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Executive Summary

This Data Report (DR} is an interim submittal of subsurface physical and groundwater
chemical data collected during the first quarter of 1996. Additional evaluation and
interpretation of the groundwater data including risk assessment, subsurface geological
modeling, and fate and transport analysis will be presented in a subsequent Remedial
Investigation Report. The objective of this groundwater investigation was to achieve 2
better understanding of the aquifer characteristics including direction and velocity of
groundwater flow on a facility-wide basis and the horizontal and vertical extent of
groundwater contamination. Specific objectives are as follows:

« Evaluate the groundwater quality and flow directions west of Dunn Fiald.

* Determine the quality of groundwater flowing onto the Defense Distribution Depot
Memphis Tennessee (DDMT) main installation and Dunn Field.

» Evaluate the suspected area of vertical hydraulic interconnection between the
uppermaost and the underdying confined aquifer.

» Provide geclogic, groundwater flow, and groundwater chemistry data to support the
design of a groundwater extrartion system propesed ai Dunn Field.

To achieve these objectives, 16 new groundwater wells and 2 new geologic test barings
were installed to provide hydrogeclogic and gectechnical data, In addition, 34 new and
existing wells were sampiled and analyzed for organic and inorganic groundwater
conshituents.

Test boring and weil installation west of Dunn Field have provided a general configuration
of the dense clay that composes the base cf the unconfined upper aquifer at DDMT. Across
most of Dunn Field and the northern portion of the main installation, greundwater flow is
largely controlled by the siope of the clay surface which is dominated by a depressed
surface in the ciay. [t has not been determined if this depressed surface is an erosional
feature or a gap in the deposition of the clay.

Volatile arganic compounds (VOCs} detected above preliminary remediation goals (PRGs)
for groundwater include trichlorgethene; tetrachloroethene; 1,1,1-trichlorpethane; 1,1-
dichloroethene; carbon tetrachloride; and 1,1,2,2-tetrachloroethylene. Inorganic constituents
exceeding groundwater FRGs include berylliwm, chromium, copper, lead, and nickel.

The configuration of the organic and inorganic contaminant plumes within Dunn Field and
the main installation are similar to that previously reported by Law (1990) and ESE (1993).
Data collected to the west of Dunn Field indicate that for most constituents the plumes are
bounded by wells MW-40, 42, -43, and -41 (See Figure 1-2}. Low concentrations of organic
compounds in an offsite well at the northeast comer of Dunn Field indicate that the plume
is not completely bounded there,

ORO113630.12. 20004 DOC i
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Inorganic constituents are elevated at Dunn Field and the northwest portion of the main
installation. (verall, the inorganic constituents are lower in the 1996 sampling than during
previous sampling efforts.

Groundwater quality data, regional stratigraphy, and water level data do not indicate that
there is a hydraulic connection between the uppermost aquifer and underlying confined
sand aquifers. Additional investigation will be performed to determine if the upper aquifer
belongs to the regional aquifer, the Confined Sand (Memphis Sand}, or other water
producing sands.

DAD113830,12.20/004.00C -
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1.0 Introduction

Defense Distribution Depot Memphis Tennessee {DDMT) has been placed on the National
Priprities List (NFL) and must fulfill requirements under the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA} and the National Oil
and Hazardous Substances Pollution Contingency Plan {(NCP). The remedial process under
CERCLA and the NCP requires the preparation of a Remedial Investigation/Feasibility
Study (RI/FS) to determine the nature and extent of contamination, to evaluate public
heaith risks, and to screen potential remedial actions.

Previous well installation and groundwater sampling activities (seg Section 1.2) through
1993 indicated the presence of organic and inorganic constituents exceeding levels of
concern in groundwater primarily at Dunn Field, but also at other locations within the main
DDMT facility area. In January and February of 1996, DIDMT expanded the grouncdiwater
marttoring network with additional wells to evaluate the extent of contamination west of
Dunn Field and to provide additional upgradient groundwater quality data. The objective
of this groundwater investigation was to achieve a better understanding of the aquifer
characteristics including direction and velocity of groundwater flow on a facility-wide
basis, the horizontal extent of groundwater contamination in the surficial aquifer, and the
potential vertical extent of contamination into the underlying confined aquifer. Specific
objectives are as follows:

» Evaluate groundwater quality and flow directions west of Dunn Fieid (Operable Unt 4
Fieid Sampling Plan {OU-4 F5F], Section 4).

« Determine the quality of groundwater flowing onto the DDMT main installation and
Dunn Field and develop background censtituent concentrations for groundwater.

» Evaluate the suspected area of vertical hvdraulic interconnection between the
uppermost and the underlying confined aquifers.

» Provide geologic, groundwater flow, and groundwater chemistry data te support the
design of a groundwater extraction system proposed at Dunn Field (CEHND, August
1995).

To achieve these objectives, an investigation was completed that included installing new
monitering wells, collecting and analyzing groundwater and soil samples, and collecting
data on groundwater flow directions and on the hydraulic properties of the aquifers. Details
of the investigation are provided in Sections 2 and 3.

The groundwater field characterization reported in this Data Report {DR) was performed in
accordance with the requirements of the GU-¢ FSF (DDMT, 1995). OU-4 consists of the
former and current hazardous materials storage buildings—Buildings 319, 629, and B35—
and the Defense Reutilization and Marketing Office (DRMO) buildings and stockyards. The
geographical coverage of QU-4 includes an area of suspected interaction between the
Fluvial Aquifer and the Confined Sand Aquifer (Memphis Sand Aquifer); therefore, the
scope of OU-4 was expanded to include sitewide groundwater flow and contaminant

transport.

OAG13630. 1220005000 ¥4
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This DR is an interim submittal of subsurface physical and groundwater chemical data
collected during the 1996 groundwater characterization field effort. Additional evaluation
and interpretation of the groundwater data including risk assessment, subsurface geological
medeling, and fate and transport analysis will be presented in a subsequent RI Report.
Source-term characterization at Dunn Field and other potential sources of groundwater
contamination will also be presented in the RI Report.

1.1 Facility Background

DDMT covers 642 acres of land in Shelby County, Memphis, Tennessee, in the extreme
southwestern portion of the state (see Figure 1-1). Approximately 5 miles east of the
Mississippi River and just northeast of the Interstate 240-Interstate 55 junction, DDMT is in
the south-central section of Memphis, approximately 4 miles southeast of the Central
Business District and 1 mile northwest of Memphis International Airport. Airways
Baulevard borders DDMT on the east and provides primary access to the installation. Dunn
Avenue, Ball Road, and Perry Road serve as the northern, southern, and western
boundaries to the main installation, respectively. Dunn Field, the anly known waste
disposal area at DDMT, is located just north of the main instaliation. Person Avenue, Kyle
Street, and Havs Street serve as the northern, western, and eastern boundaries to Dunn
Field, respectively.

The installation consists of approximately 110 buildings, 26 miles of railroad track, and
28 miles of paved streets. The facility has approximately 5.5 million square feet of covered
storage space and approximatety 6 million square feet of open space.

Past activities at DDMT include a wide range of storage, distribution, and maintenance
practices. Dunn Field has been used as a landfill area (northwest quadrant), storage area for
mineral stockpiles (southwest and southeast quadrants), and pistol range {northeast
quadrant). Activities within the southern portion of the main installation have included
hazardous material storage and recoupment (Building 873}, sandblasting / painting activities
{Buildings 1086 through 1089), and maintenance (Building 770). Other activities
documented to have occurred in this area of the installation include polychlorinated
biphenyt (PCB) transformer storage {near Building 274), pesticide/herbicide storage and
use, and fire truck pump testing (Lake Danielson). The northern portion of the main
installation has a history of hazardous materials storage, treatment of wood products with
pentachlorophenal (Building 727}, and storage of items awaiting disposal. Specific building
and facility locations are provided in Drawings 1 and 2 of the Fina! Generic Remedial
Investigation/Feasibility Study Work Plan (CEHIND, 1995).

DDMT was issued a Resource Conservation and Recovery Act (RCRA) Part B permit

{No. TN4 210 020 570) by the U.S. Environmental Protection Agency (EPA), Region IV, and
the Tennessee Department of Environmental Conservation (TDEC) on September 28, 1550,
Subsequently, in accordance with Section 120 (d){2) of CERCLA, 42 U.5.C. 9520(d)(2), EPA
prepared a final Hazard Ranking System (HRS) Scoring Package for DDMT. On the basis of
the final HRS score of 58.06, EPA added DDMT to the NFL by publication in the Federal
Register (FR), 57 FR 47180 No. 199, on October 14, 1992.

As a resuit of DDMT's status as an NPL site, it was agreed that the investigation of all
applicable sites would proceed under the CERCLA process for remediation (remedial

ORO1 13630, 12.20005.00C 12
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investigation, feasibility study, proposed plan, record of decision, remedial design, and
remedial action).

1.2 Groundwater Characterization Scope

1.2.1 Summary of Previous Investigations

[nitial groundwater investigations took place in 1986 by the U.S. Army Environmental
Hygiene Agency (USAEHA). Groundwater samples were obtained from monitoring wels
(MW}-3, -4, -5, -6, and -7 (see Figure 1-2) in Dunn Field. Additional installation of soil test
borings (5TBs) and wells, groundwater sampling and analysis, and subsurface geologic
characterization were performed by Law Environmental through a contract with the Corps
of Engineers, Huntsville Division (CEHND) in two phases during 1989 and 1990. This study
indicated that the surficial aquifer under Dunn Field was contaminated and that additional
investigation was needed to fully identify contaminant spurce areas and to delineate the
organic contaminant plume. In 1993, Environmental Science & Engineering, Inc. (ESE)
performed a groundwater monitoring study using existing monitoring wells at DDMT. The
study was conducted to assess changes in groundwater quality since the completion of the
R1/F5 in 1990. Additional information on previous groundwater investigations is provided
in Section 2.0 of the Final Generic Remedial Investigation/Feastbility Study Work Plan {(CEHND,
1995).

1.2.2 Overview of the Scape

During the 1996 groundwater investigation described in this DR, 16 new monitoring wells
were installed within the boundaries of DDMT and around the perimeter of the faciity
(MW-40 through MW-55). Eight of the 16 monitoring wells were installed to the west and
northwest of Dunn Field to assess the lateral extent of the contamination plume emanating
from Dunn Field (MW-40, -41, 42, -43, -44, -51, -54, and -55). Three monitoring wells were
located east of Dunn Field to evaiuate upgradient conditions (MW-45, -16, and -45), while
the remaining five wells were placed around the perimeter of the main installation of
DDMT (MW-47, -48, -50, -52, and -33).

Two additional test borings were installed (STB-12 and STB-13) to assess subsurface
geological ronditions and confirm the depth to the base of the surfidal aquifer. Subsurface
soil samples were collected for chemical analysis to evaluate the potential for groundwater
contarninant scurces in offsite locations. Samples were collected from the surficial aquifer
antd the confining unit clay to evaluate geotechnical conditions and other transport
parameters.

1.3 DDMT Hydrogeology

1.3.1 Hydrogeologic Setting

Section 2.4 of the Final Generic Remedial Investigation/Feasibility Study Work Plan (CEHND,
1995) provides a thorough discussion of the regional geologic and hydrologic features
applicable to DDMT. Recent work by Kingsbury and Parks (1993) and Parks and
Carmichael (1988) also provides insight into the hydrogeologic setting. In particular the

CRO113630.12.20/005.0CC 14
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unit called Jackson Formation/Upper Claiborne Group in Parks’ earlier publications has
been further defined. The Cockfield Formation is now recognized as a member of the
Claiborne Group in western Tennessee, Figure 1-3 presents a general cross section of the
Memphis Area extending southwest to northeast across Shelby County. Of the geologic
units shown, the following are applicable to groundwater flow and contarminant transport
canditions at DDMT:

Loess. Loess is a semi-cohesive eolian deposit composed of silt, silty clay, silty fine sand, or
muxtures thereof. It mantles the ground surface over wide areas of the central United States.
It typically occurs above the alluvial (terrace) deposits and is thickest along the bluffs
overlooking the Mississippi Alluvial Plain. Its maximum thickness is reported to be about
65 feet; it thins considerably toward the east. Locally, it may contain thin, discontinuous,
fine sandy layers enclosed within siits and silty clays.

Fluvial (Terrace) Depasits. Quaternary and possibly Pliccene age fluvial deposits occur
beneath the uplands and valley slopes of the Gulf Coastal Flain and are the remnants of
ancient alluvial deposits of cither present streams or an ancient drainage svstem. The fluvial
deposits consist primarily of sand and gravel with minor lenses of clay and thin layers of
iron-oxide cemented sandstone or conglomerate. These fluvial deposits range from zero to
100 feet in thickness and underlay the loess. The thickness is highly variable because of
erosional surfaces at both top and base. Locally, in the Memphis area, the fluvial deposits
mav be absent {Graham and Parks, 1986). This deposit represents the upper aquifer at
DDMT, herein termed the Fluvial Aquifer.

Jackson, Cockfield, and Cook Mountain Formations. The Late Eocene Jackson Formation
and upper part of the Claiborne Group lie benzath the fluvial {terrace) deposits. The upper
Claiborne consists of the Jackson, Cockfield, and the Cook Mountain Formations. Because of
lithologic similarities, the Jackson Formation and the Cockfield Formation cannot be
reliably subdivided in the subsurface of the Memphis area. The Jackson/Cockfield
Formations consist of sand, silt, clay, and lignite beds. The preserved sequence is
predominantly Cockfield, but in the northwestern part of the Memphis area the Cockfield is
overlain by the Jackson Formation (Kingsbury and Parks, 1993). The Cockfield Formation is
typically composed of clay and silt in the upper part and sand in the iower part, although
locally this may be reversed (Parks and Carmichael, 1988). Lignite beds, up to 10 feet in
thicknass, occur in the clays, silts and sands. The base of the Cockfield Formation is fauited,
and dips to the west at a rate of 10 to 40 feet per mule.

The thickness of the Jackson Formation is reported differently in the literature. Kingsbury
and Parks (1993) report a range of zere to 50 feet, while Parks and Carmichael (1988) report
a thickness ranging from zero to 150 feet. Where the Jacksen Formation is present, the
Cockfield may be fraom 235 to 270 feet in thickness. In other places extensive erosion caused
the thickness to be highly variable. The Cockfield is generally an unconfined water-table
aquifer (Parks and Carmichael, 1988), and provides water for some public and industrial
uses.

The Cook Mountain Formation is the lower confining unit to the Cockfield and generally
consists of ¢lay, silt, and sand. Kingsbury and Parks (1993) report a range of zero to 50 feet
in the Memphis area, while Parks and Carmichzel {1988) report a thickness ranging from
zero to 150 feet over the West Tennessee area.

ORO113630.12.20005.000 18
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Memphis Sand {”500-foot sand”}. The widespread terrace deposits cf the Memphis Sand
were deposited during the Middle Eacene when streams carried extensive quantities of
sand and gravel into the Mississippi embayment area. The Memphis Sand unit is composed
primarily of thick bedded, white to brown or gray, very fine-grained to gravelly, partly
argillaceons, and micaceous sand. Lignitic clay beds constitute only a small percentage of
total thickness. The Memphis Sand ranges from 500 to 890 fzet in thickness, and the depth
to the top of the Memphis Sand Aquifer in the area ranges from approximately 120 feat to
300 feet below ground surface. It is thinnest in the northeastern part of the Memphis area in
northwestern Fayette County, Tennessee, and thickest near the Mississippi River in
southwestern Shelby County, Tennessee. The City of Memphis obtains its drinking water
form this aguifer. The base of the Memphis Sand dips to the west at a rate of 20 to 50 feat
per miie.

Graham and Parks {1986) present several lines of evidence to suggest that the Jackson
Formation/Upper Claiborne Group is not laterally continuous throughout the Memphis
area. In some areas, the Memphis Sand is directly overlain by the alluvial or fluvial
deposits, permitting the downward vertical leakage from shallow water-bearing zones into
the regional aquifer.

Cross-sections presented in Kingsbury and Parks (1993) provide useful information about
the regional geology in the Memphis area. Well Sh:J-104 is less than 2 miles due west of
DDMT (see Figure 1-4). It shows an approximate 75-foot thickness of Loess and Fluvial
deposits, undertain by a 40-foot thickness of the Cockfield Formation. The Cook Mountain
Formation is approximately 75 feet thick at this site, and is underlain by the Memphis Sand
at elevation 45 feet mean sea level (msl). The Memphis Sand is several hundred feet thick in
this weil,

Well Sh:]-167, which is about bwo miles to the southwest of the southwest corner of the
main installation (see Figure 14}, is on the upthrown side of the fault described below. Itis
also north of Nanconnah Creek. It shows an approximate 100-foot thickness of L.oess and
Fluvial deposits, and nc Cockfield Formation. However, approximately 70 feet of the
confining Cock Mountain Formation are encountered before the top of the Memphis Sand
at elavation 85 feet msi.

A northwest-southeast trending fault is also shown passing through the Allen Wellfield
{Kingsbury and Farks, 1993) The downthrown side is to the northeast. Where the
formations have been offset along a fault plane, the Cockfield aquifer and Memphis Sand
aquifer could be in direct hydraulic connection, if the offset was greater than the thickness
of the Cook Mountain Formation. In the vicinity of Allen Wellfield it appears that the
Memphis Sand has been offset by about 30 to 40 feet, and the thickness of the Cook
Mountain Formation is 70 to 75 feet.

1.3.2 DDMT Site-Specific Hydrogeoclogy

DDMT is underlain by a layer of loess about 20- to 30-feet thick. The lower saturated
portion of the underlying terrace deposits is locally referred to as the Fluvial Depesits
Aquifer (herein referred to a5 the Fluvial Aquifer}), which is the uppermost aquifer beneath
DDMT. Perched groundwater also exists in the terrace deposits above small clay lenses at
elevations above the Fluvial Aquifer. However, these perched water zones are temporal and
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are not considerad part of the Fluvial Aguifer; The Fluvial Aquifer is not used as a drinking
. water source within the City of Memphis.

The upper portion of the Jackson Formation/Upper Claiborne Group, which serves as the
base of the Fluvial Aquifer, generally consists of a high-plasticity clay of variable thickness.
The depth to the top of the confining unit at OU-4 ranges frem about 70 feet below land
surface to about 160 feet bis in the northwest portion of Dunn Field, where a depression in
the top of the clay exists. The maximum thickness of this unit is 85 feet in the northwest
portion of Dunn Field (STB-6, Drawing 1 of the OU-4 FSF). The clay thins in the northwest
porton of the main facility (STB-8, Drawing 2 of the O-U4 F5P) to 5 feet of sandy, silty clay
and 9 feet of interbedded silty clay and fine grained sand.

The base of the Cockfield Formation has been mapped at an approximate elevation of

122 feet msl in well Sh:]-104. Extrapolation to wells MW-36 and MW-37 show that the base
of the Cockfield should occur at elevation 145 feet msi for both wells. Review of the
lithologic logs for these wells shows a change in formation at elevation 143 feet msl for
MW- 36 and elevation 145 feet ms] for MW-37, from a dense silty clay to a sandy clay;
possibly signifying the gradation from the Cockfield to the Cook Mountain Formations.

The altitude of the top of the Memphis Sand was also mapped by Kingsbury and Parks
(1993). At well Sh: ]-104, the top is at elevation 46 feet msl. Extrapolation to MW-36 and
MW-37 shows an approximate elevation of 82 feet and 93 feet, respectively, for the top of
the Memphis Sand. Wells MW-36 and MW-37 encountered sands at elevations 128 and
125 feet msl which is approximately 46 and 32 feet above the projected top of the Memphis
Sand, respectively. Thus based on regional stratigraphic information, the lower sand units
. at DDMT ceuld belong to the Cook Mountain Formation rather than the Memphis Sand.
Because it is uncertain whether the confined sand aquifer underlying the Fluvial Aquifer is
the Memphis Sand {as has been assumed in previous DDDMT documents), the undetlying
sands will be raferred to in this report as the Confined Sand Aquifer.

Groundwater flow in the Fluvial Aquifer is controlled primarily by the orientation of
erosional paieosurface of the upper clay in the Jackson Formation/Upper Claiborne Group.
As discussed in Section 3.3, groundwater flow generally follows the slope of this clay unit.
A prominent feature of the Fluvial Aquifer flow system is a generally northwest-southeast
trending depression in the cdlay surface (see Figure 3-3) located in the northwest portion of
the main facility. The depressed clay surface may result from either an erosional surface in
the clay surface or a sand lens within the clay that comprises the Cockfield Formation of the
Upper Claiborne Group. The proundwater flow direction across the main installation and
southernmost portion of Dunn field is contrelled by this feature.

The general orientation of the faults mapped in the Memphis area (Kingsbury and Parks,
1993} is to the northwest/southeast. It is likely that the orientation of the depressed feature
is fault controlled. It has not been determined if the depressed day surface results from
paleocerosion or absence of the clay.

QR 13630.12 200005, DOC 1-10
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2.0 Summary of Field Methods

2.1 Waell Installation

All monitoring wells were drilled and installed using the Rotasonic drilling technique. The
process combines vibrational and rotational forces to advance the drill pipe into the
borehole. The boreholes were drilled by advancing two lines of drill pipe {see Figure 2-1).
A studded drill bit was attached to the base of the core barrel, which has a 4-inch inside
diameter (I.D.) and & 4.5-inch outside diameter (O.D.). The 10-ioot core barret was
connected to the 4 5-inch O.D. inner drill pipe and was advanced to the desired depth using
high-frequency vibration and rotation, forcing a relatively undisturbed. continucus core
into the core barrel. When the core barrel reaches the desired depth, a larger outer drill pipe
(6.25-inch O.D.) was advanced along the outside of the core barrel to the same depth. The
larger pipe is left in place to hoid open the borehole while the inner drill pipe, core barrel,
and sampie are retrieved. The core sample is extruded from the core barrel using vibration
or hydraulic pressure, with the core barrel always driven ahead of the outer drill pipe to
ensure representative sampling. At wells MW-40, -11, -42, -49, 54, and -55, thin-walled
Shelby tubes were inserted into the base of the Fluvial Aquifer for analysis of geotechnical
parameters. Water was added during the advancement of the outer drill pipe, when
needed, to flush out cuttings in the annular space between the inner and outer drill pipes or
to flush out cuttings at the bottom of the borehole after the sample is retrieved.

Boreholes were drilled to the base of the Fluvial Aquifer (uppermost clay in the [ackson
Formation/Upper Claibome Group) with minimal drilling into the confining unit clay. The
only exception was well MW-43, which encountered a well-cemented ferruginous
sandstone at a depth of 104 feet below ground surface at an elevation of 181 feet msl. The
boring core indicated that the unconsolidated fluvial sand above the ferruginous sandstone
was moist, suggesting that the ferruginous sandstone was the base of the Fluvial Aquifer.
However, MW-43 never produced any water after the well was completed.

2.1.1 Welt Construction

Monitoring wells were constructed using 2-inch 1.D. Scheduie 40 polyvinyl chloride (PVC)
casings and 0.010-inch well screens. Monitoring wells were installed as follows.

Once the borehole was completed to the top of the confining urit clay, the inner core barrel
was removed leaving the outer drill pipe to hold open the borehole. Any penetration into
the confining unit clay was filled with chipped bentonite vibrated in place with the core
barrel. A small ampunt of sand {usually t foot) was poured down the borehole to provide a
firm base for instailing the monitoring well. The well casing and screen were then installed
through the outer drill pipe. A sand pack (20/40 silica sand) was then poured around the
well screen to 2 feet above the top of the well screen. The inner core barrel was vibrated
during sand pack installation to avoid bridging of sand grains. The borehole was then
grouted using a high-solids bentonite clay to within 2 feet of the ground surface using side
discharge tremie pipe. The outer drill pipe was then removed and the site restored to its
original conditions. Appendix A contains copies of the boring logs.

ORODY12630,12,20705.00C 2-1
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2.1.2 Well Completion

The grout in the borehole was allowed to cure for a minimum of 24 hours before the
concrete surface pad was instatled. The well pad used for all wells was 3 feet by 3 feet by

6 inches deep. The finished pad was sloped so that drainage flows away from the protective
casing. A steel tamper- and traffic-resistant flush mount protective vault was instatled over
the well casing. A vented lockable well cap was installed on all wells. The wells were locked
with weather-resistant padlocks that were all keyed alike. Appendix B contains copies of all
well completion logs.

2.1.3 Well Development

Monitoring wells with sufficient saturated thickness were developed using a
decontaminated GrundFos Rediflo submersible pump. Wells were developed by
overpumping with submersible pumps until the water was clear and free of suspended
solids, Wells MW-41 and ~46 had low saturated thickness and were developed using
decontaminated Teflon bailers. MW-13 was not developed because it was dry. Table 2-1
presents a summary of the well construction including pertinent lithologic details.
Appendix C contains copies of all well and sampling development logs.

2.1.4 Slug Testing

Slug tests {using the pneumatic method) were performed on 12 of 16 newly installed
monitoring wells. A pneumatic slug testing method was chosen because of expected high
values of hydraulic conductivity to be encountered within the Fluvial Aquifer (13" to

10° centimeters per second jem/sec]). With manual slug insertion methods, high values of
hydraulic conductivity resuit in rapid recovery of water levels that can lead to significant
“noise” in the early time data and erroneous interpretation of the well recovery curve {(see
Appendix D). The pneumatic method essentially uses compressed air as the slugging agent.
The well is sealed at the surface, and the air is injected into the well. The increased pressure
head of air on the water column forces the water downward by a distance equivalent to the
air pressure supplied. As the water level is forced downward, it escapes from the well via
the screen and filter pack and enters the aquifer. After the water level has equilibrated in
the well, the seal is reteased and the level of recovery is recorded using a pressure
transducer. Figure 2-2 presents the configuration of the pneumatic slug testing device.

Four wells (MW-41, -42, -43, and -55) could not be tested because of water levels below the
top of the screen. The pneumatic method requires that the water level be above the top of
the screen so that compressed gases do not escape into the formation. In addition, the
wetted length of the screen in these wells ranged between 3 and 5 feet. This thickness was
not adequate to accommodate the pressure transducer and a standard solid slug required to
perform the test.

2.2 Soil Chemical Analysis

Soil samples were collected from the well boreholes in the northwest investigation area
where surface 5ol contamination from potential non-DDMT offsite sources could be a
factor in the extent of the groundwater piume. Soil samples from the northwest

ORO113630.12.20005.00C -3




Tabls 2-1 il
Well Construction Surnmary
ODMT Groundwater Charaetarization
fm}
prlling Wall Dapth to Screened Pack
Wall ™ b+ Clay Infarvad Intanvl
No. (4 bos) (it bga) {f1bgs) i bgs) (H bqs}
2 &9 [ NA, 65.5-56,5 5565
3 85,5 §2.5 M, 70-80 &H3-82.5
10 71 71 A, 53-47 55.5-71
11 as 85 MNA, &B-83 &5-88
12 a7 87 MA 4984 57-87
13 83 83 NA futi: ] 44-83
14 80 a0 72.5 f5-80 £3-80
15 81 81 NA £63-78 SE-81
1s} 75 75 75 hHE-23 48-75
17 Q5 5 Q4 7892 71-958
] 140 140 A 123-138 45-140
19 Gt "] 90 B3-53 7398
20 1005 100.5 A 283-58 80.5-100.5
21 10R.5 109.5 A 92307 B5-i00.5
22 108 108 A 5103 23-107
23 114 114 MA 101-111 e-114
24 115 115 1147 27-112 33115
25 &1 21 a0.7 &2-19 3381
26 110 110 110 p8-108 @540
{27 94 9d b 769 7404 |
25 ol &2 a0 S4-69 4758
1 Pl 54 5d NA 34-5b4 22-54
3D 5 50 &4 205 ID-59 ]
al jQ 70 76.3 6d-79 51-79
32 o8 48 &85 5368 44-68
K] &0 &) o] A5-6 IV-50
34 157 157 158.3 137-157 al-157
b 15 XA 20 .5 090 57-90
3 209 2 %0 192207 5429
k¥ 183 183 /0 16&-181 91,5183
28 155 155 QR.5 140-155 8¢.5-155
38 114 114 NA, 95.5-115.5 75114
40 785 G5 Q5 8595 B2-96
41 75 &7 &7 5767 S1-08
42 875 5 5 AG-5 80
ik} 104 9 NA -5 85-100
44 A5 14 i Hd-74 A51-75
45 _75 &8 70 5B-68 S4-65
45 7.5 72 73 b2 12 59-73
a7 125 120 120 110120 107-121
48 105 5. 4.5 B4-04 31-95
] R2.5 ] 1) 80-90 7791
50 idh 124 125 114124 111-126
a1 70 85 _ 04.5 5545 5268
| 52 105 104 104 2d4-104 20.5-105
53 Bh 2.5 a3 72.5-82.5 6A.5-82.5
Sd 101 Q4.5 35 B4.574.5 B1-25
&d-74 61-7a

n_gs = feat below ground surface

toc = feet below top of cosing
icoble
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2 5 B 2 B Stuaany OF FIELD METHODS

investigation area were taken near the base of the loess to evatuate whether potential
surficial contaminant sources had leached at depth.

Soil samples were collected using a 10-foot core barret during Rotasonic drilling. Soil
samples were also taken in response to velatile organic compound (VOC) field-screening of
the continuous Rotasonic core. Samples were cellected by advancing the 4-inch LD, core
barrel ahead of the outer drill pipe to the desired depth. The soil core was extracted from
the core barrel into a plastic sleeve. The soil sample was extracted directly from the core
barrel using a decontaminated stainless-steel spoon. VOC samples were collected first and
placed directly into the appropriate sampling containers. The remainder of the soil core
sample was placed into decontaminated stainless-steel bowis and thoroughty mixed.
Samples for semivolatile organic compounds (SVOCs), pesticides/PCBs, herbicides, and
metais were collected from the homogenized soil and placed in the appropriate sampling
jars.

2.3 Geotechnical Analysis

Scil samples were collected from groundwater well boreholes for geotechnical parameters
(grain size, moisture, Atterberg limits, and triaxial permeability). Samples were collected for
grain size and moisture content from the saturated zone of the Fluvial Aquifer. These
sampies were collected directly from the Rotasonic barrel using decontaminated stainless-
steel spoons and placed in ziplock-type bags. The samples were then shipped to Christian,
Carmichael and Associates, Inc., Montgomery, Alabama, for gectechnical analysis. In
addition, geotechnical samples were collected from the Jackson/Claiborne confining units
using Shelby tubes and analyzed for Atterberg limits, grain size, moisture, and triaxial
permeability.

Once the desired drilling depth was reached, a decontaminated Shelby tube was placed on
the inside of the core barrel. The Sheiby tube was then lowered to the bottom of the
borehole. Using the drilling rig, the Shelby tube was pushed into the undisturbed sail to its
full length or to refusal. The tube was removed from the borehole and sealed at both ends
with end caps and wax. Table 2-2 presents a surnmary of sample locations, intervals, and
geotechnical analyses performed. Appendix E presents the laboratory data for the
geotechnical analyses.

2.4 Surveying

Sixteen wells and two boreholes were surveyed by a CH2M HILL staff licensed professional
surveyor. Control disk, top of casing, and ground surface elevations were based on North
American Vertical Datum and tied to a National Gendetic Survey benchmark A-308 (1995).
The horizental coordinates of the control disk and well casing are based on the Tennessee
State Plane System, North American Datum 83/93 and are tied tc the Corps of Engineers
monuments T1-1E (1975), T1-1G (1875), and T1-1H (1975), all located within the

DDMT boundary. A drawing showing new well locations and survey coordinates along
with copies of field notes and survey calculations are included in Appendix F, Figure F-1.

QRO13630.12.20/005.000 24
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Table 2-2
Geatechnical Sampios
DDMT Groundwater Characterzation

[ Wall Na. Old No.® Tfime Dapth Analyss HMu {ppm)
MwWa1 ¥ 1530 &5 - &7 graln size, Atterberg, moisture contant 0
MwA42 N 1520 57 - 59 groin size, molsiure cantent 2&4d
MW43 L 1635 100 - 102 groin sirs. moisture content dto?
W44 A 1423 77 grain size. moisture content a
MWAaS C 1255 a8 - 70 giain sre. moisture contant a
WS B 1515 7i-73 Allcgalinthy 1
MW7 H 1505 F17.5-11B.5 N siZze, moghrs contant 1]
MWAH | 1510 Q35 -4 5 qrain size, mashureg content 4]
MWAY D 1505 B8 - 90 Alglinity 4]

1 WSO E 1830 120 - 125 arqin slze, moisturg content a
hAWE1 A 1800 55 - 80 grain 2o, moisiure content 0
Mw52 o 1530 102 - 104 Qrain siza. molsture content 0
W53 E 1005 B2 - 83 groin size. moistura content g
MwSd J 1545 53-.95 groin size. moisturg conifent g
MW3S L 1315 73-74 arain size, moistuie conient 9]

POld well iD refers to the criginal well igentification pronasea in the OU-4 FSP,

Notes:

Al somples wete colectsd from tha well screen interval within thg saturoted rong of the Fluvial Aquifer.

|@T==Du"5 per milllgn

QORO113630.12.20/009.5L5

27




2 5 B 2 8 SUMMARY CF FELD METHODE

. 2,5 Groundwater Sampling

Groundwater samples were collected in accordance with EPA Region IV Standard
Operating Procedures (SOPs) and DDMT Project Instructions (CH2M HILL, 1995).

In general, wells were purged using a decontaminated GrundFos submersible pump or

a decontaminated disposable Teflon bailer for 3 to 5 well volumes or until the field
parameters (i.e., pH, temperature, conductivity) stabilized. If a submersible pump was used
to purge the well, samples for parameters other than VOCs were first collected directty
through the pump discharge tubing. The pump was then shut off and removed from the
well. The well was allowed to recover for a minimum of 5 minutes, then a decontaminated
disposable Teflon bailer was lowered into the well to collect a sample for VOCs.

For wells purged using disposable Teflan bailers, samples for VOCs were first collected
after purging followed by other weil-specific parameters. Appendix C contains copies of all
the monitoring well purge and sampling logs.

Fifty monitoring wells were sampled for various parameters during the groundswater
investigation. Table 2-3 presents a surnmary of wells sampled, parameters analvzed, and
field parameters and purge information. Field parameters were taken during well purging
using a Horiba U-10 for the following parameters: pH, temperature, conductivity, dissolved
oxygen (DO, turbidity, and salinity. '

Thirty-seven of the 50 monitoring wells were purged and sampled (for parameters other
than VOCs) using GrundFos submersible pumps. All VOCUs were collected using

. decontaminated disposable Teflon bailers. Thirteen monitoring wells (MW-2, -4, -5, -9, -12,
-14,-15, -19, -32, 41, -42, -45, and -55) were purged and sampled using decontaminated
dispusable Teflon baiiers because of low-well volume or mechanical pump problems. Two
wells (MW-12 and -35} were sampled in Level C protocol. Prior to sampling, wellhead
readings using an HNu were taken on adjacent wells MW-12 and MW-35. Wellhead
readings were 35( parts per million (ppm) and 410 ppm, respectively, with 3 ppm within
the breathing zone. The HNus were recalibrated to check for equipment error; similar
readings were obtained at the wellhead. After discussion with project managers from
CH2M HILL and CEHND, the decision was made to sample wells MW-12 and MW-35 in
Level C using full-face respiraters and volatile organic air purifying cartridges. An
exclusion zone was set up around the wells, and two members of the sampling team
conducted the sampling in Level C protocol under the direct guidance of the Site Safety
Coordinater.

ORO113530. 1220005 DOC 24
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3.0 Sampling Results

3.1 Hydraulic Conductivity

Hydraulic conductivities were calculated from the slug test data using the Bouwer-Rice
solution encoded in the AQTESOLYV aquifer test software (Duffield, 1993). The Bower-Rice
solution is applicable to unconfined aquifers with full or partaily penetrating weil screens
(Kruseman and de Ridder, 1990). Hydraulic conductivity values measured from wells
installed in February 1996 ranged from a high of 2.3 x 107 cm/sec (MW-48) to a iow of

5.4 x 10” e/ sec (MW-40) with a mean value of 7.8 x 10" cm/sec for all 12 wells tested.
Water lavels within the slug tested wells recovered in less than 1 munute for most of the
wells tested with the exception of MW-40 and -30, which recovered within 5 minutes each.
Overall, there is order-of-magnitude agreement between hydraulic conductivities estimated
by the grain size distribution {see Tabie 3-1} and those measured by siug testing. An
exception is at MW-50 which has 44 percent gravel in the Ftuvial Aquifer and one of the
lowest hydraulic conductivities. Values from existing wells MW-25 and MW-26, west of
MW-50, are aiso low.

