting limit for a non-detected parameter
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TabletS
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Table. 4.5
Stuady Am. 1: Swmay of VOCs
Main hisbta~ati Memphis Depoat
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. Table 4.9
Theoretical Radius of influence During Injections
Main Installation, Memphis Depot

Injection Study Injection Injectio Volume Height of Assumed Calculated
Event Area Well Date Injected Aquifer Porosity Radius of

(gallons) Effected (. Influence (r)
(h

1 2 lW-i Jun-02 1762 3 0.3 25.0
IW-2 Jun-02 2642 9 0.3 17.6
IW-3 Jun-02 2642 6.7 0.3 20.5
IW-4 Jun-02 2642 8.5 0.3 18.2

1 ~ ~1 lW-5 Jun-02 3864 10 0.3 20.2
IW-6 Jun-02 3864 10 0.3 20.2
IW-7 Jun-02 3864 10 0.3 20.2

2 2 W-I Feb-03 297 3 0.3 10.2
IW-2 Feb-03 897 9 0.3 10.3
IW-3 Feb-03 697 6.7 0.3 10.5
IW-4 Feb-03 898 8.5 0.3 10.6

3 2 lW-i Apr-03 355 3 0.3 11.2
IW-2 Apr-03 1066 9 0.3 11.2
IW-3 Apr-03 829 6.7 0.3 11.5
IW-4 Apr-03 1066 8.5 0.3 11.5

4 2 lW-i May-03 347 3 0.3 11.1
IW-2 May-03 1040 9 0.3 11.1
IW-3 May-03 809 6.7 0.3 11.3
IW-4 May-03 1040 8.5 0.3 11.4
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. Table 4.10
Influence of Injections on Water Levels
Main Installation, Memphis Depot

AREA I
Injection Wells Time from Start of Change In water Distance from

Well/Event Influenced Injection level (feet) Injection Well
I I I ~ ~~~~~~~~~~~(feet)

IW-6/1 I W-5 3hr 33min 31.91 10
IW-51 1 IW-6 No measurement due to injection influence 10
IW-71 1 IW-5 No measurement due to inlection influence 10

AREA 2
Injection Wells Time from Start of Change In water Distance from

Well/Event Influenced Injection level (feet) Injection Well
I I I I ~ ~~~~~~~~~~~~~~(feet)

lw-li 1 None
IW-2 /1 IW-3 2hr 2Omin 3.9 10
IW-3/ 1 IW-2 Shr 55mmn 1.08 10
IW-41 1 IW-2 3hr 44mmn 0.76 1 1

IW-3 3hr 44min 1.68 1 0
lW-lI 2 Not Measured
IW-2/ 2 IW-3 Yhr 20min 44.15 1 0

IW4 Ihr 2Omin 1.4 1 1
IW-31 2 IW-2 7hr 43min 1.35 1 10 ~ ~~~~~MW-i106 2hr 14.8 9

6hr 30.64 9
lhr 43min 39.35 9

IW-4/ 2 None
IW-lI 3 Not Measured
IW-2/ 3 IW-3 l hr 40min 6.89 1 0

IW-4 2hr 8min 78.59 1 1
IW-31 3 IW-4 2hr 14mmn 6.6 10

MW-i106 2hr 14min 2.29 9
IW-41 3 IW-2 3hr 25min 40.21 1 1

IW-3 3hr 2Smin 4.92 10
IW-11 4 Not Measured
IW-21 4 IW-3 2hr 8min 2.5 1 0

IW-4 2hr 8min 83.64 1 1
IW-3/4 MW-106 56 min 26.95 9

MW-109 1hr 4Smin 1.86 17
IW-4/4 None
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Table 4.12
*BART IRB Analysis Summary

Main Installation, Memphis Depot

Well ID Sample rPresent/ AdvanceTest Comments
__________ Date j Absent Info _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

_____ ____ ____ ____ ____ ____S tudy A rea I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

MW1 6 IRB 05/2212002 Present IRB, 100
07/09/2002 Present BL, 100,000

07/31/2002 Present BL, 5,000

09/04/2002 Present BL, 100,000
10/09/2002 Present BL, 5,000 - 100,000
11/13/2002 Present AL, 5,000 -100,000
1217172002 Present BL, 5,000 IRA indicated by brown ring at waterline.
01/2212003 Present BL, 100 - 5,000 I RB indicated by bmown ring at waterline.
02/25/2003 Present BL, 100
03/25/2003 Present AL, 100 -5,000

04/22/2003 Present BL, 100 -5,000 IRB indcated by brown solution.
05/20/2003 Present AL, 100 IRA indicated by brown solution.

06/24/2003 Present BL, 100,000

a ~~~~~07/22/2003 Present BL, 100,000

V MWIIS6D IRB 05/22/2002 Present IRS, 5,000

07/09/2002 Present BL, 100,000 IRS indicated by brown ring at waterline.

07/31/2002 Present AL, 100,000
09/04/2002 Present BL, 100,000
10/09/2002 Present BL, 5,000 - 100,000 IRD indicated by brown ring at waterline.
11/13/2002 Present AL, 5,000

12/17/2002 Present BL, 5,000 IRB indicated by bmown ring at waterline.
01/22/2003 Present 13L, 100 -5,000 IRB indicated by brown ring at waterline.

02/25/2003 Present BL, 100 IRS indicated by brown solution.
03/25/2003 Present BL, 100

04/22/2003 Present AL, 5,000 IRB indicated by brown solution.
05/20/2003 Present BL, 100 -5,000 IRB indicated by bmown solution.

06/24/2003 Present BL, 100,000

07/22/2003 Present BL, 100,000
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Table 4.12
BART IRB Analysis Summary
Main Installation, Memphis Depot

Well ID Sample Present/ Advance Test Comments
Date Absent Info

MWII8 IRB 05/2212002 Present BL, 5,000 IRB indicated by brown film ring at waterline.

07/09/2002 Present BL, 100,000 IRB indicated by brawn film ring at waterline.

07/30/2002 Present BL, 100 -5,000
09/04/2002 Present BL, 100,000
10/08/2002 Present BL, 100 -5,000

11/12/2002 Present BL, 5,000 - 100,000

12/17/2002 Present SL, 5,000- 100,000 IRS indicated by brown film rng atwaterline.

01/21/2003 Present FO, 100

02/25/2003 Present BL, 100

03/25/2003 Present BL, 100 -5,000

04/22/2003 Present BL, 100

05/20/2003 Present BL, 5,000

06/24/2003 Present BL, 5,000-100,000 IRS indicated by brown film rng atwaterline.

07/22/2003 Present SL, 5,000- 100,000 IRS indic-ated by brown film ring at waterline.

MWII9 IRS 05/22/2002 Present I RB, 100 -5,000

MWI2O IRS 05/22/2002 Present IRS, 100

07/10/2002 Present BIL, 100 -5,000

07/30/2002 Present BL, 5,000 - 100,000

09/04/2002 Present SL, 5,000 - 100,000

10/08/2002 Present BL, 100 IRB indicated by brown ring at waterline.

11/13/2002 Present BL, 100

12/17/2002 Present BL, 100

01/21/2003 Present FO, 100

02/25/2003 Present FO, 100

04/22/2003 Absent FO indicated by foam at waterline.

05/20/2003 Present BL, 5,000 IRB indicated by brown ring at waterline.

06/23/2003 Present BL, 100,000

07/22/2003 Present BL, 100,000
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table 4.12aBART IRB Analysis Summary

WMain Installation, Memphis Depot

Well ID Sample Presenti Advance Test Comments
Date Absent Info

MW122 IRB 05122/2002 Present BL, 5,000- 100,000 IRS indicated by bmwn film ring at waterline.

07/11/2002 Present BL, 5,000 - 100,000
07/31/2002 Present BL, 5,000
09/06/2002 Present BL, 100,000
10/09/2002 Present BL, 5,000 - 100,000
11/13/2002 Present SL, 5,000 -100,000

12/18/2002 Present BL, 100 -5,000 IRB indicated by brown film ring at waterline.
01/21/2003 Absent
02/25/2003 Present BL, 100
03/26/2003 Present SL, 100

04/22/2003 Present BL, 5,000
05/20/2003 Present BL, 100

06/24/2003 Present BL, 100,000

07/22/2003 Present SL, 100,000. MW124 IRS 05/22/2002 Present I RS, 5,000 - 1 00,000
07/10/2002 Present BL, 100,000 IRB indicated by bmown ring and solution.
07/31/2002 Present BL, 5,000
09/03/2002 Present BL, 100,000

10/09/2002 Present BL, 5,000 - 100,000
11/1212002 Present BL, 5,000 -100,000
12/17/2002 Present BL, 100 -5,000
01/21/2003 Absent

02/25/2003 Present BL, 100 IRS indicated by bmown ring and solution.
04/23/2003 Present BL, 5,000 IRB indicated by brown ring and solution.
05/20/2003 Present BL, 100 IRB indicated by brown ring and solution.
06/24/20031 Present BL, 100,000

__________ 072/03 Present SBL, 100,000 ___________________
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Table 4.12

BART IRB Analysis Summary
Main Installation, Memphis Depot

Well ID Sample Present/ Advance Test Cmet
Well ID_~Date Absn Info Cm et

_____ ____ ____ ____ ____ ____Study A rea 2 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

MWIO5 IRB 0711012002 Present BL, 100,000
07/31/2002 Present BL, 5,000

09/05/2002 Present SL, 5,000 - 1 00,000

10/09/2002 Present BL, 5,000 - 100,000

11/13/2002 Present BL, 5,000 -100,000

12/18/2002 Present BL, 5,000

01/22/2003 Absent

03/26/2003 Absent FO indicated by foam at waterline. No slime.

04/23/2003 Absent FO indicated by foam at waterline. No slime.

05/21/2003 Absent

06/25/2003 Present IRB, 100,000

07/23/2003 Present BL, 5,000 - 1 00,000

081/20/20031 Present IRB, 1,000

MWIIO IRB 05/20/2002 Present SL, 100 -5,000

07/09/2002 Present SL, 100,000 IRB indicated by brown film at waterline.

07/30/2002 Present BL, 5,000 - 100,000

09/04/2002 Present BL, 5,000 - 100,000

10/08/2002 Present BL, 5,000 - 100,000

11/12/2002 Present BL, 5,000 -100,000

12/17/2002 Present SL, 100

01/21/2003 Present SL, 100 IRS indicated by bmown film at waterline.

03/24/2003 Present BL, 100 IRB indicated by brown film at waterline.

04/2112003 Present BL, 100 - 5,000 IRB indicated by brown film at waterline.

05/19/2003 Present BL, 5,000 - 100,000 IRB indicated by brown film at waterline.

06/23/2003 Present BL, 100,000

07/21/2003 Present BL, 100,000

08/18/2003 Present BL, 100,000
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Table 4.12

*BART IRB Analysis Summary
Main Installation, Memphis Depot

Well ID Sample Present/ Advance Test Comments
Date Absent Info

MW1I0D IRB 07/09/2002 Present BL, 100,000 IRB indicated by bmown film ring at waterline.
07/30/2002 Present BL, 5,000 - 100,000
09/04/2002 Present BL, 100,000
1 0/08/2002 Present BL, 5,000 - 100,000
11112/2002 Present BL, 100 -5,000
12117/2002 Present BL, 100 - 5,000
01/2112003 Absent
03/24/2003 Present BL, 100 -5,000 IRS indicated by bmown film ring at waterline.
04/21/2003 Absent
0511912003 Present BL, 5,000 - 100,000 IRB indicated by brown film ring at waterline.
0612312003 Present BL, 100,000
07/21/2003 Present BL, 100,000
08/18/2003 Present BL, 5,000. MW1 11 IRB 05/2212002 Absent

MWII12 IRB 07/10/2002 Present BL, 100,000
07/31/2002 Present EL, 5,000
09/05/2002 Present BL, 5,000 - 1 00,000
10/09/2002 Present BL, 5,000 - 100,000
11/13/2002 Present BL, 5,000
12/118/2002 Present BL, 5,000 IRS indicated by brown ring at waterline.
01/2212003 Absent
03/26/2003 Absent IRB possible, brown solution.
04/23/2003 Present BL, 100
05/21/2003 Absent BL possible, very thin black film at waterline.
06/25/2003 Present IRB, 100,000
07/23/2003 Present IRE, 100
08/20/20031 Present IIRE, 100
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Table 4.12
BART IRB Analysis Summary
Main Installation, Memphis Depot

Well ID Sample Present/ Advance Test Comments
Date Absent Info

MWII13 IRB 07110/2002 Present BL, 100,000 I RB indicated by brown ring at waterline.

07/31/2002 Present BL, 100 - 5,000
09/0512002 Present BL, 100,000 IRB indicated by brown film on sides.

10/09/2002 Present BL, 5,000 - 1 00,000 IRB indicated by brown ring at waterline.
11/13/2002 Present BL, 5,000 - 100,000

12/18/2002 Present BL, 100 -5,000
01/22/2003 Absent
03/26/2003 Present BL, 100 IRB indicated by brown solution.
04/23/2003 Present IRB, 100
05/21/2003 Present BL, 5,000 - 100,000 IRB indicated by brown ring at waterline.

06/25/2003 Present BL, 5,000
07123/2003 Present BL, 5,000 - 100,000
08/20/2003 Present BL, 100 -5,000

MWII4 IRB 05/22/2002 Present IRB, 100 -5,000
07/09/2002 Present BL, 100,000

07/30/2002 Present BL, 5,000 - 100,00
09/04/2002 Present BL, 100,000
10/08/2002 Present BL, 5,000 - 100,00 IRB indicated by brown ring at waterline.
11/12/2002 Present BL, 5,000 - 100,00

12/17/2002 Present BL, 5,000 IRB indicated by brown ring at waterline.

01/21/2003 Absent FO indicated by foam at waterline. No slime
03/25/2003 Present IRB, 100 IRB indicated by brown ring at waterline.
04/22/2003 Present DL, 100

05/20/2003 Absent FO indicated by foam at waterline. No slime

06/24/2003 Absent
07/2212003 Present IRB, 100,000

08/19/2003 Present BL, 100,000
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Table 4.13
B ART SRB Analysis Summary
Main Installation, Memphis Depot

Well ID Datpe jPAbsent/ Advance Test Info Comments

___________ ~~~~Study Area I
MWI 16 SRB 06117/2002 Absent

07/09/2002 Present BA, 1 0,000 -1I00,000
07/31/2002 Present BA, 10,000
09/04/2002 Present BA, 100,000
10/09/2002 Present BA, 1 0,000 - 1 00,000
11/13/2002 Present BA, 10,000
12/17/2002 Present BA, 1,000
01/22/2003 Present BA, 1,000
02/25/2003 Present BA, 1,000
03/25/2003 Present BA, 1,000
04/22/2003 Present BA, 1,000 -10,000
05120/2003 Present BA, 1,000
06/24/2003 Present BA, 10,000
07/22/2003 Present BA, 10,000

MWII6D SRB 06/17/2002 Absent
07/09/2002 Present BA, 1 0,000 - 1 00,000
07/31/2002 Present BA, 10,000
09/04/2002 Present BA, 100,000
10/09/2002 Present BA, 1 0,000 - 1 00,000
11/13/2002 Present BA. 1 0,000 - 1 00,000
12/17/2002 Present BB, 1,000 -10,000
01/21/2003 Present BA, 1,000 -10,000
02/25/2003 Present BA, 10,000
03/25/2003 Present BA, 1,000
04/22/2003 Present BA, 1,000 - 10,000
05/20/2003 Present BA, 1,000 - 10,000
06/24/2003 Present BA, 10,000
07/22/2003 Present BA, 100,000

MW118 SRB 06/17/2002 Present BB, 1 00 - 1,000
07/09/2002 Present BA, 10,000
07/30/2002 Present BA, 1,000 -10,000
09/04/2002 Present BA, 1 0,000 - 1 00,000
10/08/2002 Present BA, 1 0,000 - 1 00,000
11/12/2002 Present BA, I10,000 - 100,000
12/17/2002 Present BA, 1 0,000 - 1 00,000
01/21/2003 Present BA, 10,000
02125/2003 Present BA, 1 0,000 - 1 00,000
03/25/2003 Present BA, 1,000 -10,000
04/22/2003 Present BA, 1 0,000 - 1 00,000
05/20/2003 Present BA, 1 0,000 - 1 00,000
06/24/2003 Present BA, 100,000

07/22/2003 Present BA, 100,000
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Table 4.13
DART SRB Analysis Summary
Main Installation, Memphis Depot

Well ID Sample Present/ Advance Test Info Comments
Date Absent

MWI2O SRB 0611712002 Absent
07110/2002 Present BA, 10,000
07/30/2002 Present BA, 1,000 - 10,000
09/04/2002 Present BA, 100,000
10/08/2002 Present BA, 1 0,000 - 1 00,000
11/13/2002 Present BA, 1,000 - 10,000
12/17/2002 Present BA, 1 0,000 - 1 00,000
01/22/2003 Present BA, 1 0,000 -1I00,000
02/25/2003 Present BA, 1 0,000 -1I00,000
04/22/2003 Present BA, 1,000 - 10,000
05/20/2003 Present BA, 100,000
06/23/2003 Present BA, 100,000
07/22/20031 Present BA, 100,000

MW122 SRB 06/17/2002 Absent
07/11/2002 Present BA. 100,000
07/31/2002 Present BA, 10,000
09/06/2002 Present BA, 100,000
10/09/2002 Present BA, 1 0,000 -100,000
11/13/2002 Present BA, 1 0,000 - 1 00,000
12/18/2002 Present BA, 1 0,000 - 1 00,000
01/21/2003 Present BA, 1 0,000 -1I00,000
02/25/2003 Present BA, 1 0,000 -1I00,000
03/26/2003 Present BA, 10,000
04/22/2003 Present BA, 1 0,000 - 100,000
05/20/2003 Present BA, 10,000
06/24/2003 Present BA, 100,000
07/22/2003 Present BA, 100,000

MW124 SRB 06/17/2002 Present BA, 1,000 - 10,000
07/10/2002 Present BA, 100,000
07/31/2002 Present BA, 1,000 - 10,000
09/03/2002 Present BA, 100,000
10/09/2002 Present BA, 1 0,000 - 100,000
11/12/2002 Present BA, 1 0,000 - 100,000
12/17/2002 Present BA, 10,000
01/21/2003 Present BA, 1,000 - 10,000
02/25/2003 Present BA, 100
04/23/2003 Present BA, 100,000
05/20/2003 Present BA, 10,000
06/24/2003 Present BA, 10,000

____________ 07/22/2003 Present 'BA, 10,000 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Table 4.13. BART SRB Analysis Summary
Main Installation, Memphis Depot

Well ID Sample Present/ Advance Test Info IComments
D ate A bsent I I__________________ _________________________________

___________ ~~~~Study Area 2
MW1O5 SRB 0711012002 Present BA, 100,000

07/3112002 Present BA, 10,000
09/05/2002 Present BA, 100,000
10/09/2002 Present BA, 1 0,000 - 1 00,000
11/13/2002 Present BA, 1 0,000 - 1 00,000
12/18/2002 Present BA, 10,000
01/22/2003 Present BA, 10,000
02125/2003 Present BA, 1,000
03/26/2003 Present BA, 10,000
04/23/2003 Present BA, 10,000
05/21/2003 Present BA, 100 -1,000
06/25/2003 Present BB, 10,000
07/23/2003 Present BA, 1 0,000 - 1 00,000
08/20/2003 Present BA, 100,000

MW110 SRB 06/17/2002 Absent
07/09/2002 Present BT, 10,000
07/30/2002 Present BA, 1,000 -10,0000 ~ ~~~~~~09/04/2002 Present BA, 1 0,000 - 1 00,000
10/08/2002 Present BA, 10,000
11/12/2002 Present BB, 1,000 -10,000 BA indicated by small patches an ball.
12/17/2002 Present BA, 1,000
01/21/2003 Present BA, 1,000
03/24/2003 Present BA, 1,000 - 10,000
04/21/2003 Present BA, 1,000 - 10,000
05/19/2003 Present BA, 1 0,000 - 1 00,000
06/23/2003 Present BA, 100,000
07/21/2003 Present BA, 100,000
08/18/2003 Present BA, 100,000

MWIIOD SRB 07/09/2002 Present BA, 10,000
07/30/2002 Present BA, 1,000 -10,000
09/04/2002 Present BA, 100,000
10/08/2002 Present BA, 10,000
11/12/2002 Present BB, 10,000
12/17/2002 Present BA, 1,000 -10,000
01/21/2003 Present BB, 1,000 BA possible, small black patch on ball.
03/24/2003 Present BA, 10,000
04/21/2003 Present BA, 10,000
05/19/2003 Present BA, 10,000
06/23/2003 Present BA, 100,000
07/21/2003 Present BA, 100,000

08/18/2003 Present BA, 100,000
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Table 4.13
BART SRB Analysis Summary
Main Installation, Memphis Depot

Well ID Sample Presentl Advance Test Info Comments
Date Absent

MW1II SRB 06/1 7/2002 Absent

MWII2 SRB 06/17/2002 Present BA, 100
07/10/2003 Present BA, 100,000
09/05/2002 Present BA, 100,000
10/09/2002 Present BA, 1 0,000 - 1 00,000
11/13/2002 Present BA, 1 0,000 -1I00,000
12/18/2002 Present BA, 1 0,000 - 100,000
01/22/2003 Present BA, 1,000
03/26/2003 Present BA, 1 0,000 - 100,000
04/23/2003 Present BA, 1 0,000 - 100,000
05/21/2003 Present BA, 100,000
06/25/2003 Present BA, 100,000
07/23/2003 Present BA, 100,000
08/20/2003 Present BA, 1 0,000 - 1 00,000

MWII2D SRB 06/17/2002 Present BA, 1 00

MWII13 SRB 06/17/2002 Absent
07/10/2002 Present BA, 100 - 1,000
07/31/2002 Present BA, 10,000
09/05/2002 Present BA, 100,000
10109/2002 Present BA, 1 0,000 -1I00,000
11/13/2002 Present BT, 10,000
12/18/2002 Present BB, 100 -1,000
0 1/22/2003 Present BA, 1,000 - 10,000
03/26/2003 Present BA, 1,000 - 10,000
04/23/2003 Present BA, 1,000 - 10,000
05/21/2003 Present BA, 1,000 -10,000
06/25/2003 Present BA, 100,000
07/23/2003 Present BA, 100,000
08/20/2003 Present BA, 100,000

MW114 SRB 06/17/2002 Absent
07/09/2002 Present BA, 100,000
07/30/2002 Present BA, 1,000 -10,000
09/04/2002 Present BA, 100,000
10/08/2002 Present BA, 1 0,000 - 100,000
11/12/2002 Present BA, 1 0,000 - 100,000
12/17/2002 Present BA, 100,000
01/21/2003 Present BA, 10,000
03/25/2003 Present BA, 1 0,000 - 100,000
04/22/2003 Present BA, 10,000
05/20/2003 Present BA, 10,000
06/23/2003 Present BA, 10,000
07/22/2003 Present BA, 100,000
08/19/2003 Present BA, 10,000 ___0
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* ~5.0 Conclusions

5.1 Summary
Contaminant plumes beneath the MI at Memphis Depot contain CVOCs, primarily PCE,
TCE, aT and chloroform. The ROD specifies that EBT will be used to cleanup the most
contaminated portions of the aquifer. CH2M HILL beginning in June 2002 conducted two
pilot studies of electron donors to determine design parameters and a suitable donor for
full-scale implementation. In Study Area 1 a vegetable oil emulsion (food grade soybean oil
mixed with lecithin, commercially known as Centromix BRTM) was injected. In Study Area 2,
a 15 to 40 percent solution of sodium lactate was injected. Study Area 1 had PCE and TCE
contamination; Study Area 2 had these contaminants plus aT and chloroform.
Both study areas were prepared by installation of multiple monitoring wells and 3-4
injection wells. Background aquifer chemnistry was established and soil samples were
analyzed for organic carbon. Slug tests made on wells in the study areas indicated the
aquifer was reasonably representative of other parts of the MI. At Study Area 1 a total of
11,592 gallons of oil emulsion with bromide tracer were injected. The injection immediately
affected a zone up to 60 ft downgradient of the injection wells. At Study Area 2 an initial
injection of 9,705 gallons lactate and brom-ide solution was made, with an affected zone up
to 35 ft downgradient of the injection wells. Subsequent lactate injection of 2,995, 3,375, and
3,338 gallons were made in February, April and May 2003, respectively. Groundwater
samples were collected periodically at both areas until August 2003. Samples were analyzed
for DOC, CVOCs, bromide, dissolved gases, geochemical indicator parameters, and volatile
fatty acids.

The bromide tracer and DOG results indicated heterogeneities in the aquifer created
preferential pathways for migration of the injected fluids. Both study areas showed small
unaffected areas near the injection wells that were. interpreted to be the result of low
permeability zones within the aquifer. These zones showed much less change in
geochemical conditions and much less EBT than nearby wells affected by the electron donor.
Almost immediately both donors created changes in geochemnical conditions favorable for
reductive dechlorination. DO, nitrate, sulfate, and ORE' levels declined, while iron and
manganese, DOC, alkalinity, CO2, chloride, and dissolved gases (especially methane)
increased. Changes were more dramatic with the lactate injections indicating that substrate
was more available to stimulate microbial activity. During the study, water samples were
tested for iron related and sulfate-reducing bacteria. Both types were identified repeatedly
at reasonably high population levels suggesting the electron donors were sustaining
conditions suitable for reductive dechlorination. Tests for a particular bacterium,
Dehalococcoides ethenogenes, known to be effective at completely transforming PCE and TCE
to ethane, were negative (less than 500 cells per gram).
During the one year period of the study, PCE and TCE levels declined in Study Area 1.
Some transformation to cis-1,2-DCE was noted and overall attenuation rates for PCE and
TCE were up to 100 times the natural attenuation rates. However, some of the attenuation is
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apparently due to absorption of PGE and TCE into the vegetable oil, not transformation.
Within 3 months of the initial lactate injection, PCE, TCE, CT and its daughter products
were degrading in areas affected by the electron donor. The reductive dechlorination
reaction appeared to slow somewhat as the lactate became depleted, but subsequent
injections were very effective in removing these contaminants from nearly all of the study
area. Buildup of cis-1,2-DCE suggests the lactate EBT will not completely transform the PCE
and TCE to ethene. Ongoing remedial actions at the nearby Memphis Airport suggest that a
more continuous lactate injection midght stimulate effective treatment of cis-1,2-DCE over
time. Buildup of cis-1,2-DCE was not noted at Study Area 1 but the slow rate of cis-1,2-DCE
generation indicates the EBT rates for the vegetable oil are slower than the lactate.

5.2 Conclusions
Drilling to prepare for the pilot studies indicated the fluvial aquifer within the study areas
was reasonably representative of the MI. Injection pressures had no measurable effect on
water levels in wells > 20 ft from the injection well. The estimated radius of injection for the
oil emulsion was 27 to 63 feet downgradient of the injection wells; the sodium lactate
affected areas 25 to 38 feet downgradient of the injection wells. Comparison of the levels of
bromide and DOC in downgradient wells indicated the lactate was transported in
groundwater at approximately an equal rate as the tracer. DOG from the oil emulsion also
travels downgradient at a rate approximately the same as the tracer. The DOG from both
substrates is degradable and levels were substantially depleted within a few hundred feet
downgradient of the injection zone. Variations in bromide and DOG within the study areas
indicated aquifer heterogeneities created preferential pathways for midgration. At both test
sites, an area near the injection wells showed very little effect from the (initial) injection,
suggesting a local zone of lower permeability. This has implications to full-scale
implementation because a uniform radius of influence cannot be assumed. Multiple
injections may be required to assure all areas within the target area are treated.

Both electron donors persisted for more than 6 months in the aquifer. After one year the oil
emulsion is still detectable near the injection zone. The lactate was substantially depleted
within 7 months of the initial injection, and subsequent injections were made to sustain
conditions necessary for reductive dechlorination. The vegetable oil is more persistent,
because it supplies less DOG. Unfortunately, less DOG available to the microbial
populations means less production of the It needed to transform CVOICs. Throughout the
entire study period, ORP1 levels within Study Area 1 were only marginally suitable for EBT.
PCE and TCE were only slowly transformed to cis-1,2-DCE. When sufficient lactate was
supplied nearly all of the PCE and TICE was depleted, and so were the CT and its daughter
products. Unfortunately, after one year of biostimulation with lactate, the indigenous
microbial communities did not transform the cis-1,2-DCE to vinyl chloride and then to
ethane. This suggests that full-scale implementation may require longer treatment periods,
or injection of special bacterial strains (bioaugmentation) to complete the transformation.

The two pilot tests showed that EBT can be effective in reducing CVO~s at the MI. The
vegetable oil emulsion showed much higher attenuation rates for PCE and TCE than the
natural attenuation rates in the aquifer. However, some of the attenuation is due to
absorption of the contaminants into the oil phase. Slow buildup cis-1,2-DCE within the
treatment zone suggests transformation rates in the oil EBT pilot study were lower than the
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transformation rates in the lactate EBT pilot study. Overall, the lactate showed better
promise for EDT within the fluvial aquifer. Since short-term biostimulation with lactate
does not cause complete transformation of the chl-orinated ethenes, the design for full-scale
implementation should be based on multiple injections to sustain lactate in the aquifer for a
period of a year. As an alternative approach, EDT with lactate could be used to attenuate
PCE/TCE to cis-1,2-DCE, with subsequent attenuation of the cis-1,2-DCE via aerobic
oxidation in downgradient portions of the site (outside the active treatment zone). This
approach would have to be shown effective via fate and transport modeling, or by results of
continued monitoring of these pilot study sites. If continual EBT with lactate is used the
time for complete treatment of the "hottest" plume areas is estimated to be at least 2 to 3
years. If limited EBT treatment creates cis-1,2-DCE that will attenuate via aerobic oxidation,
the active treatment time would be about 1 year, with overall cleanup time of the "hottest"
plume areas possibly in 2 to 5 years.

A third alternative is bioaugment with Dehalococcoides ethenogenes and other microbes that
will completely transform the chlorinated ethenes. Currently, there is considerable
uncertainty about the best (most practical) methods to inject and disperse bacteria within an
aquifer. When this TM was prepared, few studies had been reported showing how many
microorganisms are needed and how quickly the injected microorganisms can become
established. Therefore, the total cleanup time using bioaugmentation cannot be estimated
with any confidence.
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0 ~~~~~~ATTACHMENT A

Soil Borings and Well Construction Details
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PROJECT NUMBER BORING NUMBER

CH2MHILL170039 lw-I

- ~~~~~~~SOIL BORING LOG

POICT - EBT Troatabity Study LOCATION: Meptus Deot
ELEKrON: DORLING CONTRCTOR Beent Lonovoar
DPtING METAD ANDEOIPMENT USED: MasordrIg (4 kndhsapie ~ing /6mi achor asin)
WATERlEELS: STAR: 04A52002 END' 04m162002 LOGGER BryanBwdgtd
DEPTIGELOW SUMCE (FT) STANDB Sal DESCEFTION COMMENTIS

EST M~L .LM4EUO GOuP SMSOLCOLOR DEPTIOE a4G.DOBAJNG AME,
MI ULTS SW RONSLRAWONflOLNG IUWI LOSS,

~6 1CONSISTENCSOIL-STSCGhB. TESTS ND INSTRWAENTATION.
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20~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.
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PROJECT NUMBER BRING NUMBER

CH2MHILL170039 lw-I

p ~~~~~~~SOIL BORING LOG

PSECT: EBT Treatabdity Study LOCATION -Mepibis Depot

ELE1fMON: WFILLING CONThCTORBoert Longyear
DILLING MElBO DANEGJPMENT USED: Sasonic 't (4 kidhslecaing /6 minch.Aacasing)

WATEFtEWLS: STAR: 04A52002 END: 04A162002 LOGGER Byan Buddngstock

OEPTUl0lI.WSU~kCE (E STANDAB SOIL DESCW1nM CO METS

MST SOF. USO UP SMBOL.CCOll OEPTICF INGORULLNG KMm

aE tU.TS M SIW METW.TWENIYtIIGf -UILOSS,

6~ I FlMSISTENC)G0lL STUCTUB. TESTS NO INSTEMETIrO.

- - ~~~~~~~~~~~N MINEKIOGY nlo (P*

3 tides fslt sand lense elOhtaln

1 Saitwefi sodedtne gra~ql~ tned golden thght yelow gt ~
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J I

I I ~~~~~~~~~~~Sandl.fmellow whre rine, peoory stedjsl gilt peblesdai gil peble (sbeigue

A I

4 110

1 I Sand. ~~~~~~IIOW1SI,~~ wIte, ooy slemwi.Wr .'p

I5 I San. ylioMs wh fite, poiysae.s ghtied pebbes (l0-20%$ inde~bnpl
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PROJECT NUMBER BORING NUMBER@ 0~~~~~H2 HL 170039 lw-I

CN2IUIHILL ~~SOIL BORING LOG

P9RICT. EBT Troatability Study LOCATION -Mepis Depot

ELEETION: DRLING CONTRCTOR Boart Lonover
DR11NG METRO ADDEaPMENT USED: Hasonit rg(4inh mdsposing/6 incolaw caring)
WATERLEILS: STAIR: 04A52002 END: 04h 62002 LOGGER B~yn Buldngstock
DEPTI11ELOW SURACE (Hr) STANDAB SOIL DESCIWTION COMMWENTS

rST SOIL IMIE.USCSQCUP SIMOOLCOLOR OEPTIVa NwoRUJNG RTh.
MY ULTS D TRRLTNfATSON~T uING I Ult LOWS.

C XONSISTENCSOIL STUCTUB. TESTS 0O INSTBMENTATlON.
___ __ _ __ __ __ __ ___N__ ___MINE__ __ __-_ __ __Y_ __PiD)(p*

G~Ravy ~.abr.r. Poorl sct.fle to Sum grie. pbl, (Z-3%

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~9.0
1 I ~~~~~~~~~~~~Sand/Il glht yellovw.flne graiclnedwe so,ted,dr

I0 I

I4 I

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~14.0
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CH2 HILL ~~~PROJECT NUMBER 103 WLL NUMBERSE IO I

p ~~~~~~WELL COMPLETION DIAGRAM

PROJECT: EST Treatablity Study LOCATION: Menpips Depot
DRILLINGCOTATRBrtLgya
DRILLUNG METHOD AND EQUIPMENT USED: Rotasonac rig (4 Inch sample casing/f6 such outer casing)
WATER LEVELS: START: 05/01r2l)(2 END: 05/01/2002 LOGGER: Mike Karafa

3

31a I ~~~~~~~~~~~~~~~I- Ground elevation at.wel feet MSL

2- Top of caIng elevation feet 1451

3- Wehand protection cover type Fluhrsdnun welhead pad
a) drain tube? No
b) concr.$e pad dimensions 3 by 3 feet

4- DiaAype of.1 wlcsIng 2 inch Schedule 40 PVC

5- Type/slot size of screne 2 Inch 10-lot Schedule 40 PVC

6Type aefle Sn,01#

4- ~ ~ ~ ________a) Quantity usd bags

7- Typeof seal Bentonite, pellts. DSI Shur-plug 3/B*
a) Quantity used bags

5 ~~~~~~~~~~8- Grout
a) Grout mi. used 90% grout I 10% berftonfte powder

b) Method of placment Trenrrie Method
c) Vol. of nil casing grout _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

I ft 6 ~~~~~~~~~Development method _____________

Development time hour

Estimnated purge volume gallons

Comments Total Depthl(BGSI= 101 feet

Final field parameters collected during well development I / I

r-6 -,.-I ~~~~~~~~~~~~~~~conductivityc mS/c.
temuperature I

Dissolved Oxygen = mall
Note: Diagram not to scale. Turbidity = NTU

PA,180O714ioga'BT SB & Wetl CoStbCctn oura" ls..w120
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PROJECT NUMBER IWE LI NUMBER

a MHLL170039 lWA SHEET I OF I

WELL COMPLETION DIAGRAM

PROJECT: EBT Treetablthly Study LOCATION: Memphis Depot
DRILLNG CONTRACTOR: Boart Lonogyar
DRILLING METHOD AND EOUIPMENT USED: Rotasoni rig (4 Inch sample casIng/ rInch outer casing)
WATER LEVELS: START: 04/11/2002 END: 04(19/2002 LOGGER: Mike Kandla

3

3 1 1~~~~~~~~~~~~~~~- Ground elevation at wet feet MSL

2- Top of casing elevation feet MSL

3- Wellhead protection cover typ Flush-mount wellhead padl
a) draln tube? No
b) concrete pad! dimensions 3 by 3 f..t

4- Dlatp Ofwon casIng 2 Inch Schedule 40 PVC

5- Type/slot Size of scee 2 inch 40-slot Schedule 40 PVC

6- Typescreen filter Send, I IfiofDSl #2an top of 3Itof Global #4
4- ~ ~ ______ )Quantity used! bags

7- Type, of seal Beuntonte pellets. DSI Shur-plug NS'
a) Quantity used bags

8- Grout
a) Grout mWx used 90% grout / 10% bemntoite powder

b) Metisod of placement Troarnmie Mediod
c) Vol. of well casing grout _____________________

ft 6 ~~~~~~~~~~~~~~~Development method Surge and develop wIth stainless steel bailer

Development tim 4.6 hour

Estimated purge volume 35 callons

Comments Tonil Depth (BGS) 100 feet

Final field parameters cllected during well development I/

pH =

conductiity mns/can
tem~peratur .. =

Dissolved Oxygoen = mg/I
Note: DIagram not to scale. Turbldityv NTU

P:A4OI gsETSB &Wall Const~o OsgrmOd 0/72003l
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PROJECT NUMBERBONGUME

170039 RNNUBR IW-2
CH2MWHILL

S ~~~~~~~SOIL BORING LOG

PROJECT: EBT Trealaility Study LOCATION: Memphis Depot

ELEVATION: DRILLING CONTRACTOR: Boart Lonqsa
DRILLUNG METHOD AND EQUIPMENT USED: Rotaonc rig (4 inch samile cashng16 inch fm shg)

WATER LEVELS - ~~START: 04119/2002 END. 04/19/2002 LOGGER: Mike Karafa
DEPTH BELOWN SIURFACE (FT) STANDARD SOILDESCRIPTION COMM.ENTS

RECOVERY % l~EST SOIL NAME. USES GRODUP SYMyB~.ODLCOP.OR DEPTH OF CAING. DRIWNG RATE.
#flYPE ~RESULTS MOISTURE coNTNT RELATIVE DENSUY, ORIWLNG FLUID LOSSI.

rW 'r OR CONSISTENCY.SOL.STRUCTURE, TESTS. AND INSTRUMENTAUCION

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

I I ~~~~~~~~~~Shly Cay. roma IBron s. day

i I

I I 0.0
AI I

10o 100

-1 I

-I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0
I I~~~~~~~~~~~~~nviJ ~ WI.f c~~ f.f

1-I -
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0 CII2IVIHILL ~~PROJECT NUMBER BORING NUMBER

p ~~~~~~~SOIL BORING LOG

PROJECT: EBT Treatablltty Study LOCATION: Memphis Depot
ELEVATION: DRILLING CONTRACTOR: Boart Locver
DRILLING METHODAID EQUIPMENT USED: Rotasit it(4 lnchsample Csing (ind, outer asng)

WATER LEVELS: ~~START: 04/1912002 END: 04119/2002 LOGGER* MilealKarala
DEPTII BELOW SUIfiFACE (Fr) ST~ARDD SOIL DESCRIPTION CQ^MENTS

F~INTRVA- L PlENETIRNTION

RECOVIERY ~ TEST SOIL NAMvE. USCSGROUP SmBoL COLOR DEPT11 OF CASING. ORIWNO14 RATE.
l/TYE- RESULTS MOISTURE CONTENT. RELATIVE DE14SITY. DRIWLNG FLUID LOSS.

6W~f-4 OR CONSISTENCY. SOIL STRCTRE. TESTS. AND INSTRUMENTATION.
___________MINE AoOeYed FID(no:

0.0
Sand. sad so ang. -in graned, etiff. sae Weium nred! qrn'

1010

I I ~~~~~~~~~~~San. reddish edIe. fine gralned, gradng to medium. graned, Ioss, dry

I I ~ ~ ~ ~ ~ ~~~sed cra, fine to meim grinedi. pay sae, grWn oH ocars gralned. damp

4 5 -I--

Sand. light orainge yellow, fine grain~ed, toose. dry, pebbe .

* J 1 100
I ~~~~~~~~Sand, Iawlife, lone 0 medium gralned, loos, dr.peebles

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

I I loos~~~~~~~~~~e. da ebbles

55 I I
I 1 ~~~~~~~~~~Send, orng, fine to medium grinned. poorl soted, dap. peble. subangula

.4 gIOD 0.0

60

J 100 0.0
I I ~~~~~~~~~sand. o ftge War tomem gralned. poorl saed,dap,

I pe~~tle to oobb~~pbsu1angular

Sand. light Wa. Me. graned!, losmlsed. 
t
dy0.

701 1100
I I Sa~~~~~~~~nd. Ian to or..ange finerined. lose wellsald,dr

J I

w -~~~~~~~~~~~~~~~~~~~~~~~~~~~I ~~~~~~~~~~~~~~~~0.0
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PROJECT NUJMBERBOIGNME

170039 NNUBR IW-2.CH2MHILL
p ~~~~~~~SOIL BORING LOG

PROJECT: EBT Tmeattiliy Study LOCATION: Meni~phis Depot
ELEVATiON:- DRILLING CONTRACTOR BetLCoiyear
DRILLING METHOD AND EQUIPMENT USED: Rotasonicdrg;(4 irixsanmplecasingBic aig
WATER LEVELS: _____ START: 04/19/202 END: 04/19=202 LOGGER: Mike Kmaj~a
DEPTH BELOW SURFACE (FT) STANDARD SOHL DESCRIPTION cGWENT

RECOVERY%) TEST SOL NAME. IJSCS GROUIP SYMBOL COLOR, DEPTH OF CASIING. DRIULING RATE.
WTYPE RESULTS MOISTU1RE CONTENT, RELATIVE DENSITY. DRIWANOFLUID LOSS,

e'6'r- OR CONSISTEN4CY, SOIL SITIUCTLIRE. TESTS. MDO INSITFIJNENTAT1ON.
(N) MINERALOGY. __________________________Coede Fin tifl):

I4 J

I I ~~~~~~~~Sand, oage w~ht.,fi.egrand, well sortedjl~eTIr

If I
I I i

60 11100 _ _ _ _ _ _ _ _ _

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

-A I

-: Silty Sa~~~~~Snd. tan, Oine W graind, of powet t, rnmn~dlWsbn

I I Sand~~~~~~~~~~pbbe tte to l:ghtpin, finse dr, iE~Tr

-I I~ ~ ~ ~ ~~~S4~tnn in e. ie.pd em~0I g
I I~ ~ ~~~~~~~~~~~~M,~

SandybClan, omrme grd nra, smotpeadas gwaet. stif one ube .

1 Sand~~~~~~~~~r,ta fine~ tocas ri edpolysregvlub ddtosb gua
J0 I)15 pebe do obes,aloos bd eW.I.

I I ~ ~ ~ ~ ~ Big~ W 15~b

I ad ttia.fiet as rie, orystd os, auae 9 tbs
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a~~~~~~~~~FOETNME 170039 NME IW-2 SHEET I OF I
WCHSIUHILL

WELL COMPLETION DIAGRMM

PROJECT: EST Tresatability Study LOCATION: Memphis Depot
DRILLING CONTRACTOR Beadt Longyear
DRILLING METHOD AND EQUIPMENT USED :Rotosonic rig (4 inch samnple cassIng /6 inch, outer casing)
WATER LEVELS: START: 04/19/2002 END: 04/19/2002 LOGGER: Mike K~arsla

3

31, ~~~~~~~~~~~~~~~~1- Gmroud elevation at well feel MSL

2- Top of cassing elevtio foot MSL

3- Wellhead protection cmver type Flush-mount wetheod pod
a) drain btue? No
b) cocrt pad dinmenson 3 by 3 feet

4- Disa-ype of well casing 2 Inchi Schedule 40 PVC

6- Type/slot size of screen 2 Inch 40-slot Schedule 40 PVC

I Of 1 ~~~~~~~~~~~~~~6- Type screen tilter Sand.lIft of DSl*42antopof 3Ifof Global #4
4_ .~~________ )O QuanIfty used! bags

7- Type of seal Bontonite pallets, DSI Shur-plug 3/8
a) Quantity usedi bags

1 5 B.~~~~~~~~~~8 Grout
a) Grout moix used 90% groutI 10% bentonite powder

b) Methuod of placement Treawis Method
c) Vol. of wet casing grot _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

6 ~~~~~~~~~~~Development meth~od Surge and develop wil stanesselbie

Development Ome 9 hour

Estimated purge volume 42 gallons

Comments Total Depth, (BGS) =106 feet

Final fold paameters collected dumig well deveooen I I I
pH

6in w~~~~~~~~~~~~~~~~~cnducftit = meSico
temprature = I

Dissolved Oxygen = mcI
Not.: Diagram not to scale. Turbidity = NTIJ

PMt480l14ogsEBT S8 & Well Consbucbon Diagram .1s 10/07/20
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PROJECT NUMBER jBORING NUMBER

CH2MHILL ~~170039 IW-3

p ~~~~~~~SOIL BORING LOG

PROJECT: E13T Tretabifty Study LOCATION:- Menpths Depot
ELEVATION: DRILLING CONTRACTOR Boart Lonose
DRILLING METhOD AND EQUIPMENT USED: Rotasoic r(4 tadhsanipte msi~96ng 0 hotoue sinp)
WATER LEVELS: _____ START: 04r20/2002 END: 04t21)2002 LOGGER: Mke Kaafla
DEPHBELOW SURFACE WI) STMNAR SOIL ESCRIPTION COMMENTS

RECOVEY % TST SOI tAAE, USCS GROUP SYMBSOL. COLOR, EPhOF CASING. DFRIWNG RAT.
A/TYPE RESULTS MOISTURE CONTENT, RE.ATTY DENSITY. DRILLIG FLUID LOSS.

rr-6-E OR CONSISTENCY. SOIL STRUCTU RE. TESTS, MD INSTFWtMENTATION.

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0
1 I ~ ~ ~ ~ ~ ~ i~S~t. botm stit

4 I

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

4I i
I I

1 I

25-I I
I I Sameas above, Sifdt

AI I

4 I .3Si5
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PROJECT NUMBER OIGNUMBER.CH2flHILL1709I3
SOIL BORING LOG

PROJECT: EST Tretabtoity Study LOCATION: Momphi Depo

EaEVATION: DRILLING CONTRACTOR: BEmti Lonaov,
DRILLING METHOD AND EQUJIPMENT USED: Roulscaedg (4 inchsaple csing/6indihoutercaing)

WATER LEVELS: ~~START' 04/20/2002 END: 04/21/2002 LOGGER: Mike Karma
DEPTH BELOW SURFACE &)STANDAJRD SOIL DESCRIPTION COMWAENTS

INTERV~~~l. PEINETRATION
RECOVERY % TEST SOIL NAME. USCS GROUP SYMBOL. COLOPR DEPTH OF CASING, DRILWNG RATE

WIWE ~RESULTS OITECOTN.RLTVDNSY.DRILLING FLUID LOSS.

(iO '~ OR CONISISTENCY. SODIL STRUCTiURE. 75STS. AND INSTRUMENTATION
__ __ __ _ __ __ _ __ __ __ __ __ _ __ __MINERALOGY_ __ __ __ _ __ __ C r Fde D lo

4 1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~2.6

1 I Sand, ~~~~~~~~~ian t yetotii. fing1 nd. loss, dry
~~~~~~~~~l I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

a i ~~~~~~~~~Sand, orange. fine to W.a.s graIned, loose, dry l 05Inhdi f

I I ang~~~~~~~~~ilor to adeangular ~~~~~~~~~~~~~~~~~~0.0. 1 I

I I Sand~~~~~~~. oan.M to redih a. 9rs o ,ehmgand loo se i.,peble

-I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

1 I

1100 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0
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PROJECT NUMBER BORING NUMBER

0CH2MWHILL 170039 IIW-3
p ~~~~~~~SOIL BORING LOG

PROJECT: EBT Treatsitilty Sbidy LOCATION: Memphis Depot
ELEVATION:- DRILLING CONTRACTOR:- Boart Lornvear
DRIWUNGMETHODAID EQUIPMENT USED: Rotasotcrg(4binchsamplecasing / 6rincout& csig)
WATER LEVELS:- START: 04=120102 END 04/2112002 LOGGER: Mike Kanafa
DEPT BEI.C SURF~ACE (PT) STANJDAR SOIL DESCRIPT(ON CONEIWI S

RECOVERY % TST SOIL IWE, USG GROU SYIA()L. COLOR DPHO A 4.DIN AE
U/YE RESULTS MOISTURE CONTENT, RELATIVE DENSITY. MRIWLNG FLUID) LOSS,

6`C4.6" OR CONSISTENCY, SOIL STRUCFTURE. TESTS. MID INSWUMEm'ATION.
I I ___N__ MINERALOGY. CarctD aplO ],~n

I4 J

I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0
1 I ~~~~~~~~~~~~Sand, tan, tine granted, pebbles to Cofbblet

801_ I 100
JI
I I

I ~~~~~~~~~Silty Qa,. brw.sOfftpelbtes tocte ta e wet

-4 1 ~~~~~~~~~~~Silty Clay, tan and orange, thien mterbeddng, stiff.w

85 ~~~~~~~~~~~~sand.' orge fine to medi'an gaed. gnave.sbrndd pebble to cobble

1 I ~~~~~~~~~~Sand. Mate fine 'tewelned ed loose

0.0

A I
-A ID

Sand, lhot tan o reddisht tan. fine graind. well sorted. loose. dq

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

I I ~~~~~~~~~~Sand. lan, medium to =erse graned. poorly sorted. loose, dam[

I I ~~~~~~~~~Sand,] one,a fine lo arrsegralne , pory sorted, lose wt
-I I gr~~~~~~~~~~~~~ave sbrtirgular 0strondeod, pebble Wto table

I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Watertable ~ Wpproxnately 96 feetbg

Silty sandy Cla. tanniab gray, fin geranen, well sorted, sbl, damp

Sand, wlt, fine graned. wtsorled loosewt

100 I h 0

I I ~~~~~~~~~~~~Salty Sand, gray, wel

Satly Sandy Osay, orange to gray mottling, Sit we

105
Sedngenaiated@I0tieettibs

110 _
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PROJECT NUMBER BORING NUMBER

CH2MHILL 170039 IV-

p ~~~~~~~SOIL BORING LOG

PROJECT: EBT Treatability Study LOCATION: Memphis Depot

ELEVATION: DRILLING CONTRACTOR: Boast Lonovea
DRILLING METHOD AND EOUIPMENT USED: Rotsost rg (4 inch samplemcsing / Incoutercasing)

WATER LEVELS: ~~START: 04/15t2G02 END: 04/16/2002 LOGGER: MikeKoamfa

DEPTH BELOWV SURFACE (FO STANDARD SOIL DESMflPTION COMMENTS

INTRVAL (F)PENETRATION

RECOVER ¶ TEST SOL NME, USO GROUP SYMBOL, COLOR, DEPTH OF CAtSING. DRIWLNG RAT.

5/TYPE ~RESULTS MOISTURE CONTENT. RELATIV DENSITY, DRIUWNG FLUID LOSS,

6`or- OR CONSISTENCY. SOL STRUCTURE. TESTS MD INSMTRUMENfTI1ON.

10031
1 I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.

4 I

IoI
10 I I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~1.

-I Sam. as abase~~~~~Si . Siltl0.

I I

4I I

I I~~~~~~~~~S.,rne fm0mi
I I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.

I5 _
20 4 ~ 10Same asabv. i

I I~~~~~~~~~~~~ 1 itWW
A I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.

25 I
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PROJECT NUMBER BORING NUMBER

0CH2IUHILL 170039 IW..4
S j ~~~~~~SOIL BORING LOG

PROJECT: EAT Treatability Study LOCATION : Memphis Depot
ELEVATION:- DRILLNG CONTRACTOR: Boot Lonover
DRILLING METHOD AND EOUIPM6 ENT USEDi: Rotasoic rig (4 iridhsanpoesing /6 inhotercasing)

WATER LEVELS; ~~~START: 04/15/200 END: 04/16/2002 LOGGER: MicaKarfa
DE~hBELOW SURIFACE(PT) STAN DARO SOIL DESCRPI~iON COMMENTS

RECOVERY % TEST SOIL NAME, USCS GROUP SYBOL COLOR DEP~hOF CASW4G, RIWNG RATE.

#iTYPE RESULTS MOISTURE CONTENT. RELATIVE~ DENSITY, OR] WNG FUID LOSS.
r-rr- OR CONSISTENCY SOIL STRlUCTURE. TESTS. MD INSTRUMENTATION..2&..........N) MINERALOGY. C MeaD~

41 I

Sand. yelowoHt yw , med 9m grI-os

-4 i

I I100 Sai~h.re.sw 0
-I I Sand. a~~~teiteddod, yaw adIgt yelo, nid W ln 0 O~ iodi grve

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0
1 I ~~~~~~~~~~Sand, tan to white, median gained, up to o.5 inch graE

I I
I0 I Sand .ylo. medu graie. lees Os lauId, gravegd ~ f

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

55 I I

4 I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0
I I

-I I ~ ~ ~ ~ ~ fm w

4 I
I I Sand, tan, foe 10 med~~~~um g'aM. 6 kidi Uddi orange medkzn grain sand 0.0~0.
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PROJECT NUMBER BORING NUMBER

CH2MHILL 170039 IW-4

p ~~~~~~~SOIL BORING LOG

PROJECT: EBT Treatability Study LOCATION: Memphis Depot
ELEVATION: DRILLING CONTRACTOR: Boart Lorrqya,
DRILLING METHOD AND EQUJIPMENT USED: Rotsoicdrg (4 nothsaple caing /S6idou&casing)

WATERLEVELS: ~~~START: 0411 51202 END: 04/16/2002 LOGGER: Mike Karafa

DEM BELO SURTWACE (PT) STANDA1D SOL OESCIIPION COMMEN4TS

RECOVERY % ~TEST SOIL NAME. USO GROUP SYMBOL COLOR. DEPM OF CASING. DRfiWN-1O RATE,
#/TYPE RESULTS MOISTURE CONTENT, RELATlVE DENSITY, ORILING FLUID LOSS.

6W66~ OR CONISISTENCY, SOIL STRUCTURE, TIESTS. MOD NSTRUJMENITATIOR.r 7 -~~~~~~ (N) MINERALOGY, ~~~~~~~~~~~~~~~~~~~Corrected FIDOpp)

I5 I

I I ~~~~~~~~~~Send, brawnn. mediwr, grain, prod sorted, With up to 0.5 Inch gravit

1 I ~~~~~~~~~~~Sand, tan, fine grained, ptbes to coblte!

so I I

I I ~~~~~Sameesov
I I ~~~~~~~~Sandy oay, nesatbn .dn,dn

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

I I ~~~~~~~~~~~Send, orenge, medium grain, Poorly soiled, damp, grave

100 Ssand Wtua. fine gMain, won sorte

Oil
9O-4 100

I Sand. "kt., fi. grain, .or srore,1 a. fe p to 0.25 Ino, grave

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0
1 I ~~~~~~~Sand, orage, finegrin, lweotd graded toa tn sad,fineto poorlysoted, grav

I ~~~~~~~~~~from pebble to cobble size, damnr

95 -I1 . . .j
I 9100 Sand, 'Wte. fine grain, well sortld indortedded WMil sily day

I I ~~~~~~~~~~~Sand, while, well sole, fine grain

I ~~~~~~~~Sand. Ma. M.e M medium grained. pocdy sated pebble 10 cobble size gramel. wet Welertabte @a~ppoximately 97 foolbg

-I I

100 5
I IN

I I S~~~~~~~~~~lay. sand, Mrange stinegrf, wtri soitedp

I10 I
-I I
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PROJECT NUMBER BORING NUMBER

CH2MHILL 170039 IW-4

SOIL BORING LOG
PROJECT: EST Treatabrhty Study LOCAniON: epi eo

ELEVATION: DRILLING CONTRACTOR: Boarl Lorgyisar
DRILLNG METHOD AND EQUIPMENT USED: Roantcrig (4 inwtsaple caing/Girdchtercasing)
WATER____EVELS___ START: 04/15/2D02 END-. 04/16/2002 LOGGER: Mike Karala
D)EPTH BELOW SIRFACE (FT) STANDARD SOIL DESCRIPTION COMIMENTS

RECVR M TST SOIL tWME, USG GROP SYNSOL COLOR, DEThi OF CASING, DRIWNG RATE,
#fYE RESULTS MOISTUR CONTENT, RELATIVE DEN4SITY. DRIWNGFLUJID LOS.

r-rr- OR CONSISEC. SOIL STRtUCTURE, TESTS, MD0 INSTRUMENTATION.
MN_ WINERALOGY C nde E(onl

1

120

125 _

130

135

140 _
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PROJECT NUMBER r LiNUMBER

0 CI-2KIHILL 170039 IW-4 SHEET I OFI

p ~~~~~~WELL COMPLETION DIAGRAM

PROJECT: EST Tremtblllty Study LOCATION: Memphis Depot

DRILLING CONTRACTOR: Road Lorn~oear
DRILLING METHOD AND EQUIPMENT USED: Rotlentc rig (4 Inch sample casIng 16 Inch otter casing)
WATER LEVELS: START: 0411512D02 END: 0411 6i2002 LOGGER: Milke Karola

3

3 1 ~~~~~~~~~~~~~~~1- Ground elevation at well feet MSL

2- Top of casing elevation feet MSL

3- Wellhead protecton cover tMm Flushmount weilhead pad
a) drain tube? No
b) concrete pad dimensions 3 by 3 feet

4- Dlaitype of wll casing 2 Inch Schedule 40 PVC --

5- Type/slot size of screen 2 Inch 40-slot Schedule 40 PVC

6- Type screen filter Sand, I ft of DSI #2 on top of3fIt of Global #4
4- ~ ~ ~ ________a) Quaentity used bags

7- Type of seal Bentonite pellets, DSI Shur-plug 3/8'
a) Q"uatty used bags

5 ~~~~~~~~~~8- Grout
a) Grout mix used 90% grout I 1 0% bentonlte powder

b) Methiod af Placement Tremmie Method
c) Vol. of well casing grot _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

6 ~~~~~~~Deelopm-ent method ______________

Development U.m hour

Estimated! purge volume gallons

Conmment Total Depth (BGS) 106 feet

Final field parameters collected during well development I I I:

6~~ In duct~ty S/cm
tempeamture =

Djot~aso d Oxygen = A~
Note: Diagram not to scale. Turbidity =NTU

PAI,4807 ItegaEBiT SS & Weln Ccstnjcton Olagraasi 10107/2
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PROJECT NUMBER JOIGNME

170039 RINGNUBE W-5
CH2MHILL

.ago- ~~~~~SOIL BORING LOG

PROJECT- EBT TreOatabiIly Study LOCATION: Memphis Depo

ELEVATION: DRILLING CONTRACTOR: Boat Lonqyessr
DRILLING METHOD AND EQUIPMENT USED: Rotasoicr'tg(4 mincsape cahn2/6 nt, ouercasng)
WATER___LEVELS ______ START: 04/1&/2D02 END: 04/1942002 LOGGER: EzByan BIJI*Igstock
DEP~ BELOW SURFACE Ff STANDARD SOIL DESCRPTON COMENTS

REO IY% TEST SOIL NAE. USC GROUIP SYBOL. COlOR DEP~ OF C1ASING, DILLING RATE,

4/TYPE RE~~~~~SULTS MOISTURE CONEN. RELATIV DENSITY, DWING FLUID LOSS.

rrr- OR CONSISTEENCY. SOL. STRUCTURE, TESTS. MND INSTIRU1MENTATION.

51 I

I ID

I 1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0
J I ~ ~ ~ ~ ~ smas

I1 I

-A I

1 I

101 _A 100
-I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

I I ~~~~~~~~~~~Slkanicasabqh iove n

2 _I I

0.0

1010
I I~~~~~~~~~~~camsotn iinsofo .

35

I I ~~~~~~~~~~~lymdsdo.sif0.0
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PROJECT NUMBER BORING NUMBER

a MHLL170039 I W-5

p ~~~~~~~SOIL BORING LOG

PROJECT: E1T Treatablilty Study LOCATION: Menn~phis Depo
ELEVATION: DRILLING CONTRACTOR: Boon Lonovear
DRILLING METHODAMNDEQUIPMENT USED: Rotaalc ug (4 Inch sampecsing /6lchoter casing)

WATER LEVELS: ~~START: 0411 /2002 END: 04/19r2002 LOGGER: Bryo Burlcingstck
DEPThi BELOW SURFACE (FTl STANDARDi SOIL DESCRJPPIOI COMiMENTS

INTERVALED _ Pe'ElERATION

RECOVERY %MTST SOIL NAME, IJSCS GROUP SYMBOL. COL-OP, DEP~h0FQCASW43.DR-IWNG RAE,
U/YE RESULTS MOISTURE CONTEKWT RELATIVE DENSITY. DRIWJNG FLUID LOSS,

r--c OR CONSISTECY, SOIL STRUCTURE. TESTS. MD INSTRUMENTATION.
________ CoMINERrGYded FID lo)

A I ~~~~~~~~~~~~~MSn, gole to figh yelw, fie railn. westd os

-I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~14.1

I0 I O

Send,. brwish elw.lne oean gm ra ted, ory std loe gae (<¶0%) 0.0ul

I I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~IOA~75f g

.4 !1
I I Sand, fine grain, well sated, fight yellow, loose 140.2~~~~6 @52.5 ft bgs

Sand fIne tomdiy grin poorl soled,% brwnI yello . e W.0% subngl0

I 00._@7 S1bg

4 I
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PROJECT NUMBER IBORING NUMBER

CH2MHILL ~ 170039 IW-5

p ~~~~~~~SOIL BORING LOG

PROJECT: EBT Treattabiry Study LOCATION : Mem~phis Depot
ELEVATION DRILLNG CONTRACTOR:- Boact Longyer
DRILLING METHODAMID EQUIPMENT USED: Rot.soic t(4 idcsaplemcsbig / S inioutercaing)
WATER LEVELS: ____ START: 04/18/2002 END: O4/19r2OO2 LOGGER: Btyan Bdrldgstock
DEPM BELOW SURFACE (FT) STANDARD SOIL DESCRPTION COMMENTS

TEST SOIL NAME, USC GROUP SYMBOL. COLOR, DEPTh OF CASING. DMI-LING RATE.
#/TYPE RESULTS MOISTURE CONTENT. RELATIVE DENSITY, DRIWLNG FLUID LOSS,

r-rr OR CONSISTENY, SO1L.SMTUTURE, TESTS. AN4DINSTRUMENTATION4.
- -I __N___MINERA-OGY. C Fsde lo(p:

176

I I

1 I~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~6

I I

90 1100300

95 1 I
I I Wt 5f g

-J I

1 1

1-I 110036.
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PROJECT NUMBER BORING NUMBER

CH2MHILL ~ 170039 I W-5

SOIL BORING LOG

PROJECT: EBT Troetablitty Study LOCATION: Memphs Depot
ELEVATION: DRILLING CONTMACTOR: Roart Loryoear
DRILLING METHOD AND EQUIPMENT USED: Rolasnicrg (4 rxhsaple wng /6 mnchuterosang)
WATER____LEVELS:__ START: 04118`2202 END' 04/19/2002 LOGGER: Bryan Burldngaocic
DEPTH BELOW SURF'ACE (FT) STMJDAJ1D SOIL- DESCRP~l()N COMMENTS

INTERTVAfL _ _ PENETRATI1ON
fg~~__ MlST SOIL. NAME. USCS GROUP SYIMBOL COLOPDP hOF CASING, DRILtING RATE.

#WE RESULTS MOISMhRE CONTENT, RElATIVE DEN4SITY, DRI~NG FLUID LOSS.

r4-r OR CONSISTENCY. SOIL. STRUCTUJRE, TESTS. AND INSTRUMENTATIO.
_____________MINERALOGY______________________ CreddFID (pp),

1 1

i I

12 I I

I I

1251

1 0
I I~~~~~~~~~~~.nIWnn t10I ,

135I

I40
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C H2 HILL P~~FROJECT NUMBER 170039 IWLL NUMBER lW-S SHEET I OF I

p ~~~~~~WELL COMPLETION DIAGRAM

PROJECT: EBT Tresatblity Study LOCATION: Meorphs Depot
DRIWLNG CONTRACTOR: Boart Lonqyeav
DRILU-NG METHOD AND EQUIPMENT USED :Rotasondc rig (4 inct, sample casing/6 inch outer casing)
WATER LEVELS: START: 04/19/2002 END: 04/19/2002 LOGGER: Bryan Burkcinstodc

3

3b I 1~~~~~~~~~~~~~~~- ound elevatkon at wei feet MSL

2- Top of casing eleamon feet MSL

3- Wellhead protection coe type Flush-mont wellhead pad
a) drain tube? No
b)oconaete pad dimensions 3byafieet

4- DiaAype of ni casing 2 indh Schedule 40 PVC

103 It ~~~~~5- Typelslot size of screen 2 md 40-slt Schdle 40 PVC

ft ~~~~~~~~~~~~~~~6- Type scranwilter Sand,1I ft of DSI #2ontop of 3ft ofGlobal #4
4 T~~_______ a)OQuantity used bags

7- Type of asel Bertnnlts pellets. DSI Shur-plug 3/&
a) Quantity used bags

5 ~~~~~~~~~~8- Grout
a) Grout mK usd 90% igrout 110% bentonite powder

b) Mefthd of piacernet T.e.!.i Metod
c) Vol. of well casing grot _____________

ft 6 ~~~~~~~~~~~~~~~Development method Surg and remove sediment with stainless ste
bailer Developed using submeresible pumnp

Develpopmen ftim 3 ho.

Estimated purge volume 250 pallons

Comments Total Depth (BGS) =114 feet

I - I ~~~~~~~~~~~~~~~~~~Falal filtd parameters collected during well development I I I1
pH =

conductivit =MS/c=
tempoeratur=

Dissolved Oxygen = rnM
Note: Diagram not to scale. Turbclin, NTUJ

P %I,4S,7IJogsEBT SB aWe Co~udo Df 10107/003
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PROJECT NUMBER 17039LLNUMBER W 6SET1O I

WCH2IUHILL
-~~~~~ ~WELL COMPLETION DIAGRAM

PROJECT: EBT Tractablity Study LOCATION: Memphis Depot
DRIL-LING CONTRACTOR: DOMa Lonovear
DRIWLNO METHOD AND EQUIPMENT USED: Rotesorc rig (4 Inch samaple casng 16 Inch outer casing)
WATER LEVELS: START: 05/0512002 END: 05/05/002 LOGGER: Bryan Burkdngstock

3

3 ~~~~~~~~~~~~~~~~~1 - Ground elevation at well feet MVSL

2- Top of caing elevation feet MSL

3- Wellhead protection cover typ Flush-mount weilliand pad
a) drain tube? No
b) concrete pad dimensions 3 by 3 feet

4- Dlaityps of well casIng 2 Inch Schedule 40 PVC

5- Type/slot size of screen 2 Inch 40-slot Schedule 40 PVC

6- Typescreenfilter Sand, I~'lt foDI#2n lop of 3ft ofGlobal *4
4- ~ ~ ~ _______ )Quantity used bags,

7- Type of sal Benlonite, pellets, D31 Shur-plug 3/8W
a) Quantity use d bags

1 5 8~~~~~~~~~~~- Grout
a) Grout mix used! 90% grout / 10% bentonite powder

b) MeWhod of placement Tremmie Mefthod
c)Vol of'well casIng grout ______ ____________

6 ~~~~~~~~~~Development method Sumge end reov sediment with stainless ste
bailer. Developed using submersible pump.

Development H.m 3 hour

Estiomatd purge volume 250 gallons

Comments Total Depth (BGS) ±110 feet

Final field parameters collected during weel development I /
pH

EiEIconductiviy mS/cm~
temperature =

Dissl~olve Osygen =a

Note: Diagram nout to scale. Twrbldity NTU

P:'l,4SO7ltogtEST SIB & Wele Consbcbn Diagramsxls I0/7203
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PROJECT NUMBER IORING NUMBER

CH2MHILL 170039 IW-7

SOIL BORING LOG

PROJECT: EST TreatabiLbt Study LOCATION : Memiphts Depo
ELEVATION: DRILLNG CONTRACTOR: Beart Lo ~rsva
DRILLING METHOD AND EQUIPMENT USED: Rolasock rIS (4 ihdi sapfe casing 16 frdh outer casbg)
WATER LEVELS: ______ START: 05/05/202 END: 05(05/2002 LOGGER: Mike Karafa

DPHBELOW SURFAC (FT) STANDARD SOILMDSCRJPTIONI COMMENTS

RECOVERY % lEMST SOIL NAME. USG GROUP SYMBOL, COLOR, DEPT OF CASING. DRILLING RATE.
If/TYPE RESULTS MOISTUR CONTENT, RELATIVE~ DENSITY. DRjWLNG aUIo LOS.

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

A I

-I I
4 I
-l I

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0
IoI Ilo

I I
-1

10A I10
-I I
4 1

I I eO

4 I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0
I I
-I I

I I
-I I
I I 0.0

20.4 I 100~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.

I I ~ ~ ~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ilc:0.0

1 Ooyey sarel~~G~ , red fig grled. fi ~n. ms
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POETNUMBER BORING NUMBER0 *~~~~~~~CH2MHILL1709I7
p ~~~~~~~SOIL BORING LOG

PROJECT: EBT Treatability Study LOCATION : Memp~his Depot
ELEVATION: DRILLING CONTRACTOR: Beoad Lonqyear
DRILLING METHOD AND EOUIPM4ENT USED: Rotasanic rig (4 imel sample casing/ 6 inch outer casing)

WATER LEVELS - ~~START: 05/05/2002 END: 05/05/2002 LOGGER: Mike K fart
DEP11h BELO SURACE (Ffl STANAR SOIL DESCRIPTIN CONMlvrS

INTERVA* FT7 PEN TICTON
RECOVERY % TESTu SOIL NAE, USCS GROP SYNBOI. COLOR. DEP~hOF CAING, RIWNG RAT.

5/TYPE ~RESULTS MOISTURE CONTENT. RELAKIWE DEN`SITY, DRIWLNG FLUID LOSS,
W~-' ORCNITNYIOIMTU R.TSTS. AD INSTRUMENTAIN~.

(____________MINERALOGY______________________C. ddFID (oval:

4 1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Drillees sample bag: 83.0
Zplpock: 0.0

Sand, golkdaa to lightYellow. fine gralned. wtsaedd loose, molot

j I f~~~~~~~~~~~~~~~~~~~~~~~~~~~~~dlt'es sample bag: 172.0
I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Ziplock: 0.0

GrvlSand brwns yelo. fine10me gelnede. poorl saed, loose,
I I gravel~~~~~1 ('10). subanglar <OQ5liit diameeter

I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~Daisers sample bag- 312.0

1 I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Ziplock: 0.0

I0 I 0

4I I enl1h yellow fin graln, welsied,los
I I ~~~~~~~~~~~~~~~~~~~~~~~~~~Drtlee~ssample bag. 223.0

-1 I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Zlplock' 0.0

55 I I
Grav elysan, brsish ye~, fin 10 rneolum grain. poorysoed

I I pebbles ~~~~~~~~(,20%), suaglc 0.25 t diesdamete,

-I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~Drillers sample bag 188.0
Zipleclk: 0.0

601 100
Send, brownsh yellow, fine gra, weI saed leose

1 I Gravel~~~~~~~Iy Sand, brownsh yello. M.e o medi. graeed, polyste, los

.1 I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~Drillees sample bag 129.0
I I S~~~~~~~~~~~end. brwns yellow. fine to medium grain, welsrele Ziplock: 0.0

6 5 - --
'-4

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Drillers sample beg: 184.0
1 I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Ziplook: 0.0

70 IG

I I ~~~~~~~~~~~Gravat sard. brwish yeillo, fire Woras gralned sand,a .~~~~~~~~~~~~ ~~subangulr pebble ~0) I inul dimee

Drilers sample bag 195.0
Ziplock: 0.0
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PROJECT NUMBER BOIN NUMBER

a 1 HIL170039 I W-7

p ~~~~~~~SOIL BORING LOG

PROJECT: EST Treatabity Study LOCATION: Memphis Depot

ELEVATION: DRILLING CONTRACTOR: Boadl-onoyar
DRILLING METHOD AND EQUJIPMENT USED: Ratasoic rg(4 ridhsaplemcsIng /6 kih ot&casnsg)

WATER LEVELS ~~~START: 05/05/2002 END 05/05/002 LOGGER: Mike Karofa

DEPTHi BELOW SURACE (Ffl STM~DR SOIL DESCRIPTION COMMEN1TS

REOEY%) TEST SOIL NAM4E. USGS GROUP SYMBOL, COLOR DEPTh- OF CAING, DRIW-NG RATE.
WTYPE ~RESULTS MOISTURE CONTENIT. RELATIvE DENSITY DRIWUNO F'LUID LOSS,

rc'r OR CONSISTENCY. SOIL STRUCTURE~, TESTS. AND INSTRUMENTATION
- - - ________ ~~(N) MINERALOGY. Caece RD(m)

-4 j ~~~~~~~~~~~~Gravely sand, same as abs.botlbyetow

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Drilicers sample bag- 150.0
1 I flpl~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~;odck 0.0

801 _ 1100

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Driller's sample bag. 143.0
-I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Ziplockc: 0.0

-~~ Gravelly sand, sane as above, broerdsl ~ ~ ~ ~ rillessamleyell13w

A I

I4 I
1 I

J I ~~~~~~~~~~~~~~~~~~~~~~~~~~Driler's sample bag 411.0
I I Z~~~~~~~~~~~~~~~~~~~~~~~~~~pl~~~~~~~3ockc: 0.0

-I Iaera
I I

1-i U0

A I

-I I Gsy sm s b s
I I

1 4 I
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CH2HILL ~~ROJCTNUMBER ~ BRING NUMBER I7

p ~~~~~~~SOIL BORING LOG

PROJECT: EBT Treatabilbty Study LOCATION: Memphis De"o

ELEVATION: DRILLING CONTRACTOR: Seaed Loizyear
DRIWLNGVMEnTHOD AND EQUIPMENT USED: Rotasont rN(4 Iinhsample caing 1 6 inchout" ce aIng)

WATER LEVELS: START: 051051202 END: 05/012002 LOGGER: Mike Karafa
IXPTI BELOW SURFACE (PT STMOAD~t SOIL DESCRIPTION COMENTS

I RECOVERY % ~TEST SOIL NAIOE, USG GROP SYMBSOL COLOP, OEP~hOF CASING.DORIWNG RATE.

111ULTS MOISTURE CONEN. RELATIVE DENSITY, OUWNO FLUID LOS.

I 64t&~~~~~~O ~ OR CONSISTENCY, SOIL STRUCTURE, TESTS. AND INSTRUMENTATION.
IN) MINERALOGY.~ ~ ~ ~ ~~~~~~~~~~~~~~~~Crdo 11 pp)

120

125

130 _

135
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CH2NIHILL P~~~ROJECT NUMBER 1709WLL NUMBERiw 7 S E T IO

p ~~~~~~WELL COMPLETION DIAGRAM

PROJECT: EBT Tretabltly Stud LOCATION: Memphi. Depot

DRILLING METHOD AND EQUIPMENT USED :Rotasoic rg (4 Inh smplecaing /6 ich miercasIng)
WATER LEVELS: START: 05/05002 END: 05/06/202 LOGGER: Bryan Burkdegstodc

3

3b I~~~~~~~~~~~~~~~~- G~roundxelearaion at vio feet MSL

2- Top of caIng elleaion foot MSL

3- Wehguied protection covr typ Flush-mount welhead pad
a) drain tube? No
b) concrete -a dimnensions Shby 3 foot

4- DaitAype of.wel casing 2 inch Schedule 40 PVC

5- Type/slt sIze of scse 2 Inch 40-slot Schedule 40 PVC

6- Type sca.enfiltor Sand, I Itof DSI #2 ontop of 3ft of Global#4
4 a~~_____ ) Quarnity used has

7- Type of seal Bentonite pollte, DSI Shur-plug 318&
a) Quantity usedag

5 ~~~~~~~~~~8- Grout
a) Grout usewd 90% grout I ID% bontonito powder

b) Method of placemrent Torenimlo Method
c) Vol of well casing grout ___________________

I It 6 ~~~~~~~~~~~~~~~Developrrent methiod Surge and emov sdiment wthl stanlress ste
batle,. Developed using submersible pup.

Develpmen time hour

Estimated purge volume. gallons

Commens Total Depth (BGS) = 110.5 fo

Final field parameters collecte durnN well developnernt I I:
pH =

conductivit Ms/=,
teumperature = IC

Dissolved Oxvoen = mof
Note: DIagram not to swale. Turtidity = NTU

P:'414071'JgTFST SIB &Wea 1=sisnOagaors~/71M03
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PROJECT NUMBER ~ BORING NUMBER

CH2MWHILL 170039 IMW-105
p ~~~~~~~SOIL BORING LOG

PROJECT: EST Trestbilty Study LOCATION .Mempfls Depot

ELEVATION: DRILLING CONTRACTOR: Beer Longyea
DRILLING METHOD AND EQUIPMENT USED: Rotasonirg (41irid samlecsng/6in, ute c.ig)

WATER LEVELS: START: 04/3012D02 END: 05/0112002 LOGGER: Mike Karma
DEPTH BEO UWC F)SACS SI E6ai~ICMET

INTERVAL PENETRATION
TEST SOIL HAVIE. USCS GROUP SYMBL, COLOR, DEPTH OF QAStNG. DRIWLNG RAT.

#flYPE RESULTS MOBSTURE CONTENT, REtATKIE DENSITY. DRILUING FLUID LOSS,

r~rr OR CONSISTENCY. SOIL STUCTUHRE, TESTS. AND INSTRUMENTATION.

1 I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

I I

-I I 0.0

101 1100

- I I~~~~~~~~~~~it ad.M 1~ P.l 1,d

W - I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

15

1 I
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PROJECT NUMBER BRING NUMBER

a MH LL170039 jMW-I 05

SOIL BORING LOG

PROJECT: EST Treatabilfty Stud LOCATION:- Memphi Depot

ELEVATION' DRILLING CONTRACTOR: Boar Lortoea
DRJLLING METHOD AND EQUIPMENT USED: Rotasoic dg(4 lnchsample casng /f oinc, oute casing)
WATER LEVELS: START: 04J30/2D02 END 05/01/2002 LOGGER: Mike Karafa
DEPTH BELOW SURFACE (Fr) STANDARD SOIL DESCRIPTION COMMIENTS

RECOVERY % ~TEST SOIL NAME, USCS GROUP SYMBOL, COLOR DEPTH~ OF CASING. DRIWNG RATE.

#d1YPE ~RESULTS MOISTUIRE CONTENT, RELATIVE DENSITY, DRUI4iG FLUID LOSS.
CO6 OR CONSISTENCY, SOIL STRUCTIJRE. TESTS. MND INSTIRUME14TAT1,OtL,Jt!L.,,,,.,N) MINERAOGY. Cooe FIO (PMr)

Sd.YacoM. fin lome gaa,ed porly oed. ose

0.0

-1 1
I4 J

I I San~~~~~~~~~d. yell W. fine Wooaegand peo ty saed los,

s 1 I10

J I 0.0
I I

100 ~~~~~~~~Sand, yedllo to ta, fine o cors rae. porysated.po sorte grave. d

-4 ~~~~~~~~~~~~~~to goae d q

70 _ 11.2

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0
-I I~~~~~~~~~~~~~~'~io'g~'a
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PROJECT NUMBER BRING NUMBER A -0
40CH2MHILL 170039MWI0

14400- ~~~~~SOIL BORING LOG

PROJECT: EST Treatablllty Study LOCATION: Memphis Depo
ELEVATION: DRILLNG CONTRACTOR: Boafl Lonqyear
DRILLING METHOD ANDOEQUIPMENT USED: RolssaIc rIg(4 inch saplemcsing/S6inchouter csing)
WATER LEVELS: START: 04/30/202 END: 05/11202 LOGGER: MikelKarafa
DEPT BELOWN SURFiACE (Ffl STM~DAD SOIL DESCRUPflON COWENTS

InTERV ("T PNEIRnlON

RECOVERY % TEST SOIL NIAME, USCS GROIJP SYMBOL~ COLOR DEP~h OF CASING. DRILLING RAM,

N/TYPE ~RESULTS MITRCOTN.RLTEDESYDRIWUNG FUID LOSS.

I r-ff-r~~~~~~r ~ OR CONSISTEC. SOIL STRICTURE. TESTS. M~D INSTRUMENTATION4.

Cly. a WMt light oag rodng , f asien, d

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

so I 0

9014 1 100
I I
A I

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

1lanootineoaitlosor

@10
I I~~~~~~~~~~~~.I enieWW10 Ib

0 110~~I0.
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PROJECT NUMBER RIGNUMBER

101 CH2MHILL170039 MW-I 05

e410 SOIL BORING LOG

PROJECT: EBT Treatability Study LOCATION -Me.'nlig Depot
ELEVATION: DRILLNG CONTRACTOR: Snort tLvveo
DRILLING METHOD AND EQUIPMENT USED: Rotasoricruig(4iridsaple casing/6Snchid, ot&casing)
WATER LEVELS: ______ START: W04132002 END: 05101r2m0 LOGGER: M~ke Karala
DEPTH BELOW SURFACE (FTl STANDARD SOIL DESCRIPTION COMMENTS

RECOVERY % TEST SOIL NAM1E. USCS GROUP SYMBOL. COLOR, DEPTH OF CAING, DRIllING RATE.
#ITYPE RESULTS moisThRECONTENHT.RELATVEDESiTY, DRJWNG FLUID LOSS.

r--e OR CONSISTENCY, SOIL STRUCTRE. TESTS. MND INSTUENTATION.

(N)_ MINE~~~~~~~~~~~~~~~~~~~03Y. ~~~CieddFID (i)

1 1

4I I

I I
I I

J I

4 I

4 I

I
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Is ~ ~~~~~~~~~~~PROJECT NUMBERjBOIGNME

isCH2WIHILL
Nallb- ~~~~~SOIL BORING LOG

PROJECT - EST Treatability Study LOCATION: Memphis Depo

ELEVATION: DRILLING CONTRACTOR: Boat Lo.oer
DRILLING METHOD AND EQUIPMENT USED: Robsoic rg (4 md saple csing / 6 hdoutercasbig)

WATER____LEVELS: ____ START: 04/30/202 END: 05/0/2002 LOGGER: Mike Koofa
DEPTH BELOW SURWACE (FE) STANDARD SOL. DESCPJPTiON COMMENTS

RCOVER (% MEST SOIL NANvE. USCS GROUP SYMBOL, COLOR DEPTh- OF CASINO. ORIWUNG RATE.
4*/TYPE RESULTS MOISThRE CONTENT. RELATIVE DENSITY. DRILLING FLUID LOSS.

~41V RCNiTNY.StSRChE TESTS. AND INSTRUMENTATION.
(N) MINERALOGY. ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~~~aedd D(ppm):

145

-IS I

I I
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PROJECT NUMBER BORING NUMBER

CH2MHI-LL 170039 IMW-1050
SOIL BORING LOG

PROJECT EBT Treatability Study LOCATION: Memphis Depot
ELEVATION: DRILLING CONTRACTOR: Boas Lonoveaw
DRIWLNG METHOD AND EQUIPMENT USED: Rotaole rg (4 indisample csing/(6indouercaing)
WATER___LEVELS ______ START: 04/30/2002 END: 05/01/2002 LOGGER: MMk Kamfaa
DEPMh BELOW SURACE (Ffl STM4DR SOIL DESCRIPTION COMMENTS

RECOVERY %TEST SUIL NM. UISCS GROUP SYMBOL. COLOR. DEP~ F CASING, DRlWNG RATE,
WTYPB RESULTS MOISTURE CONTENT, RELATIVE DENSITY, DRILLING FlUID LOSS,

rCB- OCOSSECSISTUUE.TESTS. MID INSTRUMENTATION.
__ __N__ _ __ _ __M__ _ __ _ __ _ __ __ _ __ _ __ _ ___Y_ _ _ o sd dFID(ea)

A I

I I

4I I
I I

J I

4 I

I I

1 0

~195
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PROJECT NUMBER BORING NUMBER

CH2MHILL 170039 MW-I 05

p ~~~~~~~SOIL BORING LOG

PROJECT: EST Treaabltty Study LOCATION: Memphis Dep
ELEVATION: DRILLNG CONTRACTOR: Boart Lonyea

DRILLING METHOD AND EQUIPMENT USED: Rotasieri g (4Iri samplecsbig/16 mirO4ho casing)
WATER LEVELS: START: 04/30/202 END: 05/01/2002 LOGGER: Mike Karfa
DEPTH BELOW SURFACE (Fr) STANDARD SOIL DESCRPiON COMMENTS

RECOVERY % TST SOIL NAME. USCS GROUP SYMBOL, COLOR, DEPThlOF CASiG, DUJWNGRKTE.
#nWE ~RESUILTS MOISTURE CONENT RELATlIVE DEN4SITY, DRILLING FUID LOSS.