Fluvial Aquifer hydraulic conductivities from previous investigations (Law, 1990} together
with those measured in February 1996, are shown in tabuiar and graphical formats in
Figure 3-1. The combined data show two areas of relatively elevated hydraulic conductivity:
(1) Dunn Field and adjoining eastern area and {2) the southwest porton of the main
installation. Both areas carrespond to gently dipping surfaces in the confining unit clay
discussed in Section 3.4.

3.2 Geotechnical Analysis

Resuits from the geotechnical analysis for the Upper Claiborne/Jackson Confining Unit
indicate that the formation is a very tight clay with vertical hydraulic conductivities ranging
from 2.5 x 107 em/sec to 2.4 x 10° an/sec. US. Geological Survey (USGS) classification
indicates that the confining unit is a “CL,” a low-plasticity clay unit with porosities ranging
from 39.8 to 44.2 percent. The results also indicate that the clay confining unit is composed
mostly of silts and clays (68.9 to 974 percent) and a lesser amount of fine sands {2.6 to

31.1 percent).

Omn the basis of these geotechnical resulis, the Fluvial Aquifer is composed mosty of
medium-grained sand-sized particles with some silt and gravels. Percent total sand varies
from 52.4 to 97.4 percent. Slug test results conducted on all Fluvial Aquifer wells yielded
values ranging from a high of 1.0 x 10% tm/sec to a low of 7.7 x 10 cm/sec. These results
are consistent with published values for clean to silty sands {Freeze and Cherry, 1979; p. 29).
Table 3-1 summarizes the geotechnical analyses performed.
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SAMPLING RESULTS

3.3 Soil Results

Table 3-2 summarizes the boreholes sampled, sample intervals, HNu detections, and
analyses performead. Soil contaminant detections are presented in Table 3-3. The 74- to
75-foot below ground surface soil interval from test boring STB-12 had detections of
fluoranthene, pyrene, and dieldrin; however, a groundwater sample was not obtained from
this boring. The s0il sample from the 29- to 30-foot below ground surface intervai at well
boring MW-43 contained an estimated 4,4'-dichlorodiphenyltrichlorvethane (4,4°- DDT)
detection of 4.2 micrograms per kilogram (pg/kg). 4,4-DDT was not detected in the
groundwater sample frem well MW-43. Detection of these compounds at this depth is
anomalous, since they are relatively immobile and were not detected in the underlying
groundwater. The 4,4-DDT at MW-43 was associated with a 7 ppm HINu detection, but no
volatile compounds were detected in soil.

3.4 Fluvial Aquifer Configuration

As discussed in Section 1.3, the unconfined Fluvial Aquifer is bounded below by the hugh-
plasticity clay af the Jackson Formation/Upper Claiborne Group and above by the water
table. Tap of clay measurements were made on newly installed wells MW-40 through
MW.-55 and test boring STB-12, in accordance with the lithologic characterization of the
continuous Ratasonic cores. Groundwater levels from all DDMT wells were measured on
February 14, 1996. Top of clay and groundwater table elevations for all wells are
sumrnarized in Takble 3-4.

Figure 3-2 shows a contour map of the top of the Jackson Formation/Upper Claiborne
Group (base of the Fluvial Aquifer) based on top of clay elevations obtained from all DDMT
wells. The highly variable nature of the clay surface is interpreted to be due to post-Eocene
erosion and is not atypical relative to that observed at the Allen Wellfield, approximately

2 miles west of Dunn Field (DDMT Generic RI/FS Work Plan, Figure 2-17). The clay generally
slopes to the south and northwest from an elevated level east of Dunn Field (about 235 feet
msl); however, the surface is complicated west of Dunn Field by a prominent depression
that begins near well MW-38 and extends to the northwest. The lowest porfion of thus
feature was observed at MW-34 at an elevation of 142 feet msl. The break in slope
demarcating the rim of this channel begins at an elevation of approximately 200 feet ms!.
STB-13 was continuously cored and logged to a depth of 120 feet (171.75 feet msl) without
encountering the base of the Fluvial Aquifer, thus confirming that it is depressed at MW-34.

The specific orientation of the feature has not been established because there is only partial
well control at MW-43. As discussed in Section 2.1, MW-43 was not drilled to the top of
day, but nonetheless the clay was not encountered above an elevation of 180 feet msl,
indicating that it is depressed here. The clay surface is also low at MW-54 (199 feet msl) and
at MW-44 {190 feet msl), indicating the presence of a northeast-southwest trending
depression in the clay, although not as deep as the one intersecting MW-24 and MW-38.

Another high in the clay surface occurs between MW-35 and MW-41, The clay slopes
steeply to the north toward the channel and at 2 more gradual gradient to the sputh.
Although there is not much well control in the center of the main installation. well data
from the main installation perimeter indicate that the clay slopes to the scuth and
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Table 3-2
. Soll Sampling Sumrmary
DOMT Groamdwotet Charactandzetion
HNu
Sampla No. | _Dale | Location (b | Old No. | Depth dibgyy | (eem) Anatysis QARG
SBETEI2N? | S-jam STE-12 MA p.2 0 IvOC. SvOC, PastfPCH. Horb, Matak  |[Dup. Spit. RSDO!
SBSTE127S | 9-Jan 5TB-12 M 74-75 0 |WOC, SVOC, Pest/PCP. Herb, Matalz  |35/MSD, Loved 3
SBMWwaZZ3 | 13-Jan MwWa2 N 73 .24 0 wOC, 3WOC. Pesl/PCA Herb, Metos
SEMWAIR | 14.1an MWa3 L 26 -30 i___VOC. SVOC. Pest/PCR. Hem, Moot
SEMWAA1S | |5Jon hAWwrad M 18-20 2 WOC, SVOC, Pest/PCD. Hers Metals
SomMwS119 | 2H-Jan MWS1 A 15 . 20 0 |VOC. EVDC. PestiPCE. Hem, Motos  [RS004
SAMWSATZ | %.Feg MIWSA d 7677 0 IvoC. 5WOC. Pest/PCB. Hem, Muotots
SEMWSS1Y 10—;9!:1 MIWSS u 32-22 1] VOO, SVOC, Pest/PCB. Hab, Masals !
Bies:

NA = nar opplicosie
> = tuglicare sompie
Bolit = Ay Corp of Engingens splif sampia

E = SOUIRMENT insgote sammole
- L A

RO 2 20r006.XLS

Table 3-3
. SVC Parfickdde Rasutts in Scil
. DDMI Groundwatsr Characterizmiion
Wall Na. Sampia No. Depth (i - bgs) Paromeler Conconimation (ug/kg)

STB12 SBSIB1202 74-75 Flucronthene 5d.)

STB12 SBSTB12072 14-25 Pyrene 53.J

5TR1Z2 SESTR1202 F4-75 Clekdrn B
SEMWAZY 2210 4.4 D01 4.2 J

QRO 1 3530,12.20/008.05
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Tobie J-4
. Walar Lgvel ond Top of Confining Unkt Elgvotinns
ODMT Growmchwmtor Chomcterzofion
Catimarad fop of
Wall / DTW (It | Cepito Top | Qround Canfinlng
Barng below | of Contining | Surface | TOC aow Layer
NG, | GldNo.| TOC) Layet (it} ! Elevation) Elevation| Elevallon ) Elsvation Commants
2 HA Dry NA HA NA NA NA
3 MNA E.‘iﬂ MA MNA NA MNa MNA
F] NA 7223 HA NA HA HA MA
5 HA 78.71 NA Ly HA HA [
a9 MNA B4, 10 MNA MA MHA A MNA
7 HA 50.01 NA MNA HA A NA
-] MA 50.54 MA 282,74 NA 231.80 [Ty
q MA 73.58 NA 04 .65 My 230 84 MNA Heplaced cap
0 HA £0.21 NA 286.56 NA 228.75 WA
11 MA ¥1.60 WA 295,59 Na 227.99 WA
i2 A 73.14 M 301.40 WA 228.26 N Heplaced can
13 NA J0.25 KA 299,595 NA 229.70 Ha —
[ M 7288 TH.50 302,34 B A 220 46 223.94 Feplacan can
[ [ A5.58 MNA 2495.23 M A& 228.25 A
I hA 58.06 75.00 Q.15 MA 242141 225.18
17 A dry Ga,00 ng.aa L] Hi, 222.18 1Dy wall
18 NA 135.32 A 30825 A 172.83 I A Repacen cap, neens new TOC
1% HNA a7.22 90.00 29036 MA 203,64 200.86
20 HAa Bay Na 2A519 MA 201.07 A
21 MA 43 0% A 205.11 MA 202.0F NA
22 A 95.82 A i 29806 MNA 202.14 MNA
23 HA 98,25 WA, | 28804 MA 200.75 MNA
24 NA 105,34 114,70 | 708,57 A 153.21 18 87
5 NA 72,34 E0.70 2103 NA 397,97 185 61
P2 NA 0395 110.0¢ 300 68 HA 204,69 193 68
27 NA Dry 95.00 304.18 HA MA 208.19
28 WA 5329 £0.00 294.89 A 235.60 214.89  |Aépiacsd can
25 WA 33924 NA 273.25 HA 234 09 HA Repiaced cap
] o 4357 £6.00 273.93 HNAa 228, 34 207.973
. 11 MNA B5.03 76.30 287.28 MNA 221.35 211.08
32 WA 60, 20 66.50 205,42 MA 23522 218.82
33 HA 48.88 50.00 ATT.82 KA 228,54 217,62
k¥ I 740,58 155.30 300.18 NA 100 20 142 48
23 A 72,32 9D.50 30,65 MA 229,33 231.15
14 A 158,10 3000 31115 NA 153,05 221,15
a7 Mo 132,61 70.00 20545 HA 152,84 215.45
28 NA 134,08 15500 308,36 MA 17428 153,15
a9 A 101.85 & 295.42 MNA 19457 A
40 [+] g1.47 35,00 262.40 263,25 180.78 167.40
A1 K 55,64 ¥, 00 283.50 263.81 21B.17 216,90
42 N 5802 5% 00 ar5.10 274 A7 21B.E5 218.10
43 L Dry H A 285.50 205 .33 NA NA Frobe t1np was wal
44 ] 51,03 76.03 26340 268.07 21B04 1891.4D
45 [+ 55.31 T0.00 291,10 292.81 237.50 223.10
LI - | 53.36 73,00 28780 | 2H7.58 234,20 214.90
a7 H 10175 120.00 306.75 F08.33 204.64 188.70
48 1 7882 G4 50 28470 284 49 20587 190,20
i [¥] 7810 9000 J10.7C 310.40 233.38 220.70
50 F B5.43 125.00 2499.30 Z98.T8 213.25 174,30
gl A 40,63 54,50 275.50 275.24 234.61 211.00
52 G B0 12 1G4, 00 219,50 27819 194.07 $75.50
53 E 7d.14 B3.00 306.70 308.35 231.24 223.70
54 J 74.11 855,00 245 50 20538 219.25 200.80
55 [T] 722 75.00 252.40 702 05 221.73 217.40
Pl MNA 4,43 MNA NA NA W& A 4 wmll
PW2 MNA 5. 50 MA N Ma HA [y 1" wol
[ MA £4.00 MA HA HA NA MNA 1™ waall
STB-0 A NA 75,00 2070 NA& .Y 212.32
517 MNA NA 70,00 287.8 WA L.} 21T7.81
] MNA NA 55.00 298 51 NA Nk 203.51
51812 MA NA 104.0d MA MNA L A
MNoras:
|48 rmercraramans colechad (M top of InNar Sosng.
Wiater lovel calacted on February 14, 1964,
EMA = nat nondcaide
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southwest. West of Dunn Field, there appears to be an east-west trending divide in the clay
slope between wells MW-31 and MW-4Z. This trending divide separates the north trending
slope toward the low clay elevation at MW-40 from the southern slope toward the
northeast-southwest trending channel.

Figure 3-3 shows the poteniometric surface map in accerdance with proundwater
elevations collected on February 14, 1996. Groundwater flow across the main installation
and southernmost portion of Dunn Field is governed by the presence of the
northwest-southeast trending feature that transports groundwater away from the main
installation area and results in flow that is predominantly onte the main installation arcund
its perimeter. This feature consists of a sand-filled depression in the clay feature that Lkely
results from either an errosional depression in the clay that was subsequently filled with
fluvial sands or from a distinct sand lens within the Cockfield Formation. Flow is generally
westward across Dunn Field except for the southern portion, which flows toward the
channel. Groundwater flow west of Dunn Field is influenced by the east-west trending
divide in the clay siope between wells MW-31 and MW-42, separating flow northward
toward well MW-40 from southward flow.

In the northern portion of the main installation and the area surrounding Dunn Fieid,
groundwater flow gradients generally conform to the gradient of the Jackson
Formation/Upper Claiborne Group confining unit clay surface indicating that flow is
governed by the configuration of the clav. A comparison of the potentiometric surface
(Figure 3-3) and confining unit clay (Figure 3-2) gradients in the southwest partion of the
main installation indicate that groundwater is flowing against the gradient of the clay. Itis
likelv that groundwater flow gradients are being controlled by drainage into the northwest-
southwest trending feature rather than gravity flow along the surface of the clay.

3.5 Background Groundwater Characterization

A total of 12 groundwater wells installed in areas outside of known surface contamination
and primarily upgradient of the main instailation and Dunn Field were considered as
potential background sampling tocations. The presence of VOCs, SVOCs, or
pesticides/PCBs was used to eliminate wells for further consideration as background weils.
On the basis of these criteria, the following existing wells were selected for use as
background wells: MW-16, MW-19, MW-24, MW-28, and MW-30 {DDMT Generic Ri/F5
Woark Plan, Section 5.3.2.4). MW-23 was originally identified as a background well, but was
dropped because of the presence of methylethyl ketone (MEK, or 2-butanone) and
tetrachloroethylene {PCE), suggesting that MW-23 may be impacted by an organic
groundwater plume located in the southwest portion of DDMT (see Section 3.6.1).
Additional groundwater quality and water level data will be collected to determine
whether DDMT is the source of the groundwater contamination.

The potentiometric gradient (see Figure 3-3) indicates that groundwater flows onto the
main installation from the northeast, east, south, and southwest. Groundwater generally
flows across Dunn Field from east to west. On the basis of these flow directions, monitoring
wells MW-45, 46, 48, 49, -50, -52, and -53, installed in 1996, were selected as background
wells. Wells MW-47 and MW-51 were not selected because they are associated with organic
groundwater contamination that may originate onsite.

DACH 13630.12.20/4808.00C 34
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SAMPLING RESULTS

The groundwater background data are reported and further discussed in the Draft
Background Sampling Program Technical Memorandum (CH2M HILL, September 1996}

3.6 Groundwater Chemical Results

Numerous VOCs and metals were detected within the Fluvial Aquifer. Some of the most
common potentially man-made constituents datected were 1,1,1-trichloroethane(1,1,1-TCA);
1,2-dichlorcethene (1,2-D}CE}; 1,1,2,2-PCA; carbon tetrachloride (CCl); richloroethene
(TCE); and PCE. Summary statistics for groundwater constituents are presented in

Table 3-5. Well-specific groundwater analytical data are presented in Appendix H.

Table 3-6 lists all parameter detections in groundwater and compares the detected values to
background values and to preliminary remediation goals (PRGs). Groundwater PRGs are
discussed in Section 3.5 of the Fina! Generic Remedinl Investigation/Feasibility Study Wark Plan
(CEHND, 1995). Groundwater constituents exceeding bath PRGs and background at one or
more wells are aluminum, barium, beryllium, total chromium, copper, iron, lead,
manganese, nickel, PCE, TCE, and vanadium.

Review of the analytical data for laboratory blanks, field blanks, and field sampies indicated
that several compounds were maost likely introduced during the sampling and analysis
process and are not indicative of environmentai contaminaticn at the site. These
campounds include acetone, methylene chloride, and all phthaiates bis{2-ethylhexvt)
phthalate, di-n-butylphthalate, di-n-octylphthalate, butylbenzyiphthalate, and
diethylphthalate. The results of the data validabion process are discussed in Appendix G.

3.6.1 Distribution of Organic Constituents

Figures 3-4 through 3-8 show the distributions and concentrations of VOCs at DDMT.
The VOCs depicted in Figures 3-4 through 3-8 were selected in accordance with frequency
of detection. Table 3-5 summarizes the YOCs detected within the groundwater.

Concentrations of VOCs varied across the site from a low of 1 microgram per liter (tg/L) to
a high of 1,900 pg /L (TCE at MW-33). Ln general, the highest concentrations of VOCs were
located within the northwest corner of Dunn Field. Monitoring wells MW-36 and MW-37
are deep wells that are not screened in the Fluvial Aquifer system. VOCs were not collected
from these two wells.

1,1-Dichlaroethene (1,1-DCE). 1,1-DCE was detected in nine wells during the 1996
sampling event, three of which were offsite wells (see Figure 3-4). It was not detected
anywhere on the main installation and was found onsite only in the northwest cormer of
Dunn Field (see Figure 3-5). Values of 1,1-DCE range from none detected to a high of
54 pg /L at well MW-7. The background value for 1,1-DCE is zerg; thus, all detections
exceeded background. No PRGs are available for this VOC.

A plume of 1,1-DCE exists in the northwest corner of Dunn Field and extends offsite to the
north and the west. There is an anomalously elevated concentration at well MW-40

(51 pug/L) with poor well control between this well and the next elevated concentration at
upgradient well MW-31 (30 ng/L); however, the 1,1-DE vatue at MW-31 was rejected
during the data quality evaluation (see Appendix ), so the concentration at MW-31 is
uncertain. There is good well control on the position of the non-detect line along the

ORGH 13530.12.20/005.000 310




Table 3-5

Fluvial Aquifer Summary Statislics
DOMT Greundwater Characterization

" No. ot No. of Standard
Analylo Annlysas Dataclions” Min tax Averoqga Daviglion
Inorgunics
uminLm a0 28 2100 226000 | 33%40 5979.4
imony ] 2 15.0 17.2 16.1 1.6
nic 51 4 08 5.2 30 4.1
"ch'um 35 i 429 3620 10,5 7.7
[Perviium 51 10 0.2 37 5 1.3
K alcium 38 KE) B910.0 ore0aD | 247160 12000.5
[Chromium 31 20 24 27B.0 4.4 72.7
llCabatr 35 17 1.4 81.9 15.5 18.4
"Ccpper 31 17 20 3150 5370 84.5
"Imn 42 78 598.0 04100.0 A7 144 18269.7
[le o 51 21 1.5 0.6 12.4 21.4
[Mogresium kT 35 a750.0 276000 | 111451 55124
[PMenganese 35 28 1.4 17200 | 3480 4314
||Mercurv 31 3 0.2 0.8 0.4 0.4
"Nlcke! 5 i8 2.5 212.0 37.1 50.7
"Pcﬂussium 51 24 249.0 12700.0 2204 B 2447 &
[Selenium 51 1 29 29 2.9 ND
{Giver 51 2 24 2.8 28 0a
[sodium 34 15 162000 | 746000 | 35553.3 15804.0
[fhallium 51 1 0.9 0.9 0% ND
Wonodium 34 12 1.7 01.0 17.6 27.7
Zinc 51 7 d5.6 2550 122.4 5.1
[YOCs
1, 1. 1-Tichioroethons a0 & (KH 4.0 2.5 1.0
1,1.2.2-Tgtrochloroathane 50 @ 1.0 4200 110.4 138.4
1.1, 2-Trehiorpethone - 50 3 4.0 11.0 7.3 35
1. 1-Cichicroathana 50 4 20 20 20 a.0
1.1-Dichicroatensa 50 Q i.0 540 9% 1.8
1.2-Dichicroainane 5 1 1.0 .0 1.0 D
1.2-Dichiotoathana (otol) 3] 12 i.0 7400 119.2 2i%.4
roon tetrochiande 50 10 1.0 270 74 0.3
orobengens a0 | 10 10 14 ND
Kohlsroforrn 50 13 1.0 50 ;9 2.8
Mathylane chiords 20 1 2.0 2D 20 ND
Tafrachiocrcathens a0 24 1.0 1000 4.4 285
Tdchioroathane &0 23 10 19000 128.6 D85 |
svOCs : |
Butylberzyiphinoloh: 23 1 i) 20 2.0 ND
Di--octyiphthalate a3 4 20 70 3.7 2.1
“Qualifiers J. =. and TR

ota:

ND = Standang Deviation not Safined {must have at taast two volues

ORC113530.12.20/01 1.5

H1




— - ——
Table 3-&
. Groundwalar Dt Evaluation Against Appllcabla Crilera
DOMT raundwoter Chamctenzatian
PRG { PRG | groung ground
Faommetar Well | Value | Units |G| (ug/ly| Basls {pgfly Basis Ex¢caeds?
1.1.3-Trchlorcethane MWO7 2 palil | J] 1643 o 1 MAX_DET |BCRG
MWOR 2 pa/l [J] 1843 € 1 MAX_DET [BCKG )
MW10 3 pg/l [J] 16431 € 1 MAX DET |[BCKG
MW2 4 pgil [ Jj1e43t) C 1 MAX_DET |BCKG
Mwad 3 pafl L1643} C ] WAX_DET |BCKG
MW45 ] po/l [Jj1843] C 1 MAX_DET [NEMTHER
1.1,2. 2. Tatracniaroathane MWD3 | pasl | J10.212 g NBD MDD BOTH
MWOA | 180 pgil [ =f0212 5 NED ND BOTH
MW 10 12 pgil | =10.213 S NBD ND BOTH
MW 1 4 pa/l | J]0213] S NED ND BOTH
MWI1Z[ 130 g/l | =]0.213 5 NBD ND BOTH
MW13 ] eafl 1J] D213 5 NBD ND BQTH
| mwal | a20 | g 1=|o213] S NED ND  |BOTH
Mwaz2 | ad pg/h_{=]0.213 5 NED ND BQTH
MW3S[ 200 ug/l {=0213 5 NED ND BOTH
1.1,2-Trichloroainane MWD& 7 pgiL |J| 05 TN NBD ND BOTH
MW31 1} ngil 14| 0.6 TN NED ND BOTH
' \ MW32 4 ngil [J] 0.6 TN NBD ND  [BOTH
. 1,1-Dichlcroethane MW29 2 pg/l | Jl NA WA NBD ND BCKG ONLY
MWd 1 12 ngil R NA NA NED ND WA
Mwos| 2 ugil |J] NA | NA NED ND  |BCKG ONLY
MW10 2 pgit | J1 NA NA NED ND BCKG ONLY
MW10 20 peyt | R NA MNA NED ND MNA
MW31 80 ua/L | R NA NA NED ND NA
MWO? 2 pa/l | J{ NA MNA NED ND BCKG ONLY
1,1-Dichicroethena MW45 2 pgfl | 4] NA MNA NBD WD BCKG ONLY
MWS51 a pgil | J| NA NA NBD ND BCKG ONLY
MW5) 4 ne/l | J | NA NA NBD ND BCKG OMNLY
MWAa7] 49 ug/l j =] NA NA NBD ND BCKG ONLY
Mwa7 | 48 ppll =] NA | NA NBD ND BCKG ONLY
MW0? } pg/l_| ]| NA NA NBD ND BCKG ONLY
MWAD| 49 po/l | =] NA NA NBD ND BCKG OMLY
mwan| 51 ug/l 1=} NA NA NBD ND BCKG QNLY
MW4T{ 12 pgil |R] NA | NA NBD NO  [NA |
MW03 24 pgit [=] NA NA NBD ND RCKG ONLY |
Mwin| 45 pugll | =] NA NA NBD ND 8CKG ONLY |
Mwio| 53 ug/l TR{ NA | NA NBD ND  [NA |'
MWD3 14 g/l | =] NA NA, NBD ND BCKG ONLY
MWS3 51 po/L | =] NA NA NBD ND BCKG ONLY
MW5J 51 pafl | =] NA NA, NBD ND BCKG OMLY
. mwoz] 7 g/l [JL NA | NA | NBD ND _ |BCKG ONLY
Mwall 23 pegfl [ J] NA | NA NBD ND  |BCKG ONLY |
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. Tabla 3-8
Groundwaotar Derta Evaleation Agalnst Appllcable Crilana
DDMT Groundwater Charactarizetian
Bock- Back-
PR | PRG | ground ground |
Paramater Well | Value | Units | & (ug/L}| Bosls (/L) Basls Exconds?
1,1-Dichloroethena MW a0 pg/l | J] NA NA NBD ND BCKG ONLY Jf
(continued) MWat | 24 sg/l |R] NA [ Na NBD ND  |NA |
MW7 54 ug/l [=] NA NA NBD ND BCKG ONLY
M} 12| ugit |RI NA NA NBD ND MNA
MWD 1 pgil | J) NA NA NBD ND BCKG ONLY
1.2-Dichicroathane MWD 20 pgft [ R NA MNA NED ND MNA i
MW 80 paft | R} mA | NA NBD ND NA |
MwD2| 103 | ugit [=] NA | NA NBD ND  [BCKG ONLY |f
MWE3 [ 101 wadt | =1 NA | NA NED ND BCKG ONLY
Total 1,2-Dichicroethane MWI2 &7 pasl | =1 NA MA, MA MNA NA
NMWA7 2 pgil | J 1 NA NA NA, NA, MNA
MW 41 ug/l | =] MNA NA NA NA MNA
MW3 1 760 pgil [ =] NA MNA NA NA NA
MWoa| 200 pgil | =] NA NA NA NA NA
MWD 0 pgil | =| NA NA NA NA MNA,
i MWD5 2 ugfl | J]| NA NA NA NA NA
MW54 ] ugil | 3] NA NA NA, NA NA
. MwI2| 55 ug/L | =] NA | NA NA NA  [NA
Mwias| 140 pefl | S| NA NA NA, NA NA f
I Mwiol e | ugil [=] NA | NA NA NA  [NA 1
MWD 2 ugil | J] NA NA NA NA NA |
Alurninum MWOB| 3610 | pg/i [J] NA | NA 1708 | 2XMEAN |BCKG ONLY]
MwWOR{ 5210 | poil | J| NA NA 1 798 ZXMEAN |BCKG ONLY
MWIZ2] 20500 | pofl | =] NA NA 1798 PXMEAN |BCKG ONLY
MWI4| 22500 | po/l JJ] NA A 1798 ZXMEAN |BCKG ONLY
Mwis| 2670 | pail | =] NA NA 1798 XMEAN [BCKG QONLY
MW35[ 3850 | po/l I=| NA NA 1798 2XMEAN [BCKG ONLY
MwW3g| 15900 | ugil | J] NA NA 1798 2%XMEAN |BCKG ONLY
Mwaz | 2570 | porl | J] NA NA 1798 ZXMEAN [BCKG ONLY
Mwad| 4720 | ug/l {J]| NA NA 1798 FXMEAN [BCKG OMLY
Mwaz| &0 ug/l [ J] NA NA 1798 PXMEAN |< BCKG
MWO3| 718 gt | J]| NA NA 1798 2XMEAN |< BCKG
MWo4 1 252 ugit | Jf NA NA 1798 IAMEAN |< BCKE
MWOSG; 1120 | pgit |J] NA NA 1798 2XMEAN < BCKG
MWO7 | 679 pgil [J] NA NA 1798 PMEAN [< BCKG
MWI0| 730 | po/l =1 NA NA 1798 IXMEAN [« BCRG
MWI13| 1270 po/l | sl NA NA 1798 XMEAN |<BCKS
Mwis| 210 pafl |21 NA NA, 17498 IXMEAN |< BCKG
Mw1g | 235 pgil 11 NA NA 1798 IXMEAN |< BCKG
MW20 | 635 g/l [ J] NA NA 1798 IMEAN |< BCKG
. w2l 393 [ pgrt [J] NA L NA 1798 | 9XMEAN |<BCKG
MW22| 1580 | pasl | J] NA NA 1798 IAMEAN |< BCKG |
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I Table }-&
Groundwdiar Data Evatuation Against Applicable Crileda

DDMT Groundwatar Choractenzation
Back- Back-
PRG | PRG | ground ground
Paramater Wall Vaive | Units | & (ugfi}] Basis g/l Bosls Excoods?
LAJuminum (continued) Mwz23| 545 po/l | J] NA | NA 1798 2XMEAN |< BCKG
Mw24| 218 ugil | J]| NA | NA 1798 2XMEAN |< BCKG
MW2B | 287 pail | J] NA | ONA 1758 2XMEAN |< BCKG
| MW25 | 748 pail | J| NA | NA 1798 IXMEAN |« BCKG
MW3L®| 400 ug/l || NA | WA 1768 2XMEAN |« BCKG
MW37T) 478 pg/l | J| NA NA 1798 IXMEAN |« BCKG
Mwag| 1610 | ugil | 4] NA | NA 1798 WMEAN |< BCKG
MWA5 | 586 pail [ 3] NA [ NA 1754 ZXMEAN |< BCKG
MWaZ | 2465 ugil | J] NA | NA 1798 IXMEAN |« BCKG
ARTIMOnY Mwad| 15 ugfl |31 1.46 S 34.4 2ZXMEAN _|PRG
MWas| 372 | woit | U] 148 s 34.4 2XMEAN |PRG
AISEnic MW7 P2 ug/L | J | Q.04% C mBD ND BOTH
Mwid| 09 ug/l | J|0oae| C NBD ND BOTH
J Mw3l| 0.8) ug/l | J]0049| C NBD WD BUTH
Mw3s| 9.2 pg/t | sjonae| C WNBD ND BOTH
Barium MwiA[ 212 egit | ={26886] S 2238 | 2xXMEAN [BOTH
Mwan| 362 pgil | ={2865| 8 223.8 | 2XMEAN |BOTH
. mwso| 307 | pgit |=(2555] S 7238 | 2XMEAN |BOTH
MWOS| 717 | pgit |J12555) S 2238 | 2{MEAN [NETHER
| MWOZ| 673 | wgit |J]2555] § 2238 | 2XMEAN |NEITHER
MWIO| B9.3 | pgit | J|2855) S 223.8 | 2XMEAN |NEITHER
MwisS| 705 [ wgrt |J]2555)] S 2238 | 2XMEAN |NEITHER
MWIa| 647 | pg/t |J12555) S 2238 | ZXMEAN [NEITHER
MwIgl 429 | ugi |J12555] S 2238 | 2XMEAN [NEITHER
MW20 | 54.2 ugiLl [J]2555] S 2238 | 2XMEAN |NEMHER
Mw21 |  50.3 ugil | {2555 S 223.8 | 2XMEAN |NEMHER
MwW22| 108 ug/L | J{2555] 8 723.8 | 2XMEAN [NETHER
Mw2a| 566 [ pg/l |J]2868] S 223.8 | 2XMEAN [NEITHER
Mmw2al 295 | pgn | J|2555] 8 223.8 | 2XMEAN |NETHER
MW25| 102 pgil | J] 25661 S 223.8 | 2XMEAN [NETHER
MW26( 179 posl | J] 25560 S 2238 | 2XMEAN [NETHER
MW2B] 47.4 /L | J| 2555 5 2231.8 2XMEAN |NEITHER
MW30| 116 | ppil |J4]2555] S 223.8 | 2XMEAN [NEFHER
MWa3| 533 [ ppil 1J]2055] 8 2238 | 2XMEAN [NETHER
Mwasl 117 up/L [Jf2585) 5 2238 | 2XUVEAN |NETHER
MW35| 124 JL | 1) 2555 § 2238 | 2XMEAN [NEFHER
' MW3B| 798 | pont |J|2565] S | 2238 | 2XMEAN_JNEMHER
MW32E 201 pgt | 1]2555] 8 2238 2UMEAN JNEITHER
Mwa2| 168 pg/l | 212555] S 2238 2XMEAN |NEITHER
Mwad| 166 po/L | J132655) S 2238 | 2XMEAN |NEFTHER |
. vwas| 127 | uost {J]2855] s 2238 | 2XMEAN [NEMHER
MWwas | 993 pa/L | J[ 25550 S 2238 2XMEAN |NEITHER
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Table 3-6
. Groundwatar Data Evatuatian Against Appticable Criteda
DDMT Graundwater Charactarzation
Back- Back-
PRG | FPRG | ground ground
Paramatar Well | Value | Unils | @l (pg/Ly| Basis {ng/L) Bosly Exceads?
Badum (continued) Mwa?| 96 | pg/l |2]2555] S 2238 | ZXMEAN |METHER
' Mwasl %11 pgil | J) 265.5 5 | 2238 2XMEAN |NETHER
MW49| 944 | ug/L | J12555] 8 2238 | 2XWEAN [NETHER
Mwsl ] Béda | ugst | 412555 3 2238 | 2XMEAN |NETHER |
Mws2 177 ugit |J12555] S 223.8 | 2XMEAN [NEITHER
MWws3| 122 o/l | J] 25851 S 2238 | 2XMEAN [NETHER
MWSA [ 106 wgil | J] 25551 & 223.8 | 2XMEAN [NEMHER
Banzyl Butyl Phthatote MW 24 2 pgil |J NA 2000 MAX_DET |« BCKG
Berylium Mwoz | 37 w/t | Jj0004] TN 0.6 2XMEAN |BOTH !
MWIZ| 2.9 pgil [Jjocoal TN 06 2XMEAN [BOTH
Mwid| 2.9 ug/l |J] 0004 TN 0.6 2XMEAN (BOTH
Mw20| 1.1 ug/l | 1] 0004 TN 06 2XMEAN [BOTH
MWD 1.4 pgil | J[0004) TN 06 ZXMEAN |BOTH
MWS5S 2 po/l | 1] 0004 TN 0.6 2ZXMEAN [BOTH
MWIS| 053 | poil [J]0004f TN 0.6 2XMEAN |PRG
' Mw22| 018 | poil |1 D004 TN 0.6 2XMEAN {PRG
' MW28| 021 | pgil 14]0004) TN 06 | ZXMEAN |PRG
. Mw45| 035 | po/l |J[0004f TN 0.6 2XMEAN [PRG
Blcaroonata MW32 47 ma/L | =] ~A NA NRD ND BCKG ONLY ||
mMwaze| 188 | mom |=| NA | NA | NBD ND __ [BCKG ONLY ||
Calcium MWOS| 19400 | pgil {=| NA NA 52875 | 2XMEAN |< BCKG
MwO7| 16900 | pgil =] NA | NA 52875 | 2XMEAN |<BCKG
MWIO| 20000 | pgil (=] NA | NA 520875 | 2XMEAN |< BCKG
MWIA[ 16900 | poil | =] NA | NA 52875 | 2XMEAN (< BCKG
Mwis| 14300 | pgit = NA | NA 52875 | 2XMEAN {< BCKG
MWIs| 44900 | poil =] NA | NA 52875 | 2XMEAN (< BCKG
MwIg| 17800 | pgil | =] NA | NA 52875 | 2XMEAN |<BCKG
MW20| 28600 | pgil | =] NA | NA 52875 | 2XMEAN |<BCKG
MW21 [ 13600 | pgil |=] NA | NA 52875 | 2XMEAN |<BCKG
MwWw22 | 27300 | pgil | =] NA NA 52875 | 2XMEAN |< BCKG
Mw2a| 39700 | pgil =] NA | NA 52875 | ZXMEAN |< BCKG
Mw2d| 9050 | pgil =] NA | NA 52876 | 2XMEAN |< BCKG
Mw2s| 18500 | pgil | =] NA NA 52875 | 2XMEAN |<BCKG
Mw2s| 21000 | pgil =] NA | NA 52875 | 2XMEAN |<BCKG
MW2g | 14000 | pgil 1=| NA | NA 52875 | 2XMEAN |<BCKG
Mwao| 22900 | pafl { =] NA MNA 52875 IXMEAN |<BCKG
MW32| 57400 | poil [=] NA | NA 52875 | 2xMEAN |BCKG ONLY
MW33] 6910 | ug/L |=| NA | WA | 50875 | 2XMEAN |<BCKG |
Mw34| 11300 | wo/l =] NA | NA | 52875 | axmEan |<BCKG ||
MW3IS[ 13100 | pgil | =] NA | NA 52875 | 2XMEAN |<BCKG |
. [ MW36S| 39900 | poit | =] NA | NA | 52875 | 2XMEAN |<BCKG II
MWIT 40500 | ugit | =] NA | NA 52875 | 2XMEAN |<BCKG
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Table 3-6
. Groundwater Prta Evatuatlon Agatnst Appilcable Crilorio
DDMT Groundwatar Charactenzation
I Bock- | Bock-
PRG | PRG | ground ground
Peramatar Wall | Value | Units | &) {ug/l)] Basls {pgfL} Basis Exceads?
Calcium (continued) Mwag| 14100 | pgit o] NA | Na | 52875 | aXMEAN [<BCKG
Mwae| 41400 | pg/l | =] NA | NA 52875 | 2XMEAN |<BCXG
MwaD | 49800 | pp/l | =] WA NA, 52878 ZXMEAN < BCKG
MWA2| 20100 | pg/l 1= NA | NA 52875 IAMEAN |« BCKE ||
mwad | 35200 | po/l | =] NA NA, 52875 | ZXMEAN |<BCKG |
MWas] 34700 | pgil | =] NA NA 52875 2XMEAN [« ECKE
MW461| 17400 | pgil [ =] NA NA 52875 2XMEAN |< BCRE
MwaZ | 23700 | pail [ =] NA NA 22875 ZXMEAN [« BCKG
Mwal | 18500 | pgil [ =] WA NA, 52875 PAMEAN |« BCKG
MWAR[ 16500 | ugit | =1 MNA NA 52875 2XMEAN |« BCKG
MWED [ 49200 | ugfl | =1 NA NA 52875 2XMEAN |« BCKG
MWET | 21800 ugit | = N& MNA 52874 ZXMEAN |< BCKG
[ MWEZ [ 43700 | ugil [ =] NA NA 52875 2XMEAN < BCK