6'4r- OR CONSISTENCY. SOt STRUCTURE., TESTS. AND INSTRUMENTAniON.
(N) MINERALOGY. ~ ~ ~ ~ ~ ~ ~~~~~~~~~~~~Cree FID (~0m

I4 I

-1

J I
I I
I I

4 I
220 I
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PROJECT NUMBER BORING NUMBER

CH2MHILL 170039 jMW-I106

p1410 SOIL BORING LOG

PROJECT:- EBT T'Matabikty Study LOCATION: Memphis Depo

ELEVAiON: DRILLING CONTRACTOR: Boart Lonqyewj
DRILLING METHOD AND EQUIPMENT USED: Rotasoct rg (41 ric, sasiple csing 16 bich ou casing)
WATER LEVELS: START: 04/17r2002 END: 04/18/002 LOGGER: Mike (namf
DEM~ BELOW SURFACE (FTl STANDASD SOIL DESCRP11Ot CoMvMENTS

RECOVERY % TEMST SOW NAMsE, USCS GROUP SYMBOL. COLOR. DEP OF CASIG. DRIWUNG RATE.
U/YE RESULTS MOISTURE CONTENT. RELATIVE DENSITY. DRIWNG FLUID LOSS.

r-rr_ O~RCONSSTNY. SISTU1JETSS.ADITREnTATION :

0.0

-I I

4 I

I 1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

-15I

20-I I10
I I ~.et F n .

1 I

10 1100

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

-I I~ ~ ~~~~~~~Snog, i omdu imn ory~e

15

-i 4 ~~W. b. ed. fiainoasabove 0.0
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PROJECT NUMBER BORING NUMBER

CH2MHILL 170039 IMW-106
p ~~~~~~~SOIL BORING LOG

PROJECT: EST Treatabilbty Study LOCATION : Memphis Depot
ELEVATION: DRILLNG CONTRACTOR: Boart Lonyear
DRILLING METHIOD AND EQUIPMENT USED: Rotasonto rig (4 Inch sanpl FIcasing 16 inch cter casbig)

WATER LEVELS: ~~START: 04117/2002 END: 04)18/2D02 LOGGER: Mike Karat
DEPTh~ BELOW SURFACE (EiSTMOAS SOIL DESCRIPTION CONmEN

INTERVALFT PENETRATION

RECOVERY % TESTu SOIL IMlE, USCS GROUP SYBLCOLOR. DEP~h OF CASING. ORIW-NG RAT,
U/TYPE ~RESULTS MOISTURE COTENT. RELATNVE DENSITY, DRIWUNG FLUID LOSS,

rcrr OR CONSISTENCY. SOIL STRUCTURE. TESTS. MlD INTRUMENTAllO
(N) MINERALOGY. ~~~~~~~~~~~~~~~~~~~~~~Corrode FID Iocen):

40 I ad afn ri.wl otd0.0

1 ~~~~~~~~~~~~~~Seeand.ange yellow. fine lo medium grain, potty sated,. loose,

I I ~~~~Samenasab. e xcptbro.
I Sand, orange,~~~ene fine grain, wel satedl, leose, dry
I ~~~~~~~~~~Sand. Mwfte, fiate to edum rahn,' pooy sorled, loose

I I ~~~~~Samesaboe excpt oanmge

Same as anove excep orange whi grave up to 0.5 m~didmnete 0.0

I I ~~~~~~~~Same as aboveexcept whe

soi 1100
I I ~~~~~~~~~~~Sand, white, fin, tom umgan pooty sorted. os. ebe 12.1

I I ~~~~~~~~~~~Sand, tan, fine o miedilum gran, poorty sored,bloos grv up '0 25 kdi diaretr

Sand, ornge. fine to meediu m pn. poorly seted, loose
1 I ~~~~~~~~~~~Sand, stie, fin lo medium grain, poondy sortd, los, grave up o 025 incl, diameter

55 I ISand, enange, fime to medim gain. pooly sored, loose, pebble to cobbles

I ~~~~~~~~Same as above except orange

60 ~~~~~~~~~~~~~~Sand, interteddedl tan san orage fine tocas grain. poryste, grave up to 0.0
I I ~~~~~~~~~~0.5 MO fiamahe

65

-I--- J ~~~~~~~~~~am le.0.0

-I I
I I Sn.lm .Weeiterf, t aeg 1pW05id iml
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PROJECT NUMBERjBOIGNME

0CH2MHILL1709IM-O
e ~~~~~~~SOIL BORING LOG

PROJECT: EBT Trealarbilfty Study LOCATION: Memnphis Depot
ELEVATION: DRiLLING CONTRACTOR: Boast Loaryvea
DRILLING ME-HOD AND EQUIPMENT USED: Rotas icg (4 mdhsmple casing/S inch outecasing)
WATER LEVELS: _____ START: 04117r2002 END: 04/18r202 LOGGER: Mice Karate
DEPTH BELOW SURFACE (FT) STMJDRDSOIL DESCRIPTONCOvES

RECOVERY % ~~TEST SOIL MAE. USCS GROUP SYMBOL COLORK DEPTH OF CASING. DRAILING MMh.
#WlYPE RESULTS MOISTURE CONTENT, RELATIVE DENSITY. DRIL-iNG FLUID LOSS,

6-6-r- OR CONSISTEN4CY, SOIL STRUCTURE, TESTS MND INSTRUMENTATIOfN.
I I (N____MiNER~OGY. Caedd D (pen,):

-4 --- J ~ ~ ~ ~ Snd an ie rin e saloose, 0.0

2~~~~ -~~~~ -~~~Sand, orange, Gm to mwdwm gratE. ptoo4l od gm. pebble Wtoobbe0.

I I ~~~~~~~~~~~~~~Sand. tan le, light grey, M.e grainwe

85 ~~~~~~~~~~~~Silty d ray.man. thin " ,offlt 0.

Sand tarn ft.egrain. graveutl W tdtwe

9 1 I
II ~~~~~~~~~~~Sande aysa fi. eexceptwett 0

1100

~~~~~~~ ~~~~~sand.goreny.felnetoredagrain.gvlpo ic.di

1I
I I~~~~~~~~~Bdtnine.10te
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PROJECT NUMBER ILL NUMBER

CH2MHILL ~~~170039 MW-1 06 SHEET I OF It CH2IWHILL ~WELL COMPLETION DIAGRAM Mm~ eo

PROJECT: EBT Treatabllity, StudyLOAINMepiDpo
DRILLING CONTRACTOR: Boast Lonovear
DRILLNG METhOD AND EOUIPMENT USED: Rolasonic rig (4 inch sample cas~ng16 inch outer casing)
WATER LEVELS: START: i 417/2D02 END: 04/11712002 LOGGER: Mike Knarat

3

3 1 ~~~~~~~~~~~~~~~1- Ground edevauon atwnil foot MSL

2- Top ocasimig elevauior - footIVMSL

3- Wellhead protectiorn cover typo Flush-nount we~lfhead pad
a) drais tube? No
b) concrete pad dimensions 3 by 3 feet

4- DiaAype of wel ..sIng 2 inch Schedule 40 PVC

5- Typetslot size of screen 2 inch I a-sat Schedule 40 PVC

6- Type cee fifter Sand, DSl #2
4- ~~~~~~~~~~~~~~~a) Quantity used bags

7- Type of seal Bentonlto pellets, OSI Shur-plug 318'
a) Quantity used bags

1 5 ~~~~~~~~~~~8- Grout

a) Grout mi used 90% grout I 10% bhentonite, powder

b) Method of placement Trenmnle Method
c) Vol. of well casing grout __________________

6 ~~~~~~~~~~Development method Surge end develop with stainless steel bailer
to nremov sedIment. Submensible pump

Development tIme 8.3 hour

Estimated purge vlume. 42.5 gallons

Comments Total Depth (808) = 00 feet

Final field parameters collected during well development( / V
pH

S~~~~~~~n con~~~~~~~~~~~~~ducityt rnms/cm
tmpeorature =

Dissolvead Oxygn =m4'l

Note: DIagram not to seal.. Turbidity =NTU

PAl48071%ogs\EBT SB &We wa nshGaucuon Oiarm.xlA. 10107r2003
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jPROJECT NUMBER IBORING NUMBER

CH2flIHILL 170039 IMW-109
p J ~~~~~~SOIL BORING LOG

PROJECT: LET Treatabint Study LOCATION: Memphis Depot
ELEVATION:- DRILLING CONTRACTOR: Boart Lonver
DRILUING METHOD AND EQUIPMENT USED: RO~ISOcng (4 tnchsanple c.sig/IS irs edercasing)
WATER_____EVE _______ START' 05/0120002 END: 050212002 LOGGER: Mike Karafa
DEPT BUMO SURIFACE (FT) STANDARD SOIL DESCRIPTION COMMIENTS

RECOVERY TE~ST SOIL NAMsE, USCS GROUP SYMBOL, COLOR, DEPTH OF CASING. DRIWNG RATE.
E RESULTS MOISTURE CONTENT. RELATIVE DENS[TY, MRIWLNG FLUID LOSS,

6`a'r OR CONSISTENCY. SOIL STRUCTURE, TESTS AND INSTRUMENTATION.

Swhit sfind gbrow

loo~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.

14 I

I I

J I 5

-I I

25-I I

1 I

101 1~100

4I I
35 I

-I I~ ~ ~ ~ ~~~~ly nI il ,in, t W .
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PROJECT NUMBER IBORiNG NUMBER

CH2MHILL 170039 IMW-l0g
S ~~~~~~~SOIL BORING LOG

PROJECT: EST Trestsbility Study LOCATION: Memphis Depot

ELEVATION: DRILLNG CONTRACTOR: Goar Lonoyear
DRILLING METHOD AND EQUIPMENT USED: Rotasol icg (4hischsmple csing to nchouter ashig)

WATER LEVELS: ~~START: 05/0l/2002 END: 05/02J2002 LOGGER: MIke Karfa
DEPThl BELOW SURFACE (FT) STANDARD SOIL DESCRIPTION COMMENTS

INTERVA- F PENETRATION

RECOVERY % TMST SOIL NAA4E, 145C5 GROUP SYMBSOL, COLOR, DEPMhOF CAING.DORIWN,,G RATE,
E RESULTS MITRCOTN.RLTVDESY DRIWLNG F'LUID LOSS,

r8oo OR COSSEC.SOIL STRUCTURE. TESTS. AND INSTRUMENTATION4.

__ __ __ _ __ __ __ __ __N_ __ __I_ __INER__ __ __ __ ___Y__ _Car de FID (ppm):

4 1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~11.3

j I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~16.2

45 I

I I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.

-I-- J0

I I 100.5

65 1 I

4 I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.

I I 0.3
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PROJECT NUMBER BORING NUMBER

CH2MHILL 103 w10
p ~~~~~~~SOIL BORING LOG

PROJECT: EST Treatability Study LOCATION* Memphis Depot
aLEVATION: DRILLING CONTRACTOR: Boart Lonrivear
DRILLING METHOD A±D EQUIPMENT USED: Rotasaic !g (4inchsampie csing /6irxhoun cosing)
WATER LEVELS:- START: 05/01r200 END 05/02/002 LOGGER: Mike Karafa
DEM~ BELOW SUIRFACE (Fl) STADrD SOIL DESCRIPTION COAENTS

RECOVERY % ~~TE5ST SOIL NAME USCS GROUP SYMBO)L COLOR. DEF7ThOF ASW~G, DRIWNGRXTE.
1/TYPE ~~RESULTS MOIS'FURE CONTENT, RELATIVE~ DENISITY. DRIWLNG F'LUID LOSS.

rT--e OR COSSEC. SO1. STRUCGi~t. TIESTS AM INSTRUAAETrAtION.
___ __ __ _ __ __ __ __ __ __ ___N__ ___MINER__ __ ___L___GY_ __ _Cao rtedlo FED (p n:

SadI. W,~ fir.. to meodum wainod. os, damp.saegvl

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

8 _I I 10

I I Sa~~~~~~~~~~~~nd, to% fire Walred. losdr,

J I
I I

AI I 0

Sand.a,ge to tpre a gralnd oed. dros,dr0.

85 I I Sameas~~~~~~~~~rd oange, frave W m, e ptbeo orble rl.d

'11 ~~~~~~~~~~~~Sand, elgtU. finetcoe g ranrl oon sred. dam. ebbe drcyb

14 I ~~~~~~~~~.I I~ ~ ~ ~ ~ ~ ~ ~ ~ ~~PI~Ioa~e ~Wtrtbl 6I g

4 I ly Same asill gay ve orange mmnmsoe iw

90... 0
I I~~~~~~~~~~~~~ttninlo 0 tb

-I I
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PR-OJECT NUMBER WLIL NUMBER

CH2MHILL ~~170039 WEL MW-l09 SHEET I OF

p ~ ~ ~ ~~~ELCOMPLETION DIAGRAM

PROJECT: EST Treastablllty, Study LOCATION Memphis Depot
DRILLNG CONTRACTOR :Boart Longyear
DRILLING METHOD AND EQUIPMENT USED: Rotasonlo rdg (41 Inch sample casing I B Inch outer casing)
WATER LEVELS: START: 04/17/2002 END: 04/17/2002 LOGGER: Mike Karafa

3

3 1 ~~~~~~~~~~~~~~~1 - Ground elevation at we feet MSL

2- Top of casing eetinfeet MSL

3- Wellhead protection cover typo Flush-mount wellhead pad
a) drain tube? No
b) concrete pad dImensions 3 by 3 feet

4- Diartypo ofweillcasing 2 inch Schiedule 40 PVC

5- Type/slot sie f ssn 21Inch 10-slotfSchedule 40 PVC

6- Type screen fliter Sand, D31 #2
__________ a) ~~~~~~~~~~~Quantity used bags

7- Type of seal Bentonite pellets, 031 Shur-plug 3/8'
a) Quantity used begs

8- Grout
a) Grout mix used 90% grout / 10% bentonite powder

b) Method of plaement Tremmie Meth~od
c) Vol of well casing grout ______ ____________

Development meth~od

Development U.m hour

Estimated purge volume gallons

Comments Total Depth (BGSI) 104 feet

H -i ~~~~~~~~~~~~~~~~~~Final field parameters collected during well development I I I1
pH =

conductivty = MS/crn
templlerature = I

Dissolved Oxygren = M
Hots: Diagnram not to scale. Turbidity = NTU

PAl480lltegsEBT SB & Well Con~sbvclon Dlagramds IM10*2003
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~PROJECT NUMBER BORIiNG NUMBER

0CH2MHILL 170039 MW-l I

p J ~~~~~~SOIL BORING LOG
PROJECT: EaT Tmtatbiffty Study LOCATION: Memphis Depot
ELEVATION: DRILLING CONTRACTOR: Bowl Lonoe
DRILUINGMETHOD AND EOUtPMENT USED: Rotasoicrig (4 notsampl csing /6inchodersing)

WATER LEVELS: ~~START: 05/0i3/202 END: 05/04/200 LOGGER: Mike Karafa
Efl BELOW SURFACE (FT) STANDARD SOUL DESORJPTION co~vENS

RECOVERY % TEST SOL NAME. USCS GROUP SYMBOL COLOR DEPMhOFQCASNG, DR[LINGHRATE.
#flypE RESULTS MOISTURE CONTENT, RELATIVE DENSrITY DRLUJNG FUJI LOSS,

r--o-.r OR CONSISTENCY. 5011L STRUCTURE, TESTS. MND INSTRUMENATION.

I I~

4 I 0
I I i

20-A I10

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0
25-I

I I ~.jt~ugn w ,d
1 I

10 loI10

-I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0
4 I

15
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PROJECT NUMBER BORING NUMBER

CH2EVHILL 170039 IMW-l I

p ~~~~~~~SOIL BORING LOG

PROJECT: EST Trinatabillty Study LOCATION: MonphIs Depot

ELEVATION: DRILLING CONTRACTOR:- Bant Lonoear

DRILLING METHOD AND EQUIPMENT USED: RotasSordIg (4 inchsaplemcsing /6 ircA ouercasing)

WATER LEVELS: ~~START: 05/03/002 END: 05104t2002 LOGGER: Mike Karafa

DEPTH BELOWV SLMFACE (FT) STANDARD SOIL DESCRIP`ION COMMENS_

INTRVAL (MPENETRATION

MC'OVE~ft -- TEST SOIL NAM.E. USG GROUP SYBL, COLOR DPHOF CAING. DRILLING RATE.

6`C4.S6 OR CONSISTECY SOIL STRUTURE~. TESTS. AND INSTRUMENTATION.
U/TYPE RESULTS MOISTUECOTEN. RERDV DNIT.DRWNLUDLOS

Sars. yeionadaa~e fine toWa gited.' poody fate, Iiose, dry

17.9

1 I D

I0 0.0

Sily Snd soe ay.bai, of..fne omdWmg, nd pon iw atddam

1 I al:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.
V I1 ~~~~~~~~~~~~Siind tan toele fie to meim rlnd godyste, mLo.I, dry ,

I 0 0.7

I I ~~~~~~~~~~Sand, Ian to Oage fin. to an rar d, c ae.losgaedy

55 _I I 0

Sand. orangeine. to meim rined,poly saelo, dry

I 110
0.5
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PROJECT NUMBER BORING NUMBER

ClH2MHILL 170039 IMW-j IG

SOIL BORING LOG

PROJECT: EST Tredtability Stud LOCATION: Memphis De"o

ELEVATION: DRILLING CONTRACTOR: Boart Locciyear
DRILLING METHOD AND EQUIPMENT USED: Rotasolorig (4 msnpih askig /6 mdchouter casing)
WATER LEVELS: ______ START: 0510a/202 END: 05/04/2002 LOGGER: Mike Kardaa
DEPT BELOW SURFACE (Fl STANDAFID SOIL DESCRIPTION COMMENT

RCVRY i% TEST SOIL M~E, USCS GROUP MSYMOL COLOR. DEPTh- OF CAW~G. ORLIWNO RATE,
#CYPE ~~RESULTS 1MOISTUFRE COTN. RELATIVE DENSITY., DRILLING F1I.UID LOSS.

rrVr OR CONSISTENCY, 500. SWUCI1JRE, TESTS. AND INSTRUMENATIOIN.
(N) _ __ _ __ _ __ _ __ __ _ __ _ __ _ __ _ __ _Corroded Fit) (pp):

Sand. yeflcvv to ten. ft. gralned, wel sated,l loose,. dry

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0
1 I ~~~~~~~~~~~~Sand. white to tan. fine to carase grained. poorly sarted, grave. &

60 1 1100 _ _ _ _ _ __ _ _

I I ~~~~~~~~~~~~~Silty Glay. Wa. finc grained. sltf. wI. grave

JA
I I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.

B5
I I 0,5~~~~~~~~ad.fn nae, ~ ,.1 oe loa r

I oI Sand. bne~ Wrind orange, well s raied, .loos, s dry ooo g

pebble to orbblo ~~~~~~~~~~~~~~~~~~~0.0

1 I 100 ~~~~~~~~Sand,.. bitooan gne. tit.t sosjs aned ory otd loos e,,gravel

I I pebb~~~~~~~~~adySleto cobl 0.0mq.sfffn ried eWtrtbl 65f

-1 Ian .g ntg . at

I S~~~~~~~~~~~~cayd, snne. slen graynd with sataed mloosti, f wet. gravel
4I I

I 1mtea0n llW aera5~55tg

11 I 110
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a P~~~~~~~~~~~~~ROJECT NUMBER rLL NUMBER
W * ~~~~CH2IVHILL 170039 MW-hOI SHEET i OF i

C ~~~~~~WELL COMPLETION DIAGRAM

PROJECT: EST Treatuablity Study LOCATION: Memnphis Depot
DRILLING CONTRACTOR: Boost LonWvea
DRILLNG METHOD AND EQUIPMENT USED: Rotasonic .ig (4 Inch sample, casIng 16 rinch outer casing)
WATER LEVELS: START: 05/0412002 END: 05/04/202 LOGGER: Mike Kareat

3

3 ~~~~~~~~~~~~~~~~I- Ground elavatdon at nil foot MSL

2- Top of caing elevation, foot MSL

3- WOeIivead protecton wver typo Flushl-mount wellhead Pa
a) drain tube? N
b) concrete pod dimesons 3 by 3 feet

4- DIa/type of wel casing 2 Inch Scheodule 40 PVC

6- TypesltM size of screen 2 inch 10-slot Schedule 40 PVC

ft ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~-Type screen filter Se.d. DS1 #2
4- ~ ~ ~ ________ )Quatly ued bogs

7- Typ~e of sea Bentonie pellets. DS Shur-plug 3/8'
a) Quantty uedl baga

- 1 5 ~~~~~~~~~~~~8- Grout
a) Grout mix used! 0% grout/ 10% beotonite powder

bh) Method of placernent Tremmie Method
e) Vol. oF wet casing grout _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Deeiopment method

Developmet time hour

Estimated purge volume gall.ns

Comments Tota Depth (BGS) =103 fact

I---] ~~~~~~~~~~~~~~~~~Final1 flied parammetr collected during well developmenut I I
pHI

cnduc~tivy S/a.
temperature IC

Di~ssolvd Oxygn mo/t
Note: Diagram not to sea.. Turbditv NTU

PAl,18071t~gsEBT SS & Well Censrud~o OLagrms.u- 10107,2003



194 28 6
PROJECT NUMBER jBORING NUMBER

CH2IVHILL 170039 IMW-lIll
-~~~~~~ ~~SOIL BORING LOG

PROJECT EST Treatabrdty Study LOCATION : Memphis Depo
ELEVATION: DRILLING CONTRACTOR Boat Lonywoa
DRILLING METHOD AND EQUIPMENT USED: Roasic rig (4 bdsmh plemesing/6 lch ota asing)
WATER LEVELS: ______ START: 04/22/2002 END: 0412312002 LOGGER: Mike Kamfaf
DEPTh BELOW SURFACE (FT) STANDARD SOIL DESCRIPTION COMMENTS

RECOVERYQL lEST SOIL NAME, USCS GROUP SYMBOL. COLOR, E~ OF CASWIG, DRILLING RAT,
WFYE RESUUTS MOISTLhRE CONTENT. RELATIVE DENSITY. DRJLWNG FLUID LOSS.

6~S-O" OR CONSISTENCY. SOL STRUCTURE. TESTS. AMD INSTRUMENTA1OII.

I I ~~~~~~~~~spho.,, mlS dars (tess)a0.0

IDS

5 -C-

4 I

Ij f 115

1 i
41 I

2 j 11.4

4 I

15~~~~0

I I ~ ~~~~~~~~~"t b oy0.0

I 1001

-t I~~ ~-
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PROJECT NUMBER BORING NUMBER

CH2MWHILL1709m-I
SOIL BORING LOG

PROJECT: EST Treetability Stud LOCATION Memphis Depo

ELEVATION: DRILLING CONTRACTOR: Soart Lonoveer
DRILLINGIVMETHOD AND EQUIPMENT USED: Rotasoric ig(4 mdi saple casing 16 inch oute caing)
WATER LEVELS: START 04122/202 END: 04/23t2002 LOGGER: Mike Karefa
DEPT BELOW SURFACE (Ffl STANDARD SOIL DESCPTI~ON 0OPM4vEITS

RECOVERY ~~TE~r SOIL NAE, USGS GROUP S~twIOL COI-OR, DEP~hOF CAZW~G,ORIWNG RATE,
#/TYPE RESULTS MOISThRIE CON1TENT REILATIVE OEINSrI, DRILLING I'LUID LOSS,

rJ'' O CNITNCSI SRChE TESTS, AND INSTRUMENTATION
___ __ _ __ ___ __ __ __ ___ __MINERALOGY_ __ __ ___ __ _ on du FID lo

Sand grsyn very to gaWe,wlooe dry

4 1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

I I

~~~~~~~~~i I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0
I I Sand, flogs, floe to flfls pairedpoory odd fooetr, pe~bble

I4 J

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

I I Sand~~~~~~~~, to fine In media prmed., poorlysoldloeryafgtrvl

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

70 Ilo

-I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0
I I IIII
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PROJECT NUMBER BORING NUMBER

0CH2MHILL 170039 JMW- Ill

p ~~~~~~~SOIL BORING LOG

PROJECT: EST Treatabifty Study LOCATION: Memphis Depo

ELEVATION:- DRILLNG CONTRACTOR: Boart Lorsoear
DRILLING METHOD AND EQUIPMENT USED: Rotasetrig (4 mc saple ~ ISl/6toutercasing)

WATER LEVELS - ~~START: 04/22f2DD2 END' 04d23J2002 LOGGER: Mike Karel.

DEPTH BELOW SURFACE (FT) STANDARtD SOIL DESCRIPTION COMVMENTS

RECOERMTST SOIL NANE. USGS GROUIP SYMBOL. COLOR DEIMI OF CASING. DRILLING RATE,
#Iih RESULTS MOISTURE CONTENT. RELATIVE DENSITY, DR[I-JUNG FLUID LOSS.

rv-" OR CONSISTENCY. SOIL MrUCTURE. TESTS. AND INSTRUMENTATION.
N) MINERALOUGY. Coree FIDCor)

-4 --- j ~~~~~~~~~~Sand. ornge arid tn,. tine to n*mar grained, POO&,y tooed, psa tocbbe
-il ro~ e to angilar, lose dry

-I I

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

90 1 100 _ _ _ _ _ _ _ _ _ _

I I Cl~~~~~~~andyne, Sil brW. M.e grahned. sbtwellt r

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

~~~I I ~~~~~~~Sand, tetet. IW grane.wel sated. gioewped e , ~

IO Ig

85 I I~ ~~~~~~~~B inina 0 f~lb
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[PROJECT NUMBER ILN M W-Il
CH2MHILL ~ ~~~~170039 rM - SHEET IlOF 1

WELL COMPLETION DIAGRAMJ

PROJECT: EST Treatabtifty Study LOCATION: Mw,,phls Depot
DRILLING CONTRACTOR:SoartLonovear
DRILLING MEIGOD AND EQUIPMENT USED: Rotasonic rig (4 rIdh sample asIng /6 Inch outer casing)
WATER LEVELS: START: 041221202 END: 04/232002 LOGGER: Mike Kaatsi

3

3 1 I ~~~~~~~~~~~~~~~- Ground elevaton, at well feet MSL

2- Top of casing elevation foot MSL

3- Wellhead protection coe ye Flush-oun welihead pad
a) drain tbeb? No
b) concrete pod dimnensions, 3 by 3 feet

4- Dai.type of wedl casIng 2 inch Schedule 40 PVC

5- Type/slot size of screen 2 Inch 10-slot Schedule 40 PVC

6- Type scee flilter Sand, DSI02
4- ~ ~ ________ )Quantity used bags

7- Type of seal Bentonite pellets, DSI SIhur-pkug 3/r'
a) Quantity used bags

- 1 6 ~~~~~~~~~~~~8- Grout
a)Grout mix used 90% groutI 1 0% bentlonite powder

b) Meth~od of placement Tremrmte Mefthod
c) Vol. of well casing grot _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

it I 6 ~~~~~~~~~~~~~~Development meftiod

Development Itnme hour

Estimated pure volume gallons

Commmens Total Depth (BGS) =100 feet

H ~~~~~~~~~~~~~~Final field para.meters collected during well development I I 1

DID~ conductivity =ms/cn
temperature = ICC

Dissolved Oxygn = moll
Note: DIagram not to seale. Turbidity =NTU

PMeao171YogsEST SB & WaICosbcto DiOans.,xl 1=/7)20
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PROJECT NUMBER BORING NUMBER

CH2MHILL 170039 jMW-112

SOIL BORING LOG

PROJECT - EBT Treatabsity Study LOCATION : Mempbs Depot
ELEVATION: DRILLING CONTRACTOR: Boart Lonover
DRILLINGNMETHOD AND EQUIPMENT USED: Rotasmctng (4 Inc saple csk/ing ch dt~lcasing)
WATER LEVELS: ____ START: 04P21/2002 END 04f21U2002 LOGGER: Mike Karfa
DEM~ BELOW SURF'ACE (FT) STANIAR SOIL DESCRIPTION COMMNT

RECOVERY TEST ~~SOIL NAME. USSGROUP SYMBtOL COLOR DEPTh OF CASING, DRIW-NG RATE.
U/TYPE RESULTS MOITJRE CONTENT. RELATIVE DESITY. DRIWLNG FLUID LOSS,

W-r-- OR CONSISTENCYt SOIL STUTRTESTS. AND INSTRUMENTATION.
- - - ________ ~(N) MINERALOGY.CorddFU(m:

5-I-- -Sil froen s~l p, (es .

I I 8~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.9

101 110

I I

20 IO

4 I 0.0~~~~~~~~~~~~ 00~I2I
-4 I~ ~ ~ ~~~~~~~,"t ~ o,~ W a

1 0I
I I 2~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.8

I3I



7 94 29 1

PROJECT NUMBER 5BORING NUMBER

CH21WHILL 170039 fMW-112
p ~~~~~~~SOIL BORING LOG

PROJECT: EBT Treatabifity, Study LOCATION : Memphis Depo
ELEVATION: DRILLING CONTRACTOR: Beard Lonqvear
DRILLING METHODANDMEUIPMENT USED: Rotaslonic rig (4 mnlt anmple casing/61bi,whoutercasing)
WATER LEVELS: ____ START: 04/2112002 END: 04/2112002 LOGGER: Mike Karafa
DEPTHI BELOW SURFACE (FT) STANDARD SOIL DESCRIPiTICN COMENTS

RECOVERY I% MEST SOIL tIAME, USCS GROUP SYMBOL. COLORL DEP~h OF CAI!NG, DRIWLNO RAT.
5/TYE RESULTS MOISTURE COTN, REiAN DENSITY, DRILLING FLUID LOSS.

B~-' OR COSISTENCY. SOIL STRUCTURE, TESTS. AND INSTAUMENITAT1014.

0.0

-1 I

4010 -: red~~~~~~~~~~~~sySn, fi,,ne gratolned.sll?. Sgraine.lly d iamp arse

Sily ang ed. en. greine, Moe,.fhf dry n

j ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0
I I

45 Sam.~~~~~~~~~~~~~ oaran yello. arne tnonfierfle rlned. pnoorl sorted, loose, gravl

Sand. tar,, fin.e graed, wet sorted, loose, dry

I I ~~~~~~~~~~~~Sand, reddish orange. line to coarse grained, poorly, sorted, gravel and pebbles
I I ~ ~ ~ ~ ~~~~~~rw0.0

@501

-A I
-I I
I I 1 .

- 1100

55 I I

I 100
4I I 11.4

60
Sand. whit tW liht tan, vry fine grain. p.,owdr dr,

I ~~~~~~~~~~~~Pebbles and enbbles fro 61 1062 [ee bgs

I I G
.1 I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~1.6

-A I

I I ~~~~~~~~~~~Sand. tan, fine ganedo,!we sated, dry, loose,

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~17.1
1 I ~~~~~~~~~~~Sarne as above except color changes fromt tan to orangc

I I ~~~~~~~~~~~~Sand. fine to fniediun gralned. pocey sonae,. loose, dry
70 I I

~ 100
I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0
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PROJECT NUMBER BORING NUMBER

a 1 HIL170039 MW-112

e ~~~~~~~SOIL BORING LOG

PROJECT: EBT Tsoatsblality Study LOCATION : Mrenphis Depot
ELEVATION: DRILLING CONTRACTOR: Boart Lo~nivar
DRILLING METHOD AND EQUIPMENT USED: Rotasaicrg (4 indtsample osinig /6inh =idnotr akg)
WATER LEVEI.S: START: 04/21/2002 END: 04/21/2002 LOGGER: MilkelKarsaf
DEPM BELOW SURACE (FI) STANDARD SOIL DESCRPIIO0N COMMENTS

RECOVERY % TEST MOL NAM4E, USCS GROUP SYBOL. COLOR.DPhOFAPG RIN AE
WrYPE ~RESU.LTS MO)ISTURE CONTENT, RLATIVE DENSITY, DRIJWNG FUID LOSS,

r-~-' OR CONSISTENCY, SOIL STRUCTRE, TESTS. AMD INSTRUMENTATION
_______ __________________MINER________L____GY______Corrected FlO (lpn,l

7 1 1

1 I ~~~~~~~~~~~Sand, ta Arm grakned, well sorted, loose, dq

80 11 100
I I ~~~~~~~~~~Sand reddis on. Mie gialoe. loose, dermp, peblles to cobble. sbar,gta

I I Sand, wtdle to orangSe e. trios to esm arMse grked, poo4l sated1, psebble to cobble

Silly Sand, reddls, ta., fine gralne. baosgae l soI, damp

85 ~~~~~~~~~~~Sandy Silt rddle, Wn, mose, st, Mie grented damp

1 1 Sand~~~~~~~~~~~~, gray, Mie grisned, well sorted, loose, dry

Sand. orang, fine trainedi.n we srted, lootyse, d d al.PbbeW

I I

Sand. lig Ianayt~n gained lose dry.wesad

1 I

.~I I
A I

105-i
I I Sand~~~~~~.grayloTan. e t.e'sgaIe.pody saed, oose we

4 I



794 293

C H2 M ILL ROJET NUBER 170039 M LUIEW-112 SHEET 1 OF I

*CH2I'UIHILL WELL COMPLETION DIAGRAM Mm~ eo

PROJECT: E Treatablhty StudyLOAINM.piDeo
DRILLNG CONTRACTOR:Boart LoNgyoa
DRILLNG METHOD AND EQUlIPMENT USED: Rotasonlc rig Is inch sample casing / 6 Inch outer casing)
WATER LEVELS: START: 04121/2002 END: 04122)2002 LOGGER: Mike Kealfa

3

3 I ~~~~~~~~~~~~~~~~- Ground elevation at well feet MSL

2- Top of casing elevalloon foot MSL

3- Wellliead protection, cver type Flush-mount wvelhead pad
a) drain tube? N
b) c.omxete, pad dIemesIons 3 by 3 feat

4- Disay~pe of well caskng 2 Inch Schedule 40 PVC

5- Type/Slot size of screw -2 Inch 10-slot Schedule 40 PVC

6- Type s=erw filter Sand, DSI #2
4- ~ ~ ~ ~~~~~~~~~~~~)Quantity used begs

7- Type of seal Bentonits pellets, OSI Shur-plug 3/8&
a) Quantity use bag.

8- Gmaut0 ~ ~~~~~~~~~~~~~~~~ ~ ~ ~~~~~~~~~a) Grout mix used 90% grout / 10% benonlte. powder

,) Molthodof placemen Tmenne Method
c) Vol of well casing grout ________________

Dmevelpment mothod ______________

Develo~pment lim hour

Estimated purge volume gallons

Comments Total Depth, (BGSI 101 feel

-1 A~~~~~~~~~~~~~~~Fnal field parameters oollactod during well development I I I
pHi =Ein coductivity = MS/cm

temperature =
Dissolved Ohxyqen = mcf

Not.: Diagram not to scate. Turbidity NTUJ

PAl48i07l~,,s\EBT SD & Wet Cocstujcn Oiagrs ~~ts 10/01/2003



794 294
PROJECT NUMBER BORING NUMBER

CH2MHILL ~ 170039 MW-113

p ~~~~~~~SOIL BORING LOG

PROJECT: EBT Treataliddy Study LOCATION : Mmaphis Depot
ELEVATION: DRJLLING CONTRACTOR: Boart Looya
DRILUNG METHOD AND EQUIPMENT USED: Rotaoc dg (4 inch saple caing 1 6 inch outa casng)
WATER_____EVE ___S__ START: 04/17/2D02 END: 04/17/200 LOGGER: David Nelso
DEPTh BELOW SURACE (T) STANDARD SOILDESCRIPTION COPElrs

RECOVERY 94 TEST SOIL NAMAE, USCS GROUP SYMBOL COLOR DEPTH OF CADG. DRIWUNG RAT.
N/TYPE ~RESULTS MOISTURE CONTENT, RELAnWV DENSIT. DRIWLNG FLUID LOSS.

OV6~ OR CONSiTNCY, SOIL STRUCTURE, STE .AND INSTRUMENATION.
- - _______ ... Jt~L....... MINERALOGY ofeodA

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~5.0

Silty CLay. brol, sft. bed atradm

-4 I

I I 5~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.0

25-1 I

30 l I10

A I

35



794 295

PROJECT NUMBER BORING NUMBER@ 0~~~~~~H2 HL 170039 MW-113

SOIL BORING LOG

PROJECT: EBT Treatablity Study LOCATION: Moenphis Depo
ELEVATION: DRILLING CONTRACTOR: Boart Lonovea
DRILLING METHOD AND EOUIPMENT USED: Rotsonk rig (4 irmht sample ~sing 16 uinch out, osing)

WATERLEVELS: ~~~START: 04/172032 END: 04/17/202 LOGGER: Davi Nolsa
DEPTh BELOW SURF'ACE (FT) STANDARD SOIL DESCRIPTION COIMENTS

INTERVAL ~~PENE1RATION
MEST SOIL NAJJ, USCS GROUP SYNSOL COLOR, DEPTh OF CASING, DRIWLNG RATE

U/TYPE ~RESULTS MOISTURtE CONTENIT, REILATIVE DENSITY, DRILLING FLUID LOSS.

6tr-r OR CONSISTENCY. SOIL STRUCTURE. MTEST.AND INSTRUMENTATION.
__ __ _ __ __ _ __ __ _ __ __RAL__ _ __ __ _ __ __ _ __ _ o ns e FIG (Fera:

Sen (@37 II). eds roefn gratoe

0.0

5 1 I 100toc

I I ~ ~ ~ ~ ~ ~ ~ ~ ~ id

j I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

-I I

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0
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PROJECT NUMBER BORING NUMBER

CH2MHILL 170039 MW-113

0 CH2MF-HLL ~~SOIL BORING LOG

PROJECT: EBT Tretabllity, Sludy LOCATION: Menrphis Depot
ELEVATION:- DRIWLNG CONTRACTOR: Boart Longvor
DRILLNG METHODMID EQUIPMENT USED: Rotaonc rg (4inotsample casing/6 mi ou1~ casng)

WATER LEVELS: ~~START: 04117r1002 END: 04(17/2002 LOGGER: David Nelacxi
DEPTH BELOW SURFACE (Ml STANDARD SOIL DESCRIPTiON COC NThNS

RECOVERY TE~~ST SOIL NMAE, USO GROUP SYMBOL. COLOR DEPTH OF CAkSING, DRIWLNG RATE,

#(TYPE ~RESULTS MOISTURE CONTENT. RELATIVE DENSITY. DRIWLNG FLUID LOSS,
6-`-l- OR CONSISTENCY, SOIL STRUCTURE. TESTS. AMD INSTFLUMENTATIOl4.

r (N)~J~l,,,,,,, MINEFRALOGY. CarsoeJ FRD (~

-~~~~~ ~~~~~ ~~Sard, ye ~towsh bEWn, fin ,rab'ed, soft

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

801 _ 3100
I I ~~~~~~~~~~~~~Sand., bosWrgafth im, bn, M.n to mfimiduri grainedi. oelbtl~es (<30%). 2 linehs dwor.

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

851
1 Sand, grayflownsid. . tierained, peb.e (3%), soft

A I

~~~~~~~~~~~ I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

I I Gr~~~~~~~~~~~~avet SaM bsymsh togaishvi fi.Wroauri.ano grained. soft,dr

I I~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~atsal pixoael 6fe

-I I ~ ~ ~ ~ ~ ara~ .. k

I0 I 0

I I ~~~~~~~~~~~~Sily and. bClsogayis e rwfineeMgr it mih ediumigahw, 1,ov. -a

-I I Wotorable @ oppoximatotyy6 fgreeng
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PROJECT NUMBER BORING NUMBER

CH2MHILL 170039 MW-113

p ~~~~~~~SOIL BORING LOG

PROJECT: EBT Treatability Study LOCATION : Memphis Depot

ELEVATION: DRILLING CONTRACTOR: Soars Loonvyear
DRILLING METHOD AND EQUIPMENT USED: RotasoitrIg (4 Iidn smple csIng/fl hi outer csIng)
WATER LEVELS: START: 04/17/2002 END: 04/17/202 LOGGER: DaMdNelso
DEPT BELO SURFACE (FT) STANDARD SOIL DESCRIPTION COMMENTS

INTERVAL ~~PEiNETRATION
RECOVERY % TEST SOIL NAME. uISCS GROP SYMBOL. COLOR. DEPTIOF CAING. DRIWUNOGRTE.

RESULTS MOISTURE CONTENT, RELTIVE DENSITY. DRIWJNG FLUID LOSS,

W---- OR CONSISTENCY, SOIL STRUCTRE. TESTS. AND INSTRUMENTATIO14.

1 1

120 _

125

130 _

135-
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PROJECT NUMBER BORING NUMBER

CH12INHILL170039 MW-113

p"ob SOIL BORING LOG

PROJECT- EBT Treatabilily Study LOCATION: Memphis Depot

ELEVATION:- DRILLNG CONTRACTOR: Boart Loixoyear
DRILUING METHOD AND EQUIPMENT USED: Rotasont ng (4 kiosanplecasIng IS hdoute caing)
WATER LEVELS: ______ START: 0411712002 END: 04/1712002 LOGGER: Davi Nelo
DEPTH BELOW SUR1FACE (FT) STMJDR S3OIL OESCRTPION CMET

RECOVER % TEST SOIL NAME. USCS GROUP SYLVOL. COXLOR DEP~h OF CAING. ORIUNG ~M.T
#lYE RESULTS MOmiSTUE CONTENT, RELATIV DENSITY. DMiWlNG FLUID LOS.

rc`-r OR CONSISTNlCY. SOIL STRUCTURE, TETS lfISTRMENTATION

- ~~~~MINE~t&OGY.id FIG (,1cm):

145

I4 I

1 1

1 I

-I I
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PROJECT NUMBER BORiNG NUMBERS . ~~~~C2 HL 170039 MW-113

p ~~~~~~~SOIL BORING LOG

PROJECT: EBT Trealbi KY Study LOCATION: Mem~phIs Depot
ELEVATION: DRILLING CONTRACTOR: Boadt Lonysa
DRILLING METHOD AND EQUIPMENT USED: Rotantordcg (4 Iinhsample csing/IS nch oute cng)
WATERLEVELS: ______ START: 04/17/2002 END: 0411712002 LOGGER: Davi Nelsa
DEPTH BELOW SURFACE (FT) STANDARD SOIL DESCRIPTION COMMENTS

RVALE(FT) PENETRATION

IECOVER 1111lEST SOL NME. USCS GROUP SYMBOt. CO.lOR DEPTH OF CASING, DRJWNG RATE,

___ __ __ __ __ __ __ __ __ __ __ __ __ __D___ __ __ __ __ __G_ _ FLUID___ __ __LO W . __ __

r-4- OR CONSISTENICY. SOL STRUCGTURE. TESTS. MND INSTRUMENTATION.
#flYPE RESULT MOISNUREOG TE. REAIEDEST.DRWGFUIDOS

4 I

I I

4I I

190

J9I



794 300
PROJECT NUMBER BORING NUMBER

a ~~~~~~~~170039 IMW-113
WCH2EUHILL

Smlb SOIL BORING LOG

PROJECT: EBT Trealabirhty Study LOCATION :Memphis Depot

ELEVATION: DRILLING CONTRACTOR: Beadi Lonovear
DRILLING METHOD AND EQUIPMENT USED: Rotasoic rig (4 inch sample caing/6 inch ouercasing)
WATERLEVE_______S__ START: 04117r2002 END: 04/17120D2 LOGGER: Davi Nelson
DEPTI BELOW SURfACE (F!) STANAR SOIL DESCRIPiON COMM4ElfS

RECOVERY ¶4 TST SOIL NAAIE, USCS GROUP SYMBOL, COLOR DEPTh OFCAIN, DRILUNG RATE.
E RESULTS MOISTURE CONTENTRELATIVEOESflY DRILLING FLUID LOSS,

8-'- 0R CONSISTENCY.SOL STUCTURE, TSTS. MID INSTRUMENTATION.
N) MINERLOGY. CoddRD(pw)

A I

I4 I

21-I I

11

4 I

2 ,IID
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PROJECT NUMBER LLNUMBER

CH2MHILL ~~~170039 IW-3 SHEET I OF I

WELL COMPLETION DIAGRAM

PROJECT: EBT TratabllityStudy LOCATION: Memphis Depot
DRIWLNG CONTRACTOR~ Boart Lonovear
DRIL-LING METhOD AND EQUIPMENT USED: Rotasonic fl (4 Inch asample casing/ I nch outer coasin)
WATER LEVELS START: 04/02002 END: 04/212M002 LOGGER: Mike Karats

3

31b. 2 1 I~~~~~~~~~~~~~~- Ground elevation, at wll feet MSL

2- Top of casing elevation feet MSL

3a, ~~~~~~~~~~~~~~~~3- Welihoad protection covr type Flush-mnount wellhead pad
a) drain tube? No
b) concrete pad dimensIons 3 by 3 feet

4- DlAiypeofwallca.Ing 2 inch Scbedulo 40PVC

5- Typelslot size of scmaen 2 inch 40-slot Schedule 40 PVC

1 ft 1 ~~~~~~~~~~~~~~6- Type screen filter Sand.l1ft ofDS #2 on topof 3fIIof Global #4
41 ~ ~ ~ ________a) Quantity used bags

7- Type of seal Bentonite pellets, DSI Shur-plug 3/8"
a) Quantity used bags

5 ~~~~~~~~~~8- Grout
a) Grout mtK used 90% grout / ID% bentonite powder

b) Method of placement Tremnmle Method
c) Vol. of weil casing grout _ _ _ _ _ _ _ _ _ _ _ _ _ _

ft 6 ~~~~~~~~~~~~~~~Development method Surge and develop will, stainless steel bailer

Dwevelpmont time 5.5 hour

Estimated purge volume 16 gallons

Comments Totlm Depth (BGS) =104 feet

Final field parameters collected during well developrnent I / 1
oH

6 In ~~~~~~~~~~~~~~~~~cnductivty = mS/cm
temperature = IC

Dissolved Oxygn = rc
Note: Diagram not to scate. Turtidity, NTU

PAI4807jVo,,AEBT SB & Wel Construction Diagramas~s 10/07=203



194 302
PROJECT NUMBER jBORING NUMBER

CH2MHILL 170039 IW-4

.1111101110- ~~SOIL BORING LOG

PROJECT: EBT Treatabilifty Study LOCATION Mennphis Depot
ELEVATION: DPRWLNG CONTRACTOR: Boon tonoer
DRILLING METHOD AND EQUIPMENT USED: Rotasolc tg (4inchisaplmsing/16 inchcouor casing)
WATER____LEVELS:___ START: 04/15r200 ENa. 04/16(2002 LOGGER: Mike Karafa
DEPTH BELOW SURACE (Ft) STANDARD, SOIL DESCRiPTION COMENT

RECOVERY ¶4 TEST SOIL NAME. USCS GROP SYMBOL, COLOR, DEPTIIOF CASING, DRIWNG RATE.
OITYPE RESULTS MOISTURE CONITENT. RELATIV DESITY, Ci-LWG FLUID LOSS.

6--c OR CONSISTENCY, SOZIL- STRUTURE. TESTS. MID INSTRUMEN~TATION4.
________ IN CNER~OGYed FID (ppm):

A,,,W ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~~Si ndaspa)

2.5

1 I
4 I

IoI

I I100 3

4 I 3.1~ .
I I

10A I 0

-1 I 1~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.1

35 I

4100 Sa.3
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PROJECT NUMBER IBORING NUMBER

CH2MHILL 170039 IIW-4
SOIL BORING LOG

PROJECT: EBT Treatabilty Study LOCATION -Memiphis Depo
ELEVATION: DRILUING CONTRACTOR: Boart Longyvear
DRILLING METHOD AND EOUIPMENTrUSED: Rotasoleng (4 mi sampl a~skig/IS1notoutwerasing)
WATER LEVELS: START: 0411512002 END: 04/16rZOD2 LOGGER: Mikel Knarf
DEPTH BELOW SURFACE (FTfl STANOpRD SOIL DESCRIPTION COMMENTS

RECOVERY % ~~TEST SOIL NAME. USOS GROUP SYMBOL. COLOR DEPTH OF CAS3ING. DRILLING RAWE.
#flYPE ~RESULTS MOISTURE CONTE~NT. RELTIE DENSITY, DRIWUNG FLUID LOSS,

r4'le' OR CONSISTECY. SOL. STRUC~TURE. TSTS. MJD INSTUMENTATION.
(N__ _ __ ___M_ ___NER_ _ __ ___-_ __ _ ___Y oved dFID (PPm,).

Sand, onge. fnedl granw. l ilse 0.0 ~ 11 My~n n W i.

AI I pithn

451 I

I I ~~~~~~~~~~Sand, ornge Mut. medl rtid. gvndi lep W'e .5 linc h yegr nd atinw ri

So-1 I S.M. ilnalo.ns i.giai alM n,'

j j 100 ~~~~~~~~Sa.sinty red. SW~ 0.rmu Md .Vin1W na n

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

1 I ~~~~~~~~~~~Sand, tan. tMwt. M noiun gand0p oo5in0 rv

65 ~~~~~~~~~~~~~~~SandW. Wyeoa.meudium graned. les Wie I. Inh graved~ u

I I

I I 0.0
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PROJECT NUMBERBRNGUME

CH2IVIHILL ~~~170039 MGNMBR IW-40

S ~~~~~~~SOIL BORING LOG

PROJECT:- EST Treatalbibty Study LOCATION:- Mesnphis Depot
ELEVATION:- DRILLING CONTRACTOR: Boatl Loinvear
DRILLING METHOD AND EQUIPMENT USED: Rolasoict rig (4 jonc, samnple casang 16 inch oute casing)
WATER LEVELS:- START: 04(15/2002 END: 04/10/2002 LOGGER: Mike Karfat
DEPVh BELO SUIRFACE (FT) STANDOARD SOL DESCRIPTION COMMENTS

RECOVERY % ~TEST SOL NAME. USCS GROUP SYMBOL. COLOR. DEPTh- OF CASIG. DMIWLNG RATE.
U/TYPE RESULTS MOISTURE CONTEN4T. RELTIV DESITY, ORLIWNGFLUID LOSS,

- - - J~~~~~,,,,M MINERALOGY. Connected RDO (ppm):

I I ~~~~~~~~~~~Sand, trown, medium grain, poody sorted, wvil, up to 0.5 inch gm.v

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0
SaZ rmdu grin sorysotd annp Irae

1(0 Sand, fire grain, .1~~~~~~~we sated! tl regaisil

I I ~~~~~~~~SaindeMa gansatovel.f.ptrz gne

I I ~~~~~~~~~~~Sandy clayg. ir grain. brwe, damp gaed0atr nd ist ool otd

851
100 Ssad, wvvtas int grai., ee soled,

I I~~~~~~~~~~~ed ht. l~'fr ri

-I I ~ ~ ~ ~ ~ ~ ~ nd n iel nd.gnd osnd sbi o sa,, 1 Wtr~beapdad9fe

I I

-A

IA I
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PRWJECT NUMBER BORING NUMBER

CH2MHILL 170039 IW-4

e ~~~~~~~SOIL BORING LOG

PROJECT: EBT Troatablisty Study LOCATION : Memphis Depot
ELEVATION: DRILLING CONTRACTOR: Boart Lonovear
DRILLING METHOD AND EQUIPMENT USED: Roasoic rg (4 md saplecaing/Bindhouter cain)

WATER LEVELS: ~~START: 04/11/2002 END- 04/16/202 LOGGER: Mike Kerala
DEPTH BELOW SURFACE (FT) STAN4DARD SOIL DESCRIPTON COMMENTS

IN LM PENETRATION

(%) M~TST SOIL NAME. 145S GROUP SYMBOL COLOR DEPTh1 OF QCASING. DRIWNO RATE.

#I'TWE RESULTS MOIST.IRE CONTENT. RELAiTIVE DENSITY. DOWWNGRFUND LOSS.

1 1

115 I I_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Borur~,g nejae at 115 feet bgs

120 _

125 _

130 _

135 _

O 140 _
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CH2IVIH ILL ROJECT NUMBER 1709WLL NUMBERIW 4 SETIO

p ~~~~~~WELL COMPLETION DIAGRAM

PROJECT EBT Trealabllity Stady LOCATION: Meemphls Depot
DIIGCONTRACTOR1ortLmna

DRIWLNG METHOD AND EQUIPMENT USED: Rotasonic rig (4 Inch sample caIng/6 inch, outer casing)
WATER LEVELS: START: 04/1512002 END: 04116)2002 LOGGER: Mike Karfa

3

3b I ~~~~~~~~~~~~~~~~I- Ground! elevation at well feet MSL

6 ~~~~~~2- Top of casing elevafion feet MSL

3- WeIUhead protection cover type Flush-mount welhead pad
a) drain tube? No
b) concieto pad dimensions 3 by 3 feet

4- DiafAype dfwell casing 2 Inch Schedule 40 PVC

5- Type/slot size of screen 2 Inch 40-slo Schedule 40 PVC

It ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~6Type scren fliter Sandl f of DS #2 ontop of3If of Global *4
4_ ~ ~ ______a) Quantity used bags

7- Type of seal Bentonite pelets. DSI Shur pkig 3/8'
s) Quantity usedl bags

5 ~~~~~~~~~~8- Grout
a) Groutmix ued 90% grout/I10% bentonit powrder

b) Method of placement Trenania Mehdd
c) Vol of well casing grout ___________________

6 ~~~~~~Development method ____________

Develnopmnt time hour

Estimated purge volume gallons

Comments Totol Depth (BGS 106 feet

Final field parameters collected during wet develoment ( I
pH

S In. conducthivtvy S/cm
tempeaure = IC

Dissolved Oxygen =moll

Note: Diagram not to scale. Turbidity =NTU

PAt480714ogskEBT SB & WellCcsuctn Diagranr xs 1007/20



794 307

PROJECT NUMBER BORING NUMBER

CH2MHILL 170039 IIW-5
p ~~~~~~~SOIL BORING LOG

PROJECT: EST Treatirabfitly Shidy LOCATION: Memphis Depot

ELevATION DRILLING CONTRACTOR: Boart Loniyeaur
DRILLING METHOD AND EQUIPMENT USED: Rotasc rg (4mii saple caing 16 Incout caingI

WATERLEVELS: ~~~START: 04/18a202 END' 04/19/2002 LOGGER: Bryan Burildngstockc
DEPTH BELOW SURFACE (FT) STANDARD SOIL DESCRIP11ON COIMMENTS

[RECOVERY 14) MST SOL NMAE. USCS GRIOUP SYMBOL, COLOR DEPTh OF CASING. DRIWLNG RAE.
W/YKE RESULTS MOISTURE CONTENlT. RELATWV DENiSITFY. DRIWLNGFILUID LOSS.

64O' OR CONSISTENCY. SMt STRUCTUREH, TESTS. AND INSTRUMENTATION

Silt, bImwm, moist. lons.. stilt

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

I -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~0.0

is

1 I~~~~~~~~~~~~~Sf, Ihlfn .

~~~~~~~~~1 I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

30 1I SameaiSabove fer

i i ~~~~~~~~~~~C~,lh n,*, - osd. bf0.0



794 308

PROJECT NUMBER BiNG NUMBER

CH2MHILL 170039I lw-s
S ~~~~~~~SOIL BORING LOG

PROJECT: EST Trealabshlfy Study LOCATION Memphis Depo
ELEVATION: DRILLING CONTRACTOR' Boat La~qyear
DRILLNG METHOD AND EQUIPMENT USED: Rotasoic rig (4rinchsamplemcsing/B min outer casing)
WAT___R __LEVELS:__ START: 04/18/2002 END: 04(19/202 LOGGER: Bryan Burkdingstock
DEPT BELOW SUREACE (FL) STANEARDSILDSRITO COMMFNTS

RECOVERY % TE~ST SOIL NAME, USCS GROUJP SYMBOL.. COLOR, DEPTH OF CASING, ORIWNGRATE,
#t1YPE ~RESULTS MOISIUR CONTENT, RELTIV DESITY. DFUIWNG FLUID LOSS,

rr'o OR CONSIST-ENCY, s01. STRC~R. TESTS. AMD INSTRUMENTATION.
(N) MlNERA-OGY FI__ __ __ _ __ __ __ _ __ __ asda D (poni)

Sdgole to ight yeL.o, fine grk.hw. ed os

40 141

14 A

s 1 I 0
I I

-A

I I ~~~~~~~~~~Sand, bfon. ishylo, lineto mdsm gralne p5a2 3alad oos

Sand, i. brownish, ylo,Wlne tolynerie.paystd.loe rvl(1 .
-~~ aebangajar..2 '02 d es imee

I I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~IOA~75f g

50 1100

Sand, line grain wll sfted lih ygw. pose10. 523f

I I <0.~~~~~~~~~125 % ind 0es dsasioler

I I 100.4@~~~~~~~~~~~~~~~~~~~~~~~~~576.5 ft bgs

100 ~~~~~~Sand, A.yelow lne gran, wel ala, los

65562St g

Graely sdpooly saed pebble (2MO3%) <1 ld daiaer, los 38.0

70 ~~~~~~~~~~Sand, Nnsl yelw,. fine to meiumgrain, welsae, os

I I Gr~~~~~~~~~~aely sand brwih yelwfio to cea ganne ad 110.4
-4 I suangtda pebls(04%.<Ird d.amte
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PROJECT NUMBER BORING NUMBER

CH2MHILL1709I5
plow SOIL BORING LOG

PROJECT: EST Tmaitab~ility Study LOCATION Memphis Dep"

ELEVATION: DRILLING CONTRACTOR: Boart Loonvear
DRIILLING METHOD AND EQUIPMENT USED: Rotnlew rg (41md saplecaing/S6nt, titr ing)

WATER LEVELS: ~~~START: 0411112002 END: 04/19/2002 LOGGER: Bryan Burkdngstock

DEPTH BELOW SURFACE (Fr) STANDARD SOIL DESC8JPlON COMABNTS

I VN , R FT) PENETFATION

TES SOIL NMA~E, USCS GROUP SYNBOL, COtOR. DEPTH OF C~ASING. DRIU-NG RATE
N/iWO ~ RSULTS MOISTURE CONTENT, REI-ATWV DENSITY. DRILIJNG FLUID LOSS.

ORCONSISTENCY, SOIL STRUCTURE. TESTS. AND INSTRUMENTATIn

I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~176
-I

8 _I I 0

II 1476

-I I
-I I

951 I

105~ ~ ~ ~ ~ ~ ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~6

C li~~~~~~~~~~~~~~~~~Snydylgtgewt i
j1 Id.I gI t
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PROJECT NUMBER IBORING NUMBER

0CH2MHILL 170039 3W-S

p ~~~~~~~SOIL BORING LOG

PROJECT - EST Treatabtlity Study LOCATION Memphis Depot
ELEVATION:- DRIWNG CONTRACTOR: Boartil.oer
DRIU.ING METHOD AND EQUIPMENT USED: Rolsnl icg (4 cirsmh ple asing I6Sirchotw casIng
WATER LEVELS:- START: WM=6100 END: 0419t2002 LOGGER: Bryan Burkdnsto
DEPTH BELOW SURWACE Q')STANOARD MOL DESCRIPTION COmMET

RECOVERY % lTEST SOIL NAh4E. USCS GROUP OfEL, COLOR11 DEPTH OF CASING, DRIWlNG RATE,
#(TYPE RESULTS MOISTURE CONTENT. RELATIVE DESITY DRILWNG FLUID LOSS.

P-0S- OR COSSEC.SOIL STWUCTURE. TESTS. AND INSTRUMENTATION.
() MINERALOGY. Corde RD pp)

Cla. yek.t br%, dse, moit .Dl

1 I
15 I I

12 I- I
I I

I Ilo
I I
I I
4 I

1205

-I I
I I

130

135

140I
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a~~~~~~~~~~POETNME 170039 rLNME IW-5 SHEET I OF I

WCH2WIHILL
p ~~~~~~WELL COMPLETION DIAGRAM

PROJECT: EBT Tre1tb1ity Study LOCATION: Memphis Depot
DRILLING CONTRACTOR oart Lnngvaar
DRILLING METHOD AND EQUIPMENT USED: Rotsounic rHg (4 Inch sample, casing/fl6 Inch outer casing)
WATER LEVELS: START! 04/19t2002 END: 04/1912002 LOGGER: Bryan Burldngstock

3

31a 2 1 1~~~~~~~~~~~~~~- Ground eleatfion at well feet MSL

2- Top of casing elevation feet MSL

3a ~~~~~~~~~~~~~~~~~3- Welthead protection cover type Flush-mount welihead pad
a) drain tube? No
bs) concrete pad dimensions 3 by 3 feet

4- Dlajtype of well casing; 2 Inch Schedule 40 PVC

5- Typeslot size f scrs. 2 Inch 40-slot Schedule 40 PVC

It ~~~~~~~~~~~~~~~6- Typescreen lier Send, I of DS1t#2an top of 3fIIofGlobalM#4
4 1 ~ ~ __________a) Quantity used bags

7- Type of seal Bentonite peltets, DSI Shur-plug 3/8'
a) Quantity used! bags

- 1 5 ~~~~~~~~~~~~8- Grout
a) Grout mix used 90% grout /1I0% bentonlte powder

is) Method of placement Teremmie Method
c) Vol. of well casing grout _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

N 6 ~~~~~~~~~~~~~~~Development method Surge and rannve, sediment will, stainless ste
bailer. Developed using submersible pump.

Development lim 3 hor

Eslrniated purge volume 250 gallons

Comments Total Depth (BGS) 114 feel

Final field parameters coltected during wet developmentf / /
pH =

G~~~~~~~~~~~~n ~~~~~~~~~~conductivity = mS/cM
temperature N

Dissolved Groten = mol
Note: Diagram not to scale. TurbIdity NTUI

P 114S07ltogtfTSBT & Wet Conshcton iaramss1/72
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CH2IUIHILL P~~ROJECT NUMBER 170039 jWELL NUMBERIW 46 SH EET I OF 1

pDl WELL COMPLETION DIAGRAM

PROJECT: EST Treattability Study LOCATION: Memphis Depot

DRILLING METHOD AND EQUIPMENT USED: Rotasoneic d(4 inch samnple casing 1 6 Inch outer casing)
WATER LEVELS: START: 05105/202 END: 05/05/2002 LOGGER: Bryan B~ulridgstodc

3

3b I~~~~~~~~~~~~~~~~~- Groujnd elevation atiwell foet MSL

1 ~~~~~2- Top of caIng elevation feet MSL

3- Wellhead protection cover type Flush-mout wellhead pad
a) drain tube? No
b) concrete pad dimensIons 3 by 3 feet

4- Dia~type of wll casig 2 inch Schedule 40 PVC

6- Type/slot size of screen 2 Inch 40slt Schedule 40 PVC

It ~~~~~~~~~~~~~~~6- Type screen filter Send. 1ItiofDOSI#2 ontop of 3Itof Global #4
4 ~ ~ ~ _________a) Quantity used - -bags

7- Typo of seal Bentonite pellets. DSI Shur-plug 3/8r
a) Quantity used bags

5 ~~~~~~~~~~8- Grout
.) Grout mixwed 90% grout Ilo% bentonimeode,

b) Method of plaemen Temrarie Method
c) Vol. of Well csing grout ______________

I ft 6 ~~~~~~~~~~~~~~Development method Sumse and nreove sediment with stainless ste
baile., Develped using submersible pmp.

Development Urns 3 hour

Estimated purge volumre 250 gallons

Comments Total Depth (OGS) =110 feel

-~~~~~~~~ P~~~~~~~Inal field parameters collected dursin well develpment I / I I
OH=

conductivltv mS/cm
tempnerature IC

Dissolvd! Oxygen =mg/I

Note: Diagram not to scale. Turbidity =NTU

P:A14807i'JosEBT SO & Wee osvtn igaal 10/7/2003
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CH2IUIH ILL PROJECT NUMBER - BORIG NUBER I-

SOIL BORING LOG

PROJECT. EST Treatabiliy Study LOCATIN: Memphis Depot
ELEVATION: DRILLNG CONTRACTOR: Bonn Loccyea
DRILLING METHODAID EQUIPMENT USED: RO~Oic rIg (4 mdchsanwipemsing ISinch ooorcaing)
WATER LEVELS: START: 05/05/2002 END: 05/05/2002 LOGGER: Mike Karafa
DEPThi BELOW SURFACE (FT) STANDARD SOIL DESCBJPTiOI4 COMMENTS

INTERVAL PENETREiATION

RECOVERY % ~TEST SOIL NAME. USCS GROUP SYMBOL, COLOR, DEP~h OF CAING, DRIWLNG RATE,
WIWE ~~RESULTS MOISTURE COITENT, RELATIVE DENSITY. DRllLINGRFUID LOSS,

r6rr OR CONISiSTENCY, SOIL STRUCTURE, TESTS. AND INSTRUMENTATION.

Silt. brow. mois. Ice. sunf

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

J4 I

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

20 _ I 0

2 _I I

1 I

301 l~oo

W ii ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ilc:0.0

15 1
-I -- 4 Snydy sm itbw rlgt adne e rdge ad a
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PROJECT NUMBER BORING NUMBER

CH2MHILL 170039I IW-7
S ~~~~~~~SOIL BORING LOG

PROJECT: EBT Treaabity Study LOCATION: Memphis Depot
ELEVATION -DRILLING CONTRACTOR: Bcert Lonovear
DRILLING MErH-OD AND EQUIPMENT USED: RotOSOt ug (4 nh hsample casing/6 inch outer casIng)
WATER______VE __S___ START: 05105r202 END: 05/05200 LOGGER: Mike Kar~afa
DEPTH BELOW SUIWACE (FT) STANDARD SOIL DESCRIP11CN C0 ENTS

RECOVERY % l~~EST SOIL NAM1E. USGS GROU SYNSO COLOR. DEPTh OF CASING. DRIWNG, RTE,
%/YE RESULTS MOISThRE CONTENT. RELATIVE DENSITY, DUItJNG FLUID LOSS.

6`OW4J OR COSSECSIL. STRUCTRE. TESTS. AND INSTRUMENTATION4.
() MINERALOGY. Caoe FID po~om):

ODiler's sample bag 63.0
1 1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Ziplodc: 0.0

"~~~~~~~~~ ~~~~Sand. golden to light yelaw~. fne grhed ellld, loose. nas

.1 I ~~~~~~~~~~~~~~~~~~~~~~~~~~~Drillers sample bag- 172.0
I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Ziplocic 0.0

451
I I Gravel ~~~~~~~~~~~Sanbowna yelloa, WieI css gainad. Poorlsted loose,

-4 1rv (<10%), susgir 02 eioes diemeter

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~Drillers sample bag. 312.0
1 I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Ziplo&k 0.0

50 11100

4 ~~~~~~~~~~~~~~Sand, light elw,. lIne gri, 'v~ aed. loose
Drdle.' sample bag 223.01 I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ziplocl 0.0

551
Graey Sand, isaih 11lo,. tnemdsmretpooysatd

.4 I ~~~~~~~~~~~~~~~~~~~~~~~~Drillers smple bag 188.0I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Zlplodc: 0.0

60 1100

Sandt, browoeb. yaw.fin grIn. Wns sated, loosetd.lo

-i , patt~~es (10.20%). '0.5 'riches diameter ~~~Driter'ssample bag: 129.0
Sand, brw~h yellow fin Wo me.. gran. -sreloezlplock 0.0

651

A I

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~Driller's sample bag- 184.0
1 I Zlplodc ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

70 _I I w

I I ~~~~~~~~~~Gravefl½ send. b'wAsh yellow..I~ to ooosat graine ed
.4 j sipntarpbble I<0) 'ic diametar

-I I ~~~~~~~~~~~~~~~~~~~~~~~~~~Drill~ersampmle ag 195.0
Ziplock: 0.0
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PROJECT NUMBER BORING NUMBER@ 0~~~~~~~C 2 HL 170039 IW-7
p ~~~~~~~SOIL BORING LOG

PROJECT: EBT Treatability Sludy LOCATION : Mem~phis Depot
ELEVATION' DRILLING CONTRACTOR: Barilongyear
DRILLING METHOD AND EQUIPMENT USED: Rolasnc vig (41nt, samfple csing /S nchoutercasing)
WATER LEVELS: START: 05/0512002 END, 05/05/2002 LOGGER: Mice Iaewfa
DEM~ BELOW SURFACE (FT) STANDARD SOIL DESCRIPTION COMMENTS

INTERVAi-(T PENETRATION
%ww (%) ~~TEST SOIL NAME, IJSCS GROP SYMBOL. COLOR DEPM OF CASING. MLUING RATE,

WIYP~~~ RESULTS MOISTURE CONTENT, RELAliVE DENSITY. DRIWLNG FLUID Loss,

6W.' OR CONSISTENCY. SOIL. STRUCTURE. TESTS. MD INSRUMENTATION.
__ __ __ ____ __ _ __ __ __ __ __ _ __ __ ___MINERALOGY__ __ _ __ __ __ __ __ _C am e FID (p )

so-' I O

I4 I Drilleswsmple bag- 150.0
1 I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Ziplockc: 0.0

md, same above, braarbtt ye1 ~~~~~Drdlels sample bag 414.0

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Ziplodc: 0.0

I I

805~ 1100

I I ~ ~ ~ ~ ~ ~ GM

1 -I I
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PROJECT NUMBER ~ OIGNME

170039 RINGNMBR lW-7

SOIL BORING LOG

PROJECT: EBT Treatabthty Study LOCATION : Memphis Depo
aELVATIOt: DRILLING CONTRACTOR: Boat Lonyver
DRILLING METHOD AND EQUIPMENT USED: Rotaole rIg (4 ridsamplew~singt(Bindhout~ asing)
WATER LEVELS ______ START: 05105/2002 END: 06105/2m0 LOGGER: Mice tKarfa
DEP~ BELOW SURFACE (FT) STANDARD SOIL DESCS11I"OMET

RECOVERY % TEST SOIL NM.E. VEC GROZUP SYMB3OL, COLOR. DE~hOF CASWNG. DRIWNG RATE.
#(TYPE RESULTS moISTRE CONEN. REATvE DESITY~, DRIWN FLID LOSS,

6'-r OR CONSISTECY, SOIL STRUCTURtE. TESTS MND INSRUMEKNTAIN

120

125

130

140
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PROJECT NUMBER 1709WEILLNUMBER1W 7SE IO I

CH2MHILL 103 W7SETIO
WELL COMPLETION DIAGRAM

PROJECT' EBT Trtall~ty Study LOCATION: Menmphis Depot
DRIWLNG CONTRACTOR: Beaen Longvear
DRILLNG METHOD AND EOUIPMENT USED: Rotasonic rdg (4 inch sample cs.ng/S inch outer casing)
WATER LEVELS: START: 05/05/2002 END: 05106/2002 LOGGER! Bryan Burkdngstodk

3

3 1 ~~~~~~~~~~~~~~~~1- Ground elevation at well feet MSL

2- Top of easIng elevation feet MSL-

3- Wellhead protection cover type Flush-mount wellhead pad
a) drain tubhe? N
b) concrete pad dimensions 3 by 3 feet

4- DIn/type of wet casing 2 Inch Schedule 40 PVC

5- Type/slot size of screen 2 Inch 40-slot Schedule 40 PVC

.5 It ~~~~~~~~~~~~~~6- Type screenfilter Sand, I ftof DSl#2on.top of 3Itof Glotal #4
4_ ~ ~ __________a) Quantity used bogs

7- Type of seals Bentonite peltets, D51 Shur-plup 3/8&
a) Quantity used bags

- 1 5 ~~~~~~~~~~~~8- Grout
a) Grout mix used 90% grout/I1I0% bentonite powder

b) Meftiod of placement Trenmmie Method
c) Vol. of well casing grout _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

DvlpetmeThod Surge and rmove sediment with stainless ste
bailer. Developed using submerible pomp.

Development time hour

Estimated purge volume gallons

Comments Total Dents (BGS) = 1 10 5 feet

i - i ~~~~~~~~~~~~~~~Final field parameters colleced during well developmnenti I I
pH =

r gin conductivity = mns/cm
temperature = I

Dissolved Oxygen = ml
Note: Diagram not to scat.. Turbidity = NTU

P:kt48O7IWlogsEffT SO3 & Wel on21 ce D.agrss.xl l0fi7f2003
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PROJECT NUMBER BORING NUMBER

Ca 2 HI 170039 MW-105

SOIL BORING LOG

PROJECT: EBT Treatabilhty Sludy LOCATION: Memphis Depot

ELEVATION: DRILLING CONTRACTOR: Boart Lo-oer
DRILLING METhODAND EQUIPMENT USED: Rotasoic gp(4 inch saple cs /6inchlnd at, sng)

WATER____LEVELS _____ START: 04r301202 END: 05f(0112002 LOGGER: Mike Kar~aa
DEPTH BELO StJIACE (FT) STANDARD SOIL DESCRIPTION WaENTS

RECOVERY % TEST SOIL NAME, USCS GROUJP SYMBOL, COLOR DEPTH OF CASING, DRIUliNG RATE.
RESULTS MOISTURE CONTENT. RELATIV DENSITY, DR1-iWNG FLID LOS,

6''~' OR CONSISTECY. SOIL STRUCTURE TEST AMD INSTRUMENTATION.

- - 2~~fL,,,,,,,,,,.N MINER(XOY. FDJ)

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

J I

4 1

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

20 I I100

25 j j

I I

AI I 0.00

I0 I o

-t I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.

I3I



794 31 9

PROJECT NUMBER IBORING NUMBERS . HMHL 170039 jMW-105
p ~~~~~~~SOIL BORING LOG

PROJECT: EST Treetability, Stuidy LOCATION MemnphisDeport
ELEVATION:' DRILLING CONTRACTOR: Boast Loanovoar
DRILLING METHOD AND EQUIPMEN14TUSED: Rotsolo wg (4 inhsamle a.sing/S Inch outec casing)

WATER LEVELS: ~~START: 04/302002 END- 05/01)200 LOGGER: Mike Karala
DEPTH BELOW SURFACE (F)STANDARD SOL DESCRIPTION COMMENTS

TEST SU~L NMAE, USGS GROU)P SYMBOL, COLOR. DIEPThI OF CASING. DMILLNG RATE,
P/TYPE ~RESULTS MOISTURE CONTENT, RSELATRIE DENSI'1Y. DRILLNG FLUID LOSS,

r -r OR COSSEC.SOIL STUJCTURE. TESTS, AND INSTRUMENTATION.

I) MINERALOGY. Cofrroded FID (pom)'
SandJ, yawe,, fine to mnedium grafred, poorly soned, lonoe, ir,

-4 1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

I I Send~~~~~~~~~Y. yelow lie to sn greined. po.
t
y, satsedloose. dry

I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0
A I

-4- - - Sood. ydlo~ to ton. fin.boserse goined. p."oorly d fl anegsl

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~11.2

* so 1100

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

65 ~~~~~~~~~~~~~~~Sand. ornge fins tronmed Ioensd. grd l ebesI obe oaqdm

I I 100 Sand, redd~~~~~~~isorangrefnedto oaregried oysrtd loedm
-I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

I I~~~~~~~~~~~~~~S~UC. .no! onf r
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PROJECT NUMBER BORING NUMBER

a MHLL170039 MW-i 05

SOIL BORING LOG

PROJECT: EBT Treatabilfity Study LOCATION: Memphis Depo

ELEVATION:- DRILLING CONTRACTOR Boasi LoNqvewr
DRILLING METHOD AND EOUIPMENT USED: Rotaaicrtit(4 fric sm,,plcasing /6 nctoutercasing)

WATER LEVELS - ~~START: 04r30(2002 END:. 05`011(2002 LOGGER: Mi1MKarafe
DEP~ BELOWV StJ~ACE QFT) STAINDARD) SOIL DESCRIPTION COMMENTS

REOVRY%) TEST SOIL NAME, USC GROUP SYMBOL. GCOR. DEPTH OF CASING3, DRIWLNG RATE.
flTPE RSIutT MOISTURE CONTENT, RELATIVE DENSITY. DRILLING FILUID1 LOSS.

r---' OR COSISTENCY,. SOL STRUCTURE. TESTS. MND INSTRUMEN4TATION.

I4 J

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0
1o I10

I-A

8 4 1100

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

85 -A I

fl I Sa~~~~~~~~nd g;it, flea grained, looe, dry

4 I

105~ ~~0

1I
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PROJECT NUMBER BORING NUMBER

CH2MHILL ~170039 IMW-105
e ~~~~~~~SOIL BORING LOG

PROJECT: EBT Trotabikty Study LOCATION: Memphis Depot

ELEVATION: DRILLING CONTRACTOR: Soonl Lor~lyear
DRILLING METrHOD AND EQUIPMENTLUSED: Rotsolc rg (4 nchsanvmpl shg/16 lncotercaing)

WATER LEVELS: ~~START: 04/30/2002 END: 05101j'2002 LOGGER: Mike Karfat
DEPTH BELOW SURFACE (Ffl STANQARD SOIL DESCRIPTION COMMIENTS

RECOVERY % lMST SOIL NMANE. USCS GROUP SYMBOL, COLOR, DEPTh OF CASING. DRIWLNG RAT.
i/YE RESULTS MOISTURE CONTENT. RELATIVE DENSITY, DRIWJNG FLUID LOSS,

r ~~~OR CONSISTENCY, SOL STRUCTURE, TESI. MND INSTRUMENTATION.

120

4 I

140
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PROJECT NUMBER ~ BORING NUMBER

CH2MHILL 170039 IMW-I105
p ~~~~~~~SOIL BORING LOG

PROJECT: EST Tweatabilrty Study LOCATION Memphis Depat
ELEVATION: DRILLNG CONTRACTOR: Boai Lonvyr
DRILLING METHOD AND EQUIPMENT USED: Rotasontcrig (4 kidhsaple casingt 6inch outw casing)

WATER LEVELS: ~~~START: 04/30/2002 END: 05/01/2002 LOGGER: Mike Karafa
DPhBELOW SIJACE (mT STANDARD SOIL DESCRIP1ON COENTS

RECOVERY ~TEST SOIL NAME. USCS GRIOUP SYBOL, COLOR. DEPhOFCSING, DRJWNO RATE,
i/TYPE RESULTS MOISTURE CONTENT. RELATIVE DENSITY. DRWlNG FLUI LOSS,

r-r-r-r OR CONSISTENCY, SOIL STRIXTJRE, TESTS. MfD INSTRUMENTATION.
___ __ __ ___MINERALOGY__ ___ __ __ _ arde RD (~)

145

I4 I

4 I
1 I
-I

A I

~1 0

4 I

-A I
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PROJECT NUMBER BORING NUMBER.CH2MHILL 103 AD
p ~~~~~~~SOIL BORING LOG

PROJECT: EDT Treatobllity Study LOCATION: Menphes Depo

ELEVATION, DRILLING CONTRACTOR: Boart Lonover
DFILUING METHOIDAND EQUIPMENT USED- Rotasncflg(41Iiidh ampie.caIngS 16 ou&casing)
WATER LEVELS: START: 04==/202 END: 05/01/2002 LOGGER: Mike Karafa

DEP~ BELOW SU.RFACE (FT) STANDARD SOILDESCRJPTION_ CODIMENTS

[INERVAL (F)PENETRATION

RECOVERY % TEST SOIL NMAE. USCS GROUP SYMBSOL COLOR DEPTH OF CASING, DRIWNO RATE.
U/TYPE RESULTS MOISTURE CONTENT. RELATIVE DENSITY. DRIWNG FLUID LOS.

6rC OR CONSISTENCY. SOL. STRUCTI.RE. TESTS. AND INSTRUMENTATION4.
(N) MINERXOGY. ~~ ~~~~~~~~~~~~~~~~~~Cond FlU(Dm)

-I I
I 1

J I
I I

4 I
18I

A I

4 I

195
-I
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PROJECT NMEjBORING NUMBER

WCN2MHILL M-0
p ~~~~~~~SOIL BORING LOG

PROJECT: EBT Tretablhity Sludy LOCATION: Memphis Depot
ELEVATION DRLIGCNRCTRSa oqn
DRILLING METHOD AND EQUIPMENT USEL). Rotasonic ig (41mciisample csing ISindchoutcasing)
WATER LEVELS: _____ START: 04/30/2D02 END: 051011202 LOGGER: M~keKoarfa
DEPHBELOW SURFACE (PT STAN DARD SOIL DESCRIPTlON COMMENTS

REOVR %MST SOIL NAM0E, USCS GROUP SWlBOL COLO DEPThlOF CASUNG,MDRINO RA1E
4/TYPE RESIATS MOSTURE CONTENT, REILATIVE DENSITY, DRIWNG FLUID LOSS.

&--S OR CONSISTENCY, SOL STRUCTURE, TIFSTS. AlND INSTRUNENTATIMN
____N_________MINER_______________OGY________ oretdFIG pp)

200 1 I

-1 I

J4 I

21 - I

1 1

-I I
I I

2205
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PROJECT NUMBER BORING NUMBER

a MHLL170039 MW-106

e ~~~~~~~SOIL BORING LOG

PROJECT: EBT Tm ireeiuty Study LOCATION: Memphis Depoit

ELEVATION: DRILLING CONTRACTOR: Boat lo-aear
DRILLING METHOD AND EQUIPMENT USED: Rlscrg( isml aigI d ue aig
WATER____LEVELS: ____ START: 0,4117r2002 END: 04/1812002 LOGGER: Mike Karafa
DEPTht BELOW SURFACE (ES) STANDARD SOIL DESCRIPTION COMMIENT

TEST SOIL NAMAE. USeS GROUP SYMBOL, COLOR, DEP~hOF CSING,DRIU]JNG RATE,
WTYPE ~RESULTS MOISTuRE CONsTENT. RELATIvE DENSITY, DRIWNGRFUIDILOSS.

r4"~4M OR CONSISTENCY, SOIL STRUCTURE, TESTS. MND INSTRUMEN4TATIN~.

0.0

I I Saint as abow ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

4

10 I I i0
I I ~ ~ ~~~~~~~..ndim n.5.gh W0.0

25

Saineasabove ~~~~~~~~~~~~~~~~~~~~~0.0

4 I
35 1 I

I Sand. reddIh fine. ine ran, waI saed 0.0
f-
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PROJECT NUMBERBONGUME

0CH2IVHILL 183 WI0
p ~~~~~~~SOIL BORING LOG

PROJECT: EST Treatabdily Study LOCATION: Memphis Depot

ELEVATION: DRILLING CONTRACTOR: Boart Lonva
DRILUING METHODAND EOUIPMENT USED: Rotsoicdg(4 inh saple casing/6 inch oute csng)

WATERLEVELS: ~~~START: 04/1712002 END. 04/18/200 LOGGER: Mike Kealaa
DEPTH BELOW SURFACE (FT) STANDARD SOL DESCRIPTION COMEN4TS

RECOVERY ~~~~TEST SOIL NW.4E, 11SC5 GROUP SYMABOL. COOR. DEM~ OF CASIG. DR-LtING RATE.
#n/YPE RESULTS MOISTURE CONEN, RELATIVE DENSITY, DR!UJHG FLUID LOSS.