NA NA, 52875 2AMEAN |<BCKG
™A, MA, 52875 DUMEAN |< BCKG

1}

Mwsa| 29700 | pgit
mwsa | 14900 | ugiL

Carbon Tatrachioride MWO3 I pgil L] NA | NA NBD ND  |BCKG ONLY|
MWOS | 27 polt I=| MA | NA NED NG  [BCKG DNLY
MWO2 2 wgil JJI Na | A NED ND  |BCKG ONLY ||
. MWI0 3 p/l | J] NA | NA NBD ND  |BCKG ONLY
J MW1 ) 1 pall | J| NA | NA NBD ND  |BCKG ONLY
MW15 7 pafl [ J{ NA | NA NBD ND  |[BCKE ONLY
W26 4 pafl | J] NA | MNA NBD ND  |BCKES ONLY
MW b parl |4 NA | NA NBD ND  [BCKG ONLY
| Mw3z| 22 pgil | =] Na | NA NED ND  |BCKG OMLY
MWW 34 1 pgil [ J] NA NA, NBD ND BOKG ONLY
Chiorida (as Cl) MWO3[ 162 | mgi |=] NA | NA NBD ND___|BCKEG ONLY §
Mwos| 224 I mg/t [=] NA | NA NBD ND  |BCKG ONLY ||
MWOS] 183 | mgoil [ =1 NA | NA NBD ND BCKG ONLY |
MWI3] 117 I mgll [=] Na | NA MNBD ND  |BCKG ONLY
Mwid: 100 | mo/l | =] NA | HNA NBD ND BCKG ONLY
[MW32] 127 | mg/l | =] NA | NA NBD ND  [BCKG ONLY
MW3id, @B mo/l | =} NA | NA NBD ND___ JBCKG CNLY
MW36% 3.4 ma/l [ =] NA | NA NED ND  |BCKG ONLY
MW377 45 mail [ =} NA | NA NBD ND  |BCKG ONLY
MW3E| 113 | mo/Ll =] NA | NA NED ND__|BCKG ONLY
Chiorobenzone MWa0 ] ug/l 1J] 385 5 NBD ND BCKG
Chloroform MWO2 B pg/l {J] 019 ] TN NBD ND  [BOTH
MWO3 7 ug/l {J] 0.19 ™ NEBD ND BOTH
MWIS 5 g/l LJ] 08| TN NBD ND  |BOTH
MWO&| 1D pg/l |=1 019 | TN NBD ND  |BOTH
MWO7 B wofl | J] 019 | TN NED ND  [BOTH
. MWD 2 pg/l |J] 019 ] TN NBD ND  |BOTH
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Table 3-6
Groundwater Cata Evaluation Against Applicable Citeda
DOMT Groundwater Chamcterization

Back- Back-
| PRG | PR | ground ground
Parameten Well | Valug | Unbis | Q| (ug/L)| Basis | {ug/l) Basls Exceeds?
Chlorcform (continued) Mwiol 14 pfl [ =1 039 TN NBD ND  [BOTH
MW11 2 pa/l | J1 039 ] TN NBD ND BOTH
MWI5F 25 pg/l | =] 039 ] TN NED ND BOTH
MW26 1 pg/l laloae [ TN NBD ND BOTH
MW3) a5 po/t 1J] 019 | TN NED ND BOTH
MW2 7 pgil | J] 09| TN NBC ND BOTH I
MW 34 5 pgil | J] 019 ] TN MED N BOTH f
Chromium, Totat MWi2| 63 ugil | =[18.251 S 54.4 2XMEAN |BOTH
Mw3s| 278 pg/L | ={1825] § 54.4 2XMEAN |BOTH
Mw3ie| 215 g/l | =1 1825 ) 54.4 2XMEAN [BOTH
MWES| 9467 g/l | ={18.25] § 54.4 2XMEAN |BOTH
Cihrorniurm, Tatal {continuad) | Mwoé 21.9 pal | =1 18.25 g 54.4 DEMEAN |PRG
MWOB [ 264 ug/l | ={18.251 S £4.4 ZXMEAN |PRG
Mwld| 424 ugtl | =118.25 3 54.4 2XMEAN {PRG
Mwla| 34 wgit |=]118.25[ S 54.4 ZXMEAN |PRG
MW?21 25 ug/l | =]18.25] S 54.4 ZAMEAN [PRG
Mw22| 216 | po/l [=]1825] S 54.4 AMEAN [PRG
Mwada| 203 | pg/l {=[1825]| § 54.4 2XMEAN |PRG
. MW35| 234 | po/l |=[1835] § 54.4 2XMEAN |PRG
MW37°| 24 pail | =[18.25] 5 54.4 ZXMEAN |PRG
MWO3| &9 ug/l | J[ 18259 5 54.4 2XMEAN |NETHER
MWID| 108 | pgil |=]1825] § 54.4 2XMEAN |NETHER
MW23| 125 | upil | =|1825] § 54,4 2XMEAN |NETHER
MW?25 2.5 o/l | J] 18.25 5 54.4 ZAWEAN [NETHER
MWACY 52 pofl | )| 18251 s 54.4 OXMEAN |NETHER
Mwaz] 4.4 ug/l [ 2] 1825] S 54.4 2XMEAN |NETHER
Mwadl o7 pa/l [ J{B25] S 54,4 2XMEAN |NETHER
MW471 5.6 pa/L | J{182s] S 54.4 IXMEAN [NETHER |
Cobalt MWl 6192 | ug/l | =1 NA | NA 248 | 2XMEAN |[BCKG ONLY
Mwisl 123 | pasL [J] na | NA 248 | 2XMEAN [<BCKG |
Mw2i]l 16 ug/L [l mNa ] NA 248 IXMEAN |< BCKG |
MW23l 18 | pg/l |JI NA | NA 248 | 2XMEAN |< BCKG
Mw24| 2.2 po/l | J| NA NA 24.8 2XMEAN |« BCKG
MW25] 18 poil [ J] Na | NA 24.8 2XMEAN 1< BCKG
Mw3s] 117 pafl | J1 NA MA 24.8 2AMEAN |<BCKG
MW3B| 328 pail | J1 WA NA 24.8 2XMEAN |BCKG ONLY
MW3g] 525 | pa/l | ={ NA | NA 24.8 2XMEAN |BCKG QNLY |
Mwao] 5.3 po/L | JE NA | NA 24.8 IXMEAN {<8CKG
Mwaz] 4.4 pg/l [ JL NA | NA 24.8 2AMEAN |< BCKG
Mwadl 164 | pgil |Jl NA | NA 24.8 2XMEAN |< BCKG
Mwas| ¢35 poil [ J1 NA | NA 24.8 IXMEAN |< BCKG
. Mwaz| 19 | pedt | JL NA | NA 248 | ZXMEAN |<BCKG
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T Table 3-4
. Grouncwater Dato Evaiuation Against Appiicatle Criteria
DDMT Groundwatar Chamctarization
Back- gack-
FRz | PRG | ground ground
Parmmetar Valus | Unlis | Qftug/ly| Basls (ug/L) Bosis Excoads?
Cobatt (cantinued) MwS2| 182 uail || NA | NA 24.8 2XMEAN [< BCKG
MWS3| 196 | ug/l |J] NA | NA 248 2XMEAN |[< BCKG
MWS4|  ag parl | J] NA | WA 24.8 ZXMEAN [« BCKE
Copper MWI19| 315 po/l | =] 1351 5 1624 | 2X¥MFEAN (BCTH
Mw20| 207 po/l | =}135.0] S 162.6 | 2XMEAN |BOTH
MWOZ| 325 | port {=[1351] S 162.6 | ZXMEAN |[NEITHER
Mwoda] 238 pg/l Jof13s0 ] s 1624 | 2XMEAN |NESTHER
f MWD 339 | pe/L [=11351 5 162,46 | 2XMEAN |NETHER
MWI12| 105 pafl | =] 1350 5 1624 | 2XMEAN {NETHER
Mwid] 35 pa/l | =1 1350 g 162.6 1 2XMEAN [NEITHER
MWI5| 75 pgil = 1351 5 162.6 | 2XMEAN |NEITHER
MW20 3 pg/l | 4] 1350 3 1626 | 2%MEAN |NEITHER
MW2B[ 44 | pg/l | J] 135 5 1626 | 2XMEAN |NEITHER
MW3SY 24 pgll | 1] 1350 5 162.6 ZXMEAN |NEITHER
Mw3z* 2 pgll {J| 1351 5 162.6 | 2XMEAN (METHER
Mw3s| 208 | ngi | =1135) 3 1626 | 2XMEAN |NEITHER
B MW3R | 73.1 pg/l [ =}135.1 g 1626 | 2XMEAN |NEFTHER
Mwazl 123 | pg/l {J] 135 5 1424 | ZXMEAN |NETHER
. Mwaal a7 ugi/l | J] 135.0 5 1626 | oXMEAN |[NETHER
I Mwas| 2.8 sl | J] 1351 5 1626 | 2XMEAN |[NETHER
MW4B 2 pefl | J]135. 5 1626 | 2XMEAN |NETHER
MwsSE 292 | pgrl | J] 135 S 1626 | 2XMEAN |NETHER
Di-n-Ccryiphthalate MIWWDS 2 ngil | J| 73 5 NED ND BCKS
MWD 2 pest | 3 73 5 NBD ND  |BCKG
MW13 7 pgil | J| 73 $ NED ND  |BCKG
MW20 4 ugil | J] 73 5 NBD ND  |BCKG
MW 2 poil | J[ 73 S NBD ND  |BCKG
| Mwsd] 5 [ ugn (4] 73 | s NBD ND__|3CKG
Haoraness (as CaC0d) Mwaz) 212 mg/l =] MA MA MBC ND BCKG ONLY
Mwarel 170 ] mgil 1= NA NA NED ND BCKE ONLY
fron Mwoa | 12800 | poail JJ] NA | NA 6724 2XMEAN [BCKG ONLY
MWI1A] 96100 § posl FJ] NA | NA 6728 2XMEAN [BCKG ONLY
Mw22| 8870 [ posl [ =] NA | NA 6728 2XMEAN [BCKG ONLY
MW3s| 16200 | pgrl [ =1 NA | NA 6728 PXMEAN [BCKG ONLY
MW | 30400 | pafl [={ Na [ NA 6728 IXMEAN [BCKS ONLY ||
Mwad | 14000 | pa/l |4 NA | NA 6728 XMEAN |BCKE ONLY
Mws2| 960 | parl [=] NA | NA 6728 2XMEAN [BCKG ONLY )
Mwo3| 3810 | pgit |J] Na { Na | a728 | 2xMEAN [<BCKG ||
MwWOs | 4250 | pa/l I =] Na | NA 6728 | 2XMEAN |<BCKG
MWO71 3270 | pgfl | J| NAa | NA 6728 | 2XMEAN |<BCKG
. MWIOI 1450 | pg/l f=| NA | NA 6728 | 2XMEAN |<BCKG
MWI3| 5370 | pg/l |={ NA | NA 6728 IXMEAN |< BCXG
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Table -4
. Groundwater Data Evaluation Against Applicable Crteria
DDMT Greundwoter Chorocterzation
dack- Bock-
PRG PR3 ground ground
Pararnelar Wall Valua Units | Ql{ug/L)| Basis {ugiL) Basis Excoards?
fron (continued) MW14| 3970 udh | =1 NA NA, 6728 ZAMEAN |« BCKG

NA NA, 6723 DIMEAN |« BCKG
NA A, 4728 ZXMEAN {< BCKG |
MNA MNA 46728 DAMEAN |« BCKS
NA NA 6728 MUMEAN [« BCKG
NA MA %728 DIMEAN |< BCRG
N, NA 728 2YMEAN |« BOCKG
NA, NA 6728 XMEAN |« BCKG
MNA Ma 4728 ZAMEAN |< BCKG
NA N& 46728 2YMEAN |« BCKG
Mwaz | 350 | poil NA NA 4728 2ZXMEAN |< BCKG
Mwas| 2280 | ngil NA NA &728 PXMEAN {<BCKG
Mwas | 648 pgit =] MNA NA 4728 ZXMEAN |< BCKG
MwWa7Z| 1180 | pgil NA NA ATIE ZXMEAN |« BCKG
Mwag| 120 | ugil NA, MNA 4728 SXMEAN [« BCKG
MWs0L 4300 | pgil NA, MA 6728 2XMEAN [« BCKG
i Mw53| 3810 | pasl NA, MA 6728 SXMEAN |< BCKG

Mw21 ] 891 | pail
Mwa3| 738 | ugn
Mw24 [ 5190 [ ugn
mw2s] 805 | woil
Mwee| 598 | wosl
MW3s% 5000 | wail
Mw3zel 5260 [ wail
Mw3B| 4550 | ugil
Mwad| 1060 | uojL

i =

i lu

[ ]

—In

Mwbd] 4660 | uost [=| NA | MA [ 6728 [ 2XMEAN [<BCKG
. tead MWOI| 184 | pgi =] 15 [ MCL] 94 | 2XMEAN [BOTH
Mwi2| 244 [ pgit =] 15 | MCL | 9.4 | 2XmEAN [BOTH
twld] 193 | g (=] 18 | MCL | 94 | 2XMEAN |BOTH ||
Mwae] 302 | pon [=] 15 | MCL | 94 | 2XMEAN_{BOTH

15 | MCL 2.4 2XMEAN {BOTH

15 | MCL 2.4 2XMEAN |BOTH

15 | MCL 0.4 2XMEAN |BCKG

15 | MCL .4 2XMEAN |NEITHER
15 | MCL 9.4 2XMEAN [NEITHER
15 | MCL 2.4 2XMEAN |NETHER
15 | MCL ?.4 2XMEAN INETHER
15 | MCL 2.4 2XMEAN |NEITHER
15 | MCL 9.4 2XMEAN (NETHER
15 MCL 3.4 2XMEAN |NEMTHER
15 | MCL |94 | 2XMCAN [NEMHER |
15 | MCL 9.4 2XMEAN |NETHER

15 | MCL 9.4 2XMEAN |NETTHER

15 | MCL 2.4 2AMEAN [NETHER |
15 | MCL 9.4 2XMEAN |NEMHER
15 | MCL 9.4 2UMEAN |NEITHER

15 | MCL 9.4 2XMEAN [METHER

15 | MCL 9.4 2XMEAN |NETHER

15 | MCL 9.4 IXMEAMN |NEITHER

bW IR .5 ugit
Mw35| 20.4 ug/l
MWo2] 2% pg/L
MWO3| 18 poil
MWoe| 52 ug/L
MWIOR 6.7 pafL
MWIO| 35 nefl
MWw13 2.3 peil
MWIS| 26 nerfl
MW14 7.5 ugil
MWI9) 2.9 | ugil
MW20| 5.2 pey /L
MW26] 3.4 ugil
Mwiz] 15 | poi
MW35] 8.4 2ol
MW3AES) 3.3 ugit
MW3zZ?l 4.2 pg/l
MW4g] 2.6 pgiL

L L

B l=J=|]nu

Il

i j—fn

nj=in

. MWOa) 9.4 | pail
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Tabie 3-6
. Goundwater Data Evaluciion Against Applicable Critera
DDMT Groundwater Characterdzation II
Back- Back-
PRG | PRG | ground ground
Parameter Units 1@ ) ug/L)| Basis (pg/L) Basis Excaods? l
Magnesium Mwd0] 27600 | posl [=] MNA | NA 26045 | 2XMEAN |BCKG ONLY |{
MWED| 24000 | ugsl [ =} NA NA 26045 | 2XMEAN |< BCKG
Mws2Zl 22500 | pasl [ =1 NA MNA 26045 | 2XMEAN [< BCKG
Mwas ] 19300 | pgil | =1 NA A 26045 | ZXMEAN < BCKG
MWI6[ 19100 | pgil | =| Na NA 26045 | 2XMEAN [< BCKG
| MWS53 | 15800 | pgil {=] NA NA 26045 | 2XMEAN |< BCKG i
MW377 35500 | ugit | ={ NA NA 26045 | 2XMEAN |< BCKG
MW22 | 15100 | wgil | =) NA NA 26045 | ZXMEAN |< BCKG
MW3aZ | 13300 | pgil | =] NA NA 26045 | 2XMEAN < BCKG
MWaz7 | 12600 | poil | =] NA NA 26045 | MMEAN |« BCKG
MR3OD | 12000 | pa/l | =] NA NA 26045 | PXMEAN < BCKG
MW20] 131800 [ ugil | =] NA | NA 26045 | 2XMEAN |< BCKG
MW261 10900 | ugil | =4 NA MA 26045 | 2XMEAN |« BCKG
MWSIE 10800 | ugil | =4 NA NA 26045 | 2XMEAN |< BCKG
MWOS| 10400 | ugil |=f NA A 26045 | 2AMEAN (< BCKG
| MW23| 10400 | pg/L |=| NA NA 24045 | 2AMEAN |< BCKG
MWIO| 10300 | pgit |=[ NA A 26045 | 2ZXMEAN |< BCKG
. MW3S%] 10300 | pail =] NA NA 26045 | 2XMEAN |< BCKG
Mwad] 10200 | pgil | =] NA NA, 26045 | 2XMEAN |< BCKG
MW2S| 10000 | pgil |={ NA NA 26045 | ZXMEAN |< BCKG
Mwae| 9780 | por [=[ Na | nA | 26045 | 2XMEAN [<BCKG
MWI4] 8920 | pgil [ =] NA NA 26045 | 2XMEAN |« BCKG
MWw42| B720 | pofL [ =] NA NA 26045 | 2XMEAN |< BCKG
| MWAG | B&20 | ugl/L {={ NA NA, 26045 | 2XMEAN |< BCKG
Mwas | Be6D | poit | =1 NA NA 25045 | 2XMEAN < BCKG '
MWO7 ] 8300 | pot | =] NA NA 20045 | 2xMEAN |<BCKG
MW49, 8140 | po/l |=| NA NA 26045 | 2XMEAN |< BCKG
MW21| 7810 | ugil || NA NA 26045 | 2XMEAN |<BCKG
MWS4| 7440 | ugifl | = NA NA 26045 | 2XMEAN |<BCKG
MW35| 6700 § poil J=[ NA NA 26045 | ZXMEAN |< BCKG
MW3B] 4640 | ugil [=]| NA NA 26045 | 2XMEAN < BCKG
MW2B| 4470 | pa/l | ={ NA WA 26045 | 2XMEAN |< BCKG
MWIE| 6280 | pgil | ={ NA NA 26045 | PXMEAN [< BCXG
MWIO| 6160 [ ug/l [=| NA | NA | 26045 | 2XMEAN [<BCKG |
Mwas] 6520 | ugil =] NA | NA 26045 | 2XMEAN {<BCKG ||
Mw24| 5250 | ugi |=| Na | NA | 26045 | 2XMEAN [<BCKG ||
Mwaa] 4750 | ugit |J]| NA | NA 26045 | ZXMEAN [<BCKG |
Monganese MW1d| 1400 piLl | =] 1B.25 5 550 Z2XMEAN |BOTH
Mwagl 1720 | pa/l || 1826| S 560 2XMEAN {BOTH
MW40| 1010 | pgil |=}1825[ S 560 2XMEAN |BOTH
. Mwaal 755 | pgil |=}182s] s 550 ZXMEAN [BOTH |
MW53| 917 | g/ la] 1825 s 560 2XMEAN |BOTH |
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Table 3-4
Zroundwater Datag Evaluation Against Appiicable Crtena
DDMT Groundwataer Charactarizalion
Bock-
{ FRE | PRG | ground ground
Porometer Wall Value | Unils | & (ugy/L)) Basls ug/l) Brasty Excoads?
Manganease (continued) Mworl 232 [ pon | ={1825] 5 560 IXMEAN |PRG
MWIC| 205 | pa/L [=11825] S 540 2XMEAN |PRG
MWES| 522 | wgit |=]1825) 5 540 2XMEAN IPRG
MWIs| 143 ugil. |=f18.25[ s 560 2XMEAN (PRG
MWIZ| 296 pgil {=[1825] s 560 DIMEAN |PRG
Mw20| 247 no/l |=[18.25] 3§ 550 2AMEAN |PRG
w25 424 | ugil |=]1825] § 560 2XMEAN |PRG
! MW28] 754 | pgfl [=]1825] § 560 ZXMEAN |PRG
Mwas| 142 pail [ ={1825] & 560 2XMEAN |PRG
Mw3as| 134 pgl | = 1825 5 550 2XMEAN |PRG
Mwaz | 383 porl, | =11825] & 560 2XMEAN [PRG
MWa5 | 326 po/l | =]18251 8 560 2XMEAN |PRG
Mwzss | 228 ua/l | =]1825] § 560 2XMEAN |PRG
Mwd71 99 uglt | =118.25] § 560 XMEAN |PRE
Mwag| 112 g/ |=§18.25) s 560 IXMEAN |PRG
Mwag| 576 | pogi [=]1825] S 560 IXMEAN [PRG
MWED | 441 ugil 1=[18.25] 5 540 2XMEAN [PRG
MWS1{ 112 g/l 18.25] & 560 IXMEAN |PRG
MW5Z| 247 ug/l [ =[1828] S 560 2XMEAN |PRG
Mwsd| 445 ug/L | ={1825] S 540 2XMEAN |PRG
Mw2el 11a | pgil | 28251 8 560 ZAMEAN [NEITHER
MW?23 12 ug/l | J118.25[ S 560 2XMEAN {NEITHER
Mw2dl 172 | wgil [=)1B25] S 560 ZXMEAN [NETHER
Mercury Mwo2| 084 | pgil [=|1095] s NBD ND BCKG i
Mwi12| 017 | pgil {2 1.095] S NED ND BCKG |
MWS5| 014 pg/L |J1.085¢ s NBD ND BCKG [
|Methyiene Chioride MWA0 2 pgit JJ] 5 MCL MNBD ND BCKG |
Nickei MWI2| 44 pg/l [=] 134 | N 314 2XMEAN [BOTH 1
mwaal| 212 pgfl | =1 134 | TN 3.4 2XMEAN [BOTH
Mwag| 162 po/l [=1 1341 N 3.4 2XMEAN |BOTH
Mwss5] 452 | pgsl | =1 1341 TN 314 2XMEAN |BOTH
Mwos] 253 | pga [J[ 134 | TN 31.4 | 2XMEAN [PRG |
Mwosl  1s pg/L LJ] 134 TN 3.4 2XMEAN [PRG (I
Mwial 253 | pgil JJ] 134 ] TN 31.4 ZXMEAN [PRG (
Mwia| 266 | pgrt [ 134 ] TN 31.4_ | I2XMEAN |PRG Il
Mw2t] 180 | po 1ol 134} TN N4 2XMEAN [PRG !
MWa7e| 207 | pgsl {J] 1341 TN 3.4 ZAMEAN |PRG
MWO3| 104 po/t 1ol 134 | TN 1.4 IXMEAN [MEITHER
MWID| 8.7 poel | 4] 134 [ ™ 314 2¥XMEAN [NETHER
MWIR| 12,1 pgll (4] 134 | TN 314 2XMEAN |NETHER
Mw221 1148 1 ougi [J] 134 ] TN i1.4 2XMEAN JNETHER
MwW23! 8.4 pgit | J] 134 | TN 3.4 2XWEAN [NETHER
ORC113630.12.20/004 XL5 Page 10 of 15 an
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. Tabla 3-6
Groundwataer Dota Evaluction Agalnst Applicable Criterdo
DOMT Croundwater Characterization

Back- Back-
FRG | PRG | ground ground
Parameter Well | vaiue | Units |Q){ug/l}| Bask (ug/L) Bosls Excoods?
Nickel {continued) MW24 2.4 pail | J 13.4 ™ 3.4 2XMEAN |NETHER
MW32 8.4 poil || 134 ™ 31.4 2XMEAN |NETHER
J
J
J

MW35S{ 13 no/L 1234 ™ 31.4 | 2XMEAN {NEITHER
Mw3age| 17 g/l 134 | N 31.4 | 2XMEAN [NEMHER
mMwadl 75 | pail 13.4 1IN 31.4 | ZXMEAN [NEMTHER

MNitregen, Ammonio {(os N} MW 14 0.4 mgfl | =] NA A NBD MO BCKE ONLY
Mitrogen, Nitrate {as N) MW32 197 ma/l | =] NA M NED ND BCKS OMLY
Nitrogen, Nitrate-Nitrite MWO3 ang sl | =] Na A ]:1s3 ND BCKG OMLY
MWOs| 401 mg/l | =] NA NA, NBD ND BCKG ONLY
MWDS| 225 | mgsLl | =1 NA NA NBD ND BCKG ONLY
MWid| 442 | mg/l =i NA | NA NED ND BCKG OMLY
MWIZ2| 397 | ma [=] NA | NA NED ND BCKG ONLY |
]Nitrogen. Initate-Nimta Mwaa| 385 mg/l | =] Na MA, NBD ND BLKG OMLY
Mw38| a08 | mgil (=] NA NA NED ND BCKG ONLY [t
Potassiurm MWOS] 1110 | pgil [J] NA | NA 34954 | 2XMEAN |[< BCKG&G
Mwid | 2470 g/l | J] NA NA 34954 | 2XMEAN |< BCKG
MWIS] 1900 | pgil { 1] NA NA 34954 | 2%MEAN |<BCKG
. Mw1s| 1330 | post [ Nva | A | 34954 | 2XMEAN |<BCKG
Mwi9l 4040 | woit U] NA § NA | 34954 | 2XMEAN |BCKG CNLY

NA NA A495.4 IAMEAN {BCKG ONLY

Lt

MW20| 12700 | pgil

MW22| 1050 | ugil |J] NA | NA 3954 | 2XMEAN |<BCKG
MW23| 1120 | pg/t |J} NA [ NA 34954 | 2XMEAN < BCRG
Mw24| 942 ugfl [ I NA | MNA 3954 | 2XMEAN |<BCKG
MW26 | 2000 e/l | ] NA NA 3954 | 2XMEAN |<BCKG
MW32[ 1280 | pgit | J] NA | NA 34954 | 2XMEAN |<BCKG
Mwad| 847 ngi/l JJ| NA | NA M54 | 2XMEAN |<BCKG
MW3s| 1170 | pgil JJf NA | NA 3954 | 2XMEAN |< BCKG
MW36% 5980  pgit [ =] NA | NA 34954 [ 2xWEAN |BCKG ONLY
MW37% 6340 | pafl | =] NA | NA P54 | 2XMEAN |BCKG ONLY
MW3B{ 920 ugfl | J]| NA NA 4p5.4 | 2XMEAN |< BCKG
Mwae| 2790 | gl |J| NA | NA 4054 | 2AMEAN |< BCKG
MWAo| 4670 | ug/l | J] NA NA 34954 | 2XMEAN |BCKG ONLY ]
mMwaz| 5320 | upil | =] NA | NA 34954 | 2XMEAN [BCKG ONLY|
Mwadd| 2010 pgil | J| NA NA 4954 | 2wEAN |< BCKG
Mwas| 849 ugil | J| NA | NA 34p5.4 | 2MMEAN |« BCKG
Mwas| 858 | ugil |J| NA { NA 34954 | 2XMEAN |< BCKG
Mwaz| 1630 | g/ JJ| NA | NA | 34954 | 2XMEAN [<BCKG
MwaBl 1350 | weil || NA | NA 34954 | 2XMEAN |« BCKG
Mwag | 1260 | ug/t FJ] NA | NA 34954 | 2XMEAN |< BCKG
Mwso| 3330 | pgil fJ| NA | NA | 34954 | 2XMEAN |<BCKG
. MWS1| 946 | ug/L | J] NA | NA | 34954 | 2XMEAN |<BCKG
Mwsz| 1750 | pgit JJ| NA | NA 3495.4 | 2XMEAN |< BCKG
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Table 3-&
Groundwater Data Evaluation Agatnst Applicable Crileria
DDMT Groundwater Charactenzation
Bock- Back- ||
PRG | PRG | ground ground
Parameter Units | &) (ugsLy | Basts | (pg/l) Basli Excands?
[Satenium mwsi] 2¢ | pgit [J] 10 | TN 58 | 2XMEAN [NETHER
HSHIcon Mwa2| 19500 | poit [=1 NA | NA NBD ND  |BCKG ONLY
MW3A®| 15400 | pgsi | =] NA | NA NBD ND BCKG ONLY |
MW379] 9120 | pafl [=]| NA | NA NHD ND BCKG ONLY |
[liver MWDl 2B pg/l {J]1825] 5 NBD ND BCKG
MWa4| 2.4 pgft | J{1825] 5 NBD ND BCKG
Sodium MWOS| 48300 | pgA [J] Na | NA | 106650 | ZXMEAN |< BCKG
MWO7 | 21700 | pgil |J] NA | Na | 108650 | 2XMEAN |<8CKG
MWIO| 25600 | po/l | J] NA | NA 106650 | 2XMEAN |< BCKG
Mwid| 16200 § poil | =| NA | NA 106650 | 2XMEAN |<BCKG
Mw1a]| 45200 | pa/l | J] A NA 106650 | 2XMEAN |« BCKG
MW3Z1 19900 | pail | J| NA NA 106650 | 2XMEAN [< BCKG
MW3G| 17800 | pg/l | J| MNA | NA 106450 | 2XMEAN |< BCKG
MWIB | 25800 pgfl | =] MNA NA 104460 TEMEAN |« BCKG
MwAC| 83300 | ug/l | ={ WA | NA 106650 | 2XMEAN (< BCXG
I Mwda2 [ 36800 | wait NA | NA 106650 | ZXMEAN |< BCKG
Mwdd| 22200 | pgil NA | NA | 106650 | 2XMEAN |<BCKG
MWS0 | 81200 | worl | =] NA | NA | 106850 | 2XMEAN |< BCKG !
MwS52 | 74800 | pgil | =] NA | NA | 106850 | ZXMEAN {< BCKG
MWE3 | 22300 | pgil I NA | O NA ] 106650 | ZXMEAN [< BCKG
| MWwSa | 18400 | wgil | 2] NA NA 106650 | 2XMEAN |< BCKG
Sulfate (os 504) MWO3| 459 | moil | =] NA NA NBD ND BCK= ONLY
Mwosl 112 [ omgil [ =] na [ Na NBD ND BCKG ONLY
MWoal a4 ma/l [ =] NA | NA NED ND BCKG ONLY
MWI3L 216 | masl | =] NA | NA NBD ND BCKS ONLY
MWIA] 237 | mgil | s{ NA NA, NAD ND BCKG OMLY
MW32) 174 [ mgit [=1 NA | NA NBD ND___[BCKG ONLY |
l Mwadl 62 | mas =] NA [ NA NBD ND  [BCKG ONLYII
MwWas®| 42 mafL | =1 NA NA NBD ND BCKG ONLY
MW7 48 mail =] NA | NA NBD ND BCKG ONLY
MW35| 153 | meyL I=| NA | NA | N8D ND__ {BCKG ONLYI
etrachioroethylena (PCE) MWO2 ([ 22 ng/l |=|0835) C ] MaX_DET |BOTH
r MWO3| 24 ug/L [ =] 0835] C ] MaX_DET |BOTH
MWD 12 pg/l {={0B835| C ] MaAX_DET |B8CTH
MWOS | 96 pg/L 0.835| € ] MAX_DET |BOTH
MWO7 | 51 pug/L 1={0835| C ] MaAX_DET |BOTH
Mwoe | 24 pg/l | =10835| C ] MAX_DET |[BCTH
MWI0] 100 ug/l |={0B35| C ] MAX_DET |8CTH
MwWIT] 16 pg/L |=10835| C ] MAX_DEF [BOTH
MW 12 12 pog/l [2]0838| C ] MAX_DET |BOTH
MW13 5 pg/ | 2l0B35| C ] MAX_DET |BOTH
MW15 2 po/l | 4] 0835 C ] MAX_DET [BOTH
23
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Table 3-6
. Groundwater Data Evaluation Against Applicable Critana
DDMT Groundwater Chamacterdzation

Bock- Bock-
PRG | PRG grounc ground

Paramater Wall Vakie | Units 1 & {ug/L)| Basis g/l Bosly Excaods?
etrachlorasthylens (PCE) MW21 52 ugil I=]083s| C 1 WAX_DET |BOTH i
(cantinuad) Mw22| 2 po/t [J]0838| C 1 MAX_DET |BOTH !

MW25 4 pg/l | J|0BIS] C 1 MAX_DET |BOTH

MW24 14 pg/L | =1 0835 Z i MAX DET [BOTH

MW20 32 ug/l | =| 0.835 C 1 MAX_DET BOTH

MW3l| & pgll | =|0B38| C | MAX_DET |BOTH

MW35 24 pgsl | J10.B35 C i MAX_DET |BOTH
MW39 3 post [ 1108350 C i MAX_DET |BOTH {
Mwa7 ! 23 po/t | =|083S] C 1 MAX_DET |BOTH It

MW5 2 g/l | J] 0835 C 1 MaX_DET |BOTH

MW23 i ngfl {J| D835 C 1 MAX_DET |PRG

MW 22 } pof/l 1 J] 0.835 C i MAX_DET |PRG

MW4 | ua/l fa]0B35] © } MAX_DET |PRG

Thallium MWO5| 086 § upgi [J]| 05 |MCLG| NBD MDD |BOTH
Tostenl Dissolvad Solicls MW32 4832 mast | =] NA NA NBD ND BCKG ONLY
(Residue, Filterabla} MW379 191 mafl | =1 NA NA NED ND BCKG ONLY
fate Orgonic Carbon Mwna| 487 mall | =] NA NA NEBD ND BCK= ONLY |
Mwos) 307 | mail {=] NA | NA NED ND__ [BCKS ONLY ||
. MAWDE| 384 | mgil | =] Na [ NA NBD ND BCKG ONLY
MWI3| 263 | mosl l=] Na | NA NBD ND BCKG ONLY
MWia]l 278 | mol l=] NA | NA NBD ND BCKG OhLY
MW3A2 | 246 mgfl | =] NA NA, NBD ND BCKS ONLY
Mwad| 281 | omgsl | ={ NA | NA NBD ND BCKG ONLY
Mwas®] 332 [ mgA |=] NA | NA NBD ND  |BCKG ONLY
MwW3aLl 262 | ma/l l=] Na [ Na NAD ND BCKG ONLY |

Trichiorogthylane (TCE) MW0Z 26 pafl | =| 3.877 C 1 MAX_DET |BOTH

MW03 13 pg/L | ={ 3.8 C | Max,_DET |BOTH

MW0S 14 ugil | =] 3.877 C 1 Max _DET |BOTH

MWD& [ 130 pgil |} 3821} © ] MAX_DET {80TH

MWOZ[ 25 pail | =Jaan]| ¢ 1 MAX_DET [BCTH

MWDS 14 pg/l | =j 3871 C ] MAX_DET |BOTH

MW1 1 44 pgll | =381 ]| C ] MAX_DET |[BCTH

MWI12 650 pg/l | ={381 C i MAX_DET |BOTH

MWI15 11 pg/l | ={ 381 C i MAX_DET |BOTH

MW21 9 | pgi |J138B7I] C 1 MAX_DET jBOTH

MW20 13 ugil | =] 3.871 C 1 MAX_DET |BOTH

{ Mwaz2 &8 pgfl | =] 3.871 [ 1 MAX_DET |BOTH

Mwas| 1900 | poil |=]38711 C j MAX_DET |BOTH

MW51 5 poll | J43871] C ] MAX_DET [BOTH

MW54 ¥ pafl | =4 3.871 [ 1 MAX_DET |BOTH

" MWOR 2 poil | J|3.871 o 1 MAX_DET |BCKG
. E po/l [Jlaen] 1 MAX_DET |BCKG ]

QRO113430.12.20/004 XLS Poge 13of 15 32
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Table 3-5
Groundwaten Dato Evalualion Against Applicabie Critaria
DDMT Sroundwater Charoctedzation

Back-
PRG | PRG | ground
Pommatar Well | Value | unils |&@](pgiid]| Basis | (eg/L) Bosls Exceods?
Tricnioroethyians (TCE) MW?22 2 ua/t [J}3871] C } MAX_DET {BCKG j]
(continued) MWZ4 2 ngit [J]agn] ¢ 1 MAX_DE_[BCKG
MW3P 3 pgil | J]3871 ] C ] MAX_DET |BCKG
MWa7 2 po/t lJl3ani| ¢ 1 MAX_DET |BCKG
M4 1 pgil 4] 3.871 [ ) MaX_DET |MEITHER
MW5E] 1 pofl | J | 3871 C 1 MAX_DET |NEITHER
Tritium (Hydrogen-3) MWzt -a20 | pcirl | ={ Na NA, NBD ND MA
MW3Y? 570 pCifl | =1 NA MA, NED ND NA
\Vanaaium Mwid| 10 pgil | =| 25.55 5 ) 2XMEAN |BOTH
MW 39 1.5 pg/L | J| 2555 5 [+ ZEMEAN |BOTH
MWI15 5.2 ugll | J] 2555 s 2] ZXMEAN |BUKG
Vanagium (confinuad) MWIG| 4.5 v/l | J | 25.55 5 & ZAMEAN |BCKG
Mw20| 199 up/l | ] 25.58 S o IUMEAN [BCKG
MW3S 12 paft | Jf25.55 3 & ZXMEAN |BCXG
MW45| 148 ugil | J] 2555 5 6 ZXMEAN |BCKG
Mwo7| 29 g/l | 1] 25.55 5 o FUMEAN |NETHER
MWIO| 17 ugil {J] 25585 3 & 2XMEAN |NEITHER
Mwio] 26 po/l [ J]2585] 5 & IXMEAN |NETHER
MW2E 5.1 puasdLl | J| 25,55 5 & ZXMEAN [NEITHER
MW3E 49 ug/L | J | 2555 5 & ZXMEAN |NEITHER
Zing Mwi1z] 132 pa/l | = 1095 $ 0 ND BCKG {
Mwial 100 | ugn [={1005) S 0 ND___ |BCKG i
MW20 9d. 4 ugft | =] 1095 5 0 MD BCKGS
MwW3g| 995 ugiL | =] 1098 5 0 ND BCKG
MW3S | 255 ugit. | =] 1095 5 D ND BCKG
Mwd2| 2456 | pgi [=] 1095 S 0 ND  |BCKG
I MWEBS| 13D ug/L { =] 1095 5 g ND BLKG
*Wels completed in Canfined Sand Aquifer.
Motes: I
o = valiciated data quaifiar MA = not opplicobia
PRE = Prallmlnary Remadiction Gool MED = no ockground data

BCKG = exceads bockground. na FRE gvaitobla
<BCKE = Loss than bockground

ITHER = axceads neither backgrouna no: PRS

OTH = exceeas FRG and background {both avaliabla)
/L = micrograms per Gtat

{L = miligrars per lar

L = picoCuras per lter

_DET = maximum Jdatectac

AN = 2 fimas maon value

= estimated elow datectian limi

NC = not datected

C = coleulatad in cccordanca with corcinogenic aftects
5 = colculotad in aocardance with systemic efiacts

TM = Tannassee Guldonca Lavel (TDEC. 1987

MCL = Maximum Contaminant Level

MCLE = Moximum Conteminant Level Goal

ORGY13430.12.20/004 XL
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Table 3-6

Groundwater Data Evaluation Against Applicabla Crilafia
DOMT Sroundwoter Charactenzation

PR
Value | Units [ &) (ug/i} (ugsL) Excoads? |

Porametar
= = d@tectad abave dotactinon imit
R = rajacted dato
Resctantial Scanana
 Carcinogens: graundwoter concantration n milkroms par lilar {mg/Ll =

TR*BW * AT *365days ! vear
SFo*Rw*EF*ED

‘E. Systemic toxicants

THO* AT* BW *65davs/ year
|/ RfDo™ IRw™ EF * ED

Notes for equarions:

THE = Target hazard gquotient
k.. = InGestion rote water

o= Cancer slape factor aral

= Target risk/hozard funiliess)
BW = Boay weight ()

T = Averaging time {derys) I
EF = Exposure frequency (Doysiyve)
[Revey = Daily wioitar bgastion rate
ED = Exposura cruration (v

T = Exposure time (hefday)

Fl = Fraction ingestad (unitiass

125
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SanPLe RESULTS

southeast portion of the 1,1-DCE plume, but the plume is also not bounded north of MW-51
{4 ng/L}. 1,1-DCE was also detected in well MW-45 to the east of Dunn Fieid at a low
concentration (2 pg /L). Another isolated 1,1-DCE detection was observed at MW-47;
however, the compound was not detected in other downgradient wells on the DDMT main
installation.

Tetrachloroethylene (PCE). The occurrence of PCE was relatively widespread in 1996, as it
occurs in 24 wells both cnsite and offsite. Concentrations of PCE range from none detected
to 100 pg/L in well MW-10. For 21 of these wells, both the background values and PRGs are
exceeded. For the remaining three wells, MW-23, MW-32, and MW-34, background is not
exceeded but the PRGs are.

PCE is detected at four locations on DDMT, as shown in Figure 3-5. One of the two larger
plumes is centered over the western and northwestern boundary of Dunn Field and extends
offsite to the west and northwest. The plume is bounded everywhere but the arca north of
MW-51; although the position of the isopleths is inferred, particularly to the northwest.

A lowHevel (1 pg/L) concentration of PCE was detected at MW-34. The extension of the
non-detect isopleth to well MW-34 is speculative because orgardc constituents have not
been previousiy detected at MW-34. Values as high as 100 pg/L are found within this
plume (MW-10}.

The second large plume is in the southwest corner of the main installation, extending south
of the DDMT boundary. However, offsite well MW-47 is hydrologically upgradient of the
other onsite wells in this area that are impacted by PCE, thus suggesting that the plume
potentially has an offsite source. During periods of low groundwater recharge, it is possible
that the water table drops such that continuity of flow draining toward the paleochannel
ceases. If unconfined groundwater does not drain toward the paleochannel, the flow in the
southwest area of the site would be governed by the slope of the clay thus potentdally
reversing the flow direction. Additional groundwater level data will be taken on a quarterly
basis throughout 1997 to evaluate this potentizl. The highest value in this plume is 52 ug/L
(MW-21). A smaller plume is found in the southeast corner of the main installabon,
centered around MW-25 and MW-24. it is bounded to the east (MW-59) and south (MW-52)
and does not go beyond the eastern and southern borders of DDMT. An isclated occurrence
of PCE was detected at 3 ug/L at MW-39. There is insufficient well control tc determine
whether the detection at MW-39 is part of a contiguous plume at wells MW-21 though
MW-23,

Trichlorpethene (TCE). TCE is found in five separate locations at DDMT and was detected
in 23 wells during the 1996 sampling event. TCE occurs on Dunn Field, the main
installation, and offsite at three locations (see Figure 3-6}. Values range from none detected
to a maximum of 1,900 ug /L at well MW-35. Most of the concentrations exceeded both
background concentrations and FRGs, or at least background concentrations. Only two
wells (MW-34 and MW-53) had values that neither exceeded background nor PRGs.

The largest TCE plume encompasses the west and northwest boundaries of Dunn Field and
extends offsite to the northwest of Dunn Field. The plume is bounded everywhere but north
of MW-31; although the position of the isopleths is inferred, particularly to the northwest.
The highest value in this plume, and for the entire site, is 1,900 pg /L at well MW-35. A low

QR0 13630.12.20005.00C 332
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levei {1 pg /L) concentration of TCE was detected at MW-34. The extension of the non-detect
isgpleth to well MW-34 is speculativa.

A second plume existing in the southwest comer of DDMT encompasses onsite wells
MW-21 and MW-22 and offsite well MW-47. Well MW-47 is hydraulically upgradient of
wells MW-21 and MW22; however, the base of the Fluvial Aquifer slopes from MW-21 and
MW-22 toward MW-47. Additional groundwater elevations will be taken from these wells
te confirm that the groundwater gradient is consistently from offsite toward onsite. An
isolated occurrence of PCE was detected at 3 pg/L at MW-39. There is insufficient well
control to determine whether the detection at MW-39 is part of a contguous plume at wells
MW-21 though MW-23, The configuration of the TCE detections on the southwest portion
of the main installation is similar to that for PCE. thus suggesting an offsite, upgradient
source.

TCE is also found in two other separate locations in single wells at low concentrations.
MW-26 and MW-53 had 2 ug/L and 1 pg/L. respectively, of TCE.

1,1,2,2-Tetrachloroethane (1,1,2,2-PCA). Ttus VOC was detected in rune onsite and offsite
wells during the 1996 sampling event, but only occurs on the western side of Dunn Fieid
and in the offsite wells to the west of Dunn Field (see Figure 3.7). Values 0f 1,1,2,2-PCA
range from none detected to a maximum of 420 ug/L in well MW-31. All vaiues exceeded
both background and PRGs concentrations.

The groundwater plume occurs along the west central boundary of Dunn Field (see
Figure 3-5) and extends to the west of the field. The plume is bounded on all sides.
The highest value for this plume, and the entire site, is found at offsite well MW-31.

Carbon Tetrachloride. Three areas of carbon tetrachloride cccur at Dunn Field (see

Figure 3-8). The higher concentrations are at onsite well MW-6 (27 pg/L) and offsite well
MW-32 {22 ug /L). A low-level (1 pg/L) concentration of carben tetrachloride was detected
at MW-34. The extension of the non-detect isopleth to well MW-34 is specudative. There is
good well control identifying the eastern and northern bounds of this plume; however, the
location of the western non-detect boundary is inferred because there is poor well control.

Low levels of carbon tetrachloride (1 to 6 ug/L) are detected in the northwest corner of
Dunn Field. The location of the plume is well defined on all sides except northwest of
MW-31. Anisclated occurrence of carbon tetrachloride ocours at well MW-26. Carbon
tetrachloride is not detected in upgradient wells MW-50 or MW-52.

3.6.2 Distribution of Inorganic Constituents

Groundwater sampies were collected and analyzed for total (unfiltered) metals. Figures 3-9
through 3-13 show the concentration and distribution of five indicator metals (lead, nickel,
beryllium, copper, and total chromium). These figures also show that the concentrations of
metals are variable within the Fluvial Aquifer, with the highest values tending to be
centered in the northwest quadrant of the main installation. Tables 3-5 and 3-6 surmunarize
the concentrations of detected metals within the Fluvial Aquifer,

Table 3-7 and Figure 3-14 present the effect of groundwater sample turbidity on total
indicator metal concentrations. Elevated concentrations of chromium, nickel, and copper
are associated with lower ranges of turbidity (<20 nephelometric turbidity units [NTU]}.

CHRO113830, 12, 20/005.00C 33
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Elevated copper and total chromium are alsc associated with elevated (off the instrument
scale) turbidity. Metal concentrations generally do not show an increasing trend across the
range of turbidity measured in the field. The linear correlation between turbidity and
concentration is evaluated in Table 3-7 by calculating a linear correlation coefficient between
individual total metal concentrations and turbidity. A correlation coefficient value of zero
indicates that the magnitude of the metal concentration is not at all linearly dependent on the
magnitude of turbidity. Values of positive or negative one indicates a perfect direct and
inverse linear relationship between concentration and turbidity, respectively. intermediate
values indicate less-than-perfect correlations, Inspection of Table 3-7 indicates that the metal
concentration to turbidity correlation coefficients are generally low (less than 0.1) with
moderate to weak correlations for aluminum (0.47) and iron (0.25). Both constituents are
naturally occurming in clay minerals.

Beryllium. Beryllium, found in 10 wells, was detected in Dunn Field and the western half of
the main installation in the February 1996 sampling program (see Figure 3-9). The highest
value of 3.7 ug/L, which exceeds the background value for beryllium, was found in MW-2.
Higher vatues oceur in Dunn Field than in the main installation. In all weils where beryllium
was detected, the values were above background concentrations but not above PRGs.

Two offsite wells to the east of Dunn Field also had beryllium detected at 0.21 pg /L (MW-28)
and 0.35 pg/L (MW-45). However, unlike the other metals, bervllium was not detected in the
monitoring wells west of Dunn Fieid,

Chromium. Chromium was detected in Dunn Field, the main installation, and offsite to the
west of Dunn Field, for a total of 21 wells (see Figure 3-10}). Chremium (at 5.6 pg/L) was also
detected in one offsite well (MW-47) to the southwest of the main installation. The highest
values are found in the main installation, at MW-38 {278 pg/L), and at MW-39 (215 pg/L).
Chromium values in Dunn Field range from 9.9 pg/L (MW-3) to 63 pg/L (MW-12); while
values in the offsite wells to the west range from 4.4 pg/L (MW-42) to 34 pg/L (MW-34).

Chromium was detected in four wells (MW-12, MW-38, MW-39, and MW -55} at values above
the PRG of 18 pg/L and background values. The remaining wells had either values above
PRGs or values that did not exceed PRGs or background concentrations.

Copper. Copper was detected in Dunn Fleld, the main instailation, offsite to the west of Dunn
Field and the main installation, and east of Dunn Field (see Figure 3-11). The highest values of
copper occut along the northwest edge of the main installation at wells MW-19 (315 pg/L)
and MW-20 (207 ug/L}. Both of these values exceed the risk-based PRG of 135 ng/L for
copper and background values. The remaining wells, both onsite and offsite, had copper
values that did not exceed PRGs or background concentrations. Copper values onsite were
greater than offsite values. Copper was detected in 19 wells in the 1996 sampling program.

Lead. Lead was detected throughout Dunn Field and the main installation (where there was
well control), for a totat of 23 wells {see Figure 3-12). Lead was detected in well MW-43

(4.7 pg/L) to the west of Dunn Field. Three wells on the main installation have lead values
that exceed PRGs and background concentrations: MW-55 (20.4 pg/L), MW-38 (30.2 pg /L),
and MW-39 (99.8 ug/L). MW-39 had the highest value of all wells sampled. Offsite wells had
either no lead detected or values below PRGs and background.

GR0113530.12 20005000 342
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Nickel. With the exception of well MW-16, nickel was detected in the western half of the
main installation, in Dunn Field, and offsite to the west of Dunn Field in a total of 20 wells
(see Figure 3-13). Two wells with values exceeding PRGs and background concentrations
are found on the main installation: MW-38 {212 pg /L) and MW-39 (164 ng/L). Offsite wells
that are west of Dunn Field are below background concentrations.

A.6.3 Groundwater Constituent Trends

3.6.2.1 Well to Well Comparison ¢f YOCs

Concentrations of detected volatile crganics from the 1996 sampling event were evaluated
as a group to assess how their concentrations and distributions varied from well to well.
VOCs selected for discussion were based on frequency of occurrence. Occurrences within
the main installation, Dunn Field, and offsite are discussed.

Main Instaltation. Concentrations and frequency of occurrence were lower on the main
installation than on Dunn Field. In fact, only two of the five YOCs (TCE and PCE} occur on
the main installation. These constituents occur in the same wells, which may indicate that
thev are from the same sources. The TCE and PCE plumes in the southwest comer of the
main instailation are of similar size and shape, which may indicate a similar source.

Dunn Field. All five VOCs occur in Dunn Field, in the western and northwestern portions
of the field; and all five plumes have migrated offsite to the west. None of the VOCs were
detected in any of the wells that parallel the eastern boundary of the field. Highest values
detected from the 1996 sampling event were found in or adjacent to Dunn Fieid.

The TCE and PCE plumes in Durw Field are nearly identical in shape and extent, indicating
that they may both derive from a similar source area. The carbon tetrachloride and 1,1,2,2-
PCA plumes ara also very similar in extent. Only the 1,1-DCE plume has a unique
configuration, suggesting either an alternative source area associated with the northeast
trending barder of Dunn Field or a degradation plume from PCE/TCE.

Offsite. VOCs were detected cffsite west of Dunn Field, southwest of the main installation
(MW-47), and at upgradient wells east of Dunn Field (MW-45 and MW-53}. The highest
values for 1,2-DCE and 1,1,2,2-PCA both occur offsite in MW-31. Organic constituents
found offsite west of Dunn Field originated from the Dunn Field groundwater plume.
Additional water level data will be collected to determine if offsite organic contamination
southwest of the main facility results from sources on or off DDMT property. [solated VOC
detections upgradient from both Dunn Field and the main instailation result from
undetermined offsite sources.

3.6.3.2 Well to Well Comparison of Metals

Concentrations of beryllium, chromium, copper, lead, and nickel from the 1996 sampling
event were evaluated as a group to assess how they varied from well to well. These metals
were selected in accordance with the frequency of detection and exceedances of
groundwater PRGs. Occurrences within the main installation, Dunn Field, and offsite are

discussed.

Main [nstallation. With the exception of beryllium, higher concentrations of metals were
found on the main installation than on Dunn Field. The highest concentrations and
frequency of occurrence were in the northwest quadrant of the main installabon.
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In particular, wells MW-19, MW-20, MW-38, MW-38, and MW-55 showed the highest
concenirations of metals. [nn the southeast quadrants, metals either were not detected or
occurred at very low concentrations. Nickel, chromium, and beryllium occurred in wells in
the scuthwest quadrant. One well (MW-16) in the northeast quadrant, where there is poor
well control, showed concentrations of nickel, chromium, and lead.

Dunn Field. All five metals were detected in the wells in Dunn Field. Wells MW-12 and
MW-14 were the only individual wells in which all five metals were detected. No pattern of
metals distribution is apparent, which can be attributed to either variations in the turbidity
of the unfiltered metal samples or spatial variation in the groundwater source terms for
metals.

Offsite. All ive metals were detected in at least one offsite well. Concentrations in these
wells were lower than concentrations found in Dunn Field or the main installation. In no
well were all five metals detected, and MW-43 was the only offsite wetl in which four
metals were detected.

3.6.3.3 Temporal Trends in VOCs

Groundwater data were available for 18 wells for four separate monitoring events. Data
reported for 1989 and 1990 were from the R1/FS5 characterization reported by Law (1990).
Data reported in 1993 were taken from ESE {1994}, These results were compared with the
February 1996 water quality results, and the concentrations of TCE; PCE; 1,1,2,2-PCA; and
carbon tetrachloride were plotted over time {see Figures 3-15 through 3-18) to identity
trends in concentrations that might signify naturai attenwation or continued input of
organic contamination into the Fluvial Aquifer. Cnly those wells were plotted for which
data were available for at least three of four possible consecutive time periods (1983, 1990,
1993, and 19986).

PCE. The PCE wrend plots shown in Figure 3-15 display a variety of concentration trends
over time. Wells with a predominately decrcasing trend are MW-10, -04, -12, and -32,
MW-03 shows a general increasing trend followed by a marked decrease between 1993 and
1996. With the exception of offsite well MW-32, all the decreasing trend wells are in the
northwest pertion of the Dunn Field plume. Wells with an increasing trend in PCE
concentration are MW-339, -39, and -21 associated with the Dunn Field plume, the northwest
portion of the main installation, and the southwest plume, respectively. Within Dunn Field,
increases in PCE concentration are associated with the scuthern portion gf the PCE plume
while decreases are northward near the northwest corner.

TCE. The TCE trend plot shown in Figure 3-16 alse shows a variety of concentration trends.
Wells MW-11, and to a lesser extent MW-25 and MW-51 exhibit a continuously decreasing
concentration over time. Walls MW-10 and MW-15 had an increasing concentration trend
between 1989 and 1993, followed by a decrease in concentration between 1993 and 1996.
Increasing concentrations were observed at MW-21, located in the southwest plume, and
MW-35. MW-35 identifies the upgradient position of the 1,000 pg/L isopleth (see

Figure 3-6); therefore, the consistently increasing concentration suggests a continual input
of TCE into the Fluvial Aguifer. TCE concentrations in MW-31, the other significantly
contaminated well downgradient from MW-35, show a generally uniform or slightty
decreasing concentration over time. Wells MW-31, -11, and -2% all show a moderate
decrease in concentration since 1990. Wells MW-10, -09 and -15, located in the north and
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south portion of the Dunn Field plume, show an increasing trend in TCE concentration
marked by a decrease after 1993. Other wells again show varying fluctuations over dme.

1,1,2,2-PCA. Well-specific fluctuations of 1,1,2,2-PCA are generally nonuniform (see
Figure 3-17}. The only uniform increase with time is observed at well MW-35, again
suggesting a continual source of organic groundwater contamination in this vicinity. An
anomalousty large 1,1,2,2-PCA concentration was observed at well MW-12 in 1990; this
concentration has not been observed since.

Carbon Tetrachloride. Decreasing trends in carbon tetrachloride concentration are
observed at wells MW-6 and MW-32 (see Figure 3-18). MW-15 shows a drop in
concentration between 1993 and 1996, after a continual increase. These three wells are
located near the center of the southern Dunn Field carbon tetrachioride plume, Cther wells
with low {<10 ng/L) concentrations of carbon tetrachloride show a decreasing trend in
concentration.

Comparison of VOC Trends. I[ncreasing concentrations of both PCE and TCE are noted at
well MW-35 and well MW-21. Both compounds are increasing, not just the TCE
degradation product of PCE, which indicates the possibility of continuai source term input
in the center of the Dunn Field plume and {to a much lesser extent based on relative
concentration) in the southwest plume. Decreases in both PCE and TCE are noted in the
northern portion of the plume indicating reduced flux of contaminant input.

3.6.3.4 Temporal Trends in Metals

Data were available for 20 wells for three separate monitoring everts. The Remedial
Investigation at DDMT [Law, 1990} and the Groundwater Moniloring Results for DDMT

(ESE, 1994) included results from a round of well sampling. These results were compared
with the February 1996 water quality results, and the concentrations of chromium, copper,
lead, and arsenic were plotted over time (see Figure 3-19). Only those wells were plotted for
which data were available for the three time periods (1990, 1993, and 1996).

In general, of the four metals plotted, chromium typically had the highest values, followed
by copper, lead, and arsenic. Metal values generally decreased between 1990 and 1996, with
the notable exception of well MW-12. As a group, the metals concentrations were higher in
the 1993 sampling event than in either the 1990 or 1996 event. The metals analyses for ail
three sampling events were performed on unfiltered samples. Therefore, it is likely that
some of the differences in values may be attributed to furbidity in the samples.

Chromium. The chromium plots over time indicate that chromium occurred in the greatest
concentrations relative to the other metals and that an overall decline in concentrations
occurred between the 1990 and 1996 values. A compariscn of the three sampling events
showed that the general trend was that the highest chromium values occurred in 1993,
intermediate values occurred in 1990, and the lowest values occurred in 1996.

Copper. Lower values of copper {as compared with chromium) were detected in all wells
except MW-10, MW-12, and MW-13. The 1990 and 1993 values were generally equal, or the
1993 values were slightly higher than the 1990 values. An overall decline in the copper
concentrations, with the exception of MW-12, occurred in the 1996 values.

OR0 11383012 20/005.000 g
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Lead. Lead values over time are less than chromium and copper. In two instances (MW-4
and MW-10), lead concentrations are higher than chromium and copper.

Lead concentrations exhibit a general downward trend: 1990 has the highest values, 1993
has intermediate values, and 1996 has the lowest concentrations.

Arsenic. Arsenic consistently had the lowest concentrations relative to the other metais and
over Hime. In four cases (MW-4, MW-8, MW-13, and MW-34), arseruc was not even detected.
Arsenic concentrations remained the same or slightly decreased over time.

3.6.4 Evaluation of Fluvial/Confined Sand Aquifer Connectivity

The hypothesis that the Fluvial Aquifer and the Confined Sand Aquifer are in direct
hydraulic connection has been raised during the course of investigations at the DDMT.
Evidence for these socalled “windows"” has been cited at other locantons in the Memphis
area (Graham and Parks, 1986). Data are available from several sources that strongly
suggest that the Fluvial Aquifer and Confined Sand Aquifer are separated by confining
material beneath DDMT, and that a “windows” scenario does not exist beneath DDMT.
These data include lithologic togs, thickness maps, structure contour maps, and water
quality data from the two aquifers.

Lithologic Logs. Two wells in the vicinity of DDMT, MW-36 and MW-37, were drilled
through the confining layer of the Fluvial Aquifer into a lower unconsolidated sand. Thus
lower sand at DDMT was tentauvely identified as the Memphis Sand by Law (1990);
however, as discussed in Section 1.3.2, regional stratigraphic data indicates that the lower
DDMT sand could be a member of the Cook Mountain Formation. The Cook Mountain
Formation contains clay that can act as the confining unit to the Memphis Sand. Below the
Fluvial Aquifer, MW-37 has at least 70 feet of a very stiff silty clay that grades to another 20
feet of sandy clay before encountering the lower sand. MW-36 has 78 feet of a silty lignitic
clay that grades into another 14 feet of sandy clay above the lower sand. The siity clay
sequence is attributed to the Cockfield Formation (Parks and Carmichael, 1988). Thus an
adequate thickness of confining materials has been identified in logs from wells that arc
either onsite or very near DDMT.

Downhole sonic, gamma-gamma density, natural gamma, and caliper logs were run on
MW-37 and MW-36 to evaluate the annular cement integrity, and thereby determine that
interconnection between the aquifers was not provided by the well borehole. The logging
resutts were reported in CH2M HILL {1996} and indicated that while there are sections cf
the grout seal where the integrity of the grout seal is less than adequate, these sections are
isolated by intervals that do not exhibit any loss of grout seal integrity such that overall
there is no evidence to suggest that the integrity of the annuiar seal as a whole is
compromised throughout the confining unit interval (see Appendix I).

Thickness Maps. [n their study of the urban area of Memphis, Graham and Parks (1986}
show maps of the thickness of the Jackson-upper Claiborne confining bed and the aggregate
thickness of clay beds thicker that 10 feet in the Jackson-upper Claiborne confining bed. In
the vicinity of DDMT, the thickness is shown to be greater than 100 feet and less than 200
feet. The aggregate thickness is shown to be somewhat greater than 100 feet. Well control
is reasonably good berween the Allen and Sheahan wellfields.
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Graham and Parks (1986) also show areas of depression an these thickness maps. These
areas of depression are shown with inward hachures that imply a thinning of the beds in
the direction of the hachures. Itis significant that no depressions are shown for the DDMT
ares, or anywhere reasonably close to DUMT.

Structure Contour Maps. Well Sh:J-104 is approximately 2 mules west of DDMT in the
Allen well field, and is referenced in many USGS publications. The altitude of the base of
the Cockfield Formation in this well is shown on Plate 1 of Parks and Carmichael {1988) to
be approximately 125 feet msl. For this same well, the elevation of the top of the Memphis
Sand is at 46 feet msl (Kingsbury and Parks, 1993). Therefore, in addition to the thickness
of the Cockfield Formation (approximately 40 feat), and any Jackson Formation if it exists at
this site, there is also 79 feet of Cook Mountain Formation separating the Confined Sand
from the Fluvial Aquifer. The Cook Mountain Formation serves as an upper confining unit
to the Confined Sand (Kingsbury and Parks, 1993).

Water Levels. Water levels obtained at the time of construction were alsc compared
between the two wells. The water level in MW-32 was 58 feet bgs, while it was 142 feet bgs
in MW.37. Water levels werc aiso taken during the February, 1996 sampling event, and, as
shown in Table 34, are 60.2 feet bgs for MW-32 and 132.61 feet bgs for MW-37. These
water levels support the lithologic evidence that the two aquifers are separated at this
location.

Water Quality Data. Water quality data were obtained for wells MW-32, MW-36 and
MW.-37 and reviewed for similaritics and differences. MW-32 is a Fluvial Aquifer well,
while MW-36 and MW-37 are believed tc be completed in the upper sands of the Confined
Sand Aquifer. Allen Wellfield data are also available, as are the mean, minimum and
maximum values for the DDMT Fluvial Aquifer wells.

Comparisons of the parameters shown in Tables 3-8 and 3-9 indicate that the water quality
is indeed different between the Fluvial Aquifer and the Confined Sand wells, but is very
similar betwesn the two Confined Sand wells. The latter similarity indicates that there is
not a change in Confined Sand groundwater chemistry across Dunn Field.

Comparing the groundwater chemistry between the Fluvial and Confined Sand Aquifers
shows that chloride is higher in MW-32 (127 mg/L) and the DDMT mean {43.1 mg/|) than
in MW-37 (4.5 mg/L). Nitrogen as nitrate is found in MW-32 at 3.97 mg/L but is
undetected in MW-37. Suifate is higher in MW-32 (17.4 mg/L) and the DDMT Fluvial mean
(24.0 mg/L) than in MW-37 (4.9 mg/L). MW-32 has a lower value of bicarbonate (47 mg/L)
than MW-37 (168 mg/L). Additionally, total dissolved solids arg greater in the Fluvial
Aquifer (482 mg/L in MW-32) than in the upper Confined Sand (191 mg/L in MW-37).
Water chemistry at MW-36 and MW-37 was compared to that of the Confined Sand since
data was not available from the Cock Mountain or Cockfield Formations.

The next comparison in groundwater chemistry is between wells MW-36/-37 and the
DDMT Fluvial mean values. In wells MW-37 and MW-36, iron is found at 5.3 and 5.1

mg /L, while the mean for the DDMT Fluvial aquifer is 8.3 mg/L. Potassium is found at 6.3
and 6.0 mg/L in MW-37 and MW-36, but is only 2.1 mg/L in the DDMT Fluvial Aquifer
mean. The DDMT Fluvial Aquifer mean for chloride is 43.1 mg/L. but chloride is found at
4.5 and 3.4 mg/L in MW-37 and MW-36. Nitrogen as nitrate is not detected in the Confined
Sand wells, but is found at 3.97 mg/L in MW-32. In MW-37 and MW-36, sulfate is 4.9 and
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4.2 mg/L, but the DDMT Fluvial Aquifer mean is 24.0 mg /L. These differences support the
hypothesis that the aquifers are not hydraulically connected.

Comparison of MW-36 and MW-37 groundwater chemistry to Confined Sand water
chemistry from the Allen Well Field indicate a similarity berween iron, silicon, sodium,
chloride, and sulfate concentrations. However, calcium values at MW-36/-37 are
significantly above the median Confined Sand value (40 versus 11 mg/L) at the Allen Well
Field. As discussed in Section 1.3.2, the lower DDMT sand couid belong to the Cook
Mountain Formation rather than the Confined Sand thus accounting for the differences in
water chemnistry.

3.6.5 Groundwater Fiow

Palecerosional features strongly influence the direction of groundwater flow, as previously
discussed in Section 3.4. These features also help govern the spread or containment of
contaminants in the groundwater.

Figure 3-3, the potentiometric map of the Fluvial Aquifer, shows a flat gradient across the
central and northemn parts of Dunn Field. A stagnation plateau is found to the west of Dunn
Field in the vicinity of MW-44 and MW-54. Flow moving slowly across Dunn Field
bifurcates to the northwest or southwest upon encountering the stagnation plateau. Most of
the contamination is originating in the northwestern quadrant of Dunn Field, so that it will
flow west to the plateau and then to the northwest upon encountering the plateau. thus
avoiding the depressed clay to the southwest. However, the configuradon of the base of the
Fluvial Aquifer (see Figure 3-2) suggests that another channel may extend to the northeast
trending along wells MW-44 and MW-54 that could intercept offsite plumes to the
northeast.

Groundwater flow in the southwest portion of the main installation is ¢ssentially onsite
from the west and southwest. Both the PCE and TCE plumes in this area show elevated
concentrations at offsite well MW-47, located south of Ball Road, which suggests that an
offsite groundwater contamination source south of the main installabon may be

responsible.

The PCE and TCE plumes (see Figures 3-5 and 3-6} that emanate from Dunn Field are
centered far encugh north to avoid getting pulled into the clay depression. The plume
shapes, particularly for TCE, have a northwestern lobe that mimics the direction of
groundwater flow. The low levels of organic contaminants found in MW-6, MW-15, and
MW-32 will migrate to the west and then possibly flow to the scuthwest to enter the clay
depression. Because the gradient within the Fluvial Aquifer is flat at MW-15 and because
contamination has not been detected at MW-33, it is evident that potential transport beyend
MW-33 and into the clay depression will occur slowly.

The bulk of the VOC plume mass (see Figures 3-5 and 3-6) at Dunn Field is located in the
northern portion of Dunn Field such that its transport is controlled by the component of the
flow field that is flowing west and northwest of the clay depression toward MW-31 and
MW-40. This is further evident in the southeast to northwest trending axis of the 1,000 pg/L
TCE isopleth (Figure 3-6) indicating narthwestern trending organic transport. Low levels or
the absence of organic contaminants found in MW-§, MW15, MW-32, and MW-33 indicate
that a much smaller fraction of the VOC plume mass is being transported to the
west/southwest and potentially toward the clay depression.
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® 4.0 Conclusions

In accordance with new groundwater data collected duning 1996, the following conclusions
can be made regarding groundwater flow and groundwater contaminant transport.

» Test boring and well installation west of Dunn Field have provided a general
configuration of the base of the Fluvial Aquifer showing the trend of the praviously
identified depression in the clay surface {(Law, 1990). Groundwater flow in the Fluvial
Aquifer west of Dunn Field is controlled by the configuration of the basal clay unit.

» The condiguration of the organic and inorganic contaminant plumes within the area of
pre-1996 well control is similar to that reported in Law (1990} and ESE (1994). A notable
exception occurs at MW-34 where levels of PCE, TCE. and carbon tetrachloride were
estimated at leveis below the detection limit for the first time in the 1996 sampling.
MW-34 is compieted in the base of the depressed clay; therefore, contaminant levels
here indicate transport to the channet from upgradient sources. Southward transport
from the Dunn Field plumes has been assumed; however, the possibiiity exists that the
organic contaminants mayv have entered the channet from sources within the main
installation. :

»  With the exception of the detection ot 1,1-DCE at offsite well MW-40, organic and

inorganic plumes at Dunn Field are bounded on the west by weils MW-40, -42, 43, and
. -41. Significant uncertainty exists in the estimated location of the non-detect isopleths

due to the lack of well contrel in the area bounded by Meadow Hill Street and Person
Avenue. (The area is not easily accessible due to the location of the Memphis Light, Gas,
and Water [MLGW| substation.} Low-level organic detections occur at MW-51 at the
northeastern position of the Dunn Field organic plume, indicating that the plume is not
completely bounded there. Based on February 1996 water level data, the water level at
MW-51 {233.60 feet msl) is nearly sidegradient to that at MW-29 (233.80 feet msl).

* [norganic constituents of concern {beryllium, lead, chromium, copper, and nickel} are
elevated at Dunn Field and the northwest portion of the main installation. Offsite
concentrations are below detection or significantty reduced. Overall, the inorganic
concentrations are lower in the 1996 sampling than during previous sampling efforts.
All metal sampies reparted herein were unfiltered and therefore sensitive to sampling
techniques that influenced the amount of sediment in the sample. Use of low-flow
down-hole pumps may have resulted in lower sediment concentrations than those of
previously collected samples. Additional turbidity analysis and correlation will be
performed during quarterly groundwater monitoring and reported in the RI Report.

« PCE and TCE groundwater contamination is observed ofisite in the southwest portion
of the main installation. On the basis of February 1996 water levels, the offsite
contamination is hydrologically upgradient; however, whether the gradient reverses
itgelf during periods of low flow has not been determined.

¢  Groundwater quality data, regional stratigraphy, and water level data do not indicate
. that there is a hydraulic connection between the Fluvial Aquifer and the underlying

ORO113530.12.20/005.00C d-4
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sand at Wells MW-36 and MW-37. However, correlation with lithologic logs at the Allen
. Waellfiald indicate that the sand encountered at these wells may be part of the Cook
Mountain or Cackfield formations.
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SOIL BORING LOG

PRDLECT DOMT Eroundwater [nvestigation
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ELEVATION
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DAILLING CONTRACTOR Boart Longyear
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SOIL BORING LOG
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H orange colared from 84,5 Teet to 85 feet greseni al cantact beiween bufl
-= and prange sanas -

= (SW). brawn, maist 10
wel, medium to coarse grained, irace to
same subireunded ta subangular cheri -
gravel !