6`eo' OR CON4SISTEC, SOB. STRUCTURE, TESTS. AMD INSTRUMENTATION

-I I00

~~~~~~~~~ ~~~~~~Sand, Ian, fine gramn wel oie
1 I ~~~~~~~~~~Sand, orageeb. line s MmedIuim ain. pooly sotIled loose

I I SaM4 finjne gnaln, inil sole, iiosedrmy
I ~~~~~~~~~~~~Sand, tle W ie M. Mrnedenmgan, poory soted losne

I I ~~~~~~~Same as abv e.Pt orang
A I

-A J I asov exnept orng ,wi grael up 100OS lndi damwe 0.0

I I ~~~~~~~~~~Sanmeas ab,:,eexopt whte

50 1100
I I ~~~~~~~~~~~~~Sand. ,mfe, fine to meimgain, pooy sedloepebblels 12.1

.4 I

I I ~~~~~~~~~~~~~Sand,. In,~ fine 10 meium grain. poory soteaose rvlu .5lcae

1 I ~~~~~~~~~~~~~Sendf, *hile, fine Wo mediumg. n poory soiedlose grve upW 0,25 bid, diameate
55 I ISand, rN.e, fine W meiar. grain, poory sold ospelbtl Is tle

Same as above exeplrng0.

.4 I

601 100
-I I ~~~~~~~~~~~~~Sand, inrabede is, and ag, fin tW oaSe ri. poory saegraedup 00

I I ~~~~~~~~~~~0.5 hsdt diameter,

4 I

I ~~~~~~~~~~~Sand. M.n fine I grmell sorte 0.0 p0 2 ni aoa
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is ~ ~~~~~~~~PROJECT NUMBER BORIG1NMBE

CH2MHILL 103 WI0
'p ~~~~~~~SOIL BORING LOG

PROJECT: EBT Trantabilily Study LOCATION:- Memiplis Depot
ELEVATION: DRILLING CONTRACTOR: Boart Lorgyear
DRILLING METHOD AND EQUIPMEN4TUSED: Rolascic rg(4 nhel mple wsing/I6 inchotercasing)

WATER LEVELS: ~~START: 04/17M202 END: 04/18/2002 LOGGER: MIke Karafa
DEPTH BELOW SURFACE (FT) STANDARD SOIL DESCRIPTION COMvME1,ITS

RECOVERY~ %TEST SOIL NAME. UISCS GROUP SYMBOL, COLOR DS"~ OF CASING. DRILLING RATE.
MrlE RESULTS MOISTJRE CON1TENT. REILATIVE DENSITY, DRIWLNG FLUID LOSS,

Ota'.O* ORCONSISTERCY. SOIL STRUCTURE. ~~~~TIESTS. MD INSTRUME1INITATIO14.
(N) MINERALOGY. ~~~~~~~~~~~~~~~~~~Comraed Flo(m)

-4 J ~ ~ ~ ~ ~ ~~~ad.tn iegr~,wl oreIe.0.0

I I ~~~~~~~~~~~~Sand, onrage, fine to medium groin, poorly soirted, grov~el pebble to cobble
I I ~~~~~~~~~~~2 tInch reeddih brow layer, sad, fine ta medium Wran, up to 0.25 Indh grael

I I ~~~~~~~~~~~Sand, te, fin to medium gnrai. poody sald, loose, pebble to cobble gnsvel, dam
80 1 I 100

I I ~~~~~~~~~~~~Saresseue. ~Ptorage 0.0

-4 Sand. gray. lhgryfine eimgrain, mwet t ncdm

I I
I I sitty - orange inn grey mottog. -~~~~~~~~~~~~~~Wte tble 96Itbg

Sand, tan,, finegrn, gro e upt 1mn gunlt wlet 0.0b a.

I I ~~~~~~~~~~~Sftiedabovee,, np!tgey i

I I San~~~~~~~~~Ced.t grey, iet eimgan rae i oImi an

1 I

-I I~~~~~~~~~~~~outrie e tb
I ae ale@6f g
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PROJECT NUMBER IWLL NUMBER

CH2MHILL ~~170039 I MW-I 06 SHEET I OF I

WELL COMPLETION DIAGRAM

PROJECT: EBT Treatabirty, Study LOCATION: Memphis Depot
DRILLING CONTRACTOR :Boaxttongyear
DRILLING METHOD AND EQUIPMENT USED: Rotasoni rig (4 Idch sarrople caIng/ 6 mdn out&r casing)
WATER LEVELS: START: 04117/2002 END: 0411712002 LOGGER: Mike Karafa

3

3b I ~~~~~~~~~~~~~~~I- Ground devotmion at well feet MSL

2- Top of casing elerallon fset MSL

3- Wellhead protection cover type Rlush-mocunt wethead pad
a) drain tube? No
b,) concrete pad dimwnstons 3 by 3 foot

4- Dlaitype of well casing 2 Inch Schedule 40 PVC

5- Typelslot size of screen 2 Inch 10-slot Schedule 40 PVC

It 6~~~~~~~~~~~~~~~~- Type screen lfiter Sand, DS] #2
4 ~ ~ ~ ________ )Quantity used bags

7- Type of sea Bertonite pellets, D51 Shut-plug 3/&'
a) Quantity used bags

1 5 ~~~~~~~~~~~8- Grout
a) Grout mix used 90% grout I 10% bentonite powder

b) Method of placement Trermn~io Method
c) Vol. ofwell casing grout _ _ _ _ _ _ _ _ _ _ _ _ _

I ft 6 ~~~~~~~~~~~~~~~Development method Surge end develop with stainless, steel bailer,
to remove sediment Submersible pump-

Dev~eloprmen time 8.3 ho.

Estimated purge vlume. 42.5 gallon

Comments Total Depth fBGS) =100 feet

Final field oarameters collected! during well develpment I

6 In ~~~~~~~~~~~~~~ ~ ~~~conducflvfty = Stcm
temperatuire =

Dissolved Ohygen 4
Note: Diagram not to scale. Turbidity =NTU

P:\14807V1ostST S8 & Well Costecton Otgrrs e 10107M203
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PROJECT NUMBER BORING NUMBER

CH2IVHILL 170039 IMW-l09
SOIL BORING LOG

PROJECT: EBT Treatbibity Study LOCATION: Memphis Depo
ELEVATION: DRILLNG CONTRACTOR: Boon Loflvoa
DRILLING METHOD AND EOUIPMENT USED: Rotaslc rig (4 noth sampqle casng 16 inchotcw casing)

WATER LEVELS: ~~START: 05/01r2002 END: 05/02/002 LOGGER: Mike Kavafa

DEPTH BELOW SURFACE (FT) STANDAIMI SOIL DESCRIPTION4 CoJMENTs

NTERVAL (F) NETFATION
RECOVFRYI~ITEST SOIL NAM, USCS GROUP ShIDOL, COLOR, DEPTh OF CASING. DRIWLNG RATlE

Id/TYE RESULTS MOISTURE CONTENT. RELATIVE ENSITY. DRIWLNG FLUID LOSS,

r~ro OR CONSISTEZNCY, SOIlL STRUCTURETSS N NSRMNATN

5-4j
JA I

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~9.1

1 I

4~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~,

151

I I

I 0.0

201 I100

Silty Sand. re. fine I meium gtned. pory ote, loe

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

I I ~~~~~~~~Sandy Cay. reddis bani - guane. tril, damp
25 I1 I

ii Sand, some sO. brig~~~~~ht red, fieImdu gr,,Wiod. ory sotdcff,

I I 0.0

-I 00

351
_ I - I
-I I i.g ' t ,
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PROJECT NUMBER (BORING NUMBER

a m~LL170039 IMW-109
SOIL BORING LOG

PROJECT: EBT Treatablity Study LOCATION: Memphis Depot
ELEVATION: DRILLNG CONTRACTOR: Boet Lonyver
DRILING METHOD AND EQUIPMENT USED: Rotasoic g (4 lidhsamplemcsing/6ISnch outaasing)
WATER LEVELS:- START: 05/01r202 END: 05/02/200 LOGGER: Mike Knra/
DEPTH BELOW SURFACE (FT) STMNAR SOILD0ESCRPTION CO*EHTS

RECOVERY % TEST SOIL MAN, USGS GROUP SYMBO COLOR, DEPTH OF GASING, DRIWLNG RATE,
#FTYPE RESULTS MOISTURE CONTENT, RELATIVE DENSITY, DRIWLNG FLUID LOSS,

8'r- ORCNITNY Ol TUTRTESTS. MND INSTRUMENATION
- - 2~~~5L........N MINERALOGY. Cavde FID (pp):

-4 1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~11.3

1 I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~1.

I I

-I f

4 I

1 I
I I .

501 1~~100

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.8

'1 1 Sa~~~~~~~~me asoto, no~ grvel gn. l d

-I 0.0
A I
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PROJECT NUMBER (BORING NUMBER

CH2MHILL ~~~170039 jMW-109

e ~~~~~~~SOIL BORING LOG

PROJECT: EBT Treaatbllty Study LOCATION: Memphis Depo
ELEVATION: DRILLING CONTRACTOR:- Boasi Longyear
DRILLING METHO)DAND EQUIPMENT USED: Rotasoic rig (4rinhsaplemcsing /6 nh, oA casing)

WATER L~vE~s: START: 0510112002 END: 502J2002 LOGGER h Mike Karafa
DEPM BELON SURFACE (flF STMJDARD SOIL DESCRIPTION- COMMENTS

INERAl. PEN)ETRATION

RECOVERY % TEMST SOIL NIAME. USOS GROUP SYVBOL. COLOR, DEPTh- OF CASING. DRLIWNG RATE.
#IIWE REMSULTS MOISTUREJ CONTENT. RELATIVE DESITY. DRILUING FLUID LOSS,

6'r-SO ORC0NSISTEC. SOILSTRlUCTURE. TESTS MID INSTRUMENTATION.
I (N) MINER__OGY_ Camroded! FID (pmn):

I-4 I Sand, lan, fine to medlrr gralne. loose damp. saegrael

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

Aol_ I 100
I I ~~~~~~~~~~~~Sand, lan, M.n gralnedlos.. dry

Sand, ornge. fe to Wsrs gralned. kosea, dry0.

I I ~~~~~~~~~Same asabove, grave, pebtle to cobb
85 I

I 1 ~~~~~~~~~~Sand. rm.t, fine grWid gosed, dry , I. eedm

~~~~~~~~~I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

101 100

-, I ~~~~~~~~~~Sand. orng, fin. Wo coaredu gratoed. poorl esred, los.gael, dpamp

Sand, same sit. tmandn graingdmttlng mssvweifrw

-I I~~~~~~~~~~~~~Sdgsmva a sI ie

1 I
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a M IL Fo-rTUBR 170039 WLN M% W-I09 SHEET 1 OF 1

p ~~~~~~WELL COMPLETION DIAGRAM

PROJECT EST Tretability Study LOCATION: Memphis Depot
DRILLNG CONTRACTOR: Boart Lorovea
DRILLING METHOD AND EQUIPMENT USED: Rotasonk rig (4 inch sample casing 16 Inch outetr casing)
WATER LEVELS: START: 0417/2002 END: 04117/2002 LOGGER:- Mike Karafa

3

3b I I~~~~~~~~~~~~~~~~- Ground elevation atmwel feet MSL

2- Top of casing elevation feet MSL

3- Wellhead protection cover type Rlush-mount welt1est pad
a) drab, tube? No
b) concrete pad dimension -3 by 3 feet

4- Diaitype of" well asng 2 Inch Schedule 40 PVC

93ft ~~~~~~5- Type/slotsize nofsen 2 Inch 10-shot Schedule 40 PVC

6- Type sen filter Sand. DSI #2
4 T~~~________ a) Quantity used bags

7- Type of seal Bentonite pellets, OS1 Shur-plug 3s8'
a) Quantty used bags

5 ~~~~~~~~~~8- Grout
a) Grout mix used 90% grout / 10% bentlonlte powder

b) Method of plac~ement Trenmne Method
c) Vol. of well casing grout _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

I ft 6 ~~~~~~~~Devlopment method ____________

Deveopmnent time hour

Estimated purge volunie gallons

Comments Total Depth (BGS) =104 feet

Final field parameters rolctd during well developmnent! I I I )
pH=

Conductivftv = Ms/orn
emopeneture = I

Dissolved Oxrygen = mdll
Note: Diagramn not to scale. Turbidlty =NTU

PAl 4807l1JstT SB, & WeeiCnb be arnsd 10007/20
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PROJECT NUMBER BOIGNUMBER

is CH2MHILL ~~170039 MW-lb0

0 ~~~~~~~SOIL BORING LOG

PROJECT: EST Treatablifty Studfy L-OCATION: Memiphis Depot
ELEVATION DRILLING CONTRACTOR: Boart Lonovea
DRILLING METHOD AND EQUIPMENT USED: Rotaonlerig (4 Indchanplemcsing/S nhout, ti& aing)

WATERLEVELS: ~~START: 05103f2002 END: 05/04/002 LOGGER: Mike IKnta
DEPIh BELOW SURFACE (FT) STANDARD SOILIDESMJPTIO COMMENTS

IN -RVAL PENETRATION
RECOVERY % MST SOIl NMSUSCGROUP SYMBOL COLOR, DETHOF CSIG, DRILLING RATE.

#/1YPE RESULTS MOISMhRE CONTENT. RELATIVE DENSITY. DRIWLNG FLUID LOSS.

r.re OR CONSISTENCY, SOIL STIRTUCJRE. TESTS. AND INSTRUMENTATION.

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

25-I I

--' - -
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PROJECT NUMBER BORING NUMBER

__CH2MHILL 170039 MW-hO0

S j ~~~~~~SOIL BORING LOG _

PROJECT: S rssit td LOCATION Memphis Depot
ELEVATION: DRIWNG CONTRACTOR: Boadt Lo,,gyear
DRJLLUNIGMETHOD AND EQUIPMENT USIED: Rotasoicritg(4 lidsanwla~sing /6 inch oue asng)
WATER LEVELS:- START: 0510312002 END: 05/04/2002 LOGGER: Mike Karate
DEPTH BELOW SURFACE (0l) STANDARD SOIL DESCRIPTION COMMENTS

RECOVERY 14 ~~TEST SOIL NMAE. USC GRtOUP SYMBOL, COLOR, DEPTH OF CAISING, DRIWNG RATE,
#/TYPE ~RESULTS MOISTURE CONTENT, RELATIVE DENS".Y DRILWNG FLUID LOSS,

r~c- OR CONSISTENCY, SWt STRUCTURE. TESTS. AND INSTRUIMENTATION.

I ~~~~~~~~~~~~Sand, yelln enOrne, fieto Ws and poorlysre, loe
4 1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~17.9

I I

~~~~~~~~~I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

-4

a ~~~~~~~Stty Seed loe day, frwio.fn to mo g-W dym grlnd poorly sated

-1 I
A I t ,M i.Pd ,

1 I ~~~~~~~~~~~~SeI thre. fine t ae gor 11Yedpooysoted, loose, dry, rv

I I 1007.

5011
I I Sand, tan t~~~~~~~ow1ied fiee to. meks .. W~. poory sa~ted, loe, dryPw

'100 0.7

J J

70 I100

-I I 0,5~~~~~~e.~t.~g. iegele. ild

I I~~~~~~~~~~~~SNcl,. M e .
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PROJECT NUMBER B3ORING NUMBER

CH2MHILL 170039 MW-lb1

p ~~~~~~~SOIL BORING LOG

PROJECT: EBT Treatabilty Study LOCATION Memphis Depot
ELEVATION: DRILLING CONTRACTOR: Boa,1 Longyear
DRILLING METHOD AND EOUIPMENT USED: Rotasoic rg (4 rncsamle casing/6Stn ot csing)

WATERLEVELS: ~~~START: 0StV200O2 END: 05/04/2002 LOGGER: Mike Karfat
DEPTFH BELOW SURFACE CMT STAN~DARD SOIL. DESCRIPTION COMMtENTS

INERA ~WQD-PENETRATION
JREOOVEI~~ TEST SOIL NAME, USCS GROIUP SYMBOL COLOR, DEPTH OF CASING. DRILLING RAT,

#IYE RSLS MOISTJRE CONTENT. REILXTIV DENSITY, DRILLNG FLUID LOSS.

rc-', OR CONSISTEN4CY. SOIL STRUCTURE. TESTS. AND INSTRUMENTATION,
___ __ ____ __ __ ___ __ __ ___N__ ___ ___NER__ __L___Y__ __ C FIDd Pl ,(,n'):

Sand, Yeio W to. Ma. fegrened. wedad os,dr

85 ~~~~ -- ::w~~~~~sieud ht oOn,:rine tooasegratned, pootly soilted, grave, dr,

80 11I 100 _ _ _ _ _ __ _ _

Sand. Oine grained, orange, wetoied, loose. dy

I I100 SWlY Clay. tOn, line grane. sut, wetgave.
.j I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.

90

SaMd tt a. looee. fine ained. dry

1 I10 Sand. brWt orange fine toWas gand poodysa, loos, rael
I I ~~~~~~~~~~~~pebble to cobble 0.0

I i Sand. fttt. fen. grained. wIelsoilda, loose, wt gae
AI I

-~~~~~~~~~~ ~~~~and Silt, some olaynq ash ne rane wen Water table@96.5SIIbile
Soan d..white. ra rained. loose, wet gae

1 I Same es aboveSion grae p~cntge ineseang wmt dept,
100 I 110

4 I
I I

105
Boling tnlnaedw at 105 II bgs

110 _
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PROJECT NUMBER WLL NUMBER

CH2RIHILL 170039 MW-hO0 SH-EET 1 OFlI

"lack ~~~~WELL COMPLETION DIAGRAM
PROJECT: EBT Treatability Study LOCATION: Memphis Depot
DRILLING CONTRACTOR: Boart Lonovear
DRILLING METHOD AND EQUIPMENT USED Rwaol 9 ( nhsml aing 1B Inch outer casing)
WATER LEVELS: START: 05/04/200 END: 05104/2002 LOGGER: Mike Kuarfa

3

3b 1~~~~~~~~~~~~~~~~- Ground elevation atwet feet MSL

2- Top of casing elevation feet MSL

3- Wellherd protecio cve tp Flush-mount wethead pad
a) drain tube? No
b) concrete pad dimnsions 3 by 3 feet

4- Dla/type of well casing 2 inh Shedule 40 PVC

5- Typelslot size of scree 2 lnch 10-slt Slod,fedo 40 PVC

ft ~~~~~~~~~~~~~~~~~6- Type screen filter Sand, 031 #2
4 ~ ~ ~ ______a) Quantity used bogs

1- Type of sealI Bentornte pellets, DSI Shur-plug 3/8
a) Quantity used bags

5 8~~~~~~~~~~- Grout
a) Grout mix used 90% grout 1 1 0% bentordt.t powder

b) Metiod of placement Trennile MelOwd
c) Vol. of well casino grout _________________

I ftl 6 ~~~~~~~~~~~~~~~Development methiod

Development time hour

EstImated purge volume gallons

Comement Total Depth IBGS) =103 feet

final goeld pameerr. coleted during well delopI.menA I I 1
pH

B~~~~~~~~~~~n ~~~~~~~~~conductivity = MS/cnm
temperature = I

Dissolved Oxygen = mull
Not.: DIagramn not to wcale. Turbidily= NTU

P~4O~~gsET oa el as'.cnoarasda10720
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PROJECT NUMBER ~ BORING NUMBER

CH2MHILL1709m1
p ~~~~~~~SOIL BORING LOG

PROJECT: EBT Tractability Study LOCATION: Mempis Depot
ELEVATION: DFiLLING CONTRACTOR: Bonn Lonver
DRILLUNG METHODOAND EOUIPMErJTUSED: Rotasortcrg (41mlisaplem~~gI Ma ing/khws.)

WATER LEVELS: START: 04/22/202 END: 04/23/2002 LOGGER: Mike Kamfa

DEFO SEL.O SUJRFACE (Fl STMI)ARD SOILDESCRPT1I COMMETS

INTERVAL ( PENETRATION

RECOVER %TEST SOIL NAAE, USC GRODUP SYMBOL, COLOR. DEP~h OF CASING. DRILLING RATE
U/TYPE RESULTS MOISTURE CONTENT, RELATNE DENSITY. DRILING FLUID LOSS,

I r~~~ff.0~~T5 OR0CONSISTENICY. SOILSTRUCTURE. TESTS. MND INSTRUMENTATION,.

1 I~~~~~~~~N VINROY

I I

-4 I

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~1.5

1 I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~1.

10 I I 100

100~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~1.

I I~~~~~~~~5f d

1 0I

35I
1 I~~~~~~~~~~~~~~~~~~, d

a i 0.0~~~~S.. . .. R.M~W ~ , O .
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PROJECT NUMBER BORING NUMBER

CIU2MHILL 170039 MW- Ill

SOIL BORING LOG

PROJECT: EBT Treatabiity Study LOCATION -Meswhis Depo

ELEVATION: DRILLING CONTRACTOR: Boat Lonovea
DRILLING METHOD AND EQUIPMENT USED: Rofisonc rg(4rinhsamnplemshng /61mioute caing)
WATER LEVELS: ____ START:- 04122/202 END: 04/23/200 LOGGER: Mike Kmra
DEPTH BELOW SU-RFACE (FT) STANDARtSol DESCRIPTION CDO1MMENTSM

RECOVERY % TEST SOIL t~uE. USCS GROUP SYBL, COLOR. DEPTh OF CASWIG, DRIWJNIG RAT.
#TYPE RESULTS MOISTURE CONTENT, RELATIVE DENSITY, DRILUING FLJUID LOS,

r~6r OR CONSISTECY SOin STRUC~TURE, TESTS MND INSTRUMENTATION.
N) MINERALOGY. Caee FID (,,ynt

Sand, ~yn ve fin. ghted. lose dry
A I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

Sand Wiet ou gralned, reedy sold os. dry. ani sif,

-'1 I Sand. tad~~~~h,,, fst,~ to medtm gran. redy so ied, tif. sae.ilt

I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

I gS.MndW, ftng. W ric own gan peoy jotd, ooe drt peble

4 I

AI I
I I
I 4 0.0

1 I

S60 1100

I I Sa~~~~~~~~~~nd, tan, fine rto mediu rredy, pod ae, os.dt sgtgae

-4 I

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0
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PRWJECT NUMBER IMAIG NMBEa 1~~~~~ ~ ~~70039 RINMW-IllE
WCH2IVIHILL

p ~~~~~~~SOIL BORING LOG

PROJECT: EBT Treolobilty Study LOCATION : Memaphrs Depo
ELEVATION: DRILLING CONTRACTOR: Boasi LonYer
DRIWLNG MEIHOO ANDEQUIPMENT USED: Rotasoicritg(4inchsaplemcsing/6inchLrdt otasing)

WATER LNELS: ~~~START: 04)22=202 END: 04/2312002 LOGGER: Mike Karafa
EPhBELOW SURFACE FQSTANDARD SOIL ESCRIPflON COM0MENTS

RECOVERY % TEST SOIL NAMIE WMC GROUP SYMBOL. COLOR DEP~ OF CASING. ORIWUNG RATE.
U/TYPE RESULTS MOISTURE CONTENT. RELATIE DENSITY, DRIWLNG FLUID LOSS,

e-r-re OR CONSISTENCY, SO0l STRUCTU-RE. MTEST.AhID0INSTRUMENTATIOK.
(M) MINERALOGY. ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~C~eeFIG pr)

75 ~~~~~~~~~~~~~~~Send. yeal,~ ogn. fi. gralee, we save. los dry

-4 4 ~~~~~~~~~~~~~Saw.nd, aamg enWa, fine Wo mediu.mgalne. =ooly soilepNe Woolbe

rotlenidced to angula, loose, dry

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

8D __I I 100
I I ~~~~~~~~~~~clayay SBak Iwoen. fir' nalted. sutiwe

-I S

Sand, dark te, fine grainel, well safted, Iooe. do.

-I I
90 1 I0

I I Sand, dark grey~Sa , fir. gainedI, welote, loose... dak.W ba

90 ~~~~~~ S~Cand orng WoIn oegaed weesoldlos, r

I4 I

I aea aoeel gae ebl ocbl
I I 0.0~~~~~~B*QTniaa 15Itlg

-I I
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PROJECT NUMBER jWLL NUMBER

CH2MHILL ~~170039 r MW- Ill SHEET 1 OF 1

WELL COMPLETION DIAGRMM

PROJECT: EBT Treatability Study LOCATION: Mempis Depot
DRIWLNG CONTRACTOR: BoariongLonyear
DRILLNG METO N QIMN SD oaoncI 4rc apecsn 6 Inch outer casig)
WATER LV S:START: 041221002 END: 04=21002 LOGGER:- Mike Ktarfa

3

3b ~~~~~~~~~~~~~~~~I - Ground elevation at well fieet MSL

2- Top of casing elevation feet MSL

3- Welihead protection cover tye Flush-mount wethead pad
a) drain tube? 7jo
b) concrete pad dimensions 3 by3 feet

4- DiaAype of wai casing 2 inch Schedule 40 PVC

5-Typesldot sizzeof saeenr 2 Inch 10-slot Schedule 40 PVC

ft ~~~~~~~~~~~~~~~~~6- Type srewo filter Sand. D51 ft2
41 ~ ~ _______a) Qwuantty used bags.

7- Type of sea Bentonite pIIets. 031 Shur-plug 3/8W
a) Quantity used bogs

8- Grout
a) Grout mix usd 90% grout/ 1I0% bentonite powder

b) Method of placement Trmm.ie Method
e) Vol. of well casing grout _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

I It 6 ~~~~~~~~~~~~~Development methd

Deveclopment U.i h.,r

Estimaedv purge volume, gallons

Cuormment Total Depth (OGS) =100 feet

-~~~~~~~~~~~ ~~~~~Final fieldl parmuelas collee dudno well develoment ( I I

pH =
Bin ~~~~~~~~~~~~~ ~ ~~~~~~~conductivity = nSci

temnpeature =
Dissolved Oxygn = il

Note: Diagram not to scale. Turbidity = NTU

PAI074v,,,og~ET SS & Wel Cosunco Damsw 0072
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PROJECT NUMBER BORING NUMBER

10 CH2MHILL 170039 IMW-112
p1110 SOIL BORING LOG

PROJECT: EBT Troatabdaly Study LOCATION: Memphrs Depo

ELEVATION: DRILLNG CONTRACTOR: Boart Lcryear
DRILLING METHOD AND EQUIPMENT USED: Rtokrg( nhsml aigI6Ic co a~g

WATER LEVELS: ~~START' 04P21r202 END: 0421/2002 LOGGER: Mike Karfa

DEPTH BELOW SURFACE (FT) STAMDARD) SOWLDESCRIPTION COW.4ENTS

INTERV~~~l PENETRATION

TEST SOIL NME, USCS GROUP SYW$SOL, COLOR. DEPTH OF CASING, OR] WNG RATE.
U/TYPE RESULTS MOISThRE CONTENT, RELATIVE DENSITY, DRIWLNO FLUID LOSS.

r-Ot8'.6 OR CONSISTENCY, SOL. STRUCTURE. TESTS. AND INSTRUMENTATION.

0,0
-I I

I I.

40 110

Same ab~, Silt

W 0~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.0

15 ~ ~ 10

2.8

I35
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PROJECT NUMBER j7 BRING NUMBER

0s CH2MHILL 170039 MW-112

p411' SOIL BORING LOG

PROJECT: EBT Trestability Study LOCATION : Momrphis Depot

EaEVAnION: DRILLNG CONTRACTOR: Boad Lonovea,
DFRILLING METHOD AND EOUIPMENT USED: Rotasat sg (4 hid smple csing/6Sinchouercasing)
WATER LEVELS: ___ START: 04121r2002 END-, 0412120002 LOGGER: Miktelarafa
DEPTH BELOW SURFACE (FT) STANDARD SOIL DESCRIPTION COmMENTS

RECOVERY % TEMST SOIL NAI3AE, USOS GROUP SYMBOL, COLOR, DEPTh1 OF CASING, DRIWUNG RATE,

RESULTS MOISTURtE CONTENT, RELATE DENSITY DRILLING FLUID LOSS,
6-W6'O OR CONSISTENCY. SOIL STRUCTURE, TESTS.ANID NSTRtUMEINTAT~lN.

_______ CeNiredERedGYRD (pp.):

-4 1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

-1 I 5
55~~~~~~~~~~Sfy Send. W fine w' to edium graned'.0sf. damp. peoad sorted

1 I ~~~~~~~~~~SIXy Sand, red, lieg0 ed lf. rg danp

1 I ~~~~~~~~~~Saod. oran,,e. fir raie .ons dMy
J I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

I I ~~~~~~~~~~~~~San4l tlang yellowd. aeltl sar55, lalne. drceystelo, al

I I ~~~~~~~~~~~Sand, reddish orange, fine to coregrained, poorty sorted, grael arnd pebbles
I I~~~~~~~~~~~.I 0.0

1 100 nu

A I

I I ~~~~~~~~~~~~~Sand, aJ, tanis,, gained, loose, dry, wel soaed

100

1 I
45 I I

I 100

-1--I

Sand, 1t.t to arilig an. gnery de gaiso. powde. dr

70 I I

I I ~~~~~~~~~~San. Ia.fegair,,. - ae.drnos
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PROJECT NUMBER BRNG NUMBER

CH2MHILL 170039 MW-1 12

p ~~~~~~~SOIL BORING LOG

PROJECT: EBT Treatability Study LOCATION: Mewnphis Depot

ELEVATION: DRILLING CONTRACTOR: Boat Lonevea
DRILLING MEITKODAND EOUIPMEmTUSED: Rotasnc rg (4 inch smple asing ISinchoutetcaing)
WATER LEVELS: START: 0412112002 END: O4/1t2002 LOGGER: MkoeKoarat
DEPM SELON SURFACE (FT) STANDA~tO SOIL 0ESCRUIPOIN MET

RECOVERY ¶4 TEST SOIL NAM. USCS GROUP SY1MSOL. COLOR DEP~h OF CASIG, DRIWNO RAT.
4/YE RESULTS MOISTURE COTNT. FRELAnVIE DENSITY DRIWLNG FLUID LOSS.

I 6O'r-r~~~~W OR~ CONSISTENCY. SOIL. SMhUC~nRE. TESTS.M NTR ETAIIi
- , -__ ___ __ __ __ ___ __ __ ___ __ __ __ ___ __ ___N_ ___MINER_ __ ___OGCoY.edFID (gi)

-4 J ~~~~~~~~~~~~~~Send, lght gra, vfi,,y fiinegaed, drlos

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~8.4
1 I Sand, Ian fine gnained, well sated, lcose. dr)

so0,j I 100
I I ~~~~~~~~~Sand. redih lar lin grined. los, danA pebbles to eeble, uaora

I I ~~~~~~~~~S.M. .wlte ooange, fine lo .. rs graedne, pMry aed, p.ebble to coble

a i ~~~~~~~~~~Siey Sand. r~eddih en, -i grated, Inee grave, eeft danp .

85 I I ~~~~~~~~~~~~Sandy Silt. reddsh len, meflted, st.t fine graedne, damp

San. gray, lie pained,. wtsod elos,dr

* ii~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~0.0
I I ~~~~~~~~~~~Sand, tan, fine grained, well sorted, looSe. din

I I Send, mg ang, vier ate graedu graosedr, wet soatedgalpeb Iei

95 -I---J
I I ~~~~~~~~~~Sand. gryto lan. Mle to medium grained. poorly ortd. losee, wet

I I ~~~~~~~~~~~~~~~~~~~~~~~~WaUtertble epprorumaely W6 feetbg

-IG ID

I cla~~~~~~y rom, Nit, swen, gray -ed ryeiin,,..mWev

105

11 _
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PROJECT NUMBER 170039 LLN MBER 12SHEET I OF I j
p ~~~~~~WELL COMPLETION DIAGRAM

PROJECT: EST Treatability Study LOCATION: Memphis Depot
DRILLING CONTRACTOR Boart Longyear
DRIWNO~ METHOD AND EQUIPMENT USED: Rotasonic rig (4 Inch sample casing /6 inch outer casing)
WATER LEVELS: START: 04.112002 END: 04/22/2002 LOGGER: Mike Karafa

3

3b I ~~~~~~~~~~~~~~~~1- Ground elevation at well feet MSL

2- Top of casing elevation feet MSL

3- Wellhead protection cover tye Flush-mount welbead pad
a) drain tube? No
b) concrete pad dimensions 3 by 3 feet

4- DiaAype of wel casing 2 fInd, Schedule 40 PVC

5- Type/sot size of scen 2 inch 10-slot Schedule 40 PVC

6-Type screen filter Sand. 031 #2
4_ ~ ~ ~ _________a) Quantity used bags

7- Typ of seal Sontonito pellets, DSI Shur-plug 3/8
a) Quantity used bags

6- Grout
a) Grout mb used 90% grouti/ 10% bentonlte powder

b) Method of placement Tremmie Method
c) Vol. of well casing grout ___________________

I ft 6 ~~~~~~~~~~~~~~Development method

Development time hour

Estimated purge volume gallons

C~omments Total Depth (BGS) =101 feet

Final field parnmeters collected during well devlopment ( I I

te pertr = e

Dissolved Oxygen = mo/I
Note: Diagram not to scale. Turbidity = NTU

PAt48071lngs\EBT 5 It Well Cesoobn faranate10 c20
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PROJECT NUMBER BORING NUMBER

CH2MHILL 170039 MW-113

CH2MHILL ~~~SOIL BORING LOG
PROJECT: EST TrIalalllty Study LOCATION: Menrphis Depo
ELEVATION: DRILLNG CONTRACTOR: Boert Lo~yrovr
DRILLING MEHDADEUPETUE:RtsaI ~ 4ic apecastig / 6 Inch outer casing)
WATER LEVELS: START: 04/17121002 END: 0,4117120032 LOGGER: DaMd Nelsoni
DEPTh BELOW SUPYACE (FT) STANDARD SOL DESCRIPTiON COMENTS

INVERV FT) PENETHACTION

REOVRY %MST SOIL NAVE. USOS GROUP MSYOL, COLOR. DEPTIH OF CASING. DRIWLNG RATE,
AFYE RESULTS MOISTURE CONTENT, RELATIVE DENSITY, DRIWLNG FLUID LOSS.

OtO4t OR CONSISTENCY, SOIL STRUCTURE, TESTS. AND INSTRlUMEN4TATION.

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~5.0

5J_j
I I ~~~~~~~~~~~~~Silly Clay. bro.W',g. org~aalc ramalerta dia,%

I I 5~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.0

I I
I I .

I

10 I100

w - I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0
I4 I

-I - - - 4Sa ,,awil l
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PROJECT NUMBER BORING NUMBER

a MHLL170039 I MW-113

p ~~~~~~~SOIL BORING LOG

PROJECT: EBT Treatahlity Stud LOCATION: Memphis Depot
ELEVATION: DRILLING CONTRACTOR: Boart Lonoyear
DRILLING METHOD AND EQUIPMENT USED oaoi i 4nt apecsn 6id ue aig
WATER LEVELS: ______ START: 64(17/2002 END: 04/17/2002 LOGGER: David Nelson

DETHBLOW SURFACE (FlSTANDAR SOIL DESCRIPT1O# COI&IENTS

RECOVERY ~~~TEST SOIL NAMIE. USC GROUP SYMBOL. COLOR, DEPTh1 OF CASING, DRILLNG RATE,
A/TYPE ~RESUITS MOISTURE CONTENT7. RELATIVE DENSITY, DRIUlING FLUID LOSS,

6Tr~r4E OR CONSISTENCY, SOIL. STRUCTURE. TESTS. AND INSTRUMENTATION.
- - ~~~~~~~~~~I) MINERALOGY. Coemnidll RD (poid)

4 1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

I I
I1 I

~I f 0.0
I I
-A I

45 1

-4
I I

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

50 1100
I I ~~~~~~~~~~Sand, bwnI yellSh~ Mow. fin to mdim graSo soft grav (<Imli dims)

I I ~~~~~~~~Sand, Yelows, brow Io bla. te gran. grave (15%)
AI I _

I I CISPY~~~~~~~~~~0' Sand. orng boSa, SOt, .r grave
________________-- ~~~~~~16.2

I I ~~~~~~~~~~ ~~~Smir day lIenses),

55 I I
I i ~~~~~~~~~~~Gravely Sand. b Wgsynuft.fielh brwfine griSd, grave (clih di.)

-I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

-I

10 Ilo
I I S.S S

4I I
I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0
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PROJECT NUMBER BORING NUMBER

CH2MHILL170039 MW-ha3

SOIL BORING LOG
PROJECT: EBT Tneatablflty, Study LOCATION: Mealphis Depot
ELEVATION: DRILLING CONTRACTOR: Board Lonoyear
DRILLING METHODA~D EQUIPMENT USED: Rotasoicdg (4inch sonplo csing/6 inchoutrcasing)

WATER LEVELS: ~~START: 04/172002 END: 04/17/2002 LOGGER: David Nelson
OEMT BELOW SURFACE (FT) STANDNRD SOILDOESCRPI~fOt COMMENTS

TEST SOIL NAE USGS GROUP SYMBOL COLOR. OEPMhOF CASING, DR1UWNGRATE,
Il/TYIPE RESULTS MOISTURE CONTENT, REIATlVE DENSITY. ORIWUNG FLUID LOSS.

r-0"4 OR CONSISTENCYSOL STRUCTURE. TESTS. MRD INSTRUMENTATION
__ __ ___MINERALOGY__ __ __ __ __ _ __ __ __ __Coroe FD (Wh)m:

I4 I

- L~~~~~~~~~~~~ard yetcimla brow, toe niaiel, soft

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

I I ~~~~~~~~~~Sand. Mr.rgay ,banad, p"o b 3ediu griudfto~s(<)2inhsde

-4 I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

85 -A I

Sand grtay.bm.ii iegand,pets(%.of

@~~~~~~~~~~~~~1!
I I

~~~~~I I 0.0~~~uh adyCt. ,a 0 ihthd

I1 I 10
-I I~~~~~~~~~~~~~~ga
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PROJECT NUMB3ER ~ BORING NUMBER

a r HIL170039 IMW-113
p ~~~~~~~SOIL BORING LOG

PROJECT: EBT Tretatabifty Study LOCATION: Memphis Depo
ELEVATION: DRILWNG CONTRACTOR: Bort Lonove
DRIWLNG METHOD AND EQUIPMENT USED: Rotsalk zg (4 inch splecasing/(6 nchioA& casing)
WATER LEVELS: ____ START: 04/17/2D02 END, 04/1712002 LOGGER: David Nelso
DEPTH BELOW SURFACE (FT) STANDARD SOL DECMiPT1ON COMMENTS

INTERVAL (FT PENETRATION
REaCOVERY (% TEST SOL NMAE. USUS GROUP SYMBOL, COLOR DEPTh OF CASING. DRIWJNG RATE.

XTYPE RESULTS MSIRCOTN.RLTVDESYDRIWNO FLUID LOSS,

WP.4t-f OR CONSISTENCY, SOIL STRUCTURE. TMSMS M4D INSTRUMENTATION.
(N MNERALOGY. Ca~ce RD (e)

1I
StINg Teminate @ 15 fee bgs

120

125 _

130 _

135 _

140 _



794 349

PROJECT NUMBER BORING NUMBER

CH2MHILL ~~~170039 jMW-113

p ~~~~~~~SOIL BORING LOG

PROJECT: EST Treatabilitty Study LOCATION. Memphm Depo
ELEVATION: DRILLING CONTRACTOR: Bean Longyer
DRILLING METHOD AND EOUIPMENT USED: Roasocri g (4 mdchsanwe csing /61nmiihaa caing)

WATER LEVELS: ~~START: 04/117r202 END: 04/1112002 LOGGER: David Nelac
DEPM BEtOW SURFACE (FT) STANDARD SOL DESORJPTION COIMMENTS

P7ER~ w (r PEN ETRATION

F~~~Lm ~~~~TmS SOL N~vE, USCS GROUP SYBOL. COLOR DEPTH OF CASIG. DRIW-NG RATE.
U/YE RESULTS MOISTURE CONTENT. RELATIVE DENSITY. GRLttNG FLUIDLOSS.

8tO.S4O OR CONSISTENCY. SOIL STRUCTURE, TESTS, MID INSTRUMENTAllON.

145

-15 I

J I

I5 -A

160

-A I

4I I

1 I

A I
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PROJECT NUMBERBOIGNME

a ~~~~~~~~~170039 NGNMBR MW-113
WCH2MHILL

SOIL BORING LOG

PROJECT: EST Treatablfity Study LOCATION: Memphis Depo
ELEVATION: DRILlING CONTRACTOR: Boarl Lonqyear
DRILLING METHOD AND EQUIPMENT USED: Roasonic ig(4 inc smlecsing/S inch ouerashig)
WATER LEVELS: START: 0411712002 END:. 04/1712002 LOGGER: David Neise.
DEP~ BELOW SURFACE WI) STMD0ARD SOILMPSCRIJPTON 001"EKTS

RECOVERY ~TEST SOIL NAME, USGS GROU SYMBOL. GUIOR, E~ OF CASING DRIWUNG RATE,
E RESULTS MOIThRE CONTENT, RELATIVE DENIT, DIRLUNG FLUID LOSS.

rrrr OR CONSISTENCY. SOIL. STRUCTURE, TESTS. MND INSTRUJENAn11GN.
MINERAI-OGY. ForIe D (mini:

I I

AI I
I I

I I
las

1 0

19I
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PROJECT NUMBER BORING NUMBER0 *~~~~~H2HL 170039 MW-1 13

p ~~~~~~~SOIL BORING LOG

PROJECT: EST Tmetabllty Study LOCATION : Menphis Depo

ELEVATION: DRILLNG CONTRACTOR: lBoa4 Lonoer
DR1WLNG METHOOD ADEQUIPMENT USED: Rotasmic rig (4 inch smplemcshig /6Smi ouer.asig)

WATER LEVELS: ~~START: 04/17i2002 END: "41702002 LOGGER: David NeW.o

DPHBELOW SURFACE (MT STA±NDAR SOIL DESCRIPTION CDMIVENTS

RECOVERY % TES~T SOIL NPiE. USOS GROP SYMBOL COLOR. DPhOF CAW4. DRIWLNO RATE.
W~~hPE RESULTS MOISTURE CONTENT. RELATIVE DENSITY. DRIWNG FLUID LOSS,

W4~- OR COSISTENCY, SOIL STUCTIhRE, TESTS.ANDOINSTRUMENTATlOR.

(N) MNERMOGY. ~ ~ ~ ~ ~ ~ ~~~~~~~~~~~~CeaddFID(m)

2001

I4 I

4 I
220
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ROETNUMBER IW LLNUMBER

0 CII2AIHILL 170039 MW-113 SHEET I OF

p ~~~~~~WELL COMPLETION DIAGRAM

PROJECT:- EST Treatabtity Study LOCATION: Memphis Depot
DRILLNG CONTRACTOR: BowA Longyear
DRILLING METHOD AND EQUIPMENT USED: Rotasonic rig (4 inch sample casing 1S inch ut& casig)
WATER LEVELS: START: 04/1112002 END: 04/17/2002 LOGGER: Mike Karafa

3

3 1 ~~~~~~~~~~~~~~~~1 - Ground dlvtion at well feet MSL

2- Top of casing elevation feet MSa

3- Wellhlead protecion ,avertp Flush-mount wathead pa
a) drain tube? No.
bt) caonrte pad dimensions 3 by 3 feet

4- DIaitype of wen casing 2 hidh Schedule 40 PVC

5- Type/slot siz of scren 2 Inch 10-slo Schedule 40 PVC

6- Type screen filter Sand, DSt #2
4 ~ ~ ~ __________a) Quantiy used bMgs

7- Type of seal Bentonite pellets. DSI Shut-plug 3/8'
a) Quantity used bags

- 1 5 ~~~~~~~~~~~~8- Grout
a) Grout mix used 90% grout / 10% bentonite, powder

b) Method of placement Trennis Method
c) Vol of wetl caing grout _ _ _ _ _ _ _ _ _ _ _ _ _

It ~~~~~~~~~~~~~~~~Development method Surge and develop with stainless steel bailer

Development tim 9 hour

Estimated purge volume 37 gallons

Comments Total Depth (BGS) 107 feet

Fital field paramete collected! drum .In weldevelopmentf / j

pH =
conducthiit, = MS/a,,
temperature =

Note: Diagram not to, scale. ~ ~~~~~~~~Dissolved Owwgn = moll
Note: Diagram not to scale. ~~~~~~~~~Turbidity = NTIJ
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PROJECT NUMBER BORING1NUMBER M -1

CH2MHILL 170039 M-1

p ~~~~~~~SOIL BORING LOG

PROJECT: EBT Tralaobility Study LOCATION: Memphis Depot
ELEVATION: DRILLNG CONTRACTOR: Boert Ionqyeer
DRILLING METHOD AND EQUIPMENT USED: RolasotrIg (4 Ich s~ple csing /6 rnchouercasing)
WATER LEVELS: START: 04/23/202 END: 04/30/2002 LOGGER: Mike Karfa
DEPTH BELOW SURFACE (FTl STANOANO SOIL DESCRJPTION COMVMENTS

INTRVAL PEN ETRATION
TEST SOIL NAMIE. USCS GROUP SYBOL, COLOR, DEPT OF CASING, DRIWLNG RATE,

/~/TYPE RESULTS MOISTURE CONTENT. REI.ATIVE DENSITY, DRILUNGRFUID LOSS.
Iw~tO64 OR CONSISTENCY. SOIL STRUCTURE. TESTS. MDN INSTRUMENTATION.

100 ~~~~~~~~~~Skll.~uu,Wsiff aw bo
6.1

1 I
I I

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

101 100

-I I~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-

15
I I~~~~~~~~~~~~~~~~~~~~~~~~~W

I I~~~~~~~
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PROJECT NUMBERBOIGNME

170039 NNUBR MW-114
CH2MIHILL

p ~~~~~~~SOIL BORING LOG

PROJECT: EST Treatabiliy Study LOCATION : Mranplrs Depot
ELEVATION:- DRILLING CONTRACTOR:oatonvr
DRILLING METHOD AND EQUIPMEN4TUSED: Rotsaic rg(4 inch sarriple casing/6 indch n casing)

WATERLEVELS: ~~~START: 04/232002 END, 04/30/2002 LOGGER: Mice Karat,
OEPT BELOW SRAEO)STANDARD SOIL DESCRIPTLON CO~wIETS

RECOVERY 14 TEST SOIL NAME USCS GROUP SYIaSOL, COLO4R DEPM OF CASIN, DRILLING RATE.
#/TYPr E RESULTS MOISTURE CONITENT, RELATIVE DENSITY, DRIWNIlG FLUID LOSS,

rWost OR OSSTNY SOL STRUCIRt TESTS MND INSTRUMENTATION
_________ N) MINERAILOGY. CretdFID (p)

0.0

451 I
I4 I

1 I
A I
-I I

4 I 0.0

~~~~~~J I ~ ~ ~ am .W '~d ay 1

I1 I

yalaal to tang.f to. coons galre b. laaa . pebtoes

70 ID

1 ~~~~~~~~~lO0 ~ ~ ~ itysm

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0
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PROJECT NUMBER BORING NUMBER M -1

CH2WIHILL 170039 I W-1

p ~~~~~~~SOIL BORING LOG

PROJECT. EST Tr.eltakirty Study LOCATION- Meemplle Depo
ELEVATION: DRILLNG CONTRACTOR: Boas Loner
DRILLING METHOD AND EQUIPMENT USED: Rotaat Icg (4 mltsnch ple csIng/S6irch out~ casing)
WATER____LEVELS: ____ START: 04123/21)2 END: O4r/301202 LOGGER Mike Kaafia

DEPTh BELOW SLWiACE (IFfl STAJNDARD SOIL DESCRIPnION CODMENT

RVTE PENETRATION
REOER TEST SOIL NAJIE, USOS GROUP SYMBOL. COLOR. DEP~h0OPCASWJG, RIWJNGRATE,

P/TYPE ~RESULTS MITRCOTT.RLrtDEiYDRIWLNG FLUID LOSS.

64~O OR CONSISTEINCY. SILSTRUCTURIE. TESTS. MID INSTRMENTATION.

I4 I

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

80 1 I ICC
I I ~~~~~~~~~~Sand. yelkw to W.n lins k, coanegnea, one. dry W denr, gae,

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

4I I

0 : : Sa~~~~~~~~~~~~nd, el , ite1rnge, fin grlelos.

I I~ ~~~~~~~~~Bdn e~an ~I tbf

1 I
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PROJECT NUMBER 170039 1 WLL NUMUB fkW~lii4 SH EET I OF 1.CH2WIHILL
e ~~~~~~WELL COMPLETION DIAGRAM

PROJECT: BT Tretability Study LOCATION: Memphis Depot
DRILLNG CONTRACTOR: Boart Longyear
DRILLING METHOD AND EQUIPMJENT USED R.1otasni rig(4 inch smple casing /6 inch, outer casing)
WATER LIEVELS: START: 04/30/2002 END: 04/302002 LOGGER:- Mike Karat

3

3b II 1~~~~~~~~~~~~~~~- Ground evaIon at wel foot MSL

2- Top of casing elevation feet MSL

3- Wellhead protection cover type Flush-mount wethead pad
a) drai tube? No
b) conczete pad dimenslons 3 by 3feet

4- Dai.typ. of woI casIng 2 Inch Schedule 40 PVC

5- Type/slot size of sen2 Inch 10-Slt Schedule 40 PVC

It ~~~~~~~~~~~~~~~~~6- Type sceen filter Sand, DSI #2
41 ~ ~ __________ )Quanity used begs

7- Type of seal Bentondte pellets. DSI Shur-plug 31W
a) Quantity used bags

5 ~~~~~~~~~~8- Grout
a) Grout mix used 90% grout 1 10% beatonlte powder

b) Method of placement Tremnmie Method
c) Vol. of well casing gmrot _________________

6 Ommi~~~~evlopment method ____________

Development time hour

Estimatd purge volume ga~lloms

Comment Total Depth (EGS) 103 feet

Final field parameters collected douing wet development I I I I

--E p conductirvity = mSnsfor
termoeraure = I

Dissolved Dxown = M
Note: Diagram not to scal. Turbidity = NTU

IPM 4807IWos~BT So & Wet Conshictn Otsram..A 10,072003
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PROJECT NUMBER jBRING NUMBER0 * ~ ~~~~~ ~ ~ ~~~~170039 1MW-I15 (Clustered with MW-i 16)

p ~~~~~~~SOIL BORING LOG

PROJECT: EBT Treaitaility Study LOCATION: Memrphis Depo

ELEVATION: DRILLING CONTRACTOR: Boafl Lohgytar
DRILLNOGMETHOD AND EOUIPMENT USED: Rotasoic ig (4ibolhsample csing/6ridhoutercasing)

WATER LEVELS: ~~~START: 04t22r2002 END: 041222002 LOGGER: Bryan Budidngstock

DEPTH BELOW SURFACE (FT) STANDARD SOIL DESCRIPTION COMMENTS

IECOVERY 1~1TEST SOIL NAME, USG GROUP SYMBOL, COLOR. DEP~h OF C~ASING. DRIWLNG RATE.

1 RECOVER011YPtve REStATS MOISTURE CONTENT. RELTIVE DENSITY, DRILLNG FLUID LOSS.

r-O~ ORCNITNY OI TUTR.TSTS. MID INSTRUMENTATION.

1 I~~~~~~~~~~~~I
I IG

-I I

I I

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0
4I I

10 ID

4I I

- 5 I I J,. b .hWd

W~~~~~~~~~~~~~~~~~~~~~~~~I ~~~~~~~~~~~~~~~~~~~~~~0.0
I4 I

15
_ I - I

-I I~ ~ ~ ~ ~~~~~~k h
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PROJECT NUMBER M~iG NMBER

a MHLL170039 ImMW-11I5R(Clustered with MW-116)

p ~~~~~~~SOIL BORING LOG

PROJECT:- EBT Treatabilty Study LOCATION: Memphis Depot
EaEVATION: DRILLING CONTRACTOR: Board Longyear
DRtILLING METHOD AND EQUIPMENT USED: Rotasrt gt(4 inch saplem~sing/l!rdhute ~sng)

WATER LEVELS: ~~START: 04/22/002 END: 0422/2102 LOGGER: Bran Burkdngstock
DEPT BELOW SURFACE (FT) STANDARD SOIL DECiTONCT.ENPS

RECOVERY % ~~TEST SOIL NAE, USCS GROUP SYMBOL. COLOR, DEPTH OF CMING, DRIWNG RATE.
-TPE RESULTS MOISTURE CONTENT, RELATIV DENSITY, DRILIJNG FLUID LOGS,
r_6wc ORCONSISSTENCY. OILSTRUCTURE, TESTS. MD INSTRUMENTAIONl.

4 1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~110.0
A I ~~~~~~~~~~~~~~Sanid. light Yellow,, fine, gnskhed. ft. loose well sated

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~Drlies sample bag- 340.0
I j ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Zlplodc: 0.0~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~see logbook for details

45-8-.
I - ~~~~~~~~~Gravey Saind. bc.Ish yellow, fine 10coa gralne. poorly saelos.mis

-i ~~~~~~~~~~~Pebbles (<10%). .25 nc diannet., s1.a,~~

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~Drillees samaple bag 270.0
1 I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Z-plock: 0.0

I I
A I
I I

4 I

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Drimi's sample bag. 1203.0
I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Zlplock. 0.0

1 I ~~~~~~~~~ ~~Sazneta v.&valSantd
55 I I

I I

4 jiGO Diil~~~~~~~~~~~~~~~~~~~~ne~s siample bag- M00A
I I ~~~~~~~~~~~ad elload.fn nfi.9 W 9tialZiplodck 0.2

AI I
-51 I

J_____ J ~~~~~~~~~~~~~~~~~~~~~~~~~~~Drillers sample bag. 270.0
I I Sand, yellow, loose. ely. fine 10 meduini gamed, wol salad Zlpbnck: 0.0ipb&- 0.

70 I0

A I rlrmhhtt 1.
1 s- Zi-ock-J.
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PROJECT NUMBER BOING NUMBER

170039 MW-1 S (Clustered with MW-1 16)
CH2MHILL

SOIL BORING LOG

PROJECT: EST Treatab.ilty Study LOCATION: Memphis Depot
ELEVATION: DRILLING CONTRACTOR: Doa't Lo~ova
DRILLING METHOD AND EQUIPMENT USED: Rotasonic rig (4 inch sample casing)1 6 inch outr casing)
WATER LEVELS: START: 04/2212002 END: 04/22)2002 LOGGER: Sryan Burkingstock
DEPTH BELOW SURFACE (Ffl STANDARD SOIL.DESCRIPTION COMMENTS

IECOVE M~~TST SOIL NAMvE. USCS GROUP SYMBOL, COLOR. DEPTH OF CASING. DRILWNG RAT.

RESULTS MOSTURE CONEN, RE.ATrvE DESITY. RILUNG FLUID LOSS.
r4rr OR CONSISTENCY, SOIL STRUCTURE, TESTS. MND INSTRUMENTATION.

I5 I

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~Drillers saple bag: 134.0
-l I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Zlplodck: 0.0

so9 11I100

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~Drillers sample bag: 125.0
4 I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Ziplock: 0.0

85 I I

i i ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Driller's Sample bag 97.0
I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Ziplock: 0.0

9-I 100

I I O~~~~~~~~~~~~~~~~~~~~~~~~~~Dursll sample bag: 1107.0
1 I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ziplocl 0.0

95 I -I Watedable @ approximately 95 feelbg
.4 I

- 1100

I I~ ~ ~ ~ ~ ~~~~l~Tt W~I 111lg

100

110 _
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PROJECT NUMBER IBORING NUMBER

a MHLL170039 1 MW-1 1 5 (Ciustered with MW-I 16) I

SOIL BORING LOG

PRCUECT: EBT Tmtalsb.Idy Study LOCA-iON:- Memphis Depo

ELEVATION: DRILLNG CONTRACTOR: Sca Lonovea
DRJWLNGMETHODMID EQUIPMEN-rUSED: Rotasonck It(4 frdisample sing /6 irdchutercasg)
WATER LEVELS:- START: 04122r202 END: 04/22/2002 LOGGER' BtyanBurdnto&

DPHBELOW SURFACE (FT) STANDAR SOIL DESCPP1ON COMMENTS

RECOVERY % TEST S~ AE, USCS GROUP SYMBOL, COLOR, DEPTh OF CAING, DRILLING RATE,
RESULTS MOISTURE CONTENT, RELATIE DESITY DRIWNG FLUID LOSS,
6-'~ OR CONSISTENCY. SOIL SIRUCRE, TESTS, MND INSTRUMENTATION.

MN i NER~tOGY. Ca~do MD (i

1

120

125 _

130

140 _
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PROEC 0NUBE BRING NUMBER

Is PROJECT NUMBE17003 MW-1 15 (Clustered with MW-1 1)
isCH2MHILL

-11011 SOIL BORING LOG

PROJECT: EST Troatntlhity Study LOCATION: Memphis Depot
ELEVATION: DRILLING CONTRACTOR Boaj Loryjear
DRILLING METHOD AND EQUIPMENT USED: Rotasoic rig(4 nchsapleoasbig /6 nothoterasig)
WATER LEVEL.S: START: 04122/202 END: 04/22/002 LOGGER: Bryan Burkingstock
DEP~h BELOW SURFACE (Fr) STANDARD SOIL DESCMiPTION COMMENTS

INTERVAL ~~~PENETRATION4
TEST SOIL NME, USCS GROUP SYMBOL, COLOR, DIEPTFI OF CASING. DRIWLNG RATE.

flTVPE RESULTS MOISTIJRPS CONTEN. RELATIVE DESrIY, DRILLINGRFUID LOSS,
W--r ORCONSISTENCY, SLSTRUCTURE, TESTS. AND INSTRUMENTATION4.

MINE~~~~~~~~~~hi-OGY. ~ ~ ~ ~ ~ ~ ~ ~ ~ CreddFID (~)

145

4 I

1 0

165



794 362
PROJECT NUMBER BORING NUMBER

CH2MHILL ~ 170039 I W-1 15 (Clustered with MW-l 16)

SOIL BORING LOG

PROJECT: EBT Treatabdily Stud LOCATION: Mennphis Depot
ELEVATION: DRILLNG CONTRACTOR: Boedl Lonoveetr
DRILLING M~rO AN QIMN SD OA~I i 4msnecsing /6 minc outer casng)
WATER LEVELS: START: 04/22t20O2 END 04/22/200 LOGGER: Bryan Buringstodc
DEPT1 BELOW SURF~ACE (FT) STANDARD SOL DESCRIPTION COMIAENTS

REOVERY %) TEST SOIL NAE, USG GROUP SY&BOL, COLOR, DEP~hOF CASNG. DRILING RATE.
WTYPE RESULTS MOIS~hRE CONTENT~ RELATIVE DENISITY. DRILLING FLUID LOSS,

rge~ OR CONSISTENCY. SOIL STRUCTURE. TESTS, AND INSTUMENTATIC(NL

N) MINERALOGY. C FIoo D Br)

170

I75

I

I8 _ I

I I

19I
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PROJECT NUMBER BORING NUMBER

170039 MW-I 1 5 (Clustered with MW-i 16)
CH2MHILL

p ~~~~~~~SOIL BORING LOG

PROJECT: EBT Treatail~ty Study LOCATION: Memphis Depot
ELEVATION: DRILLING CONTRACTOR: Boart Lony.a
DRILLING MErHOD AND EQUIPMENT USED: Rotsoicdg(41Ichsample skng /6inch, ooerasing)
WATER LEVELS: START: 04121002 END: 04221002 LOGGER: Brya Bud&,gst
DEPTH BELOW SURFACE (FT) STM~ANO SOL DESCRIPTION CO*ENTS

F RECOVERY % TEST SOL NAME, tJSCS GROUP SYNSOL. COLOR. DEPTH OF CASING. (DRILLNG RAT,
#ITYPE RESULTS MOISTURE COTENT, RELATIVE DENSITY. DR~lNG FLUID LOSS,

OtrC- OR CONSISTENCY. SOIL STRUCTURE. -TESTS. MID INSTRUMENTATION.
(N) MINEMCGY. ~~~~~~~~~~~~~~~~~~~~~CreddFID (pMit:

200 I I

I4 I

1 1

21 Ij

220 I
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PROJECT NUMBER 1 03 1 WELL NUMBERW

Alow WELL COMPLETION DIAGRAM

PROJECT: EBT Tratabilty Study L.OCATION: Memphis Depot

DRILLING METHOD AND EQUIPMENT USED: Rotisonic rig (4 inch sample casing 16 Inch outer casing)
WATER LEVELS: START: 04r22/200 END' 04123/2002 LOGGER: Bryan Burkfingstock

3

3b I~~~~~~~~~~~~~~~~- Ground elevation at well feet MSL

2- Top of casing elevatio feet MSL

3- Wellhicad protection covr type Flush-mount wrethead pad
a) dain tube? No-
b) concrete pad dimenslons, 3 by 3 feet

4- Disatype ofwel caing 2 inch Schedule 40 PVC

5- Typeislosizeofscree 2 inchll-sot gcbedule 40PVC

6- Type scee filler Sand, DSI #2
4 8~~~_______ ) Quanity ued begs

7- Type of seat Bentornite pellets, OS! Slhu-plu 3/8
a) Quantity used bags.

8. Grot
a) Grout mi. use 90% grou I110% bentorite powder

b) Method of placement Tremmie Medicod
c} Vol. of wel! casing grout ____________

6 ~~~~~~~~~~Development method Surge and remov sediment with stainless ste
bailer Developed using submersible pump.

Development lime 1.8 hour

Estimated purge volume 130 gallons

Cormments Total Depth {BGS) 100.5 feet

Final field parameters collece during well develoment I I
pH =

Gin ~~~~~~~~~~~~~~~~condctivty = mS/cm
temperature = I

Dissolved Oxygen = M
Note: Diagram not to scale. Turbidity =NTU

P M480714ogs,.BT SR & WAS Carsuctn Digam=7siono
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PROJECT NUMBER IBRING NUMBER@ 0~~~~C 2 HL 170039 MW-lie6(Clustered with MW-115)

e ~~~~~~~SOIL BORING LOG

PROJECT: EBT Treatabifity Study LOCATION : Memnphis Depo
ELEVATION:I DRILLING CONTRACTOR: Boa4 Loconvoar
DRILLING METHOD AND EOUIPMENT USED: Rotswaic rIg(4 minsampfe csing /6 indocm csing)

WATER LEVELS: ~~START: 04121/2002 END: 0421/2002 LOGGER: Bryan BurkIngstock
DEPT BELOW SURFACE (Ffl STANDAR SOIL DESCRIPTION COMMENTS

TEST SOIL NAME, USCS GROJUP SrYMBOL, COLOR, DEP~h OF CASING, DRIWLNG RATE,
RESULTS MOISTR CONENT REILATNE DENSITY. DRILLING FLUID LOSS.

W40 OR CONSISTENCY, SOIL STRUCTURE. TESTS.ANDMINSTRUMENTAIn~.

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

-1 I

-4 I
I I

-I

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

-1 I
I I

-I

20-I IO

-I I~ ~ ~ ~ ~ ~~~.k~.~hg ftU L

2 _I I

IS 1

351 I
I1 - -0.0
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PROJECT NUMBER JBORING NUMBER

CH2BIHILL 170039 MW-li (6Clustered with MW-1 15)

SOIL BORING LOG

PROJECT: EST Treatabiltty Study LOCATION: Mepmps Depo
ELEVAniON: DRILLING CONTRACTOR:- Aoat Lonyer
DRILLING METHOD AND EQUIPMENT USED: RotasonorIg (4inhiasanmpe a~shig / Snhou, orcasing)
WATER LEVELS: ____ START: 04121r202 END, 04/21/2002 LOGGER: Bryan Burkdngstock
DEPTH BELOW SURFACE (FT) STANDAR SOIL DESCPSPTlO0N COMENTS

RECOVERY l~~EST SOIL NAME. USCS GROUP SYMBOL, COLOR. DEPTH OF CASING, DRILLING RATE.
N/TYE RIESULTS MOSUECNTNRLTIVEDESmn. DRILLNGIFLUID LOS.

r Vr OR CONSISTENCY. SOIL STRUCTURE,. TESTS. AND INSTRUMENTATION

_ __N_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _C ar d RD (p ,)
Clay, pis wi Igh w~y mote. dense mois mss (@37 

t
ebgs)

0.0

I 0~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~17.0

I I
Ai I

I I 1301.0

I0 100120
A I

65~ ~ ~ ~ ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~2.

~~~~~~ I 100 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~13.0

4 I
-1 I ~ ~Y 'f.I.f 'I.
A I 8.
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PROJECT NUMBER jBCRING NUMBER@ 0~~~~~~CH rHL 170039 MW-1 16 (Clustered with MW-I 15)

p ~~~~~~~SOIL BORING LOG

PROJECT: EBT Treatabllity Stud LOCATION: Memphis Depo

ELEVATION: DRILLING CONTRACTOR: Boart Lonover
DRILLINGIVMETHOD AND EQUIPMENT USED: Rotasonic rg (4inhsample caing/ Ist couter asg)

WATER LEVELS: START: 04)21t2002 END: 04/21/2002 LOGGER: Esyn Burlungstock
DEPTH BELOW SURFACE (FT) STANDARD SOIL DESCRIPI1Ot COMAMENTS

RVAA. ~~PENETRATION
RECOVERY I'. lET SOIL NAMAE, USCS GROUIP SYBOL, COLOR, DEPThOF CASING.01RIWLNOGRATE,

U/TYPE ~RESULTS MOISTURE CONTENT. REL-ATIVE DENSITY. DRILLINMG FLUID LOSS.
rrr ORCONSISTENCY. SOILSTRUCTURRE. TESTS.A$4 NDSTRUMENTATION.

___ _____ ___ ___ __ ___N_ ___MINERALOGY___ ___Coredd ID (pp.)l:

75 ~~~~~~~~~~~~~~~Grvldy San, b Mrow ll~yeo. lose fine tomdu rkewtsWd
-4 - - - ~~~~~~~~~PebWe ('10%). <1 not diamte. st9nula

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~380.0

so-1 I 0

I4 I

-i ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~96.0

85 I
1 ~~~~Gravly Sand..smeasabv

J I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~110.0

901 I o

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~150.0

95 -I1 -- J
I I ~~~~~~~~~~~~~~~~~~~~~~~~~Waftetble @ oppmximaely 95 feet t

-4 I

I I ~~~~~~~~~~Gravely Sand, sateaabv

Ij I

I4 I



794 368
PROJECT NUMBER MIBiNG NUMBER

a 1 HIL170039 M W-1 16 (Clustered with MW-i 15)

p ~~~~~~~SOIL BORING LOG

PROJECT: EBT Treatabdilty Study LOCATION : Mernphis Depot
ELEVATION:- DRILLING CONTRACTOR: Bonrt L29Mmer
DRILLING METHOD AND EQUIPMENT USED: Rotasoicrig (4 Indhsanple cesing/eindchoutercaing)
WATER LEVELS ______ START: 04/21/2D02 END-t 04/21/2002 LOGGER: Bryan Buriingstock
DEPTH BELOW SJRIFACE (Fr) STANDARD SOIL DESCRIPTION COMMuENTS

RECOVERY it. TST SOIL NAME, USOS GROUP SYMBOL, COLOR, DEPT OF CASING. DRIJWNGRATE.
U/TYPE RESULTS MOISThRE WONTENT. RELATIVE DENSITY, DRILUING FLUID LOSS,

C46 OR CONSISTENCY. SOIL STRUCTURE. TESTS, MD1 INSTRUMENTATION.
(N) MINERALOGY. _ __ _ __ __ __ __ __ _ __ __ Cene FID (mnl,

1 1

BorNg Temnated @1 Ifeet bgs

120

125 _

130

140
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CH2IUIHILL 1P~~ROJECT NUMBER ~LL NUMBER

CH2MHILL i7OO39 r MW-1 16 SHEET 1 OF I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~W11 HE O

WELL COMPLETION DIAGRAM

PROJECT: EBT Treatablity Study LOCATION: Memphis Depot
DRILLNG CONTRACTOR:Boart Longyear
DRILLNG METHOD AND EQUIPMENT USED: Rotasonic dg (4 inch samnple cosing/f6 inch outer casing)
WATER LEVELS: START: 04/21/2002 END: 04/22/2002 LOGGER: Bryan Burkdngstook

3

3 1 ~~~~~~~~~~~~~~~~1- Ground elev~aton at well feet MSL

2- Top of casing elevation feel MSL

3- Wellhead protection cover type Fls-mutehsead pad
a) drain btube? No
b) concrete pard dimensions 3 by 3 feet

4- Ditaype of wellcasing 2 inch Schedule 40 PVC

5- Type/slot size of.sren 2 Inch 1 0-slot Schedule 40 PVC;

5ftj ~~~~~~~~~~~~~~~~6- Type screen filuter Sand,OSI #2
4- ~ ~ ~ ________a) Quantity used bags

7- Type of seal flentonite pellets. DSI Shur-plug 3/8&
a) Quantity used bogs

8- Grout
a)Grout mi used 90% gmnut/I10% benrtonite powder

b) Memhod of placement Tremmie Methiod
c) Vol. of well casing grout _____________________

6 ~~~~~~~~~~Development method Surge and remove sedimenthw stainless ste
bailer. Develped using submersible pump.

Development U.a 17hour

Estmated Purge volume 150 gallons

Comments Total Depti, COGS) = 109.5 feet

Final field parameter collected during well development ( / / )
pH

conducbvity mS1cn
temperature IC

Dissolved Oxygen * mo
Note: Diagram not to scale. Turbidity sNTU

PA14807III,,stBT SB & Wet Caist'ctocntgwnd 17007203
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PROJECT NUMBERBOIGNME

170039 RNNUBR MW-117
CIH2MHILL

p ~~~~~~~SOIL BORING LOG

PROJECT: EST Treatability Study LOCATION : Memphis Depot
ELEVATION:- DRILLING CONTRACTOR: Boart Lonnovear
DRILLING METhOD AND EQUIPMENT USED: Rotasonlo ig (4ridchaple casing /6 inch ouercasing)
WATER____LEVELS:___ START: 04/30/2002 END, 05/01200 LOGGER: Bryan Buldogslock
DEPThI BELOW SURFACE JFl STANJtDJ SOIl. DESORPIPON COM4NT

RECOVERY % TEST SOILNPfilE, 1.50SGROU.P`SYBOL.COLOR[DEPTH OF QAStIG, ODRILLNG RATE.
RESULTS WMOITUE COENT RELATIV DESITY. DRIiNGRFUID LOSS.

fl-0- OR CDONSISTIENCY. SOIL STRUCTURE. TESTS. ANID INSTRUMIVENTATION

I I 0-0~~~~~~~~~~GaIipnftlt

1

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

2 1 I

10 100 Si~~~~~~~~~~ltye bami. oraste loesdrs) l .. gae. srtd LF

-I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

I I ~~~~~~~~~~~~ua.~2 lm~s ilc:0.0

4 I
35

I I~~~~~~~~~~~iW I I.* a nu. . rs
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PROJECT NUMBER BORING NUMBER

CH2MHILL 170039 MW-117

p ~~~~~~~SOIL BORING LOG

PROJECT: EST Treaablltly Study LOCATION:- Menphls Depot

ELEVATION: DRILLING CONTRACTOR: Boert Lonyrivr
DRILLING METHOD AND EQUIPMENT USED* Rotasnicrg (4 Inchsaple.caing / Sinc ote asing)

wATER L~~~vE~s: START: 041302002 END: 05/0112002 LOGGER: Bryan Burkngstock
DEPTh BELOW SURFACE (F'f STANDARD SOILDESCRPlnM COENTS

TEST SOIL AMAE, USGS GROP SYMBOL, COLOR, DEPThi OF CASING, ORILLING RATE.
4/YE RESUILTS MOISTURE CONTENT. REIATrVE DENSITY. ORII.WNGRFUID LOSS,

r.W~O OR CONSISTENCY, SOIL STR.CTURE TESTS. AMD INSTRUMENTATION.
___N__ ___MINERALOGY__ __ __ __ __ __CaaddFHn (ppmn):

4 1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Driflerstsampletbag' 155.0
I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Ziplock: 0.0

A I

j I ~~~~~~~~~~~~~~~~~~~~~~~~~DriIle~swsmple bag: 194.0
I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Ziplock' 0.0

AI I

Graely Sand, itro~~h yello to flght yef. M.n toW s graloed. peoory salad,

-, moist, pebbles (<20%), <0,5 Indies dametar. aDubleangulsa bg 236.

50 I I 0

I I ~~~~~~~~~~~M~h.G 1,SlDrilers sample bag 236.0
1 I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Ziplock: 0.0

d0 100

-1 Saves as above. Gravelly Sand O~~~~~~~~~~~~~~~rillees sample bag' 1241.0

Ziplowk: 0.0

70 I Ilo

-I I Same as above. Gravety Sand ~~~~~~~~~~~~~~Drillees sample bag' 169.0
i I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ziploc: 0.0



794 372
PROJECT NUMBER jBORING NUMBER

a MHLL170039 IMW-117
p ~~~~~~~SOIL BORING LOG

PROJECT: EBT Treatabmfty Study LOCATION Memphis Depot
ELEVATION:- DRILLING CONTRACTOR: Boart Lonovear
DRWUNG METHOD AND EOUIPMENT USEDi: Rotasoitrig (4 IncAsaplecasngISirnhA, otrcashsg)
WATER LEVELS: START: 04/3012002 END: 05101r2m0 LOGGER: Bryan Burldngstock
DEPTHI BELOW SURFACE (Fr) STANDARD SOIL DE POPJTON COMMENTS

RECOVERY % ~~TEST SOIL NsME. USCS GROUP SYMBOL. COLORL DEPThI OF CAING. D4RIWLNG RAT,
#ITYPE ~RESILTS MOISTUJRE CONTENT RELATIV DENSITY. DRIU.ING FLUID LOSS,

6'r.' OR CONSISTENCY, SOIL STJRUCUR, TESTS. MND INSTRLUMENAinM.
- - - ________ ~~~~(N) MiINERMLOGY. Cora FID ,r.

Granity Sand. beetyslo. M. IcU rairie, poayse , pble <2%
-4 J 0~~~~~~~~~~< Inh di dameter. subangular. niol

I I

I I ~~~~~~~~~~Samne as aboveM,,snm grave 2 indces in diamete.
I I ~~~~~~~~~~~~~~~~~~~~~~~~Drieers samnplebag 185.0

1 I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Ziplo±k: 0.0

eaOj lice

A I Dilr.s~l a 6.

Drillers samnple bag 161.0
~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~Zilpock- 0.0

Drillees sample bag 92.0

I g ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Zjploc: 0.0

.4 I~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~~~~~~.~sl ~w..ty9 atb

Il Zpoc:o.

10I

I4 I r95-40
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PROJECT NUMBER BORING NUMBER@ 0~~~~~C 2 HL 170039 MW-1 17

p ~~~~~~~SOIL BORING LOG

PROJECT: EBT Treatability Study LOCATION: Memphis Depot

ELEVATION: DRILLING CONTRACTOR: Boar LonYea
DRILLING METdOD AND EQUIPMENT USED: Rolasoic rig (4rich sample csing J minchutncasing)
WATER LEVELS: START: 041301002 END' 05101/202 LOGGER: Bqan Bukingstock

DEPM BELOW SURFACE (FT) STANDARD SOIL DESCRIPTION COMMINENTS

INTERV& Lr PENIETRTITON

TEST SOIL NAE. USCS GR3OUP SYMBOL COLOPR DEP~ OF CAINO. ORIWjNG RATE.
#/TYPE RESULtTS MOISTURE CONTENT. RELAIVEi DENSITY, DRILLING FLUID LOSS.

r--" OR CONSISTENCY, SOIL STRUCTURE, TESTS. MD INSTRUMENTATION.

1 1 w

'I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

iodNg Terlale @115 feel tg

120 _

125 _

130 _

135-

O 140 _
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CH2IUHILL PRJC UBR 170039 1WL NMBrW-117 SHEET I OF I

S ~~~~~~WELL COMPLETION DIAGRAM

PROJECT: EST Treatabjilty Study LOCATiON Memphis Depot
DRILLING CONTRACTOR Boat L.yoiva
DRILLING METHOD AND EQUIPMENT USED: Rotasohc rdg (4 inch sample caing 1S inch outer casing)
WATER LEVELS: START: 05/01(2002 END: 05/01(2002 LOGGER: Etyan BurkIngstodc

3

3b I~~~~~~~~~~~~~~~~- Ground elevation at wel fret MSL

2- Top ofcasing elevation feel MSL

3- Wellhead protection cover type Flush-ont .Uwehad pad
a) drain tube? NO
b) concreteopaddimnenrlos 3 by 3feet

4- DiaAype of well casing 2 Inch Schedule 40 PVC

5- Type/slot size of screen 2 inch 10-slot Schedule 40 PVC

ft ~~~~~~~~~~~~~~~~~6- Type screen filter Sand, DSI #2
4- .~______ ) Quantity used bags

7- Type of sead Bentonfte pallets, DSI Shur-plug 318
a) Quantity used begs

8- Grot
a) Grout mnix used 90% grout I110% bentoniie, powder

b) Method of placemnent Trernvnlo Method
c) Vol. of well casing grout_ _ _ _ _ __ _ _ _ _ _ __ _ _ _ _ _ _

I It 6 ~~~~~~~~~~~~~~Development method

Development tim hour

Estimated purge volum gallons

Comments Total Depth (BGS) 110 feet

I----] ~~~~~~~~~~~~~~~~Final field paramneters collected during well development ( I I
pH =

conductivity = Ms/ce
temjeratue =

Dissolved Oxvqn= miii
Note: Diagram not to scale. Turbidity =NTLh

PAl4807I1ogs~BT SS IL Wal osu0n1agam~ O72O
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PROJECT NUMBER BORING NUMBER

CH2EVHILL 170039 jMW-118
p ~~~~~~~SOIL BORING LOG

PROJECT: EBT Tratablnty Study LOCATION: Memnphis Depo
ELEVATION: DRILLING CONTRACTOR: Boon Lonqear
DRILLING METHOD AND EQUIPMENT USED: Rotasoic ng(4 inch saple csig/IS hcuercasing)
WATER LEVELS: START: 05/01/2002 END- 05/01)2002 LOGGER: Bryan Burkbigstock
DEPT BELOW SURFACE (F)STANDAnD SOIL DESCRIPT1O*J COMMIENTS

INTERV.AL PENJETRATION

RECOVERY % ~TEST SOIL NAME, UISOS GROUP SYMBOL, COLOR DP, OF CASMIG, DRIWLNG FAM,
#tXE RESULTS MMSECNET ELTV ESTDILLING FLUID LOSS.

~---' OR CO4SISTEICY, SOIL STRUJCIIJRE, TESTS. MND INSMUMENTATION.

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

IA I .

4 I

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

2 1 1I

40I 10 Silt rWMW ~n.moltlos)

Oil ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

25 I I

W150

I I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~~~~~~~~~~~~~jlc-0.0

I I Sand~~~~~~y, Clay.M reddish bro y wit reIndugray modo. os, In rue.sti



794 376

PROJECT NUMBER BRING NUMBER

CH2MHILL 170039 MW-118

p ~~~~~~~SOIL BORING LOG

PROJECT: EBT' Treeatalty Study LOCATION: Memphis Depo
ELEVAT1ON DRILLING CONTRACTOR: Soar Lonqyear
DRILLING METHOD AND EQUIPMENT USED: RoISOt irig (4imdsample.cahag 6 irdchtsecashig)
WATER LEVELS: START: 05(1Ol2002 END. 05101f2002 LOGGER: Brayn BumddngstoDk
DEPTH! BEOW SURtFACE (FT) STANJDAR SOL DECRPTION COOMIENTS

REOVRY TEST SOIL NMA, USCS GROUP SYMBOL. COLOR DEPTH OF CASING, DRILWNG RATE.

E RESULTS MOIsTuRE CONTENT, RELATIV DENSiTY. DRIU-IG FLUID LOSS,
P-5P- OR CONSISTENCY, SOIL STRUCTURE, STESS. MND INSTRUMENTATION.

_______ ~~~N) MINER~lOGY CeddRD (ppm)

Drillers sample bag: 161.0
Zlplockc 0.0

I4 J

Ij I Sad Gtly yellw. we yllsaed,, Inghtiased. floose0 gand .,sd

I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~Drillers sample bag: 2450.0
I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Ziplockc: 0.0

4 i

I I Gravelly~~~~~~~S. Snd, boft,l yeal Igriyelowr'rs toomps ealba.goo241srt0

I I ~~~~~~~~~~~~~~~~~SmDriller'ssamplebag: 250.0
1 I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Ziplockc: 0.0

60 1100

-4 I

4I I

-~~ : Same as above. Gravely Sand ~~~~~~~~~~~Drinle~s sample bag 2741.0

1 I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Zpok .
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PROJECT NUMBERBOIGNME

170039 fRNGNUBI W-118
CH2MHILL

SOIL BORING LOG

PROJECT: EBT Treatabilily Study LOCATION:- Merphis Depot
ELEVATION: DRILLING CONTRACTOR: Soart Lonovear
DRILLING METHOD AND EQUIPMENT USED: Rotasomtcrig (4 nchsaplemshng /6 notouter asbg)
WATER LEVELS: START: 05001/202 END: 05/01/2002 LOGGER, Hryan Burkdngstock
DEPTH BELOW SURFACE (Fr) STAgoaRD, SOIL DESCRIPTION COMMENTS

INTERVAL ~~PENETRATION
TEST SOfl- NAME. USGS GROUP SYMBOL COLOPR DEPTH OF CASING. MRIWLNG RAT.

fllYPE REWSULTS MOISIJREOCONTENT. RELATIE ENSIrY. DRIWLNG FLUID LOSS.
r-fr-0- OR CONSISTENCY, SOIL STRUCTURE. TESTS. MkD INSTRUMENTATION.

___ __ ____ ___ __ __ __ ___N_ __ __MINERALOGY_ ___ __ __ __ __Cerac FID (pr:
75 1 1 ~~~~~~~~~~~~Gravetly Sandl, bno~niah ye~.fi.. Snb a~s ga~lne, porsatd, pbbl. <2

-4 - - - 0~~~~~~~~~< inch diameter, subangular. mois

'1 I ~~~~~~~~Sam as.. abov, somne grave 2 inotne In diamete
I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Drillen's sample bag: 194.0

1 I fl~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Zplockc 0.0

80 1 I 100

-a D~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~rillens sample bag. 182.0
I I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Zpoc .

-j

.1 I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Drillees sample bag 119.0
I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Ziplock: 0.0

901

I I O

-IGO

I I Dri~~~~~en's sample bag 72.0 0 fal b

1 IZptc: .

I I
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PROJECT NUMBER BO RING NUMBER

a CH M IL170039 MW-118

SOIL BORING LOG

PROJECT: EBT Treatabilhty Study LOCATION:- Memphis Depot
ELEVATION: DAJLLNG CONTRACTOR: Boart Lonovoear
DRILLING METHOD AND EQUIPMENT USED: Rctasomtcrig (4 inch sample casing /6ikchoutrcasbngI
WATER LEVELS: START: 05/01/2002 END: 05/01/2002 LOGGER: Bryan Bu,*hingstock
DEPT BELOW SURFACE T)STANDARD SOIL OESCRJPTIONI COMMENTS

RECOVERY % _ TEST SOIL NAME, USC GROUP SYMBL, COLOR DEP~ OF CASING. DRIWLNG RATE.

T4-"- OR CONSISTENCY. SOIL STRUCTUREi. TESTS. MID INSTRUMENTATION.

5-1
4I I

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0
4 I

A I

I 1

4 I 0.0 we

0.0
A I

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0
A I

20J I Zi1oW .

SaGyI, a. reddfth lh ayaw~ rdy any gsiray d...e motTegake,
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PROJECT NUMBER BORING NUMBER

CH2MHILL ~~170039 MW-ha8

S ~~~~~~~SOIL BORING LOG

PROJECT: EST Trealabilty Study LOCATION: Memnphis Depo
ELEVATION: DRILLING CONTRACTOR: Boart Lomycar
DRILLING METHOD AND EQUIPMENT USED: RotasmcNlcr(41 mhlsample.casg /6 bt, ute sing)

WATERLEVELS: ~~~START: 05/01r200 END: 05/01/2002 LOGGER: Eryon Burtngstock

DEPTH BELOW SURFACE (FT) STANDARD SOIL DESCMPTIOt4 COMMENTS

RECOVERY ~~~TEST 3041 NAME. USCS GROUP SYMBOL, COLOR. DEPTH OF CAING. DRILUNG RATE.
N/TYPE ~RESULTS MOISThRE COTET RELATIVE DENSITY. ORIWUNGFLUID LOSS,

6t.~' OR CONSISTENCY. SOIC STRUCTURE. TESTS. MND INSTRUMENTATION4.