2

IE
750 o] a
EOORLY-FAADEC SANR (8P, brown, moiat,
j medium grained, quartz, irace subangular
cherl gravel -
80 ~ 0 | _
o L
Orange and fine—grained below 85 lest - -
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] PROJECT NUMEER EORING NLIMBER
13630.01.22 STE-12 SHEET 4 OF 4
A
. SOIL BORING LOG
PROJECT DOMT Sroundwater [nvestigaiion LOCATION Memphis, TN
ELEVATION DRILLING CONTRACTOR Boart Longyear
ORILLING METHOD AKD EGUIPKENT Rotasenic
WATER LEVELS 102 1t. iest) START 1345, 1/8/86 FInisH 1850, 1/9/88 LOGGER S. Bruer
EE SAMPLE FESIJEATNHD;]B]%N SOIL DESCRIPTION COMMENTS
By 2 | 2| E RESUL TS SQIL NAME, USCS GRDUP SYMBOL, COLOR, DEFTH OF CASING. DRILLING RATE
3] 2 o - w MOISTURE CONTENT, RELATIVE DENSITY -
Ex | & |[#=| 3 g OR CONSISTENCY, SDIL §TAUCTURE DRILLING FLUID LOSS
bl ow | T o §' -8 -6 . . TESTS AND INSTRUMENTATEQN
a rz- :g 2 in MINERALOGY
o = Z= «
1]
7 Orange 1o brown below B4 feel 7
%BD — —_ -
13
. m — — —
- Wel below 1632 feet 7 b
103 ] i
T T priny s 2 wanite | Jackson Farmalion/Upper -
oo CLAY (CH), dark gray, moiat, hard, bgnitic Claborne Groon
5
108 - Slop grllling at 1850 '
daring 1erminated o 108 ft, Groutad Darehole with pyre gold
_ i hlgh aalids bentanile grout on
i/B/e8.
mo — _ -
B — — —
T 7 K
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PROJECT NUMBER
NIG30.01,7F

BORING NUMBER
MW-4g 0}

SHEET 1 OF 4

2
x
£

SQIL BCRING LOG

PACJECT OOMT Groundwater Jnvestigation

LOCATION_Hemphis, TH

ELEVATION

CAILLING METHOD AND EQUIPMENT Potasonic

DRILLING CONTRACTER Boart Longyear

WATER LEVELS _B0-B0 L. BTOC i/14/08

START 1025, 1/10/88 FIMISH 805, \V10/68

LOGGER 3. Bruer

o SAHPLE STANDARD SQIL DESCRIPTION COMMENTS
EL PENETRATION
= NAME. ROUP SYM . R,
Bwy = Wiz RESULTS SOIL NAE. JSCS GROUP SYHDL, LOLD DEPTH OF CASING, DRILLING RATE
= g w MOISTURE CONTENT, RELATIVE DENSITY
T T [T > . o s ORILLING FLYID LOSS
w G bt g —f" -& DR CONSISTENCY, SOIL STRUCTURE. TESTS AND INSTRUMENTATION
E = ; = w (H MINERALOGY
v I-inch TOPSDIL Start drilling at 1025
- (CL), light brown, moist, wilh
quasriZz sand and chery graved (FTLL) 7
7] | Strang organic decay odar in
FILL
] Black, maixy, wWith Croken glasa sharoas, 7 1
3 metal pieces, and organics
&0 = |f-|uu-21n5pmmsn* Lo 107
1.
5
’ EY (ML, greenish—gray, moisl, 1
no 10 iplt, oW plasticily Wilh Drown moliling _] )
below 11 fi. Hodified loess N
&
7 Light brown and gray below 4 14, g 1
50 5 __ __
SLLTY CLAY (CLE iighl brown, molst.
_ mediub s1ilF, low 16 medium D Asticity, milh
[ _Quartz sand and cherl gravel _ Fluvial Depasits N
- QLAYEY SAND [SC), brownish crange,
moist, medium dense, trace subrounded, i 7
5 fine 10 medium chert, pccasional layer of
1 lightly cemented sand - 1
0y 2 . .
i 25 i b
1 225 (- EQ “[SPY, R T
i browish—orange, moisl, l9aae Lo mediym
dense, mediom, gquart?, lrace fine, cheri b h
gravel
B0 — — —
8
7285 - .
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I PROJECT NUMBER BOAING NUMEER
[ ] 13830.01. Mn-4
CHMW HILL - & : o SHEET 2 OF 4
F
. SOOIl BORING LOG
PAQJECT DDMT Groundwaier Investigaiion LOCATION Henphis, TH
ELEVATION DRILLING CONTRACTOR Eoart Langyear
DAILLING METHOD AND EQUIPMENT Rolasonic
WATER LEVELS 80.80 f1. BTOC 1/14/68 START 025, 1/10/88 FINISH 305, 1/10/68 LOGGER S- Bruer
e SAMPLE STANDARO SQIL DESCRIPTION COMHENTS
S, PENETRATION
]
g it = RESULTS S0OIL HAME, USCS GROUP SYMBOL, COLOR,
Hﬁ S || w MOISTURE CONTENT, RELATIVE DENSITY B T ar EASING, DRILLING RATE
& = | zg | a MINERALOGY ATION
= S= W M)
= E= =
30
I KELL ~GRANER GRAVELLY SAND (§W, | Gredational cantact |
| Drownish—orange, molst, [oose, fing {0 i
coarse, quaril, with sybrounded 1o )
8.3 sounded line Lo medum, chert gravel
x| B - -
38.5 1.2 I-inch layer af CLAY (CH, light
y gray and lavandar, moisi, soit, medium to N 7
s hign plasticity
) 415 fL: 3-inch layer of CLAY (CHI as Gradaiignal contaci T
i eoere ot 3851 ___ ] .
. 40 EﬂDﬂL]‘;EﬁEDEﬂ_iaHEL ISP, ;
brownish-arange, moist, lcose, fine 1o
4D medmum, uuartzg ] ]
] 7. ] |
450 — - -
1 475 T 7
500 —| 4 -
52 ] i
52.5 11 J-inch layer o1 SILTY SAND (SM), Slight prganic eder in silly sand
- greenish-gray, maisi, loose, fine, quariz ] iaver 1
MKU = 0.0 ppm
§0 — - -
® a ' '
80




236 1G5

FROJECT KUMBER BORING NUMBER
nigan.oze Mw=-40 (0}

SHEET J oF 4

I%II
x
E

S0IL BORING LOG

PROUELT DOHT Groundwai®r invasligation

LOCATION Mempnis. TH

ELEVATION

DRILLING METHOO AND EQUIPMENT Bolasonic

ORILLING CONTRACTOR Boart Longyear

WATER LEVELS B0.80 it BTOC 1/14/08 START J025.110/86 FINISH 1BO5. 1/10/98 LOBGER 5- Bruer
o SAMPLE STANDARD SOIL DESCRIPTION M
§_L_'__ PENE THATION COMMENTS
o =% e & RESULTS SOIL MAME, USCS GROUP SYHBOL, COLOR,
E§ 5 EJE E MOISTURE CONTENT, RELATIVE DENSITY EEEL'-}NDGFFE?JS]E)N&'ESILL]NG FATH
g | & [Zo| 8 8" -6 -9* T e e, SOIL STRUGTURE, TESTS AND INS TRUMENTATION
aR | = | 22| ¥ N
(0]
1 SILTY SAMO (SMh lighl gray, moist, | T T | Gradalional coniact wilh cherl
3 e mecium uen[se. 'Ifinlg. qn?;n‘; ot feese gravel and cobbles at 82 feet
7 N with lree waler =
o6 ——22 - _
ol — 7 — -
y |r_igl11 brown to Drownish-orange belogw 73 " 1
L
D 75 —_ —
] thl gray and pccasianal clay beiow 78 y 1
BAD — B — —
B3
Light brown pEigw 85 f1i,
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] PROJECT NUKBER ROAIMNG NUMBER
13830.0L27 MW-40 (D) SHEET 4 OF 4
— SOIL BORING LOG

PROJECT JOMT Groungawater Investigation

ELEYATION

DRILLING METHOO AND EQUIPMENT Rotasonic

LOCATION Memohls, TH

DAILLING CONTRACTOR B2arl Longyear

WATER LEVELS 80.80 f. BTOC 1/12/88

START 1025, 11107068

FINISH (805, 1110/086

LOGGER 5. Bruer

ab SAMPLE PESNTEI_H"IHF?:"IBIDON SOIL DESCRIPTION COMMENTS
= EST
2 wi 2 RESULTS SOIL NAME, USCS GROUP SYMBOL, COLOR,
By 3 =2 & MOISTURE CONTENT. RELATIVE DENSITY BT g FARING, DRILLING RATE
Ex |l T |g-1 3 . g _a OR CONSISTENCY, 5010 STRUCTURE ORILLING FLUID L
T | & | 80§ B o -g -8 HINERALOBY = . TESTS AND msrnunsmnmu
ga | 2 |25 ¥
] Light gray below 92 L 7 a
83.5 It.c 3-inch layer of GLAT [CH} light
T gray, maisi, sati 1 b
a5
8o o6 . SILT (ML), light gray, moist, sofl_ R ]
SILTY GLAY ICLY. Light gray, moist, sodt, Jackson Formation/Upper -
i law 16 medum plastieity | Claiborne Graup ]
25
1 e85 1 1530 Instaling MW-40 i

Boring Llerminaled at G8.5 1L.

1805 MK-40 instaled lsee
attachea eonsirucion (og)
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] PROJECT NUMBER BORING NUKBER
nie30.01.77 Ww-d1 (K} SHEET | E.JF 3
o SOIL BORING LOG

PROJECT DOMT Groundwaler lovesiigation

LOCATION Hamphis, TN

ELEVATION
ORILLING METHOO AND EOUIPMENT Fot2ionic

DRILLING CONTRACTOR Borart Longyear

WATER LEVELS £5.82 11 BTOC 1f1a/06

sTaRT 0515, 1/12/88 FInIgH 1710, 1/12/98

LOGGER 5. Bruer

o SAMPLE STANOARD SOIL DESCAIFTION COMMENTS
EL PENETRATION
- = > SOIL HAME, USCS GROUP SYHEOL, COLOR,
_a [11] 3 -
Bw| = |8| & RESULTS MQISTUAE CONTENT, RELATIVE DENSITY HEPTH OF CASING. ORILLING RATE
Tl = |¥-| 3 B* =6* ~6" OR CONSISTENCY, SOIL STRUCTURE ORILLING FLUID LOSS
EE 2 lZg| S NERALOGY ' TESTS AND INSTRUMEHTATION
ul zZ 22| & (N MINERALOG
[1] 1=inch TOPSOIL Siart ariling: 0A15
SILTY CLAY (CL) light brown, meist, soft, _
] lrace organics Moolfled iness
5
7 Ligh! gray matiling belaw 3 M. 1 -
4 7] K
3 ] -
&l Medhum stit! below § 1. .
|
- 1 i
" ? ] _E
] 7 g
1 ) |
15 _ _
50 SUifl wilh black and gray motiling Delow 15
7 Wilh some coarse, guariz sand and line, . 7
8 cherl graved below 1B f1.
an — _ =
7 Y (SCT, mange to biown, | )
| moisi, medium dense, line to medium, guartz ) i
virith fine 1o coarse suDrdunded, chert Flivial Depasils
graves
— 2 - -
g 22 - —
T " EINE SAND oM, orangish-brawn, | 23 fL te 24 fL 1
4 - | , htho HNU = 5 1o 20 ppm
mpixt, medium dense, fine, quart2 wilth fine o
- 1o coarse, subangular to subrounded cheri 0f core sample
gravel
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PROJELT MUMBER EOAING MUMBER
113830.0422 Mw=-al [K]

SHEET 2 ©OF 3

g
X
=

SOIL BORING LOG

PROJECT DDNMT Gruundua;te-r Investigation LOCATION Memphis, TH
ELEYATION ORILLING CONTRACTOR Boart Longyear
DRILLING METHOD AND EQUIPMENT Betasonic
WATER LEYELS ©€5.82 ft. BTOC 1/14/68 aTART G819, 1512796 FINISH 1710, /12786 LOGEER S. Bruer
— SAMPLE TANDARD SO1L DESCRIPTION COMMENTS
ElL PENETRATION .
—
3 Wl oz RESULTS SOIL MAME, USCS GROUP SYMBOL, COLOR,
Bl 2 (gf| & WOISTURE CONTENT, RELATIVE OENSITY DEPTH OF CASING, DRNLING RATE
Ep | & | 85| 8 g -gr -g* OR CONSISTENCY, SOIL STRUCTURE, N D TATION
E = g | o MINERALOGY
am | = | =% | ¥ (M)
3 POORLY-GRADED SAND (SP), orange, 30 1, to 3L,
moist, looae, medium, quart2, with race 1a HWU = 4 to 14 ppm

some sybroended to rounded, fineta OMF core sample

coaae, Chert gravel

- d . o
34 ] )
%o —| sSample is very hot dus to driling ™|
Irictian
. 3 Dry from 3894, to 37 11, 7 7
318
1 v3e 7

louse, fine, quarlz, with trace line,
subanguiar, chert grave!

44
1 s .
45 1 £4.5 4t 1o 44.76 1 SILT (ML), ight
450 gray, dry -1 1z =
1300 - lunch break
. 4 1315 - ariling again -
500 — 3 = —
. 7 1
99
&0 WELL-GHADER GRAVELLY SARD 16W)., | 1345 .
i biown, moisi, loose, medive to coarse,
Quaril, wilh line 1o megium, subanguiar 10 7 ]
subrounded, cherl gravel

15

80 1451




I
]
A
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PROJECT NUKBER BORING NUKBER
13030.0022 MK-41 {K}

SHEET 3 0OF 3

SCIL BORING LOG

PROJECT DOMT Groundwater Investigation

LOCATION Memphis, TH

ELEVATICN

DRILLING METHOD AND EGUIPWENWT Rotaionic

DRILLING CONTRACTOR Boart Langyear

- SAMPLE STANDOARD S0IL DESCRIPTION COMMENTS
EL PENE TRATICN
- -
By | 2 | ¥ 5 RESULTS SCIL HAME, USCS GROUP SYMBOL, COLOR, DEPTH OF CASING. ORILLING RATE
=2| £ & & SOISTURE CONTENT REGATIVE BERSTTY | GRS 1D Toes
w o 2 i -g* -g- 1 : TESTS 4ND INSTRUMENTATION
E% g 22| g o MINERALOGY
[ ;]
5
85
8a0 = 151D ]
Geatechnical Sample calleeled sl
1 4 B3¢ loB7 It b
1 {CLY, yellowish uranﬁe-. moisl. i
i medium stild J |
7
o — Tt <ackson Formation/Uoper
i Claibarng Groug
72
Lighl gray betow 72 ft. 7 T
i k]
mp <13 1544 [nsiafing MW-4I
Boring lerminated at 75 (L. 1710 MW=41 Installea [sepe
i J aliached consiruc tion lag)
800 — — —
850 — _ _
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S PROJECT NUMBER BORING NUMBER
] 1139300027 MW-d2 [N
CHM HILL (wh SHEET . OF 3
A
. SOIL BORING LOG
PROJECT OOMT Groundwatar Invesligation LOCATION MEmDPhis, TH
ELEVATION DRILLING CONTAACTOR Boart Longyear
DRILLING METHOD AND EQUIPMENT Potasonic
WATER LEVELS 3445 ft. BTOC 1/15/98 START 0835, 1713/98 FINISH 1720, 113788 LOGEER _S- Bruer
= SHEMPLE STANDARD S01L DESCRIPTION MMENT
E_[;_ PENETTERSATUDN COMMENTS
- w o
« RESULTS SOIL NAME, YSCS GROUP SYMBOL, COLOR,
§§ > |2 | @ MOISTURE CONTENT, RELATIVE GENSITY D iy CASING, DRILLING RaTt
Bl & (o 8 8 -8 -6 O CORDISTENCY, SOIL STRUCTURE, TESTS AND INSTRUMENTATION
Ep| = | 25| )
0 I-ineh Asphall Start Orilling: 0838
] ICL). light Drown, meisl, stiff | Modities loess
Lo wvery aliff, trace organics Driller had {og much preaswre in =~
core barrel and lasi most of run
] . 4 when ealraeting -
8 -
(ML), light Brown and light 0945 -
i ray inlermixed, mpisi, sofl 1o medum sU41,
race organic -
)
@ )
ae - osss -
5
15
E0 -  asse -
g
SILTY L1AY 1CL), Tght brown, maist, ] "
R medium siifi J .
20
o -1 wor -
1 (ML), Tight brown, moist, ] )
i medium stift i
5
’ SNLTY CLAY (CLY Gght brown. moist. T | Coltected SBMw4z23 )
| medium stiff, with some coarae, quart?
$ang and fine | subrounded, cherl gravel 7 -
29
&l -1 o -
- 2 - . - . - — -
CLAYEY SaND {SCh Drick red, moist, :
a7 medium dense, medium, quart?, with some !
fine subrounded to rounded, cheri gravel T =
and prange anag gray, medium, quariz sand :
~ 2 intermized seams 1 1030, Fuvial Deposits -I
28 .
T 1045 '|
|
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- PROJECT NUMBER BORING NUMBER
[ ] 136300122 ME-42 (N
AT 2 v SHEET 2z OF 3
R
. SOIL BORING LOG .
PROJECT OCMT Groungwaler Invastigation LOCATION Hemohis, TH
ELEVATION DAILLING CONTRACTOR Eearl Longyear
ORILLING METHOD AND EQUIPMENT Rotasonic
WATER LEVELS 54,45 f1. BTAC V/15/88 START 0833, /13/08 FINISH 720, 1/43/68 LOBGER 5. Bruer
= SAMPALE STANDARD S0IL DESCRIPTION COMMENTS 1
[y FENE_‘_TERSATTIDN .
4 u E HESLLTS SOIL MAME, USCS GROUP SYMBOL, COLOR, !
By | ¢ = | § WDISTURE CONTENT, RELATIVE DENSITY DEFTH OF CASING, DRILLING RATE
Em ]l & [ B-1 3 . OR CONSISTERCY. SOIL STRUCTURE DRILLING FLUID LOSS
15 & 3z © - -8 HINERALDGY . TESTS AND INSTRUMENTATION
[ = =3 w (N}
[=] - =« [+l ]
a0 [
= 3 - N a ' — - -
SANDSTONFE. orange ta brown, dry, lightly 10o0, sandsjone crumbles wilh
12 cemented, fine 1o medlum, quariz, wiih fine moderale tinger pressure
{0 coarse, roaunded 1o subrounded, chert 7 7
gravel and irace subrounded, chert
7 [ _Gobbies . . . - 7
2 WELL -GEANEQ GRAVELLY SAND (SW).
- arange, maist, loose, fine ta coprse, r 3
35 duartz, with fine to coarse, svbrounded,
%o chert gravel = 5, griller having trouble tripping ]
| out aril pipa/core barrel
T CLAY ‘ICH]. Iight-brnun ar']d lavendgar 1 1200, hole collapsed: re-care
i 2% marbled, moisi, stiff ] i
- POOBL Y-GRADEQ SAND (SP), crange, A ]
moisl, loose, mediom, quaeriz, with trace
| fine to coarse, subrounded 10 rounded,
400 eherl gravel = —
4l
b 1230 T
- 4 - -]
45
450 = 1245 I
1305, lynmgh Dreak
] 4 1328, arlfing 2gain .
- B - -
500 — | 1
53
N 1353 =
o 2 - _
25
850 T} 1405 free waler present oh ]
gravels
— 2 - 4
o s
7 1428, geoiechnicsl sample 7
_ calected 57 1. ta 58 f,
7 L 1 hiant < i Sang is lightly cementad at 7
SILT ML), light gray. moist, soft conlact wilh silt




=
=
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PROJECT NUMBER BORING HUMBER
13630.01.272 MwW-a2 (M}

SHEET 3 QF 3

SQIL BORING LOG

PROJECT DOMT Groundwater Investigation

LOCATION MEmBhis, TH

ELEVATION

DRILLING METHOO AND EQUIPMENT Rotasonic

DRILLING CONTRACTOR Boart Longyear

WATER LEVELS _54.45 ft. BTOC 1/IS/88 START 0935, 1/13/98 FINISH 1720, 113798 LOBGER 5. Bruer
Fany SAMPLE STANOARD SON QESCRIPTION COMMENTS
BC PENETRATION
J.-.
2 w | x RESULTS SOIL NAME, USCS GROUP SYMBOL. COLOR,
I I MDISTURE CONTENT, RELATIVE OEHSITY QERTH OF GASING, ORILLING RATE
Ew | & 8- | & o" —6F - OR CONSISTENCY, SDIL STRUCTURE, QRILLING FLUID LUSS T ion
E b Io (5] MINERALQOGY
= S=Z ] G
a — = [+
- 8 SILIY CLAY (CLL Tight gray, moist, sUff gacksan Formational Uoper
615 ft. 10 BL75 1L: SILT, (ML), light gray,
T molsi. 501t 1 -
o 64,35 1t. 1o 84,5 1L SILT (ML), light )
&0 gray, moist. soft — -
||3M15 i
- 25 - Packet Penetromeler: 3.0, 2.5, -
: 2.9 ts1 J
1 875 ] P
A Baring terminaled al 67.5 1t. 1 15540, Installing MW=-42 o
1720, MW=42 inslalled [se= i
| | atiacned constructian log) B
J
™0 — — -i
T T B
i
T80 — — =
: ] d
200 — - -
B&D — — -




296 113

N FAOJECT NUMBER BORING MUMBER
] 13830.00.72 Mb-43
SHEET 1 OF
|
SOIL BORING LQOG

PROJECT ODMT Groundwater [nvestigation

LocATIoN Memphis, TH

ELEVATIDN

DRILLING METHOD AND EQUIPMENT Rotasonic

DRILLING CONTRACTOR Boarl Longyear

START 0915, 1/14/88

LOGGER 5. Hruer

WATER LEVELS Diy 1/18/68

FINISH 810, 114798

-— SAMPLE STAMDAR SQIL DESCRIPTION COMMENTS
EL PEN TE%aTn%N £ '
_‘u
- L =
= = RESULTS SOIL NAME USCS GROUP SYMBOL, COLDR,
Eﬁ Zlex| w MDISTURE COWTENT, AELATIVE GENSITY D ok (CASING. ORILLING RATE
FLf o |2 o] & -8" -8 R CONSISTENCY, SQ1L STAUCTURE.
w3 p 3= w IN) b
=] = Z4 &
2] I~inch TOPSQIL S1ari Drilling; 0815 }
i [CL), ight Drown, moist, stiff,
Irace organics Modified loess 'J
5 |
2
6 — 5it N —
HNW = 2 ppm
- 4 Off core sample -
3
oo 2 . .
4
15
52 = 0san =
D — jlu] — -
" :-rtith black and orange matiling below 23 7 r
§ 54 . to 26 fL 1
25 NU = | ppm
B0 —~, Off core sample -
J e o . 852 i
CLAYEY SaAND (SL), brick red, moisi, , .
i dense, medium, quartz, with trace fine o “Fiial Oeposits
coarse, subvounded Lo rounged, chert 7 b
grave|
T i 26 1L to 31 {L: with brown and gray sand | 28 (1 1o 30 1t. 1
seamaflaminalicns HNU = 7 ppm, oif core sample
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I PROJECT NUMBER BORING NUMEBER
MLl -d
13830.01.22 MHW=-43 SHEET 2 OF 4
A
. S0IL BORING LOG
PROJECT DOMT Grounawater Investigatien LOCATIONMemphis, TH
ELEYATION DRILLING CONTRAGTOR Bo2ft Longyear
DRILLING METHCD AND EQUIFMERT Fotasonic
WATER LEvVELS Dry 1/18/68 START 0815, W14/08 FINISH 1210. 114/08 | omsgs S. Bruer
— SAMPLE STANDARD SOIL GESCAIPTION COMMENTS
gg PENETRATION
2 w| & RESULTS SOIL NAME, USCS GROUP SYMEDL. COLOR,
EQ = EE w HOISTURE CONTENT, RELATIVE GENSITY DRI T Fouig CoSRILLING RATE
B2 (S| B 6" -§' -8" O SONSISTENCY. SUIL STRUCTURE. . TESTS AND INSTRUMENTATION
=2
aggt =2 | 23| & (N} AL
7 firange below 32 feet 7 -
33 .
POOALY-GRADED SANG {SP), orange, 1an¥
i 5 moes(, lnose, medium, guart?, wilh trace i
line, subroundeq, chert gravel -
a5
%0 WELL-GAADFD GRAVFILY SAND (SW), | 108 -
. ofahge, moial, oss, fine (o Coarse,
quariz and fing (o coarse, subangquiar 1o B
i raunded, chert gravel
5
@ “
410 N — -
£0ORLY-GRADED] SAND (SP), orange, 1023
- Mmoist, loose, medien, quartz, wilh 1rbce
fine subrounded, chert graved 7 -
5
] T 44 1L te 4E N, -
a5 HHL) = 7 {p 12 ppm
450 =t~ O core sample -
4 k]| i
5
£0
0.0 -1 ios8 -
)
7 Trace coarye, subdounded, cherl gravel -
55 54 fl. to 545 8.
J 4 S5 1. Lass . -
. HNU = 4 ppm, o!f core
) I¢}
’ SILTY FINE SAND (SH). crange, loose, )
- '\M-ﬁyafi___--_______/i )
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T PROJECT NUMDER BORING NUMBER
] 113830.01.22 MH=431
. SOIL BOGRING LOG
PROJECT DOMT Groundwater Investigation LOCATION Memphis, TH
ELEVATION DRILLING CONTRACTOR Boart Longyear
DRILLING KETHOD AND EQUIPMENT Rotasonie
WATER LEVELS Dry V/18/88 START 0915, 1714788 FINISH 1B10. ¥/14/88 LOBGER 5. Bruer
o= SAMPLE STANDARO SQIL OESCRIPTIDN COMMEMNTS
=1 PENE TRATION
2 w & RESULTS SOIL NAME, USES GROUP SYMBOL, COLOR,
Eg 2 [ex| @ HOISTURE CONTENT, RELATIVE DEWSITY R ASING, DRILLING RATR
E& E ng:g E ar _?;"_el HINEUFM?LBG.[FENCY' S0IL STRUCTURE, TESTS &ND INSTRUMENTATION
I:Ia — T o
7 Yellowith=orange below B2 11, T3 Free waler presenl on gravels
i below B2 1%,
] 85
Moixl to wel belgw 85 [t 1 N33, 651 1o BE M. m
HNU = & 1o 12 ppm
. ] - D1t core sampie . .
a8
7 158, 88 1. 1o FIT1L 7
HHU = 5 ppm
. 1 - 0¥ core aample -
700 — - .
. -
1 Moist below 72 fi. 1 .
15
i HELL-CRAQECLA] TS~ T [\ e 7
| vellowish-orange. wel, lopae, (ine to
coarse, quaril, trace fing, subsounded, i HEJ'; :‘; :?I:l.\]mﬁ. T
J chert gravel | 0O# core sample |
1
B0
LY — 1255 -
F]
B5
BAD =1 1315 =
1320, lynch break
- - 1340, drifling again -
8% 1t. to 87 {L.
| 4 HNU=2108 ppm -
Oif core sample
H
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- PROJECT NUMBER SORING NUMBER
13830.01.2Z MW-43 SHEET 4 OF 4
SOIL BORING LOG

PFROJECT DOMT Groundwaler Jnvestigation

LOCATION Memphit, TN

ELEVATION

DRILLING CONTRACTOR Boart Longyear

BRILLING METHOD AND EGUIPMENT [Rotasonic

WATER LEVELS Ury 1/16/88 START 0815, 1/14/86 FIMISH 1810. s14/05 LOGSER 5. Bruer
- SAMPLE STARDARD SOIL DESCRIPTION COMMENTS
3y F'EHEITFISATTIDN
o} o i
T RESULTS SOIL NAME. DSCS GROUP SYMBOL, COLDRA,
By | 2 | & & OIS TURE CONTEMT, RELATIVE UENSITY DEPTH OF CASING, ORILLING RATE
x| 5 |85 | 3 I GR EANSISTENCY, SOIL STRUCTURE, et AN TSI ENT AT ION
& e | 38| g N MINERALOGY
o = =5 &
B3
7 14918, 82 ft. 10 95 /L "
HNU = 7 ppm
- 5 < Oif core sample -
e
%0 Y ERADEI SARND (SH -~ | 95 ft. te100 it -
) yelinwish=orange, moist, ouartz, trace fine, HNY = 1 10 4 pom
subrgunded, chert gravel Oft core sample -
is
100
L — 1537100 fl. to 104 It -
gl;liu = 2 to ¥ ppm
- | - core sample -
Qlive green and brawn beiow W 1. Geoteth sample 00" 1o 102
- 4 - -
134 .
W04E 05 SANOSTONE, dark red to dark brown, 1810, Installing MK-423
06D — —\ hard, yell-cemenleﬂ, medlum, gquariz, 1810, MW-43 inslalled {see _
ferruginous atlackea conatruclion log)
_ Auger redusal at 104.5 /L. | _
00 — - -
15D — — ~
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] PROJECT NUMBER BORING NUKBER :
I Ha83nM.z2 Mu-44 (M
CHM HILL ) SHEET ! pF 13 |
]
. SOIL BORING LOG
PROJECT DOMT Groyndwaier Investigation LOCATIDN Memohis, TH
ELEVATION DRILLING CONTRACTOR Boart Longyear
DRILLING METHOD AND EGUIPHMENT FRotasonic
WATER LEYELS _51.87 fL. BTOC 1/18/98 sTaRT 0945, 115/88 FINISH JTIS. 1/15/88 LOGAER S. Bruer
SAMPLE STANDARD SQIL DESCATPTION MMENT
i PENETRATION COMMENTS l|
= w | X RESULTS SOIL HAME, USCS GROUP SYMBOL, COLDR,
E§ > | gr | w MDISTURE CONTENT, RELATIVE OENSITY BRI, o BASING, DRILLING RATE
EE| B [85] 5 | w-g-e | OFCONSISTENCY. Sbil STRUCTURE. T F R N,
on | £ | 25| ¥ N
0 3-inches CONCRETE Start Orllling: OBAS i
- | (CL), light brown, moist, Modifled loass 1
megdium stiff, T 3
3 |
3
N Opdn T
- 2 - -
F]
&0 — 1000 -
5
® | .
:ililh black and erange matiling bedow 10 - woos =
-]
7 Trace coarse quariz sand and fine to T 7
15 CO2rse, sUbfounded, chert gravel Delow 14
Ed H. — -
13
i SANDY CLAY (L), ight brown with brick | Fluvla) Depasits y
4 red moithing, moist, sliff ) i
5
7 CLAYEY €AND {SC), Drick red with brawn | 18 . Lo 20 1L ]
i and gray intermiclng, moist, medium dense, HNU = 2 ppm
line 1o medium, quartz, trace fine, 1 Heac:pace in Zipiock bag 7
20 subrounded chert gravel
Aan - 23 T
1 ~GF R 1 [T i
i orange, wet, ioose 1o medium dense. fine
1o coarae, quartz wilh fine {0 coarae, -
] 5 subanuglar 1o sutirounded, chert gravel
25
&0 -1 1049 -
_ i 6 | i
1 1 2B M. e 30 ft 7
HNU = 2 ppo
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SHEEYT 2 OF 3

) PRONECT NUMEER BORAING MUMBER
I 138300122 Mw=a4 [M)
C.h':'ﬂ' HILL
F

SOIL BORING LOG

PAOJECT UOMT Groundwater Investigation

LOCATION Memphls, TN

ELEVATION

DRILLING METHGD AND EGUIFMENT Relasonic

ORILLING CONTRACTOR Boart Longyear

WATER LEYELS 5L&87 1. BTOC 3/1a/886 START 0845 1/15/88 FINISH 715 15/08 LOGEER S. Bruer
— SAMPLE STANDARD SQIL DESCATPTIDH COMMENT 5
ZE PENETRATION
— w >
= ic RESULTS SOIL NAME, USCS GROUP SYWMBOL, COLOR,
biE e TSR | BN
= m [} " _Rr _HQ* . -
E§ ECER B -a e MINERALOBY TESTS AND INSTRUMENTATION
— = =1 [+
3l
BOOBRLY-GRADED SAND {SF), crange, wet, nog B
A tabse, medium, quaril, with trace hine, B
subrounded chert gravel -
- 4 - -
35
»b it 1T -
p a — -
40.0 — — -
41
1 137 -
- 2 - -
45 :
0 — a8 =
600 — 10 — -
m 55 __ — - — T W o E— 1 —
|%ELI_-EBA£1£D_5M1Q (SW), orange, wet <08, Fluvial Aquifer
| salurated), loose, fine Lo coarse, quartz, 1210, drillers {ake break
with irace fine, sybrounded chert gravel 1 1230, ariling again -
5
B
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S PROJECT NUWBER BORING NUMBER
113630.01.22 HW-44 (M} SHEET 3 OF 3
A
. - SOIL BORING LOG
PROJECT DOMT Groungwater Investigation LOCATION Mempnis, TH
ELEVATION DRILLING CONTRACTOR Boart Longyear
DRILLING METHOD AND EGUIPMENT fotlalonic .
WATER LEVELS SLBT 1t BTOC 1/18/89 START 0945, 1/15/88 FoasH 1S 1/15/86 LOGGER _S. Bruer
o SAaMPLE STANDARD SOIL DESCAIFTION COMMENTS
EL PENETTgﬁSArTIDN
= bl i RESULTS SDIL NAME, USCS GROUF SYMBOL, COLOR,
TR PRI S N 1 e
[ m (] A A 1 .
EE § é% 2 o -0 8 MING RALOGY TESTS AND INSTRUENTATION
84 Yellowish-orange below 60 i, 1305, lunch break
J 1330, driling again A
g
85

8

- 1340 —

75
750 = w00 -

- - -

?;:c;tlechnical Sample collec ted 217

SILTY CLAY (CL), Tight gray, with Gark [Medium to coarse gravel-sized,
gray 10 bkack motiling, moist, medium stiff | 1erruglous sandaione fragments
a8l conlac! belween SW and CL
at 78 iL., dark brown Lo dark red,
800 — 1a — well cenented —
’ Pocket Penetrometer: 1.5, 115,
- « 175 s -
Jackson Formation/Upper
Claibarne Group

85
850 - 1425 =

o | | - -
. T 1540, Inslaling MH-44 7

BT.S
- Horing terminated al 7.5 ft. 1 1715, M¥-44 installieg (see ﬁ

attached canstraclion iog)
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PROJECT NUMBER BORING NUMBER
13830.01.22 HN-45 (L] SHEET 1 OF 3

2
x
E

SOIL BORING LOG

PROJECT DODMT Groundwater Invesiigalion LOCATION Memphis, TN
ELEVATION DRILLING CONTRACTOR Boarl Langyear
ORILLING METHOD AMD EGUIPMENT Rolascnic
WATER LEVELS sTART 0915, 1/16/08 FMIsH 1450, 1418/68 LOGGER _S. Bruer
—~ SAMPLE STANDARD SOIL DESCRIPTION COMMENTS
2L PENE TRAVION
2 w | E RESULTS SOIL HAME, USES GROUP SYMAOL, COLOR,
EQ S =k B MOIS TURE CONTENT, RELATIVE BENSITY DT O (AR ING, DRILLING RATI
= E|laz-| 3 B -5 -g" OR CONSISTENCY, 5C1L STRUCTURE,
h& = IE [n} MIMERALOGY TESTS AHD INSTRUMENTATION
BE -‘E %ﬂ: ‘ﬁ':" IN)
U I-inch TOPSOIL Slart Drilling: 0915
N SILTY CLAY (CL) lighi Drown, moisi, sofL, _
with {race organics Modilied loeas
5
B
oy -1 o@2s -
5

_DOrier, but still moist, betow 8 1t.; stiff

@ 0
n = 0833 -
10 It 1015 f1.