4 1 D~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~riles'ssamnple bag: 161.0
Zlplock: 0.0

gravely Sand, M. freaIed welsae, mit, lose ebl. (<10%).

4 j 10,2 kdt Iaette, sbangWd

I I Sand~~~~~~~~~~. lIght yaw~. R. olele grasid. ne
I ~~~~~~~~~~~~~~~~~~~~~~~~~~Ddflers sample bag: 245.0

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Ziplock: 0.0

4 5 ---
I ~~~~~~~~~~~~Grsvsll Send, ba~ls yelow s Ught yellow fi.' soW n grelnsd. .os sld
-I loose.~~~~~~~~~~~- mdtaebblaa (-20%). '0.5 O.chsuimeW, slbangular

-I ~~~~~~~~~~~~~~~~~~~~~~~~~~~DrlIlets sample beg 250.0* ~~~~~~~~~~~~~.i !~~~~~~~~~~~~~~~~~~~ Zi~~~~~~~~~~2plock: 0.0

,,~~~~~~~~~~ ~~Same as boe, Gmaelty Sand Drillers sample bag: 241.0
ZIploci 0.0

55I

4I Same a above. Grvlty Sand Drileos saml bag 160.0
Ziplock: 0.0

601 100

I ~~~~~~~~~~~~~~~~~~~~~~~~~~~Drillers sample bag: 138.0

I I
-f I

I Drillers sample bag: 144.0
1 I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Ziplno~c 0.0
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PROJECT NUMBER jBRING NUMBER

a 2 HIL170039 jMW-118

p ~~~~~~~SOIL BORING LOG

PRWJECT: EBT Treatobility Study -LOCATION : Memphis Depo
ELEVATION: DRILIJNG CONTRACTOR:- Boat Lonilyearr
DRILLING METHOD AND EQUIPMENT USED: Rotasicrtig(4 iunchsample csing ISinch onr aing)
WATER LEVELS: ______ START: 05/01rAW0 END: 050120r2M LOGGER: Br- I"BUI*JirgetO.

DEPT BELW SURFACE (FT) STANDARD SOIL DESCRP11ON CME

RECOVERY % TEST SOIL NAME. USCS GROUP SYSSOL, CODLOR DEPTH1 OF CAINO, DRIUWNIO RAT.
#/TYPE ~RESLETS NMOITRE CONTENT, RELATIVE DENSie fl RIWNG FLUID LOSS,

r.Ost OR CONSISTENICY. SOIL STRUCTURE. TESTS. AND INSTRU.MENITATION

Oesvandy brwnst ye~w. th'e to .. rs grained. poty saedbpbses (<20%)

-4 - - - J 0 b~~~~~~cihn diameter, subangular, mols Dmssm~b~14

I ~~~~~~~~~~~Same aa. v, oegrael 2 indhes in ciamete

s 1 I10

4 I

801 1100 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~~~~~rllesmebg 1.

J I

I I Onll~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Wters sample bag 182.0
-i I fl~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Zplock: 0.0

I I

-I I

.1 I

I uflrssapeba 1.
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PROJECT NUMBER 103jW LLNUMBER SET1O

p ~~~~~~WELL COMPLETION DIAGRAM

PROJECT:t EBT Teataability Study LOCATION: Memnphis Depot
DRILLING CONTRACTOR* Boon longyear
DRILLING METHOD AND EQUIPMENT USED: Rotasonic tdp (4 Inch smpe* casIng /6 fInchouecaig
WATER LEVELS: START: 05/01/202 END: 05/0212002 LOGGER: Bryan Bur~lngstockc

3

3k, 2 ~~~~~~~~~~~~~~~1- Grond elevationat wet fet MSL

2- Top of casmg elevatin feat MSL

3a ~~~~~~~~~~~~~~~~~3- Wellhead protection cover tye Flash-mount wellhead pad
a) drain tube? No
b) concrete pad dimensions 3 by3 feet

4- Diaitypeof"wllcasing 2 Inch Scheadue 40 PVC

5- Typelalt size. of scren 2 Inch, 10-slot Schedule 40 PVC

6- Type screen filter Sand, 031 #2
4 1 ~ ~ ~ ________a) Quantity used bags

7- Type of seal Bentonite pellets, 031 Shut-plug 3/8&
a) Quantity used bags

5 ~~~~~~~~~~8- Grout

a) Grout mix used 90% grot I 10% bentonite powder

b) Mathod of placement Termlei Method

c) Vol. of well casIng grout _ _ _ _ _ _ _ _ _ _ _ _ _ _

6 ~~~~~~~~~~Development method

Development time hour

Estimated purge volume gallons

Coamments Total Depth (BGS) 101 feet

Final field parameters collected during wail development ( I I
pH a

G~~~~~~~~~~~n ~~~~~~~~~~canductty =mrS/c

Di~ssolvd O,,yoen =me
Nots: Diagram not to scat.. Turbidfty = NmU

P.1l,4807ltogs'BT SO It Well Ccstucton Diagamsaa A.10/0r7QQ0



794 382
PROJECT NUMBER BRING NUMBER

a MHLL170039 I MW-119

p ~~~~~~~SOIL BORING LOG

PROJECT: EBT Treatabirrty Study LOCATION:- Memphis Depot
ELEVATION. DRILLING CONTRACTOR: Bekrt Lo.,oear
DRILLUNGMETHOD AND EQUIPMENT USED: Rotasoicr1g (4 inh samplem~sing /6 inchcouercaSng)
WATER____LEVELS ______ START: 0510=1002 END: 05/02/2002 LOGGER: Bryan Burkkngstoc
DEPTH BELOW SURFACE (FTl STnAND~ SOIL DESCRIPTION~ CaENTS

RECOVERY % TEMST SOL NAE, USCS GROUP SYMBOL, COLOR, DEP11h OF CAING, DFRIWNG RATE,
WTYPE ~RESULTS MOISURE CONTENT, RELATIVE DENSITY., DRUWNG FLUIDLOSS.

6OtW OR CNSSTENCY, SOIL STRUCTURE. TESTS AMD INSTRUMENTATION.
- _______ (N) MINERAOGY.

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

5 I *
4I I
I I

AI I 0

I I o i

-I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

-1 - I

20 j I 100 bs.#soe)

A I Sl ,.f.

4 I
-I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

A I zoi 0.0

35 I
4 J I~~~~~~~~~~~~.p iht,,n,~,.u,&. ~
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PROJECT NUMBER BORING NUMBER

CH2MHILL 170039 MW-119

SOIL BORING LOG

PROJECT: EST Treatability Study LOCATION: Memphis Depot
ELEVATION: DRILLING CONTRACTOR: Boon1 Lomyea,
DRILLING METHODMANDEQUIPMENT USED: Rolanc wig (4 lnct saple casig /6finchoriecasing)

WATER LEVELS - ~~START: 05/02/2002 END: 05/0212002 LOGGER: Bryan Burkdngstock
DESPTh BELOW SURFACE (FT) STANDARD SOIL. DESCRPTIO4 cO&ENTS

RECOVR M TST SOIL NAVIE, USCS GROUP SYMBOL COLOR, DEPTH OF CASING, OFILUjNG RATE.
ifTYE RESULTS MOISTURE COtTENr, RELATIV DENSITY. DRILLINGRFUDIDLOSS.

n6`its' ORt CONSISTENCY. SOIL STRUCTURE. TESTS. MND INSTRUMENTATIO14.
___ __ _ __ __ __ __ ___ __ __ __ __ ___MINERALOGY__ __ C e edFIO pon

-4 1 Sams.~~~~~~~~~~~~~~~~~~~~,~~~~, ~~~Drllers sample beg 10.0
Ziplock: 0.0

Same as abv Clay
1 I ~~~~~~~~~~~Gravey Sand. tan, fine gamed. wed sae..dL loe bls(1
I I '0~~~~~~~~.25 kid dIamelsr. auNoular

I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Driler's sample bag' 230.0
I I Sand, O~~~~~~~~~~lght yelo. Wall salad. fine g.alne. oose, Ziplock: 0.0

4 5 ---
GrvlySand. bmownsal, yaw~ 0 Ilght yelo, Aoe toWas gralord., porysted

I I loos~~~~~~~~~ee moist, pebables ('20%). '0.5 Ilche diamete. ub.angisa

so-I I 0

I I ~~~~~~~~~~~~~~ea.GmlymDirivlers sample bag' 2641.0
1 I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Ziplcick 0.0

J K
-1 ~~~~~~~~~~~~Same as ab G. Grvely Sand Drillers sample bag: 2741.0

I I~ ~ ~~ ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~7pok .

-4 J

-I j Same as above. Gravelly Sand ~~~~~~~~~~~~Drilers sample bag- 1574.0
Ziplock: 0.0

70 100

.j I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Drillers sample bag' 141.0
I I ~~~~~~~~~~~~lySr;~ hy %, a ,.., pb~e ~,ziplock 0.0

I I~~~~~~~ hd e ua w i



7 94 3 84
PROJECT NUMBER BORING NUMBER

a ~~~~~~~~~~~~170039 MW-119
WCH2MHILL

- ~~~~~~~SOIL BORING LOG

PROJECT: EST Treatbailfy Study LOCATION :Memphis Depo
ELEVATION: DRILLING CONTRACTOR: Boai Lonayea
DRILLING MET-OD AND EQUIPMENT USED: Rolasnic ug (4 mdhsaple ca9g 6 inchcoutercasing)
WATER LEVELS _____ START: 05/02r200 END: 05/012002 LOGGER: BryanBurkingstodk
DEPTh BELOW SURFACE (FT) STANDARD SOIL DESCRIPTION COMMENTS

RECOVERY % TE~ST SML. NAE USGS GROUP SYMBOL, COLOR DEPTHOF CASING. DRIWNGRATE.
#ITYPE RESULTS MOISTRE CONTENT, RELATIV DESiTY, DRIUJING FLUID LOSS.

C-r- OR CONSITENCY, SOIL STUCTURE. TESTS AND INSTRUMENTATION.

I4 J

I I ~~~~~~~~~~Sa. a abov, soegrael 2 indhes in diameb
I I ~~~~~~~~~~~~~~~~~~~~~~~~Drfl~erssamplobag. 181.0

1 I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ZMiodck 0.0

801 I100

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~Du~e.s sample bag: 134.0
4 I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Ziplockc: 0.0

A I

I I

J rflr aml ag 0.

4 I

10 I



794 385

CHZUWHILL 170E039BR I NMBrw-ii9 SHEET I OF II ~~WELL COMPLETION DIAGRAM
PROJECT: EBT Treatability Study LOCATION: Memphis Depot
DRILLING CONTRACTOR: Boart Lorgyear
DRIWLNG METHOD AND EQUIPMENT USED : Rotesortic rig (4 Inch sample casing /6 inch outer casing)
WATER LEVELS! START: 05102J2002 END: 05)03/2002 LOGGER: Bryan Brtsgtc

3

3 I ~~~~~~~~~~~~~~~~- Ground elevation at wet feet MSL

2- Top of casing elevation feet MSL

3- Wellhead protection cover typo Flush-mount welheard pad
a) drain tube? N~o
b) .onret pad dkimensions 3 by 3 feet

4- D1.itypeolf wll casing 2 inch Schedule 40 PVC

5- Type/slet size of screen 2 inch 10-slot Schedule 40 PVC

6- Type screen filter Sand, DSI #2
4- ~ ~ __________a) Quantity used bag~s

7- Type of sealt Bentonlie pellets. OS[ Shur-plug 3j8'
a) Quantity used bags

5 8~~~~~~~~~~- Grout
a) Grout mix used 90% grout I I10% bentonito powder

b) Metnod of placement Tremmie Methiod
C) Vol. of wll casing grout _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

6 ~~~~~~~~~Development method

Development time hour

Estimated purge volume gallons

Cosrnents Total Depth (BGS) s101 feet

k - i ~~~~~~~~~~~~~~~~~~~Final foeld parameters collected during well development ( I I 1
pH =

G~~~~~~~~~~~~n ~~~~~~~~~~~conducWity, mrs/cm
temperature = I

Dissolved Oxygen = ma/I
Note: Diagram not to scale. Turbidity = NTU

f`:%l48071%eogslET SB & Wet Cosu dor, P ram~is 10,0712GO3



7 94 3 8 6
PROJECT NUMBER BORING NUMBER

0 CH2MHILL '~170039 MW-120 (Clustered with MW-121)

p"110 SOIL BORING LOG

PROJECT: EBT Treatabillty Study LOCATION: Memhis Depot

aLEVATION: DRILLING CONTRACTOR: Boart ILnoer
DRILLING METHODAND EQUIPMENT USED: Rotasoic rig (4inci sampecsi.96ngcShdio.aasing)

WATER LEVELS: ~~START: 0411gr200 END. 04r2012D02 LOGGER* BryanBurkingstock

DEPhBELOW SURIFACE (Mr STANDARD SOIL DESCRIPMON COWAENTS

RECOVERY % TEST SOIL NME USlS GROUP S~h1_O COLOR, DEP~h OF CASING, DRIWLNG RATE,

%ffyPE RESULTS OITECOTNRltEDESTDRIWLNG FLUID LOSS

P4W~6 OR CONSISTENlCY, SOL SMhUCIURE, ETS I INSTRUMEINTATI1O.

N) MINER~tOGY.

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

4I I

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

-I - I

A I

I I

A I

J I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

4I 1
35. I 10

I_ - I
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~PROJECT NUMBER IBORING NUMBER0 * ~~~~~~C 2 HL 170039 I W-120 (Clustered with MW-121)
0 CH2MHILL ~~~SOIL BORING LOG

PROJECT: EBT Tmetablity Study LOCATION : Memphis Depot
ELEVATION: DRILLING CONTRACTOR: 8oart Lonovear
DRILLING Mm-HOD AND EQUIPMENT USED: Rotaoic rg (4 net~saple.casng /6 mi outr ~esg)

WATERLEVELS; ~~~START: 04/19/2002 END: O4r20r2002 LOGGER: Bkyon Burhingstock
DEPM BELOW SIWFACE (FT) STANDARD SOIL DESCRPTOIN COMMETS

INERAL PMENETRATION
[R-ECOVERYM~TEST SOIL NAPE, USCS GROUP SYMBOL. COLOR. DEPTIAOF CASING.DRIWUNORATE,

U/TYPE ~RESULTS MOISTURE CONTENT. RELATIVE DENSITY. DRIWJNG FLUID LOSS.
61-6r-t OR CONSISTENCY, SOL1 STRUCTURa, JESTS. AMD INSTRUMENTATION,

____N________MINERALOGY______________________ CieddFID (ppmi:

79.0

40
I Sand ra ine~m, graled. wetsortedpebbisa(<10%). 0.25 ktdiamte

1 I Ga~~~~~~~Cy. ptok vWt light gry sndy day Ind.iri. deane, massve oit
-j j ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~175.0

4I I
I I

GravelyySand

4I I 280.0

7 _I I 10

-I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~374.0
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PROJECT NUMBER jBOPJNG NUMBER

a F2 HL N170039 MW-1 20 (Clustered with MW-121)

Sqp SOIL BORING LOG

PROJECT: EBT Trottablity Stud LOCATION: Memphls Depo
ELEVATION: DRILLING CONTRACTOR: Boat Lo.,gyea
DRILLING METHOD AND EQUIPMENT USEDi: Rotsoicig (4inchsample oaing /6 Incouts asing)

WATER LEVELS - ~START: 0411/2002 END,. 04/2012002 LOGGER: Sfyan Burkingstock
DPhBELOW SURFACE (FT) STAN~DARD SOIL DESCRIPTION ColalENTS

RECOVERY % ~TEST SOIL NAME. USCS GROUP SYBOL, COLOR, DEP~h OF CASING. DRIWJNG RATE.
WTYPE ~RESULTS MOISTURE CONEN. RELATIVE DE1NSITY. DR11WNGRFUID LOSS,

r 'r OR CONSISTENCY. SOIL STRUTURE. TESTS. MND INSTRUJMNTATION.
- - ~~~~~~~~~~N) MIER~tOGY. ceddFIt am

751

J4 JImma~ GaU

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~276.0

85 I

I1000
J I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~143.0

90,
I4 I

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~290.0

95 -j -- J
I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~Wateilblo @ approximately 95 feetbg

I4 I

-A I

1 I

lao I I~ ~ ~ ~ ~ ~~Cly dne gy m~v

11-i I
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PROJECT NUMBER rLLNUME
CH2MHILL ~~~170039 r maWA120 SHEET I OF I

p ~~~~~~WELL COMPLETION DIAGRAM

PROJECT -EST Trealablifty Study LOCATION:t Memphis Depot
DRILLING CONTRACTOR Boast Lonyeaee
DRILLING METHOD AND EQUIPMENT USED: Rotasonle rig (4 Inch sample casing 16 kidh outer casing)
WATER LEVELS: START: O4r20/2002 END: 04/20/2002 LOGGER: Bryn Burldngstoclc

3

3 1 ~~~~~~~~~~~~~~~~- Ground elevation at well feat MSL

2- Top of casing elevation, feet MSL

3- Wellhead protecin oertp Flush-mount weliheed pad
a) drain tube? No
b) concrete pad dimensIons 3 by 3 feet

4- DlaAype of well casing 2 inch Schedule 40 PVC

5- Type/slot size of sceen 2 Inch 10-slot Schedule 40 Pvc

6TyoscreenfltrSnSI*
4- ~ ~ ~ _________ )Quantity used bags

7- Type of seal Benlonite pellets, OS] Shur-plug 3/8&
a) Quantity used bags

1 5 ~~~~~~~~~~~8- Grouta
a) Grout mix used 90% grout / 1 0% bentonifte powder

b) Method of placement Tremmie Method
c) Vol. of well casing grout _____ _____________

It 6 ~~~~~~~~~~~~~~Development method Surge end remove sediment with stainless ste
bailer. Developed using submersible pump.

Development time 1.8 hour

Estimated purge volume 130 gallons

Comments Total Depth (BGS) =109 feet

Final field parameters collected during weli develpment I I

conductivity =ms/cm

termperture =
Dissolved Oxvoenr moll

Note: Diagram not to wale. Turbidity NTU

P:'t480719gsAMT SB 8, Wet Coau Do lagramsA.s 10)07t20(0



794 390
PROJECT NUMBER IBORING NUMBER

a M IL 170039 ~ MW-1 21 (Clustered with MW-1 20)

S ~~~~~~~SOIL BORING LOG

PROJECT: EBT Treatabdtty Study LOCATION : Memph~is Depot

ELEVATION: DRJLLNG CONTRACTOR: Boart Lonovgear
DRILLING METHOD AND EQUIPMENT USED: Ro itasi* g(41md saplecsig 16 Inch oercasin)
WATER____LEVELS: _____ START: 041201202 END: 04/2012002 LOGGER* Bryan Burddngstock

DEPThI BELOWWSRACE (FflSTNDR SOIL DESCRIPTIO)N COMMEINTS

[RECOVERY TEST SOIL NAE, USO GRO0UP SYMBOL, COLOR DEPTh- OF CASINO, DRIULING RATE
*1/TYPE RESULTS MOISTUIRE CONNT,~ RELATIVE DENSITY, DRIWLNG FLUIDLOS

rVor~ OR CONSISTENICY, SOIL STRUCTURE. TESTS. N INSWUM~t{TA1O.
- - - *J~~j,,,,,,,,,,N MINERALOGY.

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

-J

-4
I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

4 I

10 I100 itaDcs~~s

-I

-I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

25-1

-'--

30 IG

I I ~ ~ ~~ ~~ ~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~10.0
4 I

I Im M, fn

20. I10



7 94 3 9

PROJECT NUMBER I--BOPING NUMBER0 * ~~~~~H2 HL 170039 IMW-121 (Clustered with MW-120)
p ~~~~~~~SOIL BORING LOG

PROJECT: EST Treateblllty Study LOCATION : Mmnphls Depo
ELEVATION: DRILLNG CONTRACTOR: SoAt Lonver
DRILLING METH-ODA4D EQUIPMN4T USED:Rosoc g(Irsanpealg/6ntotrcab)
WATER LEVELS: START: 04120/2=0 END- 04)20)2002 LOGGER: &yan Burtdngstoc
DEPTH BELOW SURFACE (FT) STANDARD SOIL DESCRIPTIOI4 COMMENTS

INTERVALFT PENETRATION
RECOVER% TEST SOIL NAME, USCS GROUP SYMBDOL, COLOR DEPTH OF CASING, DRIllNG RATE.

#/TYPE ~RESIAS MITM OTNT EAiEDNIY DRIWNO FUID LOSS,
S- M~O CONSISTENCY. SOIL StRUCTURE, TE!STS. MD INSTRUMENTATION.

_________ CaINEeALOed FD fo)

S~~ rv~~brd finemw~ MoitN ___ ______ 300.0

1 I~~~~~~~~~~~~~~~~~~~~~~~~~1

-: G~~~~~~~~~~Cay, Fla* with light graysandy day I dasi, es, .asv, os

.1 I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~240.0
I45

JI

I I Sand. brown~~~sh yellow. line gruined. wet sorted. tones, moot~507.

-I---.'

I I 157.0

60~~ ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~9.

I Sand~~~~~~~.2 ronish y~aetlW, medumnguaire. wetsotdmas

60~ ~~ ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~4.

70 _ I 100



794 392
PROJECT NUMBER IBORING NUMBER

CH2MHILL i~70039 I W-121 (Clustered with MW-120)

eqwk SOIL BORING LOG

PROJECT:- EST Treatabfitdy Study LOCATION : Memphis Depot
ELEVATION:- DRILLING CONTRACTOR: Boart Longyear
DRILLING METHODAID EQUIPMENT USED: Rotasoicrlg (4 ridi amplecasing /6 boutit caing)

WATER LEVELS: ~~START 04/20/202 END: 04/20/2002 LOGGER: Bryan Burkingstodc
DEPTH BELOW SURACE (FT) STANAR SOIL OESCR"1ON comvENTS

RECOVERY % lEMST SOIL NAME. USCS GROUP SYMBOL. COLOR. DEPTH OFCASING,DORILUNRATE,
#/TYPE ~RESULTS MOISTRE CONjTEN. RELkTIVE DENSIT, DRIWNG FLUID LOS,

r---- OR CONSISTENCY. SOIL STRUCTURE, TESTS. AMD INSTRUMENTATION.
- - ________ ~~~(N) MINERALOGY. Cande FID (npn):

I t ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~150.0
8 1 I 0

-A I

801 1100~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~8.

I I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~Waaal p l 5fa

JoI

I I~ ~ ~ ~~~~~S. aa~ ,l aa
-I I~ ~ ~ ~ ~ ~~~,T.. 03f ,

I I
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PROJECT NUMBER 1709IWLL NUMBER

CH2MHILL 170039 r~ ~~~~~ MW-121 SHEET l OFP

WELL COMPLETION DIAGRAM

PROJECT: EBT Teatablifty Study LOCATION: Memphis Depot
DRILLING CONTRACTOR: Boart Lonqyeze
DRILLING METHOD AND EQUIPMENT USED: Rotasonic ridg (4 Incth sample asirng 6 Inch outer casing)
WATER LEVELS: START: 04120/002 END: 04/212002 LOGGER: Bryan Butldngstock

3

3 ~~~~~~~~~~~~~~~~~1- Ground elevation at.wel feet MSL

2- Top of casing elevation feet MSL

3- Wellh~ead protection cover type Fluash-mount wellhead pad
a) drabn tube? No
b) concrete pad dimensions 3 by 3 feet

4- DlaAype of wetl casing 2 Inch Schedule 40 PVC

5- Type/slot size of scneen 2 nc ¶0-slot Schedule 40 PVC

6-Type scee flilter Sand. DSI #2

47- .~__________ ) Quantity used bags

7- Type of seal Bentlonite pellets, DSI Shur-pltig 3aW
a) Quanltly used bags

8- Grout
a) Grout mix used 90% grout / 10% tbentonite powder

b) Method of placement Treammie Method
C) Vol. of well casing grout _____________________

ft ~~~~~~~~~~~~~~~~Development method Surge and remove sediment with staInless Ste
bailer. Developed using submersible puimp.

Devsiopment (ime, 1.5 hour

EsUmnated purge volume 100 gallons

Comments Total Depth (BGS) =103 feet

H -I ~~~~~~~~~~~~~~~~~Final field parameters collected during well development( / V
pH =

6 In ~~~~~~~~~~~~~~~~conductivty =ms/cm
temperature = I

Dissolved Oxyrgen = mg/I
Note: Diagram not to mcate. Turbidity = NTU

P %I48071vtgstEBTse It Wesl ~ons~ucto D.,sagmm.xs1//0
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PROJECT NUMBER jBORING NUMBER

CH2MHILL ~~170039 MW-122

SOIL BORING LOG

PROJECT:- EST Treaabfibty St"d LOCATION: Memphis Depo
ELEVATION: DRILLING CONTRACTOR: Boart Lonovea
DOJatING METFOD AND EQULIPMENT USED: Roasatrig (41rotsample csing /S1rotchte cing)
WATER LEVELS: START: 05/04/2002 END:. 05104)2002 LOGGER: Byan BurdrgtWockc
DEPTI- BELOW SUR1FACE (PT) STANDAR) SOIL DESCRPTlON COMENTS

RECOVERY % ~TEST SOIL. NAME, USCS GROP SYMBOIL. COLOR, DEPTh OF CSIG. GLUtNG ~TE,
#/TYPE ~RESULTS MOISMIRE CONTENT. RELAliV DEN4SITY. OUJWNOIFLUID LOSS,

ree5 OR COSISTENCY. SOI STRC~RE.TSS.MDISUMTAoN

-I I

.4 I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.

I4 I
-I I
A I 0.0
I I
I I

-I IOUSk . .

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

20 Im

4 I

0.0

30 I 0
J I~~~~~~~~~~~ ~, d ,W. gi.~ Ab
I I~~~~~~~~Pl ,0) u~A.42 i

201 IlC~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~rle ~I g4.
I I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Zpok .

35
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PROJECT NUMBER BORING NUMBER

CH2MHILL 170039 MW-1 22

e40 SOIL BORING LOG

PROJECT: EST' Treatablllty Shudy LOCATION: Mennphis Depot

ELEVATION: DRILLING CONTRACTOR: Boart L~oncor
DRIFLLING METHODAND EQUIPMENT USED: R. melaolrg (4inet smple wing/616 et mte.csg)
WATER LEVELS _______ START: 05/04/202 END' 05/04/200 LOGGER: Bryan Burkdngstock
DEPTH BELG#JSURFACE (Fn' STANDARD SOIL DESCMPI~ON CONhE14TS

INTERVALE PENETRATION

TEST SOIL NAE. USCS GROUP SYIMBOL, COLOR. DEP~h OF CASNG, DRILLINIG RATE,
E TYRESULTS MITRCOTN.RLTEDNSYDIRILUING FLUID LOSS,

fiS'O' OR CONSISTEN4CY. SOIL STRU.CTURE. TESTS. A1DWISTRUMENTATION4.
___ __ _ __ __ ___ __ __ __ __ ___N_ ___MINER__ ___ __ __CoY.edFID (p )

________ ________ ________ _______ ________ ________ _______ Du~ess sample bag: 22.0
Cla. pink WMiU llht gny sand da hulmad , dsemafe.mtlZlplod: 0.0

1 I Gravety ~~~~~~~~~~~Sand. tan, fins grne, wel sate, metal lols, pbt (<10%).
J I <~~~~~~~~~~~~~0.25 bidh diaamter ubnia Driller's samnple bag' 217.0

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Ziplock. 0.0

45 I en, gIsIhylwt eestd fine gralne.los

-a i loose, mois~~~~~t. pebble (<20), <)05 indies dameter. rebanter

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Driller's sample bag. 245.0
I I ziploc~: 0.0

5 _I I 0

i ~~~~~~~~~~~~~Setneas babov G~aely Sand Driller's sample bag 231.0

I I

-j I Sara. as above. Gravelly Sand ~~~~~~~~~~~Driller'ssample bag- 183.0
I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Zlplock' 0.0

70 _j Ilo

4I I
1 I i.W QMPy W

4 IInos.Io Dn~leerssample bag. 169.0
I IZiploct: 0.0



794 396
PROJECT NUMBER JBORING NUMBER

a MHLL170039 JMW-122
p ~~~~~~~SOIL BORING LOG

PROJECT: EBT Treatability Study LOCATION : Memphis Depot
ELEVATION: DRILLING CONTRACTOR: Boarf Lonoye&
DRILLING METHOD AND EQUIPMENT USED: Rotaotitig(4 indcsaple csing IS lrdcter csing)

WATER LEVELS: ~~~START' 0510412D02 END: 05104/202 LOGGER: Bryan Buildingsock
DEPTh BELOW SURFACE (Fr) STANDAFID SOIL DESCRPTIO1ONCWE

REOEY% TEST SOIL NAME, USE GROUIP SYMBOL. COLO DEP~hOFQCAING. DRIWNG RATE,
#flYPE RESULTS MOISTRE CONTENT. REATV DESITY DRILWNG FLUID LOSS.

r4''~ OR COSISTENCY. SOtSTRUCURE, TESTS. MND INSTRMEiNTATION
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __N_ _ _Co ud d R D ( o l

I I ~~~~~~~~~Same as abov, some grael 2 Indhes in cdiamtv
I I ~~~~~~~~~~~~~~~~~~~~~~~~DdIles samrple bag 186.0

1 I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~Zlplod: 0.0

80 1 1100

A I
I I
A IDrlessnleg120

-i ~~~~~~~~~~~~~~~~~~~~~~~~~~~Dr-lllets Zmpleagd: .

I4 I
-1 I

Ziplock: 0.0

I I

I100 Sm saoe 'vfySn

I I

1I
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PROJECT NUMBER ~LL NUMBER

CH2MHILL ~~170039I MW-122 SHEET I OF I

p ~~~~~~WELL COMPLETION DIAGRAM

PROJECT: EaT Tre~actail~ty Study LOCATION: Memphts Depot
DRILLING CONTRACTOR - oar Lognovar
DRILLING METHOD AND EQUIPMENT USED: Rotasonic rig (4 Inch samP.e csing/6 Inch, outer casing)
WATER LEVELS: START: 05/04/002 END: 0O/05/2002 -- LOGGER: Bryan Buddngsoc

3

3 ~~~~~~~~~~~~~~~~~I- Ground levation at well foot MSL

2- Top of eaing elevation foot MSL

3- Wellhead protection cove type Flush-mount wellhead pad
a) drain bib.? NO
b) concrete pa dinoenalons 3 by 3 feet

4- Duajype of w11 casing 2 Inch Schedule 40 PVC

5- Type/slot size of screen 2 inch 10-slot Schedule 40 PVC

6- Type screen filter Sand, 031 #2
4- ~ ~ ________a)OQuantity used bags

7- Type of seal BSnmoans pellets, DSI Shut-plug Si8r
a) Quantity used bogs

- 1 5 ~~~~~~~~~~~~8- Grout
a) Grout mix used 90% grout I 10% bentonite powder

b) Method of placement Trmrnalo Method
c) Vol. of wetl cas~ng grout _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

ft ~~~~~~~~~~~~~~~Developmnt method

Develpment tUm h.,r

Estimated purge volume potions

Comments Total Depth (BGS) = 109.5 feet

Final field parameters collected during well development ( /
pH

conductivity = MS/cm
tempeamtur = I

Dissolved Oxyqen = mqnI
Not.: Diagram not to scale. TuroIdity = NTU

PAl 41807 IlngaEfiT SO & Well Consbuction NOagra .la 10107/2003
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PROJECT NUMBER BRING NUMBER

CH2MHILL 170039 IMW-123
p ~~~~~~~SOIL BORING LOG

PROJECT: EBT Treatabjiliy Study LOCATION: Mephis Depot

ELEVATION: DRILLING CONTRACTOR: Boert Lonovear
DRILLING METhOD AND EQUIPMENT USED: Rolsonic rig (41rid saple asing/16 irout& casing)
WATER LEVELS: ____ START: 04r29/200I2 END. 04/29/2002 LOGGER: Bryan Burkinrgstock

DEPTH SELOW SURACE (Ffl STANDARD SOIL DESCRIP"ON COMENT

REOVRY% TEST SOIL NAME, USCS GROUP SYMBOL, COLOR DPhOF CASING. ORIWJNG RATE.
Y4Ye RESULTS MOITURE COTET, REAT5VE DENS"T, DRIWANG FLUID LOSS,

r-ov OR CONSISENCY. SOT. SMhUCTURE. TESTS. AMD INSTRUMENTATtOIN.

10

4 I

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0
-4 I

1 I

2G-A I10

A I
2 _I I

-I I 0.0

-I I Zpok .
I I Sm~gl .W i.gm..1and ~ lk ,^

351 i
I1 - -0-0

Slit pf own t, mis, Oneast nW . n
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PROJECT NUMBER BORING NUMBER

CH2MHILL 170039 IMW-123
p ~~~~~~~SOIL BORING LOG

PROJECT: EST Tratabllrty Study LOCATION MeImph Depot
ELEVATION: DRILLING CONTRACTOR:BatLner
DRILLING METHOD AND EQUIPMENT USED: Rotasolc wg (4inch.saple.caskg / 6 btout caing)
WATER LEVELS: START: 04/29/2002 END: 04P291200 LOGGER: Osyan Burlrkgstock
DEPTH, B&LOW SURFACE (Fl) STANDARD SOIL DESCRIPTION COOENTS

TNERVAI. PFENETRATION

RECOVERY % l~EST SOIL NMIE. USGS GROUP SYMBOL, CLOLOR DEP~hOFCAIG. DRWNG RKTE.

4/TYPE ~RESULTS fMOSMhRE &)NEN. RELATIVE DENSrI. DRILLING FLUID LOSS.
r4r- ORCONSISTENCY. SOIL STRUCTRE. ESMl AND INSTRUMENTATION.

__ __ _ __ _ __ __MIN_ __ _ __ ___I_ _ __LOGY_ _ __ _ __ __ _ _FCor De & ppm):

4 1 as ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Drillers sample bag: 134.0
Ziplock: 0.0

Gravely Sand,I tar fihe gralvhe. all sae. moist o.. Pebbles(10)

1 I ~~~~~~~~~~~~Sand. fight yelo, we ore,1 fist. gratvid.,eo.

j ~~~~~~~~~~~~~~~~~~~~~~~~~~~~Drillers sample bag: 192.0
i ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Zlplock 0.0

-I I Qam~~~~~~~~~~ty1h Sand, braw1s yel to fight yotla. (she to, Wa5 rted, porysld.

-~~ base, modal, pe~~~~~bbles (<20), (, tfh etr s.

I I ~~~~~~~~~~~~~~~~~~~~~~~Dnlle?asam~ple bg 259.0
I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ziploc: 0.0

* 0 I 100

I I Sam~~~~~~~~~~re as aoe Gravely Sand DdIler's sample bag 243.0
-j I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Ziplock: 0.0

55 I I

-I I ~~~~~~~~~ ~~Sae asanve Gravell Sand Drillers sample bag. i77.0
I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Ziploc: 0.0

60 1100

I I Sand. brcv~~~~~~~~~YI~s yllw med1u graled. ~sfi sremist.tm
j I ~~~~~~~~~~~~~~~~~~~~~~~~~~Driers sample bag- 119.0

I I Zi~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~rplocy 0.0

65

~~~~ I ~~~~~~~Gravely Sand. bawnst yelo. fte to masagrttd pory e. pbbles (<2%)

~~~~ <0.~~~~~~~O5 Inisdiameter, subangular. mois rssapebg 200

Ziplock: .

70 __I I 1o

Drdlets sample bag: 187.0
Ziplockc 0.0



794 400

PROJECT NUMBER RIGNUMBER

CH2MHILL 170039 MW-I123

p ~~~~~~~SOIL BORING LOG

PROJECT. EBT Treatalaity Study LOCATION: Mempwds Depot
ELEVATION: DRILLING CONTRACTOR: Boeut Lonyer
DRILLING METHODAND EQUIPMENT USED: Rolasorcuig (4hmdhsample csing /6 inch outltcasing)

WATER LEVELS: ~~~START: 04/29f2002 END: 04/29/2002 LOGGER' Bryan BIJIkdIgsIO
EPHBELOW SURFACE (Fr) STMIOARD SOIL DESCRIPTION CC1%W8NITS

RECOVERY TE~~ST SOIL NA IJ SCS GROUJP SY L CXOPO DEP~h OF CASING. ORJllNG RAM.

A/TYPE ~ REULTS mas~uRE CONTENT RELA-iVE DEN~, DRILLNG FLU-ID LOSS,
I 6~~~~O~~ffJ~T OR CONSISTENCY. SOIL STRUCTRE, TESTS. MID INSI~hMENATION.

- j -- _______ ~~~~IN) MNINELOGY. eee RD lo)

75 1 1 ~~~~~~~~~~~Snia bov, Grafely Sand

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~Drille's sample bag- 177.0
1 I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Ziplockc 0.0

so I10
I I
I I
I I
-II

I I ~~~~~~~~~~~~~~~~~~~~~~~~Duilers sampe bag: 143.0
-j I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Ziplock: 0.0

851

I ~~~~~~~~~~~~~~~~~~~~~~~~~~~Dolcees sample bag: 100.0

Ziptockc 0.0

90 -4 1'GSmoa boe Gravey Sand
I I

I I

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Drillers saple bag 73.0
I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ZipoIcI. 0.0

95 -~
I I ~~~~~~~~~~~~~~~~~~~~~~~~Watelbfe @ approximately 93 feelbg

-IG Io

I I ~ ~ ~ ~ ~ ~ ~ ~ .y~

1I
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PROJECT NUMBER ~LI NUBR

CN2MHILL 170039 umW-1 23 SHEET I OF I

e ~~~~~~WELL COMPLETION DIAGRAM

PROJECT: EBT TeatabI~ltyStudy LOCATION: Memphis Depot
DRILLNG CONTrRACTOR:Boart Longypar
DRILLNG METHOD AND EQUIPMENT USED: Rotasonic ilg (4 inch, samnple castn9 16 ich outer casi ri)
WATER LEVELS: START: G4/29/2002 END: 04/3012002 LOGGER: Bryan Burlingstodc

3

3 1 ~~~~~~~~~~~~~~~~1- Grond elevation at wel feet MSL

2- Top of casing elevaion, foot MSL

3- Welihead protectbio cover type Ftush-mouwnt welihead pad
o) drain tube? No
b) concrete pa dImr~ensons 3 by 3 feet

4- Diailype .1 owelcsing 2 inch Sofiedule 40 PVC

5- Type/slot size of screen 2 inch 1 0-slot Schedule 40 PVC

6-Type scen filter Sand. DS1 IQ
______________ s~~~~~~~~) Quantityused! begs

7- Type of seall Bentonfte pellets, DSI Shur-plug 3s8'
a) QUanMiY used bags

8- Grout
a) Grot mixb used 90% grout /1I0% bentonite powder

b) Method of placement Trenrrm~ie Method
c) Vol. of well casing grout _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

6 ~~~~~~~~~~Developmrent mnethod

Development time hater

Estimated! prgo volume. gallons

Cornments Total Depth (BGS) I 106 feet

1 - 1 ~~~~~~~~~~~~~~~~~Final field parameters collected durin well developmnent

condudthfty = MS/=m

Dissolved Oxygn = Mnin
Not.: Diagtram not to.. Isc . Trurdity NTU

PFkl4S1\Isogs\EBT SB & WeU Cotncfsbcn Damsx 100712003



794 402
POETNUMBER BORING NUMBER

170039 MW-1 24
10CH2IUIHILL RE

p101 SOIL BORING LOG

PROJECT:- EBT Treatability Study LOCATION : MenmPlh Depo

ELEVATION: DRILLING CONTRACTOR: Soed LonYear
DRILLING METHOD AND EQUIPMENT USED: Rotasoic rig (4inch sample casing/6 mincout~caing)
WA___ER __EVE _______ START: 05/0312002 END: 05/03121002 LOGGER: BryanBukingstodc

DEPTH BELOW SURACE (FT) STANDARD SOIL DESCRlFTiON COMMENTS

RECOVR ¶TEST SOIL NAME. USGS GROUP SYMBOL, COLOR. DE 0FOPCASING. DRlWNG RATE,
#/TYPE RESULTS MOISTURE COTET REAPVE DE4SlTY. DRIWNG FLUID LOSS.

r5V6 OR CON4SISTECY SOIL STRUCTURE. TESTS. MiD INSTRUMENTATION.
- - - ________ ~(N) MINERALOGY. Care ~FID i:

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

1 ~ ~ ~ ~ ~ ~ ~ ~~~1
-1

A I
I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

1 I ~ ~ ~ ~ ~ ~ ~ ~ .
10 ~~~~ 100 ~~~SeiyCle .u~urostooess)

J I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

4I I

I
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PROJECT NUMBER BRNG NUMBER

CH2MHILL 170039 MW-i124

p ~~~~~~~SOIL BORING LOG

PROJECT: EBT Treatability Study LOCATION: Memphis Depot
ELEVATION: DRILLNG CONTRACTOR, Bead Lonoear
DRILLING METHOD AND EQUIPMENT USED: Rosot icg (4rinch sple caing/6 bdhouercaing)

WATER LEVELS: ~~START: 05/02/202 END: 0903RO202 LOGGER: B13"n Buridngstock
DEPT1 BELOWV StJRFAC (FT) STANDARD SOIL DESCRIPflN COMMENTS

INTRVAL FnPENETRXTMO
TEST SOIL MNNE. USGS GROUP SYN0L. COLOR. DEPT11 OF CASING. DRILLING RKTE,

#17/FE ~RESULTS MOISTURE CONEN. RELATIVE DEiNSITY, DRIWLNG FLUID LOSS.
Sttt' OR CONSISTENCY, SOIL STRUCTURE. TESTS. MND INSTRUIVENTATIMO.

___ ___ _ ___ __ ___ ___ __ ___ __ ____N_ ___I_ __ __RALO__ ___ _ . ~de FID (pr :

Drilloe'ssample bag 119.0
Cla,. pink v.d kgh pay andy daymle, dee. m.~ , os Zlplo&k: 0.0

I ~~~~~~~~~~~~~~~~~~~~~DdIler's samplebag 167.0
I I Sand, browrt~~~~~~~~h yalw. line t medijum grenod, wel ore, loose. ene hbo 0.0

I J Grsael~~~~~1.01 Sand. trwnM )oW~ t gHN yaw, line to wan gralad, poory td
I 0050~~~~~~kk,. most pebble (<10), <0.25 kidwa dianmelo, abua

I I On~~~~~~~~~~~~~~~~~~~~~~~~~~~hl~ers sample bag 432.0
I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Ziplockc: 0.0

I0 - I 0

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~Drillaerssamnplebag 295.0
I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Ziplcocc 0.0

55 I I
1 Sand, b'ov~~~Sa .na yaw, medium pane.ell' sored ns. loos

-i ~~~~~~~~~~~~~~~~~~~~~~~~~~~~Driller's sample bag. 164.0

601 100

J I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Driller's sample bag: 1249.0
I I ~~~~~~~~~~~Ga'l Sw atM n g~m o .(0)Ziplock: 0.0

4I I

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~Driller's sample bag: 279.0

I I



794 404
PROJECT NUMBER BEORING NUMBER

CH2MHILL 170039I MW-I124

SOIL BORING LOG
PROJECT:- EBT Treatabiliy Sbudy LOCATION Memphis Depot
ELEVATION:- DRILLING CONTRACTOR: Boart Lorxovear
DRILLING METHOD AND EQUIPMENITUSED: Rotasoic rg(4.ridsample caing / 6 idcoutcasing)
WATER LEVELS: _____ START: 05103r2002 END: 05(03/2002 LOGGER: Bryan BurkingstOxk
MEPM BELOW SURFACE IFT) STANDARD SOIL DESCRIPTION CMEI

REOEY%) MST SOIL NAE. USCS GROUP SYBOL. COLOR, DEP~ OF CAING. DRILNG RATE
#/YE RESULTS MOIShRE CONITENT, RELATIV DENSITY. DRIWLNG FLUID LOSS,

r4-r OR CONSISTENCY. SOIL STRUCTURE. TESTS. AMD INSTRUMENTATION.
- - -~~~ ~ ______ MINERlOY. C FIdd D (ppn)-

I4 J

I I ~~~~~~~~~~~~~~~~~~~~~~~~Drilers saple bag. 154.0
1 I Zlpd~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~odc 0.0

801_ I 100

A I

-. ~~~~~~~~~~~~~~~~~~~~~~~DIU~e~swsmplebag: 213.0

As IZuok .

I I

Io Ilipocco.

I I ~ ~ ~ ~ ~ ~ ~ ~ ~ l

90 ~~~I 100 above,~T~ G'aveyt bsa

1I
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PROJECT NUMBER LL NUMBE

a 17HIL 0039 I MW-124 SHEET i OF I

WELL COMPLETION DIAGIRAM

PROJECT: EBT Treatability Study LOCATION: Mernphs Depot
DRILLING CONTRACTOR Boon Lonovear
DRILLING METHOD AND EQUJIPMENT USED: Rotasnic rig (4 Inch sample casIng I 6 Inch outer casing)
WATER LEVELS: START: 05/03r2D02 END: 05/04Z002 LOGGER: By Burl1,ngatoc

3 II ~~~~~~~~~~~~~~~~1- Groun eleation at well feel MSL

2- Top of casing elevation fret MSL

3- Wellhead protection cover type Ftush-mnount welUhead pad
a) dran tube? No
b) concrete pad di.ens]on 3 by 3 feet

4- Dla A"p of well casing 2 Inch Schedule 40 PVC

5- Type/slot size of screen 2 inch 10-sblo Schedule 40 PVC

6Tyescreen filler Sand, D31 #2
4- .~________ )Quatt .. Ised bags

7- Type of seal Bentonito petlles, DS] Shur-plug 3S8&
a) Quantity used bags

1 5 ~~~~~~~~~~~8- Grout
a) Grout .moxusd 90% grout! 1I0% bentonite powder

b) Method of placementd Treomi Method
c) Vol. of well casing grout _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Development mehdi

Development time. hour

Estima~ted purge vouegllons

Comme~nts TOtW Depth (BGSI= 10 N eet

Finl field parametrer collected! during well development I

terrmperture =C

Dissolved Oxyge = WI
Note: DIagram not to scal.. Turbidity =NTU

PMl4810l14ogsWST SO & Wel Cces'jtru Diaran.. .s 1=/7r2003
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PROJECT NUMBERBOIGNME

170039 RINGNMBR MW-I125
CH2MHILL

e ~~~~~~~SOIL BORING LOG

PROJECT: EST Triesiabfifty Study LOCATION : Memphis Depo

ELEVATION: DRILLING CONTRACTOR: Boart Lornovear
DRILLUNG METHOD AND EQUIPMENT USED: Rotaoscicrig (4 mnc sample asing/I6inoh outer casing)

WATER LEVELS: ~~START: 04/2Z12002 END: 04/22/200 LOGGER: Bryan Bundingstock
DEPTH BEOU/ SURFACE (Ff STANDARD SOIL DIESCRIP'nON GOIMIENTS

RECOVERY ~~TEST SOIL NMIE. USCS GRDUP SYMBOL. COLOR, DETh OF CASNG, DRILLING RATE
N/TYPE RE1.t-TS MO~UECNETRLTV EST.DRILNG FLUtD LOSS,

rV-r- ORCO)NSISTENCY, SOIL-STRUCTJRE. TESTS. MND INSTUMENTATION.
- - - _______ ~~~(N) MINERALOGY.W ;Dp

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

5I---

4I I

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

AI I .
I I

1 I

20 I 100Sitouioljoes

I I Siyci,~ n tf~~nd
-I I

4 I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0 0
15

4 I

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.0

2OJ I 100~ ~ ~ ~ ~~ ~~~~~~~~~~~~~~~~~~~D~lrsapeag 1.

-A I Zilc: 0.0

251
-I - Coo-raig(m - o rmI rdt4dr
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PROJECT NUMBER IBRING NUMBER M -2

I . .~~~~~~C 2 H L 170039 IM -2
e ~~~~~~~SOIL BORING LOG

PROJECT: EBT Treatability Study LOCATION -Mephils Depot
ELEVATION: DRILLING CONTRACTOR: Boaji Loneer
DRILLING METHOD AND EQUIPMENT USED: Rotassoic rig (41rdsaple sing / 6 xhid ot aing)
WATER____LEVELS: _____ START: 04/22/2002 END: 04/22/002 LOGGER: Bryan Burkingstock

DPhBELOW SLMTAC (Fr) STANDARD SOIL OESCRIPTlOIN COMMENTS

RVN -RVAL PENIETRATION
TEST SOIL NMtE, USGS GROUJP SYMBSOL. COLOR. DEPThOF CSING. DRILLING RATE.

U/TYPE ~RIESULTS MOMTURE CONTENT. RIELATIVE DENSITY. DRILUNG FLUID LOSS.

r-66- OR CONSISTENCY, SOIL STRUCTURE. TESTS. MiD INSTRUJMENTATION
___ __ _ __ __ __ __ __ __ __ __ __ ___MN E_ __ __OGY_ __ _ or de IPD (ppm)

-4 1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~Drllers samplelbag 117.0
Zjplock: 0.0

40 IO

I ~~~~~~~~~~~~~~~~~~~~~~~~~Drillers sample bag 150.0
I I ~~~~~~~~~~~Sand. Ian t brorisl ye, fine In rrehrMgaod we ore, los.itZiploc: 0.0

4 5 -I--
-4 J ~~~~~~~~~~~~~l~rvey Sand. b'oet yelo to lght yello, fine to oss grane. porly std

-I loose, mois~~~~~~t, pebble (<0) 025 Inisdiaee. sbagu

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Drillers samiple lbag 320.0
1 I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Ziploc: 0.0

W 50 1 I 100

I I
-I

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~Drillers sarple bag 276.0
I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Ziploc: 0.0

55 I I
Sand. brownsh yelo, meIumaned, wl sted mo~t,los

-I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Drillers samnple bag 136.0
I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Ziplock 0.0

I0 100

651

-1 I

I ~~~~~~~~~~~~~~~~~~~~~~Drilers sample bag 132.0
I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ziploc: 0.0

I I

4J I

I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~Drillersnsample bag 132.0
1 I ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~zplod 0.0
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PRWJECT NUMBER BORING NUMBER

CH2MHILL 170039I MW-125

p ~~~~~~~SOIL BORING LOG

PROJECT: EBT Treatability Study LOCATION:- Memph~s Depot
ELEVATION: DRILLING CONTRACTOR: Boart Longyvoa
DRILLING METHOD AND EQUIPMENT USED: Rolasatrig (4 ncmdl ampl s1qISg/6elho.tcasing)
WATER LEVELS: ______ START: 04r22/2002 END 04/22/200 LOGGER: Bryan Bukidngstock
DEPTH BELOW SURFACE (P)STMnDA SOil- DESCRIPTIOIN COMMENTS

REOEY%) TEST SOIL NAlEF USCS GROUP SYMBOL, COLOR, DEPTH OF CASING. DIWNG RATE.
#fryps ~RESULTS MOISTURIR CONTENT, RELATIVE DENISITY, DRILliNG FLUID LOSS,

~Jf' OR CONSISTENCY. SOIL STRUCTURE, TESTS. MnD INrSTRUMENTATON
- _______ ~~~~~~~~N) MINERALOGY. CoGecte FlO (Pereil:

1100 ~~~~~~~~~~~~~~~~~~~~~~~~~Driffler'ssample bag 160.0

~~~~~~~~~ i ~~~~~~~~~~~~~~~~~~~~~~~Drillers samiple bag- 792.0
I I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Ziplock: 0.0

90 100 ~~~~~~~~~~~Same as abvGravely San

I I ~~~~~~~~~~~~~~~~~~~~~~~~~Drillers sample bag- 82.0
1 I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Ziplock: 0.0

I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Wmaertable @approxdmately 93 feelbt

-I I

IGOI

IA I
I I ce.y~galne

1 I4
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PROJECT NUMBER jWLL NUMBER

CH2MH-ILL 170039r MW-1 25 SHEET I OF I

'0- ~~~~~WELL COMPLETION DIAGRAM

PROJECT. EST Treatabilifty Study LOCATION: Memphts Dept
DRILLING CONTRACTOR :BoeW Lonavear
DRILLING METHOD AND EQUIPMENT USED: Rotasonic rdg (4 neth sample casing 6ISneth outer casing)
WATER LEVELS: START:i 04123r2002 END: 0412412002 LOGGER: Bryan BurkIngato

3

3 1 I~~~~~~~~~~~~~~~~- Ground ejevatlon at well feet MSL

2- Top of caskrtg elevation loot MSL.

3- Wellheoad protection cover typo Fbjsh-mount welUhead pad
a) drain tube? No
b) concmte pad dIrmension 3 by 3 feet

4- DisAype ofwet casIng 2 inch, Schedule 40 PVC

5- Type/slot size of saen 2 idct, 1 0-slot Schedule 40 PVC

ft ~~~~~~~~~~~~~~~~6- Type screm, filter Sand, Del #2
4 ~ ~ ~ ________a) Cuantity usedi baqa

7- Type of seal Bentonite pellets, 031 Shur-plug 3/r'
a) Quantity used bags

8-Grt
a) Grout maix used 90% gmotl 1I0% bentanclte powder

b) Meth~od of placement Trenrie Method
c) Vol of well easing grout

fill 6 ~~~~~~~~~~~~~~Development method

Development time hour

Estimated purg volume oallons

Comments Total Depfth (BGS) = 110 feet

i - I ~~~~~~~~~~~~~~~~~Final field parameters collected! during well daveloomen.,d I

DID ~~~~~~~~~~~~~~~~~~conductivity zMS/=m
tenmenauren=

Dissolved Oxvoen =mo/I

Not.: Diagram not to scale. Turbidity =NTU

PftI4IoZVl*,a\EBT Se & Wet Con."srcton Otiagramss1/720
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* ~~~~~~ATTACHMENT B

Summary of Sample Information



794 411

* iij ____

I
I

h _________

U __________ ____________

"I

flit _________ _____________ ___________

fill - N - N N N N N N N N N N - N

�iI N N N N N N N N - N N N N

II __________ ______________

S __ __

N N N N N N N

Iii N N N N N N N N N N N N N N N N

ai� �I NJJ ii 'liii 'I� �I RIJ jjj� !jJ III �III I I �
I � �;ia��I H

;� -� -; �2 - - K N i iN

ii i � � I * I Ij

0 d' - .7-ill _____ ______ ________ _______ _______ _______
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* 'iJ _ _ _ _ _ _ _ _ _

I ____ _____ _. __. _.__ ._ .__ ._.__ ._.__._.__.__._.__._.

fig
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U! ~ ~ .... .

fill Il . . . .

hi! M M M K K K K K CC K K

II -~ ~ ~ 4 c5i
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* I~~~~ilt__
I
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1111 K. .K. . .K. . . . . .K
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II

lilt . . . .. . . . . . . . . . . . . . .__

f~jff _________. . . . . . . . . . . . . .

1111 --~. ... ...

II ____ _______ ___.__._._.__._.__._._. __._. __._. _.

* h~~~~~~~~ N _.__.. .__. ._ . .

nill .__ _.__ _.__ _.___.___._ _ ._ _.___.___.___.__ _.__ _ .__ _.

tIIII( N 'C . . . . . .



74422

iii ~. .... ..
I ~ ~ ~ . . . . . . . . . . . .

I ~ ~ ~ ......

I~~~.

U~~~.

'I

I;

Ed



794 423

* 'ii~~~~~~~~~~ ....
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MIT

Hill! _ _
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* ATTACHMENTC

Water Level Measurements

0
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I* ~~~~~ATTACHMENT D

Slug Test and 72-Hour Aquifer Test Analysis Reports

0
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Slug Test Analysis Reports

0



,il CHM HILL Slug Test Analysis Report
to I 115 Perimeter Center Place NE, Suite 700- Project: Memphis Depot

'S' Atlanta, GA 30346 Number: 175430.FV.DF

CH2MI-ILL Phone: 7704604-9182 * 545 Client: Huntsville Alabama COE 170039

Slug Test at MW-21 [Bouw er & Rlicej

0 0.813 1.627 Tm nn)2.44 3.253 4.067 A MW-21

IE-1-

A ~~~AI w

Aa a

Slug Test: Slug Test at MW-21

Analysis Method: Bouwer & Rice

Analysis Results: Conductivity: 1.99E-2 [cmn/s]

Test parameters: Test Well: MW-21 Aquifer Thickness: 17.89 [ft]

Casing radius: 0.0833 [ftj Gravel Pack Porosity () 25

Screen length: 9.42 (ft]

Boring radius: 0.333 [ft]

r(elff: 0.181 [II]

Comments: AquiferTest v.3.5 (Waterloo Hydrogeologic) & Benchmark Datum, Partially Penetrating Well.
Static Water Level = 205.949 (in) * 3.28 (ft/rn) = 675.513 ift.
Water Level at 1=0: 673.52 ft.
r(eff) was used.

Evaluated by' Jim Huang
Evaluation Date, 09/22/2003
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O ~~CH2M HILL Slug Test Analysis Report

1 15 Perimeter Center Place NE, Suite 700 Project: Memphis Depot

ie4 Atlanta, GA 30346 Number: 175430.FV.DF

CH2MI-ILL Phone: 770-604-9182'*545 Client: Huntsville Alabama COE 170039

Slug Test at MW-26 [Bouw er & Alce)

1.657 3.313 Tie(i]4.97 6.627 8.283 B NY-26

11E-1-

0 0~~~~~~~~~

Slug Test: Slug Test at MW-26

Analysis Method: Bauwer & Rice

Analysis Results: Conductivity: 4.80E-3 [cm/si

Test parameters: Test Well: MW-26 Aquifer Thickness: 9.14 [1t]

Casing radius: 0.0833 [ft] Gravel Pack Porosity () 25

Screen length: 6.93 [ft]

Boring radius: 0.333 [flJ

r(eff): 0.181 [II]

comments, AquiferTest v.3.5 (Waterloo Hydrogeologic) & Benchmark Datum, Partially Penetrating Well.
Comments: Static Wate Level = 205.949 (in) * 3.28 (ft/rn) = 675.5 13 ft.

Water Level at t=O: 873.52 ft.
r(eff) was used.

Evaluated by: Jim Huang

Evatuation Date: 09r2Z/2003



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _7 9 4 2 3 6, CH2M HILL Slug Test Analysis Report
115 Perimeter Center Place NE, Suite 700 Project: Memphis Depot

'1' Atlanta, GA 30346 Number: 175430.FV.DF

CH112MHAILL Phone: 770-604-9182 *545 Client: Huntsville Alabama COE 170039

Slug Test at lV?-86 [Bouw er & FhceJ

Twre [midn)
1 2 3 4 *IA wv-85

1E-1

SlgTet Su es tUW8
Anlsi eto: owe URc

AnlyisReult:Cnutvt:69E4[ms

Tetprmees es el M-6Auie hckes U.4[t
Caigrdu: 003Uf)GrvlPc ooiy() 2

Anaysi Mehod BoWaer &ee Rice:67.8 t

r(eff) 0.181u[et]

Evaluated by. Jim Huanig

Evaluation Date: 09/22/200



794 437O ~~CH2M HILL Slug Test Analysis Report

115 Perimeter Center Place NE, Suite 700 Project: Memphis Depot

0w Atlanta, GA 30346 Number. 1 75430.FV.DF

CH2MH ILL Phone: 7704604-9182'545 Client: Huntsville Alabama OOE 170039

Tint (rrin)
o 1 2 3 4 5

______.........................*NKM-88

Slug Test: Slug Test at MW488

Analysis Method: Bouwer & Rice

Analysis Results: Conductivity: 1 .50E 4 [cm/s)

Test parameters: Test Well: MW-88 Aquifer Thickness: 16.61 (It]

Casing radius: 0.0833 [I'?] Gravel Pack Porosity () 25

Screen length: 15 [It]

Boring radius: 0.333 [ft]

r(eff): 0.181 (U]j

comments, AquiferTest v.3.5 (Waterloo IHIydrogeologiG) & Benchmarkt Datum, Fully Penetrating Well.
Comments: Stati W.ater Level = 205.949 (in) * 3.28 (ft/rn) = 675.513 ft.

Water Level at t=0: 673.620 ft.
r(eff) was used.

Evaluated by. Jim Huang

Evaluation Date: 60/22r,2003
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,oo CH2M HILL Slug Test Analysis Report
w ~~115 Perimeter CenterfPlac NE, Suite 700 Project: Memphis Depot

4W Atlanta, GA 30346 Number: 175430.FV.DF

CH112MNHILL Phone: 770-604-9182 *55Client: Huntsville Alabama COQE 170039

Slug Test at Wi-100 (Bouwver & Rice]

0 1 ~~~~~~~2 Tie[rn 345 > XWV-100B

x

x

x
x

x~~~~~~~

Slug Test: Slug Test at MW-i1006

Analysis Method: Bouwer & Rice

Analysis Results: Conductivity: 4.13E-4 [cm/s)

Test parameters: Test Well: MW-1OOB Aquifer Thickness: 34.8 [1t]

Casing radius: 0.0833 [It] Gravel Pack Porosity (%) 25

Screen length: 20 (It)

Baring radius: 0.292 [ft]

r(eff): 0.163 [ft1

Comments: AquiferTest v.3.5 (Waterloo Hydrogeologic) & Benchmark Datum, Partially Penetrating Welt.
Static Water Level = 205.949 (in) * 3.28 (ft/rn) = 675.513 ft.
Water Level at t=OG: 673.55 ft.
Well casing radius was used.

Evaluated by- Jim Huang

Evaluation Date: 09/22/003



794 439O ~~CH2M HILL Slug Test Analysis Report
1 15 Perimeter Center Place NE, Suite 700 Project: Memphis Depot

41W Atlanta, GA 30346 Number: 1 75430.FV.DF

CH1112MHIILL- Phone: 770460409182 * 545 Client: Huntsville Alabama COE 170039

Slug Test atfvP-lI (Bouw er &RiceJ

Tirre lminl
1.16 2.32 3.48 4.64 5.8 + MN-t111

1 E-2

1 E-3-

Slug Test: Slug Test at MW-ill1

Analysis Method: Boutwer & Rice

Analysis Results: Conductivity: 1 .12E-2 [cm/si

Test parameters: Test Well: MW-ill Aquifer Thickness: 1.64 [ft]

Casing radius: 0.0833 [ftJ Gravel Pack Porosity () 25

Screen length: 1.81 [it]

Boring radius: 0.292 [it]

r(eff): 0. 163 [ftJ

Comments, AquiferTest v.3.5 (Waterloo Hydrogeologic) & Benchmark Datum, Fully Penetrating Well.
Comments: Statc W ater Level = 205.949 (in) * 3.28 (ft/rn) = 675.513 ft.

Water Level at t=0O: 674.82 ft.
r(eff) was used.

Evaluated by. Jim Huang
Evaluation Date: 09/z222003
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Oft CH-2M HILL Slug Test Anatysls Report
w ~~11 5 Perimeter Center Place NE, Suite 700 Project: Memphis Depot

-OW ~ Atlanta, GA 30346 Number:, 175430.FV.DF

CH21MHILL Phone: T770-604-9182 * W4 Client: Huntsville Alabama COE 170039

Slug Test at MW-ll15f[ouw er & Recel

0.417 0.833 Tm ni]1.25 1.667 2.083 L M-115

V

Tr

V

11E-1-

I E-2-

Slug Test: Slug Test at MW-11S

Analysis Method: Bouwer & Rice

Analysis Results: Conductivity: 9.33E-3 jcmls]

Test parameters: Test Well: MW-uS5 Aquifer Thickness: 15.38 [II]

Casing radius: 0.0833 [It] Gravel Pack Porosity (%) 25

Screen length: 6.6 [ft]

Boring radius: 0.292 [It]

r(eff): 0.163 [ftt

Comments: AquiferTest v.3.5 (Waterloo Hydrogeologic) & Benchmark Datum, Partially Penetrating Well.
Static Water Level = 205.949 (in) * 3.26 (ft/m) =675.513 ft.
Water Level at 1=0O: 673.51 ft.
r(eff) was used.

Evaluated by. Jim Huag

Evaluation Date: 09d22/2003
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, ~~CH2M HILL Slug Test Analysis Report
Is ~1 15 Perimeter Center Place NE, Suite 700 Project: Memphis Depot

,VW Atlanta, GA 30346 Number: 175430.FV.DF

CH2MWHILL Phone: 770-604-9182 * 545 Client: Huntsville Alabama COE 170039

Slug Test at MAW- 1 19 [Bouw er & lRcel

0 0.777 1.553 Ths[ij2.33 3.107 3.883 A MW-119

1E-1- AM A A A N"

AL A"A UaNUA
SA~~~~~~~

Slua Test: Slug Test at MW-1 19

Analysis Method: Bouwer & Ries

Analysis Results: Conductivity: 2.27E-2 Icm/si

Test parameters: Test Well: MW-uS9 Aquifer Thickness: 15.49 [ft]

Casing radius: 0.0833 [111 Gravel Pack Porosity (%) 25

Screen length: 7.25 [11f]

Boring radius: 0.292 (ift]

r(eff): 0.163 [ft]

omments: AquiferTest v.3.5 (Waterloo Hydrogealogic) & Benchmark Datum, Partially Penetrating Well.
Comments: Static Water Level = 205.949 (in) 3.28 (ft/rn) = 675.513 ft.

r(eff) was usod-
Water Level at t=0: 205.949 (in) * 3.28 (ft/rn) = 675.51 ft.

Evaluated by. Jim Huang

Evaluation Date: 09/2212003



794 42, CH2M HILL Slug Test Analysis Report
115 Perimeter Center Place NE, Suite 700 Project: Memphis Depot

eSO Atlanta, GA 30346 Number: 175430.FV.DF

CH-12MHILL Phone: 770460409182'*545 Client: Huntsville Alabama COE 170039

Slug Test at Wd-3 [Bouw er & RAce]

0 ~ ~ ~~1 2 Tm ri 3 4 m13

I E-I-

Slug Test: Slug Test at lW-3

Analysis Method: Bouwer & Rice

Analysis Results: Conductivity: 4.05E-3 [cm/a]

Test parameters: Test Well: IW-3 Aquifer Thickness: 6.33 [ft]

Casing radius: 0.0833 [ft] Gravel Pack Porosity (%) 25

Screen length: 6.6 [ft]

Boring radius: 0.292 [ft]

r(eff): 0.163 [it]

Comments: AquiferTest v.3.5 (Waterloo H-ydrogeologic) & Benchmark Datum, Fully Penetrating Well.
Sttic Water. Level = 205.949 (in) * 3.28 (ft/r) = 675.513 ft.
Water Level at t=0: 673.69 ft.
r(eff) was used.

Evaluated by'. Jim H-uang

Evaluation Date: 09/22/2003



794 443, ~~CH2M HILL Slug Test Analysis Report
1 15 Perimeter Center Place NE, Suite 700 Project: Memphis Depot

1111e Atlanta, GA 30346 Number: 175430.FV.DF

CH2MHILL Phone: 770-604-9182 * 4 Client: Huntsville Alabama COE 170039

Slug Test at MJ-6 [Buw er & Rte]

0.797 1.593 Tir ni]2.39 3.187 3.983 16

Slug Test: Slug Test at IW-6

Analysis Method: Bouwer & Rice

Analysis Results: Conductivity: 6.55E-4 [cm/ts]

Test parameters: Test Well: IW-6 Aquifer Thickness: 15.78 [Ut]

Casing radius: 0.0833 [Ut] Gravel Pack Porosity (%) 25

Screen length: 10 [UJ)

Boring radius: 0.292 [ftj

r(eff): 0.1 63 [ftj

Comments: AquiferTest v.3.5 (Waterloo Hydrogeologic) & Benchmark Datum, Partially Penetrating Well.
Static Water Level = 205-949 (in) * 3.28 (ftlm) = 675.513 ift.
Water Level at t=0O: 670.23 ft.
Well casing radius was used.

Evaluated by Jim I-4ang

Evaluation Date 09/22/2003
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CH2M HILL Pumping Test Analysis ReportO ~~1 15 Perimeter Center Place NE, Suite 700 Project: Main Installation Pumping Tests

44 Atlanta, GA 30346 Number. 1700393.TS.2

CH2MWHILL Phone: 770-604-9182 * 545 Client: Huntsville Alabama GOE

Test 2([Daw dow nvs. ram)

868&848 1737.696 2606.544 3475.392 4344.241f 3K MN12

1 .2&-

2.519

C

3.779

5.038

6-298- hm

Pumping Test: Test 2

Analysis Method: Drawdown vs. Time

Analysis Results:

Test Parameters: Pumping Well: MW-120 Aquifer Thickness: 15.18 [ftj

Casing radius: 0.0833 [ft]

Screen length: 10 [it]

Boring radius: 0.333 Iff]

Discharge Rate: 7.6 [U.S. gallmin]

Comments.

Evaluated by.
Evaluation Date: 02)1 12004



_ _ _ _ _ _ _ _ _ _ _ _ _ ~~~~~~79 9, ~~CH2M HILL Pumping Test Analysis Report
10 ~11 5 Perimeter Center Place NE, Suite 700 Project: Main installation Pumping Tests

"011 Atlanta, GA 30346 Number: 1 70039.TS.S2

CH2MHILL Phone: 770-604-9182 * 545 Client: Huntsville Alabama COE

Test 2 [Cooper-Jacob Distance-Draw dow n]

Distance from Purnping Wol jft t
1- 10 100 MM18

* IvW-121
* Nt-122
A MW-123
v MN-124

0.2-. +~~~~~~~~~~~~~~~~4 MW-125

0.2-

__ 0.4-

Pumping Test: Test 2

Analysis Method: Cooper-Jacob Distance-Drawdown

Analysis Results: Transmissivity: 9.29E+0 [cm2/sj Conductivity: 2.01 E-2 [cad~s]

Test parameters: Pumping Well: MW-120 Aquifer Thickness: 15.1 8 (fI]

Casing radius: 0.0833 [ft] Unconfined Aquifer

Screen length: 10 [if]

Boring radius: 0.333 [ft]

Discharge Rate: 7.6 (U.S. gal/mm])

Calculation Time. 1 000 [min)

* ~~~Comments:

Evaluated by.

Evaluation Date: 02/I1/2004
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CH2M HILL Pumping Test Analysis ReportO ~~~115 Perimeter Center Place NE, Suite 700 Project: Main Installation Pumping Tests

~~~ ~ Atlanta, GA 30346 Number: 1 70039.TS.S2

CIH12MH ILL Phone: 770.604.9182*-545 Client: Huntsville Alabama COE

Test 2 [Neuman]

llu
IlE-I IE1.O 1E+1 I1E42 1 E+3 IE+4 lE+tO lE-6t lEt?) -2

IE+i2,___

- 1E~~~~~~~~~~~~~ __~~~~71+

.0~~~~~~~~~~~~.

0 6~~~~~~~~~

=~~~~~~~~~~~~~~~~~~~I+

Pumping Test: Test 2~~~~~~~ [rin

Analysis Method: Neuman

Analysis Results: Transmissivity: 2.56E-1 [cmnfsj Conductivity: 5.52E-4 [cm/s]

Test parameters: Pumping Well: MW-120 Aquifer Thickness: 15.18 ift]

Casing radius: 0.0833 [if] Beta: 0.2

Screen length: 10 [It]

Boring radius: 0.333 [It]

Discharge Rate: 7.8 [U.S. gal/min]

LOG(SyIS): 4

Comments:

Evaluate by- Jim Huang
Evaluation Date: OZV9)2004
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CH2M HILL Pumping Test Analysis Report@s 115 Perimeter Center Place NE, Suite 700 Project: Main Installation Pumping Tests

-4OW Atlanta, GA 30346 Number. 1 70039.TS.S2

CH2MHILL Phone: 770-604,9182 *545 Client: Huntsville Alabama COE

Test 2 [Neurnanj

1/u
1 EL 1 E+ I E 1 1 +2 IE+3 1E+4 I45 1E+6 1E+7 MW-121

1E-I-*~ ~ ~ ~ ~ ~~~~~~~~~~~~~1+

t~~~~~~~nt ~ ~ ~ S +

Pumping Test: Test 2l~

AnlyIs Method Neuma

AnlssRsls rnmsiiy .8+0[r9s odciiy . E3[ms

Test paramters: Pumpng Well: M-10AufrTikes158(J
Casing radius: 0.0833 [ft] Beta: 0.08IE-

Pumpin Tes Boring rais2.33[t

Analyss Meth dischuargn ae . .. glmn

Discharge Rate: 7.6 [U.S. gal/miEvauatonnate 02(D/00
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CH-2M HILL Pumping Test Analysis ReportO ~~1 15 Perimeter Center Place NE, Suite 700 Project Main Installation Pumping Tests

440k Atlanta, GA 30346 Number: 170039.TS.S2

CH2MHILL Phone: 770-604-9182 * 545 Client: Huntsville Alabama COE

Test 2 [Iturnun

1/u
1 E- 1 E+ 1 E1 I E2 I +3 1 44 I +6 1E+6 IE+7 W/-122

1 Et2-, ......MMM *~a

E+O-.

Pumping Test: Test 2

Analysis Method: Neuman

Analysis Results: Transmissivity: 8.66E40 [cm2ls] Conductivity:, I.87E-2 [cm/sJ

Test parameters: Pumping Well: MW-120 Aquifer Thickness: 15.18 [ft]

Casing radius: 0.0833 [II] Beta: 0.06

Screen length: 10 [It]

Boring radius: 0.333 [ft]

Discharge Rate: 7.6 [U.S. gallminj

[OG(SyIS): 2

Comments:

Evajuatedhby JimhHuang
Evaluaflon Date 02C912004
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CH2M HILL Pumping Test Analysis Report@ ~~~11 5 Perimeter Center Place NE, Suite 700 Project: Main Installation Pumping Tests

41111111 Atlanta, GA 30346 Number: 1 70039.TS.S2

CH2MI-ILL Phone: 770-604-9182 * 545 Client: Huntsville Alabama COE

Test 2 (Neurnan]

I/u
l E- E5W lE-1 1 E+2 I1E+3 1 E+ I E+5 1 E.6 1 -7 v W-2

as
4~~ ~~~~~~~~~~~~~~~~~~~~~~~IEW-

t [inn)

Pumping Test: Test 2

Analysis Method: Neuman

Analysis Results: Transmissivity: 3.07E-1 [cm2 sl] Conductivity: 6.64E-4 [cmls]

Test parameters: Pumping Well: MW-i120 Aquifer Thickness: 15.18 [RI]

Casing radius: 0.0833 [ft1 Beta: 4

Screen length: 10 [ftJ

Baring radius: 0.333 [It]

Discharge Rate: 7.6 [U.S. gal/min]

LOG(Sy/S): 3.4

* ~~~Comments:

Evaluated by- Jim Huang
Evaluation Date: 02)09/2004
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CH2M HILL Puping Test Analysis ReportO ~~1 1 5 Perimeter Center Place NE, Suite 700 Project: Main Installation Pumping Tests

SW Atlanta, GA 30346 Number 170039.TS.S2

CH2MHILL Phone: 770-604-9182 * 545 Client: Huntsville Alabama COE

Test 2 [Neurmnj

1/U +M -2
IE-1 l E+0 I E+1 I E4 2 I E4S 1 E+4 l Ei5 I 1E*6 1 E4-7 +M-

1 E+2- Mr W MA~~~~~~~~~~1E+

031~~~~~~~~~~~~~~~~~~~~~

1 B-- -- - - - ..... -- ...- - .,.. -1 +

I E40,~~~~~~~~~~[ni

Pupn es: Ts

Analysis Method: Neuman ~ ~ ~ ~ ~ ~ ~ ~~1E+

AnlssRslsZrnmsiiy ~2.SEi[m/] Cnutvy:45E4cr/S

Discharge Rate: 7.6 [m..ian] n

Purriing Tst: GTst/) 32

Analysis Method: Neuman ~ ~ ~ ~ ~ ~~~~~~vauaedbyJi Han

Analysis Results: Transmissivity: 2.13E-1 [=2/s] ConducEvaluation.Dae:4 O2'072s0



794 455
, ~~CH2M HILL Pumping Test Analysis Report

1 15 Perimeter Center Place NE, Suite 700 Project: Main Installation Pumping Tests

'OW Atlanta, GA 30340 Number. 1700398.8S.2
CH2MHILL Phone: 770-604-9182 * 545 Client: Huntsville Alabama COE

Test 2 [Cooper-Jacob Time-Draw dow n)

Two [mnti
0.1 1 10 100 iooo *K YW-120

0.998- _ _ _ _ _ _ _

1.997-

a~ ~ ~~ =%

4.991 -

Pumping Test: Test 2

Analysis Method: Cooper-Jacob Time-Drawdown

Analysis Results: Transmissivity: 6.87E-1 [cm21s] Conductivity: 1 .48E-3 [cm/a]

Test parameters: Pumping Well: MW-120 Aquifer Thickness: 15.1 8 ff1)

Casing radius: 0.0833 [if] Unconfined Aquifer

Screen length: 10 [if]

Boring radius: 0.333 [if]

Discharge Rate: 7.6 [U.S. gal/min)

* ~~~Comments:

Evaluated by.

Evaluation Date: 0211112004
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CH2M HILL Pmping That Analysis ReportO ~~115 Perimeter Center Plac~eNE, Suite 70 Project: Main Installation Pumping Tests

111 Atlanta, GA 30346 Number: I170039.TS.S2

CH2MHILL Phone: 77G060449182 545 Client: Huntsville Alabama COE

Test 2 [Cooper-Jacob Turne-Draw dow n]

Time [mntiJ-12

0- 0.1 I 10 100 iowU f#12

__0.377

C3 I

0.565 -

0.75& -

0.942--

Pumping Test: Test 2

Analysis Method: Cooper-Jacob Time-Drawdown

Analysis Results: Transmissivity: I1.04E+I [crnv2/ls ConductMty: 2.25E-2 [cm/si

Test parameters: Pumping Well: MW-120 Aquifer Thickness: 15. 18 Uft]

Casing radius: 0.0833 ff1] Unconfined Aquiufer

Screen length: 10 [ftl

Boring radius: 0.333 [ftJ

Discharge Rate: 7.6 [U.S. gal/mninj

Comments:

Evaluated by. Jim Huang

Evaluatin Date: 02/I 1l004
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Alk CH2M HILL Pumping Test Analysis ReportO 115 Perimeter Center Place NE, Suite 700 Project: Main Installation Pumping Tests

4Ob Atlanta, GA 30346 Number: 170039.TS.S2

CH2MHILL Phone: 770-604-9182 * 545 Client: Huntsville Alabama COQE

Test 2 (Cooper-Jacob Tam-Draw dow n]

Tir e [mnij oW-2
0.1 1 10 100 1000

0.111--

0.223 - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

0.4

0.5

Caig.ais:0033[t]UcnfndA-ie

Pumping Test: rTes 2ais .33[t

Analy~s Rsult: TmsmissiviRte: 7I [.SOE+ garls onutiiy:346-n[ms

* ~~~Comments.

Evaluiated by. Jim Huang

Evaluation Date: 02?I11(2004



794 458 ______________

CH2M HILL Pumping Test Analysis Report@ ~~115 PerImeter Center Place NE, Suite 700 Project: Main Installation Pumping Tests

Atlanta, GA 30346 Number: 1 70039.TS.S2
CH2MHILL Phone: 770 -604-9182 '545 Client Huntsville Alabama COQE

Test 2 [Cooper-Jacob Tirrn-Draw dow n]

0.1 1 ~~~~10 100 iooo v lWY-124

0.103- -

_ 0.205- - ______

0 41

0.41.1 -

Pumping Test: Test 2

Analysis Method: Cooper-Jacob Time-Drawdown

Analysis Results: Transmissivity: 2.24E+1 [cm2/s] Conductivity: 4.85E-2 [cm/s]

Test Darameters: Pumping Well: MW-120 Aquifer Thickness: 15.18 (ft]

Casing radius: 0.0833 [ftj Unconfined Aquifer

Screen length: 10 [It]

Baring radius: 0.333 [ft]

Discharge Rate: 7.6 [U.S. gal/mini

Comments:

Evaluated by- Jim Huang
Evaluation Date: 024112004



______________________________ ~~~~ ~~ ~~~~~~~7 94 45 9, ~~CH2M HILL Pumping Test Analysis Report
1 15 Perimeter Center Place NE, Suite 700 Prjc:Main Installation Pumping Tests

Atlanta, GA 30348 Numbr 1 70039.TS.S2

CH2MH ILL Phone: 770-604-9182 *545 Client: Huntsville Alabama COE

Test 2 (Cooper-Jacob Tiu-DCraw dow nj

Turna (nri]
0.1 1 10 100 1000 + WVM-12,5

0--

0.108- - _ _ _ _ _

0.215 - _ _ _ _ _ _

0323

3 .31

0.323 -9_ __ _ _

Pumpoing Test: Test 2

Analysis Method: Cooper-Jacob Time-Dmawdown

Analysis Results: Transmissivity: I1.40E+1 (cm2IsJ Conductivity: 3.03E-2 [cm/s]

Test Parameters: Pumping Well: MW-120 Aquifer Thickness: 15. 18 [if]

Casing radius: 0.0833 [ft] Unconfined Aquifer

Screen length: 10 [ft]

Boring radius: 0.333 [ftj

Discharge Rate: 7.6 [U.S. gal/minj

* ~~~Comments:

Evaluated b. Jun H-uanig

Evaluation Date: 02/11/2054
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CH2M HILL Pumping Test Analysis ReportO ~~1 15 Perimeter Center Place NE, Suite 700 Project: Main Installation Pumping Tests

14 Atlanta, GA 30346 Number: I170039.TS.S2

CH112MHILL1-11 Phone: 770-604-9182 * 545 Client: Huntsville Ajabama COQE

Test 3 - Recovery Test [Theis Recoveryl

100 1000 Ur 10000 )~~~~~~~K WJV-120

1.196-

1.794-

2.392-

2.9%-

Pumoino Test: Test 3 - Recovery Test

Analysis Method: Theis Recovery

Analysis Results: Transmissivity: 2.24E+1 [om2ls] Conductivty: 4.84E-2 [cm/s]

Test parameters: Pumping Well: MW-120 Aquifer Thickness: 15.18 [it]

Casing radius: 0.0833 [f1] Unoanfined Aquifer

Screen length: 10 [it]

Boring radius: 0.333 [ft]

Discharge Rate: 7.6 [U.S. gal/min]

Pumping Time 4344 [min)

Comments:

Evaluated by.

EvaluatioDate:, 02/1/2004



____________________________ ~~7 9 4 4 6 1O ~~CH2M HILL Pumping Test Analysis Report
11 5 Perimeter Center Place NE, Suite 700 Project: Main Installation Pumping Tests

~~ ~Atlanta, GA 30346 Number. 170039.TS.S2

CH2MI-IILL Phone: 770-604-9182 * 545 Client: Huntsville Alabama COE

Test 3 - Recovery Test [Theis Recovery]

100 iooo ioooo m WE 2

0.1-

0.2-

0.3-

Pumping Test: Test 3 -Recovery Test

Analysis Method: Theis Recovery

Analysis Results: Trarnsmissivity: 7.46E+0 [cm2Isj Conductivity: 1.61 E-2 [cmf/s)

Test parameters: Pumping Well: MW-120 Aquifer Thickness: 15. 18 [ttj

Casing radius: 0.0833 [ft] Unconfined Aquifer

Screen length: 10 [it]

Boring radius: 0.333 [Itt)

Discharge Rate: 7.6 [U.S. gal/min]

Pumping Time 4344 [min]

* ~~Comments:

Evaluated by- Jim Huang

Evaluation Date 02111/2004



794 462 _ _ _ _ _ _ _ _ _ _ _ _

CH2M HILL Pumping Test Analysis ReportO ~~115 Perimeter Center Place NE, Suite 700 Project: Main Installation Pumping Tests

All Atlanta, GA 30346 Number:, I70039.TS.S2

CH2MHILL Phone: 770-60409182 * 545 Client: Huntsville Alabama COE

TestS3 - Recovery Test [Theis Recovery]

100 1000 te10000 IM-122

0.08&-

0.171.

0.257-

0.342- _ _ _ _ _ _ _

0.428

Pumping Test: Test 3 - Recovery Test

Analysis Method: Theis Recovery

Analysis Results: Transmissivity: 1 .59E+I [cm2Is] Conductivity: 3.43E-2 [cm/its

Test parameters: Pumping Well: MW-120 Aquifer Thickness: 15.18 (if]

Casing radius: 0.08533 [fti Unconfined Aquifer

Screen length: 10 [It]

Boring radius: 0.333 [ft]

Discharge Rate: 7.6 (U.S. gallmin]

Pumping Time 4344 [min]

Comments:

Evaluated by: Ji mH-uang

Evaluation Date: 02/11/2004



794 463O ~~CH2M HILL Pumping Test Analysis Report
1 15 Perimeter Center Place) NE, Suite 700 Project: Main Installation Pumping Tests

~~ ~Atlanta, GA 30346 Number 170039.TS.S2

CH2MH ILL Phone: 770-604-9182 * 54S Client: Huntsville Alabama COE

Test 3 - Recovery Test (Theis Recoveryj

t/e
100 iooc ioooo A MW-123

0.129-

0.259-

0.51

Pumping Test: TestS3- Recovery Test

Analysis Method: Tolei Recovery

Analysis Results: Transmissivity: 3.1 5E+1 [cm2/s] Conductivity: 6.80E-2 (cm/a]

Test Parameters: Pumping Well: MW-120 Aquifer Thickness: 15.18 [ftJ

Casing radius: 0.0833 [it] Unconfined Aquifer

Screen length: 10 [It]

Boring radius: 0.333 (Ut]

Discharge Rate: 7.6 [U.S. gal/mini

Pumping lime 4344 [min]

Comments:

Evaluated by. Jim Huang
Evaluation Data: 02111/21004
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CH2M HILL Pmping Test Analysis ReportO ~~1 15 Perimeter Center Plaice NE, Suite 700 Project: Main Installation Pumping Tests

S00 Atlanta, GA 30346 Number: 170039.TS.S2

CH2MHILL Phone: 770-604-9182 545 Client: Huntsville Alabama COE

Test 3 - Recovery Test [Theis Recovery]

100 1000 U 10000 v MW-124
0-

0.077-

0.309-~~~

Pumping Test: Test 3 - Recovery Test

Analysis Method: Theis Recovery

Analysis Results: Transmissivity: I1.37E+1 [cm2rfls Conductivity: 2.96E-2 Icm/ts]

Test parameters: Pumping Well: MW-120 Aquifer Thickness: 15.18 [It]

Casing radius: 0.0833 [fif] Unconfined Aquifer

Screen length: 10 [It]

Boring radius: 0.333 ift]

Discharge Rate: 7.6 [U.S. gallmin]

Pumping lime 4344 [min]

Comments:

Evaluated by. Jim Huang

Evaluation Date: 02(111t204
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CH2MI HILL Pumping Test Analysis Report@ ~~115 Perimeter Center Place NE, Suite 700 Project: Main Installation Pumping Tests

e10111 Atlanta, GA 30346 Number: 170039.TS.S2

CH2MHILL Phone: 7704604-9182 * 545 Client: Huntsville Alabama COE

Test 3 - Recovery Test [Theis Recovery)

100 1000 t 10000 -j- PNf-125

0.08 1

0.162-

0.243-

0.324-

0.404- _ _ _ _ _ _ _ _ .4.

Pumping Test: Test 3 - Recovery Test

Analysis Method: Theis Recovery

Analysis Results: Tmansmissivity: I1.37E+1 [cm2/sj Conductivity: 2.97E-2 [cm/s]

Test parameters: Pumping Well: MW-120 Aquifer Thickness: 15.18 [ft]

Casing radius: 0.0833 [It] Unconfined Aquifer

Screen length: 10 [ftj

Boring radius: 0.333 [it)

Discharge Rate: 7.6 [U.S. gal/minj

Pumping Time 4344 [min]

Comments:

Evaluated by: Jim H-fuang

Evaluation Date: 02/11/2(104
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Attachment 0
T2-Hour Aquifer Test Water Levels
Monitoring Wells Without Pressure Transducers
Main Installation, Memphis Depot

Water Level (feet Water Level (feet
Well Date Time BTOC) well Date Time BTOC)

MW-20 01/1212004 1212 84.33 MW-22 01/1412004 300 95.95
01/13/2003 950 85.96 01/1412004 400 95.95
01/13/2003 1300 84.28 01/14/2004 500 95.95
01/13/2003 1700 84.28 01114/2004 600 95.91
01113/2003 18DO 84.31 01/14/2004 700 95.91
01/13/2003 2000 84.29 01114/2004 800 95.90
01/13/2003 2200 84.29 01/1412004 900 I 95.88
01/1312003 2400 84.29 0111412004 1000 95.88
01/14/2004 200 84.29 01/14/2004 1100 95.86
01/1412004 400 84.21 01/1412004 1200 95.82
01/14/2004 600 84.18 01/1412004 1300 1 95.76
01/14/2OD4 800 84.14 01/14/2004 1400 95.75
01/14/2004 1000 84.14 01/1412004 1500 95.75
01/14/2004 1200 84.07 01114/2004 1600 95.72
01/14/2004 1400 84.00 01/14/2004 1700 95.74
0111412004 1600 83.96 01/14/2004 1800 95.76
0111412004 1800 83.98 01/14/2004 1900 95.78
01/14/2004 2000 84.02 01/14/2004 2000 95.80
01/14/2004 2200 84.08 01114/2004 2100 95.83
01/14/2004 2400 84.11 01114/2004 2200 95.85
01115/2004 200 84.16 01/14/2004 2300 95.88
0111512OD4 400 84.23 0111412004 2400 95.90
01/15/2004 600 84.27 01/15/2004 100 95.94
01/15/2004 800 94.31 01/15/2004 200 95.95
01115/2004 1000 84.35 0111512004 300 95�98
01/15/2004 1200 84.31 01/15/2004 400 96.01
01/15/2004 1400 84.25 01/15/2004 500 96.03
01115/2004 1600 84.26 01/15/2004 600 96.04
01115/2004 1800 94.25 01/1512004 700 96.09
01/15/2004 2000 84.26 Oi/15/2004 800 96.10
0111512004 2200 84.27 01/15/2004 900 96.12
01/15/2004 2400 84.26 01/1512004 1000 96.12
01116t2OD4 200 84.24 01/1512004 1100 96.11
01116/2004 400 84.24 01/15/2004 1200 96.08
01116/2004 600 84.23 01/15/2004 1300 96.06
01/16/2004 800 84.24 01/15/2004 1400 96.03
01/16/2004 1000 84.25 01115/2004 1500 96.05
01/16/2004 16-45 94.11 01/15/2004 1600 96.03

MW-21 01/1212004 1205 93.15 01/1512004 1700 96.02
01/13t2GO4 950 94.80 01115/2004 1800 96.01
01/16/2004 1645 93.03 01/15/2004 1900 96.03

MW-22 01/12/2004 iiii 96.07 01/1512004 2000 96.03
01113/2004 950 96.09 01/1512OD4 2100 96.04
01/1312004 1300 96.02 01/15/2OG4 2200 96.04
01/13/2004 1400 96.00 01/1512004 2300 96.04
01/1312004 1500 96.00 01115/2004 2400 96.03
01/13/2004 1600 96.01 01/16/2004 100 96.01
01/1312004 1700 96.00 0111612004 200 96.00
01/1312004 1800 96.01 01/16/2004 300 96.01
01113/2004 1900 96.02 0111612004 400 96.01
01/13/2004 2000 96.02 01/16/2004 500 96,00
01/13/2004 2125 96.02 01/1612004 600 96.00
01/1312004 2200 96.02 01/1612004 700 96.00
01/1312004 2300 96.00 01/1612004 800 96.00
01/13/2004 2400 95.99 01/16/2004 900 96.01
01/14/2OG4 100 95.97 01/16/2004 1000 96.01

r0111412004 200 95.96 101/1612004 1100 95.95-
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. Attachment 0
72-Hour Aquifer Test Water Levels
Monitoring Wells Without Pressure Transducers
Main Installation, Memphis Depot

Water Level (feet Water Level
well Date Time BTOC) well Date Time (BTOC)

MW-22 01/16/2004 1645 95.87 MW-102B 01115/2004 1000 108.73
MW-99 0111212004 1215 89.10 01/15/2004 1100 108.71

01/13/2004 950 89.10 01/15/2004 1200 108.68
01116/2004 1645 87.25 01/15/2004 1300 108.65

MW-100B 01/1212004 1432 90.70 01/15/2004 1400 108.61
01/13/2004 950 92.31 01/15/2004 1500 108.63 -
01/16/2004 1645 90.64 01/15/2004 1600 108.61

MW-101 IM01/22004 1220 91.22 01/15/2004 1700 108.59
01/13/2004 950 91.28 01/15/2004 1800 108.61

____01/16/2004 1645 91.07 01/15/2004 1900 108.62
MW-102B 01/1212004 1110 108.65 01/15/2004 2000 108.61

01/13/2004 950 108.68 01/15/2004 2100 108.63 -
01/13/2004 1300 108.57 01/15/2004 2200 108.63
01/13/2004 1400 108.59 01/15/2004 2300 108.63
01/13/2004 1500 108.60 01/15/2004 2400 108.62
01/13/2004 1600 108.60 01/16/2004 100 108.61
01/13/2004 1700 108.59 01/16/2004 200 108.61
01/13/2004 1800 108.61 01/16/2004 300 108.60
01/13/2004 1900 108.61 01/16/2004 400 108.61
01/13/2004 2000 108.64 01/16/2004 500 108.60
01/13/2004 2100 108.62 01/16/2004 600 108.58
01/13/2004 2200 108.62 01/16/2004 700 108 60
01/13/2004 2300 108.61 01/16/2004 800 108.59
01/13/2004 2400 108.57 01/16/2004 900 108.61
01/14/2004 100 108.57 01/16/2004 1000 108.61
01/14/2004 200 108.55 01/16/2004 1100 108.56
01/1412004 300 108.55 _____01/16/2004 1645 108.47
01/14/2004 400 108.54 MW-115 01/12/2004 1150 91.09
01/14/2004 500 108.53 01/13/2004 950 92.72
01/14/2004 600 108.51 01/13/2004 1300 91.52
01/14/2004 700 108.50 01/13/2004 1400 91.54
01/14/2004 800 108.48 01/13/2004 1500 91.56
01/14/2004 900 108.48 01/13/2004 1600 91.60
01/14/2004 1000 108 49 01/13/2004 1700 91.59
01/14/2004 1100 108.49 01/13/2004 1800 91.63
01/14/2004 1200 108.41 01/13/2004 1900 91.62
01/14/2004 1300 108.35 01/13/2004 2000 91.61
01/14/2004 1400 108.33 01/13/2004 2100 91.64
01/14/2004 1500 108.34 01/13/2004 2200 91.64
01/14/2004 1600 108.32 01/13/2004 2300 91.62
01/14/2004 1700 108,35 01/13/2004 2400 91.61
01/14/2004 1800 108.36 01/14/2004 100 91.66
01/14/2004 1900 108.38 01/14/2004 200 91.65
01/14/2004 2000 108.41 01/14/2004 300 91.63
01/14/2004 2100 108.44 01/14/2004 400 91.63
01/14/2004 2200 108.46 01/14/2004 500 91.61
01/14/2004 2300 108.50 01/14/2004 600 91.61
01/14/2004 2400 108.50 01/14/2004 700 91.59
01/15/2004 100 108.54 01/14/2004 800 91.55
01/15/2004 200 108,56 01/14/2004 900 91.53
01/15/2004 300 108.57 01/14/2004 1000 91.55
01/15/2004 400 108.62 01/14/2004 1100 91.54
01/15/2004 500 108.63 01/14/2004 1200 91.52
01/15/2004 600 108.65 01/14/2004 1300 91.48
01/15/2004 700 1 108.68: 01/14/2004 1400 91.41
0l/15/2004 1800 1 108.68 01/14/2004 1500 91.43

_____01/15/2004 1900 1 108.72 _____01/14/2004 1600 91.44
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Attachment D
72-Hour Aquifer Test Water Levels
Monitoring Wells Without Pressure Transducers0
Main Installation, Memphis Depot

Water Level (feet Water Level
Well Date Time BTOC) Well Date Time (STOC)

MW-uIS 01/1412004 1700 91.45 MW-116 01/13/2004 2400 91.76
01/14/2004 1800 91.43 01/14/2004 100 91.75
01/14/2004 1900 91.46 01/14/2004 200 91.74
01/14/2004 2000 91.46 01114/2004 300 91.74
01/14/2004 2100 91.46 01/14/2004 400 91.72
01/14/2004 2200 91.53 01/14/2004 500 91.71
01/14/2004 2300 91.55 01/14/2004 600 91.69
01/14/2004 2400 91.60 01/14/2004 700 91.68
.01/15/2004 100 91.63 01/14/2004 800 91.66
~01/15/2004 200 91.65 01/14/2004 900 91.66
01/15/2004 300 91.67 01/14/2004 1000 91.67
01/15/2004 400 91.68 01/14/2004 1100 91.65
01/15/2004 500 91.72 01/14/2004 1200 91.61
01/15/2004 600 91.75 01/14/2004 1300 91.54
01/15/2004 700 91.78 01/14/2004 1400 91.53
01115/2004 800 91.78 01114/2004 1500 91.51
01/15/2004 900 91.78 01/14/2004 1600 91.51
01/15/2004 1000 91.82 01/14/2004 1700 91.51
-01/15/2004 1100 91.81 01/1412004 1800 91.51
-01/15/2004 1200 91.76 01/14/2004 1900 91.54
01115/2004 1300 91172 01/14/2004 2000 91.55
-01/15/2004 1400 91.71 01/14/2004 2100 91.58
01/15/2004 1500 91.74 01/14/2004 2200 91.62
-01/15/2004 1600 91.72 01/14/2004 2300 91.65
01/15/2004 1700 91.71 01/14/2004 2400 91.68-
01/15/2004 1800 91.71 01/15/2004 100 91.71
01/15/2004 1900 91.71 01/15/2004 200 91.76
-01/15/2004 2000 91.70 01/15/2004 300 91.76
-01/15/2004 2100 91.71 01/15/2004 400 91.79
-01/1 5/2004 2200 91.72 01/15/2004 500 91.82
01/15/2004 2300 91.72 01/15/2004 600 91.83
01/15/2004 2400 91.70 01/15/2004 700 91.87
-01/16/2004 100 91.68 01/15/2004 800 91.87
01/16/2004 200 91.67 01/15/2004 900 91.89
01/16/2004 300 91.66 01/15/2004 1000 91.91
01/16/2004 400 91.67 01/15/2004 1100 91.91
01/16/2004 500 91.66 01/15/2004 1200 91.87
01/16/2004 600 91.65 01/15/2004 1300 91-83
01/16/2004 700 91.66 01/15/2004 1400 91.82
01/16/2004 800 91.65 01/15/2004 1500 91.83
01/16/2004 900 91.68 01/15/2004 1600 91.83
01/16/2004 1000 91.69 01/15/2004 1700 91.81
01/16/2004 1100 91.62 01/15/2004 1800 91.82

____01/16/2004 1645 91.04 01/15/2004 1900 91.83
MW-1 16 01/12/2004 1149 91.08 01/15/2004 2000 91.83

01/13/2004 __950 92.75 01/15/2004 2100 91.85
01/13/2004 1300 - 01/15/2004 2200 91.85
01/13/2004 1400 -01/15/2004 2300 91.85
0111312004 1500 -01/15/2004 2400 91.84
01/13/2004 1600 91.73 01/16/2004 100 91.83
01/13/2004 1700 91.72 01/16/2004 200 91.83
01/13/2004 1800 91.74 01/16/2004 300 91.80
01/13/2004 1900 91.79 01/16/2004 400 91.81
01/13/2004 2000 91.79 01/16/2004 500 91.80
01/13/2004 2100 91.79 01/16/2004 600 91.78
01/13/2004 2200 91.79 01/16/2004 700 91.81

_____01/13/2004 2300 91.77 ___ 01/16/2004 800 91.80
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Attachment D
72-Hour Aquifer Test Water Levels
Monitoring Wells Without Pressure Transducers
Main Installation, Memphis Depot

Water Level (feet Water Level
well Date Time BTOC) Welt Date Time (BTOC)

MW-lie6 01116/2004 900 91.81 MW-1 17 01/1512004 1700 91.32
01/1612004 1000 91.82 01/15/2004 1800 91.31
01/16/2004 1100 91.78 01/15/2004 1900 91.32

____01/1612004 1645 91.02 01/15/2004 2000 91.32
MW-1 17 01/12/2004 1144 91.14 01/15/2004 2100 91.32

01/13/2004 1300 91.17 01/15/2004 2200 91.33
01/13/2004 1400 91.18 01/15/2004 2300 91.35
01/13/2004 1500 91.20 01/15/2004 2400 91.34
01/13/2004 1600 91.20 01/16/2004 100 91.33
01113/2004 1700 91.22 01/16/2004 200 91.32
01/13/2004 1800 91.24 01/16/2004 300 91.31
01/13/2004 1900 91.25 01/16/2004 400 91.31
01/13/2004 2000 91.28 01/16/2004 500 91.31
01/13/2004 2100O 91.28 01/16/2004 600 91.30
01/13/2004 2200 91.28 01/16/2004 700 91.30
0111312004 2300 91.27 01/16/2004 800 91.31
01/13/2004 2400 91.26 01/16/2004 900 -91.31
01/14/2004 100 91.25 01/16/2004 1000 91.31
01/14/2004 200 91.23 01/16/2004 1100 91.30
01/14/2004 300 91.23 101/16/2004 1645 90.76
01/14/2004 400 91.23 MW-lie8 01/12/2004 1145 90.69
01/14/2004 500 91.22 01/13/2004 950 92.29
01/14/2004 600 91.19 ___ 01/16/2004 1646 90.58
01/14/2004 700 91.19 MW-119 01/1212004 1148 90.95
01/14/2004 800 91,17 01/13/2004 950 92.60
01/14/2004 900 91.17 01/13/2004 1300 91.27
01/14/2004 1000 91.17 01/13/2004 1400 91.30
01/14/2004 1100 91.15 01/13/2004 1500 91.30
01/14/2004 1200 91.14 01/13/2004 1600 91.32
01/14/2004 1300 91.07 01/13/2004 1700 91.31
01/14/2004 1400 91.04 01/13/2004 1800 91.32
01/14/2004 1500 91.03 01/13/2004 1900 91.33
01/14/2004 1600 91.01 01/13/2004 2000 91.38
01/14/2004 1700 91.01 01/13/2004 2100 91.35
01/14/2004 1800 91.02 01/13/2004 2200 91.37
01/14/2004 1900 91.03 01/13/2004 2300 91.35
01/14/2004 2000 91.05 01/13/2004 2400 91.35
01/14/2004 2100 91.05 01/14/2004 100 91.34
01/14/2004 2200 91.10 01/14/2004 200 91.32
01/14/2004 2300 91.13 01/14/2004 300 91.32
01/14/2004 2400 91.16 01/14/2004 400 91.32
01/15/2004 100 91.19 01/14/2004 500 91.30
01/15/2004 200 91.21 01/14/2004 600 91.30
01/15/2004 300 91.23 01/14/2004 700 91.29
01/15/2004 400 91.27 01/14/2004 800 91.26
01/15/2004 6 00 91.30 01/14/2004 900 91.25
01/15/2004 600 91.31 01/14/2004 1000 1 91.28
01/15/2004 700 91.37 01/14/2004 1100 91.24
01/15/2004 800 91.37 01/14/2004 1200 91.20
01/15/2004 900 91.38 01/14/2004 1300 91.17
01/15/2004 1000 91.41 01/14/2004 1400 91.17
01/15/2004 1100 91.42 01/14/2004 1500 91,12
01/15/2004 1200 91.40 01/14/2004 1600 91.13
01/15/2004 1300 91.36 01/14/2004 1700 91.13
01/15/2004 1400 91.34 101/14/2004 1800 91.17

0I/l5/2004 500 91.34 0 1/42004 l900 91.180 ______ 01/5/200 1600 91.33 1____01/14/2004 2000 91.`19
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Attachment D
72-Hour Aquifer Test Water Levels
Monitoring Wells Without Pressure Transducers
Main Installation, Memphis Depot

Water Level (feet
Well Date Time BTOC)

MW-119 0111412004 2100 91.20
01/14/2004 2200 91.22
01/14/2004 2300 91.25
01/14/2004 2400 91.28
0111512004 100 91.31
01/1512004 200 91.33
0111512004 300 91.36
01/16/2004 400 91.38
0111512004 500 91.42
0111512004 800 91.47
01/15/2004 700 91.48
01115/2004 800 91.48
01115/2004 900 91.52
0111512004 1000 91.52
01/16/204 1100 91.52
01/15/2004 1200 91.48
0111512004 1300 91.44
01/15/2004 1400 91.43
01/15/2004 1500 91.43
01115/2004 1600 91.45
01/15/2004 1700 91A43
01/15/2004 1800 91.43
01/15/2004 1900 91.45
01/15/2004 2000 91.44
01/15/2004 2100 91.45
01/1152004 2200 91.44
01/15(2004 2300 91.45
01/15/2004 2400 91.43
01116/2004 100 91.46
01/l6/2004 200 91.45
01116/2004 300 91.45
01116/2004 400 91.44
01116/2004 500 91.44
01/16/2004 600 91.41
01/16/2004 700 91.41
01/16/2004 800 91.41
01/16/2004 900 91.42
01/16/2004 1000 91.43
01/16/2004 1100 91.36
01116/2004 1645 90.91

MW-120 01/12/2004 1146 90.97
01/13/2004 950 91.40

_____01/16/2004 1645 90.91
MW-121 01/12/2004 1147 91.06

01/13/2004 950 91.11
_____01/16/2004 1645 91.00

MW-i22 01/12/2004 1140 91.09
01113/2004 950 92.75

____01/18/2004 1845 91.02
MW-123 01/1212004 1143 90.57

01/13/2004 950 90.62
_____01/1612004 1645 90.52

MW-124 01/12/2004 1141 90.88
01/13/2004 950 90.92

_____ 01/16/2004 1645 90.81
MW-125 0111212004 1142 90.81

01/13/2014 950 92A49
____01/16/2004 l645 90.76
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72-Hour. AquiferTestWater levels
Monltoflng Wells Without Presure TransducersO Main InstallatIon, Memphis DepotMW2MW2

87.0 - 9700

E85.00 96

95.00

1 6 II I6 21 26 31 36 1 5 9 13 17 21 25 29 33 31 41 45 49 53 57 61 65 69 73
Measurements Measurements

MW-i 026 MW-I115

-110 00930

108.50 ~ ~ ~ ~ ~ ~~~~~~~~~~~I 250

S109.00 gi9.00

-108.50 2D5

103.00 91.00

1 5 9 13 17 21 25 29 33 37 41 43 49 53 57 61 65 69 73 1 5 9 13 7 21 25 29 33 37 41 45 49 53 57 61 65 69 13

Me...urements Measurements

93.00 ~ ~ MW-I116 930 MW-1l17

-92.'50 8-92.50
592 00 92.00 ~ .tAc 5

go so ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~~390.50
90.00 .904y•'

9300 1 1 21 25 293337 41 4549 53 51 61 65 69 73 1 5 9 13 17 21 25 29 33 37 4145 49 53 57 61 65 69 73

Measurements Maueet



794 472

0 ~~~~~~ATTACHMENT E

Geochemnical Graphs for Study Areas

S
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Alscmen EO Ares 2: Geochcanfcak Parannttom of Upgradion~ Monitonng Wall
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0 ~~~~~~ATTACHMENT F

IRB and SRB BART Field Data

S



794 482

BASELINE SAMPLING EVENT

MW11O Present, IR.B pseudomonads and enterics, 100 - 5,000 cfu/mI
Sampled 5/20/03

IRB
5/21/03: Solution: light yellow throughout.
5/22/03: Same as above.
5/23/03: Solution: cloudy yellow.
-Ball: dark yellow ring at waterline, 40% bubbles on bottom.
5/24/03: Solution: cloudy dark yellow.
Ball: dark yellow, almost brown ring at waterline, 40% medium bubbles on bottom.
5/25/03: Solution: dark brown throughout.
Ball: brown film w/bubbles at waterline, 40% large bubbles on bottom.
5/26/03: Solution: dark brown throughout.
-Ball: brown film w/bubbles at waterline. Large bubbles on bottom.
5/27/03: Same as above.
5/28/03: Solution: black.
Ball: black film around ball.
Tube: black film on bottom.
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MW ill Absent, anaerobic bacteria
Sampled 5/22/030

IRRB
5/23/03: Solution: clear at ball graduating to light
yellow at bottom of tube.
Tube: dark on bottom, but not solid black.
5/24/03: Same as above.
5/25/03: Solution: clear at ball graduating to light
yellow at bottom of tube.
Ball: 5% bubbles on bottom.
5/26/03: Solution: medium yellow throughout.
Ball: 85% small bubbles.
5/27/03: Solution: cloudy yellow throughout.
Ball: dark yellow ring at waterline, fewer bubbles
than yesterday.
5/28/03: Same as above, except solution less
cloudy.
5/29/03: Same as above, except fewer bubbles on
ball.
5/30/03: Solution: yellow throughout.
Ball: dark yellow ring with small bubbles at
waterline. A few bubbles on bottom.
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MW119 Present, IRE, 100 - 5,000 cfu/ml
Sampled 5/22/03

IRB
5/23/03: Solution: clear at ball graduating to light yellow
at bottom of tube.
Tube: dark color on very bottom of tube, but not black.
5/24/03: Solution: clear at ball graduating to light yellow
at bottom of tube.
5/25/03: Solution: clear at ball graduating to light yellow
at bottom of tube.
Ball: Ring of small bubbles at waterline and 2% small
bubbles on bottom.
5/26/03: Solution: medium yellow throughout.
Ball: dark yellow ring of small bubbles at waterline and a
few small bubbles on bottom.
5/27/03: Solution: cloudy medium yellow throughout.
Ball: light brown ring of small bubbles at waterline, 75%
small/medium bubbles on sides/bottom.
5/28/03: Solution: slightly cloudy (less than yesterday)
medium yellow throughout.
Ball: light brown ring of small bubbles at waterline, 10%
small/mediumn bubbles on sides/bottom.
5/29/03: Solution: slightly cloudy medium yellow
throughout.
Ball: dark brown ring of small bubbles at waterline, a few
-small/medium bubbles on sides/bottom.
5/30/03: Solution: slightly cloudy medium yellow
throughout.
Ball: brown ring of small bubbles at waterline, black film
on bottom.
Tube: black film on sides from ball to just above bottom.
No black on bottom.
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MWI20 Present, anaerobic bacteria, LRB, 100
Sampled 5/22/030

HIB
5/23/03: Solution: light yellow throughout.
5/24/03: Solution: light yellow throughout.
Ball: light yellow ring at waterline.
5/25/03: Solution: slightly cloudy medium yellow
throughout.
Ball: dark yellow ring at waterline, 5% bubbles on bottom.
5/26/03: Solution: cloudy dark yellow at ball graduating to
medium yellow at bottom of tube.
Ball: dark yellow, almost brown, ring at waterline, 75%
large/medium bubbles on bottom.
5/27/03: Same as above.
5/28/03: Same as above, except fewer bubbles and less
cloudy
5/29/03: Solution: slightly cloudy dark yellow at ball
graduating to medium yellow at bottom of tube.
Ball: 50% bubbles, brown film ring at waterline, black film
on bubbles on bottom.
Tube: thin black film on sides from under ball to just above
bottom of tube.

5/30/03: Same as above.
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MW118 present, IRB anaerobic bacteria pseudomonads enterics, 5,000
Sampled 5/22/03

IRB
5/23/03: Solution: light yellow throughout.
5/24/03: Solution: yellow throughout.

-Ball: dark yellow ring at waterline.
5/25/03: Solution: cloudy dark yellow throughout.

-Ball: dark yellow ring of large/medium bubbles at waterline.
5/26/03: Solution: brown throughout.
Ball: brown film ring with large/medium bubbles at

-waterline, 75% of ball covered with large/medium bubbles.
5/27/03: Same as above, except fewer bubbles.
5/28/03: Solution: black.
Ball: black film on bottom, brown film ring with
large/medium bubbles at waterline, 50% of ball covered

-with large/medium bubbles.
-5/29/03: Same as above, except fewer bubbles on ball.
5/30/03: Solution: black.
Ball: black film on bottom, brown film ring with black spots
and large/medium bubbles at waterline, 40% of ball covered
with large/medium bubbles.
Tube: black film on sides and bottom.
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MWI16 present, 100, LR, anaerobic bacteria, heterotrphic bacteria
Sampled 5/22/03

HRB
5/23/03: Solution: light yellow throughout tube.
5/24/03: Same as above. Yellow ring around ball at
waterline.
5/25/03: Solution: slightly cloudy medium yellow
throughout.
Ball: ring of small bubbles at waterline, large bubbles on
bottom.
5/26/03: Solution: slightly cloudy dark yellow
throughout.
Ball: 80% small/medium bubbles, dark yellow film at
waterline.
5/27/03: Same as above, except fewer and larger bubbles
on ball.
5/28/03: Solution: dark yellow throughout.
Ball: dark yellow film with bubbles at waterline.
5/29/03: Same as above.
5/30/03: Solution: cloudy dark yellow throughout.
Ball: light brown film with bubbles at waterline.
Tube: thin black film on bottom.0
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MW116 Duplicate present, anaerobic bacteria, IRE, 5,000
Sampled 5/22/03

IRB
5/23/03: Solution: light yellow throughout.
5/24/03: Solution: light yellow throughout.
Ball: light yellow ring at waterline.
5/25/03: Solution: cloudy medium yellow.
Ball: dark yellow film with small/medium bubbles at
waterline.
5/26/03: Solution: cloudy dark yellow/hint of brown.
Ball: brown film with smalt/medium bubbles at waterline,
75% bubbles.
5/27/03: Solution: cloudy light brown.
Ball: brown film with small/medium bubbles at waterline,
75% bubbles.
5/28/03: Solution: light brown.
Ball: brown film with small/medium bubbles at waterline,
40% bubbles.
5/29/03: Solution: light brown.
Ball: brown film with small/medium bubbles at waterline,
20% bubbles.
5/30/03: Same as above.
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MW124 present, IRB, anaerobic bacteria, pseudomonads and enterics, 5,000 -

100,000
Sampled 5/23/03

IRB
5/24/03: Solution: light yellow throughout.
5/25/03: Solution: light yellow.
Ball: dark yellow ring at waterline.
5/26/03: Solution: cloudy medium yellow througout.
Ball: thin brown film ring with small bubbles at waterline.
5/27/03: Solution: dark yellow at ball graduating to blackish at
bottom of tube.
Ball: thin brown film ring with small bubbles at waterline, 70%
medium/large bubbles.
Tube: thin black film on bottom.
5/28/03: Solution: black throughout tube.
Ball: 30% bubbles.
5/29/03: Same as above, except 10% bubbles on ball.
5/30/03: Solution: black.
Ball: thin brown film ring with small bubbles at waterline, black
film on bottom, bubbles at waterline and bottom of ball.
Tube: thin black film on sides.
5/31/03: Solution: black.
Ball: thin brown film ring with small bubbles at waterline, black
film on sides/bottomn.
Tube: thin black film on sides/bottom.
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MW122 present, anaerobic bacteria, IRB, pseudomonads and enterics, 5,000 -
100,000
Sampled 5/23/03

IRB
5/24/03: Solution light yellow throughout tube.
5/25/03: Solution: light yellow throughout tube.
Bali: dark yellow ring with medium bubbles at waterline.
5/26/03: Solution: cloudy dark yellow/light brown
throughout tube.
Ball: brown film ring with small bubbles at waterline, 85%
small/medium bubbles.
5/27/03: Solution: medium brown throughout tube.
Bali: brown film ring with small bubbles at waterline, 75%
small/medium bubbles.
Tube: 2% black film on bottom.
5/28/03: Solution: black throughout.
Ball: black film on bottom, brown film ring with small
bubbles at waterline, 65% small/medium bubbles.
Tube: 2% black film on bottom.
5/29/03: Same as above.
5/30/03: Same as above, except spots of black film at

* ~~~waterline.
5/31/03: Solution: black throughout.
Ball: black film on bottom, brown film ring above and
below waterline, 75% smalL/medium bubbles, one side
covered with bubbles, black slime.
Tube: black film on sides/bottom.
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MW114 present, [RB, heterotrophic bacteria, 5,000 - 100
Sampled 5/22/03

IRB
5/23/03: Solution: clear at ball graduating to yellow at
bottom. Dark color at bottom, but not black.
-5/24/03: Same as above.
5/25/03: Solution: cloudy medium yellow throughout.
Ball: thick ring of small bubbles at waterline.
5/26/03: Solution: slightly cloudy medium yellow
throughout.
Ball: dark yellow/almost brown film with small bubbles at
waterline.
5/27/03: Solution: slightly cloudy light brown throughout.
Ball: brown film with small bubbles at waterline.
Tube: hint of black on bottom.
5/28/03: Same as above, except black on bottom.
5/29/03: Same as above, except fewer bubbles.
5/30/03: Ball: brown film at waterline.
Tube: black film on sides at bottom.
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BASELINE CONTINUED.

MW118 - present, dense slime bacterial and SRB consortium, 100 - 1,000 cfu/mL
Sampled 6/17/02

-SRB
6/18/02: Solution: clear with small bubbles throughout.
Slightly milky within cone on bottom.
-6/19/02: Same as above.
-6/20/02: Same as above.
6/21/02: Same as above, except possibly getting more milky in
color at bottom.
-6/22/02: Same as above.
-6/23/02: Same as above.
-6/24/02: Black on bottom.
6/25/02: Same as above.
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MW 120 -absent
Sampled 6/17/02

SRB
6/18/02: Solution: clear with small bubbles throughout.
Slightly milky within cone on bottom.
6/19/02: Same as above, except small bubbles only
within lower 25% of solution.
6/20/02: Same as above.
6/21/02: Same as above, possible ring forming at
bottom, milky yellow.
6/22/02: Same as above.
6/23/02: Same as above.
6/24/02: Same as above.
6/25/02: Same as above.
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MW116 - absent
Sampled 6/17/02

-SRIB
6/18/02: Clear with small bubbles only near bottom (1/4
way up) and slightly milky within cone on bottom.
-6/19/02: Same as above, but no bubbles.
-6/20/02: Same as above.
6/21/02: Same as above, except possible ring forming at
bottom, milky yellow
-6/22/02: Same as above.
-6/23/02: Same as above.
-6/24/02: Same as above.
6/25/02: Same as above.



794 495

MW124 - present, complex bacterial consortium with SRIB present, 1,000 - 10,000
Sampled 6/17/020

SRB
6/18/02: Clear with small bubbles throughout and slightly
milky within cone on bottom.
6/19/02: Same as above.
6/20/02: Same as above.
6/21/02: Same as above, except possible ring forming at
bottom, milky yellow.
6/22/02: Water below ball (1/4 down from top) turning
black (cloudy black) not on ball.
6/23/02: Entire sample black. Darkest at bottom (opaque)
moving to clear with black tint below ball.
6/24/02: Same as above.
6/25/02: Same, very black.



794 496

MW122 - absent
Sampled 6/17/02

SRB
6/18/02: Clear with small bubbles within solution (3/4
way up from bottom) and slightly milky within cone on
bottom.
6/19/02: Same as above, but bubbles only V2 from bottom.
6/20/02: Same as above.
6/21/02: Same as above. Possible ring forming at bottom,
milky yellow.
6/22/02: Same as above.
6/23/02: Same as above.
6/24/02: Same as above.
6/25/02: Same as above.



794 4,97

MW116 Duplicate - absent
Sampled 6/17/02

SRB
6/18/02: Clear with small bubbles only near bottom (1/4
way up) and slightly milky within cone on bottom.
6/19/02: Same as above, but no bubbles.
6/20/02: Same as above.
6/21/02: Same as above. Possible ring forming at bottom,
milky yellow.
6/22/02: Same as above.
6/23/02: Same as above.
6/24/02: Same as above.
6/25/02: Same as above.



794 498

MW110 - absent
Sampled 6/17/02

SRB
6/18/02: Clear with small bubbles within solution (3/4
way up from bottom) and slightly milky within cone on
bottom.
6/19/02: Same as above, but bubbles only 'A2from bottom.
6/20/02: Same as above, but very few bubbles remaining.
6/21/02: Same as above. Possible ring forming at bottom,
milky yellow.
6/22/02: Same as above.
6/23/02: Same as above.
6/24/02: Same as above.
6/25/02: Same. as above.



794 499

MW113 - absent
Sampled 6/17/02

SRB
6/18/02: Solution: clear with small bubbles throughout.
Slightly milky within cone at bottom.
6/19/02: Same as above.
6/20/02: Same as above.
6/21/02: Same as above, possible ring forming at
bottom, milky yellow.
6/22/02: Same as above.
6/23/02: Same as above.
6124/02: Same as above.
6/25/02: Same as above.



794 500

MW114 - absent
Sampled 6/17/02

_SRB
6/18/02: Solution: clear with small bubbles throughout.
Slightly milky within cone at bottom.
6/19/02: Same as above, except bubbles only V/2 way up
-from bottom.
6/20/02: Same as above, but few bubbles remaining.
6/21/02: Same as above, possible ring forming at

-bottom, milky yellow.
6/22/02: Same as above.

-6/23/02: Same as above.
-6/24/02: Same as above.
6/25/02: Same as above.



7 94 50 1

MW12 - present, dense slime bacterial and SRB consortium, 100
Sampled 6/17/02

IRB
6/18/02: Solution: clear with small bubbles throughout.
Slightly milky within cone at bottom.
6/19/02: Same as above.
6/20/02: Same as above.
6/21/02: Same as above, possible ring forming at
bottom, milky yellow.
6/22/02: Same as above.
6/23/02: Same as above.
6/24/02: Same as above.
6/25/02: Same as above, black at bottom mn cone.



794 502

MW112 Duplicate - present, dense slime bacterial and SRB consortium, 100
Sampled 6/17/02

SRB
6/18/02: Solution: clear with small bubbles throughout.
Slightly milky within cone at bottom.
6/19/02: Same as above.
6/20/02: Same as above, but fewer bubbles.
6/21/02: Same as above, possible ring forming at
bottom, milky yellow.
6/22/02: Same as above.
6/23/02: Same as above.
6/24/02: Same as above.
6/25/02: Black at bottom in cone.



794 503

MW111 - absent
Sampled 6/17/020

SRB
6/18102: Clear with small bubbles throughout solution
and slightly milky within cone on bottom.
6/19/02: Same as above, but fewer bubbles.
6120/02: Same as above, but bubbles only ¼ 4way up from
bottom.
6/21/02: Same as above. Possible ring forming at bottom,
milky yellow with white spots.
6/22/02: Same as above.
6/23/02: Same as above.
6/24/02: Same as above.
6/25/02: Same as above.



794 504

* ~~POST SAMPLING EVENT #1

MW110D
Sampled 7/9/02

IRB SRB
Present, IRB, pseudomonads and entenecs, Present, complex bacterial consortium with
100,000 SRB present, 1 0,000
7/10/02: Solution slightly yellow 7/10/02: Solution clear throughout. 2% of
throughout with darker yellow at bottom of tube covered mn small bubbles with majonity
tube. 3% of tube covered in small bubbles near bottom of tube.
throughout, evenly dispersed. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

7/11/02: Medium yellow throughout tube. 7/11/02: Solution mostly clear throughout
85% of ball covered in small to medium with layer of cloudiness at bottom of tube.
bubbles. Slight hint of brown around top A few small black flecks on bottom of ball.
of ball at waterline and on very bottom of
b all. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

7/12/02: Solution medium brown 7/12/02: Solution clear throughout with a
throughout. 70% of ball covered in slightly cloudy ring at bottom of tube. I%
medium to large bubbles. Thin black film of tube covered with small bubbles. Small
in center bottom of tube. Medium brown black flecks on 1/8% of ball, concentrated
ring around top of ball at waterline, in one small area of side and bottom of ball.
7/13/02: Solution black close to ball 7/13/02: Same as above. Thin black film
turning dark brownish yellow at bottom of developing on bottom of ball.
tube. Black film in bottom of tube and on
bottom of ball. Dark brown ring around top
of ball at waterline. Large/medium bubbles
on bottom of ball.
7/14/02: Solution black throughout tube. 7/14/02: Same as above. Black film more
Black film in bottom of tube and on pronounced around ball at and just below
bottom of ball. Dark brown ring around top waterline.
of ball at waterline.
7/15/02: Same as above. 7/15/02: Same as above.
7/16/02: Same as above. 7/16/02: Same as above. Black film around

top of ball at waterline and on bottom of
ball. No black film in bottom of tube.

7/17/02: Same as above. 7/17/02: Same as above, except black film
______ ______ ______ ______ _____ I in bottom of tube.



* r 794 505

MW11O
Sampled 7/9/02

SRB_ __ __ __IRIB

Present, aerobic slime bacterial and SRB Present, BR, pseudomonads and enterics,
consortiumn, 10,000 100,000
7/10/02: Solution clear with slightly 7/10/02: Solution slightly yellow
cloudy ring at bottom of tube. 3% of tube throughout with darker yellow at bottom of
covered with small bubbles evenly tube. 3% of tube covered with bubbles
dispersed throughout. evenly dispersed. Slight hint of brown at

_____ ____ _____ ____ _____ ____ ____ bottom of tube.

7/11/02: Solution clear throughout with 7/11/02: Medium yellow evenly dispersed
slightly cloudy ring at bottom of tube. 3% throughout. 15% of tube and 75% of ball
of tube covered in small bubbles. 14% of covered with small to medium bubbles.
ball (bottom) covered in small bubbles. Hint of brown ring around top of ball at
Small black flecks on 1/8% of ball waterline.
concentrated on one side just below
waterline.
7/12/02: Same as above. 7/12/02: Solution cloudy brown

throughout. Brown film in center bottom of
tube. I% of tube (sides) covered with small
bubbles. 80% of ball covered in0
small/medium bubbles. Bottom of ball
covered in black film. Dark brown ring
around top of ball at waterline.

7/13/02: Same as above. Very thin black 7/13/02: Solution black at bottom of ball
film developing on ball just below and bottom of tube with dark yellow/brown
waterline, between the two black areas. Black film on

bottom of ball. Dark brown ring around top
of ball at waterline. 80% of ball covered in

____ ___ ___ ___ ____ ___ ___ ___ ___ medium/large bubbles.

7/14/02: Same as above. 7/14/02: Solution black throughout. Black
film on bottom of tube and bottom of ball.
Dark brown ring around top of ball at
waterline.

7/15/02: Same as above. Black film more 7/15/02: Same as above.
fully developed, but still thin, around top of
ball at and below waterline.
7/16/02: Same as above. 7/16/02: Same as above.
7/17/02: Same as above. Black film 7/17/02: Same as above.
around top of ball and bottom of ball from
waterline down. Not a significant black
film in bottom of tube. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



794 506

MW114
Sampled 7/9/02

51SRB IRB1
Present, complex bacterial consortium with Present, BL, 100,000
SRB present, 2
7/10/02: Solution slightly cloudy 7/10/02: Solution slightly yellow
throughout. Thin black film on bottom of throughout with darker yellow at bottom of
ball beginning at waterline. 1% of tube tube. Hint of brown at bottom of tube. 1%
covered with small bubbles mostly at of bottom of tube and 2% of bottom of ball
bottom of tube. covered with small bubbles.
7/11/02: Solution slightly cloudy 7/11/02: Solution black cloudy from ball
throughout. Thin black film on ball below to just above bottom of tube where solution
waterline and on sides and bottom of tube. is cloudy dark yellow. 3% of tube covered
1% of tube covered with small bubbles with medium bubbles concentrated at
mostly at bottom of tube. bottom of tube where solution turns from

black to dark yellow. 5% of ball covered in
medium bubbles around top of ball at
waterline.

7/12/02: Same as above. 7/12/02: Solution blackish brown
throughout tube. Black film on ball at and
below waterline. Small ring of bubbles
around top of ball at waterline. Hard to see
bottom of tube through solution, but there
appears to be black film in bottom of tube.

7/13/02: Solution clear. Black film on 7/13/02: Solution black throughout. Black
sides of tube and bottom of ball. Slight film on ball at and below waterline and on
black ring at bottom of tube. sides and bottom of tube. Ring of bubbles

_____ ____ _____ ____ _____ ____ ____ around top of ball at waterline.
7/14/02: Solution clear. Black film on 7/14/02: Same as above.
bottom and sides of tube and on bottom of

-ball from waterline down.
-7/15/02: Same as above. 7/15/02: Same as above.
-7/16/02: Same as above. 7/16/02: Same as above.
7/17/02: Same as above. 7/17/02: Same as above. Most of ball

_____ ____ _____ ____ _____ ____ ____ covered in black film .



794 507

MW1 18
Sampled 7/9/02

SRB IRB
Present, BA, 10,000 Present, BL, IRB, 100,000
7/10/02: Solution clear except for slightly 7/10/02: Solution cloudy yellow
cloudy ring at bottom of tube. 1% of throughout. 3% of bottom of tube covered
bottom of tube covered in small to medium in large to medium bubbles. 10% of ball
bubbles. covered in large/medium bubbles split

between bottom of ball and top of ball at
waterline. Slight hint of brown at bottom
of tube.

7/11/02: Same as above except for few 7/11/02: Solution cloudy light brown
small black flecks on bottom of ball. throughout. Thin dark brown film in center

bottom of tube. 60% of ball covered in
large/medium bubbles around top of ball at
waterline and on bottom of ball. Black
film on bottom of ball with hint of brown

_____ ____ _____ ____ _____ ____ ____ ring around top of ball at waterline.

7/12/02: Same as above except for hint of 7/12/02: Solution blackish brown
black ring around top of ball just below throughout. Large bubbles and black film
waterline. Very few bubbles mostly on on bottom of ball. A few bubbles and dark0
sides of tube. brown ring around top of ball at waterline.

Hard to see bottom of tube through
solution.

7/13/02: Same as above. Very thin black 7/13/02: Solution black throughout. Black
film developing on bottom of ball below film on bottom of ball and bottom of tube.
waterline. Dark brown ring around top of ball at

waterline. Large bubbles around bottom of
ball.

7/14/02: Solution very slightly cloudy. 7/14/02: Same as above.
Very thin black film on bottom of ball and
on sides and bottom of tube.
7/15/02: Solution clear. Black film on 7/15/02: Same as above.
bottom of ball firom waterline down and on
bottom and sides of tube.
7/16/02: Solution slightly cloudy. Black 7/16/02: Same as above. Black film on
film on bottom of tube and on bottom of sides of tube.
ball from waterline down.
7/17/02: Solution clear. Black film on 7/17/02: Same as above.
bottom and sides of tube. Very thin black
film on bottom of ball from waterline
down._ ____



794 508

MW116D
Sampled 7/9/02

SRB IRB
Present, BA, 1 0,000 - 1 00,000 Present, BL, IRB, 100,000
7/10/02: Solution clear except for slightly 7/10/02: Solution blackish brown
cloudy ring at bottom of tube. 1% of tube throughout tube with dark brown at bottom
covered in small bubbles evenly dispersed. of tube. Light brown ring around top of

ball at waterline. 80% of tube from bottom
of ball to middle of tube and 80% of top at
waterline and bottom of ball covered in

____ ____ ____ ___ ____ ____ ____ ___ small/medium bubbles.
7/11/02: Same as above except for few 7/11/02: Solution blackish brown
small black flecks on bottom of ball. 3% throughout and at bottom of tube. Black
of tube covered in small bubbles evenly film on bottom of ball with ring of bubbles.
dispersed. Ring of small/medium bubbles around to of

_____ ____ _____ ____ _____ ____ ____ ball at waterline with hint of brown ring.
7/12/02: Solution clear. Black film ring at 7/12/02: Solution blackish brown
bottom of tube and black flecks on '/4% of throughout. Large/medium bubbles and
ball bottom. 1% of tube sides covered with black film on bottom of ball. Ring of
small bubbles. 10% of bottom of ball bubbles, dark brown ring and splotches of
covered in small/medium bubbles. black film around top of ball at waterline.
7/13/02: Solution clear. Black film on 7/13/02: Solution black throughout. Black
sides and bottom of tube and developing on film around bottom of ball and at bottom of
bottom of ball. 40% of tube covered in tube. Brownish flecks and slight bubble
small bubbles with just a few on bottom of ring around top of ball at waterline.
ball.
7/14/02: Same as above. 7/14/02: Same as above.
7/15/02: Same as above. Black film on 7/15/02: Same as above. Black film on
bottom and sides of tube and on bottom sides of tube. Dark brown chunks in ring
and around top of ball at waterline, around top of ball at waterline.
7/16/02: Same as above. 7/16/02: Same as above. Dark brown

chunks in ring around top of ball at
________________________________ waterline now contain small black flecks.

-7/17/02. Same as above. 7/17/02: Same as above.



794 509

MW116
Sampled 7/9/02

SRB IRB
Present, BA, 10,000 - 100,000 Present, BL, 100,000
7110/02: Solution clear except for slightly 7/10/02: Solution blackish brown
cloudy ring at bottom of tube. 1% of tube throughout tube graduating from black at
covered with medium bubbles evenly bottom of ball to middle of tube where
dispersed. Many small black flecks on solution becomes dark brown. 80% of tube
bottom of ball covering approximately and 80% of top around waterline and
1/8% of bottom of ball. bottom of ball covered in small/medium

bubbles.
7/11/02: Same as above except increase in 7/11/02: Solution blackishibrown
amount of small black flecks on bottom of throughout. Black film on bottom of ball
ball. with ring of large/mediumn bubbles. Ring

of medium bubbles with hint of brown ring
around top of ball at waterline.

7/12/02: Solution clear with black ring at 7/12/02: Solution blackish brown
the bottom of tube. 1% of tube sides throughout. Black film on bottom of tube.
covered in small bubbles. 5% of ball Ring of bubbles and medium brown ring
(bottom) covered in small bubbles with a around top of ball at waterline.
few black flecks. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

7/13/02: Solution clear. Black film on 7/13/02: Solution black throughout. Black
sides and bottom of tube. Very thin black film on bottom of ball and on bottom of
film on very bottom of ball. 5% of ball tube. Ring of large bubbles on bottom of
covered in small bubbles. ball. Dark yellow/light brown ring around

top of ball at waterline with just a few
____ ____ ___ ____ ___ ____ ___ ____ ___ bubbles.

7/14/02: Same as above. 7/14/02: Same as above.
7/15/02: Same as above. Black film more 7/15/02: Same as above. Dark brown ring
pronounced on very bottom of ball. around top of ball at waterline.
7/16/02: Same as above. Black film on 7/16/02: Same as above.
ball from waterline down and around top of
ball at waterline.
7/17/02: Same as above. 7/17/02: Same as above. Black film on

bottom and sides (thick on sides) of tube.
Black film on bottom and around top of

_____ ____ ____ ____ ____ ____ ____ ____ ball at w aterline.
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MW1 24
Sampled 7/9/02

SRB IRB
Present, BA, 100,000 Present, BL, IRB, 1 00,000
7/11/02: Solution slightly cloudy 7/11/02: Solution light yellow throughout
throughout with thin line of darker with darker yellow film in center bottom of
cloudiness (off-white more than any color) tube. 80% of tube and 30% of ball
at bottom of tube. 90% of tuber covered (bottom) covered with small bubbles.
with small bubbles with only 5% of ball
(bottom) covered with small bubbles.
7/12/02: Solution clear with slightly 7/12/02: Solution graduates from dark
cloudy ring at bottom of tube. Small yellow under ball to lighter yellow in
bubbles on sides of tube near bottom. '/2% bottom of tube. 80% of tube sides covered
of ball (bottom) covered in small bubbles. with small bubbles. 90% of ball covered
Bottom of ball from waterline down with small bubbles concentrated around top
covered in a very thin black film with a few of ball at waterline, flint of light brown
black specks. ring around top of ball at waterline.
7/13/02: Same as above. 7/13/02: Solution cloudy dark yellow.

80% of tube and 90% of ball covered in
small bubbles concentrated around top of
ball at waterline. Dark brown ring around
top of ball at waterline. Black ring around
top of ball just below waterline.

7/14/02. Same as above. Black film 7/14/02: Solution black throughout. Black
developing on sides of tube, but not at film on bottom of ball from waterline
bottom of tube. down. Ring of small bubbles and dark

brown around top of ball at waterline.
7/15/02: Same as above. Black film on 7/15/02: Same as above. Black film on
bottom and sides of tube. bottom and sides of tube.
7/16/12: Solution very slightly cloudy. 7/16/02: Same as above.
Black film on bottom and sides of tube and
on bottom of ball from waterline down.

7/17/02: Solution clear. Black film on 7/17/02: Same as above.
bottom and sides of the tube. Black film on
-bottom and around top of ball at waterline.
7/18/02: Same as above. 7/18/02: Same as above. Black film on

bottom and sides of tube. Black film on
bottom of ball, not so much on sides of
ball. Dark brown ring with black specks

_____ ____ _____ ____ _____ ____ ____ around top of ball at waterline.



79 4 5 11

MW120
Sampled 7/9/020

SRB IRB
Present, BA and CL, 1 0,000 Present, BL, 100 -5,000
7/11/02: Solution in outer tube very cloudy 7/11/02: Solution in outer very cloudy
throughout (looks like watered-down milk) throughout (looks like watered-down milk)
making it difficult to see inner tube. A few with a hint of yellow. 2% of sides of tube
bubbles on sides of tube near ball. near ball covered with small bubbles.
7/12/02: Solution in outer tube very cloudy 7/12/02: Same as above.
throughout making it difficult to see inner
tube. No black in bottom of tube. Small
black flecks on one small area of the ball.
A few bubbles on sides of tube near ball.
7/13/02: Same as above. Black film on 7/13/02. Same as above.
5% of ball concentrated on one side.
7/14/02: Same as above. Black film 7/14/02: Solution in outer tube remains
around top of ball at waterline. Appears to very cloudy with brownish tint. Unable to
be black film on sides and bottom of inner clearly see inner tube, but no visible
tube, but hard to see through cloudy evidence of film developing on either ball
solution in the outer tube. or bottom of inner tube.
7/15/02: Same as above. Inner tube 7/15/02: Same as above. Light brown ring
appears black, very pronounced at the around top of ball at waterline.
bottom of the tube and around top of ball at0
waterline.
7/16/02: Same as above. 7/16/02: Same as above. Black film on

bottom and sides of tube. Black film on
ball from waterline down. Black film ring
around top of ball at waterline.

7/17/02: Same as above. Inner tube 7/17/02: Same as above. Inner tube black
appears black from bottom of tube to from bottom of tube to top of ball around
bottom of ball. Doesn't appear to be black waterline. Small area of ball (very top) that
film on sides of ball below waterline. Black is not covered in black film.
film ring around top of ball at waterline.
7/18/02: Solution in outer tube very cloudy 7/18/02: Solution in outer tube very cloudy
(milky) and smells of sulfur. Solution in (milky) and smells of sulfur. Solution in
inner tube is cloudy. Black film on bottom inner tube is blackish brown. Black film on
and sides of tube. Black film on bottom and bottom and sides of tube. Black film
around top of ball at waterline, covering most of the ball with a small area

(top) of the ball not covered with black
film.



79 4 5 12

MW 105
Sampled 7/9/02

SRB IRB
Present, BA, 100,000 Present, BL, 100,000
7/11/02: Solution clear. Thin black film on 7/11/02: Solution mostly clear throughout
sides and bottom of tube and on bottom of graduating from clear at ball to slightly
ball. '/2%o of tube and 10% of ball covered cloudy dark yellow at bottom of tube. Thin
with small bubbles. brown film in center bottom of tube, not on

side s. Very few bubbles in tube or on ball.
7/12/02: Solution clear. Solid black film 7/12/02: Solution slightly tioudy. Medium
on bottom of tube and on bottom of ball. yellow at bottom of tube graduating to
V/2% of tube sides covered with small grayish black under ball (color change
bubbles. 2% of ball (bottom) covered with begins at middle of tube). Thin black film
small bubbles. on bottom of ball. '/2% of tube sides

covered with small bubbles. 2% of ball
below waterline covered in medium
bubbles.

7/13/02. Same as above. 7/13/02: Solution black at ball and
throughout most of tube graduating down
to dark yellow/brown at bottom of tube.
Black film at bottom and sides of tube and
on ball. Large/medium bubbles around

_____ _____ _____ _____ _____ _____ bottom of ball below waterline.
7/14/02: Same as above. Black film 7/14/02: Solution black throughout. Black
developing on sides of tube. film on bottom of ball from waterline

down. Thick black film ring around top of
ball at waterline. Black film on sides and
bottom of tube.

7/15/02: Same as above. Solid black film 7/15/02: Same as above.
on bottom and sides of tube and on bottom
-of ball from waterline down.
-7/16/02: Same as above. 7/16/02: Same as above.
-7/17/02: Same as above. 7/17/02: Same as above.
-7/18/02: Same as above. 7/18/02: Same as above.



7 94 5 13

MW112
Sampled 7/9/020

SRB 'RB
Present, BA, 100,000 Present, BL, 1 00,000
7/11/02: Solution clear throughout. Thin 7/11/02: Solution clear throughout
black film on bottom of ball and on sides of graduating from clear at ball to dark yellow
tube near ball. Very few bubbles in tube or at bottom of tube. Thin brown film in
on ball. center bottom of tube, not on sides.
7/12/02: Solution clear. Thin black film 7/12/02: Solution slightly cloudy.
ning in bottom of tube. Thin black film on Medium/dark yellow at bottom of tube
bottom of ball. Very few bubbles in tube graduating to grayish black just under the
or on ball. ball (color change begins at middle of

tube). 70% of tube sides covered in
medium/large bubbles. 20% of ball covered
in small/medium bubbles with thin black
film on bottom of ball. Small ring of
bubbles around top of ball at waterline.

7/13/02: Solution clear. Black film now 7/13/02: Solution black throughout
fully developed on ball. Black film in graduating to dark yellow/brown at bottom
bottom of tube and in several small areas of tube. Black film on bottom of ball below
on sides of tube. waterline and in bottom and sides of tube.

_____ _____ _____ _____ _____ _____ Some bubbles on ball and sides of tube.

7/14/02: Same as above. 7/14/02: Solution black throughout. Black
film on bottom of ball from waterline down
and on sides and bottom of tube.

7/15/02: Same as above. 7/15/02: Same as above.
7/16/02: Same as above. Black film covers 7/16/02: Same as above.
more area on the sides of the tube.
7/17/02: Same as above. Black film on 7/17/02: Same as above. Black film on
bottom and sides of tube. Black film on bottom and sides of the tube and covering
bottom of ball from waterline down. most of the ball. A small area (very top) of

_____ ____ ____ ____ ____ ____ ____ ____ ball not covered in black film.
7/18/02: Same as above. 7/18/02: Same as above.



79 4 5j14

MW113
Sampled 7/9/02

SRB IRB
Present, BA, 100 - 1,000 Present, BL, LRB, 100,000
7/11/02: Solution clear throughout tube. 7/11/02: Solution clear throughout
70% of tube and '/2% of ball covered in graduating from clear at ball to yellow at
small bubbles. bottom of tube. Hint of brown film in

center bottom of tube, not on sides. 80% of
tube and 5% of ball covered in small
bubbles.

7/12/02: Solution clear throughout with 7/12/02: Solution cloudy, dark
slightly cloudy ning at bottom of tube. 30% yellow/light brown. Dark brown in center
of tube sides covered in small bubbles bottom of tube. 60% of tube sides near ball
concentrated in bottom of tube. '/2% of ball covered in small bubbles. 40% of ball
covered in small bubbles. covered in small bubbles concentrated

around top of ball at waterline. Dark yellow
ring around top of ball at waterline and

_____ ____ _____ ____ _____ ____ ____ dark yellow film on bottom of ball.
7/13/02: Same as above. 7/13/02: Solution cloudy, dark

yellow/brown throughout. Black film in
bottom of tube and on bottom of ball.
Small bubbles on sides of tube. Ring of
small bubbles and dark brown film around
top of ball at waterline.

7/14/02: Same as above. No black film on 7/14/02: Solution black throughout. Black
either ball or bottom of tube. film on bottom of ball. Small ring of

bubbles and dark brown ring with black
flecks around top of ball at waterline.
Black film on sides and bottom of tube.

7/15/02. Same as above. No black film 7/15/02: Same as above.
within inner tube and very few (maybe 5
-total) bubbles.
-7/16/02: Same as above. No black film. 7/16/02: Same as above.
7/17/02: Same as above. Very thin black 7/17/02: Same as above.
film developing on sides of the ball below
waterline, not on the bottom or around top
-of the ball at waterline.
7/18/02: Same as above. Very thin black 7/18/02: Same as above. More black
film on sides below waterline and bottom flecks, but not a solid ring of black film
of ball, not so much around top of ball at around top of ball at waterline.
waterline. Very thin black film ring in
bottom of tube on sides, not on center
bottom of tube. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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MW122
Sampled 7/9/020

SRB IRIB
Present, BA, 100,000 Present, BL, LR, FO
7/12/02: Solution clear with slightly 7/12/02: Solution slightly cloudy. Medium
cloudy ring at bottom of tube. 20% of tube yellow under ball graduating to darker
sides covered in small bubbles yellow at bottom of tube. 60% of tube sides
concentrated near bottom of tube. 5% of covered in small bubbles. 30% of ball
ball (bottom) covered in small bubbles. covered in small bubbles concentrated on
10% of ball covered with small black bottom.
specks, not a film, on sides and bottom of
ball.
7/13102: Solution clear. Very thin area of 7/13/02: Solution cloudy. Dark yellow
black film on very bottom of ball. Small under ball graduating to brown at bottom of
bubbles on sides of tube concentrated near tube. 50% of tube sides covered in small
bottom of tube. bubbles. 80% of ball covered in

small/medium bubbles. Hint of brown ring
around top of ball at waterline.

7/14/02: Solution clear throughout. Very 7/14/02: Solution black from bottom of
thin area of black film on very bottom of ball to about middle of tube graduating to
ball and on one side of ball. dark brown. Thin black film in bottom of

tube and on bottom of ball. Dark brown
ring and small bubble ring around ball at

_____ ____ _____ ____ _____ ____ ____ waterline and above black film.
7/15/02: Same as above. Black film in 7/15/02: Solution black throughout. Black
bottom of tube. Very thin black film on film in bottom of tube and bottom of ball.
very bottom and on one side of ball. Dark brown ring of small bubbles around

____ ____ ___ ____ ____ ___ ____ ____ __ op o bal atw aterline.

7/16/02: Same as above. Black film on 7/16/02: Same as above
sides of tube. Black flecks in slightly
cloudy ring around top of ball at waterline.
7/17/02: Same as above. Black film on 7/17/02: Same as above. Black film on
bottom and sides of tube. Black film on bottom and sides of tube. Black film on
bottom and sides of ball below. Black bottom of ball. Dark brown ring of small
flecks around top of ball at waterline, bubbles with black flecks around sides and

topof allatwaterline.
7/18/02: Same as above. 7/18/02: Same as above.
7/19/02: Same as above. More black 7/19/02: Same as above. More black flecks
flecks around top of ball at waterline, but around top of ball at waterline, but not a
not a solid ring of black film, solid ring of black film.



7 94 516

. ~POST SAMPLING EVENT #2

MWL14
Sampled 7/30/02

IRB SRB
7/31/02: Solution clear at ball graduating to 7/31/02: Solution clear with clear film in cone. No
light yellow in middle of tube and to dark bubbles.
yellow (black tint) at bottom of tube. No
bubbles.
8/1/02: Solution slightly cloudy graduating 8/1/02: Same as above.
from light yellow at ball to dark yellow
(golden) at bottom of tube. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

8/2/02: Black. 8/2/02: Same as above.
8/3/02: 8/3/02:
8/4/02: Thick black film throughout from 8/4/02: Black film throughout tube - on bottom,
waterline along sides to bottom of tube. Ball middle and around top of ball, on sides and at bottom
almost completely covered with black film, of tube.

18/5/02: Same as above. 8/5/02: Same as above.
8/6/02: Same as above. 8/6/02: Same as above.
8/7/02: Same as above. 8/7/02: Same as above.
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MW110
Sampled 7/30/020

IRB SRB
7/31/02: Solution light yellow at ball 7/31/02: Solution clear with clear film in cone.
graduating to dark yellow at bottom of tube. Bubbles under ball and along sides.
Bubbles under ball and along sides.
8/1/02: Solution cloudy amber yellow. Lots of 8/1/02: Same as above.
large bubbles below ball. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

8/2/02: Black. 8/2/02: Same as above.
8/3/02: 8/3/02:
8/4/02: Thick black film on sides and bottom 8/4/02: Thin black film on bottom and at top of
of tube. Black film on bottom of ball. Dark ball at waterline, on sides and bottom of tube.
brown film around top of ball at waterline. No
black film around middle of ball.
8/5/02: Same as above. 8/5/02: Same as above.
8/6/02: Same as above except dark brown film 8/6/02: Same as above.
around top of ball at waterline has turned black
and black film has developed around middle of
ball. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

8/7/02: Same as above. 8/7/02: Same as above.
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MW11IO Duplicate
Sampled 7/30/02

IRB SRB
7/31/02: Solution clear at ball graduating to 7/31/02: Solution clear with clear film in cone.
light yellow in middle of tube and to dark Bubbles along sides and under ball.
yellow at bottom of tube. Bubbles along sides
and below ball.
8/1/02: Solution slightly cloudy graduating 8/1/02: Same as above.
from light yellow at ball to dark yellow
-(golden) at bottom of tube. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

-8/2/02: Black. 8/2/02. Same as above.
-8/3/02: 8/3/02:
8/4/02: Thick black film throughout tube - 8/4/02: Very thin black film on bottom of ball,
from bottom of ball to bottom of tube. Dark on sides and bottom of tube. Black film around
brown film around top of ball at waterline. No top of ball at waterline beginning to form.
black film on middle of ball.
-8/5/02: Same as above. 8/5/02: Same as above.
8/6/02: Same as above except dark brown film 8/6/02: Same as above except black film in

-around top of ball is black. bottom of tube more pronounced.
8/7/02: Same as above. 8/7/02: Thin black film on bottom and around_

top of ball at waterline, on sides and bottom of
_________________________ ~tube.
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MW120
Sampled 7/30/02

IRB SRB
7/31/02: Solution cloudy light yellow at ball 7/31/02: Solution clear with clear film in cone.
graduating to dark yellow at bottom of tube. Bubbles along side and under ball.
Bubbles along sides and under ball.
8/1/02: Solution cloudy, amber. Top half of 8/1/02: Same as above.
water column black.
8/2/02: Black. 8/2/02: Same as above with some black tint in

____ ____ ____ ____ ____ ____ ____ ____ ___ water below ball.

8/3/02: 8/3/02:
8/4/02: Thick black film from bottom of ball 8/4/02: Thin black film on bottom, sides and
to bottom of tube. Dark brown film around top around top of ball at waterline. Black film along
of ball at waterline. No black film around sides and at bottom of tube.
middle of ball.
8/5/02: Same as above. 8/5/02: Same as above.
8/6/02: Same as above. 8/6/02: Same as above.
8/7/02: Same as above except dark brown film 8/7/02: Same as above.
around top of ball at waterline is much darker,
almost black. Black film around middle of
ball. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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. ~MW1 18
Sampled 7/30/02

IRB SRB
7/31/02: Solution cloudy light yellow at ball 7/31/02: Solution cloudy with clear film at
graduating to dark yellow at bottom of tube. bottom in cone. Bubbles along sides and under
Bubbles along sides and under ball, ball.
8/1/02: Solution slightly cloudy yellow to light 8/1/02: Same as above except no bubbles.
yellow at ball. No bubbles
8/2/02: Solution cloudy light yellow 8/2/02: Same as above.
throughout most of tube. Amber lust in cone. ___________________

8/3/02: 8/3/02:
8/4/02: Thick black film on bottom and 8/4/02: Solution cloudy. Black film around top of
around middle of ball, along sides and at ball at waterline. Very thin black film with black
bottom of tube. Ring of bubbles with dark flecks on sides and bottom of ball. No black film
brown flecks around top of ball at waterline, in bottom of tube.
8/5/02: Same as above. 8/5/02: Black film around top of ball at

waterline. Very thin black film with black flecks
on sides and bottom of ball. Black film along

______ _____ _____ ______ _____ _____ sides and in bottom of tube.
8/6/02. Same as above except dark brown film 8/6/02: Same as above.
around top of ball at waterline is black. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

8/7/02: Same as above. 8/7/02: Solution cloudy. Black film around top of
ball at waterline, around middle and on bottom of
ball. Black film along sides and in bottom of tube.
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MW1 13
Sampled 7/31/02

IRB SRBD
8/1/02: Solution clear, light yellow at ball 8/1/02: Solution clear with clear film in cone.
graduating to dark yellow at bottom of tube. Small bubbles along sides and under ball.
Small bubbles along sides and under ball. _____________________

8/2/02: Solution clear, amber. Lots of large 8/2/02: Same as above.
bubbles. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

8/3/02: 8/3/02:
8/4/02: Thick black film on bottom of ball, 8/4/02: Very thin black film on bottom of ball.
along sides and at bottom of tube. Dark brown Thin black film along sides and at bottom of tube.
film around middle and top of ball at waterline. Black tint formning around top of ball at waterline.
8/5/02: Same as above. 8/5/02: Same as above.
8/6/02: Same as above. 8/6/02: Same as above except black flecks in

film along sides of tube.
8/7/02: Same as above except dark brown film 8/7/02: Thin black film on bottom and around
around middle of ball is now black. Dark top of ball at waterline. Black film with black
brown film around top of ball at waterline is flecks along sides of tube. Black film in bottom
darker, almost black. of tube.
8/8/02: Same as above except dark brown film 8/8/02: Same as above.
now black. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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MW105
Sampled 7/31/02

IRB SRBe
8/1/02: Solution clear at ball graduating to 8/1/02: Solution slightly cloudy with clear film at
dark yellow at bottom of tube. No bubbles. bottom. No bubbles.
8/2/02: Solution clear, light yellow at ball 8/2/02: Black.
graduating to dark yellow at bottom of tube.
Large bubbles around ball.
8/3/02: 8/3/02:
8/4/02: Thick black film from around top of 8/4/02: Thin black film around ball from
ball at waterline, along sides to bottom of tube. waterline to bottom of ball, along sides and at

bottom of tube.
8/5/02: Same as above. 8/5/02: Same as above.
8/6/02: Same as above. 8/6/02: Same as above.
8/7/02: Same as above. 8/7/02: Black film more pronounced around ball

from waterline to bottom of ball, along sides and
at bottom of tube.

8/8/02: Same as above. 8/8/02: Same as above.
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MW112
Sampled 7/31/02

IRB SRB
8/1/02: Solution clear at ball graduating to 8/1/02: Solution slightly cloudy (black) under
dark yellow at bottom of tube. No bubbles. ball. Clear at bottom with black tint in upper ¼4.

Lower % of tube has many small bubbles.
8/2/02: Solution clear graduating from light 8/2/02: Solution clear with slight black tint
yellow at ball to dark yellow at bottom of tube. throughout.

8/3/02: 8/3/02:
8/4/02: Thick black film from waterline along 8/4/02: Thin black film around top at waterline,
sides to the bottom of the tube. Dark brown around middle and on bottom of ball, along sides
film around top of ball at waterline, and at bottom of tube. Sides of lower ¾ 4of tube

covered in small bubbles.
8/5/02: Same as above. 8/5/02: Same as above.
8/6/02: Same as above except dark brown film 8/6/02: Same as above.
much darker, almost black.
8/7/02: Same as above except dark brown film 8/7/02: Black film more pronounced from
now black with two huge bubbles, waterline to bottom of ball and on sides and

bottom of tube.
8/8/02: Same as above except bubbles much 8/8/02: Same as above.
smaller. ________________________
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MW1 16
Sampled 7/31/02

_IRB SRB
8/1/02: Solution light yellow at ball graduating 8/1/02: Solution clear with clear film in cone.
to dark yellow at bottom of tube. Small Small bubbles along side and under ball.
-bubbles along sides and under ball.
8/2/02: Black. 8/2/02: Same as above.
-8/3/02: 8/3/02:
8/4/02: Thick black film on bottom of ball, 8/4/02: Very, very thin black film around top of
along sides and at bottom of tube. Dark brown ball at waterline. Thin black film (more
film around top of ball at waterline. Black and pronounced than around top of ball) on bottom of
dark brown film around middle of ball. ball, along sides and at bottom of tube.
8/5/02: Same as above. 8/5/02: Same as above.
8/6/02: Same as above. 8/6/02: Same as above.
8/7/02: Same as above except dark brown film 8/7/02: Black film more pronounced around top
around middle of ball is black and dark brown of ball at waterline. Black film on bottom and
film around top of ball at waterline is darker, around middle of ball, along sides of tube and is
almost black. very pronounced at bottom of tube.
8/8/02: Same as above except dark brown film 8/8/02: Same as above.
around top of ball is black. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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MWJ16 Duplicate
Sampled 7/31/02

IRB SRB
8/1/02: Solution light yellow at ball graduating 8/1/02: Solution clear. Small bubbles along side
to dark yellow at bottom of tube. Many Small and below ball.
bubbles along sides and below ball. ____________________

8/2/02: Black. 8/2/02: Same as above.
8/3/02: 8/3/02:
8/4/02: Thick black film from bottom of ball 8/4/02: Black film on bottom and sides of ball.
along sides to bottom of tube. Dark brown film Black film on sides of tube just under ball, but not
around top of ball at the waterline and all the way down. Black film in very bottom of
somewhat around middle of ball. tube. Air bubbles on sides of tube from bottom of

_____ _____ _____ _____ _____ _____ ____ ball to bottom of tube.

8/5/02: Same as above. 8/5/02: Same as above.
8/6/02: Same as above. 8/6/02: Same as above.
8/7/02: Same as above except dark brown film 8/7/02: Black film around top of ball at
around top of ball at waterline is darker, almost waterline, around middle and on bottom of ball.
black. Black film along sides and at bottom of tube.
8/8/02: Same as above except dark brown film 8/8/02: Same as above.
around top of ball now black. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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MW 1240 ~~Sampled 7/31/02

RIRB SRIB
8/1/02: Solution clear at ball graduating to 811/02: Solution clear with clear film in cone.
light yellow in middle of tube and to dark Small bubbles along side and under ball.
yellow at bottom of tube. No bubbles.
8/2/02: Solution golden yellow throughout. 8/2/02: Same as above.
Lots of large bubbles. Appear§ clear.
8/3/02: 8/3/02:
8/4/02: Thick black film from bottom of ball 8/4/02: Solutiob clear. Small bubbles on sides of
along sides to bottom of tube. Small bubbles tube. Bottom of ball covered in black flecks, not
and dark brown film around top of ball at solid film.

-waterline and around middle of ball. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

8/5/02: Same as above. 8/5/02: Solution clear. Small bubbles on sides of
tube. Very thin black film with black flecks on

_____ _____ ____ _____ ____ _____ ____ bottom of ball. Black film at bottom of tube.
8/6/02: Same as above. 8/6/02: Same as above except black film

developing around top of ball at waterline and
_____ _____ ____ _____ ____ _____ ____ around m iddle of ball.

.8/7/02: Same as above except dark brown film 8/7/02: Black film around top of ball at
around top of ball and middle of ball is darker, waterline, around middle and on bottom of ball.
almost black. Black film along sides of tube and is very

pronounced in the bottom of the tube.
8/8/02: Same as above except dark brown film 8/8/02: Same as above.
around top of ball now black. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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MW122
Sampled 7/31/02

IRB SRB
8/1/02: Solution clear at ball graduating to 8/1/02: Solution clear with clear film at bottom
light yellow in middle of tube and to dark of tube. Bubbles along side and below ball.
yellow at bottom of tube. Bubbles along side
and under ball. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

8/2/02: Solution yellow throughout. Amber in 8/2/02: Same as above.
cone. Lots of large bubbles, clear. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

8/3/02: 8/3/02:
8/4/02: Thick black film from bottom of ball 8/4/02: Black film around top of ball at waterline
along sides to bottom of tube. Dark brown and around sides of ball. Very, very thin black
film around top of ball at waterline and around film in very center bottom of tube, not on sides.
middle of ball. Small bubbles on sides of the tube.
8/5/02: Same as above. 8/5/02: Black film around top of ball at waterline

and around sides of ball. Black film along sides
and at bottom of tube.

8/6/02: Same as above. 8/6/02: Same as above.
8/7/02: Same as above except dark brown film 8/7/02: Same as above.
around top of ball at waterline and around
middle of ball is much darker, almost black. _____________________

8/8/02: Same as above except dark brown film 8/8/02: Same as above.
around top and middle of ball is now black. ____________________
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POST SAMPLING EVENT #3

MW124
Sampled 9/03/02

IRB SRB
9/4/02: Solution light yellow from bottom of 9/4/02: Solution clear with clear film in bottom
ball to bottom of tube. Sides of tube and of tube. Just a few bubbles on bottom of ball and
bottom of ball covered with small bubbles. sides of tube.
Dark brown tint at bottom of tube.
9/5/02: Solution dark yellow/light brown. 9/5/02: Solution clear. Thin black film with black
Ring of small air bubbles around top and specks around bottom of ball at waterline.
bottom of ball as well as on sides to bottom of
tube. _ _ _ _ _ _ _ _ _ _ _ _ _

9/6/02: Solution light brown. Light yellow 9/6/02: Same as above. Thin black film on one
ring of small bubbles around top of ball at side of tube near ball.
waterline. Black film developing under
medium bubbles on bottom of ball. Small
bubbles on sides of tube. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

9/7/02: Black film on bottom of ball and sides 9/7/02: Same as above.
and bottom of tube. Medium yellow ring of
small bubbles around top of ball at waterline. _____________________. ~~~9/8/02: Same as above. 9/8/02: Thin black film with black flecks from

top of ball at waterline to bottom of ball and in
bottom of tube. Thin black film with black flecks
becoming more pronounced on sides of tube from
ball to about middle of tube.

9/9/02: Same as above, except ring around top 9/9/02: Same as above.
of ball now dark yellow with splotches of
black film.
-9/10/02: Same as above. 9/10/02: Same as above.
9/11/02: Same as above, except ring around 9/11/02: Same as above, except black film much
top of ball now black. thicker around top of ball at waterline, side and

______ _____ _____ ______ _____ _____ bottom of ball, sides and bottom of tube.
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MW 114
Sampled 9/4/02

IRB SRB
9/5/02: Solution dark brown. Pronounced 9/5/02: Solution clear with clear film in bottom
black film on bottom of ball. Thinner black of tube. Thin black film with black flecks on
film on sides and bottom of tube. Medium bottom of ball. A few black flecks and several
yellow ring underneath ring of medium small bubbles on side of tube.
bubbles around top of ball at waterline. A few
medium bubbles on sides of tube.
9/6/02: Black film on bottom of ball, sides of 9/6/02: Solution clear with thin black film
tube and bottom of tube. Ring of bubbles with developing on sides of tube. Thin black film in
spots of black film around top of ball at bottom of tube. Thin black film with black flecks
waterline. on bottom of ball.
9/7/02: Same as above. 9/7/02: Black film more pronounced on bottom

______ _____ ______ _____ ______ _____ of ball, sides and bottom of tube.

9/8/02: Same as above. 9/8/02: Same as above. Black film a bit thicker.
9/9/02: Same as above, except black film on 9/9/02: Same as above.
one side of ball ftom bottom to top of ball at
waterline. Black film ring around top of ball at
waterline.
9/10/02: Same as above. 9/10/02: Black film ring around top of ball at

waterline, bottom of ball, sides and bottom of
tube.

9/11/02: Same as above. 9/11/02: Same as above.
9/12/02: Thick black film around top of ball at 9/12/02: Thin black film ring around top of ball at
waterline, on one side of ball, on bottom of waterline and on bottom of ball. Thin black film
ball, on sides of tube from ball to bottom of on sides of tube from ball to bottom of tube. Film
tube. thicker on bottom of tube than on sides.
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MW11O
Sampled 9/4/02

IRB SRB
9/5/02: Solution medium yellow throughout 9/5/02: Solution clear with clear film in bottom
tube. Ring of medium bubbles around top of of tube. A few small bubbles under ball and on
ball. Small bubbles under ball and on sides of sides of tube.
tube.
9/6/02: Solution slightly cloudy light brown 9/6/02: Same as above, except no bubbles on ball
throughout tube. Medium yellow ring of or sides of tube.
medium bubbles around top of ball at
waterline. A few medium bubbles on bottom of
ball. No bubbles on sides of tube.
9/7/02: Solution medium brown with black 9/7/02: Very thin black film with black flecks on
film in bottom of tube. Ring of black film bottom of ball. A few small bubbles on sides of
about ¼ 4up from bottom of tube. Splotches of tube about ¼ 4up from bottom of tube.
black film on one side of ball. Dark yellow
ring of medium bubbles around top of ball at
waterline.
9/8/02: Same as above, except black film 9/8/02: Same as above.
developing on sides of tube and on ball below
waterline. Black film ring with small bubbles
around top of ball at waterline. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

9/9/02: Black film from top of ball to bottom 9/9/02: Same as above, except thin black film on
-of tube. ball a bit thicker.
9/10/02: Same as above. 9/10/02: Thick black film from top of ball at

waterline, on sides and bottom of ball as well as
_____ _____ ____ _____ ____ _____ ____ on sides and bottom of tube.

-9/11/02: Same as above. 9/11/02: Same as above.
9/12/02: Thick black film around top of ball at 9/12/02: Black film ring around top of ball at
waterline and bottom of ball, on sides of tube waterline, on sides and bottom of ball. Thick
from ball to bottom of tube. Black flecks on black film on sides of tube from ball to bottom of

-sides of ball, but not solid layer of film. tube.

0
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MW110 Duplicate
Sampled 9/4/02

IRB SRB
9/5102: Solution light yellow at ball graduating 9/5/02: Solution clear with clear film in bottom
to dark yellow with hint of brown at bottom of of tube. Hardly any bubbles on ball or tube.
tube. Light yellow ring of small bubbles
around top of ball at waterline. A few bubbles
on sides and bottom of ball as well as on sides
of tube.
9/6/02: Same as above, except solution dark 9/6/02: Same as above, except thin black film
yellow with hint of brown throughout tube. with black flecks on one side of bottom of ball.
9/7/02: Solution light brown throughout tube. 9/7/02: Thin black film on bottom of ball and
Two black film dots on side of ball. Medium sides of tube from ball to about ¼ 4down from
yellow ring of small bubbles around top of ball ball.
at waterline. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

9/8/02: Solution medium brown. Splotches of 9/8/02: Thin black film around top of ball at
black film from waterline to bottom of ball and waterline, bottom of ball, sides and bottom of
on sides of tube. Black film in bottom of tube. tube.
Medium brown ring with black splotches and
bubbles around top of ball at waterline.
9/9/02: Black film at top of ball at waterline, 9/9/02: Same as above, except black film on
bottom of ball, sides and bottom of tube. sides and bottom of tube much thicker.
9/10/02: Same as above. 9/10/02: Same as above.
9/11/02: Same as above. 9/11/02: Same as above.
9/12/02: Thick black film around top of ball at 9/12/02: Thin black film around top of ball at
waterline, on sides and bottom of ball. Thick waterline and on bottom of ball. Black flecks on
black film on sides of tube from ball to bottom sides of ball. Thin black film on sides and bottom
of tube. of tube. Film thicker in bottom than on sides of

_____ _____ _____ _____ _____ _____ ____ tube.
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MW120
Sampled 9/4/02

_IRB SRIll
9/5/02: Solution light yellow throughout tube 9/5/02: Solution clear with clear film in bottom
with light yellow ring around top of ball at of tube. Thin black film with hint of brown
waterline. Bubbles on sides and bottom of ball. around top of ball at waterline. Thin black film on
A few bubbles on side of tube. bottom of ball. Small bubbles on side of tube

near bottom.
9/6/02: Solution slightly cloudy medium 9/6/02: Solution clear throughout tube. Black
yellow throughout tube. Dark yellow/hint of film on ball from waterline to bottom of ball.
brown ring of small bubbles around top of ball Black film on sides of tube at top near ball.
at waterline. Bubbles on sides and bottom of
ball.
9/7/02: Same as above. A couple of black film 9/7/02: Same as above, except black film on

-dots on side of ball. sides of tube from ball to bottom of tube.
9/8/02: Black film from top of ball at 9/8/02: Same as above, except black film more
waterline to bottom of tube. pronounced on ball, sides and bottom of tube.
9/9/02: Same as above. 9/9/02: Black film ring around top of ball at

waterline, sides and bottom of ball. Black film on
sides and bottom of tube;, thicker in bottom than
on sides.. ~~~9/10/02: Ball almost completely covered with 9/10/02: Same as above.

black film. Black film from top of ball to
-bottom of tube. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

-9/11/02: Same as above. 9/11/02: Same as above.
9/12/02: Thick black film covering entire ball. 9/12/02: Thick black film around top of ball at
Thick black film on sides of tube from ball to waterline, on sides and bottom of ball. Thin black
bottom of tube, film on sides of tube. Thick black film in bottom

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ o f tube.



SapldI: 533

MW1 18

IRB _ __ _ _ __ _ _ _ __ _ _ __ _ _ _ SR B

9/5/02: Solution light yellow throughout tube. 9/5/02: Solution slightly cloudy with clear film at
Light yellow ring with a few bubbles around bottom in tube. Hardly any bubbles on ball or
top of ball at waterline. Bubbles along sides tube.
and under ball. Hardly any bubbles on sides of
tube.
9/6/02: Solution cloudy light brown 9/6/02: Same as above.
throughout tube. Black film in bottom of tube.
Medium yellow ring of small bubbles around
top of ball at waterline. A few bubbles on
sides and bottom of ball.
9/7/02: Black film firomn top of ball at 9/7/02: Solution slightly cloudy. Black flecks on
waterline to bottom of ball and on sides of tube sides of ball just under waterline.
from ball to bottom of tube.
9/8/02: Same as above. Black film more 9/8/02: Same as above, except thin black film
pronounced around top of ball at waterline, with black flecks developing around sides of ball

____ ____ ____ ____ ____ ____ ____ ____ ___ just under w aterline.

9/9/02: Black film from top of ball at 9/9/02: Black film on sides and bottom of tube;
waterline, sides and bottom of ball, sides and thicker in bottom than on sides. Thin black film
bottom of tube. on sides and bottom of ball.
9/10/02: Same as above. 9/10/02: Same as above.
9/11/02: Same as above. 9111/02: Same as above.
9/12/02: Thick black film around top of ball at 9/12/02: Thin black film around top of ball at
waterline, on sides and bottom of ball. Thick waterline and on sides of ball just under
black film on sides of tube from bottom of ball waterline. No black film on bottom of ball. Very,
to bottom of tube. very thin (barely visible) black film on sides of

tube from just under ball to bottom of tube. Thick
_____ _____ ____ _____ ____ _____ ____ black film in bottom of tube.



794 534

MW1I6
Sampled 9/4/02

IRB SRIM
9/5/02: Solution yellow with hint of brown 9/5/02: Solution clear with clear film in cone.
throughout tube. Ring of small bubbles around Black flecks and spots of thin black film on ball
top of ball at waterline and on bottom of ball. from waterline to bottom of ball. Hardly any
Sides of tube covered in small bubbles. bubbles on ball or tube.
9/6/02: Solution clear light brown. Small 9/6/02: Same as above, except black film on ball
bubbles cover sides of tube. Black film on more pronounced.
sides of tube from middle to bottom of tube.
Dark yellow ring with a few black flecks and
small bubbles around top of ball at waterline.
Small bubbles on bottom of ball. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

9/7/02: Black film on bottom of ball and sides 9/7/02: Black film on ball from waterline to
of tube from ball to bottom of tube. Dark bottom of ball. Black film developing on sides of
brown ring with black flecks around top of ball tube near ball and in very center bottom of tube.
at waterline.
9/8/02: Same as above. 9/8/02: Same as above, except black film in

center bottom of tube moving towards sides of
_________________________ ~tube.

9/9/02: Same as above, except black film on 9/9/02: Same as above. Black film in bottom of
bottom of ball, sides and bottom of tube tube covering bottom.
thicker.
9/10/02: Same as above. 9/10/02: Thick black film on ball, sides and

bottom of tube.
9/11/02: Same as above. 9/11/02: Same as above.
9/12/02: Dark brown ring with black flecks 9/12/02: Thick black film around top of ball at
around top of ball at waterline. Thick black waterline. Thin black film on sides of ball just
film on bottom of ball. Thin black film on below waterline. Thick black film on bottom of
sides of tube just under ball growing thicker at bail. Thin, yet thick enough to obscure view into
middle of tube. Thick black film on sides near tube, black film on sides of tube just under ball to
bottom and bottom of tube. bottom of tube. Thick black film in bottom of

tube.



794 535

MW116 Duplicate
Sampled 9/4/02 0s
IRB SRB
9/5/02: Solution slightly cloudy dark yellow 9/5/02: Solution clear with cloudy film at bottom
with hint of brown throughout tube. Dark of tube. Thin black film with black flecks around
yellow ring underneath ring of small bubbles ball at waterline. A few small bubbles on ball and
around top of ball at waterline. Patches of tube.
black film underneath mediumllarge bubbles
on bottom of ball. Thin black film on sides of
tube at middle of tube. Hardly any bubbles on
sides of tube.
9/6/02: Black film on bottom of ball and sides 9/6/02: Same as above, except thin black film
of tube from bottom of ball to bottom of tube. with black flecks on ball moving down from
Dark yellow/light brown ring of small bubbles waterline to bottom of ball.
around top of ball at waterline. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

9/7/02: Same as above. 9/7/02: Black film on ball from waterline to
_____ _____ ____ _____ ____ _____ ____ bottom of ball. Black film in bottom of tube.

9/8/02: Thick black film on bottom of ball, 9/8/02: Same as above, except black film more
sides and bottom of tube. Dark brown ring pronounced in bottom of tube.
with bubbles around top of ball at waterline.
9/9/02: Same as above. 9/9/02: Same as above.
9/10/02: Same as above, except black flecks in 9/10/02: Same as above.
dark brown ring around top of ball at waterline.
9/11/02: Same as above, except dark brown 9/11/02: Same as above.
ring around top of ball at waterline almost
completely black.
9/12/02: Dark brown/black film around top of 9/12/02: Very thin black film with black flecks
ball at waterline. No film on sides of ball. on sides and bottom of ball. Very, very thin black
Thick black with patches of dark brown film film on sides of tube. Thick black film in bottom
on bottom of ball. Thick black film on sides of of tube.
tube from bottom of ball to bottom of tube. ___________________



794 536

MW1130 ~~Sampled 9/5/02

IRB SRB
9/6/02: Solution light yellow throughout tube. 9/6/02: Solution clear throughout tube with
No bubbles on ball or on sides of tube. slightly cloudy film in bottom of tube. No

bubbles on ball or sides of tube.
9/7/02: Solution slightly cloudy medium 9/7/02: Solution clear. Very thin black film with
yellow throughout tube. Black film in center black flecks on sides and bottom of ball and on
bottom of tube. Light yellow ring of medium one side of tube near ball.
bubbles around top of ball at waterline. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

9/8/02: Same as above, except black film 9/8/02: Same as above.
covering bottom of tube and moving up sides
of tube. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

9/9/02: Solution dark brown. Black film on 9/9/02. Same as above.
sides of tube from just under ball to bottom of
tube. Medium yellow ring with medium
bubbles around top of ball at waterline. Thin
black film on one side of ball under waterline.
9/10/02: Black film on bottom of ball, sides 9/10/02: Black film around top of ball at
and bottom of tube. Medium brown ring with waterline, very thin on sides of ball, thicker on
black flecks and medium bubbles around top of bottom of ball. Thin black film on sides of tube
ball at waterline. Light brown film on sides of just under ball. No black film in bottom or on
ball. sides near bottom of tube.
9/11/02: Black film around top of ball at 9/11/02: Thin black film around top of ball at
waterline and bottom of ball. Light brown film waterline, sides and bottom of ball. Thicker on
on sides of ball. Black film on sides and bottom of ball than sides or top. Black film on
bottom of tube. sides of tube just under ball. Thin black film in

bottom of tube and on sides near bottom of tube.
9/12/02: Same as above. 9/12/02: Same as above.
9/13/02: Black film around top of ball at 9/13/02: Thin black film around top of ball at
waterline and bottom of ball. Thin black waterline, sides and bottom of ball. Thicker on
overlaying light brown film on sides of ball. bottom of ball than sides or top. Medium black
Thick black film on sides and bottom of tube. film on sides of tube just under ball to bottom of

______ _____ _____ ______ _____ _____ tube. Thick black film in bottom of tube.



#794 537

MWI05
Sampled 9/5/020

IRB SRB
9/6102: Solution clear light yellow throughout 9/6/02: Solution clear throughout inner tube.
inner tube. No bubbles on ball or tube. There Small bubbles on sides of inner tube. There
appears to be brown sediment on sides and in appears to be brown sediment on sides and in
bottom of outer tube. bottom of outer tube.
9/7/02: Solution slightly cloudy medium . 9/7/02: Very thin black film with black flecks on
yellow throughout tube. Large bubbles on very bottom of ball and on sides of tube just
bottom and sides of tube. under ball.
9/8/02: Solution medium brown. Black film 9/8/02: Black film fuilly developed on bottom of
on bottom of ball and sides and bottom of tube. ball, sides and bottom of tube.

9/9/02: Black film on bottom of ball, sides and 9/9/02: Black film on sides and bottom of ball as
bottom of tube. Medium yellow ring around well as sides and bottom of tube.
top of ball at waterline with a few black
specks.
9/10/02: Same as above. 9/10/02: Same as above, except black film much

____ ____ ___ ____ ___ ____ ___ ____ ___ ____ _ _ thicker.

9/11/02: Same as above. 9/11/02: Same as above.
9/12/02: Same as above. 9/12/02: Thick black film around top of ball at

waterline, on sides and bottom of ball. Thick, buta
still able to see through it, black film on sides ofV
tube from ball to bottom of tube. Thick black film

_____ _____ ____ _____ ____ _____ ____ in bottom of tube.

9/13/02: Medium yellow ring around top of 9/13/02: Same as above.
ball at waterline with a few black specks. No
black film on sides of ball. Thick black film on
bottom of ball and on sides from ball to bottom
of tube. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



794 538

MW112
Sampled 9/5/02

_IRB SRB
9/6/02: Solution clear light yellow throughout 9/6/02: Solution clear with slightly cloudy film
tube. No bubbles on ball or sides of tube. in bottom of tube. Thin black film on bottom of

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ b a ll.

9/7/02: Solution slightly cloudy medium 9/7/02: Same as above, except black film more
yellow throughout tube. Medium bubbles on pronounced on sides and bottom of ball. Thin
bottom of ball. black film with black flecks on one side of tube

____ ____ ____ ___ ____ ____ ___ ____ ____ ___ near b all.

9/8/02: Solution slightly cloudy light brown. 9/8/02: Black film on sides and bottom of ball,
Black film on bottom of ball and bottom of sides and bottom of tube.
tube. Thin black film on sides of tube between
ball and bottom of tube. A few bubbles with

-black specks around top of ball at waterline.
9/9/02: Black film from top of ball at 9/9/02: Same as above, except black film thicker.
waterline to bottom of ball as well as sides and
-bottom of tube.
9/10/02: Same as above, except black film 9/10/02: Same as above.
developing on top of ball.
9/11/02: Same as above. Black film almost 9/11/02: Same as above.
completely covering top of ball.
9/12/02: Thick black film from around top of 9/12/02: Medium black film around top of ball at
ball at waterline, almost covering top of ball, waterline. Thicker black film on sides and bottom
down sides of ball and on sides of tube to of ball. Thick, but still able to see through it,
bottom of tube. black film on sides of tube from ball to bottom of

tube. Thick black film in bottom of tube.
9/13/02: Same as above. 9/13/02: Same as above.



794 539

MW122
Sampled 9/6/02

IRB SRB
9/7102: Solution clear light yellow. Medium 9/7/02: Solution clear throughout tube. Very thin
bubbles on bottom of ball and sides of tube. black film with black flecks on one side of ball
Very thin black film splotch on one side in under waterline. Small bubbles on sides of tube
very center bottom of tube. from middle to bottom of tube.
918/02: Solution slightly cloudy medium 9/8/02: Same as above, except thin black film
yellow. Ring of small bubbles around top of becoming more pronounced.
ball at w aterline. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

9/9/02: Solution medium brown. Thin black 9/9/02: Same as above.
film on bottom of ball as well as sides and
bottom of tube. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

9/10/02: Black film much thicker on bottom of 9/10/02: Thin black film with black flecks on
ball, sides and bottom of tube. Medium brown sides and bottom of ball. No black film on sides
ring of bubbles with black flecks around top of or bottom of tube.
ball at waterline. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

9/11/02: Black film ring around top of ball at 9/11/02: Well developed black film on sides and
waterline. Black film on bottom of ball, sides bottom of ball. Thin black film on sides of tube
and bottom of tube. just under ball and in bottom of tube.
9/12102: Thick black film around top of ball at 9/12/02: Thin black film around top of ball at
waterline. No film on sides of ball. Thick black waterline and on sides of ball. Thick black film
film on bottom of ball. Thick black film on on bottom of ball. Thick, but still able to see
sides of tube from bottom of ball to bottom of through it, black film on sides of tube from ball to
tube. bottom of tube. Thick black film in bottom of

tube.
9/13/02: Same as above. 9/13/02: Same as above.
9/14/02: Same as above. 9/14/02: Same as above.



794 540

. ~~POST SAMPLING EVENT #4

MWI14
Sampled 10/8/02

IlRB SRB
10/9/02: Solution clear at bottom of ball 10/9/02: Solution clear with slightly cloudy film
graduating to light yellow then light brown at in bottom of tube. No bubbles.
-bottom of tube. No bubbles. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

10/10/02: Solution light yellow at bottom of 10/10/02: Solution clear with slightly cloudy film
ball graduating to light brown at bottom of in bottom of tube. No bubbles. Four to five black
tube. Large/medium bubbles around top of ball flecks on bottom of ball.
at waterline and on bottom of ball. A few small
bubbles on sides of tube. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

10/11/02: Solution light brown throughout 10/1 1/02: Solution clear with slightly cloudy film
tube. Medium bubbles around top of ball at in bottom of tube. No bubbles. Thin black film
waterline and on bottom of ball. Black slime with black flecks on bottom of ball. Thin black
on bottom of ball, in bottom of tube and in film ring around top of ball at waterline.
-small spots on sides of tube. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

10/1 2/02: Solution medium brown throughout 10/12/02: Solution clear with slightly cloudy film
tube. Medium bubbles around top of ball at in bottom of tube. No bubbles. Thin black film
waterline and on bottom of ball. Black slime with black flecks on bottom and sides of ball and
on bottom of ball, in bottom of tube and almost on sides and bottom of tube. Thin black film ring
-covernn sides of tube. around top of ball at waterline.
10/1 3/02: Black slime on sides and bottom of 10/13/02: Black film with black flecks more
ball and on sides and bottom of tube. Medium pronounced on bottom and sides of ball, on sides
brown ring around top of ball at waterline, but of tube from bottom of ball to bottom of tube and
no bubbles. in bottom of tube. Thin black film ring around top

of ball at waterline.
10/14/02: Same as above. 10/14/02: Same as above
10/15/02: Same as above. 10/1 5/02: Black film on ball from top at

waterline to bottom. Black film on sides of tube
from top to bottom.

10/16/02: Same as above, except more black 10/ 16/02: Same as above.
film in brown ring around top of ball at
-waterline.



7 94 541

MW 120
Sampled 10/8/02

IRB SRB
1 0/9/02: Solution clear at bottom of ball 10/9/02: Solution clear with slightly cloudy film
graduating to light yellow then light brown at in bottom of tube. Small bubbles on sides of tube
bottom of tube. Small bubbles on sides of tube from bottom of ball to bottom of tube. A few
from bottom of ball to bottom of tube. bubbles on bottom of ball.
10/10/02: Solution clear at bottom of ball 10/10/02: Solution clear with light yellow ring
graduating to light yellow then light brown at around top of ball at waterline and slightly cloudy
bottom of tube. Light yellow ring around top of film in bottom of tube. Small bubbles on sides of
ball at waterline. Small bubbles on sides of tube from bottom of ball to bottom of tube. A few
tube from bottom of ball to bottom of tube. bubbles on bottom of ball.
10/1 1/02: Solution light yellow throughout 10/1 1/02: Solution clear with thin black ring
tube. Light yellow ring around top of ball at around top of ball at waterline, thin black film on
waterline. A few small bubbles on bottom of bottom of ball and slightly cloudy film in bottom
ball. No bubbles on sides of tube. of tube. Small bubbles on sides of tube from

bottom of ball to bottom of tube. A few bubbles
on bottom of ball.

10/12/02: Same as above, except bubbles on 10/12/02: Same as above.
bottom of ball are bigger. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

10/13/02: Solution medium yellow throughout 10/13/02: Solution clear. Middle and top of ball
tube. Medium yellow ring around top of ball at at waterline covered in black film. Thin blacka
waterline. A few large bubbles with black film with black flecks on bottom of ball. Slightly W
flecks on bottom of ball. No bubbles on sides cloudy film in bottom of tube. Small bubbles on
of tube. sides of tube from bottom of ball to bottom of

tube.
10/14/02: Same as above. 10/14/02: Same as above.
10/15/02: Sides and bottom of ball covered in 10/ 15/02: Black film on ball from top at waterline
black film. Black film in bottom of tube and to bottom. Black film in bottom of tube. No black
thin black film on sides of tube. Solution dark film on sides of tube, but a few small bubbles.
brown from bottom of ball to just above
bottom of tube. Dark brown ring with around
top of ball at waterline. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

10/16/02: Same as above. 10/16/02: Samne as above.



794 542

MW110
Sampled 10/8/02

IRB SRB
10/9/02: Solution clear at bottom of ball 10/9/02: Solution clear with slightly cloudy film-
graduating to light yellow then light brown at in bottom of tube. A few small bubbles under ball
bottom of tube. No bubbles. and on sides of tube.
10/10/02: Solution light yellow at bottom of 10/10/02: Solution clear with slightly cloudy film
ball graduating to light brown at bottom of in bottom of tube. A few small bubbles under ball
tube. Ring of small bubbles around top of ball and on sides of tube.
at waterline and a few medium bubbles on
bottom of ball. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

10/11/02: Solution light brown at bottom of 10/11/02: Same as above.
ball graduating to medium brown at bottom of
tube. Ring of medium bubbles around top of
ball at waterline and large/medium bubbles on

-bottom of ball. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

10/12/02: Solution medium brown at bottom 10/12/02: Solution clear. Thin black film with
of ball graduating to dark brown/black at black flecks on bottom of ball. Slightly cloudy
bottom of tube. Ring of small bubbles with film in bottom of tube. A few small bubbles on
black flecks around top of ball at waterline. A bottom of ball and sides of tube.
few large/medium bubbles on bottom of ball.
10/13/02: Solution dark brown at bottom of 10/13/02: Same as above.

-ball graduating to black at bottom of tube. Ring
of small bubbles with black flecks around top
of ball at waterline. Black film on one side of

-ball and in bottom of tube.
10/14/02: Same as above. 10/14/02: Same as above, except black film in

center of bottom of tube.
10/15/02: Black film on ball from top at 10/1 5/02: Thin black film on sides of ball.
waterline to bottom. Black film in bottom of Thicker black film on bottom of ball and in
tube and thin black film on sides of tube. bottom of tube. Black film on sides of tube from
Solution dark brown from bottom of ball to bottom of ball to about middle of tube. Medium
just above bottom of tube. bubbles between black film on sides and in

____ ____ ___ ____ ___ ____ ____ ___ ___ ott m o f tube.

10/16/02: Same as above. 10/16/02: Same as above.



794 543

MW1 10 Duplicate
Sampled 10/8/02

IRB SRB
10/9/02: Solution clear at bottom of ball 10/9/02: Solution clear with slightly cloudy film
graduating to light yellow then light brown at in bottom of tube. A few small bubbles on sides
bottom of tube. No bubbles. of tube.
10/10/02: Solution light yellow at bottom of 10/10/02: Solution clear with slightly cloudy film
ball graduating to light brown at bottom of in bottom of tube. A few small bubbles on sides
tube. Ring of small bubbles around top of ball of tube.
at waterline and medium bubbles on bottom of
ball.

10/1 1/02: Solution light brown at bottom of 10/1 1/02: Same as above.
ball graduating to medium brown at bottom of
tube. Ring of medium bubbles around top of
ball at waterline and medium bubbles on
bottom of ball. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

10/12/02: Same as above, except black flecks 10/12/02: Solution clear. Thin black film with
on one side of ball and in bubble ring around black flecks on bottom of ball. A few medium
top of ball. bubbles on sides of tube.
10/13/02: Solution medium brown at bottom 10/13/02: Solution clear. Thin black film with
of ball graduating to dark brown/black at black flecks on sides and bottom of ball. Black
bottom of tube. Dark yellow ring of small film in center of bottom of ball. A few medium
bubbles with black flecks around top of ball at bubbles on sides of tube.
waterline. Black film in bottom of tube.
10/14/02: Solution light brown at bottom of 10/14/02. Same as above.
ball graduating to medium brown at bottom of
tube. Ring of medium bubbles around top of
ball at waterline and medium bubbles on
bottom of ball.
10/15/02: Thin black film with large black 10/15/02: Thin black film on bottom of ball,
flecks on ball from top at waterline to bottom, sides and bottom of tube. Ring of small bubbles
Black film on sides of tube from just below around top of ball at waterline.

-ball to bottom of tube. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

10/ 16/02: Same as above. 10/16/02: Same as above, except black film
_____ _____ _____ _____ _____ _____ ____ thicker in bottom of tube.



794 544

MW118
Sampled 10/8/02

IRB SRB
10/9/02: Solution clear at bottom of ball 1 0/9/02: Solution clear with slightly cloudy film
graduating to light yellow at bottom of tube. A in bottom of tube. Small bubbles on side of tube
few small bubbles on bottom of ball and sides near bottom.
of tube.
10/10/02: Solution light yellow throughout 10110/02: Solution clear with ring of black flecks
tube. Most of ball bottom covered in medium around top of ball at waterline and slightly cloudy
bubbles. Medium/small bubbles on sides of film in bottom of tube. A few small bubbles on
tube to just above bottom of tube. bottom of ball. Small bubbles on sides of tube.
10/1 1/02: Solution light yellow throughout 10/1 1/02: Solution clear with thin black ring with
tube. Most of ball bottom covered in medium black flecks around top of ball at waterline and
bubbles. Medium/small bubbles on sides of sides of ball. Slightly cloudy film in bottom of
tube to just above bottom of tube. tube. A few small bubbles on bottom of ball.

_____ _____ ____ _____ ____ _____ ____ Small bubbles on sides of tube.
10/12/02: Solution medium yellow throughout 10/12/02: Same as above.
tube. Ring of medium yellow small bubbles
around top of ball at waterline. Medium
bubbles with black flecks on bottom of ball.
Medium/small bubbles with black flecks on
sides of tube to just above bottom of tube. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

10/13/02: Same as above, except black film 10/13/02: Thin black film ring around top of ball
developing in bottom of tube. at waterline. Thin black film with black flecks on

sides of ball and sides of tube. Black film in
bottom of tube. Small bubbles on sides of tube.
A few large bubbles on bottom of ball.

10/14/02: Black film from bottom of ball to 10/14/02: Same as above, except black film on
bottom of tube. Ring of dark yellow edged in sides and bottom of tube more pronounced.
black film around top of ball at waterline.
10/1 5/02: Same as above, except more black 10/1 5/02: Same as above, except black film ring
film around top of ball at waterline, ~ ~more pronounced around top of ball at waterline.
10/16/02: Same as above. 10/ 16/02: Same as above.



- 794 545

MW105
Sampled 10/9/020

IRB SRB
10/ 10/02: Solution clear at bottom of ball 10/10/02: Solution light brown with clear film in
graduating to light yellow then light brown at bottom of tube. A few small bubbles on ball and
bottom of tube. No bubbles. sides of tube.
10/1 1/02: Solution medium yellow at bottom 10/1 1/02: Same as above.
of ball graduating to medium brown at bottom
of tube. Large/medium bubbles around top of
ball at waterline, on bottom of ball and sides of
tube. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

10/12/02: Solution dark yellow at bottom of 10/12/02: Solution light brown with thin black
ball graduating to dark browniblack at bottom film around top of ball, on sides of ball, on sides
of tube. Large/medium bubbles with black of tube and in bottom of tube. A few small
flecks on bottom of ball. Thin black film on bubbles on sides of tube.
sides of tube. Ring of medium yellow medium
bubbles around top of ball at waterline.
10/ 13/02: Dark yellow ring around top of ball 10/13/02: Black film throughout tube from top of
at waterline. Large/medium bubbles and black ball at waterline to bottom of tube.
film on bottom of ball. Medium bubbles and
black film on sides of tube. Black film in
bottom of tube. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

10/14/02: Solution dark yellow around top of 10/14/02: Same as above.
ball at waterline. Black film and large/medium
bubbles on bottom of ball. Black film on sides
of tube from bottom of ball to bottom of tube
and in bottom of tube.
10/15/02: Dark yellow ring around top of ball 10/15/02: Same as above, except black film
at waterline with medium bubbles and thick appears thicker.
black film on one side. Thick black film on
bottom of ball, sides and bottom of tube. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

10/16/02: Same as above. 10/ 16/02: Same as above.
10/17/02: Same as above. 10/17/02: Same as above.



794 546

MW116
Sampled 10/9/02

_IRB SRB
10/10/02: Solution clear at bottomnof ball 10/10/02: Solution clear with slightly cloudy film
graduating to light yellow at bottom of tube. A in bottom of tube. Small bubbles on bottom of
few small bubbles on bottom of ball and sides ball and on sides of tube.
-of tube.
10/1 1/02: Solution light yellow throughout 10/1 1/02: Solution clear with slightly cloudy film
tube. Ring of medium bubbles around top of in bottom of tube. Black flecks and small
ball at waterline, small bubbles on bottom of bubbles on bottom of ball. Small bubbles on sides
ball and sides of tube. of tube.
10/12/02: Solution medium yellow at bottom 10/12/02: Same as above.
of ball graduating to dark yellow at bottom of
tube. Ring of medium bubbles with black
flecks around top of ball at waterline, small
bubbles with black flecks on bottom of ball
-and sides of tube.
10/13/02: Ring of medium bubbles with black 10/13/02: Same as above, except film on sides
flecks around top of ball at waterline. Black and bottom of ball more pronounced. Cloudy ring
film on bottom of ball with medium bubbles. around top of ball at waterline.
Black film on sides and bottom of tube.
10/14/02: Same as above, except black film on 10/14/02: Same as above.
bottom of ball and sides and bottom of tube
-more pronounced.
10/15/02: Dark brown ring with black flecks 10/15/02: Thin black film ring around top of ball
around top of ball at waterline. Thick black at waterline. Thin black film on sides of ball.
film on sides and bottom of ball, on sides and Thick black film on bottom of ball and in bottom

-bottom of tube. of tube. Thin black film on sides of tube.
10/16/02: Same as above. 10/16/02: Same as above.
10/17/02: Black film ring around top of ball at 10/17/02: Same as above, except black film
waterline. Thick black film on bottom of ball, thicker on sides of tube.
-sides and bottom of tube.



794 54?

MW116 Duplicate
Sampled 10/9/020

IRB SRB
10/10/02: Solution light yellow at bottom of 10/10/02: Solution clear with slightly cloudy film
ball graduating to light brown at bottom of in bottom of tube. Small bubbles on bottom of
tube. A few small bubbles on bottom of ball ball and on sides of tube.
and sides of tube. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

10/1 1/02: Solution light brown at bottom of 10/1 1/02: Solution clear with slightly cloudy film
ball graduating to medium brown at bottom of in bottom of tube. A few black flecks on bottom
tube. Ring of medium bubbles around top of of ball. Small bubbles on bottom of ball and on
ball at waterline. Medium bubbles on bottom sides of tube.
of ball and sides of tube. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

10/12/02: Solution medium brown at bottom 10/12/02: Solution clear with slightly cloudy film
of ball graduating to dark brown/black at in bottom of tube. Thin black film with black
bottom of tube. Medium yellow ring of flecks on sides and bottom of ball. Small bubbles
medium bubbles with a few black flecks on sides of tube.
around top of ball at waterline. Medium
bubbles with black flecks on bottom of ball
and sides of tube.
10/13/02: Black film on bottom of ball. Black 10/13/02: Same as above.
film on sides and bottom of tube. Medium
yellow ring with black flecks and medium
bubbles around top of ball at waterline.0
10/14/02: Same as above, except black film on 10/14/02: Same as above.
sides and bottom of tube more pronounced.
10/1 5/02: Dark brown ring with black flecks 10/15/02: Uneven black film with black flecks
around top of ball at waterline. Thick black on sides and bottom of ball - thicker on some
film on bottom of ball. Thick black film on areas than on others. Thick black film in bottom
sides and bottom of tube. of tube and very thin black film on sides of tube.

Small bubbles on sides of tube just above bottom
of tube

10/16/02: Same as above. 10/16/02: Same as above.
10/17/02: Thick black film ring around top of 10/17/02: Thin black film ring around top of ball
ball at waterline. Thick black film on bottom of at waterline. Black film with black flecks on sides
ball, sides and bottom of tube. and bottom of ball - thicker on some areas than

on others. Thick black film on sides and bottom
of tube.



794 548

MW1 13
Sampled 10/9/02

IRB SRB
10/10/02: Solution clear at bottom of ball 10/10/02: Solution clear with slightly cloudy film
graduating to light yellow then light brown at in bottom of tube. Small bubbles on bottom of
-bottom of tube. No bubbles. ball and on sides of tube.
10/1 1/02: Solution light yellow at bottom of 10/1 1/02: Solution clear with slightly cloudy film
ball graduating to light brown at bottom of in bottom of tube. A few black flecks on one side
tube. Ring of large bubbles around top of ball of ball. Small bubbles on bottom of ball and on
at waterline and a few large bubbles on bottom sides of tube.
of ball. A few medium bubbles on one side of
tube at bottom.
10/12/02: Solution dark yellow at bottom of 10/12/02: Solution clear with slightly cloudy film
ball graduating to dark brown/black at bottom in bottom of tube. Thin black film with black
of tube. Medium yellow ring of medium flecks on side and bottom of ball. Small bubbles
bubbles with black flecks around top of ball at on sides of tube.
waterline. Large bubbles with black flecks on
bottom of ball. Black film developing on sides
-and bottom of tube._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

10/13/02: Black film on sides and bottom of 10/13/02: Same as above.
ball, sides and bottom of tube. Medium yellow
ring of medium bubbles with black flecks
-around top of ball at waterline.
10/14/02: Same as above, except black film on 10/14/02: Same as above.
bottom of ball, sides and bottom of tube more
-pronounced.
10/15/02: Brown ring with black flecks and 10/15/02: Thin black film ring around top of ball
small/medium bubbles around top of ball at at waterline. Thin black film on sides and bottom
waterline. Thick black film on bottom of ball, of ball and on sides of tube. Thick black film in
-sides and bottom of tube. bottom of tube.
10/16/02: Same as above. 10/16/02: Same as above.
10/17/02: Same as above, except more black 10/1 7/02: Same as above.
flecks in brown ring around top of ball at
-waterline.



794 549

MW112
Sampled 10/9/02

IRB SRB
10/10/02: Solution clear at bottom of ball 10/10/02: Solution slightly cloudy with slightly
graduating to light yellow then light brown at cloudy film in bottom of tube. Small bubbles on
bottom of tube. No bubbles. bottom of ball and on sides of tube.
10/11/02: Same as above. 10/1 1/02: Same as above.
10/12/02: Solution medium yellow at bottom 10/12/02: Thin black film withblack flecks
of ball graduating to dark yellow then medium developing on sides and bottom of ball and sides
brown at bottom of tube. Ring of small bubbles and bottom of tube.
around top of ball at waterline. Small bubbles
on sides of tube.
10/13/02: Solution dark yellow at bottom of 10/13/02: Same as above, except black film on
ball graduating to dark brown/black at bottom sides and bottom of ball and sides and bottom of
of tube. Medium yellow ring of medium tube more pronounced.
bubbles with black flecks around top of ball at
waterline. Large bubbles with black flecks on
bottom of ball. Black film developing on sides
and bottom of tube.
10/14/02: Black film on bottom of ball and 10/14/02: Thin black film with black flecks
sides of tube from bottom of ball to bottom of around top of ball at waterline, sides and bottom
tube. Dark yellow ring with black flecks of ball. Thin black film on sides of tube. Thick
around top of ball at waterline, black film in bottom of tube.
10/15/02: Thin dark brown ring with black 10/15/02: Same as above.
flecks around top of ball at waterline. Thick
black film on bottom of ball, sides and bottom
of tube.
10/16/02: Same as above. 10/16/02: Same as above, except film on sides of

tube has become thicker.
10/17/02: Black film ring around top of ball at 10/17/02: Same as above.
waterline. Thick black film on bottom of ball,
sides and bottom of tube.
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MW122
Sampled 10/9/02

IRB SRB
10/10/02: Solution clear at bottom of ball 10/10/02: Solution clear with slightly cloudy film
graduating to light yellow at bottom of tube. A in bottom of tube. Small bubbles on bottom of
few small bubbles on bottom of ball. Many ball and on sides of tube.
small bubbles on sides of tube.
10/1 1/02: Solution medium yellow throughout 10/1 1/02: Solution clear with slightly cloudy film
tube. Ring of medium bubbles around top of in bottom of tube. A few small black flecks on
ball at waterline. Small bubbles on bottom of one side of ball. Small bubbles on bottom of ball
ball. Many small bubbles on sides of tube. and on sides of tube.
10/12/02: Solution dark brown throughout 10/12/02: Solution clear with slightly cloudy film
tube. Ring of medium bubbles edged in black in bottom of tube. Thin black film with small
film around top of ball at waterline, black flecks on sides and bottom of ball. Small
Large/medium bubbles with black flecks on bubbles on bottom of ball and on sides of tube.
bottom of ball. Bubbles with black flecks on
sides and bottom of tube.
10/13/02: Black film on sides and bottom of 10/13/02: Same as above.
ball and sides and bottom of tube. Dark yellow
ring of small bubbles edged in black film
around top of ball at waterline.
10/14/02: Same as above. 10/14/02: Same as above.
10/15/02: Brown ring with black flecks and 10/15/02: Medium black film with black flecks
small bubbles around top of ball at waterline, on sides and bottom of ball. Black film in bottom
Thick black film on sides and bottom of ball, of tube. Small bubbles on sides just above bottom

-sides and bottom of tube. of tube.
10/16/02: Same as above. 10/ 16/02: Same as above, except very black film

on sides of tube.
10/17/02: Same as above, except more black 10/17/02: Same as above, except film on sides of
film in bubble ring around top of ball at tube is thicker.

-waterline.



5514

MW124
Sampled 10/9/02

IRB SRB
10/10/02: Solution clear at bottom of ball 10/10/02: Solution clear with slightly cloudy film
graduating to light yellow then light brown at in bottom of tube. Small bubbles on bottom of
bottom of tube. A few small bubbles on ball and on sides of tube.
bottom of ball. Many small bubbles on sides of
tub e. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

10/1 1/02: Solution medium yellow at bottom 10/1 1/02: Solution clear with slightly cloudy film
of ball graduating to medium brown at bottom in bottom of tube. Black flecks on bottom of ball.
of tube. Ring of medium bubbles around top Small bubbles on bottom of ball and on sides of
of ball at waterline. Bottom of ball covered in tube.
medium bubbles. Medium bubbles on sides of
tub e. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

10/12/02: Solution dark yellow at bottomnof 10/12/02: Solution clear with slightly cloudy film
ball graduating to dark brown/black at bottom in bottom of tube. Thin black film with black
of tube. Dark yellow ring of small bubbles flecks on sides and bottom of ball. Small bubbles
around top of ball at waterline. Bottom of ball on bottom of ball and on sides of tube.
covered in medium bubbles with black flecks.
Medium bubbles with black flecks on sides of
tube.
10/13/02: Black film with medium bubbles on 10/13/02: Same as above.
sides and bottom of ball. Black film on sides
and bottom of tube. Dark yellow ring with a
few small bubbles around top of ball at
waterline.
10/14/02: Same as above. 10/14/02: Same as above.
10/15/02: Same as above. 10/1 5/02: Medium black film on sides and

bottom of ball. Black film in bottom of tube.
Small bubbles on sides just above bottom of tube.

10/ 16/02. Same as above. 10/16/02: Same as above.
10/17/02: Thick black film around top of ball 10/17/02: Thick black film ring around top of
at waterline. Thick black film on bottom of ball at waterline. Medium black film with black
ball, sides and bottom of tube. flecks on side of ball. Thick black film on bottom

______ _____ ______ _____ ______ _____ of ball, sides and bottom of tube.



794 552

MW124
Sampled 10/9/02

IRE SRB
10/10/02: Solution clear at bottomnof ball 10/10/02: Solution clear with slightly cloudy film
graduating to light yellow then light brown at in bottom of tube. Small bubbles on bottom of
bottom of tube. A few small bubbles on ball and on sides of tube.
bottom of ball. Many small bubbles on sides of
tube.
10/11/02: Solution medium yellow at bottom 10/11/02: Solution clear with slightly cloudy film
of ball graduating to medium brown at bottom in bottom of tube. Black flecks on bottom of ball.
of tube. Ring of medium bubbles around top Small bubbles on bottom of ball and on sides of
of ball at waterline. Bottom of ball covered in tube.
medium bubbles. Medium bubbles on sides of
tube.
10/12/02: Solution dark yellow at bottom of 10/12/02: Solution clear with slightly cloudy film
ball graduating to dark brown/black at bottom in bottom of tube. Thin black film with black
of tube. Dark yellow ring of small bubbles flecks on sides and bottom of ball. Small bubbles
around top of ball at waterline. Bottom of ball on bottom of ball and on sides of tube.
covered in medium bubbles with black flecks.
Medium bubbles with black flecks on sides of
tube. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

10/13/02: Black film with medium bubbles on 10/13/02: Same as above.
-sides and bottom of ball. Black film on sides
and bottom of tube. Dark yellow ring with a
few small bubbles around top of ball at
waterline.
10/14/02: Same as above. 10/14/02: Same as above.
10/15/02: Same as above. 10/15/02: Medium black film on sides and

bottom of ball. Black film in bottom of tube.
Small bubbles on sides just above bottom of tube.

10/ 16/02. Same as above. 10/16/02: Same as above.
10/17/02: Thick black film around top of ball 10/17/02: Thick black film ring around top of
at waterline. Thick black film on bottom of ball at waterline. Medium black film with black
ball, sides and bottom of tube. flecks on side of ball. Thick black film on bottom

of ball, sides and bottom of tube.



794 553

POST SAMPLING EVENT #5

MW124
Sampled 11/12/02

IRB SRB
11/13/02: Solution clear at bottom of ball 11/13/02: Solution clear with slightly cloudy film
graduating to light yellow at bottom of tube. in bottom of tube. Small bubbles on bottom of
No bubbles. ball and sides (middle) of tube.
1 1/1 4/02: Same as above. Very few bubbles on 11/14/02: Same as above.
sides of tube.
11/15/02: Solution dark yellow at bottom of 1 1/15/02: Solution clear with slightly cloudy film-
ball graduating to dark brown/black at bottom in bottom of tube. Few black flecks on bottom of
of tube. Dark yellow ring of small bubbles ball.
around top of ball at waterline. Bottom of ball
covered in medium bubbles with patches of
black film . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

11/16/02: Black film with large bubbles on 11/16/02: Same as above except hint of black
bottom of ball. Black film on sides and bottom film mostly at waterline.
of tube. Dark yellow ring with a few small
bubbles around top of ball at waterline. ___ ___________________

11/17/02: Thick black film on bottom of ball 11/17/02: Same as above.
and sides and bottom of tube. Bubble ring
around top of ball at waterline. Dark yellow
ring on ball from middle to waterline. ____ __________________

11/18/02: Same as above. Dark yellow 11/18/02: Solution clear. Slightly cloudy film
concentrated at ring of bubbles around top of around top of ball at waterline and bottom of
ball at waterline. tube. Thin black film on ball from waterline

____ ___ ___ ___ ___ ___ ___ ___ ___ ___ dow n .

11/19/02: Same as above. Black flecks in ring 11/19/02: Medium Black film on ball from
of bubbles around top of ball at waterline, waterline down. Black film on sides of tube at

ball and at bottom of tube. Slightly cloudy film
____ ____ ____ ___ ____ ____ ___ ____ ____ ___ around top of ball at waterline.

11/20/02. Same as above. 1 1/20/02: Same as above except black film
_______________________________________thicker.



794 554

MW 118
Sampled 11/12/020

IRB SRB
11/13/02: Solution clear, light yellow 11/13/02: Solution clear with slightly cloudy flhn
throughout tube. No bubbles. in bottom of tube. Small bubbles on sides of tube

from bottom of ball to bottom of tube. A few
bubbles on bottom of ball.

11/14/02: Solution clear, light yellow 11/14/02: Same as above.
throughout tube. Light yellow ring around top
of ball at waterline. Few bubbles on bottom of
ball.
11/15/02: Solution medium yellow throughout 11I/ 15/02: Solution clear with slightly cloudy film
tube. Ring of medium yellow small bubbles in bottom of tube. Few black flecks on bottom of
around top of ball at waterline. Medium ball. Small bubbles on bottom of ball and sides of
bubbles with black flecks on bottom of ball. tube.
Medium/small bubbles with black flecks on
sides of tube to just above bottom of tube. ____________________

11/16/02: Black film on bottom of ball and 11/16/02: Same as above except thin black film
sides and bottom of tube. Bubble ring around on bottom and sides of ball.
top of ball at waterline. Dark yellow ring
around ball from middle to waterline. _____________________

11/17/02: Same as above. 11/17/02: Same as above.
11/18/02: Same as above except fewer bubbles 11/18/02: Black film on ball from waterline0
around top of ball at waterline. Dark yellow down. Black film on sides of tube at ball. Small
ning around ball around middle up to waterline bubbles on sides of tube.
with brown flecks at waterline.
11/19/02: Same as above except black flecks 11/19/02: Medium black film on ball from
in bubbles around top of ball at waterline, waterline down. Medium black film on sides of

_____ ____ ____ ____ ____ ____ ____ ____ tube from waterline to bottom of tube.
1 1/20/02: Same as above except solid black 11/20/02: Same as above except black film
ning in bubbles around top of ball at waterline, thicker.



794 555

MWllO
Sampled 11/12/02

IRB SRBe
11/13/02: Solution clear at bottomnof ball 11/13/02: Solution clear with slightly cloudy film
graduating to light yellow then light brown at in bottom'of tube. No bubbles.
bottom of tube. No bubbles.
11/ 14/02: Same as above. 11/14/02: Same as above.
11/15/02: Solution light brown at bottom of 11/15/02: Solution clear with slightly cloudy film
ball graduating to medium brown at bottom of in bottom of tube. Small bubbles on ball and sides
tube. Ring of medium bubbles around top of of tube.
ball at waterline and large/medium bubbles on
bottom of ball.
11I/ 16/02: Solution light brown at bottom of 11/16/02: Solution clear. Black flecks on ball
ball graduating to dark brown at bottom of below waterline. Slightly cloudy film ring around
tube. Medium yellow ring of medium bubbles top of ball at waterline. Small bubbles on sides of
around top of ball at waterline, tube.
11/17/02: Same as above except black film in 11/17/02: Same as above except black film in
bottom of tube. bottom of tube.
11/18/02: Solution medium brown under ball 11/18/02: Small patches of very thin black film
and dark brown/black at bottom of tube. Black on ball with many black flecks. Black film in
film from bottom of tube up sides about 1". bottom of tube. Just a few bubbles on bottom of