- 25 o HNU = 2 ppin
' Headspace In ziplack bag
1125 T
] With orange moiting below 13 1L,
i 25 -
60 15 ]
rilth crange and black melting below 15 = 0845 -
— B -
X0 — . _
T SANDY CLAT (CL) Oght brown, moist, | Fluvial Oeposits
23 wedivm atiti, tine quartz sand _ ]
{EC), orange wilh light a5
_ 2 brown laminalions, moisi, mediuvm dense, i
fine, quartz
25
&0 BODRLY-GRADEL SAND (3P, orangs, 1005 -
maisi, lapse, medium, quaril, frace
7 rounded, Tine, cher gravel T 0%, g shut dawn, drilling Daking'
a telephone call
N 4 1020, grilling again
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|
D PROJECT KUMBER HORING NUMBER |
I 13630.01.22 MW-45 () |
ST SHEET 2 OF 3
. — SQOIL BORING LOG
PROMECT DOAT Groundwaler Invesiigalion LOCATION MEMERS, TH
ELEVATION ORILLING CONTRACTOR JBoart Longyesr
DRILLING WETHOD AMD EGUIPNENT Rotasonic
WATER LEVELS START 0815, /16488 FINISH 1450, 1/18/98 LOBEER S. Bruer
= SAMPLE STANDARD SOIL DESCRIPTION COMMENTS
EL PENETEATION
== =
2 w | = RESULTS SOIL NAME, USCS GROUF SYMBOL, COLOR,
gﬁ S |lsx| ¢ WOISTURE CONTENT, RELATIVE DENSETY BRI G Rt oy DRILLING RATE
Ee | & o 2 B -8 =g" DR CONSISTENCT, SOIL STRUCTURE, DN L TATION
ﬂl 'E o= o () HMINERALOGY
1"
x -1 1045 -
T ~GRADEL GRAVELLY SAND (GW), | b

erange, moisl, logse, line to coarse,
guarltz, Wilh {ine to coarse, subrounced to
roynaed, cherl gravel

EOORLY-GRADED SaMNO (SP), orange,
moist, loose, mEGuM, Guarti

2=inch thick clay seam at
contact beiween SW anc SP at )
- 4 431, light gray, maoist, soft -

45

450 1 45t 1850 1L ~
HHU = 4 ppm :
- < Headspace in Ziplock bag -|
4 i |
4
- Tan and flne to medium belogw 408 (1, 7
50 i
0 HELl.-GRALED GRAVELLY SAND 5wy~ ] W0 -
_ yellowlsh—crange, mois, Inose, fine to
Coarse, Quartz, with fine Lo coarse, .
subrounded, cherl grave! and minor clay
- laminalions A =
a :

EQORLY-GRAQFD SaM0 (SP), arange,
moisi, loaap, fine Lo medium, cuariz

55

H.ELL_GBADEP_ELNDLE[EA.‘LEL' R (GN), b 1141, Fluviat AQuifer
orange, wel (saiwraied), loose. fine 1o

T coarse, subangular 1o subrounded, cherl, 7
wijh cowsrse, quariz sand

10 e{m&u';ﬁsfmm_sm {SP), orenge wel
- saturated), Ioose, medium, quart2

g
L
1
S I J _I_.-_._l_.__l.__.___l__l_
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] PRCLECT NUMBER
] 136300422 Mi-45 (C)

HORING MIMBER

SHEET 3 0OF 3

CHM HilL

SOIL BORING LOG

PROLECT ODMT Groundwaler Invesiigation

LOCATION Memphia, TH

ELEVATION DRILLING COMTRACTOR Bo2rt Lengyaar
DRAILLING KETHOD AND EQUIPMENT Fotasonic
WATER LEVELS START 0815, 1/18/06 FINISH 1450, 1/18/08 LOGRER 5. Bruer
_— SAMPLE STANDARD SOIL OESCRIPTIDN COMMENTS
EE PENETTEHSaTTJGH
) w >
o RESULTS SON. MAME, USES GROUP SYMBOL, COLOA,
By| £ |=%| & MOISTURE CONTENT, RELATIVE DENSTTY DRI INE FLoiD g ILLING RATE
w | & |51 3 R OR CONSISTENCY. SOIL STRUCTURE. e - A
B = |z2| S i) MINERALOGY
’ MELL :ﬁ_ﬁ_guEP'ﬁ_ﬂg_Iﬂ LY SAND 15W). 7
%0 85 prange, wel (saturaieql loose, fine {o
Loarse, quartz, with line to medium, 1153 _'
subanguler 1o subrounded, chert gravel 158, arillers lake bresk
1 and trace abrounded, chert cobbles - 1205, drilling again —
- 1 -
5
T 1 Gesiechnical Sample collecied al]
68 1. 1o 70 .
. 10 CLAY ICH), lavendar and ight gray "
L marbled, molat, sgil Tl 124 . ]
Jackson Fermatioh/Upper
o 1 Claiborne Group -
’ 5 SILTY CLAY (CLL Gghl gray with orange | T
) matiing, moast, siff 1 |
I 10 T35 Mo CLAYEY SILT (Mel,
- ~._orange and light gray, moisi, seft _ - 4
75 SANOY SILT (ML), light gray wilh orange
o . matling, moist, sell, line sang 1\ 1242 _
] Baring terminated al 75 1. 1450, MW- 45 installed (see
allathed construction iog) 7
800 — — -
A T 7
860 — - —
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] PROJELT NMBER BORING NUNBER
] HABgan.ozz MH=4
CHM HIL 8 18) SHEET aF 1]
]
. SQIL BORING LOG
PRDJECT OOMT Groundwaler Investigation LOCATIoN Memphis, TN
ELEVATION ORILLING CONTRACTOR Boart Longyear
DRILLING METHOO AND EQUIPMENT Fatasenic
WATER LEVELS 54.00 f. bgs. L/27/04 START 1048, /22408 FINISH (840, 1/22/88 | npgER S- Brues
-— SAMFLE STAROARD SDIL DESCRIPTION COMMENT
3L PENETTFISJ_.I_T]DH 3
) W =
g 2 |tz RESULTS SOIL NAME, USCS GAOUP STMBIX, COLOR, DEPTH OF CASING. DRILLING RATE
x zolE=| u QISTURE CONTENT, RELATIVE DENSITY BRILLING FLUTD LBSS
- wi a0 2 a* -g" -@" QR COMSISTENMCY, 50IL STRUCTURE, TESTS AND INSTRUMENTATION
Eﬂ = =t 2 iN] MINERALOGY
= = o
C I=inch TOPSOIL Start Oriling &1 1048
- . {CL), light brown, moist, soft i
to medium $tiff, black and orange motling Modified loess “
is
I [ CLAYEY SILT AL}, ight brown with fght | Abropt contact I
4 gray modtling, moist, medium stiff, irace
organics, lew plasiicity, blacky siruciyre T
3
50 - -
- 4 -
- J - _
e | | o
. SITY CLaY (CL) light brown wilh black Gragational contact 1
0o — meiting, moisi, mediun $1iff, mecium _
plaslicity ]
. _
7 With arange mating and irace iron T 7
14 npdules (<1787 below 13 It
Q- 1 | |  b-mremesemessee=- A — e — =& =
SILTY CLAY (CL) reddish brown with brupt contact
i black ang bght brown matting, moist,
medium stifl, trace flne Lo coarse, quariz 7] I
sand and fine, subroundea cherl graves,
. medium prasticity ~ e
- 1] - -
200 - -
7 T GaNOY CLAY T(ELT reodish Grown, moist, | Gradatiana ¢ontaci 7
i medice slid, fine to madum, quartz, sand, ) .
lrace fine, subrounded, cherl gravel - Flvial Ceposils 7
24
%0 — — -
- 4 F e — - rm S dm—o=memmmmmas-amoaaan - . -
CLAYEY SAND (SCh reddish brown, moist, Gradational ¢ ontact
] medium dense, medium quark:, irace fine,
subrounded, chert gravel B
- 28 A J
Y SANGY LLAT L1 Fégdism Grown maist, ~ 7| Gradational contact T
mediuvm stilf, madun quariz sand
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PROJECT NUMBER
13830.01.27

S0RING MUMBER
MH-45 (B}

SHEET 2 OF 3

Is
=
E

SOIL BORING LOG

PROJECT DUMT Groundwaler Investigatian

LOCATION Hemphis, TH

ELEYATION

DRILLING CONTRACTOR Boort Longyear

ORILLING METHOD AMD EGUIPMENT Fotasonic

WATER LEVELS 54011t bgs. 1727196

START 1048, 1V22/08 FINISH J840. ¥/22/96

LOGGER S. Bruer

= SAMPLE STAHDARD SQIL DESCRIATION COMMENTS
| PENET‘I'E F'Iser[DN
'."'l
-t w =
HH - ol E' RESULTS SOIL NAME, USCS GROUP SYMBOL, COLOR, DEPTH OF CASING, DRILLING RATE
- 2 o= w MOISTURE CONTEMNT, RELATIVE DENSITY DRELLING FLUID LOSS
[ =i w = o ol L1 OR CUNEISTENB*. S0aIL STHUCTURE. TESTS AND INSTRUMENTATIO
EJE 2 Zg | o it MINERALOGY u N
[=] = FL ]
El]
T ! vt TRE “GRADED CRAVELLY €880 few T Gragatlional contact T
| 15 brownish-arange, maist, loase, fine 1o
' coarse, quarkr with line te medium, 7
i subangular to subrounged, chert gravei
"“"""'"“"]gﬁ[ ‘h;n‘,,},i‘,f,:;,gﬁ.'“‘ Gradational cantact .
34 Ipgse, fing i A
B0 — | _
-t J - -
ia i
400 — s — —
42
T 1 1 TIe KELL -GRADED S'!'tl'ﬂ' 'S.\-I-l.- """""""" Graganona) contact i
i N orangish-brown, moisi, loose, fine to i
15 | coarse, quartg, trace fine to coarse, 7
&) - “Jubroundes chert gravel Gragalional contact
= {SP). 1an to ] 1
prangish-brawn, moist, lnose, fing, guariz,
- some st . .
47
1T+ 11 1V I BELL -GRANER GRAVELLY SANO (SWh ian | Gradaiional contaet .
i moist, logse, 1ine (& Coarse, quartz, wilh
fine to coarse subfeundad, cherd gravel T E
0.0 = Abrupt color change al $0 1L, &7
T arangish brown
T wet trom 5146, 10 42 1, i
0 1 N e Gradatignal contact i
SILTY FINE SAND (SMI, light trown, moist,
i Soose L ______ _
= . , ISH), tan,
54 maist, Inose, fing to megivm, quartz, with
. tine 1o coarse suorounded, chert gravel __ | Gradalional contact T
550 — &4 Mt.: B~inch layer ol SAMOY CLAY (CLL _
z light Srown, molst. safl T
57
{SM], Lan moist to wet, 7 7
tonse, quariz
y 3 [~ EO0RLY-GRADES SAND iSF-sHL | Gragallonal contact y
| orangish—tan, moist ta wet, loose, medum,
quariz, sdty, trace medium, subrounged, 7 1
B0 cher| gravel ’
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] PACJECT NUMBER BORING NUMBER
.01 MW-d
| ] 136300122 8 (@ SHEET 3 OF 3
.
. SOIL BORING LOG
PROJELT OOHF Groundwater Investigation LOCATION HEmphis, TH
ELEVATION DRILLING CONTRACTOR Boart tongyear
DRILLING METHOD AND EOUIPMENT _Relasonic
WATER LEVELS 54.01 4t boy, 1/27/86 ATART 1048, /22706 FINISH 840, 1/22/88 LOGGER 5. Bruer
- SaMPLE STANDARD SAIL DESCRIPTION COMMENTS
e PENEZRATION
= "“' & RESULTS SOIL MAME, USCS GROUP SYMBOL, COLDA,
B 2 |ax| & MDISTURE CONTENT, RELATIVE OENSITY QEFTH OF CASING, DRILLING AATR
I B | B2 | 3 . g OR CONSISTENCY, SOIL STRUCTURE TRALING FLLID LDSS
BE| ¥ |Ea| 8 §° 9" -6 HINERALOGY " : TESTS AND INSTRUMENTATION
o = =dq -
sd Hith glive gray siit laginationy irom 89 {1, Wet below 80 11,
i io B2 ft. Fluvial Aquiier ]
1T 1t 1 | TTRAAR | —ERAOED SAND s, Tt T Gradat/onal coniacl 7
A brownish—orange, weli, lopse, medium,
quariz, isace medium, subrounded, cherd y 7
gravel
- E - -
5D — - _|
B S T shalrnT-Fute -GRAINED SaNO (Swh T ] Gradallonal contact wilh irgn 7
68 arangish-orown, wel, loose, fine 1o coarse, slaining
quarlz, lrace line to medisn, subrounded, 7 .y
chert gravel J
789 M. 3-inch Layer of ciay, light gray and 7
00 — lavender - —
7 7L S-inch [syer of clay, ighl gray and 7 7
7 avenda
“ 7 ?gl:lter:hnital Sampie coliecied at
T | T SITYCUAY TE0, light Drown and fight | “Erosional conlact i
i gray, maisi, medium $1itf to siilf, medium
plasiicity b 7
™D 2
| S-t Pockei Penewrpmeter = 15, ~]
| 15, L5 tsi
2.5 - 4
1115 1 Stopped Driling 81 1525 i
d goring terminaled al 77.5 f1. 1 MW—d4 Installed ai 18440 5see
aitached construction log
80D — _ _
. - .
50 — = —|
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] Proj. No.:  113630.01.2Z
SOIL BORING LOG
|
. Froject: DOMT GW Invesligation Drlling Comractar: Boarl LongyearMinnesota
Drilling Method & Equicment:  Rolasonic Logger S, BruerMGM
Sample Soil Description | Comments
x Standar
s F P’:‘m“’" Soil name, uscs group symbol, caolor, Depth of casing, drlling rate,
o |_ !w 2 E‘ H.:L moisture content, relative density or drlling fluld loss, 1ests and
E 2| 3 22z counsistency, soll struciure, mineralogy instrumentaticn
23|z (5|86 °e
awn| & |Zo|x {N)
Elavation: Location:  Memphis, TH Boring No. MW-47(H)
Slan: 0855/ 23 JAN 98 Finish: 1725723 JAN &8 Water Level: 102.78 ft bgs
Sheet1 of 4
10 1inch TOPSOIL _{Start Dritlling at D855
_ SILTY CLAY (CL]}, Eght brown with black i
| 5 and light gray mottling, moist, soft, trace | modified loess ]
organics
5 1 5 7 ]
10 _] b N
| 10 - light gray with orange and light brown __ - gradational color change |
2 mottling with iron nodules (<1/8 inch | i
. - diame+H42ter} below 10 i i
15 ] 15 = i

= light brown with orange and light gray __ - gragdalional color change
motlling below 15 ft

20 ] 10 B i
] SANDY CLAY (CL), light brown wilh black | - gradational contact ]
i slaining and light gray streaking, moist, | i
25 25 mediurmn stiff, fine, quartz sand, with Fluvial Daposits
| occasional iron nodulas (<1/8 inch B B
| diametar} i :
i - brownish-red with light brown and light | - gradational color change |
_ gray intermixing below 26 R i 1
0| 10 | |
i CLAYEY SAND (SC), orange to orangish- | - abrupt colar change at 33 ft I
a5 35 brown, moist, medium dense, fine, quanz | ]
NOTES:

- groundwatar lavel measurement made on 27 JAN 88

FHE: rg/m WWATH XLE (W4T {]] Prinmee 27708
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f Proj. No.:  113630.01.22
]

SOIL BORING LOG

. Project: ODMT GW investigation  Drilling Conlractor: Boan Longyearhinnesota
Drilling Method & Eguipment:  Rotasonic Logger S, BruerMGM
Sample S0il Descnplion Comments
Standard
Peneuation | 5qil name, uscs graup symbol, colar, Depth of casing, drilling rate,
R;mh maisture contem, relative density or grilling fluid loss, tests and
consistency, soil structure, mineralogy instrumentation

g

Depth Balow
Surface (FT)

Interval
and Type
Recovery

Number

E ¥
= (N)
Elevation: Lacation: Memphis, TN Boring No. MW-47(H)
Start. 0855723 JAN 86 Finish: 17257 23 JAN 96 Water Level; 102.78 ft bgs
Sheet 2 of 4
a5 A ft: POO DED SAND [SP),|34 & gradalionsl contaci
brownish-arange, moist, loose, fine /|
_ lo medium, quartz, traca fine, | _
subrounded, chert gravel i
40 7 SANDY CLAY {CL}, brownisn-red with |
| light brown and light gray sireaking,

i \joisL medium stiff, medium, quartiz /| - gradational contact
sand

] \pouggx GRADED SAND {SP}, /_ - gradational contact i

brownish-orange, moist, loase, fine

lo medium, quartz / - gradational contaca
| SILTY FINE SAND {SM-SP}), tan,
i moist, loose. quanz _ i
. POORLY GRADED SAND (SP}, arangish- |
50 brown, maist, loasa, fine to medium,
7 quanz, trace fine, subrounded, cherl
gravel
- tan below 50 A
= lan and brownish-crange below 53 f

55 85

i WEL| GRADED GRAVELLY SAND (SW),] - gracalional contact; clayey |

lan and brownish-orange, moist, loose, |

60 | fina ta coarse, quartz, with fine to coarse, | - gradational conlact _
10 \submunded, chert gravel, trace sub- /|

raunded, chen cobbles i

| SILTY FINE SAND (SM-SP), brownish- | |

arange, moist, loose, quarnz

65 65 - lan below 63 f

- brownish-arange below &5 ft

- —

— —

— — -

| WELL GRADED GRAVELLY SAND [SW).| - gradational cantact i

70 tan to orangish-brown, fine to coarse,

NOTES;

- groundwater lavel measurement made on 27 JAN 96

FN: e WIWATH LS (A7 () Porintact; 277758
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A Proj. Na..  113630.01.2Z
SOIL BORING LOG
. Project: DDMT GW Investigation  Drilling Contractor, Boart LongyearMinnesola
Drifiing Method & Equipment:  Rotasonic Logger. 5. BruerMGM
Sample Sail Description Commems
. Standard
EF Penettin |0ll name, uscs group symbal, calor, Depth of casing, drilling réte.
Bel|- |l Ress | MOISIUTe content, relative density ar drilling fluid loss, tests and
£33 B2 cansistency, soil structure, mineralogy instnumentalion
BE| s |Ex g Fl #==
do | E[ZS5IEL] m
Elevation: Location: Memphis, TN Boring No. MW-47(H)
Starl: 0B55/ 23 JAN 95 Finish: 1725/ 23 JAN 68 Yvater Level: 102.78 ft bgs
Sheet3of 4
| B guartz, with fine to coarse, subrounded, 1
i chart, yravel A _
i T0f - 71 f SILTY FINE SAND (SM-SP), | ]
74 tan, moist, loose, quanz | )
75 75 1 WELL GRADED GRAVELLY SAND {SW).| - gradational conlact _
i arangish-brown, moist, loosea, fine te B i
_ Coarse, quartz, with fine lo coarse, sub- |
i \rounded to rounded, chert gravel | - gradational contact; clayey |
i POORLY GRADED SAND (SP), brownish-| i
80 _ | ofange, molst, loase, fine to medium, | .
N | quariz, trace coarse sand and fing, ¢ - gradational conact i
] \subrounded, cher gravel /_i i
i WELL GRADED SAND (SW), arangish- i
. a4 brown, moist, loose, fine te coarse, _ i
8BS 85 1 quanz, with fine to medium, subrounded, _ _
| chert grave! ]
i - well graded to gap graded below 84 1 i
90 - frace fine to medium, subrounded, _ _
B 10 cherl gravel balow 88 ft i .
i - tan below 80 f | i
g5 Bs - brownish-orange below 94 fl _ _
] - tan below 07 R B |
100 ] ] _
i 19 - wilh fine 10 coarse, subrounded to | i
| rounded, chert gravel beiow 100 ft | .
105 | 105 ] ]
NOTES:
- groundwater level measurement made on 27 JAN 58

FH: AN TH B W4T [H]] Printac 21A0
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A Proj. No.. 113630.01.22
]
SOIL BORING LOG
. !l‘ﬂiﬂmi BDMT GW Investigation  Drilling Contractor: Boar LongyearMinnesota
Drilling Methed & Equipment:  Rotasanic Logger  S. Bruer\MGM
Sample Soil Description Comments
2 Standarg
aF Pengtraion |Soll name, uscs group symbol, calor, Depth of casing, drilling rate,
- I -1 Reauts | MOISIUrE cOntent, relative density or drilling fiuid loss, tests and
£5| 5 [222 consistancy, soil structure, minaratogy instrumentation
BE| 5 [Ee|dp[ vov
dalE|25|& E {N)
Elevalion: Location: Memphis, TN Boring No. MW-47{H)
Start: 0OBS5 /23 JAN PG Finish; 1725/ 23 JAN B6 Walar Lovel: 102,78 f bgs
Sheet 4 of d
1108 -
110 _ ] ]
i i0 WELL GRADED GRAVEL {GW), brownish| - gradational contact ]
i orange, moist to wel, loosa, fine to coarse, | - Fluvial Aquifer at 112 i (7) i
| subrounded to rounded, chert with _ i
i medium o coarse, quartz sand ] . i
115 115 - wet below 112 R |
_ SILTY CLAY {CL}), light gray, lavender, ‘an | - erosional contact i
N yellowish-crange (marbled), molsi, stiff, Jackson Fm\Upper Clalbome ]
i N Medium plasiichy /] i
. ] SILTY SAND (SM-EP), light gray, wet, | ]
120 lcosa, fine t0 medlum, quartz, minor clay ]
i 10 - 2 inch clay seam at 118 fi - black silt lamination on i
] SILTY CLAY (CL), light gray, lavender, an| bottom of clay sesm at 118 ft;
] yallowish-orange {martled), moisl, stiff ;]
d lo very stiff i
125 [125 - light gray below 124 ft Stopped Drilling at 1503
A Boring Terminated at 125 feet {1725 - MW-47 instalied; see
o _lattached construction diagram |
130 ] N B
135 | B B
140 | - ,
NOTES:
- groungwater level measuremeant made on 27 JAN 66

FNE logr: WAWATH XS w7 (H)) Princed: 2700
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A Pro]. No.: 113630.01.27
]
| CHMFIL | SOIL BORING LOG
. Project. DDMT GW Investigation  Drilling Contractor: Boarl Longyear
Drilling Method & Equipment: Rotasonic Logger 5. S8ruerrMGM
Sample Soil Description Camments
x Standard
B E P“‘_I‘_‘::m“ Soii name, uscs group symbol, cotor, Depth of casing, drilllng rate,
Be|_ [-&2 Resuts | MOISluUre content, relative dansity or drifling fluid loss, tests and
=8 > B> 2 consistency, soil structure, mineraiogy instrumentation
BE| 5 Eo|ipi oow
on | £ |Z&irk (N)
Elevation: Location: Mamphis, TN Boring No. MW-48({])
Start: 0885 1/24/96 Finish: 1730 1/24/88 Water Level; 79.88 ft bgs
Sheet1of 3
1o 1 inch TOPSOIL _Stan Drilting at 0955 |
} SILTY CLAY (CL). light brown with light 1
4 5 gray mottling, maist, soR, low plasticity, | i
i trace organics, trace iron nodules (<1/8- | modified [pesy N
5 S inch diameter) B N
10 ] 10 - ]
. 15 | 15 - Stiff with fight brown with. black mottiing | n
] below 14 fi |
A - with light gray, orange, and black i ]
i mattling below 15 f - tinch SILT (ML), ligh gray, |
] SANDY CLAY (CL), Iight brown, moist, | al 1B & i
20 | 10 medium stiff, medium piasticity, fine to ] Fluvial Deposits _
| Coarse, quanz sand, trace fine to medium, i
il subanguiar to rounded, chert gravel_ | - gradational contact d
i CLAYEY SAND {SC), brownish-red, moist, | ]
medium dense, medium to coarse, quarntz, | ]
25 | 25 trace flne to medium, subrounded to | _
N rounded, chen gravel _| - gragational contact at 26 ft ]
N SILTY FINE SAND (SM), brownish-orange,| - abrupt contact with black
4 5 [\ moist, loose, quartz /] imn staining and coarse,
| POORLY GRADED SAND [SP), arangish-1 chen gravel at 27 ft i
k1] 30 \brown. maist, loose, medium, quartz, / | - gradational contact at 29 ft |
_ irace fine, subrounded, chern gravel - gradational contact at 31 ft |
i 5 SILTY FINE SAND {SM), tan, moist, /: i
i \Iuose. quartz | 4
] POORLY GRADEQD SAND (SP), {an to i .
33 a5 prangish-brown. molst, oose, quartz,
NOTES:
- groundwater leve) measurement made 1/27/96

Fi: smbawiarasl XLS [MWa (1] Primma 212004 |
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A Proj. No.: 113630.01.22
]
| CHM NI | SOIL BORING LOG
. Froject: DDMT GW Investigatian Orilling Contractor: Boart L_ongyear
Drifling Methed & Equipment: Rolasonic Logger. S. BruerfMGM
Sample Boil Descriplion Comments
2 Standand
Iin Penetrston | 50il name, uscs group symbal, color, Depth of casing, drilling rate,
B ol _ v o 5 Rlﬂl moisture cantent, relative density or drilling fluid loss, tests and
=28 (323 consistency, soil structure, mineralogy instrumentation
£5| & |Ee(3p[ vev
Cwm | EZS|lek {N)
Elevatlon: Location: Memphis, TN Boring No, MW-48(1)
Slam: 0855 1/24/98 Finish: 1730 1/24/96 Water Level: 79.98 fi bgs
Sheet 2 of 3
135 trace fine, subrounded, chert gravel ) j
40 | 10 - light brown to orangish-brown below | - free water present an gravels
i A9 R | betow 33 fl ]
I SILTY FINE SAND (SM), tan, moist, loose,| - gradational contact i
quartz ]
45 | 45 ] N
. ] POORLY GRADED SAND {SP), lan, moist| - gradatianal contact, clayey |
50 . 10 loose, fine to medium, quanz _ -
i - arangish-brown below 52 ] 1
55 | 55 ] i
i WELL GRADED GRAVELLY SAND (SW),| - free water present on graveis|
_ orangish-brown, moist 1o wet, Inose, | below 55 ft |
| fine 10 coarse, quartz, with fine to coarse, _ ]
subangular {0 rounded, chert gravel
B0 | 10 _ ]
] POORLY GRADED SAND (SF), tan. | - gradational contact i
i muoist, loose, fina io medium, quartz _| = abrupt cotor change at 62 f
] - clay laminations at 62 & ] B
&5 65 - arangish-brown to brownish-arange
} below 62 fi i ]
] - clay laminations at 68 f _| - abrupt eolor change at B8 fi
70 - {an balow 68 A
NOTES:
- groundwater lavel measurement made 1/27/96

FH: amaia WhA/ES X1LE W44 [T} Prirams; 21 29¢
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A Proj. No.: 113630.01.22
CHMHIL SOIL BAORING LOG
. Project: BDMT GW Investigation Crilling Condractor: Boar Longyear
Drlling Method & Equipment: Rotasonic Logger: S. BruerfMGM
Sample Soil Description Comments
2 Standard
a8 E "“”_:::’h“ Soil name, uscs group symbol, color, Crepth of casing, ddlling rate,
a = N 2 E Resuts | M0Islure contemt, relative density or drilling fluid loss, tasts and
5|2 |8212 cansistency, $oil structure, mineralogy instrumentation
5| 2 |5g|sF[ For
om| E [Z25cl (N}
Elevation: Location: Memphis, TN Boring No. MW-43(l}
Slan: 0855 1/24/96 Finish: 1730 1/24/38 Waler Lavel: 79.58 ft bgs
Sheet 3 of 3
i 10 LL GRADED GRAVELLY SAND (SW)},| - gradational contact i
i brownish-orange, maist, loose, fine ta i
_ coarse, quariz, with fine lo coarse, sub- i
75 75 angular to rounded, cherl and quartz ]
| gravel i i
i - tan and white below 72 fl N i
a0 | 10 ] i
l 85 _| 85 B ]
: - orangish-brown below 88 R; increase | :
80 | 10 in gravel content 1o ¢1 ft, SW-GW _ _
i | - geotechnical sample i
i ] collected from93.5ft0 |
95 | BS —~ 94.5A
4 SILTY CLAY (CL), light brown wilh black | - erpsional contact at 84,5 fi
_ mettling, moist, medium stiff to stiff, low | i
i lo madium plasticlty dac fUpper Clal g |
| - light brown and gray below 98 fi | i
100 | 10 - light gray with black mottling and very ] ]
B stiff 10 nhard below 99 it i
| - light gray SiLT !aminations at 102 fi |
105 ] 105 Boring Terminated at 105 Feet “|Stopped Drilling at 1610
NOTES: 1730 - MW-43 instalied, see
- graundwater leve! measurement made 1/27/86 atlached construction log

Fhi it vl x] S Dl (1] P 2H 290
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| Proj. No.: 113630.04.22
]
SOIL BORING LOG
. !roject: EDMT GW Investigation Orilling Contractor. Boart Longyear/Minnesota
Crilling Method & Equipment; Rotasonic Logger: 5. Bruar/MGM
Sample Soil Description | Comments
x Standarg
o E PT Soll name, uscs group symbol, cclor, Depth of casing, drifling rate,
Q0w |_ |8 = masts | MOIStUre content, refalive density or drilting fluid loss, ests and
£=( 5 |22z consistency, soil structure, mineralogy instrumentation
& E = g o § E [
Bai = |Z5|8L (N}
Elevation: Lecation: Memphis, TN Boring No. MW-49(D)
Start: 1010 1/25/85 Finish: 1803 1725/06 Water Level: 78.92 fl bgs
Sheet 1 of 3
] 0 1 inch TOPSOIL _|Start Drilling at 1010 i
i SILTY CLAY (CL}, light brown, maoist, 1 i
_ 5 saft to medium stiff, low plasticity, trage | ]
_ organics i
5 5 - with black and orange mottling below _
af
] - with light gray mottling below 4 ] i
i 5 - soft below & Rt .l o
10 1 10 | - gradational contact |
] CLAYEY SILT {ML], light brown with light | |
| gray motiling. moist 1o wel, very soff, low i
. i £ plasticity i i
15 | 15§ "] - gradational contact ]
i SILTY CLAY (CL), ight brown, maist, | |
N soft, low plasticily i ]
20 __: 10 - medium stiff and low 10 medium _- ]
i plaslicity belaw 20 fi ¥ E
¥ - wilh black, orange, and light gray ] i
25 25 mofttiing belaw 24 f _ ]
i - reddIsh-brown with black motiling, |- gredational color change
_ sofl, trace fine, quarnz sand below B i
30 | 10 28 fi N _
a5 | 35 ] ]
NOTES:
{1} - water ievel measuremeant made on 1/27/96

N hrgraibiv 5D LS (Mw-a (0] Prinesas; 250
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S Proj. No.: 113630.01.22
] SOIL BORING LOG
]
. Project: DDMT GW !nvestigalion Drilling Contractor: Boarl Longyear/Minnesota
[iilling Method & Equipment: Rotasonic Logger: S. Bruer/MGM
Sample Sail Description Comments
z o~ Stangarg
e P'"::“" Soil name, uscs group symbal, color, Depth of casing, drilling rate,
o | _ |8 Z Resums | MOISture content, relative density or drilling fluld loss, tests and
£a| 2 |&23 consisiancy, soil struciure, mineralogy instrumentation
B & |Ee|dp[oer
2wl E |Z dieit M
Elevatlan: Location:  Memphis, TN : Boring No. MW-49(D)
Stan; 1010 1/25/98 Finish: 1803 1/25/86 Waler Leval: 78.862 ft bps
Sheet Zof 3
135
i | - gradational contact ]
- CLAYEY SAND {3C), reddish-brown, i ]
i moist, medium dense. fine to medium. | Fluvial Depgsits -
40 | 10 quanz, medium plasticity clay _ .
_ + gradalional contact
] SILTY FINE SAND {SM], reddish- to ] i
g orangish-brown, moist, loose, quartz - gradatienal contact i
] POORLY GRADED SAND (SP), yellawish- ’
45 45 brown, moist, loose, fine 10 medium,
B quartz i ]
i - orangish-brown balow 47 ft ] :
. | - arangish-yellow below 48.5 f ] 1
50 | 8 - gradational contact ’
] WELL GRADED GRAYELLY SAND (SW]. ]
1 orangish-brown, maist ta wet, loose, fine | i
) to coarse, quartz, with fine to coarsa, 1
i subrounded 1o ounded, chert gravel ]
55 55 7]
| POORLY GRADED SAND (SF), yellowish-| ]
] brown to yellawish-orange, maist, laosea, J
] 5 fine to medium, quartz, trace coarse, 1
il quariz sand ’ i
60 680 1
) - brownish-arange below 62 fl 1828 2inch black, light gray, |
] 5 Jand light brown CLAY seam
65 | 65 | ]
B WELL GRADED GRAVELLY SAND {SW}, ’
_ orangish-brown, moist, logse, fine to 68 R - 2 inch light gray CLAY
i coarse, quartz, with fine to coarse, sub- || seam; abrupt contact ]
70 rounded, chert gravel ' ]
NOTES;
- water level measurement made on 1/27/06

Fr: g WD XS W10 (D7) Prinec; 2080
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| Proj. No.: 113630.01.2Z
SOIL BORING LOG
. Project: DOMT GW Investigatlon  Drilling Contractor; Boart Longyear/Minnesota
Drilling Method & Equipment: Rotasanic Logger. 5. Bruer/MGM
Sample Soil Descriplion camments
% Stancarg
ek F'"T':;“"" Soil name, uscs group symbol, color, Depth of casing, drilling rate,
ael_ | @ 5 Reauts  |MOiSture content, relative density or drifling fluid loss, lests and
AR ETSE consistency, soil structurs, mineralogy instrumentation
2512 |Se|Sp|Tee
ain | E |Zz5|lak (N)
Elevation: Location:  Memphis, TN Boring No. MW-49(D)
Start: 1010 1125196 Finish: 1803 1/27/96 Water Level: 78.82 ft bgs
Sheet 3 of 3
. (68 ft): POORLY GRADER SAND (SP), _
| 10 brownish-orange, moist, loose, medium, i
i quartz, trace coarse sand i ]
_ - trace fine, subrounded, chert gravel
75 175 below 74 f ] ]

’| - gradational contact
N WELL GRADED SANDY GRAVEL (GW), |
orangish-brown, wet, loose, fine to coarse, |
80 10 : subroundead 1o rounded, cherl with
medium to coarse, quartz sand, traca
subrounded, chert cabbles

i - gradalional contact
. ] POORLY GRADED SAND {SP), brawnish-| ]
a5 BS orange, maist, loase, fine to medium, _
q quariz ] |
B = 1inch CLAY seam at 87 it
| L} WELL GRADED GRAVELLY SAND {SWh,| - Geotechnical Sample
i orangish-brown, wet, loose, fineta /| collected from B8 ft 10 80 R |
a0 20 \mame. quanz, with fine to coarse. /— _
_ subrounded, chert gravel r/_ Jackson FmWpper Claibome |
|82.5] 51 ( 2.8 POORLY GRADED SAND {SP}, tar, |Stopped Drilting at 1710
J wel, loose, medium, quanz, trace = .
i fine, subrcunded, chert gravel 1802 - MW-48 installed;
: I SILTY CLAY {CL), light gray with _Isee attached construction |
black maottling, moist, very stiff, |disgram

medlum plasticity, lignitic
Boring Tarminated at 92.5 Feet

105 |
NOTES:
- waler level measurament made on 1/27/96

. Pocket Penelrometer Measurements on 8-1: 3.75, »4.5, >4.5 {51

FM, bva WV AR AL S [Wivw-40 ) Porintpd: 27500
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Proj. No.: 113630.01.22_
HilL SOIL BORING LOG

Il

. Project: DOMT GW Investigation Dritiing Contractor:  Boart LongyeariMinnesata
Drilling Method & Egquipment;  Rotascnic Logger. S. BruerMGM
Sample Soil Descriplion i Comments
2 Standarg
] E Pﬂ‘:::m Soil nama, uscs group symboi, color, Depth of casing, drilling rate,
Al _ .8 z Resuns |MMDIStUre cantent, relative density or drilling fluid loss, tests end
£33 g2z consistency, soil structure, mineralogy instrumentaticn
SE| 8§ |Exi|ip|ree
a®n | £ |& o't {N)
Elevation: Location: Memphis, TN Boring No. MW-50{F)
Start: 1045 1/26/88 Finish: 2018 1/28/96 Watar Leval: 82.72 fl bgs
Sheat 1 of 4
] 0o 3 Inchas ASPHALT _|’Slant Drilling at 1045
| B inches BASE COURSE X a
| 5 SILTY CLAY , light gray and light ] fill )
i brown, moist, madlum stff, with sub- | i
5 5 ™ rounded, medium, cherl gravei (FILL) / |

CLAYEY SILT (ML), light brown with light | modified |oess
gray and black mettling, moist, very sofl, |

| [ow plasticily i i

10 _ 10 - medium stiff below 10 #t N ]

r SILTY CLAY {CL), light brown with lighi | - gracational contact :

. | gray maotiling, moist, medium stiff, § i
15 15 medium plasticity | _

- with orange and black motiling and

20 | 10 stiff betow 18 f ] _
i - with black moftling and medium stiff | i
4 below 20 f _ i

25 | 25 ] B
i SANDY CLAY {CL) omngish-brown, _| - gradational comad i
_ moist, medium siiff, medium plasticlty, i
| with trace fine 10 medium, quartz sand Eluvial Deposits
i and fine, chen gravel ] i

30 | 10 B ]
i SILTY FINE SAND (5M), brownsh- | - gradational comact i
| orange, moist, lobse, quartr |

a5 | 35 - tan below 33 # R

NOTES:

- groundwater ievel maasuremant made 1/27/96

FrE kg WIWEDF XS [IMW-50 (F)] Printad: 2458
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—— Proj. No.: 113830.01.2Z
SOIL BORING LOG
. Project: DDMT GW investigation  Drilling Contractor.  Bosil Longyearwinnesata
Drilling Method & Equipment: Rolasonic Logiger: S. Bruer\MGM
Sample Soil Description Comments
2 — Standard
sk P‘";"m Soil name, uscs group symbol, color, Depth of casing, drilling rate,
Bo| - |xald Ress | MaiSture content, relative density or driliing fluid loss, tests and
£3| 85 |22z cansistency, soil slructure, mineralogy instrumentation
BX| 2 Ee|fp[Fes
an|E |Z5ieglk (N}
Elevation: Location:  Memphis, TN Boring No. MW-50{F)
Start: 1045 4/26/98 Finish; 2018 1/26/06 Whatar Level: 82,72 fi bgs
Sheet 2 af 4
4 3% WEL], GRADED GRAVELLY SAND [SW),] - gradational comacl
| tan, moist, loose, fine to coarss, quartz, ]
_ wilh fine 10 medium, subrounded, chen :
_ gravel N |
40 ] 10
| 43,5 fito 44 f: CLAYEY SILT (ML), light | |
4 gray, molst, sofl 7]
45 45 POORLY GRADED SAND {SP), brownish-| - abrupt contact h
| orange, maist, loose, fine to medium, | 1
i quartz i
i 4 WEL! GRADED GRAVELLY SAND [SW), | - gradational contact ]
. h tan, moisl, [oose, fine to coarse, quartz, | il
s0 | s0 with fine 10 coarse, subrounded to i
_ rounded, chert gravel I ]
] - aranglsh-brawn below 49 ft ] i
g
55 7| s5 ] i
i POORLY GRADED SAND {SP), brownish-| - gradational contact }
60 | ] orange, meist, loose, fine to medium, ;
4 \ quartz, trace fine, subrounded, _| - gradational comact ]
_ chert gravel i
] WELL GRADED GRAVELLY SAND {SW),| ]
54 orangish-brown, meist, loose, fine to ]
65 | coarse, quartz with fine to coarse, sub- ]
| rounded, chert gravel N
] 6 POORLY GRADED SAND {SP}, tan, moisl] - gradational contact ]
i . Ioose, fine to medlum, quanz - 87 ft 10 87.5 & Clayay, silty, |
A WELL GRADED GRAVELLY SAND ISWT sand and gravel i
70 70 orangish-brown, moist, loose, fine to J
NOTES;
- groundwaier level measurement made 1/27/96

FH: rpia WA SOF X3 W50 (F| . Priniadt: 2008
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A Proj. No.: 113630.01.22
SOIL BORING LOG
A
. Project: DDMT GW Investigation  Drilling Contractor.  Beart LongyeanMinnasota
Brlling Method & Equipment: Rotasonic Lopger: 5. Bruar\MGM
Sampia Soil Description Comments
z Standard
5F Penetrston | Soil name, uscs group symbal, cotor, Depth af casing, drilling rate,
Dol _ | g & nL?u mpisture content, relative density or drilling fluid loss, tests and
£ 2 g 2 =l 2 consistansy, soil structure, mineralogy instrumantation
sE| & 152|872
oo | E [Z§|x (N
Elavatton: Location: Memphis, Tn Boring No. MW-50(F)
Stan: 1045 1/26/96 Finish: 2018 1/26/38 Water Level; B2.72 it bgs
Shest 3 of 4
1 70 coarse, quartz. with fine 1o coarse, sub- ]
a raunded, chert gravel _ .
| 5 - brownish-orange balow 72 ft i ]
| - lan below 73.5 ft |
75 75 - gradatinnal contact ]
i \ SILTY FINE BAND (SM), light gray/__ l
i moist, loose, quartz i 1
_ CLAYEY SILT {ML), yeilowish-brown, | - gradational contact i
| 7 moist, soft, wilh fine sand and light /| i
80 gray silt laminations, and olive ] |
] reen inlgmixing | ..
a2 SILTY FINE SAND {SM), brownish-orange,| - light gray below 80 ft i
i maist, lose, quartz - lan balow &1 ft i
. B 2 PODRLY GRADED SAND (SP), {an, moist| - gradational contact i
B5 a5 loesa, fine to medium, quartz, trace fine ]
i medium, subangular to subrounded, [ |- gradational contact ]
i chert gravel B i
| WELL G SAND {SW),| i
i brownish-orange, molst, loose, finete | )
80 | 10 coarse, quartz, with fine to medlum, sub- _ | _
i anguisr to subrounded, chert gravel i
] - wel below 57 i
A = yellowish-brown GYW-SW below 80 fi - iron-stained, cemented,
] | sandstone fragments at 93 |
95 95 |
| WELL GRADED SANDY GRAVE], (GW), | - gradational contact ]
i orangish-brown, wet, loose, fine to coarse, | ]
B subrounded o rounded, cher, with fine i
i to coarse, quartz sand |
100 _| B _- _
_' -1 =
105 105 ] |
NOTES:
- groundwater lavel measuremenl made 1/27/88

FHE ki Wii'SOF J0L% W50 (F)) Printed: 290
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A Proj, No.. 112630.01.22
]

SOIL BORING LOG

Froject: DDMT GW Investigation Drilfing Conlractorr Boanl LongyeariMinnesats
Drifling Methad & Equipment:  Rolasonic Logper: 5. BruerMGM
Sampta Soil Descriplion Comments
x Standarg
sF P'"_lf““m Soil name. uscs group symbel, color, Depth of casing, drilling rate,
da| - |- 82 feems |Maisture content, relative density or drilling fiuid loss, tasts and
= 2 g e consistency, sokt structure, mineralogy instrumentation
2T | 5 (E=|8 El °5°
ch | E|Z 8| (N}
Elevatian: Location: Memphis, TN Boring No. MW-50(F)
Slan:_1045 1/26/96 Finish: 2018 1/26/96 |Water Level: 82.72 ft bas
) Sheet 4 of 4
105 ] i
10| 10 =109 fi 10 110 R: dark brown SW-GW _ _
i -1105 R to 114 fi: clayey i i
115 {115 ] ]

. 120 | 10 - -

1 | - geotechnicai sample i
collected from 120 R to 125 ft

4 SILTY FINE SAND (SM). yellowish-brown, | - gradational contact i
125 _ 125 moist, loose, quanz _ -
] SILTY CLAY (CL), light gray with black | - erosional contact i

motiling, moist, very stiff 1o hard, low to

medium plasticity | Jagkson FmWUpnper Clalbome |

= -

130 | 11 ] ]
135 ] i
136 1830 Stopped Drlling
i Bering Terminated at 136 Feel 2078 MW-50 installed; see |
| _|atlached construction diagram |
140 | i i
NOTES:

- groundwater level measurement made 1/27/98

FH; e WIWSOF XLE [WYW-50 (F)] Privadt: 21558
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] Prof. No.; 113630.01.22
]
SOIL BORING LOG
. Project: DDMT GW Investigation  Drilling Contractorr  Boan LongyeanMinnesota
Crilling Method & Equipment: Rolasonic Logger: S. BrusrMGM
Sampla Sofl Description Comments
X o~ S!:ndal.'d
i P"“_i'_’"“““" Soil name, uscs group symbol, color, Depth of ¢casing, drilling rate,
a2l _ | g E R::h maisture content, relative density or drifling fluid loss, tesis and
£ 5 g X el - consistency, soll structure, mineralogy instrumentatlan
St 5 |Ew|d E[ s&=
8 w | E |Z 8|k {N)
Elavation: Lacation: Memphis, TN Boring No. MW-51(A)
Stant: 0842 1/2B/96 Finish: 1725 173(y88 Water Level:
Sheel 1 of 2
1o 4 inches CONCRETE _{Start Drilling at 0842 (1/28/96) |
1 - SILTY CLAY (CL), light brown with light modified loess j
_ 5 gray and black motiling, moist, medium |
| stiff, low plasticity i
3 5 CLAYEY SILT {ML), light brown with light_; - gradational contact _
_ gray maottling, moist, medium stiff, trace ]
_ arganics |
i 5 i il
10 | 10 7 7

- N0 organics betow 14 fit

SANDY CLAY {CL). reddish-brown, maist, | - gradatlonal contact

| 5 stiff, medlum plasticity, fine to medium, | Fluvial Deposits 1
i quartr sand, trace fing, subrounded, | i
20 20 chert gravel _| ~ callected sample: ]
_ SBMWS119
- 3 i
23 ) j
24 1 ] ]
25 12 i ] _
- B 1 1
30 ] J N
132 ] ]
- 3 ] ]
35 3s B 1
NOTES:
- 1728/96 al 1045: threads stripped on rotary head tip whare drill rods connact:
. - 1730/98 al 1145; drilling again; hole open to approximately 35 ft bgs

PR kgt A1 A XD & (A5 [A)) Prrimgar: 200008
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A Proj. No.: 113630.01.27
]

SOIL BORING LOG

. Project:  DDMT GW Investigation  Drlling Contraclor: ' Boart LongyearMinnesota
Drilling Method & Equipment: Rotasonic Logger: S. BruenMGM
Sample Soil Description | Comments
2 — Standarg
B ""’T‘"‘m Soil name, uscs group symbel, color, Depih of casing, drilling rate,
Byl . |x 2|2 | resms |moisture content, relative density or drilling fluid loss, tests and
£ 5 g -] - consistency, sgil structure, mineralogy instrumentation
£S| g Exidp[ Foe
Ow| £ Zajirt M)
Elevation: Lotation: Memphis, TN Boring No. MW-51(A)
Start: 0842 1/28/98 Finish: 1725 1/30/88 Water Levei:
Sheat 20f 2
| 35 - first run 1145 1/30/86 i
i i POORLY GRADED SAND (SP), brownish-| - gradational contact |
| arange, moist, lopsa, fine to medium, i
38 quarz, trace fine, subrounded, chert )
40 | gravel _ |
- a _ i

- — -

B WELL GRADED GRAVELLY SAND (SW),]

45 45 orangish-brown, moist, loose, fine 1o
coarse, quarnz, with fine to coarse, sub-
rounded, chert gravel

- norecavery 45 ftto 55 A

55 55
§ - wet below 55 fl 7] ”
| - geotechnical sample i
| ] collected from S5 ftto 6O ft

80 10 ] i
] - 5 inch clayey layer at £0 B N
i - brownish-grange, medium SP from 1 ]
] 61 ftto 62 ft i §

85 | 85 -1 - erosional contact N
| SILTY CLAY (CL), light brown and light | _ i
i gray, moist, stiff to very stiff, meclum | 0 /U Clalbome
i 5 plasticity i ]
X - light gray below 69 it

70 70 Boring Terminated at 70 Fest “|Stappad Drilling 1600 {1/30/06}]

NOTES:
- 1/2B/86 al 104%: threads stripped on rotary head tip where dnill rods connect;
. - 1/30/26 at 1145: drilling again; hole cpen 1o approximalely 35 ft bgs

Fhv rgra W31 A KLS (W51 (a]| Pravimad: Irivea
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| Proj. No..  113630.01.2Z
— '
SOIL BORING LOG
. Hmject: DEMT GW Investigation  Drilling Contractor.  Boart Longyear/Minnesota
Drilling Melhod & Equipment: Rotasonic Logger. 5. BruerMAGM
Sample Soil Description Camments
. Standar:
& E P’:"m Soil name, uscs group symbotl, color, Depth of casing, drilling rate,
De | |8 g R u:u malsture content, relative densily or drilling fluid loss, tests and
£a| 2 2~ § consistency, soil structure, mineralagy Instrumentation
SE| 8|Sk |ip[eee
oad | E |Z 5l (N}
Elevation: Location: Memphis, TN Boring No,. MW-52(G)
Start: 1015/ 08 FEB &8 Finish: 1730/ 08 FEE 86 Water Level;
Sheel 1 of 4
0 1 Inch TOPSOIL [Stant Drilling at 1015
B SILTY CLAY {CL)}, lighl brown with black i
| 25 and light gray mottling, meist, medium | _modified lossg ]
i Stiff, low to medium plasticity, trace '
5 5 onganics N

- gradational eontact
CLAYEY SILT (ML), light brown with black|
S motiling, moaist, soft, low plasticity I
- with black and light grey mottiing beiow |
10 10 Bft

’| - gradational contact

SILTY CLAY {CL), lighl brown with black

20 | 10 and orange motiling, moist, stiff. medium_ |
| ' plasticity, with Iron nodules - wilh some fine to medium
i CLAYEY SAND {SC), lipht brown and { quanz sand below 20 ft
i light gray, maist, medium denss, fine 1o | - gradational comact ]
| medium, quanz | Filuvlat Deposits T
25 | 25 - brownish-red with biack motiling below _| N
23R

= light gray and lighl brown below 25 fi
- trace fine to medium, subrounded,
cher gravei below 27 it

0 ] 10
| POCRLY GRADED SAND (SP}, brownish-| - gragational conlact :
. orange, moist, loose, fine lo medium, i )
35 35 quartz, trace fine 10 medium, chert gravel
NOTES;

FHE w20 K0S [Soul Soring Log| L
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Project: DDMT GW Investigation

256 1

43

Prol. No..  113830.01.Z22

SOIL BORING

LOG

Cilling Contraclor:  Boan Longyear/Minnasola
Criling Methad & Equipment: Relasonic

Logger: 5. Bruer/MGM

Sample

S¢il Description

Comments

Starwiard
Penstraton
Test
Resulls

Depth Below
Surface (FT)
Mumber

and Typa
Recovery

interval

B
(N)

Soll name, uscs group symbol, color,
moisturs content, relative density or
consistency, soil structure, mineralogy

Dapth of casing, drilling rata,
drilling fluld lass, lests and
insinamentation

E
Elevatian;

Location:  Memphis, TN

Boring No. MW-52(G)

Slant: 4015/ 06 FEB 98

Finish: 1730/ 08 FEB B6

Water Level:

Sheet 2 of 4

40

42

_{chert graval

345 §: WELL GRADED SAND {5W),

orangish-brown to brownish-crange,
moist, loose, fine to coarse, guartz with
fine to medium, subrounded to rounded,

1

45

S0

55 | 55

58

&0

85 | 85

70

SANDY CLAY [CL), dark brown to |
black, moist, soR, fine 1o medium,

quanz, trace fine io medium,

subrounded, chert gravel i
WELt GRADED SAND {SW), brownish-

oranga, mois, loose, fing to coarse,
quartz, with some fine o medium, 1
subrounded, cherl gravel
- tand with fine 10 coarse, sub- /_:
rounded, chert gravel betow 48 R
POORLY GRADED SAND {SP), brawnish-|
orange, moist, Iopsa, fine to medium,
quartz
- 1an and brownish-orange below 52 ft

- fine ta coarse, subrounded, chert gravel |
fromé3RtoBASH

- brownish-crange with medium to
coarsa, subroucnded, chert gravel
6d.5fttoB5 fi

WEL| GRADED GRAVELLY SAND (SW),|

_| - gragational contact

orangish-brgwn, wet, loosa, line 10 coarse

- probabty hole collepse

- gradatianal contact

- gradational contact

NOTES:

FH Qe WIWSG XL [Soll Boring Log]
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A Proj. Mo.. 113830,01.22
SOIL BORING LOG
Froject: ODMT GW Investigation  Drilling Contractor,  Bean Longyear/Minnesota
Drilling Method & Equipment:  Rotasonic Logger: 5. Bruer/MGM
Sampie Soll Description Comments
3 Standard
28 E F‘"_l'_'::“"" Soll name, uscs group sympal, coior, Depth of casing, dniling rate,
ol |_ |2 = Ressts |IMOiSIUrG content, relative density or drlling fluid loss, tasts and
£33 Bz cansistency, soll strugture, mineralogy instrumentalion
St | 3 (Ev § E o6
an | EIZ&Ick (N)
Etevation: Location:  Memphis, TN Boring No. MW-52(G)
Start: 1015/ 08 FEE 98 Finish: 1730708 FEB 88 Whaler Level:
Sheel 3 of 4
] quartz, with fine 1o coarsa, subrounded 1o B i
| g rounded, chert gravel | _
i - tan below 73 fi i :
75 ] 75 N ]
80 - tan and orangish-brown below 78 ft | B
. 85 _| es ] ]
] SILTY SAND (SM}, lighi gray and orangish- ]
i brown, wet, 10058, fine to medium, quartz | - gradatlanal contact A
80 | wilh black biotite(?) lakes _ _
] - light gray below 92 A ] ]
0 N ]
| |- 1inch CLAY seamatg8 ft
100 | 100 ] B
| - orangish-brown below 100 #t _| - Geotechnical Sample
i .| coliected from 102 fi to
] 5 - light gray below 103 fi o104 n |
- erosienal contact i
105 | SILTY CLAY {CL}), light brcwn with gray Jackson Fm/Upper Claibome
NOTES:

FH: K shBAS 20 X0 9 [Hol Boring Log| Printed; 2090




236 145

Proj. Mo.:  113830.01.ZZ

] r
SOIL BORING LOG
grojem: DDMT GW Investigation  Drlling Contractor Boant LongyearMinnesota
Drilling Mathod & Equipment: Rotasonic Logger: S, BruerMGM
Sampie Soil Deseription Comments
x Standard
o E P""';"'W‘ Soil name, uscs group symbel, color, Depth of casing, drilling rate,
Bal_|.2 z R.:L moisture content, relalive density or drilfing fluid loss, tests and
£3| 31822 conslstency, soil structure, mineralogy instrymentation
=E|§ (Ex8 Ef o&=
ow | E |Z&|x N
Elevation: Location:  Memphis, TN Boring No. MW-52(G)
Slant: 1015/ 06 FEB 86 Finish: 1730/ 08 FEB 66 Waler Level:
Sheet 4 of 4
l and black streaking, moist, stiff, /(1730 - MW-52 Installed; see
] medium plasticity _|sttached canstruction dlagram |
- Boring Terminated st 105 feet | i
110 - ]
115 = -

140 |
NOTES:
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A Proi. No.. 113530.01.22
SOIL BORING LOG
Praject: DDOMT GW Investigation Crilling Contractar;  Boan Longyeariinnesota
Drilling Method & Equipment: Rctasonic Logger S. BruerMGM
Sampla Soil Dascription Comments
; Standar
2 E Penetration (<41 name, uscs group symbol, color, Dapth cof casing, drilling rate,
i S - an moisture cantent, relalive density or drilling fluid loss, tests and
£5/ 3|82 > consistency, soil structure, mineralogy instrumentation
55| 2 5z(8E[ =
abh| E|Z5|e N
Elevation: Location: Memphis, TN Boring No. MW-53(E)
Start: 0855 /07 FEB 96 Finish: 1245 /08 FEB 886 Waler Level: 78 ft bgs
Sheet 1 0f 2
10 2 Inches CONCRETE _|Start Drilling &t 0955 (2/7/96) i
_ 1 inch BASE COURSE - chert gravel i i
E 5 SILTY CLAY {CL), light brown wilh light |
| gray and black motiling, moist, medium
5 5 siiff, low to medium plasticity ]
i CLAYEY SILT (ML), light brown, moist, | - gradationa) ¢contact
i ] soft, low plasticily | :
10 ] 10 ] ]
i 5 SILYY CLAY {CL), light brown, moist, | - gradaticnal contact 1

soft, low to medium plasticity

- with black and orange iron nodulas
maximum 1/8-inch diameter below

— — -y

20 | 10 i7f
) ' - stl#f with orange and light gray mottling | "
| below 13 ft
i - stiff with black and light gray mottiing 1
il below 21 i
25 ] 25 ] |
] SANDY CLAY (CL}, light brown, moist, | - gradational conlact __
i stiff, medium plasticity, fine to medlum, - increasing sand content i
| quartz sand, silty | with depth
i ] ial Deposits ]
30 | 10 i ]
i - with light gray and brownish-red i i
i intermixing below 32 fi i :
35 a5 CLAYEY SAND (SC), brownish-orange, - gradalional contact ]
NOTES;

- groundwater levei astimated during drilling

FN: o/ WAWSIE KL S (Sl Bewing bog) Prrivdmd: IR0




256 147

A Proj. No© 113830.01.22
A

[ CHM il SOIL BORING LLOG

A ,
Project: DDMT GW Invastigation Dirilling Contracdor:  Boan LonpgyearMinnesola
Crilling Method & Equipment:  Rotasonic Lagger: S. BruerMMGM
Sampie Soil Description Comments
Standarg
5 E P"“;“”"“ Sail name, uscs group symbol, color, Depth of casing, drilling rate,
&% _ |« gl Resuts | MOiSture content, relative density or drilling fluid loss, tests and
£ 3 g a2 cansistency, soll structure, mineralogy instrumentatlon
E51 8 Exi8F| &5+
Bwn | £ |Zaixt {N}
Elevation: Locatlon: Memphis, TN Boring No. MW-53({E)
Stan: C855/07 FEB 88 Finish: 1245 /(8 FEB 85 Wvater Level: 78 ft bys
Sheet 2 of 3
13 moist, medium dansga, fine to medium, i
| quartz, sifty i i
40 ] 9 POORLY GRADED SAND {SP), brownish-| - gradational contact ]
B orange, moisl, madium densa, fine 1o i i
| medium, guarz i N
1 a4 ] .

- yellowish-brown with race fine, sub-
rounded, chert gravel, silty 48 fito 47 fl_|

. 50 ) 11 ] ]
ELL G D SAND (SW)}, crangish- | - gradational contact

brown, moist, loose, fine to coarse, .

i \ quanz, with some fine to medium, /_' - gradational contact

subrounded to rounded, ched gravel / |

55 55 POORLY GRADED SAND (SP}, yellowish-

brown, meist, (aose, fine 10 medium,

— - =

guartz, trace fine 1o coarse, subrounded,

- 2 chert gravel i ]
80 | 60 ' ]
| - brownish-arange below 81 /@ . i
3
163 i i
65 _| - ]
i 5 - yeliowish-brown below 66 ft | ]
| 88 i ]
| WELL G D GRAVELLY S (SW),| - gradgationai contact i
70 yetlowish-brown 1o grangish-brown, moist,
NDTES;

- groundwater level estimated during drilling

PN irgha W 55E 105 (S8 Boving Log) Printat; 280
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A Proj. No.. 113630.01.2Z
]
SOIL BORING LOG
roject: DDMT GW Investigation Drilting Contractar:  Boan Longyeandlinnasota
Drifling Methogd & Equipment:  Rotasonic Logger: S. BruariWGM
Sampla Sail Description Comments
. Standard
B E "’:‘;"“" S¢il name, uscs group Symbol, color, Depth of casing, ddlling rata,
@l _ |2 2 Reguts | MICIStUNE Content, relstive density or drilling fivid loss, tesis and
£ g g 2 ol i cansistency, soil structure, mineralogy instrumentation
BEl g |EeiSp[Fom
cwl| E Z5iek N}
Elevation: Location: Mamphls, TN Boring No, MW-53(E)
Star: (955 /07 FEE 88 Finish: 1245 /08 FEE 98 Water Level; 7B ft bgs
Shaet 3 of 3
i lopse, fine to coarse, quartz, with fine to i
i 3 coarse, subrounded, chert gravel i
775 - orangish-brown below 74 ft N ]
: -Clayey fom 76 Ato 76.8 fi i :
_ 5 - trace subrounded, chert cobbles below | R
i Tt
80 50 - wetl below 76 ft _ Fluyi ife
] 5 "| - eroslonal contact st 83 ft |
i SILTY CLAY (CL), light brown and light | Jackson FmJl jbome |
B9 85 gray (marbled), moist, stiff, medium 2/8/85 - 1010: stopped drilling |
} plasticity S _|2B88 . 1 MW-53 installed |
i Boring Terminated st 85 Feet _|see attached construction log |
60 | ]
85 | ]
100 | B
i |
105 | i
NOTES:
- groundwater level estimated during drifling
P ogia W SAEXLS [Scil Baring Lexg] Prinad: 2204
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A Pro]. No.:  113630.01.722
]

[ CHAHIL | SOIL BORING LOG

Project: DDMT GW Investlgation Crilling Contraclor; Boest Longyeaniinnesota
Driliing Method & Eguipment:  Rotasonic Logger: S. BruerMGM
Sample Soil Descriplion Comments
T Standard
in P'“:;’:’“" Soil name, uscs graup symbol, calor, Depth of casing, drilling rale,
oz|_|.8 [ Resuts  |MOislure content, retative density or drilling fiuid loss, tests and
£81 % [EX3 consistency, soil structure, mineralogy instrumeniation
BE|§ Ex|Spioee
co|E |[Zc|lgL (N
Elevation: Location; Memphis, TH Boring No. MW-54(J)
Slart: 0840 2/9/86 Finish: 1950 2/9196 Water Leval:
Sheet1of 3
] 0 1 inch TOPSOIL _|Start Drilling at 0340 ]
] CLAYEY SILT {ML}, light brown with light | - using 6" core bamel
i 5 gray and black mottling, moist, soft, low | i
! plasticity, trace organics ] modified loess
s s _ ]
10 8 ] I

- light brawn, low to medium plasticity,
ne omanics balow 10 Al

. ] SILTY CLAY (CL), light brown with black | - gradational contact i
15 15 mottling, meisl, medlum stiff, low to

medium plasticity, race irun nodules
(= 1/8 Inch diameter}

— 5 — -
20 7 20 ] _
] 5 - with black, orange, and light gray ] ]
i mottling below 21 ft i .
25 | 25 7 n
i - trace fine to coarse, quarntz sand below | - increasing sand content with |
i 251 dapih beiow 25 i
| : Fluvial Depostis i
i 8 SANDY CLAY (CL), light brown with biack,| - gradational contact ]
30 light gray, and arange mettling, moist, | - orangish-brown below 29 fi _
i Stiff. medium plasticity, fine to medium, | - wilh brownish-red motiling |
] quartz sand below 31 ft
a3 CLAYEY SAND (SC), reddish-brown with | - wilh fine Lo coarse, sub-
_ light gray and light brown intermixing, | rounded to rounded, chert
a5 moist, dense, fine to medium, quartz grave! below 31 fi
NOTES;

FH: g e Ui 540025 o5 L)) Primted; 20053
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] Proj. No..  113630.01.22
S— :
SOIL BORING LOG
Project: EDMT GW !nvestigalion Drilling Contractor: Boart LongyearMinnasota
Drilling Method & Equipment:  Rotasenic Logger 8. BruerMGM
Sampla Soil Descrigtion Comments
- Stangasa
i F":"“‘“"' Soil name, uscs group symboi, color, Depth of casing, drilling rate,
ﬁ o . a E R:”m maisture contant, relative density or drilling fluid toss, tests and
3|8 |22z consistency, soil structure, mineratogy instrumentation
2t |35 Eg|d E 5846
o6 | E ZEleL {N)
Elevalion: Location: Memphis, TN Boring No, MW-54(J)
Slart: 0840 2s0/98 Finish: 1950 2/9/96 Waler Level;
Sheet 2 of 3
] 7 ) ]
| SILTY SAND (SM-SP), brownish-crange, | - gradational contact ]
40 40 muist, loose, fine to medium, quanz, with
i soma fina to coarse, subrounded lo ] ]
| 4 rounded. chert gravel, miceceous ) i
B 42 1 - 43 . POORLY GRADED SAND {SP}, i
44 tan, malst, medium, guarz _ i
45 |
i 8 - 1an, medium lo coarse below 45 R 1
. ] - crangish-brown, wilh fine to coarse, i
50 | 50 subrounded to rounded, chert gravel below 48 fi _
i - grangish-brown, fine to medium, no
| “~_gravel betow 48 ft /: = gradalional contact
i 5 WEL]. GRADED GRAVELLY SAND {SW), | - tan {0 yellowish-brown below |
N yellowish-brown, moist, loose. fine to 1 azf i
55 55 coarse, with fine to coarse, subrgunded, - free waler present on gravels
] ' chert graval "] below 52 fi B
60 B 7 i
| EOORLY GRADED SAND (SF), yellowish-| - gradational comact ]
. brown, moist, lcose, fine lo medium, | - brownish-crange 63 fito ]|
€5 85 quartz, trace coarse, quartz sand 63.5fi
] - trace fine to coarse, subrounded, cherl B
i 4 gravel below 65 R 7] ]
i WELL GRADED GRAVELLY SAND (SW),{ - gradational contact :
69 yellowish-brown, moist 1o wat, Ioose, fine 1
70 1o coarse, quanz wilh fine to coarse,
NOTES:

FHZ Ry WOWSA XL (M5 (IT] Prigc 21099
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Proj. No.: 113620.01.27

SOIL BORING LOG
Hroject: DDMT GW lavestigation Drilling Contractor: Boart LoangyeariMinnesota

|
CHMHIL

Orilling Melhod & Equipment:  Rotasonlc Logger S. BruerdMGM
Sampla Soil Description Comments
> Shndall'd
N P"’::""" Soil name, uscs group symbol, color, Depth of casing, drifling rate,
Mol o828 Resyss |MOisture conlent, relalive density or drilling fluid loss, lests and
cs| B (222 consistency, soll structure, mineralogy instrumentation
ss |2 52870
awl E |Z sl )
Elevation: Locatlan: Memphis, TN Boring No. MW-54(J)
Start: 0B40 2/3798 Finish: 1950 2/9/96 Water Level:
Sheet 3 of 3
§ o subangular to unded, chen gravel _| - ne recovery 62 ft to 72 fi
72 - changing to 4" core bamed
| POORLY GRADED SAND {SP), yellowish-| - gradational contact i
i 3 brown, moist, loosa, fina to medium, | h
75 75 quartz, trace coarse quartz/chert sand, |
micaceous 1

i 1-75/1t081 ft: hnu=3ppm |
4 - orangish-brown below 77 ft {headspace in ziplock bag)
' - collected SBMWS5477
& - yellowish-brown with trace fine, sub- |
&1 rounded, chert gravel below 79 ft

- wet below 81 ft

a8
g0 ] ] |
i - trace coarse, quartz sand and fineto | ]
| medium, subrounded, chen gravel _| - collected Geotechnlcal i
i 6 below 81 R | Sample from 83 R0 85 f
95 | 85 i ]
i SILTY CLAY (CL), light brown and light ~ erosional contact __
_ gray, molst, very stiff, medlum plasticity : Jackson Fonflpper Claibgme i
5
100 [ 100 - lght gray and lignitic below 100 f
1017 81 1 _|stopped Drilling at 1625
_l Boring Terminated at 101 Feel MW-54 [nstalled at 1950 -
i "|see attached construction ]
i : diagram ]
105 |
NOTES:

FH; g WA S XSS (M-8 ()] Prked: 21 000
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Proj. No.: 113630.01.27

SOIL BORING

LOG

Crilling Contractor: Boart LongyeariMinnesota

Crilling Method & Equipment: Rotasonic Logger. §. BruenMGM
Sample Soil Description Comments
2 Shindll:d
8 E F""‘_:::“m Soil name, uscs group symbol, color, Depth of casing, drilling rate,
o P N E Resuts | MICIStUre conlent, relative density or drilling fluid loss, 1esis and
Ea| 2 22z consistency, soil structure, mineralogy instrumentation
BE|§ |Eg(8 &5
dal|E[25le E {N)
Elevation; Location: Mamphls, TN Boring No. MW-55(U)
Slarl: 1030 2/10/66 Finish: 1755 2/10/86 Waler Level:
Sheel1 ¢f3
1 ¢ & inches CRUSHED S8TONE _|Start Driliing al 1030 a
i CLAYEY SILT (ML), light brown with light | - using 6° core barre
i 5 gray and black mottling, moist, medium | i
i stiff, low plasticity i madified loess .
5 5 _ —
] - wilh black mettling below 5 fi i |
10 ] 10 - ]
15 ] 15 _ _
1 SILTY C {(GL). light brown wilh black | - gradational cantact ]
i and crange motiiing, meist, medium i
20 | 10 stiff, medium plasticity _
i - stiff wilh light gray, black, and crange i
| mattling below 20 fi _ N
25 | 25 ] _
i iSANDY CLAY (CL}, lipht brown with _| - gradational contact i
| Black mottling, moist, soft to medium stiff, | |
i 5 medium plasticity, fine ta medlum, quartz/ | Eluvial Deposits i
] cherl sand. trace fine, subrounded, chert | ]
a0 an gravel, silty ]
N CLAYEY SAND {§C), arangish-brown. | - gradational comact i
i maist, loose to medium dense, fine to i
N 5 coarse, quariz/chaen with trace 1o some, | i
N fine 10 medium, subrounded, chert gravel | g
35 35
NOTES:

FNE R MWL LS (WAW-53 (U)]

Priret: 211199
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] Proj. No.. 113630.01.22
]

| CHMHIT | SOIL BORING LOG

Projact: DDMT GW Investigation Critiing Contractor: Boart Longyear\iMinnesota
Drifling Methed & Equipmenl: Rolasonic Logger. &, BruerMGM
Sample Soil Descrption Commenis
z Standard
o E P""‘T’”’“’" Soil name, uscs group symbal, color, Depth of casing, ddliing rate,
- § 2 Rn:rm moisture content, relative densily or drilling fluid loss, tests and
£=| S |22z cansistency, soil structure, mineralogy instrumentation
et 3 |Ew|B Fi o2
dal= 25I8L| m .
Elevation: Location: Memphis, TN Boring No. MW-55{U)
Slant; 1030 2/10/96 Finish: 17585 2/10/98 Water Level;
Sheset 2 ¢f 3
| 35 WELL GRADED GRAVELLY SAND {SW},| - gradalional contact
1 orangish-brown, molst, loase, finete | ]
i coarse, quartz, wilh fine o coarse, sub- :
| 8 angular 1o rounded, chert gravei, /: 38 R 10 40 A SILTY SAND (SM
40 | micaceous orangish- 1o yellowish-brown |
] WELL GRADED GRAV SANDto _|with Dlack/gray intermixing, |
| WELL GRADED SANDY GRAVEL (SW- |fine to medium, quartz, trace |
43 GW), orangish-brown, moist, locsa, fine |fine to medium, subrounded,
i 1o eoarse, quartz sand and fine to coarse, |chert gravel |
45 | subangular to rounded, cher gravei, trace
| subanqular chen cobblas /| - decreasing gravel content |
i ? WELL GRADED GRAVELLY SAND (SW),| with depih beiow 45 ft ’
- orangish-brown, muoisl, lcosa, fine to i ]
. ] coarse, quartz, wilh fine o coarse, sub- | ]
50 50 . argular to rounded, chert gravel " | - gradalional cantact N
A POORLY GRADED SAND (8P}, orangish- | i
] 4 brown, molst, looss, fine to medium, _
_ quanz, trace subangular ta submounded,
o4 chent gravel |
55 - increasing gravei content below 53 fi _
] WELL GRADED GRAVELLY SANDto | - S inches SILTY CLAY (CL). |
| WELL GRADED SANDY GRAYEL {SW- | dark brown, sandy, graveliy i
i 2] GW), arangish- to yellowish-brown, moistt | at 55 fi i
N wet, loose, fine ta coarse, quartz sand and _|
80 80 fine to coarse, subangular ta rounded, ]
| chert gravel ] _:
1 ; ] :
65 | 85 J ]
i " | - switching to 4" core barrel |
70 i ’
NOTES;

FH: g a WIWSELLXLS (MW.84 {UT) Pritami: 211 1/08
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A Proj. No..  113630.01.22
A .
SOIL BORING LOG
Project: DDMT GV Investigation Orilllng Contractor: Boan LongyearMinnasota
Drilling Method & Equipment: Retasonic Logger: S. BruerMGM
Sample Soil Dascriplion Commants
Sm
E E P'“E:W" Soil name, uscs group symbol, color, Depth of casing, drilllng ratg,
-y L om| moisture content, relative density or drilling Auid |oss, lests ang
& & g oS conslstency, soll structura, minaralogy Instrumentation
Bt | g |Ev § E a5
dalE |25l (N)
Elevation: Locatlon: Memphis, TN Boring No. MW-55(U)
Start: 1030 2/10/96 Finish: 1755 2/10/98 Water Level:
Sheet 3 of 3
] : 1 ]
73 - - & inches SILTY SAND (SM), |
| POORLY GRADED SAND {SP}, tanto | light gray and lavender, wet, _
75 _| white, wat, loose, fine to medium, /| Ioose, fine, quantzal 72t |
i Quartz, traca fine, subrounded, _| - erosional contact with |
i chert gravel ferruginous, well-cemented, |
N 10 SILTY CLAY (CL), tight gray with black | sandstone fragments at 74 ft |
i motiling, moist, stiff, medium plasticity | Jacksop Fm/Uipper Claibomne
80
] 83 ] ]
i PP =275, 2.5 2.5 tsf ]
85 (855 51| 25 ] 1505 Slopped Driiling
: Boring Termintaed &t 85.5 Feet :MW-SS Installed 1755 :
_ _isea aftached cantruction log |
o0 ] i ]
o5 ] N 1
100 N ]
105 | ] i
NOTES:

FH: Iogia WAWSSLE XS (MW-22 (U]

Printiat: 271158
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A Proj, No.: 113630.01.Z27
A .
SOIL BORING LOG
Froject: EDMT GW Investigation Drilling Contractor: Boart LongyeanMinnesota
Drilling Methed & Egquipment:  Rotasonic Logger: S. BruerMGM
Sampla Soil Description Comments
Standam
3 E F"‘;""“""‘ Soil name, uscs group symbal, calor, Depth of casing, drlling rate,
ﬂ o - 2 oy R el moisiure content, relalive density ar drilling fluid loss, {ests and
2|ls |g&|¢e esulty . . ) :
Em| 2 -z consistency, soil structure, mineralogy instrumeantation
B E @ g o g E [y
dalEl258L (N}
Elevation: Locstion: Memphis, TN Boring No. STB-13
Slari; 0800 2/11/48 Finish: 1715 211/06 Water Level:
Sheet1 of 4
e 10 1inch TOPSOIL _|Start Drilling at 0800
_ SILTY CLAY (CL), light brown with black | - using 6" core barrel 1
| 5 and light gray momiing, moist, medium i
B stiff, medium plasticity, trace organics i |
] 5 o pess

i CLAYEY SILT {ML), light brown, maist, | - gradational contact
10 10 5oft, low piasticily, trace arganics