* ~~~One small patch of black film on side of ball. ball.
Dark yellow ring of small bubbles around top
of ball at waterline.
11/19/02: Same as above except solution dark 11/19/02: Same as above.
brown under ball and more black flecks on
ball.
11/20/02: Black film on sides and bottom of 1 1/20/02: Same as above.
tube. Very thin black film with many black
flecks on ball. Black film ring around top of

-ball at waterline.



794 556

MWllO Duplicate
Sampled 11/12/02

IRB1 SRB
11/13/02: Solution clear at bottom of ball 11/13/02: Solution clear with slightly cloudy film
graduating to light yellow then dark yellow at in bottom of tube. No bubbles.
bottom of tube. No bubbles.
11/14/02: Same as above. 11/14/02: Same as above.

11/15/02: Solution light brown at bottom of 11/15/02: Same as above.
ball graduating to medium brown at bottom of
tube. Medium yellow ring of medium bubbles
around top of ball at waterline. Medium
bubbles on bottom of ball. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

11/16/02: Same as above, except black flecks 11/16/02: Solution clear. Thmn black film
on ball and in bubble ring around top of ball. developing in bottom of tube. No black on ball.
11/17/02: Solution light brown at bottom of 11I/ 17/02: Same as above.
ball graduating to dark brown at bottom of
tube. Black film in bottom of tube. Medium
yellow ring of medium bubbles around top of
ball at waterline. Ring of medium bubbles
around bottom of ball. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

11I/ 18/02: Solution dark brown under ball and 11/18/02: Solution clear throughout. Black film
dark brown/black at bottom of tube. Black in center bottom of tube. Slightly cloudy ring
film from bottom of tube up sides about 1". around top of ball at waterline. A few bubbles on
Large bubbles on bottom of ball. Dark yellow ball.
ning of small bubbles around top of ball at
waterline.
11/19/02: Same as above except black flecks 11/19/02: Same as above except a handful of
on ball, black flecks on one side of ball.
11/20/02: Black film on sides and bottom of 11/20/02: Same as above.
tube. Spots of black film on bottom of ball.
Many black flecks on ball. Black film ring
around top of ball at waterline. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



794 557

MW114
Sampled 11/12/02

IRB SRB
11/13/02: Solution clear at bottomnof ball 11/13/02: Solution clear with slightly cloudy film
graduating to light yellow then light brown at in bottom of tube. No bubbles.
bottom of tube. No bubbles.
11/14/02: Solution clear at bottom of ball 11/14/02: Same as above.
graduating to light yellow then light brown at
bottom of tube. Few bubbles on bottom of ball.
11/15/02: Solution light brown throughout 11/15/02: Solution clear with slightly cloudy film
tube. Medium bubbles around top of ball at in bottom of tube. No bubbles. Thin black film
waterline and on bottom of ball. Black slime with black flecks on bottom of ball.
on bottom of ball, in bottom of tube and in
small spots on sides of tube. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

11/16/02: Black film on bottom of ball, sides 11/16/02: Same as above except slightly cloudy
and bottom of tube. Large bubbles on bottom film ring around top of ball at waterline and black
of ball. Ring of medium bubbles around top of film in bottom of tube.
ball at waterline.
11/17/02: Same as above. 11/17/02: Same as above except black film more

_____ _____ ____ _____ ____ _____ ____ developed on sides and bottom of ball.
11/18/02: Thick black film on ball and sides of 11/18/02: Thin black film on sides and bottom of
tube from bottom of ball to bottom of tube, ball and sides and bottom of tube. No bubbles.
Dark yellow ring of small bubbles around top
of ball at waterline. Large bubbles on bottom
of ball.
11/19/02: Same as above. 11/19/02: Thick black film on ball from

waterline down and on sides and bottom of tube.
11/20/02: Same as above except one spot of 1 1/20/02: Same as above.
black film in bubble ring around top of ball at
waterline.



794 558

MWl05
Sampled 11/13/02S

IRB SRB
11/14/02: Solution clear at ball graduating to 11/14/02: Solution slightly cloudy throughout.
light yellow then light brown at bottom of tube. No bubbles.
No bubbles.
11/15/02: Solution medium yellow at bottom 11/15/02: Same as above.
of ball graduating to medium brown at bottom
of tube. Large/medium bubbles around top of
ball at waterline, on bottom of ball and sides of
tube.
11/ 16/02: Solution light brown at bottom of 11/16/02: Solution clear but discolored (light
ball graduating to dark brown/black at bottom brown) with thin black film with flecks on bottom
of tube. Large/medium bubbles with black of ball, on sides of ball, on sides of tube and in
flecks on bottom of ball. Thin black film on bottom of tube. A few small bubbles on sides of
sides of tube. Ring of medium yellow medium tube.
bubbles around top of ball at waterline. _____________________

11/17/02: Black film on bottom of ball, sides 11/17/02: Same as above except black film
and bottom of tube. Medium yellow ring thicker on bottom of ball and in bottom of tube.
around top of ball at waterline with a few small
bubbles. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

11/18/02: Same as above except black film 11/18/02: Medium black film on ball and sides ofa
thicker and higher up sides of ball. Fewer tube from the waterline to bottom of tube. N
bubbles in dark yellow ring around top of ball bubbles.
at w aterline. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

11/19/02: Thick black film on ball and sides 11/19/02: Same as above except black film
and bottom of tube. Spots of black film in thicker.
bubble ring around top of ball at waterline.
11/20/02: Same as above. 11/20/02: Same as above.
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MW116
Sampled 11/13/02:

IRB SRB
11/14/02: Solution clear at ball graduating to 11/14/02: Solution clear with slightly cloudy film
light yellow at bottom of tube. Few small in bottom of tube. Small bubbles on bottom of
-bubbles on bottom of ball and sides of tube. ball and sides of tube.
11/15/02: Solution medium yellow throughout 11/15/02: Solution clear with slightly cloudy film
tube. Ring of medium bubbles around top of in bottom of tube. Black flecks and small
ball at waterline, small bubbles on bottom of bubbles on bottom of ball. Small bubbles on sides
-ball and sides of tube, of tube.
11/16/02: Solution light brown graduating to 11116/02: Same as above.
dark brown at bottom of tube. Ring of medium
bubbles with black flecks around top of ball at
waterline, small bubbles with black flecks on

-bottom of ball and sides of tube.
11/17/02: Black film on bottom of ball, sides 11/17/02: Black flecks on sides and bottom of
and bottom of tube. Ring of bubbles around top ball. Small patches of very thin black film on
of ball at waterline. bottom of ball. Many small bubbles on sides and

_____ ____ ____ ____ ____ ____ ____ ____ bottom of tube.

11/18/02: Thick black film on ball and sides of 11/18/02: Small patches of thin black film and
tube from just below the waterline to bottom of black flecks on sides and bottom of ball. No
tube. Wide band of medium bubbles in film on black film, but many small bubbles, on sides or
ball where film starts. Dark yellow ring of bottom of tube.
-small bubbles around top of ball at waterline. _____________________

11/19/02: Same as above except spots of black 11/19/02: Thin black film with black flecks on
film in bubble ring around top of ball at ball. Many small bubbles on side of tube.

-waterline.
11/20/02: Thick black film on bottom and one 11/20/02: Thin black film with black flecks on
side of ball. Thick black film on sides and ball from waterline down. Thin black film ring
bottom of tube. Dark yellow ring of small around top of ball at waterline. Black film in
bubbles with spots of black film around top of bottom of tube. Small bubbles on sides of tube.
-ball at waterline.
L1 1/21/02: Same as above. 111/21/02: Same as above except film thicker.
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MW116 Duplicate
Sampled 11/13/02

IRBSR
11/14/02: Solution clear at ball graduating to 11/14/02: Solution clear with slightly cloudy film
light yellow at bottom of tube. Few small in bottom of tube. Small bubbles on bottom of
bubbles on bottom of ball and sides of tube. ball and sides of tube.
11/15/02: Solution light yellow throughout 11/15/02: Solution clear with slightly cloudy film
tube. Ring of medium bubbles around top of in bottom of tube. Black flecks and small
ball at waterline, small bubbles on bottom of bubbles on bottom of ball. Small bubbles on sides
ball and sides of tube. of tube.
11/16/02: Solution mediumnyellow at bottomn 11/16/02: Solution clear with slightly cloudy film
of ball graduating to dark yellow at bottom of in bottom of tube. Very thin black film with black
tube. Light yellow ring of medium bubbles flecks on bottom of ball. Small bubbles on sides
around top of ball at waterline. Small bubbles of tube.
with black flecks on bottom of ball and sides of
tube.
11/17/02: Black film on bottom of ball with 11/17/02: Same as above, except black film now
medium bubbles. Black film on sides and on sides of ball and in bottom of tube. Black film
bottom of tube. on bottom of ball more pronounced. Slightly

cloudy ring around top of ball at waterline.
11/18/02: Thick black film on ball and sides of 11/18/02: Medium black film on bottomnof ball
tube from just under waterline to bottom of and on sides of tube at ball and in bottom of tube. a
tube. Light yellow ring of small bubbles Many small bubbles on sides of tube. SlightlyW
around top of ball at waterline. Wide band of cloudy film ring around top of ball at waterline.
medium bubbles in film on ball where film
starts. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

11/19/02: Same as above except spots of black 11/19/02: Same as above.
film in bubble ring around top of ball at
waterline.
11/20/02: Thick black film on bottom of ball 11/20/02: Medium black film on bottom of ball
and sides and bottom of tube. Spots of black and around top of ball at waterline. Medium black
film in dark yellow bubble ring around top of film on sides and bottom of tube. Many small
ball at waterline, bubbles on sides of tube.
11/21/02: Same as above. 11/21/02: Same as above except film thicker

_____ ____ _____ ____ ____ _____ ____ ___ I especially on sides of tube.



7 94 56 1

MW120
Sampled 11/13/02

IRB SRB
11/14/02: Solution clear at ball graduating to 11/14/02: Solution clear wit off-white/very light
light yellow at bottom of tube. Small bubbles brown ring around top of ball at waterline and
on bottom of ball and sides of tube. slightly cloudy film in bottom of tube. Small

bubbles on bottom of ball and sides of tube.
11/15/02: Solution clear at bottom of ball 11/15/02: Same as above except small bubbles
graduating to light yellow then light brown at on sides of tube from bottom of ball to bottom of
bottom of tube. Light yellow ring around top of tube. A few bubbles on bottom of ball.
ball at waterline. Small bubbles on sides of
tube from bottom of ball to bottom of tube. ____________________

1 1/1 6/02: Solution light yellow throughout 11/16/02: Solution clear with thin blackrnng
tube. Light yellow ring around top of ball at around top of ball at waterline, thin black film on
waterline. A few small bubbles on bottom of sides of ball and slightly cloudy film in bottom of
ball. No bubbles on sides of tube. tube. Small bubbles on sides of tube from bottom

of ball to bottom of tube. A few bubbles on
______ _____ ______ _____ ______ _____ bottom of ball.

11/17/02: Same as above, except bubbles on 11/17/02: Same as above.
bottom of ball are bigger.
11/18/02: Solution light yellow throughout 11/18/02: Thin black film ring on sides and
tube. Medium yellow ring with a few bubbles around top of ball at waterline. Thinner black film
around top of ball at waterline. Several with black flecks on bottom of ball. No black film
medium bubbles on bottom of ball. Small on sides or bottom of tube. Many small bubbles
-bubbles on sides of tube. on sides of tube.
11/19/02: Same as above except more bubbles 11/19/02: Black film on ball from waterline

-in ring around top of ball at waterline, down. Small bubbles on sides of tube.
11/20/02: Black film on bottom of ball and 1 1/20/02: Black film on ball firom waterline
sides and bottom of tube. Dark yellow ring of down including ring around top of ball at
small bubbles with a few black flecks around waterline. Black film on sides of tube at ball.
top of ball at waterline. Small bubbles on sides of tube. No black film in

bottom of tube.
1 1/21/02: Thin black film ning on top of dark 1 1/21/02: Black film on ball from waterline to
yellow ring around top of ball at waterline, bottom. Black film on sides and bottom of tube.
Thick black film on bottom of ball and sides
-and bottom of tube._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



794 562

MW122
Sampled 11/13/02

IRB SRII
11/14/02: Solution clear at ball graduating to 11/14/02: Solution clear with slightly cloudy film
light yellow at bottom of tube. Small bubbles in bottom of tube. Small bubbles on bottom of
on bottom of ball and sides of tube. ball and sides of tube.
11/15/02: Solution medium yellow throughout 11/15/02: Solution clear with slightly cloudy film
tube. Ring of medium bubbles around top of in bottom of tube. A few small black flecks on
ball at waterline. Small bubbles on bottom of one side of ball. Small bubbles on bottom of ball
ball. Many small bubbles on sides of tube. and on sides of tube.
11/16/02: Solution dark brown throughout 11/16/02: Solution clear with slightly cloudy film
tube. Ring of medium bubbles edged in black in bottom of tube. Thin black film with small
film around top of ball at waterline, black flecks on sides and bottom of ball. Small
Large/medium bubbles with black flecks on bubbles on bottom of ball and on sides of tube.
bottom of ball. Bubbles with black flecks on
sides and bottom of tube.
11/17/02: Black film on sides and bottom of 11/17/02: Same as above.
ball and sides and bottom of tube. Medium
yellow ring of small bubbles with small spots
of black film around top of ball at waterline.
11/18/02: Black film on ball and tube from 11/18/02: Black film withiblack flecks on sides
just under waterline to bottom of tube. Medium and bottom of ball. Black film in center bottom a
yellow ring of small bubbles with a black film of tube. Many small bubbles on sides of tube. W
patch around top of ball at waterline. Large
bubbles in film on ball from where film starts.
11/19/02: Same as above except spots of black 11/19/02: Thick black film on ball from
film in bubble ring around top of ball at waterline down and on sides and bottom of tube.
waterline. ________________________
11/20/02: Thick black film on bottom of ball 11/20/02: Same as above except black film ring
and sides and bottom of tube. Spots of black around top of ball at waterline.
film in dark yellow small bubbles around top
of ball at waterline. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

11/21/02: Same as above except black film 11/21/02: Same as above.
completely around top of ball at waterline. _____________________



794 563

MW113
Sampled 11/13/02

IRB SRB
11/14/02: Solution clear at ball graduating to 11/14/02: Solution clear with slightly cloudy film
light yellow then light brown at bottom of tube. in bottom of tube. No bubbles.
-No bubbles.
11/15/02: Solution light yellow at bottomnof 11/15/02: Solution clear with slightly cloudy film
ball graduating to light brown at bottom of in bottom of tube. A few black flecks on one side
tube. Ring of large bubbles around top of ball of ball. Small bubbles on bottom of ball and on
at waterline and a few large bubbles on bottom sides of tube.
of ball. A few medium bubbles on one side of
tube at bottom.
11/16/02: Solution light yellow at ball, dark 11/16/02: Same as above.
yellow at bottom of ball graduating to dark
brown/black at bottom of tube. Large bubbles
with a few small black flecks on bottom of
ball. Black film developing on sides and
-bottom of tube.
11/17/02: Same as above. 11/17/02: Same as above except small patch of

thin black film developing on one side of ball.
11/18/02: Solution light yellow at ball, dark 11/18/02: Solution clear. Small patch of thin
brown under ball graduating to dark black film with black flecks on side of ball.
brown/black at bottom of tube. Black film on Slightly cloudy film in bottom of tube.
bottom of tube and on sides of tube from the
bottom up about 1". Ring of small bubbles
-around top of ball at waterline.
11/19/02: Thick black film on bottom of ball 11/19/02: Same as above except very thin black
and on sides and bottom of tube. Solution dark film developing on bottom of ball and slightly
yellow around top of ball. A few bubbles in cloudy film ring around top of ball at waterline.
ring around top of ball at waterline.
1 1/20/02: Same as above except thin black 11/20/02: Same as above.

-film ring around top of ball at waterline. __ ____________________

1 1/21/02: Same as above except black film 11/21/02: Very thin black film on sides and
thicker around top of ball at waterline, bottom of ball. Slightly cloudy film ring around

____ ____ ____ ___ ____ ____ ___ ____ ____ ___ top of ball at waterline.



794 564

MW1 12
Sampled 11/13/02

IRB SRB
11/14/02: Solution clear at ball graduating to 11/14/02: Solution slightly cloudy throughout.
light yellow then light brown at bottom of tube. No bubbles.
No bubbles.
11/15/02: Solution light yellow at ball 11/15/02: Solution slightly cloudy throughout
graduating to medium yellow then light brown tube. Small black flecks on sides and bottom of
at bottom of tube. Light yellow ring of small ball.
bubbles around top of ball at waterline. Small
bubbles on sides of tube. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

11/16/02: Solution medium yellow at bottom 11/16/02: Thin black film with black flecks
of ball graduating to dark yellow then medium developing on sides and bottom of ball and sides
brown at bottom of tube. Ring of small bubbles and bottom of tube.
around top of ball at waterline. Small bubbles
on sides of tube.
11/17/02: Solution dark yellow at bottom of 11/17/02: Same as above, except black film on
ball graduating to dark brown/black at bottom sides and bottom of ball and sides and bottom of
of tube. Medium yellow ring of medium tube more pronounced.
bubbles with black flecks around top of ball at
waterline. Large bubbles with black flecks on
bottom of ball. Black film developing on sides
and bottom of tube.
11/18/02: Solution dark brown under ball to 11/18/02: Medium black film on sides and
black at bottom of tube. Black film in small bottom of ball and sides and bottom of tube.
patches on sides and bottom of ball. Black film Cloudy film ring with black flecks around top of
on bottom of tube and on sides of tube from ball at waterline. No bubbles.
bottom up about 1". Dark yellow ring of
medium bubbles with black flecks around top
of ball at waterline.
11/19/02: Same as above except film is thicker 11/19/02: Same as above except black film
on ball and on sides and bottom of tube. thicker on ball and sides and bottom of tube.
1 1/20/02: Thick black film on sides and 11/20/02: Same as above except black film ring
bottom of ball and spots in bubble ring around around top of ball at waterline.
top of ball at waterline. Thick black film on
sides and bottom of tube.
11/21/02: Same as above except black film 11/21/02. Same as above.
nfng thicker around top of ball at waterline. _____________________



794 565

POST SAMPLING EVENT #6

MW1 10
Sampled 12/17/02

IiRB SRB
12/18/02: Solution light yellow throughout 12/18/02: Solution clear throughout tube. A few
tube. No bubbles. small bubbles on bottom of ball.
12/19/02: Solution light yellow throughout 12/19/02: Solution clear throughout tube. A few
tube. Light yellow ring of small bubbles small bubbles on bottom of ball and on sides of
around top of ball at waterline. Several tube.
medium bubbles on bottom of ball. A few
medium bubbles on sides of tube.
12/20/02: Solution dark yellow at ball 12/20/02: Same as above.
graduating to medium yellow at bottom of
tube. Wide ring of small/medium bubbles on
side of ball from top of waterline to start of
ball bottom (80% of ball covered in bubbles,
no bubbles on either end of ball).
12/21/02: Same as above. 12/21/02: Same as above.
12/22/02: Solution dark yellow/light brown. 12/22/02: Slightly cloudy film ring around top of
Medium yellow ring of small bubbles around ball at waterline.
top of ball at waterline.
12/23/02: Solution medium brown. Hint of 12/23/02: Hint of black film bottom of ball. Thin
black film on bottom of ball. Dark yellow ring black film bottom of tube.
of bubbles around top of ball at waterline. _____________________

12/24/02: Solution medium brown. Black film 12/24/02: Thin black film with flecks on bottom
bottom of ball thicker. Black flecks on sides of of ball. Cr around top of ball at waterline. Black
tube at ball. film on bottom of tube thicker.
12/25/02: Black film covers 98% of tube and 12/25/02: Same as above, except black film on
ball. Ring of small bubbles around top of ball bottom of tube even thicker.
at waterline.



794 566

MW 11OD
Sampled 12/17/02

IRB SRB
12/18/02: Solution clear at ball graduating to 12/18/02: Solution clear throughout tube. A few
light yellow at middle of tube. No bubbles. small bubbles bottom of ball.
12/19/02: Solution clear at ball graduating to 12/19/02: Solution clear throughout tube. A few
light yellow at middle of tube. Light yellow medium bubbles bottom of ball and on sides of
ring of small bubbles around top of ball at tube.
waterline. A few medium bubbles on bottom
of ball and on sides of tube. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

12/20/02: Solution dark yellow at ball 12/20/02: Same as above.
graduating to medium yellow at bottom of
tube. 80% of ball covered in wide ring of
small/medium bubbles, no bubbles on either
end of ball. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

12/21/02: Same as above. 12/21/02: Solution clear. Several large bubbles
on bottom of ball. Ring of small bubbles around
top of ball at waterline. One patch of black flecks
on ball.

12/22/02: Solution dark yellow/light brown. 12/22/02: Thin black film with black flecks on
Medium yellow ring around top of ball at ball. Slightly cloudy film ring around top of ball
waterline. Black film on bottom of tube. at waterline. Black film bottom of tube.
12/23/02: Solution light brown. Black film on 12/23/02: Same as above.
bottom of tube thicker. Thin black film on
bottom of ball and sides of tube. Dark yellow
ning small bubbles around top of ball at
waterline. __________________________
12/24/02: Thick black film on bottom of ball, 12/24/02: Same as above. Black film on bottom
sides and bottom of tube. Dark yellow ring of tube thicker.
small bubbles around top of ball at waterline. _____________________

12/25/02: Black film on 95% of tube and ball. 12/25/02: Medium black film mn center bottom of
Thin ring of small bubbles around top of ball at tube and sides of tube at bottom. Thin black film
waterline, with black flecks on ball.



794 567

MW114
Sampled 12/17/02

IRB SRBR
12/18/02: Solution clear at bottom of ball 12/18/02: Solution clear throughout tube. No
graduating to light yellow at bottom of tube. bubbles.
No bubbles.
12/19/02: Solution cleat at bottom of ball 12/19/02: Solution clear throughout tube. Very
graduating to light yellow at middle of tube. thin black film with black flecks on bottom of
Very light yellow ring of medium bubbles ball. A few black flecks on sides and bottom of
around top of ball at waterline. A few medium tube.
bubbles on bottom of ball and on sides of tube
at bottom.
12/20/02: Solution dark yellow/light brown 12/20/02: Same as above, except black film on
throughout. Ring of small/medium bubbles ball and tube a bit thicker. Still thin, but thicker
around top of ball at waterline. Several large than yesterday.
bubbles on bottom of ball. No bubbles on sides
of tube.
12/21/02: Solution dark yellow/light brown 12/21/02: Thick black film in bottom of tube.
throughout. Black film on sides at middle and Black film on bottom of ball. Thin black film in
in bottom of tube. Yellow ring of patches on sides of tube.
small/medium bubbles around top of ball at
waterline. Several large bubbles on bottom of
ball.
12/22/02: Black film on bottom of ball. Dark 12/22/02: Black film on bottom of ball, sides and
yellow ring rimmed with black film around top bottom of tube thicker than yesterday. Slightly
of ball at waterline. Black film on sides and cloudy film ring rimmed with black film around

-bottom of tube. top of ball at waterline.
12/23/02: Black film on ball thicker. Dark 12/23/02: Same as above, except film thicker on
yellow/light brown ring rimmed with black bottom of ball, sides and bottom of tube but not in
-film around top of ball at waterline, ring around top of ball at waterline.
12/24/02: Thick black film on bottom of ball, 12/24/02: Same as above.
sides and bottom of tube. Dark yellow/light
brown ring rimmed with black film around top
-of ball at waterline.
12/25/02: Thick black film on bottom of ball, 12/25/02: Same as above.
sides and bottom of tube. Medium brown film
with black flecks around top of ball at
-waterline.



794 568

MW116
Sampled 12/17/02

IRB SRB
12/18/02: Solution clear at ball graduating to 12/18/02: Solution clear throughout tube. A few
light yellow at bottom of tube. A few small small bubbles on bottom of ball and sides of tube.
bubbles on ball and on sides of tube.
12/19/02: Solution clear at ball graduating to 12/19/02: Solution clear throughout tube. Many
light yellow then medium yellow at bottom of small bubbles on bottom of ball and sides of tube.
tube. Very light yellow ring of small bubbles
around top of ball at waterline. Many small
bubbles on bottom of ball and sides of tube.
12/20/02: Solution dark yellow/light brown 12/20/02: Same as above.
throughout. Ring of small/medium bubbles
around top of ball at waterline. Several large
bubbles on bottom of ball. A few medium
bubbles on sides of tube.
12/21/02: Black film on bottom of ball, sides 12/21/02: Same as above.
and bottom of tube. Yellow ring or
small/medium bubbles around top of ball at
waterline. 60% of ball covered in small
bubbles. Several small bubbles on sides of
tube. ______
12/22/02: Black film on bottom of ball, sides 12/22/02: Solution clear. Fewer small bubbles on W
and bottom of tube. Dark yellow ring rimmed sides of tube. Slightly cloudy film ring around top
with black film around top of ball at waterline, of ball at waterline.
12/23/02: Black film on ball thicker. Dark 12/23/02: Hint of black film on bottom of tube.
yellow/light brown ring rimmed with black Slightly cloudy film ring around top of ball at
film around top of ball at waterline, waterline.
12/24/02: Thick black film on bottom of ball, 12/24/02: black film thicker on bottom of tube.
sides and bottom of tube. Dark yellow/light Hint of black film on bottom of ball.
brown ring rimmed with black film around top
of ball at waterline.
12/25/02: Thick black film on bottom of ball, 12/25/02: Cloudy ring around top of ball at
sides and bottom of tube. Medium brown ring waterline. Hint of black film with black flecks on
of medium bubbles rimmed with black flecks bottom of ball. Thick black film in bottom of
around top of ball at waterline. Black film on tube.
one side of ball. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



794 569

MWI16D
Sampled 12/17/02

IRB1 SRB
12/18/02: Solution clear at bottom of ball 12/18/02: Solution clear throughout tube. Many
graduating to light yellow at middle of tube. A small bubbles on bottom of ball and sides of tube.
few small bubbles sides of tube.
12/19/02: Solution clear at bottom of ball 12/19/02: Solution clear throughout tube. Many
graduating to light yellow then light brown at small bubbles on bottom of ball. Lots of small
bottom of tube. Ring of small bubbles around bubbles on sides of tube.
top of ball at waterline. Many small bubbles
on bottom of ball and sides of tube.
12/20/02: Solution light brown at ball 12/20/02: Same as above.
graduating to medium yellow at bottom of
tube. 70% of ball covered in wide ring of
small, medium and large bubbles, no bubbles
on either end of ball. Several small bubbles on
sides of tube.
12/21/02: Same as above, except black film on 12/21/02: Same as above.

-sides at middle of tube. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

12/22/02: Black film on bottom of ball, sides 12/22/02: Hint of black film on bottom of ball.
and bottom of tube. Dark yellow ring of small
bubbles rimmed with black film around top of

-ball at waterline.
12/23/02: Black film on ball thicker. Dark 12/23/02: Same as above.
yellow/light brown ring rimmed with black
film around top of ball at waterline. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

12/24/02: Thick black film on bottom of ball, 12/24/02: Same as above. Hint of black film on
sides and bottom of tube. Dark yellow/light bottom of tube. Black film on bottom of ball
brown ring rimmed with black film around top thicker in one patch.

-of ball at waterline. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

12/25/02: Thick black film on bottom of ball, 12/25/02: Slightly cloudy film ring with black
sides and bottom of tube. Medium brown ring flecks around top of ball at waterline. Thin black
of medium bubbles rimmed with black flecks film on one sob. Thick black film in bottom of
around top of ball at waterline. Black film on tube. Many small bubbles on sides of tube.

-one side of ball. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



794 570

MW1 18
Sampled 12/17/02

IRB SRB
12/18/02: Solution clear at ball graduating to 12/18/02: Solution slightly cloudy throughout. A
light yellow at middle of tube. A few small few small bubbles on sides of tube.
bubbles on bottom of ball.
12/19/02: Solution clear at ball graduating to 12/19/02: Solution slightly cloudy throughout. A
light yellow then light brown at bottom of tube. few small bubbles on bottom of ball. Many small
Many small bubbles on bottom of ball. A few bubbles on sides of tube.
medium bubbles on sides of tube.
12/20/02: Solution medium yellow throughout 12/20/02: Solution same as above. Thin black
tube. Ring of medium bubbles around top of film on sides and bottom of ball.
ball at waterline. Many large bubbles on
bottom of ball. A few medium bubbles on sides
of tube. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

12/21/02: Same as above. 12/21/02: Same as above, except black film
thicker on ball. Thin black film on sides of tube at
ball.

12/22/02: Solution medium yellow. A few 12/22/02: Black film thicker on ball, bottom of
medium bubbles around top of ball at tube.
waterline. No bubbles on sides of tube. _____________________

12/23/02: Black film on ball thicker. Dark 12/23/02: Black film even thicker than yesterday. a
yellow/light brown ring rimmed with blackW
film around top of ball at waterline. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

12/24/02: Thick black film on bottom of ball, 12/24/02: Thick black film on bottom of ball,
sides and bottom of tube. Dark yellow/light sides and bottom of tube.
brown ring rimmed with black film around top
of ball at waterline. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

12/25/02: Thick black film on bottom of ball, 12/25/02: Slightly cloudy film ning with black
sides and bottom of tube. Medium brown film flecks around top of ball at waterline. Medium
with black flecks around top of ball at black film on bottom of ball, sides and bottom of
waterline. Thick dark brown rimmed in black tube.
film around top of ball at waterline. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



7 94 57 1

MW120
Sampled 12/17/02:

IRB SRB
12/18/02: Solution light yellow throughout 12/18/02: Solution slightly cloudy throughout
tube. A few small bubbles on bottom of ball, tube. A few small bubbles on bottom of ball.
Many small bubbles on sides of tube. . .Many small bubbles on sides of tube.
12/19/02: Solution light yellow throughout 12/19/02: Same as above.
tube. Light yellow ring of small bubbles
around top of ball at waterline. Many small
bubbles on bottom of ball and sides of tube. ____________________

12/20/02: Solution medium yellow 12/20/02: Solution slightly cloudy. Thin black
throughout. Light yellow ring, but no bubbles, film in patches on sides and bottom of ball.
around top of ball at waterline. Several
medium bubbles on bottom of ball. Many
small bubbles on sides of tube.
12/21/02: Solution medium yellow 12/21/02: Medium black film with black flecks
throughout. Light yellow ring of small bubbles on sides of ball. Thin black film on sides of tube
around top of ball at waterline. Several at ball. Many small bubbles on sides of tube.
medium bubbles on bottom of ball. Many
small bubbles on sides of tube.
12/22/02: Same as above. 12/22/02: Same as above, except black film
* ~~~~~~~~~~~~~~~~~thicker.

12/23/02: Same as above, except thin black 12/23/02: Same as above.
film on bottom of tube. No bubbles on sides of
tube. _ _ _ _ _ _ _ _ _ _ _ _ _ _

12/24/02: Solution light brown. Thick black 12/24/02: Same as above, except black film
film on bottom of tube. Dark yellow ring of thicker on bottom of ball, sides of tube at bottom.

-small bubbles around top of ball at waterline. _ _____________________

12/25/02: Black film covers 98% of tube and 12/25/02: Thick black film side and bottom of
ball. Ring of small bubbles around top of ball ball, and bottom of tube. Many small bubbles on
at waterline. sides of tube.



794 572

MW124
Sampled 12/17/02

IRB SRB
12/18/02: Solution clear at ball graduating to 12/18/02: Solution clear throughout tube. A few
light yellow at bottom of tube. A few small small bubbles on bottom of ball. Many small
bubbles on bottom of ball. Many small bubbles bubbles on sides of tube.
on sides of tube. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

12/19/02: Solution clear at ball graduating to 12/19/02: Solution clear throughout tube. Many
medium yellow at middle of tube. Many small small bubbles on bottom of ball and sides of tube.
bubbles on bottom of ball. Many medium
bubbles on sides of tube. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

12/20/02: Solution medium yellow 12/20/02: Solution same as above. Fewer
throughout. Ring of med bubbles around top of bubbles on bottom of ball. Many small bubbles
ball at waterline. Several medium bubbles on on sides of tube.
bottom of ball. Several medium bubbles on
sides of tube. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

12/21/02: Solution medium yellow 12/21/02: One patch of very thin black film with
throughout. 80% of ball covered in medium black flecks on side of ball. A few small bubbles
bubbles. Several small bubbles on sides of on bottom of ball. Many small bubbles on sides
tube. Hint of black film in bottom of tube. of tube.
12/22/02: Black film thicker in bottom of tube. 12/22/02: Patch thicker. Fewer bubbles on
Thin black film on sides of tube. bottom of ball and sides of tube.
12/23/02: Black film on ball thicker. Dark 12/23/02: Same as above. Hint of black film0
yellow/light brown ring rimmed with black around top of ball at waterline.
film around top of ball at waterline.
12/24/02: Thick black film on bottom of ball, 12/24/02: Same as above. Black film thicker in
sides and bottom of tube. Dark yellow/light bottom of tube.
brown ring rimmed with black film around top
of ball at waterline. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

12/25/02: Thick black film on bottom of ball, 12/25/02: Slightly cloudy film ning with black
sides and bottom of tube. Medium brown film flecks around top of ball at waterline. Thin black
with black flecks around top of ball at film on sob. Thick black film on bottom of ball,
waterline, sides and bottom of tube.



794 573

MW105
Sampled 12/18/02

IRB SRB
12/19/02: Solution clear at ball graduating to 12/19/02: Solution slightly cloudy throughout.
light yellow at middle of tube. No bubbles. No bubbles.
12/20/02: Solution clear at ball graduating to 12/20/02: Same as above.
medium yellow then light brown at bottom of
tube. A few small bubbles on bottom of ball. ____________________

12/21/02: Solution light yellow throughout. 12/21/02: Same as above.
Ring of medium bubbles around top of ball at
waterline. Several med bubbles on sides of
tube.
12/22/02: Black film on bottom of tube. 12/22/02: Black film on sides of tube at bottom.
Solution dark yellow/light brown. Medium Hint of black film with black flecks on bottom of
yellow ring of bubbles around top of ball at tube.
waterline.
12/23/02: Black film on ball thicker. Dark 12/23/02: Thin black film on sides and bottom of
yellow/light brown ring rimmed with black ball, sides and bottom of tube.
film around top of ball at waterline.
12/24/02: Thick black film on bottom of ball, 12/24/02: Same as above. Black film thicker on
sides and bottom of tube. Dark yellow/light sides and bottom of tube.
brown ring rimmed with black film around top
-of ball at waterline.
12/25/02: Thick black film on bottom of ball, 12/25/02: Slightly cloudy film ring with black
sides and bottom of tube. Medium brown film flecks around top of ball at waterline. Medium
with black flecks around top of ball at black film on sides and bottom of ball, sides and
-waterline. bottom of tube.
12/26/02: Thick black film on bottom of ball, 12/25/02: Same as above.
sides and bottom of tube. Black flecks in small

-bubbles around top of ball at waterline. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



794 574

MW112
Sampled 12/18/02

IRB SRB
12/19/02: Solution clear at ball graduating to 12/19/02: Solution clear throughout. No bubbles.
light yellow at middle of tube. No bubbles.
12/20/02: Solution medium yellow 12/20/02: Same as above.
throughout. No bubbles.
12/21/02: Solution medium yellow 12/21/02: Thin black film around ball just below
throughout. Ring of small bubbles around top waterline.
of ball at waterline. A few med bubbles on
sides of tube.
12/22/02: Black film in bottom of tube. 12/22/02: Black film ring around top of ball at
Solution dark yellow at ball. Dark yellow ring waterline. No bubbles. Solution slightly cloudy.
of medium bubbles around top of ball at
waterline. ________________________
12/23/02: Black film on ball thicker. Dark 12/23/02: Thin black film on sides and bottom of
yellow/light brown ring rimmed with black ball, sides and bottom of tube.
film around top of ball at waterline.
12/24/02: Thick black film on bottom of ball, 12/24/02: Same as above. Black film thicker on
sides and bottom of tube. Dark yellow/light sides and bottom of tube.
brown ring rimmed with black film around top
of ball at waterline.a
12/25/02: Thick black film on bottom of ball, 12/25/02: Slightly cloudy film ring around top of W
sides and bottom of tube. Medium brown film ball at waterline. Patch of medium black flecks in
of small bubbles with black flecks around top thin film on bottom of ball. Thin black film on
of ball at waterline. sides of tube graduating to thick black film in

_____ _____ ____ _____ ____ _____ ____ bottom of tube.

12/26/02: Thick black film on bottom of ball, 12/26/02: Same as above.
sides and bottom of tube. Black flecks in light
brown ring of small bubbles around top of ball
at waterline. ________________________



794 575

MW1 13
Sampled 12/18/02

_IRB SRB
12/19/02: Solution clear at ball graduating to 12/19/02: Solution clear throughout. No bubbles.
light yellow at bottom of tube. No bubbles. ____________________

12/20/02: Same as above. 12/20/02: Same as above.
12/21/02: Solution light yellow throughout. 12/21/02: Same as above.
Ring of small bubbles around top of ball at
-waterline.
12/22/02: Same as above. 12/22/02: Slightly cloudy film ring around top of

ball at waterline.
12/23/02: Solution dark yellow/light brown 12/23/02: Same as above.
with hint of black film in bottom of tube. Dark
yellow ring of medium bubbles around top of
-ball at waterline.
12/24/02: Same as above. Black film thicker 12/24/02: Same as above.
in bottom of tube.
12/25/02: Dark yellow ring rimmed with thin 12/25/02: Slightly cloudy film ring around top of
black film and a few bubbles around top of ball ball at waterline. Black film in very center bottom
at waterline. Medium black film on bottom of of tube and around sides of tube at bottom. Black
ball and sides of tube. Thick black film in film doesn't completely cover bottom of tube.
-bottom of tube.
12/26/02: Same as above, except fewer 12/26/02: Same as above, except bottom of tube

-bubbles in ring around top of ball at waterline, covered with black film.



794 576

MW122
Sampled 12/18/02

IRB SRB
12/19/02: Solution clear at ball graduating to 12/19/02: Solution slightly cloudy throughout.
light yellow then light brown at bottom of tube. Many small bubbles on bottom of ball and sides
Many small bubbles on sides of tube. of tube.
12/20/02: Same as above, except many small 12/20/02: Same as above.
bubbles on bottom of ball.
12/21/02: Solution light yellow throughout. 12/21/02: Bottom of ball covered in thin black
Ring of small bubbles around top of ball at film with black flecks. A few small bubbles on
waterline. Several small bubbles on bottom of bottom of ball. Many small bubbles on sides of
ball. Many small bubbles on sides of tube. tube
12/22/02: Solution dark yellow at ball 12/22/02: Black film thicker on ball.
graduating to light brown at bottom of tube.
Ring of small bubbles around top of ball at
waterline.
12/23/02: Black film on ball thicker. Dark 12/23/02: Same as above. Thin black film on
yellow/light brown ring rimmed with black sides of tube at ball and in bottom of tube.
film around top of ball at waterline.
12/24/02: Thick black film on bottom of ball, 12/24/02: Same as above. Black film thicker on
sides and bottom of tube. Dark yellow/light sides and bottom of tube.
brown ring rimmed with black flecks around

top of ball at waterline.
12/25/02: Thick black film on bottom of ball, 12/25/02: Slightly cloudy film ning with black
sides and bottom of tube. Medium brown film flecks around top of ball at waterline. Patches of
with black flecks and small bubbles around top thick black film on sides and bottom of ball.
of ball at waterline. Medium black film on sides of tube at ball

jaduating to thick black film at bottom of tube.
12/26/02: Same as above. 12/26/02: Same as above.



794 577

POST SAMPLING EVENT #7

MW11O
Sampled 1/21/03

IRB SRB
1/22/03: Solution clear at ball graduating to 1/22/03: Solution clear throughout tube. No
light yellow at middle to bottom of tube. No bubbles.
bubbles. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1/23/03: Same as above. 1/23/03: Same as above.
1/24/03: Same as above, a few bubbles around 1/24/03: Same as above.
top of ball at waterline. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1/25/03: Solution cloudy medium yellow with 1/25/03: Same as above.
hint of brown. Ring of small bubbles around
top of ball at waterline. No bubbles on sides of
tube.
1/26/03: Same as above, except more bubbles 1/26/03: Solution cloudy. Cloudy film ring
around top of ball at waterline, around top of ball at waterline. Several medium

bubbles on ball and sides of tube.
1/27/03: Solution dark yellow/light brown. 1/27/03: Black film in bottom of tube. Black
Dark yellow ring of small bubbles around top flecks and patches of very thin black film on ball.
of ball at waterline. One very small line of Very few bubbles on ball/tube. Cloudy film ring
black film in the bottom of tube. around top of ball at waterline.
1/28/03: Black film on bottom of ball, sides 1/28/03: Same as above. Film thicker in bottom
and bottom of tube. Light brown ring of small of tube.
bubbles with black flecks around top of ball at
waterline.
1/29/03: Same as above, except film thicker. 1/29/03: Same as above.



794 578

MW 11011
Sampled 1/21/03

IRB SRB
1/22/03: Solution clear at ball graduating to 1/22/03: Solution clear throughout tube. No
light yellow at middle to bottom of tube. No bubbles.
bubbles.
1/23/03: Same as above. 1/23/03: Same as above.
1/24/03: Same as above. 1/24/03: Solution clear at ball, slightly cloudy at

______ _____ _____ _____ _____ _____ bottom of tube.

1/25/03: Same as above, except solution is 1/25/03: Same as above. No bubbles.
medium yellow at bottom of tube and there are
a few bubbles on the ball. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1/26/03: Same as above. 1/26/03: Solution slightly cloudy throughout
tube. Cloudy film ring around top of ball at
waterline.

1/27/03: Solution medium yellow throughout. 1/27/03: Black film in bottom of tube. Black
Many medium bubbles on ball. flecks and one small patch of very thin black film

on ball. Few bubbles on ball/tube.
1/28/03: Same as above. 1/28/03: Same as above. Black film on bottom of

tube thicker.
1/29/03: Same as above. 1/29/03: Same as above.



794 579

. ~MW114
Sampled 1/21/03

_IRB SRB
1/22/03: Solution clear at bottom of ball 1/22/03: Solution clear throughout tube. No
graduating to light yellow at middle of tube bubbles.
then dark greenish yellow at bottom of tube.
-No bubbles.
1/23/03: Same as above. 1/23/03: Solution clear at ball, but slightly

cloudy at bottom of tube. Three bubbles on
bottom of ball.

1/24/03: Same as above. 1/24/03: Same as above, except only one bubble
_____ ____ ____ ____ ____ ____ ____ ____ on bottom of ball.

1/25/03: Same as above. 1/25/03: Thin black film with thicker patches and
black flecks on sides and bottom of ball. Slightly
cloudy film ring around top of ball at waterline.
Solution slightly cloudy at bottom of tube.

1/26/03: Solution medium yellow at ball 1/26/03: Black film on bottom of ball thicker
graduating to dark greenish yellow at bottom than yesterday. Band of thin black film on side of
of tube. Several small bubbles on ball. tube at ball just under waterline. Cloudy film ring

around top of ball at waterline.
1/27/03: Solution medium yellow throughout. 1/27/03: Thick black film in bottom of tube.
Many medium bubbles on ball. Black film on ball and sides of tube. Black film

ring around top of ball at waterline. A few
____ ____ ___ ____ ___ ____ ___ ____ ___ medium bubbles on ball.

1/28/03: Same as above. 1/28/03: Same as above, except black film
_____ _____ _____ _____ _____ _____ ____ thicker on sides of tube.

-1/29/03: Same as above. 1/29/03: Same as above.



794 580

MW1 18
Sampled 1/21/03

IRB SRB
1/22/03: Solution clear light yellow 1/22/03: Solution slightly cloudy throughout. A
throughout tube. No bubbles. few small bubbles on sides of ball.
1/23/03: Solution slightly cloudy light yellow 1/23/03: Same as above.
throughout tube. No bubbles. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1/24/03: Solution cloudy medium yellow 1/24103: Solution and bubbles same as above.
throughout tube. Ring of medium bubbles Cloudy film ring around top of ball at waterline.
around top of ball at waterline. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1/25/03: Same as above. 1/25/03: Solution slightly cloudy. Black film
ring around top of ball at and just below
waterline. Cloudy film ring around top of ball at

_____ ____ ____ ____ ____ ____ ____ ____ waterline (above the black film).

1/26/03: Same as above, except several small 1/26/03: Same as above, except black film
bubbles on bottom of ball. thicker on ball.
1/27/03: Same as above, except fewer bubbles 1/27/03: Black film in bottom of tube. Thin black
on bottom of ball. film on sides of tube. Black film thicker on ball.

Black film ring around top of ball at waterline.
1/28/03: Thick black film in bottom of tube. 1/28/03: Black film thicker in bottom and on
Solution cloudy dark yellow. Ring of small sides of tube.
bubbles around top of ball at waterline.
1/29/03: Same as above. 1/29/03: Same as above. Black film on ball

thicker.



7 94 581I

MW122
Sampled 1/21/03

_IRB SRB
1/22/03: Solution light yellow throughout 1/22/03: Solution clear at ball, but slightly
most of tube with medium greenish yellow at cloudy at bottom of tube. A few small bubbles on
bottom of tube. A few small bubbles on sides bottom of ball and sides of tube.
of tube.
1/23/03: Same as above. 1/23/03: Same as above, except bubbles bigger.
1/24/03: Solution medium greenish yellow 1/24/03: Solution slightly cloudy throughout
throughout tube. About 5 small bubbles on tube. Sides and bottom of ball covered in thin
ball. black film with thicker spots and black flecks. A

few small bubbles on bottom of ball. Slightly
cloudy ring around top of ball at waterline.
Several small bubbles on sides of tube.

1/25/03: Same as above. 1/25/03: Same as above, except black film
thicker on ball.

1/26/03: Solution medium greenish yellow 1/26/03: Same as above, except black film
throughout tube. Several small/medium thicker on ball and band of thin black film on

-bubbles on ball. sides of tube lust under waterline around ball.
1/27/03: Solution medium yellow throughout. 1/27/03: Black film in bottom of tube. Black
A few small bubbles on ball/tube. film on ball below waterline. Thin black film on

_____ ____ ____ ____ ____ ____ ____ ____ sides of tube. Few bubbles on ball/tube.
1/28/03: Same as above. 1/28/03: Same as above. Black film thicker on

_____ _____ ____ _____ ____ _____ ____ sides and bottom of tube.
1/29/03: Same as above. 1/29/03: Same as above. Black film thicker on

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ b a ll.



794 582

MW124
Sampled 1/21/030

IRB SRB
1/22/03: Solution clear at ball graduating to 1/22/03: Solution clear throughout tube. A few
light yellow at bottom of tube. A few small small bubbles on bottom of ball and sides of tube.
bubbles on sides of tube. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1/23/03: Same as above, except bubbles 1/23/03: Same as above, except more bubbles.
bigger. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1/24/03: Solution clear at ball graduating to 1/24/03: Solution slightly cloudy throughout
medium greenish yellow at bottom of tube. A tube. Many small black flecks on sides and
few very small bubbles on bottom of ball. bottom of ball. A few small bubbles on ball and

sides of tube. Slightly cloudy film ring around top
of ball at waterline.

1/25/03: Solution medium yellow throughout. 1/25/03: Same as above.
Several small bubbles on ball and sides of tube. _____________________

1/26/03: Same as above, except more bubbles 1/26/03: Same as above, except spot of thin
on ball. black film on side of tube just under waterline.
1/27/03: Solution medium yellow throughout. 1/27/03: Black film in bottom of tube. Black
Many medium bubbles on ball. flecks and one small patch of very thin black film

on ball. Few bubbles on ball/tube.
1/28/03: Same as above. 1/28/03: Same as above. Black film on ball and

sides of tube thicker.
1/29/03: Same as above. 1/28/03: Same as above. Black film thicker in 0

bottom of tube.



794 583

MW105
Sampled 1/22/03

IRB SRB
1/23/03: Solution light yellow throughout 1/23/03: Solution clear throughout. A few small
tube. No bubbles. bubbles on ball and sides of tube (less than 20).
1/24/03: Solution medium yellow throughout 1/24/03: Solution slightly cloudy and off-white
tube. No bubbles. throughout tube. Several small bubbles on ball

______ _____ _____ ______ _____ _____ and sides of tube.
1/25/03: Same as above. 1/25/03: Same as above, except cloudy film ring

around top of ball at waterline.
1/26/03: Same as above, except several small 1/26/03: Solution cloudy. Thin black film on
bubbles on ball. bottom of tube. Patches of thin black film on ball.

Cloudy film ring around top of ball at waterline.
1/27/03: Solution medium yellow throughout 1/27/03: Thin black film around top, on sides and
tube. Many small bubbles on ball. bottom of ball and sides of tube. Thick black film

_____ _____ _____ _____ _____ _____ ____ in bottom of tube.

1/28/03: Same as above. 1/28/03: Same as above. Black film thicker on
sides and bottom of tube.

1/29/03: Same as above. 1/29/03: Same as above, except film in bottom of
_____ ____ ____ ____ ____ ____ ____ ____ ____ tube thicker.

1/30/03: Same as above. 1/30/03: Same as above.



794 584

MW1 12
Sampled 1/22/030

IRB SRB
1/23/03: Solution light yellow throughout 1/23/03: Solution clear throughout. A few
tube. No bubbles. bubbles on ball and sides of tube (less than 20).
1/24/03: Solution medium yellow throughout 1/24/03: Same as above.
tube. No bubbles.
1/25/03: Same as above. 1/25/03: Solution slightly cloudy and off-white.

Less bubbles than yesterday. Cloudy film ring
around top of ball at waterline.

1/26/03: Solution medium yellow throughout 1/26/03: Same as above. A few bubbles on ball
tube. Many small bubbles on bottom of ball. and sides of tube.
Medium yellow ring, no bubbles, around top of
ball at waterline.
1/27/03: Solution medium yellow throughout 1/27/03: Same as above.
tube. Yellow ring, but no bubbles, around top
of ball at waterline. Many small bubbles on
bottom of ball. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1/28/03: Same as above. 1/28/03: Thin black film over most of ball, on
sides and in bottom of tube. Cloudy film ring
around top of ball at waterline.

1/29/03: Same as above. 1/29/03: Same as above, except film thicker on
ball, sides and bottom of tube.

1/30/03: Same as above. 1/30/03: Same as above.



794 585

MW1 13
Sampled 1/22/03

-IR.B SRB
1/23/03: Solution light yellow throughout 1/23/03: Solution clear throughout. A few small
tube. No bubbles. bubbles on ball and sides of tube (less than 20).
1/24/03: Solution medium yellow throughout 1/24/03: Solution slightly cloudy throughout tube.
tube. No bubbles. Cloudy film ring around top of ball at waterline.

_____ ____ ____ ____ ____ ____ ____ ____ Fewer bubbles than yesterday.
1/25/03: Same as above. 1/25/03: Same as above.
1/26/03: Solution medium yellow throughout 1/26/03: Same as above. A few bubbles on ball
tube. Many small bubbles on bottom of ball. and sides of tube.
Medium yellow ring, no bubbles, around top of
ball at waterline. ________________________
1/27/03: Solution medium yellow throughout 1/27/03: Thin black film patch with black flecks
tube. Many small bubbles on ball. on side of ball. Thin black film on sides of tube.

Thick black film in bottom of tube. Few small
bubbles on ball/tube.

1/28/03: Same as above. 1/28/03: Same as above.
1/29/03: Same as above. 1/29/03: Same as above, except film thicker on

______ _____ _____ ______ _____ _____ ball, sides and bottom of tube.
1/30/03: Same as above. 1/30/03: Same as above.



794 586

MW116
Sampled 11221030

IRB SRB
1123103: Solution clear at ball graduating to 1/23/03: Solution clear throughout tube. A few-
light yellow at bottom of tube. A few small small bubbles on ball and sides of tube.
bubbles on ball and on sides of tube. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1/24/03: Solution clear at ball graduating to 1/24/03: Solution slightly cloudy throughout
medium yellow at bottom of tube. A few small tube. A few small bubbles on ball and sides of
bubbles on ball and sides of tube. tube.
1/25/03: Solution medium yellow throughout. 1/25/03: Same as above.
Ring of small/medium bubbles around top of
ball at waterline. Several medium bubbles on
sides and bottom of ball. Several medium
bubbles on sides of tube. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1/26/03: Same as above, except more bubbles 1/26/03: Solution slightly cloudy throughout.
on ball and less bubbles on sides of tube. Many medium bubbles on ball and sides of tube.

One patch of thin black film with black flecks on
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ b a ll.

1/27/03: Thick black film on bottom of ball, 1/27/03: Same as above.
sides and bottom of tube. Dark yellow ring of
medium bubbles around top of ball at
waterline.
1/28/03: Black film thicker throughout. Dark 1/28/03: Hint of black film on bottom of ball and
yellow/light brown ring of small bubbles with tube. Slightly cloudy film ring around top of ball
black flecks around top of ball at waterline, at waterline.
1/29/03: Thick black film on bottom of ball, 1/29/03: Black film thicker on ball and very thick
sides and bottom of tube. Dark yellow/light in bottom of tube.
brown ring rimmed with black film around top
of ball at waterline.
1/30/03: Thick black film on bottom of ball, 1/30/03: Same as above.
sides and bottom of tube. Medium brown ring
of medium bubbles rimmned with black flecks
around top of ball at waterline. Black film on
one side of ball. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



794 58?

MWL16D
Sampled 1/22/03

IRIB SRB
1/23/03: Solution clear at bottom of ball 1/23/03: Solution clear throughout tube. Several
graduating to light yellow at middle of tube. A small bubbles on ball and sides of tube.
few small bubbles sides of tube. _______ _______________

1/24/03: Solution clear at bottom of ball 1/24/03: Solution slightly cloudy throughout
graduating to medium yellow at bottom of tube. A few small bubbles on ball and sides of
tube. A few small bubbles on ball and sides of tube.
tub e. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1/25/03: Solution medium yellow throughout. 1/25/03: Same as above, except cloudy film ring
Ring of small/medium bubbles around top of around top of ball at waterline.
ball at waterline. Several medium bubbles on
sides and bottom of ball. Several medium
bubbles on sides of tube. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1/26/03: Solution dark yellow throughout 1/26/03: Solution slightly cloudy throughout
tube. 80% of ball covered in small/medium tube. Many small black flecks on ball. Cloudy
bubbles (mainly around ball above and below film ring around top of ball at waterline. Several
-waterline), medium bubbles on ball and sides of tube.
1/27/03: Black film on bottom of ball, sides 1/27/03: Same as above. One small patch of thin
and bottom of tube. Dark yellow ring of small black film with black flecks on side of ball just
bubbles around top of ball at waterline, under waterline.
1/28/03: Black film thicker throughout. Light 1/28/03: Hint of black film in bottom of tube.
brown ring of small bubbles with black flecks Black film thicker on ball.
-around top of ball at waterline.
1/29/03: Same as above. 1/28/03: Thick black film in bottom of tube. Thin

black film on sides of tube. No change to film on
ball.

1/30/03: Same as above. 1/29/03: Same as above.



.794 588

MW120
Sampled 1/22/03

IRB SRB
1/23/03: Solution light yellow throughout 1/23103: Solution slightly cloudy throughout
tube. Several small bubbles on ball and sides tube. Several small bubbles on ball and sides of
of tube. tube. Small medium yellow spot on one side of

____ ____ ____ ____ ____ ____ ____ ____ ___ ball just below waterline.
1/24/03: Solution medium yellow with hint of 1/24/03: Solution slightly cloudy throughout,
green throughout tube. A few very small cloudier at bottom of tube. Hint of brown film
bubbles on ball and sides of tube. ning around top of ball at waterline. Very few

small bubbles on ball and sides of tube.
1/25/03: Solution medium yellow throughout. 1/25/03: Same as above, except one spot of black
Light yellow ring, but no bubbles, around top film on one side of ball at waterline.
of ball at waterline. Several medium bubbles
on bottom of ball. A few small bubbles on
sides of tube. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1/26/03: Same as above, except a few medium 1/26/03: Medium black film with black flecks
bubbles at yellow ring around top of ball at around top of ball at waterline. Thin black film on
waterline, sides of ball. A few small bubbles on ball and

sides of tube.
1/27/03: Solution cloudy medium yellow 1/27/03: Same as above, except black film
throughout. Dark yellow ring of medium thicker.
bubbles around top of ball at waterline. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1/28/03: Same as above, except thin black film 1/28/03: Thin black film in bottom of tube. Black
on bottom of tube. No bubbles on sides of tube. film thicker on sides, bottom around top of ball at

waterline.
1/29/03: Thick black film in bottom of tube. 1/29/03: Same as above, except black film thicker
Thin black film on sides of tube. Dark yellow on bottom of tube.
ring of medium bubbles around top of ball at
waterline.
1/30/03: Same as above. 1/30/03: Same as above.



794 599

POST SAMPLING EVENT #8

MWI16
Sampled 2/25/03

_IRB SRB
2/26/03: Solution clear at ball graduating to 2/26/03: Solution clear throughout tube. A few
light yellow at bottom of tube. No bubbles on small bubbles on ball and sides of tube.
-ball and on sides of tube.
2/27/03: Same as above. 2/27/03: Same as above, except bubbles bigger.

2/28/03: Solution medium yellow throughout. 2/28/03: Solution clear throughout tube. Several
Ring of small bubbles around top of ball at medium bubbles on ball. No bubbles on sides of
waterline. tube. Cloudy film ring around top of ball at

waterline.
3/1/03: Solution medium yellow throughout. 3/1/03: Same as above.
Very thick ring of small bubbles around top of
ball at waterline. Many medium bubbles on
-bottom of ball. No bubbles on sides of tube. _____________________

3/2/03: Same as above, except dark yellow 3/2/03: Same as above.
ring with bubbles around top of ball at
waterline. 75% of ball covered with

* ~~small/medium bubbles.
3/3/03: Dark yellow/light brown throughout. 3/3/03: Hint of black film with black flecks on
Dark yellow ring of small bubbles around top one small spot on bottom of ball. Slightly cloudy
of ball at waterline. Ring of medium/large film ring around top of ball at waterline.
bubbles around bottom of ball. Thin black film

-in very bottom of tube. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

3/4/03: Thick black film on bottom of tube 3/4/03: Thick black film on bottom of tube. Hint
and up sides about ¼/". Dark yellow ring and of black film with black flecks on one small spot
thin black ring with small bubbles around top on bottom of ball. Slightly cloudy film ring
of ball at waterline. around top of ball at waterline.
3/5/03: Thick black film on ball, sides and 3/5/03: Thick black film on bottom of tube.
bottom of tube. Medium brown ring of Medium black film on sides of tube. Very thin
medium bubbles rimmed with black flecks black film with black flecks on ball.
around top of ball at waterline.



794 590

MW116 Duplicate
Sampled 2/25/03

IIRB SRB
2/26/03: Solution light yellow throughout 2/26/03: Solution clear throughout tube. A few
tube. A few small bubbles sides of tube. small bubbles on ball and sides of tube.
2/27/03: Same as above. 2/27/03: Solution clear throughout tube. A few

small bubbles on ball and sides of tube.
2/28/03: Solution medium yellow throughout. 2/28/03: Solution clear throughout tube. Cloud
Light yellow ring of small bubbles around top film ring with some small bubbles around top of
of ball at waterline. Several medium bubbles ball at waterline. One bubble on ball, one bubble
on sides and bottom of ball. No bubbles on on tube, so less bubbles than before.
sides of tube. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

3/1/03: Solution medium yellow throughout 3/1/03: Same as above, except one small spot of
tube. 80% of ball covered in small/medium very thin black film with black flecks on side of
bubbles (mainly around ball above and below ball.
waterline). Medium yellow ring around top of
ball at w aterline. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

3/2/03: Solution dark yellow throughout. Dark 3/2/03: Same as above.
yellow/light brown at bottom of tube. Dark
yellow ring of small bubbles around top of ball
at waterline. 70% of ball covered with
small/medium bubbles.a
3/3/03: Solution dark yellow/light brown 3/3/03: Very thin black film around ball and on W
throughout. Dark yellow ring of small bubbles side of tube just under waterline. Cloudy film
around top of ball at waterline. 70% of ball ring, but no bubbles, around top of ball at
covered with small/medium bubbles. Thin waterline.
black film in center bottom of tube.
3/4/03: Same as above, except black film 3/4/03: Thick black film in bottom of tube. Thin
thicker on bottom of tube. black film on ball and sides of tube at ball.

Cloudy film rimg around top of ball at waterline.
3/5/03: Black film on bottom of tube and up 3/5/03: Thick black film in bottom of tube. Thin
sides about ¼/". One spot of thick black film on black film on sides of tube and on ball. Ring of
side of ball. Solution brown. Dark yellow ring cloudy film with black flecks around top of ball at
of bubbles around top of ball at waterline, waterline.



7 94 59 1

. ~MW118
Sampled 2/25/03

_IRB SRB
2/26/03: Solution light yellow at ball 2/26/03: Solution off-white, slightly cloudy
graduating to medium greenish yellow at throughout. No bubbles.

-bottom of tube. No bubbles.,_ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _

2/27/03: Same as above, except solution light 2/27/03: Solution off-white, slightly cloudy
greenish yellow at bottom of tube. No bubbles, throughout. Several medium bubbles on ball and

_____ _____ _____ _____ _____ _____ ____ sides of tube.
2/28/03: Solution cloudy medium yellIow 2/28/03: Solution and bubbles same as above.
throughout tube with very light green tint at Cloudy film ring around top of ball at waterline.
bottom of tube. Very light yellow ring of small Fewer bubbles than yesterday.
bubbles around top of ball at waterline. A few
-very small bubbles on ball.
3/1/03: Same as above, except ring of small 3/1/03: Solution slightly cloudy. Thin black film
bubbles around top of ball at waterline, ring around top of ball at waterline.
Several medium bubbles on side of ball.

3/2/03: Solution cloudy medium yellow 3/2/03: Solution slightly cloudy. Thick black
throughout. Dark yellow ring of small bubbles film ring around top of ball at waterline. No
around top of ball at waterline. Several bubbles on ball or sides of tube.
medium bubbles on sides/bottom of ball. No
-bubbles on sides of tube.
3/3/03: Same as above, except fewer bubbles 3/3/03: Same as above.

-on bottom of ball.
3/4/03: Solution cloudy medium yellow 3/4/03: Thick black film on ball at waterline and
throughout. Dark yellow ring of small bubbles on bottom of tube. Thin black film on sides and
around top of ball at waterline. Several bottom of ball and sides of tube.
medium bubbles with black film under them on
sides/bottom of ball. No bubbles on sides of
-tube.
3/5/03: Medium black film on bottom of ball 3/5/03: Same as above, except film thicker on
and sides of tube at ball. Ring of dark yellow ball and tube.
with black flecks and bubbles. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



94 592

MW120
Sampled 2/25/030

IRB SRB
2/26/03: Solution clear at ball graduating to 2/26/03: Solution slightly cloudy throughout
light yellow at bottom of tube. A few very tube. Several small bubbles on ball and sides of
small bubbles on ball. tube. Thin off-white ring around top of ball at

waterline.
2/27/03: Solution light yellow throughout 2/27/03: Solution off-white, slightly cloudy
tube. A few very small bubbles on ball. throughout tube. Off-white/hint of brown film

ring around top of ball at waterline. A few small
bubbles on ball and sides of tube.

2/28/03: Solution medium yellow throughout. 2/28103: Thin black film ring around top of ball
Light yellow ring with some small bubbles at waterline. Several medium bubbles on bottom
around top of ball at waterline. Several of ball and sides of tube.
medium bubbles on bottom of ball. A few
small bubbles on sides of tube.
3/1/03: Same as above. 3/1/03: 85% of ball covered in medium black

film with black flecks. A few small bubbles on
_____ _____ _____ _____ _____ _____ ____ ball and sides of tube.

3/2/03: Same as above. 3/2/03: Same as above, except black film thicker.
3/3/03: Solution dark yellow throughout. Dark 3/3/03: Thick black film on sides and bottom of
yellow ring of small/medium bubbles around ball. Spot of black film on bottom of tube.
top of ball at waterline. Several small bubbles
on bottom of ball and sides of tube.
3/4/03: Same as above. 3/4/03: Same as above, except bottom of tube

_____ _____ ____ _____ ____ _____ ____ covered with thick black film.

3/5/03: Thick black film in bottom of tube. 3/5/03: Thick black film on ball, sides and
Solution dark yellow. Dark yellow ring of bottom of tube.
bubbles around top of ball at waterline. _____________________



794 593

* ~MW 122
Sampled 2/25/03

IRB SRBE
2/26/03: Solution clear at ball graduating to 2/26/03: Solution slightly cloudy throughout
light yellow at bottom of tube. Several small tube. Many small bubbles on bottom of ball and
bubbles on sides of tube. sides of tube.
2/27/03: Same as above. 2/27/03: Solution slightly cloudy throughout

tube. Off-white film ring around top of ball at
waterline. Many medium bubbles on ball and

_____ ____ _____ ____ _____ ____ _____ ____ sides of tube.
2/28/03: Solution medium yellow throughout 2/28/03: Solution slightly cloudy throughout
tube. Light yellow ring of small bubbles tube. Sides and bottom of ball covered in thin
around top of ball at waterline. Several black film with black flecks. Several small
medium bubbles on bottom of ball. A few bubbles on bottom of ball. Slightly cloudy ring
medium bubbles on sides of tube. around top of ball at waterline. Several small

bubbles on sides of tube.
3/1/03: Same as above, except 80% of ball 3/1/03: Same as above, except black film thicker
covered in small/medium bubbles, on ball.
3/2/03: Solution dark yellow throughout with 3/2/03: No change from yesterday.
black film in very bottom of tube. Medium
yellow ring with small/medium bubbles around
top of ball at waterline. Lots of medium
bubbles on bottom of ball. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

3/3/03: Black film at bottom of tube - on very 3/3/03: 80% of ball covered in medium black
bottom and up sides about ¼/". Dark yellow film with black flecks. Cloudy film ring around
ring of medium bubbles around top of ball at top of ball at waterline. Small bubbles on sides of
-waterline. Solution dark yellow/light brown. tube.
3/4/03: Same as above. 3/4/03: Sides and bottom of ball covered in thick

black film. Bottom of tube covered in thick black
film. Several small bubbles on sides of tube.

3/5/03: Black film on sides and bottom of 3/5/03: Thick black film on sides and bottom of
tube. Ring of dark yellow with several large tube and on ball.
spots of black film and bubbles around top of

-ball at waterline.



794 594

MW124
Sampled 2/25/030

IRB SRB
2/26/03: Solution clear at ball graduating to 2/26/03: Solution clear throughout tube. A few
light yellow at bottom of tube. A few small small bubbles on bottom of ball and sides of tube.
bubbles on sides of tube.
2/27/03: Same as above. 2/27/03: Same as above, except more bubbles.
2/28/03: Solution medium yellow throughout 2/28/03: Solution clear throughout tube. A few
tube. Light yellow ring of small bubbles small bubbles on ball and sides of tube. Very thin
around top of ball at waterline. Several cloudy film ring around top of ball at waterline.
medium bubbles on bottom of ball and sides of
tube.
3/1/03: Solution dark yellow under ball 3/1/03: Same as above, except one small patch of
graduating to medium yellow at bottom of black flecks on side of ball.
tube. About 65% of ball covered with
small/medium bubbles. A few medium bubbles
on sides of tube. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

3/2/03: Solution dark yellow throughout. 3/2/03: No change from yesterday.
Dark yellow ring of medium bubbles around
top of ball at waterline. No bubbles on bottom
of ball or sides of tube. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

3/3/03: Same as above. 3/3/03: Solution clear. More black flecks on ball a
than yesterday. Cloudy film ring around top ofW
ball at waterline. A few small bubbles on sides of

______ _____ ______ _____ ______ _____ tube.

3/4/03: Thick black film on very bottom of 3/4/03: Solution clear. Many black flecks with
ball and on sides of tube just below ball almost patches of very thin black film. Thin black film
to bottom of tube. Dark yellow ring of bubbles in bottom of tube. Cloudy film ring around top of
around top of ball at waterline, ball at waterline.
3/5/03: Thick black film on bottom of ball, 3/5/03: Same as above. Black film thicker in
sides and bottom of tube. Brown with a thin bottom of tube.
line of black film ring around top of ball at
waterline. ________________________



794 595

* ~~POST SAMPLING EVENT #9

MW1 10
Sampled 3/24/03

IRB SRB
3/25/03: Solution clear at ball graduating to 3/25/03: Solution clear throughout tube. Many
light yellow at bottom of tube. No bubbles. small bubbles on bottom of ball and sides of tube
Dark brown film at center bottom of tube. near bottom of tube.
White particles suspended near bottom of tube.
-3/26/03: Same as above. 3/26/03: Same as above, except fewer bubbles.
3/27/03: Solution light yellow throughout. 3/27/03: Solution clear. Cloudy film ring around
Ring of small bubbles around top of ball at top of ball at waterline. No bubbles.
waterline. Several medium bubbles on bottom
-of ball. A few small bubbles on sides of tube.
3/28/03: Solution medium yellow at ball 3/28/03: Same as above, except a few very small
graduating to dark greenish yellow at bottom black spots on one side of ball.
of tube. Dark yellow ring of small bubbles
around top of ball at waterline.
3/29/03: Solution dark greenish yellow. Light 3/29/03: Solution clear. Cloudy film ring around
brownish yellow ring of medium bubbles top of ball at waterline. Several very small black
around top of ball at waterline. Medium spots on one side of ball.

* ~~~bubbles on bottom of ball.
3/30/03: Thin black film on sides and bottom 3/30/03: Solution slightly cloudy. Cloudy film
of tube. Light brown ring with medium ring with several black spots around top of ball at
bubbles around top of ball at waterline, waterline. Several very small black spots on one
-Medium bubbles on bottom of ball. side of ball.
3/31/03: Thick black film on sides and bottom 3/31/03: Same as above, except cloudy film ring
of ball, sides and bottom of tube. Medium thicker. Black film in center bottom of tube.
brown ring of medium bubbles around top of
ball at waterline.
4/1/03: Thick black film on sides and bottom 4/1/03: Solution slightly cloudy. Thick cloudy
of ball, sides and bottom of tube. Ring of film ring with lots of black flecks around top of
medium brown with lots of black flecks and ball at waterline. Several very small black spots
medium bubbles around top of ball at on one side of ball. Black film in center bottom of
-waterline. tube.



794 596

MW 110D0
Sampled 3/24/03

IRB SRB
3/25/03: Solution clear at ball graduating to 3/25/03: Solution clear. Many small bubbles on
light yellow at middle to bottom of tube. No bottom of ball and sides of tube near bottom of
bubbles. tube.
3/26/03: Same as above. 3/26/03: Same as above, except fewer bubbles.
3/27/03: Solution light yellow throughout. 3/27/03: Solution clear. Cloudy film ring around
Medium bubbles ring around top of ball at top of ball at waterline. Small bubbles cover sides
waterline. Several medium bubbles on bottom of tube. A few small bubbles on bottom of ball.
of ball. No bubbles on sides of tube.
3/28/03: Solution medium yellow. Dark 3/28/03: Same as above, except very thin black
yellow ring of small bubbles around top of ball film in bottom of tube.
at waterline. Several medium bubbles on
bottom of ball. No bubbles on sides of tube. ____________________

3/29/03: Solution dark greenish yellow. Light 3/29/03: Solution clear. Cloudy film ring around
brownish yellow ring of medium bubbles top of ball at waterline. Black film in bottom of
around top of ball at waterline. Thin black film tube. Medium bubbles on bottom of ball. Several
and medium bubbles on bottom of ball. very small spots of black film on one side of ball.
3/30/03: Thin black film on sides and bottom 3/30103: Same as above.
of tube. Dark yellow ring with light brown
flecks and medium bubbles around top of ball0
at waterline. Thin black film and medium
bubbles on bottom of ball.
3/31/03: Thick black film on sides and bottom 3/31/03: Solution clear. Thick black film on
of ball, sides and bottom of tube. Medium bottom of tube. Thin black film with black flecks
brown ring of medium bubbles around top of on sides and bottom of ball and on side of tube at
ball at waterline. ball. Cloudy film ring around top of ball at

waterline.
4/1/03: Thick black film on sides and bottom 4/1/03: Same as above.
of ball, sides and bottom of tube. Ring of
medium brown with lots of black flecks and
medium bubbles around top of ball at
w aterline. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



794 597

MW114
Sampled 3/25/03

IRB SRB
3/26/03: Solution clear at ball graduating to 3/26/03: Solution clear. No bubbles.
medium greenish yellow at bottom of tube. No
bubbles.
3/27/03: Solution medium greenish yellow 3/27/03: Same as above, except cloudy film ring
-throughout. No bubbles. around top of ball at waterline.
3/28/03: Same as above. 3/28/03: Solution clear. Cloudy film ring around

top of ball at waterline. Thin black film on
bottom of ball and center bottom of tube.

3/29/03. Same as above. 3/29/03: Same as above, except black film
thicker.

3/30/03: Same as above. 3/30/03: Solution clear. Medium black film ring
around top of ball at waterline, on sides of tube at
ball and in bottom of tube. A few medium
bubbles on bottom of ball.

3/31/03: Solution dark yellow. No bubbles. 3/31/03: Thick black film around top at
waterline, on sides and bottom of ball, sides and

______ _____ _____ ______ _____ _____ bottom of tube.
-4/1/03: Same as above. 4/1/03: Same as above.
4/2/03: Solution dark yellow. No bubbles. 4/2/03: Same as above.
Medium black film around top of ball at

-waterline.



794 598

MW1 160
Sampled 3/25/03

IRB SRB
3/26/03: Solution clear at ball graduating to 3/26/03: Solution clear throughout tube. Many
light greenish yellow at bottom of tube. Many small bubbles on ball and sides of tube.
very small bubbles on ball and on sides of
tube.
3/27/03: Same as above. 3/27/03: Same as above, except cloudy film ring

around top of ball at waterline.
3/28/03: Solution medium yellow throughout. 3/28/03: Same as above, except several small
Medium yellow ring of small bubbles around black spots on ball.
top of ball at waterline. Medium bubbles on
bottom of ball. Sides of tube covered in very
small bubbles.
3129/03: Solution medium yellow throughout. 3/29/03: Solution clear. Cloudy film ring around
Dark yellow ring around top of ball at top of ball at waterline. Very thin black film with
waterline. Ring of medium bubbles black flecks on ball.
encompassing about 80% of ball. Sides of tube
covered in very small bubbles. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

3/30/03: Solution dark greenish yellow 3/30/03: Same as above.
throughout. About 70% of ball covered in

medium bubbles. Spots of black film on sides
of ball. Medium black film and small bubbles
on sides of tube just under ball. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

3/31/03: Thick black film on sides and bottom 3/31/03: Thick black film in bottom of tube. Thin
of ball, sides and bottom of tube. Dark yellow black film with black flecks on sides and bottom
ning of medium bubbles around top of ball at of ball. Many small bubbles on bottom of ball and
waterline, sides of tube.
4/1/03: Same as above, except black flecks in 4/1/03: Thick black film on bottom of tube.
dark yellow ring of medium bubbles around Medium black film on sides of tube. Medium
top of ball at waterline, black film with black flecks on sides and bottom

of ball. Cloudy film ring rimmed with black
around top of ball at waterline. Several small
bubbles on bottom of ball and sides of tube.

4/2/03: Thick black film on sides and bottom 4/2/03: Same as above.
of ball, sides and bottom of tube. Black film
ning rimmed in dark yellow around top of ball
at waterline. ________________________



794 599

MW116 Duplicate
Sampled 3/25/03

IRB SRB
3/26/03: Solution clear at ball graduating to 3/26/03: Solution clear throughout tube. Many
medium greenish yellow at bottom of tube. small bubbles on ball and sides of tube.
Many small bubbles on ball and sides of tube.
3/27/03: Same as above. 3/27/03: Same as above, except cloudy ring

____ ____ ____ ____ ____ ____ ____ ____ ___ around top of ball at waterline.
3/28/03: Solution medium yellow throughout. 3/28/03: Same as above.
Ring of small bubbles around top of ball at
waterline. A few small bubbles on sides of
tub e. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

3/29/03: Solution dark yellow throughout. 3/29/03: Solution clear. Cloudy film ring around
90% of ball covered in small bubbles. Many top of ball at waterline. Bottom of ball and sides
small bubbles on sides of tube. of tube covered in very small bubbles.
3/30/03: Same as above, except fewer bubbles 3/30/03: Same as above, except fewer bubbles.
on ball (about 60% of ball covered). No
bubbles on sides of tube.
3/31/03: Solution light brown. Thin black film 3/31/03: Solution clear. Thick cloudy film ring
band (about ¼/" thick) on sides of tube just around top of ball at waterline. Medium black

* ~~~under ball. Dark yellow ring of small bubbles film in bottom of tube. Area of very small black
around top of ball at waterline. Bottom of ball spots on one side of ball. Bottom of ball and sides
covered in small bubbles. of tube covered in small bubbles.
4/1/03: Thick black film on sides and bottom 4/1/03: Thick cloudy film ring rimmed in black
of ball, sides and bottom of tube. Light brown around top of ball at waterline. Thick black film
ring with black flecks and small bubbles in bottom of tube. Thin black film with black
around top of ball at waterline, flecks on sides of ball. Bottom of ball and sides of

_____ ____ ____ ____ ____ ____ ____ ____ tube covered in small bubbles.
4/2/03: Thick black film on sides and bottom 4/2/03: Same as above.
of ball, sides and bottom of tube. Black film
ring and small bubbles around top of ball at
waterline.



794 600

MWI118
Sampled 3/25/03

IRB _ __ _ _ __ _ _ __ _ _ __ _ _ _ SRB

3/26/03: Solution clear at ball graduating to 3/26/03: Solution slightly cloudy throughout.
medium greenish yellow at bottom of tube. No Many small bubbles on ball and sides of tube.
bubbles. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

3/27/03: Solution medium greenish yellow 3/27/03: Same as above, except light brown ring
throughout. Small bubble ring around top of around top of ball at waterline.
ball at waterline. A few small bubbles on
bottom of ball and sides of tube. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

3/28/03: Same as above. 3/28/03: Solution clear. A few small black spots
on ball. Several small bubbles on bottom of ball

_______ ______ _______ ______ ______ and on sides of tube.

3/29/03: Solution dark yellow. Black film in 3129/03: Solution clear. Medium black film with
bottom of tube and up sides about ¼4". Medium black flecks covering bottom of ball. Several
bubble ring around top of ball at waterline, small bubbles on bottom of ball. Many small

bubbles on sides of tube.
3/30/03: Bottom and sides of tube and bottom 3/30/03: Same as above, except fewer bubbles.
of ball covered in thick black film. Dark
yellow ring with medium bubbles and black
spots around top of ball at waterline,.______________________
3/31/03: Same as above. 3/31/03: Solution slightly cloudy. Medium black W

film with black flecks on sides and bottom of ball
and on bottom of tube. Bottom of ball and sides
of tube covered in small bubbles.

4/1/03: Thick black film on sides and bottom 4/1/03: Thick black film on sides and bottom of
of ball, sides and bottom of tube. Dark yellow ball, sides and bottom of tube. Cloudy film ring
ning with black flecks, no bubbles, around top rimmed in black around top of ball at waterline.
of ball at waterline.
4/2/03: Same as above. 4/2/03: Same as above, except cloudy film ring

_____ _____ _____ ____ _____ _____ ___ I now com pletely black.



7 94 6 01

MW120
Sampled 3/25/03

_IRB SRB
3/26/03: Solution clear at ball graduating to 3/26/03: Solution clear throughout tube. Many
light greenish yellow at bottom of tube. Many small bubbles on ball and sides of tube.
very small bubbles on ball and sides of tube.
3/27/03: Solution medium greenish yellow 3/27/03: Medium black film with black flecks on
throughout. Ring of small bubbles around top sides of ball. Small bubbles cover sides of tube.
of ball at waterline. Many small bubbles on
-bottom of ball and sides of tube.
3/28/03: Same as above, except medium 3/28/03: Same as above.
yellow ring with small bubbles around top of
ball at waterline. Several small bubbles on
sides of tube.
3/29/03: Solution dark yellow. Dark yellow 3/29/03: Solution clear. Medium black film with
ring with small bubbles around top of ball at black flecks covering bottom of ball. Several
waterline. Sides of tube covered in small small bubbles on bottom of ball. Many small
-bubbles. bubbles on sides of tube.
3/30/03: Same as above, except thin black film 3/30/03: Same as above, except black film
on bottom of tube. thicker around middle of ball.. ~~~3/31/03: Solution medium brown. Medium 3/31/03: Thick black film on sides and bottom o
black film on sides and bottom of tube. Thin ball, sides at ball and bottom of tube. Sides of
black film on bottom of ball. Dark yellow ring tube covered in small bubbles.
of small bubbles around top of ball at
waterline. Medium bubbles on bottom of ball.
Sides of tube covered in small bubbles.
4/1/03: Thick black film sides and bottom of 4/1/03: Same as above.
ball, sides and bottom of tube. Light brown
ring rimmed with black film and small bubbles
around top of ball at waterline.
4/2/03: Thick black film sides and bottom of 4/2/03: Thick black film on sides and bottom of
ball, sides and bottom of tube. Thick black film ball, sides at ball and bottom of tube. Sides of
ring and small bubbles around top of ball at tube covered in small bubbles. Black film ring
waterline. around top of ball at waterline.



794 602

MWI24 ~~~
Sampled 3/25/03

IRB SRB
3/26/03: Solution clear at ball graduating to 3/26/03: Solution clear throughout tube. Many
medium greenish yellow at bottom of tube. A small bubbles on bottom of ball and sides of tube.
few small bubbles on bottom of ball and sides
of tube. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

3/27/03: Solution dark yellow at ball 3/27/03: Same as above, except cloudy film ring
graduating to light brown at bottom of tube. around top of ball at waterline.
Medium bubble ring around top of ball at
waterline. Many medium bubbles on bottom
of ball and sides of tube. _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _

3/28/03: Same as above, except medium 3/28/03: Same as above.
yellow ring with medium bubbles around top
of ball at waterline. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

3/29/03: Solution dark yellow/light brown 3/29/03: Solution clear. Cloudy film around top
throughout. Dark yellow ring of medium of ball at waterline. A few small black spots on
bubbles around top of ball at waterline, sides of ball. Several small bubbles on bottom of
Bottom of ball covered in large bubbles. ball. Sides of tube covered in small bubbles.
Several small bubbles on sides of tube.
3/30/03: Same as above, except fewer bubbles 3/30/03: Same as above, except thick black film a
on ball and sides of tube. on bottom of tube.W
3/31/03: Solution dark yellow/light brown. 3/31/03: Thick black film on bottom of tube.
Thin black film band (about ¼/") on sides of Medium black film on sides of tube. Cloudy film
tube just under ball. Dark yellow ring of ring with black flecks around top of ball at
medium bubbles around top of ball at waterline. Sides of tube covered in small bubbles.
waterline.
4/1/03: Solution dark yellow/light brown. 4/1/03: Same as above.
Thick black film band (about ¼/") on sides of
tube just under ball. Medium black film on
bottom of ball. Light brown ring of small
bubbles around top of ball at waterline.
4/2/03: Solution dark yellow/light brown. 4/2/03: Thick black film on bottom and sides of
Thick black film band (about 1") on sides of tube. Thin black film on bottom and sides of tube.
tube just under ball. Thick black film on Cloudy film ring rimmed with black film around
bottom of ball. Medium brown ring of small top of ball at waterline. Sides of tube covered in
bubbles around top of ball at waterline, small bubbles.



794 603

MW105
Sampled 3/26/03

_IRB SRB
3/27/03: Solution clear at ball graduating to 3/27/03: Solution clear. No bubbles.
light yellow at bottom of tube. No bubbles.
3/28/03: Solution clear at ball graduating to 3/28/03: Solution clear. No bubbles. Cloudy film
medium yellow then light brown at bottom of ring around top of ball at waterline.

-tube. No bubbles. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

-3/29/03: Same as above. 3/29/03: Same as above.
3/30/03: Same as above. 3/30/03: Medium thick black film ring around

ball just under waterline. Thin black film on sides
and bottom of ball. Very thin black film on sides
of tube at ball.

3/31/03. Solution dark yellow at ball 3/31/03: Thick black film on bottom of tube.
graduating to light brown at bottom of tube. No Thin black film on sides of tube. Thick black film
bubbles. around middle of ball. Thin black film on bottom

of ball.
4/1/03: Same as above. 4/1/03: Same as above, except black film thicker

on bottom of ball.
4/2/03: Same as above. 4/2/03: Thick black film on bottom of tube. Thin

* ~~~~~~~~~~~~~~~black film on sides of tube. Thick black film
around middle of ball. Medium black film on
bottom of ball. Black film ring around top of ball
at waterline.

4/3/03: Same as above. No change. 4/3/03: Same as above.



794 604

MW112 ~~~
Sampled 3/26/03

IRB SRB
3/27/03: Solution clear. No bubbles. 3/27/03: Solution clear. No bubbles.
3/28/03: Solution light yellow at ball 3/2 8103: SAA. Cloudy film ring around top of
graduating to medium greenish yellow at ball at waterline.
bottom of tube. No bubbles.
3/29/03: Same as above. 3/29/03: Solution clear. Thmn black film on

_____ _____ ____ _____ ____ _____ ____ bottom of tube and up sides about '/2".

3/30/03: Solution dark yellow/light brown 3/30/03: Thick black film on bottom of tube.
throughout. No bubbles. Thin black film on sides of tube. One spot of

thick black film on side of ball. Thin black film
_____ _____ ____ _____ ____ _____ ____ on bottom of ball.

3/31/03: Same as above. 3/31/03: Thick black film on sides and bottom of
tube and on bottom and one side of ball.

411/03: Solution light brown. No bubbles. 4/1/03: Thick black film on sides and bottom of
tube and on bottom and one side of ball. Cloudy
film ring rimmed with black film around top of

_____ ____ _____ ____ _____ ____ _____ ____ ball at w aterline.

4/2/03: Same as above. 4/2/03: Thick black film on sides and bottom of
tube and on bottom and sides of ball. Black film
ring around top of ball at waterline.0

4/3/03: Same as above, except one small spot 4/3/03: Same as above.
of black film on side of ball (about 1/8
diam eter). _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



794 605

MW1 13
Sampled 3/26/03

IRB SRB
3/27/03: Solution clear at ball graduating to 3/27/03: Solution clear throughout. No bubbles.
light yellow at bottom of tube. No bubbles.
3/28/03: Same as above. 3/28/03: Same as above.
3/29/03: Solution medium yellow throughout. 3/29/03: Solution clear throughout. About four
Medium yellow with medium bubbles ring small bubbles on bottom of ball. One very small
around top of ball at waterline, spot of black on the ball.
3/30/03: Same as above, except medium 3/30/03: Solution clear. Cloudy film ring around
bubbles on bottom of ball. top of ball at waterline. One area of ball covered

in small spots of black.
3/31/03: Solution dark yellow/light brown 3/31/03: Medium black film on bottom of tube.
throughout. Dark yellow ring of medium Thin black film with black flecks on bottom and
bubbles around top of ball at waterline, sides of ball. Several medium bubbles on
Bottom of ball covered with medium bubbles. sides/bottom of ball sides of tube. Cloudy film

_____ _____ _____ _____ _____ _____ ___ ring around top of ball at waterline.
4/1/03: Solution light brown throughout. 4/1/03: Same as above.
Medium brown ring of small bubbles around
top of ball at waterline. Bottom of ball covered

* ~~~with medium bubbles.
4/2/03: Same as above. 4/2/03: Same as above.
4/3/03: Solution dark brown. Thick black film 4/3/03: Thick black film on bottom of tube.
in bottom of tube. Thin black film on sides of Medium black film with black flecks on bottom
tube. Thin black film on bottom of ball. Thick and sides of ball. A few medium bubbles on
black film ring with small bubbles around top sides/bottom of ball sides of tube. Cloudy film
of ball at waterline. ning rimmed with black film around top of ball at

____ ____ ____ ___ ____ ____ ___ ____ ____ ___ w aterline.
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MWI22 ~~~
Sampled 3/26/03

IRB SR.B
3/27/03: Solution clear at ball graduating to 3/27/03: Solution clear. Many small bubbles on
light yellow at middle of tube. Many small bottom of ball and sides of tube.
bubbles on bottom of ball and sides of tube. ____________________

3/28/03: Solution light yellow at ball 3/28/03: Same as above, except cloudy film ring
graduating to greenish medium yellow at around top of ball at waterline.
bottom of tube. Small bubbles on bottom of
ball and sides of tube. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

3/29/03: Solution medium greenish yellow 3/29/03: Solution clear. Ball covered in very thin
throughout tube. Very small bubbles on bottom black film with black flecks. Bottom of ball and
of ball and covering sides of tube. sides of tube covered in very small bubbles.
3/30/03: Same as above, except about 70% of 3/30/03: Same as above, except black film on
ball covered in small bubbles. ball thicker.
3/31/03: Solution dark yellow throughout. 3/31/03: Solution clear. Medium black film with
About 60% of ball covered in medium bubbles black flecks around middle of ball. Thin black
(ring around top at waterline and on bottom of film with black flecks on bottom of ball. Bottom
ball). Several medium bubbles on sides of tube of ball and sides of tube covered in small bubbles.
at ball.
4/1/03: Thick black film in bottom of tube. 4/1/03: Same as above.
Thin black film on sides of tube near bottom.
No black film on sides of tube at ball. About
four spots of thick black film on side of ball.
Sides and bottom (50%) of ball covered in
medium bubbles. Dark yellow ring of small
bubbles around top of ball at waterline.
4/2/03: Thick black film sides and bottom of 4/2/03: Thick black film bottom of tube and
tube. Thick black film bottom of ball. Thin bottom of ball. Thin black film sides of tube,
black film sides of ball. Dark brown ring thicker at ball. Cloudy film ring rimmed with
rnimmed with black film of medium bubbles. black film around top of ball at waterline.
4/3/03: Thick black film sides and bottom of 4/3/03: Thick black film bottom of tube, sides
tube. Thick black film bottom of ball. Thick and bottom of ball. Medium black film sides of
black film on sides, bottom and around top, tube, thicker at ball. Black film ring rimmed
with small bubbles, of ball at waterline. around top of ball at waterline.
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POST INJECTION EVENT #10

MW11O
Sampled 4/21/03

IRB SRB
4/22/03: Solution: clear at ball graduating to 4/22/03: Solution clear throughout tube. No
light yellow at bottom of tube. bubbles.
Ball: Light yellow ring at waterline. No
bubbles.
Tube: No bubbles.
4/23/03: Solution: medium yellow throughout 4/23/03: Same as above. Cloudy film ring around
tube. top of ball at waterline.
Ball: dark yellow ring on top of band of small
bubbles around ball at waterline.
Tube: No bubbles.
4/24/03: Solution: light yellow throughout. 4/24/03: Solution clear. Cloudy film ning around
Ball: ring of small bubbles around top of ball at ball at waterline. No bubbles.
waterline. Several medium bubbles on bottom
of ball.
-Tube: a few small bubbles on sides.
4/25/03: Solution: dark brown at ball 4/25/03: Solution clear. Several black spots on
graduating to dark greenish yellow at bottom sides of ball. Cloudy film ring thick around ball at
of tube. waterline. No bubbles.
Ball: black film on bottom, dark yellow ring of
small bubbles (80% of ball covered) around
middle of ball.
Tube: black film on sides of tube at ball.
4/26/03: Black film on sides/bottom of ball 4/26/03: Solution clear. Several black spots and a
and sides of tube. Light brown film on top, very thin black film around middle of ball. Cloudy
black on bottom ring of medium bubbles film ring thick around ball at waterline. No
around ball above and below waterline (can't bubbles.
see bottom of ball, so estimate 70% of ball
covered). _________________________
4/27/03: Thick black film on sides/bottom of 4/27/03: Same as above, except cloudy film ring
ball and sides/bottom of tube. Dark brown film thicker.
and ring of small/medium bubbles around ball
at waterline. Black film and medium/large
-bubbles on bottom of ball. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

4/28/03: Same as above, except dark brown 4/28/03: Solution clear. Several black spots and
film around ball at waterline now has spots of thin black film around middle of ball. Cloudy film
-black film mixed in. ning thick around ball at waterline. No bubbles.
4/29/03: Thick black film on sides and bottom 4/29/03: Solution clear. Several black spots and
of ball, sides and bottom of tube. Ring of thin black film, thicker in spots, around middle of
medium brown with lots of black flecks and ball. Cloudy film ring thick around ball at
medium bubbles around top of ball at waterline. Thin black film in bottom of tube. A few
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1waterline. I ~~~~~~medium bubbles on bottom of ball, sides of tube,
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MW 11OD
Sampled 4/21/03

-IR-B SRB
4/22/03: Solution clear at ball graduating to 4/22/03: Solution clear. A few small bubbles on
light yellow at middle to bottom of tube. No side of tube near bottom.

-bubbles.
4/23/03: Solution light yellow throughout. 4/23/03: Solution clear. A few small bubbles on
Light yellow ring around ball at waterline. A side of tube near bottom. Cloudy film ring around
few small bubbles on sides of ball. ball at waterline. A few black flecks on one side

_____ _____ _____ ____ _____ _____ _____ ____ o f b all.

4/24/03: Solution light yellow throughout. 4/24/03: Solution clear. Cloudy film ring around
Medium bubbles ring around top of ball at ball at waterline. Small bubbles cover sides of
waterline. Several medium bubbles on bottom tube. A few small bubbles on bottom of ball.
of ball. No bubbles on sides of tube. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

4/25/03: Solution medium yellow. Medium 4/25/03: Solution cloudy. Thin black film ring
yellow ring around ball at waterline. A few around ball at waterline. Black film in bottom of
medium bubbles on bottom of ball. Less than tube. Less than five bubbles on ball or tube.
five bubbles on sides of tube. Several very small spots of black film on one side

______ _____ _____ ______ _____ _____ _____ o f b all.

4/26/03: Same as above. 4/26/03: Solution clear. Cloudy film ring around
ball at waterline. Black film in bottom of tube.
Medium bubbles on bottom of ball. Several very
small spots of black film on one side of ball.

4/27/03: Same as above. 4/27/03: Solution clear. Black film ring around
ball at waterline. Black film in bottom of tube.
Less than five bubbles on ball and tube. Several
spots of black film around middle of ball.

4/28/03: Same as above. 4/28/03: Same as above, except black film
thicker at waterline and on sides of ball.

4/29/03: Solution medium yellow. Medium 4/29/03: Medium black film around ball at, and
yellow ring around ball at waterline. A few on sides just below, waterline. Thin black film on
medium bubbles on bottom of ball. Less than bottom of tube.
five bubbles on sides of tube.
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MW1 14
Sampled 4/22/03

IRB SRB
4/23/03: Solution clear at ball graduating to 4/23/03: Solution clear. No bubbles.
medium greenish yellow at bottom of tube.
Very light brown at very bottom of tube. No
bubbles. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

4/24/03: Solution medium greenish yellow 4/24/03: Solution slightly cloudy and off-white.
throughout. No bubbles. Cloudy film ring around ball at waterline. No

_____ ____ ____ ____ ____ ____ ____ ____ bubbles.

4/25/03: Same as above. 4/25/03: Same as above.
4/26/03: Solution medium yellow at ball, 4/26/03: Solution slightly cloudy and off-white.
medium greenish yellow at bottom of tube. Cloudy film ring around ball at waterline. Thin
Several small bubbles on ball at waterline, black film, thicker in spots, on ball. No bubbles.
Several medium bubbles on sides of ball.
4/27/03: Solution dark greenish yellow. Dark 4/27/03: Solution clear. Thick black film ring
yellow ring of medium bubbles around ball at around ball at waterline and in bottom of tube.
waterline. Several medium bubbles on sides of Thin black film on ball and sides of tube. No
ball. bubbles.
4/28/03: Solution cloudy dark yellow. Black 4/28/03: Ball: 85% thick black film
film on bottom of tube. Thin black film on Tube: I100% thin to medium black film
sides and around ball at waterline.
4/29/03: Medium black film around top at, and 4/29/03: Tube: 100% medium black film
just below, waterline and on bottom of ball. Ball: 85% thin to medium black film
Sides of tube: 1 00% medium black film. _____________________

4/30/03: Ball: 95% thick black film. 4/30/03: Ball: 85% medium black film.
Tube: 1 00% thick black film. Tube: 100% thin (ball) to thick (bottom) black

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ film .
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MW116
Sampled 4/22/03

IRB SRB
4/23/03: Solution clear at ball graduating to 4/23/03: Solution clear. Many small bubbles on
light greenish yellow at bottom of tube. Many ball and sides of tube.
very small bubbles on ball and on sides of
tube. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

4/24/03: Same as above. Ring of small 4/24/03: Solution clear. Many small bubbles on
bubbles around ball at waterline, ball and sides of tube. Cloudy film ring around

____ ____ ____ ___ ____ ____ ___ ____ ____ ___ ball at w aterline.

4/25/03: Solution medium yellow throughout. 4/25/03: Solution clear. Many small bubbles on
Small/medium bubbles on ball at waterline ball and sides of tube. Cloudy film ring around
(75% coverage). Many small bubbles on sides ball at waterline. Several very small black spots
-of tube. on ball.
4/26/03: Solution dark yellow throughout. 4/26/03: Solution clear. Cloudy film ring around
Ring of medium bubbles around ball at top of ball at waterline. Several small black
waterline. Many very small bubbles on sides of spots, pinprick size, on ball.
tube.
4/27/03: Solution dark yellow/light brown 4/27/03: Solution clear. Thick black film on
throughout. Black film on bottom of tube. Ring bottom of tube. Cloudy film ring around top of
of medium bubbles around ball at waterline, ball at waterline. Several small black spots,

_____ _____ _____ _____ _____ _____ ____ pinprick size, on ball.
4/28/03: Solution medium brown throughout. 4/28/03: Thick black film in bottom of tube. Thin
Black film on about 20% of tube at bottom and black film with black flecks on sides and bottom
sides. Thin black film on ring of small bubbles of ball. Many small bubbles on sides of tube.

-around ball at waterline.
4/29/03: Solution: dark brown 4/29/03: Solution: clear
Ball: 15% thick black ring top at waterline Ball: cloudy ring at waterline, 85% very thin to
Tube: 40% medium to thick black film at thin black film
bottom. Tube: 100% very thin (ball) to medium (bottom)

black film
4/30/03: Solution: dark brown. 4/30/03: Solution clear:
Ball: 70% thin black film on sides, thick black Ball: cloudy ring at waterline, 85% very thin to
film ring with small bubbles at waterline, thin black film
Tube: 1 00% very thin (ball) to thick (bottom) Tube: 100% very thin (ball) to medium (bottom)

-black film. black film
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MWI16 Duplicate
Sampled 4/22/03

HIB SRB
4/23/03: Solution clear at ball graduating to 4/23/03: Solution clear throughout tube. Many
medium greenish yellow at bottom of tube. small bubbles on ball and sides of tube.
Many small bubbles on ball and sides of tube. ____________________

4/24/03: Solution medium yellow throughout. 4/24/03: Same as above, except cloudy film ring
Ring of small bubbles around ball at waterline, around ball at waterline.
Many small bubbles on sides of tube. ____ _________________

4/25/03: Solution medium yellow throughout. 4/25/03: Solution clear. Many small bubbles on
Ring of medium bubbles around ball at sides of tube. Cloudy film ring around ball at
waterline. Several small bubbles on sides of waterline. Several very small black spots on ball.
tube.
4/26/03: Solution dark yellow throughout. 4/26/03: Solution clear. A few patches of black
Ring of medium bubbles over light brown film pinpricks on sides of ball. Cloudy film ring
around ball at waterline. Several medium around top of ball at waterline. Sides of tube
bubbles on sides of ball. Several small bubbles covered in very small bubbles.
on sides of tube.
4/27/03: Solution dark yellow/light brown 4/27/03: Solution clear. Thick black film on
throughout. Dark yellow/light brown ring of bottom of tube. Many black pinpricks on sides of
medium bubbles around ball at waterline, ball. Cloudy film ring around top of ball at

waterline. Many small bubbles on sides of tube.a
4/28/03: Solution light brown. Medium black 4/28/03: Solution clear. Thick cloudy film ring W
film on bottom of tube (about 20%). Dark around top of ball at waterline. Medium black
yellow ring of small bubbles around top of ball film in bottom of tube. Very thin black film on
at waterline. Bottom of ball covered in small sides of ball. Many small bubbles on sides of
bubbles. tube.
4/29/03: Solution: dark brown 4/29/03: Solution: clear.
Ball: 20% medium black film and medium Ball: Thick cloudy film ring at waterline, patches
bubbles at, and just below, waterline, of thin black film on sides and bottom.
Tube: 1 00% medium (ball) to thick (bottom) Tube: 100% very thin (ball) to medium (bottom)
black film. black film
4/30/03: Ball: 95% thick (waterline) to 4/30/03: Solution: clear.
medium (sides/bottom) black film, medium Ball: 75% thin black film (sides/bottom), thick
bubble ring at waterline, cloudy film ring at waterline.
Tube: 100% thin (ball) to thick (bottom) black Tube: 100% very thin (ball) to thick (bottom)
film. black film
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MW1180 ~~Sampled 4/22/03

_IRB SRB
4/23/03: Solution clear at ball graduating to 4/23/03: Solution slightly cloudy throughout.
medium greenish yellow at bottom of tube. Cloudy film ring with hint of brown around ball
Several small bubbles on sides of tube. at waterline. Many small bubbles on ball and

_____ _____ _____ _____ _____ _____ ____ sides of tube.

4/24/03: Solution medium greenish yellow 4/24/03: Solution slightly cloudy throughout.
throughout. A few small bubbles on Cloudy film ring with hint of brown around ball
sides/bottom and a ring of small bubbles at waterline. Many small bubbles on ball and
around ball at waterline. Several medium sides of tube. One small spot of very thin black
bubbles on sides of tube. film on side of ball.
4/25/03: Same as above, except solution a bit 4/25/03: Ball covered in thin black film. Cloudy
darker and the bubbles a bit larger. film ring around ball at waterline. Solution

slightly cloudy. A few small bubbles on bottom
of ball. Many small bubbles on sides of tube.

4/26/03: Solution medium greenish yellow. 4/26/03: Solution clear. 85% of ball covered in
Medium bubbles over light brown film ring thin black film. Medium black film ring around
ball at waterline. Several medium bubbles on ball at waterline. Several small bubbles on sides
bottom of ball. Several small bubbles on tube. of tube.
4/27/03: Same as above. 4/27/03: Same as above.. ~~~4/28/03: Solution dark yellow. Ring of 4/28/03: Solution slightly cloudy. Medium black
medium/large bubbles around ball at waterline, film with black flecks on sides and bottom of ball
Medium bubbles on bottom of ball. and on bottom of tube. Many small bubbles on

side of tube.
4/29/03: Solution: dark yellow at ball 4/29/03: Solution: clear.
Ball: 30% thick black film on bottom, dark Ball: 85% medium black film (sides and bottom),
yellow ring with medium bubbles at waterline, cloudy film at waterline.
Tube: 90% thick black film (from bottom of Tube: 100% thin (ball) to thick (bottom) black

-ball to bottom of tube). film
4/3 0/03: Solution: dark yellow at waterline. 4/30/03: Solution: clear
Ball: 80% black film - medium (sides) to thick Ball: 95% medium black film - waterline, sides
(bottom), dark yellow ring with black spots and bottom.
and medium bubbles at waterline. Tube: 100% thin (ball) to thick (bottom) black
Tube: 95% black film - thin Ojust under film
waterline) to thick (from bottom of ball to

-bottom of tube). _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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MW120
Sampled 4/22/030

IRB SRB
4/23/03: Solution clear at ball graduating to 4/23/03: Solution clear. Many small bubbles on
light greenish yellow at bottom of tube. Many ball and sides of tube.
very small bubbles on ball and sides of tube.
4/24/03: Solution medium greenish yellow 4/24/03: Solution slightly cloudy. Cloudy film
throughout. Medium yellow ring around ball ring around ball at waterline. Many, but less than
at waterline. Many small bubbles on bottom of yesterday, small bubbles sides of tube.
ball and sides of tube.
4/25/03: Solution medium greenish yellow 4/25/03: Solution slightly cloudy. Thin line of
throughout. Medium yellow ring around ball black film (about 'A2") on one side of ball. Cloudy
at waterline. Several small/medium bubbles on film ring around ball at waterline. Several small
bottom of ball. Many small bubbles on sides of bubbles on sides of tube.
tube.
4/26/03: Same as above. 4/26/03: Solution slightly cloudy. Small area of

thin black film on one side of ball. Cloudy film
ring around ball at waterline. Several small

_____ ____ ____ ____ ____ ____ ____ ____ bubbles on sides of tube.

4/27/03: Solution dark yellow. Dark yellow 4/27/03: Solution cloudy. Black film on bottom
ning around ball at waterline. About 75% of of tube. Thin black film around middle of ball.
ball covered in small/medium bubbles. Several Cloudy film ring around ball at waterline. Several a
medium bubbles on tube. small bubbles on sides of tube.W
4/28/03: Same as above, except bubbles on 4/28/03: Same as above, except black film on
ball bigger, covering about 60% of ball. ball thicker.
4/29/03: Solution: I100% medium yellow. 4/29/03: Solution: cloudy.
Ball: dark yellow ring of medium bubbles at Ball: 85% very thin black film with thick patches.
waterline, medium bubbles on bottom Tube: 100% black film, very thin (ball) to thick
Tube: less than 5 bubbles on sides. . .(bottom)
4/30/03: Solution: 100% medium yellow. 4/30/03: Solution: cloudy.
Ball: dark yellow ring of medium bubbles at Ball: 85% medium black film with thick patches,
waterline, medium bubbles on bottom. cloudy grey ring at waterline.
Tube: less than 5 bubbles on sides. Tube: 100% black film, very thin (ball) to thick

_____ ____ ____ ____ ____ ____ ____ ____ (bottom ).
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MW122
Sampled 4/22/03

-IRB SR-B
4/23/03: Solution clear at ball graduating to 4/23/03: Solution clear. Many small bubbles on
light yellow at middle of tube then light bottom of ball and sides of tube.
greenish yellow at bottom of tube. Many small
-bubbles on bottom of ball and sides of tube.
4/24/03: Solution light yellow at ball 4/24/03: Solution slightly cloudy. One small area
graduating to greenish medium yellow at (10%) of very thin black film on side of ball.
bottom of tube. Ring of medium bubbles Cloudy film ring around ball at waterline. Many
around ball at waterline. Small bubbles on small bubbles sides of tube.
-bottom of ball and sides of tube. _____________________

4/25/03: Solution medium greenish yellow. 4/25/03: Solution clear. Thin black film rings
90% of ball covered with small/medium ball just below waterline. Many small bubbles on

-bubbles. Many small bubbles on sides of tube. bottom of ball and sides of tube.
4/26/03: Solution dark yellow/light brown at 4/26/03: Solution clear. Thin black film on 85%
ball, dark greenish yellow at bottom of tube. of ball. Cloudy film ring around ball at waterline.
Medium thick black film on bottom of ball. Many small bubbles on tube.
Thin black film on sides of tube. About 75% of
-ball covered in small/medium bubbles.
4/27/03: Thick black film on bottom of ball, 4/27/03: Solution clear. Medium black film with
sides/bottom of tube. Dark yellow ring of small black flecks on 85% of ball. Thick black film on
bubbles around ball at waterline, bottom of tube. Many small bubbles on side of

tube.
4/28/03: Solution: dark yellow at and just 4/28/03: Solution: clear.
below waterline. Ball: 85% medium black film (small patches of
Ball: 35% thick black film on bottom, dark very thin black film), cloudy film ring at
yellow ring of small bubbles at waterline, waterline.
Tube: 90% thick black film (from bottom of Tube: 100% very thin (ball) to thick (bottom)
ball to bottom of tube). black film, many small bubbles.
4/29/03: Solution: dark yellow at and just 4/29/03: Solution: clear.
below waterline. Ball: 85% medium black film with patches of
Ball: 60% thick black film on sides/bottom, thin, cloudy film ring at waterline.
dark yellow ring of small bubbles at waterline. Tube: 100% very thin (ball) to thick (bottom)
Tube: 95% thick black film (from middle of black film, many small bubbles.
ball to bottom of tube).
4/30/03: Solution: dark yellow at and just 4/30/03: Solution: clear.
below waterline. Ball: 85% medium black film with patches of
Ball: 60% thick black film from middle down, thin, cloudy film ring at waterline.
dark yellow ring of small bubbles at waterline. Tube: 100% very thin (ball) to thick (bottom)
Tube: 95% thick black film (from middle of black film, many small bubbles.
ball to bottom of tube). _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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MW105
Sampled 4/23/03

[RB SRB
4/24/03: Water in outer tube is light yellow. 4/24/03: Water in outer tube is light yellow. Inner
Inner tube solution light yellow at ball tube solution clear, light yellow. No bubbles.
graduating to light brown at bottom of tube.
No bubbles.
4/25/03: Solution clear at ball graduating to 4/25/03: Solution clear. No bubbles. Cloudy film
medium yellow then light brown at bottom of ring around ball at waterline.
tube. No bubbles.
4/26/03: Water in outer tube is dark yellow, 4/26/03: Water in outer tube is dark yellow.
almost brown. Solution in tube dark yellow. Solution clear. No bubbles. Cloudy film ring
Darker/greenish in bottom of tube. No bubbles. around ball at waterline. Thin black film covering

30% of tube at bottom.
4/27/03: Same as above. 4/27/03: Same as above, except a small patch of

black film on side of ball.
4/28/03: Same as above. 4/28/03: Thick black film on bottom of tube.

Thin black film on sides of tube. Thin black film
on bottom of ball.

4/29/03: Solution: dark yellow. 4/29/03: Solution: clear.
Ball: ring of small bubbles at waterline, Ball: 30% medium black film on bottom; cloudy
medium bubbles on bottom. film ring at waterline.

Tube: 90% very thin (ball) to medium (bottom)
black film (from bottom of ball to bottom of
tube).

4/30/03: Solution: dark yellow. 4/30/03: Solution: clear.
Ball: ring of medium bubbles at waterline, Ball: 70% medium black film on sides/bottom
medium bubbles on bottom. and at waterline.

Tube: 100% very thin (ball) to medium (bottom
of ball to bottom of tube) black film.

5/1/03: No change. 5/1/03: Solution: clear.
Ball: 95% medium black film from waterline
down.

____ ____ ____ ____ ____ ____ ____ ___ Tube: 100% medium black film.
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MW1 12
Sampled 4123/03

IRB SRB
4/24/03: Solution: outer tube: dark yellow, 4/24/03: Water in outer tube is dark yellow,
inner tube: clear, not much darker than outer almost brown. Solution clear, dark yellow. A few
tube. Water in outer tube is dark yellow, bubbles on sides of tube.
almost brown. Solution clear, dark yellow/light
brown at ball. Dark greenish yellow at bottom
of tube. No bubbles.
4/25/03: Same as above. 4/25/03: Same as above. Cloudy film ring around

_____ ____ _____ ____ _____ ____ _____ ____ top of ball at w aterline.
4/26/03: Solution: outer tube, dark yellow, 4/26/03: Water in outer tube is dark yellow,
inner tube: clear, not much darker than outer almost brown. Solution clear. 20% of tube, at
tube. Inner tube darker at bottom, bottom, covered in thin black film. Cloudy film

ning around ball at waterline. One small area of
thin black film.

4/27/03: Same as above. 4/27/03: Thick black film on bottom/sides of
tube. Medium black film on sides of tube, sides
and bottom of ball.

4/28/03: Same as above. 4/28/03: Thick black film on sides and bottom of
tube and sides/bottom of ball.

4/29/03: Solution: outer tube: dark yellow, 4/29/03: Solution: clear.
inner tube: clear, not much darker than outer Ball: 85% thick black film, cloudy film ring with
tube. black flecks at waterline.
Ball: small bubble ring at waterline. A few Tube: 90% thick black film (from bottom of ball
medium bubbles on bottom, to bottom of tube).
Tube: clear.
4/30/03: Solution: outer tube: dark yellow, 4/29/03: Solution: clear.
inner tube: clear, not much darker than outer Ball: 90% thick black film, cloudy film ring with
tube. black spots at waterline.
Ball: Several spots of medium black film on Tube: 100% medium (ball) to thick (bottom of
sides/bottom, small bubble ring with spots of ball to bottom of tube) black film.
black film at waterline, several medium
bubbles on sides/bottom.
Tube: Several medium bubbles on sides.
5/1/03: Ball: 90%. Patchy medium to thin 5/1/03: Solution: clear.
black film from waterline down, black film Ball: 95%. thick black film from waterline down,
ring of medium bubbles at waterline, cloudy film ring rimmed with black film at
Tube: 95%. Thick black film on sides from waterline.
middle of ball down. Tube: 100%. medium (ball) to thick (bottom of

______ _____ ______ _____ ______ _____ ball to bottom of tube) black film.
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MW1 13
Sampled 4/23/03

IRB SRB
4/24/03: Solution clear at ball graduating to 4/24/03: Solution clear. A few small bubbles on
light yellow then light greenish yellow at bottom of ball and sides of tube. Cloudy film ring
bottom of tube. No bubbles. around ball at waterline.
4/25/03: Same as above, except a few small 4/25/03: Solution clear. Bubbles larger on
bubbles sides and around ball at waterline and bottom of ball and sides of tube. Cloudy film ring
sides of tube. thicker around ball at waterline.
4/26/03: Solution medium yellow throughout. 4/26/03: Solution clear throughout. About four
Medium yellow with medium bubbles ring small bubbles on bottom of ball. One small area
around ball at waterline. Medium bubbles on and several pinpricks of black on sides of ball.
bottom of ball. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

4/27/03: Solution medium yellow throughout. 4/27/03: Solution clear. Cloudy film ring around
Medium yellow film with smaltlmedium. top of ball at waterline. Thin black film with
bubble ring around ball at waterline. 70% of black spots on sides/bottom of ball. A few
ball covered with medium bubbles. medium bubbles on tube.
4/28/03: Same as above. 4/28/03: Same as above.
4/29/03: Solution: 1 00% light brown, cloudy. 4/29/03: Solution: clear.
Ball: 50% medium brown ring of Ball: 80% very thin black film, cloudy film ring
small/medium bubbles at waterline and on rimmed in black at waterline.
bottom. Tube: 2% black film (on very bottom).
Tube: clear.
4/30/03: Solution: 1 00% dark brown, clear. 4/30/03: Solution: cloudy.
Ball: 75% dark brown ring of small/medium Ball: 90% thin black film, cloudy film ring
bubbles at waterline and on bottom. rimmed in black at waterline.
Tube: clear. Tube: 100% very thin (ball) to medium (on very

_____ _____ ____ _____ ____ _____ ____ bottom ) black film .

5/1/03: no change 5/1/03: Solution: cloudy.
Ball: 90% thin black film, cloudy film ning
nimmed in black at waterline.
Tube: 100% very thin (ball) to medium (on very

_____ _____ ____ _____ ____ _____ ____ bottom ) black film .
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MW124
Sampled 4/23/03

IRB SRB
4/24/03: Solution clear at ball graduating to 4/24/03: Solution clear throughout tube. Many
medium greenish yellow at bottom of tube. A small bubbles on bottom of ball and sides of tube.
few small bubbles on bottom of ball and sides Cloudy film ring around ball at waterline.

-of tube. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

4/25/03: Solution clear at ball graduating to 4/25/03: Solution clear throughout tube. Very
medium greenish yellow at bottom of tube. thin black film with black pinpricks on one side
Medium bubble ring around ball at waterline. (10%) of ball. Many small bubbles on bottom of
Many small/medium bubbles on bottom of ball ball and sides of tube. Cloudy film ring around
-and sides of tube, ball at waterline.
4/26/03: Solution dark yellow at ball 4/26/03: Same as above.
graduating to medium greenish yellow at
bottom of tube. 80% of ball covered in
medium bubbles. Many medium bubbles on
sides of tube.
4/2703: Solution dark yellow at ball 4/27/03: Solution clear. Cloudy film around top
graduating to dark greenish yellow at bottom of ball at waterline. Thin black film with black
of tube. Ring (about ¼/" wide) of medium spots around middle of ball just under waterline.
black film around middle of tube. Ring of Several small bubbles on bottom of ball. Many
medium bubbles around ball at waterline and small bubbles on tube.
on bottom of ball (about 60%). Several
-medium bubbles on sides of tube.
4/28/03: Solution dark yellow/light brown. 4/28/03: Thick black film on bottom of tube.
Thin black film band (about ¼/") on sides of Medium black film on sides of tube. Cloudy film
tube just under ball. Dark yellow ring of ring with black flecks around top of ball at
medium bubbles around top of ball at waterline. Sides of tube covered in small bubbles.

-waterline.
4/29/03: Solution: light brown (ball) to dark 4/29/03: Solution: clear.
yellow (bottom of tube), clear. Ball: 20% thin black film just under waterline,
Ball: 25% medium black film with thicker cloudy film ring at waterline.
patches sides/bottom, many medium bubbles Tube: 10% black film on very bottom, many
on sides/bottom, light brown ring of small small bubbles on sides.
bubbles at waterline.
Tube: black film 90% - thick (bottom of ball)
to very thin (bottom of tube)
4/30/03: Solution: medium brown (at and just 4/30/03: Solution: clear.
under waterline), clear. Ball: 90% thin black film (waterline to bottomn).
Ball: 50% medium black film with thicker Tube: 100% thin (waterline) to thick (bottom)
patches (sides/bottom), many medium bubbles black film, many small bubbles on sides.
on sides/bottom, light brown ring with black
spots and small bubbles at waterline.
Tube: 90% black film - thick (bottom of ball to
bottom of tube.
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5/1/03: Solution: medium brown (at and just 5/1/03: Solution: clear.a
under waterline), clear. Ball: 95% thin black film from waterline down, W
Ball: 50%. medium black film with thicker thicker around middle, medium black film at
patches and medium bubbles from middle waterline.
down, dark brown ring rimmed with black and Tube: 100%. thin (waterline) to thick (bottom)
a few small bubbles at waterline, black film, many small bubbles on sides.
Tube: 90%. thick black film from bottom of
ball to bottom of tube. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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. ~~POST INJECTION EVENT #11

MW11O
Sampled 5/19/03

IlRB SRB
5/20/03: Solution: clear at ball graduating to 5/20/03: Solution clear throughout tube. No
light yellow at bottom of tube. bubbles.
Ball: Light yellow ring at waterline. A few
bubbles at waterline and on bottom.
Tube: A few bubbles near bottom.
5/21/03: Solution: medium yellow throughout 5/21/03: Solution: clear.
tube. Ball: Cloudy film ring at waterline; no bubbles.
Ball: light yellow ring at waterline, 80% small Tube: A few small bubbles near bottom.
bubbles.
Tube: Several medium bubbles near bottom.
5/22/03: Solution: brown. 5/22/03: Solution: clear.
Ball: 50% thick black film and large bubbles; Ball: 40% thin black film with thicker spots on
ring of small bubbles with black spots at sides and bottom; cloudy film ring at waterline;
waterline. no bubbles.
Tube: 90% thin black film on sides; medium Tube: A few small bubbles near bottom.
black film on bottom. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

5/23/03: Same as above, except film thicker 5/23/03: Same as above, except more bubbles at
-on sides of tube. bottom of tube.
5/24/03: Same as above, except brown film 5/24/03: Solution: clear.
with black spots and small/medium bubbles on Ball: 50% thin black film with thicker spots on
ball at waterline. sides and bottom; cloudy film ring at waterline;

bubbles on bottom.
Tube: Several small bubbles near bottom.

5/25/03: Ball: 90% thick black film; dark 5/25/03: Solution: clear, but discolored (pale
brown film with black spots and ring of greenish yellow).
small/medium bubbles at waterline. Ball: Same as above.
Tube: 95% thick black film. Tube: Black film on bottom, several small

bubbles near bottom.
5/26/03: Same as above. 5/26/03: Solution: clear.

Ball: 50% thin black film with thicker spots on
sides and bottom; thick cloudy film ring at
waterline; bubbles at waterline and on bottom.

_____ ____ ____ ____ ____ ____ ____ ____ Tube: 90% thin black film on sides.
5/27/03. Same as above. 5/27/03: Solution clear.

Ball: 50% medium black film (ring at waterline
and on bottom).
Tube: 90% black film (thin at ball to thick at
bottom).
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MW 11OD
Sampled 5/19/03 40
IRB SRB
5/20/03: Solution: clear at ball graduating to 5/20/03: Solution: clear.
light yellow. Ball: clear.
Ball: A few small bubbles at waterline and on Tube: clear.
bottom.
Tube: A few small bubbles near bottom.
5/21/03: Solution: light yellow throughouL 5/21/03: Solution: clear.
Ball: 70% small bubbles, light yellow ring at Ball: Cloudy film ring at waterline.
waterline. Tube: About 5 small bubbles near bottom.
Tube: A few small bubbles near bottom.
5/22/03: Solution: medium brown. 5/22/03: Solution clear.
Ball: 50% medium black film on bottom, Ball: Several small black spots on bottom, cloudy
medium bubbles at waterline, film ring at waterline.
Tube: 80%/ thin black film on sides and Tube: Same as above.
bottom.
5/23/03: Solution: medium brown. 5/23/03: Solution clear.
Ball: 60% medium black film (on bottom and Ball: 10% thin black film with small thicker spots
mixed in the medium brown ring of medium on bottom, cloudy film ring with small/medium
bubbles at waterline), bubbles at waterline.
Tube: 90% medium black film. Tube: Black film on bottom and about 5 small

bubbles on sides near bottom.
5/24/03: Same as above. 5/24/03: Same as above.
5/25/03: Same as above. 5/25/03: Solution clear.

Ball: 80% thin black film (black ring at waterline
and thin film with spots on bottom).

____ ____ ____ ____ ____ ____ ____ ___ Tube: Black film on bottom.

5/26/03: Same as above. 5/26/03: Solution clear.
Ball: 80% thin black film (black ring at waterline
and thin film with spots on bottom).
Tube: 90% thin black film.

5/27/03: Same as above. 5/27/03: Solution clear.
Ball: 90% black film (thin ring at waterline to
thick on bottom).
Tube: 90% black film (thin at ball to thick on

_____ ____ ____ ____ ____ ____ ____ ____ bottom ).
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MW114 - Solution in outer tube medium yellow
Sampled 5/20/03

_IRB (Red) SRB (Black)
5/21/03: Solution: very light yellow at ball 5/21/03: Solution: clear.
graduating to medium greenish yellow at Ball: Clear.
bottom of tube. Tube: Clear.
Ball: Clear.
Tube: C lear. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

5/22/03: Solution: clear, pale greenish yellow. 5/22/03: Solution: clear light yellow.
Ball: clear Ball: clear.
Tube: clear Tube: clear
5/23/03: Same as above. 5/23/03: Same as above.

5/24/03: Solution: yellow. 5/24/03: Solution: clear, brownish.
Ball: ring of large bubbles at waterline, Ball: Several medium bubbles at waterline.
small/medium bubbles on bottom. Tube: Black film on bottom, many small bubbles

-Tube: A few tiny bubbles on sides. on sides.
5/25/03: Solution dark greenish yellow. 5/25/03: Solution clear.
Ball: ring of large bubbles at waterline, Ball: 25% thin black film on bottom, several
small/medium bubbles on bottom. medium bubbles at waterline.
Tube: A few tiny bubbles on sides. Tube: 90% thin black film (sides and bottom)

with many small bubbles.
5/26/03.. Same as above. 5/26/03: Solution clear.

Ball: 25% thick black film (on bottom and spots
in medium bubble ring at waterline).
Tube: 90% thin black film (sides and bottom)

____ ____ ___ ____ ___ ____ ___ ____ ___ with many small bubbles.
5/27/03: Same as above. 5/27/03: Solution clear.

Ball: 90% thick black film.
Tube: 90% thick black film.

5/28/03: Same as above. No brown or black 5/28/03: Same as above.
film on ball or tube.
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MW1I16
Sampled 5/20/03

IRB SRB
5/21/03: Solution: clear at ball graduating to 5/21/03: Solution: clear.
light greenish yellow at bottom of tube. Ball: 40% very small bubbles on bottom.
Ball: A few very small bubbles on bottom. Tube: 95% very small bubbles on sides.
Tube: 90% very small bubbles on sides. _____________________

5/22/03: Solution: light yellow. 5/22/03: Solution clear.
Ball: A few very small bubbles at waterline Ball: 40% very small bubbles on bottom.
and on bottom. Tube: 95% very small bubbles on sides.
Tube: 90% very small bubbles on sides.
5/23/03: Solution: clear at ball graduating to 5/23/03: Solution clear.
light greenish yellow at bottom of tube. Ball: Many very small black spots on
Ball: 70% bubbles (small/medium at waterline, sides/bottom, cloudy film ring at waterline, 25%
small on bottom). bubbles (very small on bottom).
Tube: 90% very small bubbles on sides. Tube: 95% very small bubbles on sides.
5/24/03: Solution: dark yellow. 5/24/03: Solution clear.
Ball: 70% bubbles (thick ring of medium at Ball: Many very small black spots on
waterline, small on bottom). sides/bottom, cloudy film ring at waterline, 25%
Tube: 90% bubbles, very small on sides. bubbles (very small on bottom).

_____ _____ ____ _____ ____ _____ ____ Tube: 95% very small bubbles on sides.

5125/03: Solution: dark yellow/light brown. 5/25/03: Solution clear.
Ball: 70% bubbles (medium at waterline and Ball: Many very small black spots on
on bottom). sides/bottom, cloudy film ring at waterline, 25%
Tube: 80% small bubbles on sides. bubbles (very small on bottom).

_____ ____ ____ ____ ____ ____ ____ ____ Tube: 95% very small bubbles on sides.

5/26/03: Solution: medium brown. 5/26/03: Solution clear.
Ball: Thin brown film on ring of small bubbles Ball: 80% thin black film with small black spots
at waterline. on sides/bottom, cloudy film ring at waterline.
Tube: 90% thin black film (sides and bottom). Tube: Thick black film on bottom, 95% very

small bubbles on sides.
5/27/03: Solution: dark brown 5/27/03: Solution: clear
Ball: 15% thick black ring at waterline Ball: 85% thin black film with small black spots
Tube: 90% black film (medium at ball to thick on sides/bottom, cloudy film ring at waterline.
at bottom). .Tube: 90% black film (thin at ball to thick on

bottom), 95% very small bubbles on sides.
5/28/03: Solution: dark brown. 5/28/03: Solution clear:
Ball: 70% thin black film on sides, thick black Ball: 85% thin black film with small black spots
film ring with small bubbles at waterline, on sides/bottom, cloudy film ring at waterline.
Tube: 90% thick black film. Tube: 90% black film (thin at ball to thick on

bottom), 95% veye small bubbles on sides.
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MW116 Duplicate
Sampled 5/20/03

IRB SRB
5/21/03: Solution: Clear at ball graduating to 5/21/03: Solution: Clear.
medium greenish yellow at bottom of tube. Ball: 40% small bubbles on sides.
Ball: One small bubble on side. Tube: 70% small bubbles on sides.
Tube: 70% small bubbles on sides. _____________________

5/22/03: Solution medium yellow throughout. 5/22/03: Solution: Clear.
Ball: Small bubble ring at waterline. Ball: 40% small bubbles on sides.
Tube: 1 00% small bubbles on sides. Tube: 70% small bubbles on sides.
5/23/03: Solution medium yellow throughout. 5/23/03: Solution: Clear.
Ball: 25% small/medium bubbles, ring at Ball: 50% small/medium bubbles on sides and at
waterline and on bottom. waterline.
Tube: I100% small/mediumn bubbles on sides. Tube: 80% small bubbles on sides.
5/24/03: Solution dark yellow. 5/24/03: Solution: Clear yellow.
Ball: Cloudy film ring at waterline. Ball: 50% small bubbles on sides and at
Tube: 100% small bubbles on sides, waterline.

Tube: 90% small bubbles on sides.
5/25/03: Solution dark yellow/light brown 5/25/03: Solution: Clear.
throughout. Ball: Cloudy film ring at waterline, many black
Ball: 30% small/mediumn bubbles, at waterline pinpricks on sides. 20% small bubbles on bottom.
and bottom. Dark yellow/light brown film at Tube: Thick black film on bottom, 30% small
waterline. bubbles sides.
Tube: Black film on bottom and sides at
-bottom of tube. 100% small bubbles on sides. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

5/26/03: Solution light brown. 5/26/03: Solution: Clear.
Ball: Same as above. Ball: Thick cloudy film ring at waterline, patches
Tube: 90% medium black film of thin black film on sides. 20% small bubbles on

bottom.
Tube: Thick black film on bottom, 30% small

____ ___ ___ ____ ___ ___ ___ ____ ___ ___ ___ bubbles sides.
5/27/03: Solution: dark brown 5/27/03: Solution: clear.
Ball: 20% medium black film and medium Ball: Thick cloudy film ring at waterline, patches
bubbles at, and just below, waterline, of thin black film on sides and bottom.
Tube: 90% medium (ball) to thick (bottom) Tube: 100% very thin (ball) to medium (bottom)
-black film. black film
5/28/03: Ball: 80% black film, thick black 5/28/03: Solution: clear.
and brown ring with medium bubbles at Ball: 80% black film, thin (sides) to thick
waterline. Thick on bottom. (bottom), thick cloudy film ring rimmed with
Tube: 90% thick black film. black at waterline.

Tube: 100% black film, very thin (ball) to thick
____ ___ ___ ___ ___ ____ ___ ___ ___ ___ ___ (bottom )
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MW1 18
Sampled 5/20/03

IRB SRB
5/21/03: Solution: Clear at ball graduating to 5/21/03: Solution: Slightly cloudy.
medium greenish yellow at bottom of tube. Ball: 40% small bubbles on bottom and sides.
Ball: 5% small bubbles near bottom. Tube: 80% small bubbles on sides.
Tube: 70% small bubbles on sides. _____________________

5/22/03: Solution medium greenish yellow 5/22/03: Solution clear pale yellow. Many small
throughout. bubbles on ball and sides of tube.
Ball: A few small bubbles on sides/bottomn and
a ring of small bubbles at waterline.
Tube: 75% small bubbles on sides. _____________________

5/23/03: Same as above, except solution a bit 5/23/03: Ball covered in thin black film. Cloudy
darker, bubbles on ball a bit larger and 1 00% film ring around ball at waterline. Solution
of tube sides in small bubbles. slightly cloudy. A few small bubbles on bottom

of ball. Many small bubbles on sides of tube.
5/24/03: Solution light yellow. 5/24/03: Solution clear.
Ball: Medium bubbles with brown film at Ball: 85% thin black film. Medium cloudy film
waterline. 85% small/medium bubbles. ring at waterline.
Tube: 85% small bubbles. Tube: 90% small bubbles on sides of tube.
5/25/03: Solution light yellow. 5/25/03: Same as above.
Ball: 30% black film on bottomn, dark
yellow/light brown film at waterline. 85%
small/medium bubbles at waterline and on
bottom.
Tube: 90% black film with small bubbles.
5/26/03: Solution dark yellow at ball. 5/26/03: Solution clear.
Ball: 30% black film on bottom, dark Ball: 75% medium black film with black flecks
yellow/light brown film at waterline. 85% on sides and bottom.
small/medium bubbles at waterline and on Tube: Black film on bottom of tube. Many small
bottom. bubbles on side of tube.
Tube: 90% black film with small bubbles.
5/27/03: Solution: dark yellow at ball 5/27/03: Solution: clear.
Ball: 30% thick black film on bottom, dark Ball: 90% medium black film, black film at
yellow/light brown ring with medium bubbles waterline.
at waterline. Tube: 100% thin (ball) to thick (bottom) black
Tube: 90% thick black film (from bottom of film
ball to bottom of tube). _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

5/28/03: Solution: dark yellow at waterline. 5/28/03: Solution: clear
Ball: 80% black film - medium (sides) to thick Ball: 95% medium black film - waterline, sides
(bottom), dark yellow ring with black spots and bottom.
and medium bubbles at waterline. Tube: 100% thin (ball) to thick (bottom) black

Tube: 95% black film. film
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MW120
Sampled 5/20/03

_IRB SRB
5/21/03: Solution: Clear at ball graduating to 5/21/03: Solution: slightly cloudy.
medium greenish yellow at bottom of tube. Ball: 5% small bubbles near bottom.
Ball: 5% small bubbles on bottom. Tube 70% small bubbles on sides.
Tube: 70% small bubbles on sides. _____________________

5/22/03: Solution medium greenish yellow 5/22/03: Solution slightly cloudy.
throughout. Medium yellow ring around ball Ball: 60% thin black film and small bubbles.
at waterline. Many small bubbles on bottom of Tube: 90% small bubbles.

-ball and sides of tube.
5/23/03: Solution medium greenish yellow 5/23/03: Solution slightly cloudy and pale
throughout. yellow.
Ball: Medium yellow ring and small bubbles at Ball: 85% thin black film. Cloudy film ring at
waterline. Many small/medium bubbles on waterline.
bottom of ball. Tube: 90% small bubbles.
Tube: 90% small bubbles on sides.
5/24/03: Solution medium greenish yellow 5/24/03: Same as above.
throughout.
Ball: Medium yellow ring and small bubbles at
waterline. Many small/medium bubbles on. ~~~bottom of ball.
Tube: Black film on bottom. 90% small
-bubbles on sides.
5/25/03: Solution dark yellow. 5/25/03: Solution slightly cloudy and pale
Ball: Dark yellow ring around of small bubbles yellow.
at waterline. 50% smnaltlmedium bubbles. Ball: 85% thin black film. Cloudy film ring at
Tube: 90% black film and small bubbles. waterline.

________________________________ Tube: Black film on bottom. 90% small bubbles.
5/26/03: Same as above. 5/26/03: Same as above.

5/27/03: Solution dark yellow. 5/27/03: Solution: cloudy.
Ball: 25% thin black film on bottom, brown Ball: 85% thin black film with thick patches,
ring of small bubbles at waterline. 50% cloudy film ring at waterline.
smnall/medium bubbles. Tube: 100% black film, very thin (ball) to thick
Tube: 90% black film and small bubbles. (bottom)
5/28/03: Sane as above. 5/28/03: Solution: cloudy.

Ball: 90% medium black film with thick patches,
black ring at waterline.
Tube: 100% black film, very thin (ball) to thick

____ ___ ___ ____ ___ ___ ___ ____ ___ ___ ___ (bottom ).
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MW 122
Sampled 5/20/03

IRB (Red) SRB (Black)
5/21/03: Solution: Clear at ball graduating to 5/21/03: Solution: Clear.
medium greenish yellow at bottom of tube. Ball: 5% small bubbles on bottom.
Ball: 10% small bubbles on bottom. Tube: 70% small bubbles on sides.
Tube: 70% small bubbles on sides.
5/22/03: Solution: light yellow. 5/22/03: Solution: Clear.
Ball: 10% small bubbles on bottom. Ball: 50% small bubbles on sides/bottom.
Tube: 1 00% small bubbles on sides. Tube: 1 00% small bubbles on sides.
5/23/03: Solution medium greenish yellow. 5/23/03: Solution: Clear.
Ball: 40% of ball covered with small/medium Ball: Cloudy film ring at waterline. Many black
bubbles. pinpricks on sides. 25% small bubbles on bottom.
Tube: 1 00% small bubbles on sides. Tube: 100% small bubbles on sides.
5/24/03: Solution greenish yellow. 5/24/03: Solution: Clear.
Ball: 75% small/medium bubbles (at Ball: 60% thin black film on sides and bottom.
waterline and on bottom). Cloudy film ring at waterline. 25% small bubbles
Tube: 1 00% small bubbles. on bottom.

Tube: 100% small bubbles on sides.
5/25/03: Solution dark yellow. Solution: Clear.
Ball: 90% small/medium bubbles (at Ball: 60% medium black film on sides and bottom.
waterline and on bottom), dark yellow ring at Cloudy film ring at waterline. 25% small bubbles
waterline, on bottom.
Tube: 1 00% small/medium bubbles. Tube: 1 00% small bubbles on sides.
5/26/03: Solution: dark yellow/light brown. 5/26/03: Solution: clear.
Ball: 35% black spots on bottom, dark Ball: 85% medium black film (small patches of
yellow ring of small bubbles at waterline, very thin black film), cloudy film ring at waterline.
Tube: 90% thick black film (from bottom of Tube: 90% thick black film, many small bubbles.
ball to bottom of tube).
5/27/03: Solution: dark yellow at and just 5/27/03: Solution: clear.
below waterline. Ball: 85% medium black film with patches of thin,
Ball: 60% thick black film on sides/bottom, cloudy film ring at waterline.
dark yellow ring of small bubbles at Tube: 1 00% very thin (ball) to thick (bottom) black
waterline. film, many small bubbles.
Tube: 95% thick black film (from middle of
ball to bottom of tube).
5/28/03: Solution: dark yellow at and just 5/28/03: Solution: clear.
below waterline. Ball: 85% medium black film with patches of thin,
Ball: 60% thick black film from middle cloudy film ring at waterline.
down, dark yellow ring of small bubbles at Tube: 1 00% very thin (ball) to thick (bottom) black
waterline. film, many small bubbles.
Tube: 95% thick black film (from middle of
ball to bottom of tube). _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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MW124
Sampled 5/20/03

IRB SRB
5/21/03: Solution: Cleat at ball graduating to 5/21/03: Solution: Clear.
medium greenish yellow at bottom of tube. Ball: 50% small bubbles on bottom and sides.
Ball: 5% small bubbles on bottom. Tube: 40% small bubbles on sides.
Tube: 50% small bubbles on sides. _____________________

5/22/03: Solution: Clear at ball graduating to 5/22/03: Solution: Clear.
medium greenish yellow at bottom of tube. Ball: 50%/ small bubbles on bottom and sides.
Ball: 10% small bubbles on bottom. Tube: 80% small bubbles on sides.
Tube: 70% small bubbles on sides.
5/23/03: Solution: Medium yellow. 5/23/03: Solution: Clear.
Ball: 20% small bubbles on bottom. Ball: 25% small bubbles and black pinprick size
Tube: 70% small bubbles on sides, spots. Cloudy film at waterline.

____ ____ ___ ____ ___ ____ ___ ____ ___ Tube: 80% small bubbles.
5/2403: Solution: Medium yellow. 5/24/03: Solution clear.
Ball: 60% medium bubbles (at waterline and Ball: 25% thin black film with black pinprick size
on bottom). spots (one side) and small bubbles (bottom).
Tube: 80% small/medium bubbles on sides. Cloudy film at waterline.

Tube: 90% small bubbles on sides.
5/25/03: Solution: Cloudy yellow. 5/25/03: Same as above.. ~~~Ball: 85% medium/large bubbles (at waterline
and on bottom). Dark yellow film at waterline.
Tube: 90% small bubbles. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

5/26/03: Solution: Clear medium yellow. 5/26/03: Solution: clear.
Ball: 25% medium black film with thicker Ball: Same as above.
patches sides/bottom, many medium bubbles Tube: 5% thin black film (bottom). 90% small
on sides/bottom, light brown ring of small bubbles (sides).
bubbles at waterline.
Tube: 90% small bubbles. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

5/27/03: Solution: medium brown, clear. 5/27/03: Solution: clear.
Ball: 50% medium black film with thicker Ball: 90% thin black film (sides/bottom), black
patches (sides/bottom), many medium bubbles film at waterline.
on sides/bottom, light brown ring with black Tube: 1 00% thin (waterline) to thick (bottom)
spots and small bubbles at waterline, black film and small bubbles on sides.
Tube: 90% thick black film.
-5/28/03: Same as above. 15/28/03: Same as above.
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MWI05
Sampled 5/21/03

IRB SRB
5/22/03: Solution: light yellow. 5/22/03: Solution: clear, light yellow.
Ball: clear. Ball: clear.
Tube: clear. Tube: 2% small bubbles.
5/23/03: Solution: light yellow. 5/23/03: Solution: clear, light yellow.
Ball: clear. Ball: clear.
Tube: clear. Tube: clear.
5/24/03: Solution: light yellow. 5/24/03: Solution: clear, light yellow.
Ball: clear. Ball: 2% thin black pinprick size spots on one
Tube: clear, side.

____ ___ ___ ____ ___ ___ ___ ____ ___ ___ ___ T ube: clear.

5/25/03: Same as above. 5/25/03: Same as above.
5/26/03: Same as above. 5/26/03: Solution: clear, light yellow.

Ball: 2% thin black pinprick size spots on one
side.
Tube: 2% black flecks on bottom.

5/27/03: Same as above. 5/27/03: Solution: clear.
Ball: 30% thin black film (sides/bottom); cloudy
film at waterline.

_____ _____ ____ _____ ____ _____ ____ Tube: 20% thin black film at bottom.

5/28/03: Solution: dark yellow. 5/28/03: Same as above.
Ball: clear.
Tube: clear. ________________________
5/1/03: Same as above. 5/1/03: Solution: clear.

Ball: 30% thin black film (sides/bottom), cloudy
film at waterline.
Tube: 50% thin black film (at ball and at bottom,

_____ _____ _____ _____ _____ _____ ____ not in the m iddle).
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MWt120 ~~Sampled 5/21/03

IRB SRB
5/22/03: Solution: clear, light yellow. 5/22/03: Solution: clear, pale yellow.
Ball: clear. Ball: 1 to 2 bubbles on bottom.
Tube: clear Tube: clear.
5/23/03: Same as above. 5/23/03: Solution: clear, pale yellow.

Ball: clear.
_____ ____ ____ ____ ____ ____ ____ ____ Tube: 50% thin black film on sides.

5/24/03: Same as above. 5/24/03: Solution: cloudy, pale yellow.
Ball: cloudy film at waterline.
Tube: 50% thin black film on sides.

5/25/03: Same as above. 5/25/03: Solution: clear, pale yellow.
Ball: 25% thin black film on bottom, cloudy film
at waterline.
Tube: 90% medium to thick black film on
sides/bottom.

5/26/03: Same as above. 5/26/03: Same as above.
5/27/03: Same as above. 5/27/03: Solution: clear, pale yellow.

Ball: 90% thick black film (sides/bottom), cloudy
film with black spots at waterline.
Tube: 90% medium to thick black film on

_____ ____ ____ ____ ____ ____ ____ ____ sides/bottom .
5/28/03: Solution: dark yellow. 5/28/03: Same as above.
Ball: clear.
Tube: clear.
5/29/03: Solution: dark yellow. 5/29/03: Same as above.
Ball: 5% thin black film with spots of medium
at waterline.
Tube: clear.



794 632

MW113
Sampled 5/21/030

IRB SRB
5/22/03: Solution: clear, light yellow. 5/22/03: Solution clear.
Ball: 2 small bubbles and 2 small black spots. Ball: clear.
Tube: clear. Tube: 10% small bubbles on sides.
5/23/03: Solution: clear, light yellow. 5/23/03: Solution cloudy.
Ball: 30% small/medium bubbles (waterline, Ball: cloudy film at waterline.
bottom). Tube: 10% small bubbles on sides.
Tube: clear.
5/24/03: Solution: cloudy, medium yellow. 5/24/03: Solution clear.
Ball: 30% small/mediumn bubbles (waterline, Ball: About four small bubbles at waterline,
bottom). Medium yellow/light brown ring at cloudy film at waterline.
waterline. Tube: 10% small bubbles on sides.
Tube: 10% small bubbles at bottom. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

5/25/03: Solution: clear, light yellow. 5/25/03: Solution clear.
Ball: 25% thin black film (bottom). 90% Ball: 5% thin black film, cloudy film ring at
small/medium bubbles. Brown film with waterline, 5% small bubbles.
medium bubbles at waterline. Tube: A few medium bubbles on tube.
Tube: 10% black film (bottom). _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

5/26/03: Solution: clear, dark yellow. 5/26/03: Same as above.
Ball: 25% thin black film (bottom). 90%
small/medium bubbles. Brown film with0
medium bubbles at waterline.
Tube: 90% thin black film.
5/27/03: Solution: light brown, cloudy. 5/27/03: Solution: clear.
Ball: 50% black film (sides/bottom). Medium Ball: 80% very thin black film with thicker spots,
brown ring of small/medium bubbles at cloudy film ring rimmed in black at waterline.
waterline. Tube: 2% black film (on very bottom).
Tube: 90% thick black film.
5/28/03: Same as above. 5/28/03: Solution: clear.

Ball: 90% thin black film, cloudy film ring
rinmned in black at waterline.
Tube: 100% very thin (ball) to medium (on very
bottom) black film.

5/29/03: Same as above. 5/29/03: Solution: clear.
Ball: 90% thin black film, cloudy film ring
rimmed in black at waterline.
Tube: 100% very thin (ball) to medium (on very

_____ ____ ____ ____ ____ ____ ____ ____ bottom ) black film .



794 633

POST SAMPLING EVENT #12

MW1 10
Sampled 6/23/03

_IRB SRB
6/24/03: Solution: clear at ball graduating to 6/24/03: Solution clear throughout tube. No
medium yellow at bottom of tube, bubbles. About 10 pinprick size black spots.
Ball: Light yellow ning of small bubbles at
waterline. 10% small bubbles on sides and
bottom.
Tube: 5% small bubbles on sides, mostly at
bottom.
6/25/03: Solution: light brown. 6/25/03: Solution: clear.
Ball: 20% thick black film on sides; Ball: 85% thin black film with thicker spots;
large/medium bubbles on bottom; medium cloudy film ring at waterline; no bubbles.
yellow ring with small bubbles at waterline. Tube: Clear.
Tube: Black film on very bottom. No bubbles. ___________________

6/26/03: Solution: brown. 6/26/03: Solution: clear.
Ball: 60% thick black film and large bubbles Ball: 85% thin black film with thicker spots;
(sides/bottom); dark yellow ring of small cloudy film ring at waterline; no bubbles.
bubbles with brown spots at waterline. Tube: 10% thin black film at ball; a few black
Tube: 40% medium black film (at ball and on spots on bottom.
bottom.
6/27/03: Solution: brown. 6/27/03: Solution: clear.
Ball: 60% thick black film and large bubbles Ball: 85% thin black film with thicker spots;
(sides/bottom); dark yellow ring of small cloudy film ring at waterline; no bubbles.
bubbles with brown spots at waterline. Tube: 1 00% thin black film, thick in bottom; no
Tube: 95% thick black film, bubbles.
6/28/03: Solution: brown. 6/28/03: Solution: clear.
Ball: 65% thick black film; large bubbles on Ball: 95% medium black film; black film ring at
bottom; black film mixed into dark yellow ring waterline; a few small bubbles on sides/bottom.
of small bubbles at waterline. Tube: 100% black film, medium at ball, thick in
Tube: 95% thick black film. bottom; no bubbles.
6/29/03: Ball: 95% black film, thin on sides, 6/29/03: Solution: clear.
thick on bottom; black film and small/medium Ball: 98% medium black film; black film ring at
bubbles at waterline, waterline; a few small bubbles on sides/bottom.
Tube: 95% thick black film. Tube: 100% black film, medium at ball, thick in

_____ ____ ____ ____ ____ ____ ____ ____ bottom ; no bubbles.

6/30/03: Ball: 95% thick black film, a few 6/30/03: Same as above, except film on ball and
bubbles at waterline. tube thicker.
Tube: 100% thick black film.
6/31/03: Same as above. 6/31/03: Same as above.



794 634

MW 110D
Sampled 6/23/03

IRB SRB
6/24/03: Solution: clear at ball graduating to 6/24/03: Solution: clear.
medium yellow at bottom. Ball: About 5 pinprick size black spots on very
Ball: Light yellow and small bubble ring at bottom. No bubbles.
waterline. 5% small bubbles on sides and Tube: No bubbles.
bottom.
Tube: 5% small bubbles on sides. _____________________

6/25/03: Solution: light brown. 6/25/03: Solution: clear.
Ball: 30% thick black film on sides/bottom; Ball: 85% thin black film; cloudy film ring at
small bubbles, light yellow ring with waterline.
small/medium bubbles at waterline. Tube: Clear.
Tube: Black film on very bottom; several black
spots on sides; no bubbles. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

6/26/03: Solution: medium brown. 6/26/03: Solution: clear.
Ball: 70% medium black film and large Ball: 85% thin black film; cloudy film ring at
bubbles on bottom/sides, dark yellow ring with waterline.
medium bubbles and black spots at waterline. Tube: 2% thin black film at ball; no bubbles.
Tube: 80% thin black film on sides and
bottom.
6/27/03: Solution: medium brown. 6/27/03: Solution: clear.
Ball: 90% medium black film (sides, bottom Ball: 80% thin black film with thicker spots
and mixed with brown and medium bubbles at sides/bottom, cloudy film ring at waterline.
waterline). Tube: Thin black film at ball and at bottom; no
Tube: 90% medium black film. bubbles.
6/28/03: Solution: medium brown. 6/28/03: Solution: clear.
Ball: 95% thick black film (sides, bottom and Ball: 90% thin black film with thicker spots
mn ring of small bubbles at waterline, sides/bottom, black ring at waterline.
Tube: 95% thick black film. Tube: 75% thin black film (at ball and at bottom);

no bubbles.
6/29/03: Ball: 100% black film thin top and 6/29/03: Solution: clear.
sides, thick on bottom and at waterline. Ball: 98% black film, thin top and sides, thick at
Tube: 95% thick black film, waterline and on bottom.

_____ ____ ____ _____ ____ ____ ____ Tube: I100% medium black film; no bubbles.
6/30/03: Ball: 1 00% thick black film. 6/30/03: Same as above, except film on ball and
Tube: I100% thick black film. tube thicker.

6/31/03: Same as above. 6/31/03: Same as above.



794 635

MW120
Sampled 6/23/03

IRB SRB
6/24/03: Solution: Clear at ball graduating to 6/24/03: Solution: slightly cloudy.
medium greenish yellow at bottom. Ball: 5% small bubbles and many pinprick size
Ball: 5% small bubbles on bottom. black spots on bottom.
Tube: 70% small bubbles on sides. Tube 80% small bubbles on sides.
6/25/03: Solution: dark yellow/light brown. 6/25/03: Solution: clear.
Ball: 40% small bubbles at waterline and on Ball: 80% thin black film with thicker spots;
bottom; medium yellow ring at waterline, cloudy film ring at waterline; no bubbles.
Tube: 10% small bubbles at bottom; brown Tube: 2% thin black film at ball; 80% small
film on bottom. bubbles.
6/26/03: Solution: brown. 6/26/03: Solution: clear.
Ball: I0% thick black film and medium Ball: 80% thin black film with thicker spots;
bubbles around middle; dark yellow ring with cloudy film ring at waterline; no bubbles.
small bubbles at waterline. Many Tube: 2% thin black film at ball; 80% small
small/medium bubbles on bottom of ball. bubbles.
Tube: black film on bottom; 10% small
bubbles at bottom. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

6/27/03: Solution: medium brown. 6/27/03: Same as above. Black film on ball and
Ball: 50% medium black film (sides, bottom); tube at ball thicker.
dark yellow with medium bubbles at waterline.
Tube: 90% medium black film; 90% small
bubbles.
6/28/03: Solution: medium brown. 6/28/03: Solution: clear.
Ball: 50% thick black film (sides, bottom); Ball: 95% medium black film; black ring at
dark yellow with medium bubbles at waterline, waterline; no bubbles.
Tube: 90% thick black film and small bubbles. Tube: 1 00% medium black film; 80% small

bubbles.
6/29/03: Solution: clear at ball. 6/29/03: Solution: clear.
Ball: 50% thick black film (sides, bottom); Ball: 98% medium black film.
dark yellow with medium bubbles at waterline. Tube: 100% black film (thicker than yesterday);
Tube: 95% thick black film; 30% small 80% small bubbles.
bubbles.

6/30/03: Solution: clear at ball. 6/30/03: Same as above.
Ball: 50% thick black film (sides, bottom);
dark yellow with a few small bubbles at
waterline.
Tube: 95% thick black film; 30% small

-bubbles. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

-6/31/03: Same as above. ---- 6/31/03. Same as above.



74 636

MW114
Sampled 6/24/03

IRB SRB
6/25/03: Solution: very light yellow at ball 6/25/03: Solution: clear.
graduating to medium greenish yellow at Ball: Clear.
bottom of tube. Tube: Clear.
Ball: Clear (no bubbles).
Tube: Clear (no bubbles).
6/26/03: Solution: clear, pale greenish yellow. 6/26/03: Solution: clear light yellow.
Ball: Clear (no bubbles). Ball: clear.
Tube: Clear (no bubbles). Tube: clear
6/27/03: Same as above. 6/27/03: Solution: clear, yellowish.

Ball: 2% medium black film (sides).
Tube: 90% medium black film; no bubbles.

6/28/03: Solution: clear, medium yellow/light 6/28/03: Solution: clear, yellowish.
brown at bottom. Ball: 20% medium black film (bottom/mainly one
Ball: Clear (no bubbles). side).
Tube: Clear (no bubbles). Tube: 90% medium black film; thicker at bottom;

_____ _____ ____ _____ ____ _____ ____ no bubbles.

6/29/03: Solution: clear, medium yellow/light 6/29/03: Solution clear.
brown at bottom. Ball: 95% black film.
Ball: Clear (no bubbles). Tube: I100% medium black film, no bubbles.
Tube: Clear (no bubbles).
6/30/03: Same as above. 6/30/03: Solution clear.

Ball: 95% thick black film.
____ ____ ____ ____ ____ ____ ____ ___ Tube: 100% medium black film, no bubbles.

6/31/03: Same as above. 6/31/03: Solution clear.
Ball: 90% thick black film.
Tube: 90% thick black film.

7/1/03: Same as above. No brown or black 7/1/03: Same as above.
film on ball or tube. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



794 637

MW1 16
Sampled 6/24/03

IRB SRB
6/25/03: Solution: clear at ball graduating to 6/25/03: Solution: clear.
light greenish yellow at bottom of tube. Ball: 40% very small bubbles on bottom.
Bali: A few very small bubbles on bottom. Tube: 95% very small bubbles on sides.
Tube: 90% very small bubbles on sides. _____________________

6/26/03: Solution: dark yellow/light brown. 6/26/03: Solution clear.
Ball: 80% small bubbles (waterline and sides). Ball: 20% very small bubbles on bottom; a few
Tube: Black film on bottom; 60% small small black pinpricks on side.
.bubbles on sides. Tube: 90% very small bubbles on sides.
6/27/03: Solution: dark yellow. 6/27/03: Solution clear.
Ball: I% black film (sides); 30% bubbles Ball: About 8 very small black spots on
(small/medium at waterline, small on bottom). sides/bottom, cloudy film ring at waterline, no
Tube: 20% black film at bottom; 50% very bubbles.
-small bubbles on sides. Tube: 80% very small bubbles on sides.
6/28/03: Solution: light brown. 6/28/03: Solution clear.
Ball: 3% black film (sides); 30% bubbles Ball: 2% thin black film with black pinpricks on
(small/medium at waterline, small on bottom). sides; cloudy film at waterline, a few small
Tube: 30% black film at bottom; 40% medium bubbles on bottom.
bubbles on sides. Tube: Black film in bottom; 40% very small

bubbles on sides.
6/29/03: Solution: dark yellow at ball. 6/29/03: Solution clear.
Ball: 40% black film (bottom/sides), 2 black Ball: 15% thin black film with black pinpricks on
spots at waterline; 30% bubbles sides; cloudy film at waterline, a few small
(waterline/bottom), bubbles on bottom.
Tube: 30% black film at bottom; 40% medium Tube: Black film in bottom; 60% very small
bubbles on sides. bubbles on sides.
6/30/03: Solution: clear at ball. 6/30/03: Solution clear.
Ball: 50% black film (bottom/sides and at Ball: 80% thin black film with small black spots
waterline), 30% bubbles (waterline/bottom). on sides/bottom, cloudy film ring at waterline.
Tube: 95% thick black film, 40% medium Tube: 90% black film, thin at ball, thick at
-bubbles on sides. bottom, 80% small bubbles on sides.
6/31/03: Solution: clear at ball. 6/31/03: Solution clear.
Ball: 75% black film (bottomi/sides and at Ball: 95% medium black film.
waterline), 20% bubbles (waterline/bottom). Tube: 100% black film, medium at ball, thick at
Tube: 95% thick black film, 40% medium bottom, 80% small bubbles on sides.
-bubbles on sides.
7/1/03: Same as above. 7/1/03: Same as above.



79 4 863 8

MW116 Duplicate
Sampled 6/24/03

IRB SRB
6/25/03: Solution: Clear at ball graduating to 6/25/03: Solution: Clear.
medium greenish yellow at bottom of tube. Ball: 40% small bubbles on sides.
Ball: One small bubble on side. Tube: 70% small bubbles on sides.
Tube: 70% small bubbles on sides.
6/26/03: Solution: dark yellow/light brown. 6/26/03: Solution: Clear.
Ball: 80% small bubbles (waterline and sides). Ball: A few small bubbles and a few black
Tube: Brown film on bottom; 80% small pinpricks on one side.
bubbles on sides. Tube: 40% small bubbles on sides.
6/27/03: Solution: dark yellow/light brown. 6/27/03: Solution: Clear.
Ball: 40% small bubbles (waterline and sides). Ball: About 10 black pinpricks; 8 small bubbles
Tube: 20% black film at bottom; 40% small on sides; cloudy film ring at waterline.
bubbles on sides. Tube: 40% small bubbles on sides.
6/28/03: Solution: dark yellow/light brown. 6/28/03: Solution: Clear.
Ball: 2% medium black film on one side; 40% Ball: About 10 black pinpricks; S small bubbles
small bubbles (waterline and sides); dark on sides; cloudy film ring at waterline.
yellow ring at waterline. Tube: Black film in bottom; 40% small bubbles
Tube: 20% black film at bottom; 40% small on sides.
bubbles on sides.
6/29/03: Solution: dark yellow at ball, light 6/29/03: Solution: Clear.
brown at bottom. Ball: 85% thin black film with several black
Ball: 40% thick black film on bottom, 3 black pinpricks; a few small bubbles on sides; cloudy
spots at waterline; 40% small bubbles film at waterline.
(waterline and sides). Tube: 100% black film, thin at ball, thick at
Tube: 40% black film at bottom; 30% small bottom; 40% small bubbles on sides.
bubbles on sides. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

6/30/03: Solution: clear at ball. 6/30/03: Same as above, except film on ball and
Ball: 70% black film (thick sides/bottom, thin tube thicker.
at waterline); 30% bubbles (waterline and
bottom).
Tube: 90% thick black film; 30% small
bubbles on sides.
6/31/03: Solution: clear at ball. 6/31/03: Solution: Clear.
Ball: 90% black film (thick sides/bottomn, Ball: 95% medium black film with a few small
medium at waterline); 30% bubbles (waterline bubbles on sides.
and bottom). Tube: 100% black film, medium at ball, thick at
Tube: 90% thick black film; 30% small bottom; 40% small bubbles on sides.
bubbles on sides.
7/1/03: Same as above. 7/1/03: Same as above.



794 639

MW1 18
Sampled 6/24/03

_IRB SRB
6/25/03: Solution: Clear at ball graduating to 6/25/03: Solution: Slightly cloudy.
medium greenish yellow at bottom of tube. Ball: 40% small bubbles on bottom and sides.
Ball: 5% small bubbles near bottom. Tube: 80% small bubbles on sides.
Tube: 70% small bubbles on sides. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

6/26/03: Solution: Dark yellow. 6/26/03: Solution: clear
Ball: 60% small bubbles (sides, bottom and Ball: 75% thin black film with thicker spots; a
waterline). Dark yellow ring at waterline, few small bubbles on bottom.
Tube: 75% small bubbles on sides. Tube: 75% small bubbles on sides.
6/27/03: Solution: Dark yellow/light brown. 6/27/03: Solution: clear
Ball: 20% black film on bottom; 60% small Ball: 75% thin black film with thicker spots; a
bubbles (bottom and waterline). Dark yellow few small bubbles on bottom.
ring at waterline. Tube: 50% small bubbles on sides.
Tube: 30% black film at bottom; 50% small
bubbles on sides.
6/28/03: Solution: Dark yellow/light brown. 6/28/03: Solution: clear
Ball: 30% thick black film sides/bottom; large Ball: 75% medium black film; cloudy film at
bubbles on bottom; dark yellow ring with small waterline; a few small bubbles on bottom.
bubbles at waterline. Tube: 20% black film (thin at ball; thick at
Tube: 90% thick black film; 50% small bottom); 50% small bubbles on sides.
-bubbles on sides.
6/29/03: Solution: clear at ball. 6/29/03: Solution: clear
Ball: 50% thick black film sides/bottom; large Ball: 85% black film, medium at waterline/sides,
bubbles on bottom; light brown and small thick on bottom; a few large bubbles on bottom.
bubbles at waterline. Tube: 100% black film (thin at ball; thick at
Tube: 95% thick black film; 50% small bottom); 50% small bubbles on sides.
bubbles on sides.
6/30/03: Solution: clear at ball. 6/30/03: Same as above, except film on ball and
Ball: 50% thick black film sides/bottom; large tube thicker.
bubbles on bottom; light brown with a couple
of black spots and small bubbles at waterline.
Tube: 95% thick black film; 50% small
-bubbles on sides.
6/31/03: Solution: clear at ball. 6/31/03: Solution: clear
Ball: 50% thick black film sides/bottom; large Ball: 85% thick black film; a few large bubbles
bubbles on bottom; light brown with a couple on bottom.
of black spots and small bubbles at waterline. Tube: 1 00% medium/thick black film; 50% small
Tube: 95% thick black film; 50% small bubbles on sides.
bubbles on sides.
7/1/03: Same as above. 7/1/03: Same as above.



794 640

MW12 2
Sampled 6/24/03

IRB (Red) SRB (Black)
6/25/03: Solution: Clear at ball graduating to 6/25/03: Solution: Clear.
medium greenish yellow at bottom of tube. Ball: 5% small bubbles on bottom.
Ball: 10% small bubbles on bottom. Tube: 70% small bubbles on sides.
Tube: 70% small bubbles on sides. ______________________

6/26/03: Solution: dark yellow/light brown. 6/26/03: Solution: clear
Ball: 80% small bubbles (waterline and Ball: 75% thin black film with thicker spots; a few
sides); dark yellow ring at waterline, small bubbles on bottom; cloudy film ring at
Tube: Brown-film on bottom; 90% small waterline.
bubbles on sides. Tube: 5% thin black film at ball; 85% small

bubbles on sides.
6/27/03: Solution: Dark yellow/light brown. 6/27/03: Solution: clear
Ball: 10% black film on sides; 60% small Ball: 80% thin black film with thicker spots; cloudy
bubbles (bottom and waterline). Dark yellow film ring at waterline; 5% small bubbles on bottom.
ning with black spots at waterline. Tube: 2% black film at bottom; 50% small bubbles
Tube: 10% black film at bottom; 70% small on sides.
bubbles on sides.
6/28/03: Solution: brown. 6/28/03: Solution: clear
Ball: 50% black film bottom/sides; 30% Ball: 80% medium black film; black ring at
small bubbles (bottom and waterline). Dark waterline; 5% small bubbles on bottom.a
yellow ring with black spots at waterline. Tube: 30% black film (thin at ball, thick at bottom); W
Tube: 30% black film (thin at ball, thick at 50% small bubbles on sides.
bottom); 80% small bubbles on sides.
6/29/03: Solution: clear at ball. 6/29/03: Solution: clear
Ball: 60% black film, thick bottomi/sides; Ball: 98% black film, thin on top/sides; medium
30% small bubbles (bottom and waterline); ring at waterline, thick on bottom; 10% small
brown film with black spots at waterline, bubbles on bottom.
Tube: 90% thick black film; 80% small Tube: 100% medium black film; 50% small
bubbles on sides. bubbles on sides.
6/30/03: Solution: clear at ball. 6/30/03: Same as above, except film thicker on
Ball: 80% black film, thick bottomi/sides, thin sides/bottom of ball and on tube.
and mixed with brown at waterline;, 10%
small bubbles (bottom).
Tube: 95% thick black film; 80% small
bubbles on sides. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

6/31/03: Solution: clear at ball. 6/31/03: Solution: clear
Ball: 95% thick black film. Ball: 98% medium black film.
Tube: 95% thick black film; 80% small Tube: 1 00% medium black film; 50% small
bubbles on sides. bubbles on sides.
7/1/03: Same as above. 7/1/03: Same as above.
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MW124
Sampled 6/24/03

_IRB SRB
6/25/03: Solution: Clear at ball graduating to 6/25/03: Solution: Clear.
medium greenish yellow at bottom of tube. Ball: 50% small bubbles on bottom and sides.
Ball: 5% small bubbles on bottom. Tube: 40% small bubbles on sides.
Tube: 50% small bubbles on sides.
6/26/03: Solution: dark yellow/light brown. 6/26/03: Solution: Clear.
Ball: 40% small bubbles (waterline and sides); Ball: 2% small bubbles on bottom.
dark yellow ring at waterline; a few small Tube: 80% small bubbles on sides.
black spots on sides.
Tube: black film on bottom; 80% small
bubbles at bottom.
6/27/03: Solution: Dark yellow/light brown. 6/27/03: Solution: Clear.
Ball: 10% black film on sides; 60% small Ball: 25% small bubbles and about 10 black
bubbles (bottom and waterline). Dark yellow pinprick size spots. Cloudy film at waterline.
ring at waterline. Tube: 80% small bubbles.
Tube: 50% black film at bottom; 70% small
-bubbles on sides.
6/28/03: Solution: yellow at ball. 6/28/03: Solution clear.
Ball: 60% black film bottom/sides and mixed Ball: 5% small bubbles and about 10 black
with brown small bubbles at waterline; 30% pinprick size spots (one side) and small bubbles
small bubbles (bottom and waterline). (bottom). Cloudy film at waterline.
Tube: 90% black film; 90% small bubbles on Tube: Black film on bottom; 70% small bubbles
sides. on sides.
6/29/03: Solution: clear at ball. 6/29/03: Solution clear.
Ball: 80% black film, thin on sides, thick on Ball: 50% thin black film with several black
bottom, mixed with brown small bubbles at pinpricks; a few small bubbles (bottom). Cloudy
waterline. film at waterline.
Tube: 90% thick black film; 80% small Tube: 100% black film, very thin at ball, thicker
bubbles on sides. at bottom; 60% small bubbles on sides.
6/30/03: Solution: clear at ball. 6/30/03: Solution clear.
Ball: 95% black film, medium on sides, thick Ball: 60% medium black film at waterline and on
on bottom and at waterline; small bubbles at sides with several black pinpricks.
waterline. Tube: 1 00% black film, medium at ball, thicker at
Tube: 95% thick black film; 80% small bottom; 60% small bubbles on sides.
bubbles on sides.
6/31/03: Solution: clear at ball. 6/31/03: Solution: clear.
Ball: 1 00% thick black film. Ball: 90% medium black film.
Tube: 100% thick black film; 80% small Tube: 100% thick black film and small bubbles
bubbles on sides. on sides.
7/1/03: Same as above. 7/1/03: Same as above.



794 642

MW10S
Sampled 6/25/03

IRB SRIB
6/26/03: Solution: clear at ball graduating to 6/26/03: Solution: clear, light yellow.
dark yellow/light brown at bottom. Ball: clear.
Ball: clear. Tube: clear.
Tube: dark brown film on bottom; no bubbles.
6/27/03: Solution: clear at ball graduating to 6/27/03: Solution: clear, yellowish.
dark yellow/light brown at bottom. Ball: 2 black spots, no bubbles.
Ball: clear. Tube: clear.
Tube: 2% brown film on bottom; no bubbles.
6/28/03: Same as above. 6/28/03: Same as above.
6/29/03: Same as above. 6/29/03: Solution: clear, yellowish.

Ball: 1% black film (one spot), no bubbles.
Tube: 60% black fihn, thin at ball, medium on
bottom.

6/30/03: Same as above. 6/30/03: Solution: clear, yellowish.
Ball: 1% black film (one spot), no bubbles.
Tube: 60% black film, thin at ball, thick on

_____ ____ ____ _____ ____ ____ ____ bottom .

6/31/03: Same as above. 6/31/03: Same as above.

7/1/03: Same as above. 7/1/03: Same as above.
7/2/03: Same as above. 7/2/03: Same as above.



794 643

MWI 12
Sampled 6/25/03

_IRB SRB
6/26/03: Solution: clear at ball graduating to 6/26/03: Solution: clear.
dark yellow/light brown at bottom. Ball: A few small bubbles on bottom.
Ball: clear. Tube: 75% thin black film on sides; no bubbles.
Tube: dark brown film on bottom; no bubbles. ____________________

6/27/03: Same as above. 6/27/03: Solution: clear.
Ball: I% black film. No bubbles.
Tube: 80% thin black film on sides; 2% small

___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ bu bb le s
6/28/03: Solution: dark yellow, light brown at 6/28/03: Solution: clear.
bottom. Ball: 80% thin black film with several thick spots.
Ball: clear. No bubbles.
Tube: dark brown film on bottom; no bubbles. Tube: 90% black film (thin at ball; thick at

_____ ____ ____ ____ ____ ____ ____ ____ bottom); 2% small bubbles.
6/29/03: Same as above. 6/29/03: Solution: clear.

Ball: 85% medium black film, no bubbles.
Tube: 100% black film (thin at ball; thick at
bottom); 2% small bubbles.

6/30/03: Same as above. 6/30/03: Same as above.
6/31/03: Same as above. 6/31/03: Solution: clear, pale yellow.

Ball: 90% thick black film (sides/bottom), cloudy
film with black spots at waterline.
Tube: 100% thick black film; 2% small bubbles.

7/1/03: Solution: dark brown. 7/1/03: Same as above.
Ball: clear.
Tube: dark brown film on bottom.
-7/2/03: Same as above. 7/2/03: Same as above.



794 644

MW113
Sampled 6/25/03

IRB SRB
6/26/03: Solution: clear, medium yellow. 6/26/03: Solution: clear.
Ball: 10% small/medium bubbles (sides, Ball: 70% very thin black film with black
waterline); dark yellow ring at waterline. pinpricks.
Tube: 40% medium bubbles on sides. Tube: 2% very thin black film at ball; 10% small

bubbles on sides.
6/27/03: Solution: cloudy, dark yellow. 6/27/03: Solution: clear.
Ball: 10% small/medium bubbles (bottom, Ball: 70% very thin black film with black
waterline); dark yellow ring at waterline. pinpricks.
Tube: No bubbles. Tube: 2% very thin black film at ball; 1% small

_____ ____ ____ ____ ____ ____ ____ ____ bubbles on sides.

6/28/03: Solution: dark yellow, brown at 6/28/03: Solution: clear.
bottom. Ball: 70% very thin black film with black
Ball: 10% small/medium bubbles (bottom, pinpricks; cloudy ring at waterline.
waterline); dark yellow ring at waterline. Tube: 10% very thin black film with black
Tube: No bubbles. pinpricks at ball; 1% small bubbles on sides.
6/29/03: Solution: brown. 6/29/03: Solution: clear.
Ball: 95% medium black film, small bubbles at Ball: 80% thin black film with many black
waterline. pinpricks; cloudy ring at waterline.
Tube: 1 00% medium black film. Tube: 20% black film, very thin with black

pinpricks at ball, medium on bottom; 1% small
bubbles on sides.

6/30/03: Ball: 98% thick black film, small 6/30/03: Solution: clear.
bubbles at waterline. Ball: 90% thin black film at waterline and on
Tube: 1 00% thick black film. sides with many black pinpricks.

Tube: 100% black film, thin with black pinpricks
at ball, medium on bottom; I% small bubbles on

_____ ____ ____ ____ _____ ____ ____ ____ ____ sides.

6/31/03. Same as above. 6/31/03: Solution: clear.
Ball: 90% medium black film.
Tube: 100% medium black film; I% small
bubbles on sides.

7/1/03: Same as above. 7/1/03: Same as above.
7/2/03: Same as above. 7/2/03: Same as above.



794 645

POST SAMPLING EVENT #13

MW11O
Sampled 7/21/03

-IRB SRB
7/22/03: Solution: dark yellow. 7/22/03: Solution: Clear.
Ball: Small bubbles at waterline. Ball: 10% thin black film (sides).
Tube: Clear. Tube: Clear.
7/23/03: Solution: light brown. 7/23/03: Solution: Clear.
Ball: 50% medium black film (bottomi/sides); Ball: 70% thin black film with thicker spots;
dark yellow ring of small bubbles at waterline, cloudy film ring at waterline.
Tube: Black film on very bottom. No bubbles. Tube: Thin black film on bottom.
7/24/03: Solution: brown. 7/24/03: Solution: clear.
Ball: 50% thick black film (sides/bottom); dark Ball: 85% thin black film with thicker spots;
yellow ring of small bubbles with brown spots cloudy film ring at waterline; a few bubbles.
at waterline. Tube: 100% black film (thin at ball, thick at
Tube: 90% thick black film. bottom).
7/25/03: Solution: brown. 7/25/03: Same as above.
Ball: 50% thick black film (sides/bottom); dark
yellow ring of small bubbles with black spots
at waterline.O ~~~Tube: 95% thick black film.
7/26/03: Same as above. 7/26/03: Same as above.
7/27/03: Same as above. 7/27/03: Solution: clear.

Ball: 95% medium black film; black film ring at
waterline; a few small bubbles on sides/bottom.
Tube: 100% black film, medium at ball, thick at

_____ _____ ____ _____ ____ _____ ____ bottom; 10% small bubbles on sides.
7/28/03: Same as above. 7/28/03: Same as above.
7/29/03: Same as above. 7/29/03: Same as above.



794 646

MW 110D
Sampled 7/21/03

IRB SRB
7/22/03: Solution: dark yellow 7/22/03: Solution: clear.
Ball: Small bubble ring at waterline. Ball: 10% thin black film (sides). No bubbles.
Tube: Clear. Tube: Clear.
7/23/03: Solution: light brown. 7/23/03: Solution: clear.
Ball: 10% thick black film on sides/bottom; Ball: 85% medium black film; cloudy film ring at
20% small bubbles at waterline and sides. waterline.
Tube: Black film on very bottom. Tube: 50% thin black film at bottom; a few

bubbles.
7/24/03: Solution: medium brown. 7/24/03: Solution: clear.
Ball: 70% medium black film and large Ball: 80% thin black film; cloudy film ring at
bubbles on bottom/sides, dark yellow ring with waterline; a few bubbles on bottom.
medium bubbles and black spots at waterline. Tube: 90% thin black film; a few bubbles.
Tube: 80% thin black film on sides and
bottom . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

7/25/03: Solution: medium brown. 7/25/03: Solution: clear.
Ball: 90% medium black film (sides, bottom Ball: 95% thick black film.
and mixed with brown and medium bubbles at Tube: 1 00% thick black film.
waterline).
Tube: 90% medium black film. ____________________

7/26/03: Solution: medium brown. 7/26/03: Same as above.
Ball: 95% thick black film (sides, bottom and
mn ring of small bubbles at waterline.
Tube: 95% thick black film.
7/27/03: Ball: 1 00% black film thin top and 7/27/03: Same as above.
sides, thick on bottom and at waterline.
Tube: 95% thick black film.
7/28/03: Ball: 1 00% thick black film. 7/28/03: Same as above.
Tube: 1 00% thick black film. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

7/29/03: Same as above. 7/29/03: Same as above.



794 647

MW114 SOLTION IN OUTER TUBE DARK YELLOW
Sampled 7/22/03

1RB SRB
7/23/03: Solution: No darker than outer tube. 7/23/03: Solution: Clear.
Ball: Clear (no bubbles). Ball: Clear.
Tube: Thin black film on bottom. Tube: Thin black film on bottom.
7/24/03: Solution: No darker than outer tube. 7/24/03: Solution: Clear.
Ball: Clear; several medium bubbles (sides). Ball: 80% thin black film; cloudy film ring at
Tube: Thin black film on bottom; several small waterline.
bubbles on sides. .Tube: I100% medium black film; small bubbles.
7/25/03: Same as above. 7/25/03: Solution: Clear.

Ball: 90% thin black film; cloudy film ring at
waterline.
Tube: 1 00% medium black film; small bubbles on
sides.

7/26/03: Same as above. 7/26/03: Same as above.
7/27/03: Same as above. 7/27/03: Solution clear.

Ball: 95% black film.
_____ ____ ____ _____ ____ ____ ____ Tube: 1 00% medium black film, no bubbles.

7/28/03: Solution: No darker than outer tube. 7/28/03: Same as above.
Ball: Thin black film at waterline w/ about 10
large bubbles on bottom.
Tube: Thin black film on bottom;, several small
-bubbles on sides.
7/29/03: Same as above. 7/29/03: Same as above.
-7/30/03: Same as above. Same as above.



794 648

MW1 16
Sampled 7/22/03

IRB SRB
7/23/03: Solution: clear at ball graduating to 7/23/03: Solution: clear.
medium yellow at bottom of tube. Ball: Clear
Ball: 15% small bubbles on bottom. Tube: 7504 very small bubbles on sides.
Tube: 30% very small bubbles on sides.
7/24/03: Solution: dark yellow. 7/24/03: Solution: clear.
Ball: 80% small bubbles (waterline and sides). Ball: Cloudy film ring at waterline; no bubbles.
Tube: Black film on bottom; 60% small Tube: 75% very small bubbles on sides.
bubbles on sides.
7/25/03: Solution: dark yellow. 7/25/03: Solution: clear.
Ball: 30% bubbles (small/medium at waterline, Ball: Cloudy film ring at waterline; no bubbles.
small on bottom). Tube: 80% very small bubbles on sides.
Tube: Black film at bottom; 50% very small
bubbles on sides.
7/26/03: Solution: light brown. 7/26/03: Solution clear.
Ball: 90% bubbles (small/medium at waterline, Ball: Pinkish cloudy film at waterline, a few
small on bottom). small bubbles on bottom.
Tube: Black film at bottom; 20% small bubbles Tube: Black film on bottom, 40% very small
on sides. bubbles on sides.
7/27/03: Solution: light brown. 7/27/03: Solution clear.a
Ball: 40% black film (bottomi/sides); 30% Ball: 15% thin black film with black pinpricks on W
bubbles (waterline/bottom); dark yellow ring at sides; cloudy film at waterline, a few small
waterline, bubbles on bottom.
Tube: 30% black film at bottom; 40% medium Tube: Black film in bottom; 60% very small
bubbles on sides. bubbles on sides.
7/28/03: Solution: dark yellow at ball. 7/28/03: Solution clear.
Ball: 50% black film (bottom/sides and at Ball: 80% thin black film with small black spots
waterline), 30% bubbles (waterline/bottom), on sides/bottom, cloudy film ring at waterline.
Tube: 95% thick black film, 40% medium Tube: 90% black film, thin at ball, thick at
bubbles on sides. bottom, 80% small bubbles on sides.
7/29/03: Solution: dark yellow at ball. 7/29/03: Solution clear.
Ball: 85% black film (bottom and at waterline); Ball: 95% medium black film.
dark yellow on sides; 20% bubbles Tube: 1 00% black film, thin at ball, thick at
(waterline/bottom), bottom, 80% small bubbles on sides.
Tube: 95% thick black film, 40% medium
bubbles on sides. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

7/30/03: Same as above. 7/30/03: Same as above.



794 649

MW116 Duplicate
Sampled 7/22/03

IRB SRB
7/23/03: Solution: Clear at ball graduating to 7/23/03: Solution: Clear.
light yellow at bottom of tube. Ball: 1% thin black film on bottom, 5% small
Ball: 15% small bubbles on bottom, bubbles on bottom.
Tube: 50% small bubbles on sides. Tube: 70% small bubbles on sides.
7/24/03: Solution: dark yellow/light brown. 7/24/03: Solution: Clear.
Ball: 80% small bubbles (waterline and sides). Ball: A few small bubbles and a few black
Tube: Brown film on bottom; 80% small pinpricks on one side.
bubbles on sides. Tube: 40% small bubbles on sides.
7/25/03: Solution: dark yellow/light brown. 7/25/03: Solution: Clear.
Ball: 40% small bubbles (waterline and sides). Ball: About 10 black pinpricks; 8 small bubbles
Tube: I% black film on bottom; a few small on sides; cloudy film ring at waterline.
-bubbles on sides. Tube: 40% small bubbles on sides.
7/26/03: Solution: brown. 7/26/03: Solution: Clear.
Ball: 60% small bubbles (waterline and sides); Ball: 50% thin black film with many pinpricks;
dark yellow ring at waterline. 10% small bubbles on bottom, cloudy film ring at
Tube: 5% black film on bottom; a few small waterline.
bubbles on sides. Tube: 5% black film on bottom; 2% small

bubbles on sides.
* ~~~7/27/03: Solution: dark yellow at ball, light 7/27/03: Solution: Clear.

brown at bottom. Ball: 85% thin black film with several black
Ball: 40% thick black film on bottom, 3 black pinpricks; a few small bubbles on sides; cloudy
spots at waterline; 40% small bubbles film at waterline.
(waterline and sides). Tube: 1 00% black filmn, thin at ball, thick at
Tube: 40% black film at bottom; 30% small bottom; 40% small bubbles on sides.
bubbles on sides.
7/28/03: Solution: dark yellow at ball. 7/28/03: Same as above, except film on ball and
Ball: 70% black film (thick sides/bottom, thin tube thicker.
at waterline); 30% bubbles (waterline and
bottom).
Tube: 90% thick black film; 30% small
bubbles on sides.
7/29/03: Solution: dark yellow at ball. 7/29/03: Solution: Clear.
Ball: 90% black film (thick sides/bottom, Ball: 95% medium black film with several black
medium at waterline); 30% bubbles (waterline pinpricks and a few small bubbles on sides.
and bottom). Tube: 100% black film, thin at ball, thick at
Tube: 90% thick black film; 30% small bottom; 40% small bubbles on sides.
bubbles on sides.
7/30/03: Same as above. 7/30/03: Same as above.



794 650

MW1t8
Sampled 7/22/03

IRB.1 SRB
7/23/03: Solution: Clear at ball graduating to 7/23/03: Solution: clear.
medium yellow at bottom of tube. Ball: 2% small bubbles on bottom.
Ball: 5% small bubbles near bottom. Tube: 10% small bubbles on sides.
Tube: 20% small bubbles on sides. ____________________

7/24/03: Solution: Dark yellow. 7/24/03: Solution: clear
Ball: 60% small bubbles (sides, bottom and Ball: 75% thin black film with thicker spots; a
waterline). Dark yellow ring at waterline, few small bubbles on bottom.
Tube: 75% small bubbles on sides. Tube: 75% small bubbles on sides.
7/25/03: Solution: Dark yellow/light brown. 7/25/03: Solution: clear
Ball: 20% black film on bottom; 60% small Ball: 75% thin black film with thicker spots; a
bubbles (bottom and waterline). Dark yellow few small bubbles on bottom.
ring at waterline. Tube: 50% small bubbles on sides.
Tube: 30% black film at bottom; 50% small
bubbles on sides.
7/26/03: Solution: Dark yellow/light brown. 7/26/03: Solution: clear
Ball: 10% black film bottom; large bubbles on Ball: 85% medium black film; cloudy film at
bottom; dark yellow ring with small bubbles at waterline; a few small bubbles on bottom.
waterline. Tube: 10% black film at bottom); 20% small
Tube: 80% thick black film; 20% small bubbles on sides.
bubbles on sides.
7/27/03: Solution: clear at ball. 7/27/03: Solution: clear
Ball: 50% thick black film sides/bottom; large Ball: 85% black film, medium at waterline/sides,
bubbles on bottom; light brown and small thick on bottom; a few large bubbles on bottom.
bubbles at waterline. Tube: 1 00% black film (thin at ball; thick at
Tube: 95% thick black film; 50% small bottom); 50% small bubbles on sides.
bubbles on sides.
7/28/03: Solution: clear at ball. 7/28/03: Same as above, except film on ball and
Ball: 50% thick black film sides/bottom; large tube thicker.
bubbles on bottom; light brown with a couple
of black spots and small bubbles at waterline.
Tube: 95% thick black film; 50% small
bubbles on sides.
7/29/03: Solution: clear at ball. 7/29/03: Solution: clear
Ball: 50% thick black film sides/bottom; large Ball: 85% thick black film; a few large bubbles
bubbles on bottom; light brown with a couple on bottom.
of black spots at waterline. Tube: 1 00% medium/thick black film; 50% small
Tube: 95% thick black film; 50% small bubbles on sides.
bubbles on sides.
7/30/03: Same as above. 7/30/03: Same as above.



7 94 65 1

MW120
Sampled 7/22/03

IRB SRB
7/23/03: Solution: Clear at ball graduating to 7/23/03: Solution: clear.
light yellow at bottom. Ball: 85% thin black film, 2% small bubbles on
Ball: 5% small bubbles on bottom. bottom.
Tube: 20% small bubbles on sides. Tube: 2% thin black film at ball, 90% small

bubbles on sides.
7/24/03: Solution: dark yellow/light brown. 7/24/03: Solution: clear.
Ball: 40% small bubbles at waterline and on Ball: 80% thin black film with thicker spots;
bottom; medium yellow ring at waterline, cloudy film ring at waterline; no bubbles.
Tube: 10% small bubbles at bottom; brown Tube: 2% thin black film at ball; 80% small
-film on bottom. bubbles.
7/25/03: Ball: 10% thick black film and 7/25/03: Solution: clear.
medium bubbles around middle; dark yellow Ball: 80% thin black film with thicker spots;
ring with small bubbles at waterline. Many cloudy film ring at waterline; no bubbles.
small/medium bubbles on bottom of ball. Tube: 4% thin black film at ball and at bottom;
Tube: black film on bottom; 10% small 80% small bubbles.
bubbles at bottom.
7/26/03: Solution: medium brown. 7/26/03: Same as above. Black film on ball and
Ball: 50% medium black film (sides, bottom); tube at ball thicker.
dark yellow with small bubbles at waterline.
Tube: 50% medium black film at bottom; 90%
sm all bubbles. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

7/27/03: Solution: medium brown. 7/27/03: Solution: clear.
Ball: 50% thick black film (sides, bottom); B all: 95% medium black film; black ring at
dark yellow with medium bubbles at waterline, waterline; no bubbles.
Tube: 90% thick black film and small bubbles. Tube: 1 00% medium black film; 80% small

_____ ____ ____ ____ ____ ____ ____ ____ bubbles.
7/28/03: Solution: clear at ball. 7/28/03: Solution: clear.
Ball: 50% thick black film (sides, bottom);- Ball: 98% medium black film.
dark yellow with medium bubbles at waterline. Tube: I100% black film; 50% small bubbles.
Tube: 95% thick black film; 30% small
bubbles.
7/29/03: Solution: clear at ball. 7/29/03: Same as above.
Ball: 50% thick black film (sides, bottom);
dark yellow at waterline.
Tube: 95% thick black film;, 80% small
bubbles.
7/30/03: Same as above. 7/30/03: Same as above.
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MW122
Sampled 7/22/03

HZB SRB
7/23/03: Solution: Light yellow throughout. 7123/03: Solution: Clear.
Ball: 15% small bubbles, bottom and Ball: 2% thin black film on one side, 2% small
waterline, bubbles on sides.
Tube: 80% small bubbles on sides. Tube: 70% small bubbles on sides.
7/24/03: Solution: dark yellow/light brown. 7/24/03: Solution: clear
Ball: 80% small bubbles (waterline and Ball: 75% thin black film with thicker spots; a few
sides); dark yellow ring at waterline, small bubbles on bottom; cloudy film ring at
Tube: Brown film on bottom; 90% small waterline.
bubbles on sides. Tube: 5% thin black film at ball; 85% small

______ _____ _____ _____ _____ _____ bubbles on sides.

7/25/03: Solution: Dark yellow/light brown. 7/25/03: Solution: clear
Ball: 60% small bubbles (bottom and Ball: 30% thin black film with thicker spots; cloudy
waterline). Dark yellow ring at waterline, film ring at waterline; 5% small bubbles on bottom.
Tube: 10% black film at bottom; 70% small Tube: 2% black film at bottom; 50% small bubbles
bubbles on sides, on sides.
7/26/03: Solution: dark yellow. 7/26/03: Solution: clear
Ball: 20% small bubbles (bottom and Ball: 30% medium black film on sides; cloudy ring
waterline). Dark yellow ring with small at waterline; I% small bubbles on bottom.
bubbles at waterline. Tube: 5% black film at ball and at bottom), 20%
Tube: 30% black film (thin at ball, thick at small bubbles on sides.
bottom); 80% small bubbles on sides.
7/27/03: Solution: clear at ball. 7/27/03: Solution: clear
Ball: 60% black film, thick bottom/sides; Ball: 98% black film, thin on top/sides; medium
30% small bubbles (bottom and waterline); ring at waterline, thick on bottom; 10% small
brown film with black spots at waterline, bubbles on bottom.
Tube: 90% thick black film; 80% small Tube: 100% medium black film; 50% small
bubbles on sides. bubbles on sides.
7/28/03: Solution: clear at ball. 7/28/03: Same as above, except film thicker on
Ball: 80% black film, thick bottomi/sides, thin sides/bottom of ball and on tube.
and mixed with brown at waterline; 10%
small bubbles (bottom).
Tube: 95% thick black film; 80% small
bubbles on sides.
7/29/03: Solution: clear at ball. 7/29/03: Solution: clear
Ball: 98% thick black film. Ball: 95% medium black film.
Tube: 1 00% thick black film; 80% small Tube: 100% black film, medium at ball, thick at
bubbles on sides. bottom; 50% small bubbles on sides.
7/30/03: Same as above. 7/30/03: Same as above.
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MW124
Sampled 7/22/03

IR111 SRB
7/23/03: Solution: Light yellow throughout. 7/23/03: Solution: Clear.
Ball: 15% small bubbles on bottom and at Ball: 1% small bubbles on bottom.
waterline. Tube: 70% small bubbles on sides.
Tube: 80% small bubbles on sides.
7/24/03: Solution: dark yellow/light brown. 7/24/03: Solution: Clear.
Ball: 40% small bubbles (waterline and sides); Ball: 2% small bubbles on bottom,
dark yellow ring at waterline; a few small Tube: 80% small bubbles on sides.
black spots on sides.
Tube: black film on bottom; 80% small
bubbles at bottom. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

7/25/03: Solution: Dark yellow/light brown. 7/25/03: Solution: Clear.
Ball: 10% black film on sides; 60% small Ball: 25% small bubbles and about 10 black
bubbles (bottom and waterline). Dark yellow pinprick size spots. Cloudy film at waterline.
ring at waterline. Tube: 80% small bubbles.
Tube: 50% black film at bottom; 70% small

-bubbles on sides.
7/26/03: Solution: yellow at ball. 7/26/03: Solution clear.
Ball: 50% black film bottom/sides; 30% small Ball: 5% small bubbles and about 5 black
bubbles (bottom and waterline), pinprick size spots (one side) and small bubbles
Tube: 90% black film; 90% small bubbles on (bottom). Cloudy film at waterline.
sides. Tube: 2% black film on bottom; 60% small

bubbles on sides.
7/27/03: Solution: clear at ball. 7/27/03: Solution clear.
Ball: 50% black film on sides and bottom, Ball: 50% thin black film with several black
brown small bubbles at waterline. pinpricks; a few small bubbles (bottom). Cloudy
Tube: 90% thick black film; 80% small film at waterline.
bubbles on sides. Tube: 100% black film, very thin at ball, thicker

_____ ____ ____ ____ ____ ____ ____ ____ at bottom; 60% small bubbles on sides.
7/28/03: Solution: clear at ball. 7/28/03: Solution clear.
Ball: 50% black film on sides and bottom; Ball: 60% medium black film at waterline and on
brown small bubbles at waterline, sides with several black pinpricks.
Tube: 95% thick black film; 50% small Tube: 100% black film, medium at ball, thicker at
bubbles on sides. bottom; 60% small bubbles on sides.
7/29/03: Solution: clear at ball. 7/29/03: Solution: clear.
Ball: 50% black film on sides and bottom; B all: 90% medium black film.
brown small bubbles at waterline. Tube: 100% thick black film and small bubbles
Tube: 1 00% thick black film; 10% small on sides.
bubbles on sides.
7/30/03: Same as above. 7/30/03: Same as above.



794 654

MW10S
Sampled 7/23/030

IRB SlRB
7/24/03: Solution: Clear. 7/24/03: Solution: Clear.
Ball: Clear. Ball: Clear.
Tube: Clear. Tube: Clear.
7/25/03: Solution: clear at ball graduating to 7/25/03: Solution: Clear, yellowish.
yellow at bottom. Ball: 2 black spots, no bubbles.
Ball: Clear. Tube: Clear.
Tube: 1% brown film on bottom; no bubbles. ___________________

7/26/03: Solution: Light yellow throughout. 7/26/03: Solution: Clear, yellowish.
Ball: Clear. Ball: 95% thin black film.
Tube: 1% brown film on bottom; 10% small Tube: 100% thin black film.
bubbles on sides. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

7/27/03: Solution: Light yellow throughout. 7/27/03: Solution: Clear.
Ball: 2% thin black film at waterline. Ball: 95% thin black film.
Tube: 1% brown film on bottom; 10% small Tube: 100% thin black film; 90% small bubbles
bubbles on sides. on sides.
7/28103: Same as above. 7/28/03: Solution: Clear.

Ball: 95% thin black film.
Tube: 1 00% thin black film; 90% small bubbles
on sides.

7/29/03: Solution: Light yellow. 7/29/03: Solution: Clear.
Ball: 5% thick black film at waterline. Ball: 95% thin black film.
Tube: 50% thick black film at bottom; I0% Tube: 100% thin black film; 90% small bubbles
small bubbles on sides. on sides.

7/30/03: Solution: Light yellow at ball. 7/30/03: Same as above.
Ball: 90% black film; thick at waterline, thin
on sides/bottom.
Tube: 1 00% black film, thin at ball, thick at
bottom; 10% small bubbles on sides. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

7/31/03: Solution: Light yellow at. 7/31/03: Same as above.
Ball: 90% black film, thick at waterline, thin
on sides/bottom.
Tube: I100% thick black film; 10% small
bubbles on sides. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



794 655

MW112 SOLUTION IN OUTER TUBE DARK YELLOW
Sampled 7/23/03

IRB SRB
7/24/03: Solution: clear at ball graduating to 7/24/03: Solution: Clear.
dark yellow at bottom. Ball: A few small bubbles on bottom.
Ball: Clear. Tube: 75% thin black film on sides; no bubbles.
Tube: 1% dark brown film on bottom; no
bubbles. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

7/25/03: Same as above. 7/25/03: Solution: Clear.
Ball: I% black film. No bubbles.
Tube: 80% thin black film on sides; 2% small
bubbles.

7/26/03: Solution: dark yellow, darker yellow 7/26/03: Solution: Clear.
at bottom. Ball: 60% thick black film on sides/bottom,
Ball: About 3 black spots on side. cloudy film ring at waterline.
Tube: About 3 black spots on side at ball. Tube: 90% thick black film; 2% small bubbles.
7/27/03: Solution: dark yellow, darker yellow 7/27/03: Solution: Clear.
at bottom. Ball: 85% medium black film, no bubbles.
Ball: About 3 black spots on side, 5% small Tube: I100% black film; 2% small bubbles.
bubbles at waterline and on bottom.
Tube: About 3 black spots on side at ball.
7/28/03: Solution: dark yellow, darker yellow 7/28/03: Same as above.
at bottom.
Ball: About 3 black spots on side; 5% small
bubbles at waterline and on bottom.
Tube: About 3 black spots on side at ball; 20%
small bubbles on sides. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

7/29/03: Same as above. 7/29/03: Solution: Clear.
Ball: 95% thick black film.

________________________________Tube: 100% thick black film; 2% small bubbles.
7/30/03. Solution: dark brown. 7/30/03: Same as above.
Ball: 2% black film, at waterline with small
bubbles.
Tube: 80% black film, pinpricks on sides at
-ball, thick on bottom. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

L7/31/03: Same as above. 7/31/03: Same as above.
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MW1 13
Sampled 7/23/03

IRLB SRB
7/24/03: Solution: clear, medium yellow. 7/24/03: Solution: clear.
Ball: 10% small/medium bubbles (sides, Ball: 70% very thin black film with black
waterline); dark yellow ring at waterline. pinpricks.
Tube: 40% medium bubbles on sides. Tube: 2% very thin black film at ball; 10% small

bubbles on sides.
7/25/03: Solution: cloudy, dark yellow. 7/25/03: Solution: clear.
BalI: 10% small/medium bubbles (bottom, Ball: 70% very thin black film with black
waterline); dark yellow ring at waterline. pinpricks.
Tube: Clear. Tube: 2% very thin black film at ball; 1% small

bubbles on sides.
7/26/03: Solution: dark yellow at bottom. 7/26/03: Solution: clear.
Ball: 5% black film on bottom with small Ball: 80% very thin black film with black
bubbles; dark yellow ring at waterline. pinpricks; cloudy ring at waterline.
Tube: 90% thick black film. Tube: 10% very thin black film with black

pinpricks at ball; I% small bubbles on sides.
7/27/03: Solution: brown. 7/27/03: Solution: clear.
Ball: 95% medium black film, small bubbles at Ball: 80% thin black film with many black
waterline. pinpricks; cloudy ring at waterline.
Tube: 90% medium black film. Tube: 20% black film, very thin with black

pinpricks at ball, medium on bottom; I% small
bubbles on sides.

7/28/03: Ball: 95% black film, thick on bottom 7/28/03: Solution: clear.
and at waterline, thin on sides; small bubbles at Ball: 90% thin black film.
waterline. Tube: 1 00% black film, thin with black pinpricks
Tube: 90% thick black film. at ball, medium on bottom; I% small bubbles on

sides.
7/29/03: Same as above. 7/29/03: Solution: clear.

Ball: 90% medium black film.
Tube: 1 00% medium black film; 1% small
bubbles on sides.

7/30/03: Same as above. 7/30/03: Same as above.
7/31/03: Same as above. 7/31/03: Same as above.



794 657

POST SAMPLING EVENT #14

MW11O
Sampled 8/18/03

_IRB (Red) SRB (Black)
8/19/03: Solution: clear at ball graduating to 8/19/03: Solution: Clear.
greenish yellow at bottom of tube. Ball: 80% very thin black film (sides) with
Ball: 5% small bubbles on bottom. pinpricks.
Tube: 2% small bubbles on sides. Tube: 2% small bubbles at bottom.
8/20/03: Solution: yellow at ball graduating to 8/20/03: Solution: Clear.
greenish yellow at bottom. Ball: 80% thin black film with pinpricks.
Ball: 20% medium black film Tube: 2% small bubbles at bottom.
(bottom/waterline); dark yellow ring of small
bubbles at waterline.
Tube: 20% medium bubbles on sides.
8/21/03: Solution: brown. 8/21/03: Solution: clear.
Ball: 20% thick black film (sides/bottom); dark Ball: 85% thin black film; cloudy film ring at
yellow ring of small bubbles with brown spots waterline; a few bubbles.
at waterline. Tube: 2% small bubbles at bottom.
Tube: 20% medium bubbles on sides.
8/22/03: Solution: brown. 8/22/03: Solution: clear.
Ball: 50% thick black film (sides/bottom); dark Ball: 95% thin black film with thicker spots;
yellow ring of small bubbles at waterline, cloudy film ring at waterline; a few bubbles.
Tube: 95% thick black film. Tube: 2% black film at bottom, no bubbles.
8/23/03: Same as above, except black spots in 8/23/03: Same as above.
yellow ring at waterline.
8/24/03: Same as above. 8/24/03: Solution: clear.

Ball: 90% medium black film; cloudy film ning at
waterline.
Tube: 1 00% black film, thin at ball, thick at
bottom.

8/25/03: Ball: 90% black film, thick on bottom, 8/25/03: Solution: clear.
medium on sides and waterline. Ball: 95% medium black film, black film ring at
Tube: 95% thick black film. waterline.

Tube: 100% black film, thin at ball, thick at
____ ____ ___ ____ ___ ____ ___ ____ ___ bottom .

8/26/03: Same as above. 8/26/03: Same as above.
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MW 110D
Sampled 8/18/03

IRB SRB
8/19/03: Solution: clear at ball graduating to 8/19/03: Solution: clear.
greenish yellow at bottom of tube. Ball: 80% very thin black film (sides) with
Ball: 5% small bubble on bottom. pmnpricks. No bubbles.
Tube: 60% small bubbles on sides. Tube: 2% very thin black film with pinpricks at

ball. 50% small bubbles on sides.
8/20/03: Solution: yellow at ball graduating to 8/20/03: Solution: clear.
greenish yellow at bottom of tube. Ball: 80% thin black film with pinpricks.
Ball: 20% small bubbles at waterline and Tube: 2% very thin black film with pinpricks at
bottom. ball. 2% small bubbles on sides.
Tube: 60% small bubbles on sides.
8/21/03: Solution: yellow at ball graduating to 8/21/03: Solution: clear.
greenish yellow at bottom of tube. Ball: 80% thin black film; cloudy film ring at
Ball: small bubbles on bottom/sides, dark waterline; a few bubbles on bottom.
yellow ring with medium bubbles at waterline. Tube: 2% very thin black film with pinpricks at
Tube: small bubbles one side top to bottom. ball. 2% small bubbles on sides.
8/22/03: Solution: medium brown. 8/22/03: Same as above, except black film
Ball: bubbles at waterline and on bottom. thicker on ball.
Tube: small bubbles one side top to bottom.
Black film on bottom.
8/23/03: Solution: dark brown. 8/23/03: Same as above, except 1% black film on
Ball: 5% black film on bottom, dark yellow bottom of tube.
ring of small bubbles rimmed with brown film
at waterline.
Tube: 90% black film; 3% small bubbles one
side. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

8/24/03: Ball: 1 00% black film thin top and 8/24/03: Solution: clear.
sides, thick on bottom and at waterline. Ball: 100% black film, thin on top and bottom,
Tube: 95% thick black film; 3% small bubbles medium on sides.
one side. Tube: 5% black film, ring of thin at ball and ring

_____ _____ _____ _____ _____ _____ ____ of thick at bottom .

8/25/03: Ball: 98% black film, thick on bottom 8/25/03: Solution: clear.
and waterline, medium on sides. Ball: 100% black film, thin on top and bottom,
Tube: I100% thick black film. medium on sides.

_____ _____ ____ _____ ____ _____ ____ Tube: 1 00% thick black film.

8/26/03: Same as above. 18/26/03: Same as above.
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MW114 Solution in outer tube yellow and many small bubbles.
Sampled 8/19/03

IRB (Red) SRB (Black)
8/20/03: Solution: No darker than outer tube. 8/20/03: Solution: clear.
Ball: Clear (no bubbles). Ball: 1% small bubbles on bottom.
Tube: Thin black film on bottom. Tube: 50% small bubbles.

8/21/03: Same as above. 8/21/03: Same as above.

8/22/03: Solution: medium yellow. 8/22/03: Solution: clear.
Ball: 30% medium/large bubbles. Ball: clear.
Tube: 30% medium/small bubbles Tube: clear.
8/23/03: Solution: medium yellow. 8/23/03: Solution: clear.
Ball: medium yellow ring with black spots at Ball: 3% very thin black film just under waterline
waterline, 5% black film on sides, Tube: 5% small black pinpricks on sides.
medium/large bubbles sides/bottom.
Tube: 10% medium bubbles on sides.
8/24/03: Solution: brown 8/24/03: Solution: clear.
Ball: 95% thick black film, large bubbles at Ball: 90% black film, thick just under waterline,
waterline. thin sides/bottom, cloudy film ring at waterline.
Tube: 100% black film, thick at ball, thin Tube: 100% thin black film, thick at bottom.
sides/bottom, 40% medium bubbles. _____________________

8/25/03: Same as above. 8/25/03: Solution: clear.
Ball: 100% black film, thick at waterline, thin
top/sides/bottom.
Tube: 1 00% thick black film.

8/26/03: Same as above. 8/26/03: Same as above.
8/27/03: Same as above. 8/27/03: Same as above.
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MW105 So lution in outer tube dark yellow.
Sampled 8/20/03

IRB SRB
8/21/03: Solution: Clear. 8/21/03: Solution: Clear.
Ball: Clear. Ball: Small/medium bubbles on bottom.
Tube: 10% small bubbles at bottom. Tube: 75% small bubbles.
8/22/03: Solution: Clear. 8/22/03: Solution: Clear.
Ball: Clear. Ball: Clear.
Tube: Clear. Tube: 2% black film at bottom, 5% small bubbles

at bottom.
8/23/03: Same as above. 8/23/03: Solution: Clear.

Ball: 15% thin black film on bottom.
______ _____ _____ _____ _____ _____ Tube: 90% thin black film.

8/24/03: Same as above. 8/24/03: Solution: Clear.
Ball: 50% thin black film on bottom and one side,
no bubbles.
Tube: 90% black film, thin at ball, thick at
bottom; 60% small bubbles on sides.

8/25/03: Same as above. 8/25/03: Solution: Clear.
Ball: 95% thin black film.
Tube: 1 00% thin black film; 90% small bubbles
on sides.0

8/26/03: Same as above. 8/26/03: Solution: Clear.
Ball: 98% thin black film, very thin on top.
Tube: 100% thin black film; 90% small bubbles
on sides.

8/27/03: Solution: slightly darker than outer 8/27/03: Same as above.
tube.
Ball: clear film ring at waterline, about 10
bubbles sides/bottom.
Tube: 1 % black film at bottom. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

8/28/03: Solution: dark 8/28/03: Same as above.
Ball: 10% large bubbles, 1% spots of medium
black film.
Tube: 2% thin black film at bottom. ____________________
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MW112 Solution in outer tube dark yellow.
Sampled 8/20/03

_IRB SRB
8/21/03: Solution: clear yellow. 8/21/03: Solution: Clear.
Ball: Clear. Ball: clear
Tube: I% bubbles at bottom. Tube: 25% small bubbles at bottom.
8/22/03: Same as above. 8/22/03: Solution: Clear.

Ball: clear.
Tube: clear.

8/23/03: Same as above. 8/23/03: Solution: Clear.
Ball: clear.
Tube: 70% black film, thin at ball, thick at
bottom.

8/24/03. Same as above. 8/24/03: Solution: Clear.
Ball: 50% medium black film on bottom, no
bubbles.
Tube: 90% black film, thin at ball, thick at
bottom; 2% small bubbles.

8/25/03: Same as above. 8/25/03: Same as above.
8/26/03: Same as above. 8/26/03: Solution: Clear.

Ball: 50% thick black film.
Tube: 100% thick black film; 2% small bubbles.

8/27/03: Solution: darker than outer tube. 8/27/03: Solution clear.
Ball: 2% small bubbles at waterline, 1% small Ball: 95% thick black film.
bubbles sides/bottom. Tube: 1 00% thick black film; 2% small bubbles.
Tube: clear
8/28/03: Solution: dark yellow. 8/28/03: Same as above.
Ball: 5% medium black film at waterline.
Tube: I% medium black film at bottom.
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MW1 13
Sampled 8/20/03

IRB SRB
8/21/03: Solution: clear. 8/21/03: Solution: clear.
Ball: clear. Ball: clear, few small bubbles on bottom
Tube: 50% small bubbles on sides. Tube: 10% small bubbles on sides.
8/22/03: Solution: cloudy, dark yellow. 8/22/03: Solution: clear.
Ball: 10% small/medium bubbles (bottom, Ball: 50% very thin black film with black
waterline). pinpricks.
Tube: 1% small bubbles on sides. Tube: 1% very thin black film at ball; 1% small

bubbles on sides near bottom.
8/23/03: Solution: medium yellow. 8/23/03: Solution: clear.
Ball: 10% small bubbles at waterline and Ball: 80% very thin black film with black
bottom. pinpricks; cloudy ring at waterline.
Tube: clear Tube: 10% very thin black film with black

pinpricks at ball.
8/24/03: Solution: dark yellow. 8/24/03: Solution: clear.
Ball: dark yellow ring of small/medium Ball: 80% thin black film with many black
bubbles at waterline; medium bubbles on pinpricks; cloudy ring at waterline.
bottom. Tube: 20% black film, very thin with black
Tube: I% small bubbles on sides. pinpricks at ball, medium on bottom.
8/25/03: Ball: 55% black film on bottom, 8/25/03: Solution: clear.0
brown ring of medium bubbles at waterline. Ball: 90% black film, thin on bottom, medium on
Tube: 90% thick black film. sides.

Tube: 100% very thin black film with black
pinpricks at ball, medium on bottom; 1% small
bubbles on sides.

8/26/03: Ball: 50% thick black film on bottom; 8/26/03: Same as above.
brown ring with black spots and small/medium
bubbles at waterline.
Tube: 90% thick black film. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

8/27/03: Same as above. 8/27/03: Solution: clear.
Ball: 95% medium black film.

_____ ____ ____ _____ ____ ____ ____ Tube: 1 00% medium black film.
8/28/03: Same as above. 8/28/03: Same as above.

40
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