SILTY CLAY (CL}, light brown with black | - gradational contact

motlling, moist, medium stifl, medium

20 _| 10 plasticity N ]

- stiff with black and orange mottling and _
Iron nodules (<1/8 inch diameter) below _
211

25 25 = with black, orange, and light gray |
mattiing below 23 ft A

- reddish-tbrown with trace to some, fine j

to meidum, quarz sand below 25 fi

| SANDY CLAY {(CL), reddish- to orangish- | - gradational contact
brown, moist, stiff to very stiff, medium
plasticity, fine to medium, quartz sand, | Fluvial Deposits
M fraca fine to medium, subrounded, chert
35 gravel

NOTES:

FN opmASTB1A.XLE [STBA Y] Printust; 211504
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| Prof. Mo.:  113630.01.ZZ

—— :
SOIL BORING LOG
Hmjac:: EDMT GW Investigation Drllliing Coniractor, Boar LongyeardMinnesota
Drilling Method & Equipment; Rotasonic Logger: 3. Bruer"GM

Sample Soil Deseription Comments

x Standard

8 FE Penet3tn |50l name, uscs group symbal, color, Depth of casing, drilling rate,
B ‘E - |= & E‘ Rm moisture content, relative density or drilling ftuid Inss, tests and
£5| 2|82z consistency, soll struciure, mineralogy instrumentation

2t |8 |Ew § e

dalZ [25|&8 E Ny
Elevation: Location: Memphis, TN Boring No. STB-13
Start: 0800 2/11/98 Finlsh: 1735 2/11/86 Waler Level:

Sheet Z of 4
i SILTY SAND (SM), erangish-brown, moist, | - gradational contact i
g medium dense, fine to medium, quartz

[POORLY GRADED SAND (SP), brownish-| - gradational contact
orange, moist, loose, fine 1o medium,
40 40 guanz

- tan and micaceous beiow 39 ft

5 - orangish- o yellowish-brown and
micaceous below 40 it

45 45 GRADED GRAVE {8W).] - abrupt contact |
orangish-brown, maolst, loose, fine to

coarse, quarnz, with fine to coarss, sub-

1

I

| 5 roundad (o rounded, chert gravel : - 1inch SILTY CLAY {CL), |
. | - {an below 48 ft _| light gray, moist, sofl at i
50 50 - orangish-brown with coarsening sand | 4711 |
i below 49 ft | i

} 5 POORLY GRADED SAND (SP), brownish-] - minor ciay at 53 f i

i crange, maist, loasa, fine 1o medium, _] - seme coarse sand and fine

55 55 _ quartz, micaceous _] tocoarse, subrounded,
i - trace fina, subrounded, chern gmavei J chertgravel 5.5 ftte 34 R

i below 55 it _! - gradational contact i

3

60 _| 80 ] N
i - yallowish-brown wilh trace coarse, ] i

N guartz sand betow 60 ft i

i 5 ) _

85 | 8&s WELL GRADED GRAVELLY SAND {SW),] - gradational contact B
_ orangish-brown, moist, loose, fine to i

_ coarsa, quartz with fine to coarse, sub- i

a 5 rounded to rounded, chernt grave! B F

70 | 70 i i

NOTES:

Fi irpia 2STBY S LS [STH-13 Prindmt; 21508
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] Proj, No.:  113630.01,.2Z
SOIL BORING LOG
Project: EDMT GW Investigation Oriling Contractor: Boart Longyeari\Minnesota
Drilling Method & Equipment:  Rotasonic Logger: 8. BruerMGM
Sample Soil Descriplion Commants
. Standarnd
e E P""ﬁ:““ Soil name, uscs group symbol, color, Depth of casing, drilling rete,
B o | — | 3l & Resutn  |MOIStUrs corem, relative density ar drilling fluid loss, tasts and
£33 823 consistency, soll structure, mineralogy Instrumentation
Bt @ |Em 8 E & g
ao | E(Z5[@L (N}
Elevation: Lecation: Memphis, TN Boring No. STB-13
Start: 0800 2/11/88 Finish: 1735 2/11/08 Wailear Laval:
Sheet 3 of 4
w70 _| - switching to 4" core barrel
— 3 p —
i - dark brown iron staining below 73 fi i i
75 75 —{74.5 A to 75.5 ft: SANDSTONE
i /CONGLOMERATE, dark |
| 5 WELL GRADED GRAVELLY SAND {SW),|raddish-brown iron Slained, |
| dark brown imn stained, moist, loose, fine to coarse sand and fine 10
1 fine ta coarse, quartz with fine to coarse, _|medium, chert gravel, weil |
B0 50 subrounded to nounded, chert gravel _|cemented ) ]
_ - whita 10 tan below 78 feet | - 2inches SILTY CLAY, light
_ 5 - yellowish-brown, wilh very coarse, chert | gray, moist, soft at 78.5 &
| sand and fine gravel below 80 Rt _| - abrupt contact i
. i - clayey and lignitic below 3 f i 1
85 85 | |
i [POORLY GRADED SAND (SPJ, tan, maist| - gradational cortect i
i 5 locse, medium, quartz and chert, irace ]
] coarse sand and fine, subrounded, chenl | - WELL GRADED SAND (SW)
80 20 gravel _| dark brown, moist, locse, |
B fine lo caarse, quartz, some |
i SILTY FINE SAND (SM}, light gray, moisl, | fine to coarse, chert gravel
N 5 loose, quartz, micaceous | and femigunous sandsiong |
4 | fragments from 88 R lo 89 it
a5 85 _| - abrupt contact, clayey at ¢1 f
] 5 ] 1
100 ] 100 N a
] : _ ]
105 | 105 ]
NOTES;

Fi: pRATTETIXLS (STE1Y) Prirtaat; 21 150
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I

Project: DDMT GW Invesligation

23

b

153

Prol. No.:  113830.04 .ZZ

SOIL BORING LOG

Drlling Contracior: Boan LongyeanMinnesata

Drilling Method & Equipment:  Relasonic Logger: S. EnuenMGM
Sample Soil Description I Comments
2 Standard
B E P"‘_:::“" Soil name, uscs group symbal, cator, Depth of casing, drilling rate,
& ol N 2 o Resutt moistura content, relalive density or drlling fluid loss, tests and
£&| 5% az= s consistency, soil structure, mineralogy instrumertation
BE| g [Seidpl vee
Elevation; Location: Memphis, TN Boring No. STB-13
Start: 0900 2/11/98 Finish, 1735 2r11/68 Water Level:
Sheel 4 of 4
105 | 105 (see previous page) i A
110 10 " i
115 (115 } ]
i 5 ] )
i i ]
120 | 120 Stopped Driiling at 1548
i Boring Terminated m 120 Feet _|1735; Barehole grouted with _
i _|high solids bentonite clay -
- _|PureGold Groul - 17 sacks |
125 | ] ]
130 | ) ’
135 | ] 1
4 i 4
140 | 7 ]
NOTES:

FN. padSTEL A0S [ETB1Y)

Pring; 21170
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v CHMHILEHONTOLI WELL CORSTRUCTION [oe: 256 160
slandard Flush Movnt

. Instaltation Do Viell Number M - 40 (0\)

Site N LFJ fa] ‘; . OIJ il f:::f-f d C|i=nupggi=:t q‘DprlT 6 "':'“'ﬂl.:ln L\JHTE(' Ih"! f‘?‘f -
Projeer Murber (15030, »l 22 Starting ae (@ JANAG oy v 28
Orilling Centracar 8 D-‘-'tf_i_ L"D“_’;j_\fi Far Campletion___lie HFANSe m  |SOG
Built By Poat Lo MA N EAr Weil Cogrdinatas
Elevation PAOTECTIVE C3G .
Height Matenal / Type 1“._:; fee l
GS Etevatian \‘ Dlamewer & inch wanar Tigm Seal () N )
- — Oeptn 8GS - WaepHote { Y F N}
DEATH BGS i j
o SURFACE PAD ,
g | Composition & Size Comrete 24 ¢34

:

Eievation
Depin 8GS :;::RP!PE qckr&'uk ‘tC' ?\It"—
Ciamatgr Z- lnchk
Tatal Lengtn (TOC ta TOS) g L1
Compor &Prupm:ans Mgk Sotids (30 ?o)
. g‘;@ (_.lt-\..{ —4 Pare Gpld
Trewmied N
Intarval RGS O —~H— i B2 4
CENTRALZERS { ¥ /)
B2 Ly < A\ Dapmis) BGS &
O-Ll’-' SEAL
82—% . Type N(."‘(
J" Sourca _
E 1 HyarsgonTime _____ Volume of Fluid Added o
i i Treuga { ¥ ¢ N }
S : E'
PE e sad e
= n =t 5
4 0 {0 4A- '% amount Used L2 S br.aq
= Tramiea [Y@
i i%l Sourca Tha WWlere l._grl-_{:.q._.fc ~
%i Gr. Size Oist. (o rede DO .
S BEE ToniEN Schedule 40 PNC
{3. _'i ------------ . l, Oameter. —?— _..p_:'_b'\ o
et - : TR SletSize & Typs __ £2. 010 tack
[Pl LN . i \'&; Yo ‘ q o
. O AR-STH- 1?“'{' m nevaigas ___ @S f4 5 L+

Tl RSN Rendente TRoliob

Soreno| s .

Hyorabon Tima  ___ - _
Tremed [ Y /M N




T AT e ————_—— ————— SRR LT ST ST e A S g L T

dﬂdHlLL(l ORITDGIE WLU L‘ETE&‘?I{UEHUIL LUL
Standard Flush Mount

. Installalian DRmT Wall Number 1 W - 4 (K)

Sita er+ _of Dunvr, Argid mimupmj“;D.DMT- Grcu.nn'-dw.-i‘er Ty 0;4 ;3
Project Number “1?'[";5 d: Lp\ ?"E Starting JalE, 12 fSﬂ“‘ﬁ[p L o9 IS—-

256 161

Dsitling Cantractor t y mar T LC"“:"\{ g6 7~ Comptetion___Zalg VE JAMG, sm VM LOD

Buili By I::' cav b L DV\!’j xif 7 Well Cocrdinnies

Elevatian
Height
G5 Elevatign

PROTECTIVE CSG i
Material / Type 5+€-ﬂ-'l.

Diamatar el Watar Tight Seal @ M)
Deptn BGS Weaag Hale { Y / N}

DEPTH AGS
SURFACE PAD
Compasoon & Siza

C ey c.JH’_.

Elevation

Qeptn BGS RISER PIFE

Typa Cehedule O PVNL

Diarnetar Z. jAcla
Tolas Langt {TOC 1o TOS) S % o

Comot: High Saluds (309.)
Brnngnoﬁnpﬁmufﬁbq - ‘-PL.LTE Gpolek
Tramies (Y0 N)

merva BGS C-"H' - sS4 44

CENTRALIZERS ( Y /(N )
Deprys) BGS .

SEAL i
Type H } A
Source e =

HyaraoeaTime Yoluma of Fluid Added
Temied | ¥ / N )

Uy
by

FILTER PACK -

Amoun Usea . & SO '0‘%5

Tremied [ ¥ (ﬁ]
Source m Woric C_Ol‘l—ﬂﬂhhf

Gr.Size Dist. (o precke Qo nd

[

=

G

T
e

ul

f 2;':;&" Seheaule S0 PYC

"""""" LT Diameter.. . __1— 1wih

. | '-I'D"'I]'i' H | X {:t N ls:':rf: ;;;?PB *..Su-‘rc -_‘al_ﬂ‘ -LN'E: 1 -F‘I* ‘Lﬁ “ﬁ—

o~ a0 R ewdon be Pelleds
Hyaranon Tima L, o . -— —_—— —

Tremoea [ Y !@}

H 3




~

rrrrrr -

S CHMHIETONTORIE VL COlsT

—_——

STRUCHON [0k - =

Slandarg Flush Mouni
. Instaliation D O M T

Sita Allad af Quan Seid

MLTwdg wl =&

Praject Numbar

Qrilling Contractaor, ﬁ)mr"r L-D"""J\-;':."dl.r"

guiug,'l?)car-i L.b-tfj\f(g:/"

Elevation
Height
GS Elevation \
DEFTH BGS ' e
= ¥
Elavation E
Cepin BGS =
ALk 3
_©
AR |
|
Bx . —— '
E :
i
1t 1o £r
BREE oo
??Tki . [ SY,
. stk \\\\
. | TO: G S 7

——(plﬂ p—

Earenan uu:i

256 1062
Well HNumber M U\j _ 4—2_ (N)
CIienHProIectm‘\qT L-‘lff-h--"&uﬁ‘{'f-f— e fs"*‘_
Slarting g Lo BAMNGL . 0G93 L

Campietion —itiz | A& SAMNILS yimp Voo

Well Coorginptes

PROTECTIVE CSG

Watenal / Type ‘Slr-r . l

Diarmatar — b inth Watar Tight Seas (T4 M }
Oeom BGS Waearala [ Y F N )
SUAFACE PAD

Compasinen & Size Cbﬁ-" t"ﬂ:

AISER PIPE

Tyne &hfﬁhl{ dcb ?\]C—

Diametar 2 inch
Total Length (FOC to TOS) a4 4+

Gr::u?gg. e P Sorvids (3o %)
z:;“ o "--n.f - -?Ml r_(:nllﬂ
Trameed M}

Intervat BG5S -F4-. - % H.

CENTRALIZERS { ¥ @
Oepuus) BGS

e NJA

HygragonTime Wohgme of Fluid Addsd
Trerwes | Y /N O}

:‘Lp:EH PACXK CS‘: ﬂ& 13/,{_1: .
Amount Usaa 4 <o+ e L
Tremea (T {N}

Source . 'Tk.q_ M eri CDF‘-{‘IH'{ .
Gr. Size Dist. Grde OOM ——

o Sebeddle do PNC
Diametar 2 el

Shyt Size & Tvpa (20O .
mmgas <44 L4, - S8

a::::l"ﬂl-ua heatonr e Pe 1) g7l\§
Hydranon Time .
Tremed [ Y 7







LT AT R T T

ot CHMHILETORITOREE WELL CORSTRUCTON LO6;

Standard Flush Mount

Installarion D OMT
site —— ladegd ok OBunn Frerd =~
Wik @ @ 22

Praject Number

Crilling Cuntra::mri)qu + L-'c""-"jr N 26

Built By 12 mard Lnnjx;ce;:.r

Elevatipn
Height
GS Elevation \‘
DEPTH BGS L .
Elevation |r
Oepth BGS -
5o S
T A
BSSEr
B& Lt . —
. =|
&Sk w - =
e |
R S | .
lpe v ——
SN
10 | ol = %&_f%

Eoramom ma,

T 7. -gce:-‘(' pe bere vl (o'-.icf-gaﬁ
ortor te Tasdulbing Bewhonte Plu.a

256 164

Well Number M w - 4'_ 3 <L‘\
C!iunUFrﬂ]ecl-—l)'DHT Gronnd weker T,
ar 14 JAR G o

o915
| o

Starting

i | \S- EAHq[’ “Irfim

Completian

Well Canrdinates

PROTECTIVE CSG

Matenal / Typa - Steel

Olameter de inch, ‘Water Tight Seal @ M)
Qepn BGS Weapp Hole { ¥ / N }
SURFACE PAD

Camposition & Size Conerete 2 (4 v 7244
AISER PIPE

Type Teheduls 40 PNC

Clamarsr 2 el

Totai Lengm {TOC o TOS) =X

GROUT
el o
»

asition & Preoordons J—‘%L\_ﬁf_._LL’e_éL
e : ~Dw
Tremued (Y 5N}

intarval BGS oL - gse L

CENTRALIZERS { ¥ A1)
Deotn(s) BGS

SEAL

Tyoe M/ A
Source
FyarananTime
Tremegs { ¥ F M)

Voluma ol Fluid Addad

FILTER PACK

Tye Zo/qo  Tould —

Amount Lsed . SO been o
=

Trarmed {Y (B4

Source — m MDI‘TE Cap—?cn\.{ _

Gr. SizeOist.  (ared DOM ———

SCAEEN

e =chadile 4o PvC

Ciamatar_ Z— ieche —— .

Siat Size & Type 0.9:Q  inch L

interval BGS 24 "C'{' te 29 £ _

BACKFILL PLUG

MEBnal Berdonde TRl e

Hyarapon Time - —_—

Tremued { Y [




W{TORING WELL-CORSTRUCTION [0E: 256 165

i CHMHILE

Slandard Flush founi

NDpmT

Insrzilatian

Site (es+ o Dorm Fcid

Projec: Number M z

Crilling Contractar 'E sav I:_ L‘D]-’lﬁ ?’fﬂ Ll
Built By "Beoardi LDWS«J NEaY

Elevation
Height
G5 Elevation

DEPTH BGS

‘Well Number M w —4_4 ( m\
CI]enUPruiu:tmmr érou "'&"““‘{"?f Ty,

Starting we 1S ZANAL o 0Ads

*'g:;el;':ti it |loe FAMAYL 0 (4o

Well Coaordinates

PROTECTIVE CSG
Matana: / Type ‘:‘;‘_“E'ﬂ_f— 'S

Olameter g fach
Dapth 8GS

watsr Tight Sea({ ¥/ N )
Wasp Hole ( ¥ / N )

SURFACE PAD
Composition & Size

RISER PIPE

Tyme < Ledule do PNC

Diametar 2= irmedn
Total Langm (TOC io TOS) 4 Lt

GROUT
Composibon & Proparions _High Solids (304,
_'1_-_{.;5' an-‘-lr:pﬂ Cliy 3 Pure Gold

Tramed (Y[ M) !
Intervat BGS o A e bl Lk

CENTRALZERS (¥ {N)

e\ L4 Depm{s} BGS
SEAL
bl [+ - | Type N /A
. Source _
. HydmatonTime Volume of Fuid Added -
[ - Tegmea [ Y 7 N )
lod-kt : =
= A
; i 1= T oK 1-3:4-:: Silice  Temd
- . 1% Amaurt Usea 2 b’-"—'\_ﬁ e
\‘d't;“r |0 L& % Tremaﬂ{?@
. = Soums The Morie Cﬂmﬂﬂh;" _
! = GrSizepise _Grede OON B
- | ?:;EE" Dehedale 40 PUC
"Id‘_;lr_ __________ T Diametar 2 _‘nch e
js& * L . Siof Size & Typa 2. 010wl
oH N\% nwrva BGS (2% £ do 74 L —_—
® == — D\
T Zeh el entoule Peleds —

. Hyaraden Tima =

Tremied { ¥ /{02
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Rl

CHMH!LL IIUNHUM!LL WELL CORSIRUCTION 06

Srandam Fiush Mount

QoMmT

Instailation

Site LFast of Duvin f:"c..f.'_.ﬂ

WD b 22

Froject Number

Drilling Contractor. %Dﬁf T+ La “ﬁ\f €av

Elevalion
GSEI::?;; \
DEPTH BGS i{& — :})
gvation 1' %
DeimBES . §
N
X
\
X
\
§
§\
X
§
YR
S4{t =
o Iy
S% £ S
0oL
- i
=
1S S+ 1o 4k %E
G oo |
B -
EmE == N \\\.

— bisch  —
Bwul'nlr.‘la.

H# 3 Leet of Dorebole coilepsa
Prer o Tadtellc +50m o - beekfill

?*“}r

256 166
Mw - 45 (e

TEMT Crobiocter Truest,

Wall Number

ClienuProject

Starting ae e TANIL L aE1s

Campietion__Jilk 11 SANSL lims 10

Wall Cograinatea

PROTECTIVE CSG

Matarial / Type _+_‘“'"

Diarnatar i water Tight Seat {Y.¥ N )
Dapth BGS Wasp Hote { ¥ 7 N }
SURFACE PAD

Composition & Sizo Concrete 2 0 x 2{+
RISER PIPE

Type %}\.E&hl{ q"D P\f(_

Diamatar 2 Tngin

Total Langmh (TOC I TOS) S & £4

GROUT -

E-&n = -"Purc_ém‘.él 0.y ”"‘lfqnl
Tramiea (Y0 N) 4

Intarvel BGS o £r 4o S p —

CENTRALIZERS { ¥ (N}
Dapthis) BG5S

e NJA
Soure

HydmoanTime . Voluma a! Fluid Addad o
Temes Y ! N )

FILTEHR PACK

Type _ 2OMAD Si\iea . _
Amount Usea =+ S b, bn? 5 o
Tramied { ¥ (W)

Seurcs .1 e Moaorie C;;.n?au.?r _
Gr. Size Qisi. Grede oM _

SCREEN

e . ochakule 4O PNC

Diamalar 2 tack —_
Slot Size & Type ._ (2. OAD [ach

menalBGS .S B Ll b e L —_
o Rt Pelets
Hyaragen Tima____ _ ——
Teamea | Y f@i
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- CHM IO ORINE (0L CORSTRUCLION LOG;

Slandard Fiush Mount

0D 0rmTT

Installabion

Dvrn F-:'E.i l:l

Site

W5l Bl B

Praject Number

Orilling Contractar. EM" T L‘““j"‘f“"""’

Built By oot Lt.na&T 2av

Elevation
Height

GS Elevation \

DEPTH BGS 5'1;

Elevatian
Cepgth BG3

Wi
P

2
g

3

£

5
|||I\|||||IJ|\|l|||H|l|||||H|||||l|Hl|||||||

g };x’l

2

4

=

? - r

)
e
x

\\\

256 167

Mw -Ho  (B)
TOMT Growmdvate, Tny ot
NmeE " D 48

a2V SANAL me

Wall Humber

ClianlProject

s 2= SANAGL

Starling

Campietion

Wall Coordinares

PROTELTIVE C5G

Matenai f Type §+‘e' i

lameter L water Tight Seal (Y0 N )
Deom BG5S WaapHale { ¥ / N}
SURFACE PAD

Compasition & Size

RISER PIPE gkgihlc 4,-::: NC

Typa

Dlameter 2 mel
Tatal Langtn (TOC t& TOS) (o 2. feetf
T Wil Sotids (20%)

esition & Pi‘f‘“m"‘

C.\n'-ir "= Pure Gok
0 £t 4o 59 fH -

Tiamad M}
Imterval BGS

CENTRALIZERS [ ¥ (ML}
Decthis) BGS

SEAL
Type
Sauren ..
Hyasmaoon Mima

Tremma [ Y f M ]

M1 A

Volume of Fluid Added

WM 20/40  Siica Sand

Type ...

Amaount Used q- SC?'IL b“jﬁ —_—
Tramoea { Y

Source .. . T he Mone Cumuj

Gr. Siza Dist. Grde DON

SRR o iedule 40 PNC

WpE

Diameter. .- 2. inch ——
skt Size & Type . 0O .010_imeh — -
menvei0Gs . o2 b 4o VT LE

DACKPLLPWG R ondronte Pellel

Hyarapon Tima  __

- Trermed [ ¥
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Sranuard Flush Muunr

tnatallation DomT
gite ——2 of  Musn Tarinihdeon.
W2t dl. 22

Brilling Contractar "Soert LD“&*{W

Built By “Boart ]...mn.?ﬁ.ew

Project Humbaer

Elevauon
Hetght
G5 Elevation

T~

DEPTH BG5S 3

Elevation E
Depth BGS =

____________

\\\\

P
Borenciz o.

256 168

Well Mumbar M W .-4-] QHB
ClienuPrejeet ErivEwil G"'““"‘P”‘“{"" T,

Sterting e 2 SANGL .o

CB5S

Campietion 3 lime

Well Coordinates

PAOTECTIVE C5G
Matenal / Typa

Diarmatar
Dapm EGS

sl

I jmetn

water Tight Seat (Y7 N )
WeepHole [ Y /N )

SURFACE PAD
Compositon & Siza

RISER PIPE

Typo chedule G PNC
Diamagtar Z_ AL

Total Langw [TOG 0 TQS) (e L4
GROUT

i . Hiak Solds (207
“ﬁ%&i. cx—J’*—aﬁ’ng—
Tramealf ¥ ) N i

Intarval BGS D-Cil" ip 1071 -£+ _

CENTRALIZERS [ ¥ (13
Depthis) EGS

SEAL
Tyeo HIA

Saurce —
shydratenTime Voiuma of Fluid Addad

Trermea [ ¥ / N )

FILTER PACK -

Type 209{40  Sllica Send

Amoun: Used 4- S0 * b‘-\‘\s o
Trammeo {Y@

Sourca The Muorie C—n..-.pr.n-,r

Gr. Size Dist, Grade DoMN L
SCREEN

Typo cehedule 4D PNOC

Olamater 2z Tt
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RE T OF BOR RY
Projeet; PBDMT DDJ

Locatign; Mocemphis, TN

Client: CH2M Hill

Qur job ng.; CM-603-Y6

Date: January 18, 1996

Lab po.: 1484996

Location  Depth

MVW-41
MWw-42
MY-43
MW-44
MW-45

Sample No. % Water Conitcent
65-67" Hl 18.8
57-5% B2 14.4
1Q0-102" 43 913
T H4 165
6870 HE 18.0

i it

Jon N. Christian
Director of Technical Services
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REP LAB TORY A L
. Project: DDMT D04

L.gcation: Memphis, TN

Clicnt: CH2M Hill

Qur jobno.: CM-003-96

Date: Fcbruary 5, 1996

Lab no.: 1485496

Location Dcpth Sample No, Yo Watcr Confont
MW-46 71-7¥ #6 18.8
MW-47 117.5-118.5' H7 1.9
MW-48 93.5-94.5 H8 15.0
MW-49 85-90 H3 14.1
MW.50 120-125" #10 823
L
Jon N. Christion

Directar of Technical Services




. LABOR Y
Project: DDMT D04
Logation: Mcmphis, TN
Client: CH2M Hill

Qur jgb po.: CM-603-96
Date; February 9, 1996

256 267

Lab no,; 1485796
Loecation Depth Sample Ng. %% Water Content
Mw.-51 55-00" K11 138
MW-52 [gz-104' #12 20.4

. Vo toza

Jon M. Christian

Director ol Technical Services
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“P B T ALY
. ject: DDMT D04

Lacation; Memphis, TN
Client: CH2M Hill

Qur job no.; CM-603-96
Datc: March 15, 1994
Labno.: 39096
ati Depth Samplc No, % Water Content
MW-53 X2-8% #id4 14.3
MW-54 23.95 #15 18.6
MYY-55 T34 #16 935
MW.49 50-92.5° 5-1{47) 20,4
MW-54 100-101" S-1(54) 7.7
MW-55(u) B§31-§5.5 5-1(35) 1.8

. /%%Z

Jon N. Christian
Director of Technical Services
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CHRISTIAN, CARMICHAEL

& ASSOCIATES, INC. Project DDMT DO4 - Memphis. TH
1211 Newell Parkway
. Montgomery, Alabama 36110 113630.01.2Z
(334} 260-2174 FAX (334) 260-3377 Our Job No. £M-603-95

REPORT OF ANALYSIS ON SAMPLE OF _ Subsurface Soils

Source of Material See Below Client ___CH2M Hill

Sampled by__CH2M Hill Submitted by __Mr. Greg Underberg

Date Sampled_1/12/386 Date Tested _1/18/86 Lab Report No. 14844
Sample No. #1

Source MW-41 {65-67")

Depth

Efe?ﬂcgt%trlg?s Tan Medium Sand w/a trace of Gravel

SCREEN SIZES

1 1/2 inch screen

. 1 inch screen 100
3/4 inch screen ag

1/2 inch screen 97

3/8 inch screen 96

No. 4 mesh sieve 93
No. 8 mesh sieve 89
MNo. 10 mesh sieve 88
Na. 16 mesh sieve 86
No. 20 mesh sieve B3
No. 30 mesh sieve 75
No. 40 mesh sieve 48

No. 50 mesh sieve 1
No. 60 mesh sieve 7
No. 80 mesh sieve 3
No. 100 mesh sieve 2
No. 200 mesh sieve 1

77

: / Jon N. Christian
. Director of Technical Services
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100 0 g 0.1 0.01 0.00
GAAIN SIZE [N MILLIMETERS
COBBLES GRAVEL SAND SILT OR CLAY
coarse | fine coarse|_med|um | fine _
Sample 1D Classification IMCe%| . | PL | P | Cc | Cu
e M Tan Medium Sand w/a trace of Gravel 14 16 NP D.93]| 1.5
! !
Samplg |0 D100 D60 D30 D10 | %Gravel] %Sand | %Silt | %Clay
s 1 25.00 0.50 0.353 | 0.2657 7.0 91.3 | 1.7
. PROJECT DDMT D04 - Memphis, TN JOB NO. _ CM-603-96
DATE 1718/96
GRADATION CURVES cc
CHRISTIAN.CARMICHAEL & ASSOCIATES
\ MONTGOMERY, ALABAMA, y




CHRISTIAN, CARMICHAEL

& ASSOCIATES, INC. Project DBMT D03 - Memphis. T
1211 Newell Parkway cob 271
. Montgomery, Alabama 36110 113630.01.2Z
(334 260-9174 FAX (334) 280-9177 Our Job No. _CM-603-98

REPORT OF ANALYSIS ON SAMPLE OQF _ Subsurface Sails

Source of Material See Below Client CH2M Hill
Sampled by___CH2M Hill Submitted by __Mr. Greg Underberg
Date Sampled . 1/13/86 Date Tested _1/18/86 Lab Report No. __14845
Sample No. 42
Source MWY-42 (57-69')
Cepth
cription
Efﬁﬂaﬁtrli%lg Tan Silty Sand wia littte Gravel

SCREEN SIZES

1 1/2 inch screen

. 1 inch screen 100

3/4 inch screen 89

1/2 inch screen 96

3/8 inch screen 94
No. 4 mesh sieve 88
No. 8 mesh sieve 83
No. 10 mesh sieve gs
Na. 16 mesh sieve 758
No. 2C mesh sieve 77
MNo. 30 mesh sieve 69
No. 40 mesh sieve 56
MNo. 50 mesh sieve 41
No. 60 mesh sieve 29
No. B0 mesh sieve 22
No. 100 mesh sieve 21
No. 200 mesh sieve 16.4

/A a

Jon N. Christian
. : Director of Technical Services
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GRAIN SI1ZE IN MILLIMETERS
COBBLES GRAVEL | SAND ! SILT OR CLAY
coarse | tine  |coarsel medium | fine |
Sample ID Classification Mce%| b | PL | Pl | Cc | Cu
& #2 Tan Silty Sand wia little Grave!
| 1
Sample ID 0100 osC | D30 D10 | %Gravel| %Sand | %Silt | %Clay
s #2 25.00 0.47 0.254 | 12.0 71.6 16.4
!
|
l __
. PROJECT DDMT DO4 - Memphis, TN JOENO.  CWM-603-86
ODATE 1718/96
GRADATION CURVES cc
_ CHRISTIAN,CARMICHAEL & ASSOCIATES
\ MONTGOMERY, ALABAMA )




CHRISTIAN, CARMICHAEL 236 273

& ASSOCIATES, INC. Project DOMT D04 - Mamphis, TN
1211 Newell Parkway
Montgomery, Alabama 36110 113630.01.7Z
. (334) 260-8174 FAX {334} 260-9177 Our Job No. £M-603-96

REPORT OF ANALYSIS ON SAMPLE OF _Subsurface Soils

Source of Material See Below Client __CH2M Hill

Sampled by__ CH2M Hill Submitted by __Mr. Greg Underberg

Date Sampled _1/14/36 Date Tested _1/18/98 Lab Report No. __14846
Sample No. #3

Source MW-43 {100-102"}

Depth

Description )

of Mat%rials Tan Silty Sand

SCREEN SIZES

1 1/2 inch screen

) 1 inch screen
. 3/4 inch screen
1/2 inch screen
3/8 inch screen 100
No. 4 mesh sieve g9
No. 8 mesh sieve 98
No. 10 mesh sieve a7
No. 16 mesh sieve 96
No. 20 mesh sieve 93
No. 30 mesh sieve 87
Ng. 40 mesh sieve £9
No. 50 mesh sieve 44
No. 60 mesh sieve clv)
No. 80 mesh sieve 22
No. 100 mesh sieve 20
No. 200 mesh sieve 15.4

171

Jon N. Christian
Directar of Technical Services
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GRAIN SIZE IN MILUMETERS
COBBLES GRAVEL | SAND SILT OR CLAY
coarse | fine _|coarsai madium | fine
Sample 1D Classification MC%| LL PL | Cc Cu
e H3 Tan Silty Sand
| i |
Sampla 1D D100 DB0D 030 D10 |%Gravel| %Sand | %Silt j %Clay
e #3 9.50 0.37 0.250 1.0 g83.6 15.4
|
PROJECT DDMT D04 - Memphis, TN JOB NO. CM-603-96
DATE 1/18/86

\.

GRADATION CURVES
CHRISTIAN,CARMICHAEL & ASSOCIATES
MONTGOMERY, ALABAMA

‘;QL




CHRISTIAN, CARMICHAEL

8 ASSOCIATES, INC. Project BOMT DO% - Memphizsgg E
1211 Newell Parkway >
Montgomery, Alabama 36110 113630.01.22

.mam 260-9174 FAX (3341 260-8177 Our Job No. _CM-803-95

REPORT OF ANALYSIS ON SAMPLE OF _ Subsurface Soils

Source of Matenal Seeg Below Client cH2M Hill
Sampled by CH2M Hill Submitted by Mr, Greg Underbarg
Date Sampled _1/15/36 Date Tested _1/18/96 Lab Report No, __14847
Sample No. #4
Source MW-44 {76-77")
Depth
Dt
Eﬁf;ﬁrﬁ?s Tan Medium Sand w/ia trace of Gravel

SCREEN SIZES

1 1/2 inch screen 100
1 inch screen g6
. 3/4 inch screen 95
1/2 inch screen 93
3/8 inch screen a3
No. 4 mesh sieve 30
No. 8 mesh sieve B9
No. 10 mesh sieve 88
No. 16 mesh sieve B7
No. 20 mesh sieve 86
No. 30 mesh sieve 76
No. 40 mesh sieve 37
No. 50 mesh sieve 16
No. 60 mesh sieve 11
No. B0O mesh sieve 9
No. 100 mesh sieve B
No. 200 mesh sieve 5.1

7

/ Jen N, Christian
Director of Technical Services
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CHRISTIAN, CARMICHAEL
& ASSOCIATES,

REPORT OF ANALYSIS ON SAMPLE OF
Source of Material

INC.
12171 Newell Parkway
Montgomery, Alabama 36110

{334) 260-9174 FAX (334) 260-8177

See Below

Project DDMT DO4 - Memphis, TN

256 276

113630.01.27

Qur Job No, CM:503-96

Subsurfece Soils

Client CHZM Hill

Sampled by__CH2M Hil
Date Sampled _1/168/98

Submitted by __Mr. Greg Underbarg

Date Tested

Sample No.

Source
Depth

Description

of Materials

SCREEN SIZES

1142

1
374
1/2
3/8
No. 4
No. 8
No. 10
No. 16
No. 20
No. 30
Na. 40
No. 50
No. GO
No. BO
No. 100
No. 200

inch screen
inch screen
inch screen
inch screen
inch screen
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sigve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve

1/18/96 Lab Hepart No. 14848

#5
MW-45 (6B-70%)

Tan Medium Sand w/a little of Gravel

100
86
94
Nn
89
B3
80
79
75
73
62
40
21
13

R/ 1/4

Jon N. Chrtstlan
Dlrector of Technical Services
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GRAIN SIZE IN MILUMETERS
COBBLES GRAVEL SAND SILT OR CLAY
coarsa | fing |coarse] medium |  fine
Samplz 1D Classification MC%| LL PL ] Cc Cu
e #5 Tan Medium Sand w/a little of Gravel 105, 2.8
| |
Sample ID | D100 D&o 030 oo 1%Gravel &4 Sand %Silt %Clay
] #5 38.10 0.58 0.354 0.2083 17.0 78.9 4.1
i
| |
1 |
. PROJECT ODMT D04 - Memphis, TN JOBENG, __CN-603.56
DATE 1/18/96

GRADATION CURVES
CHRISTIAN, CARMICHAEL & ASSOCIATES C_cg[

\ ' MONTGOMERY, ALABAMA

y,




256 27
CHRISTIAN, CARMICHAEL <78

& ASSOCIATES, INC. Project .DDMT D04 - Memphis, TN
1211 Newell Parkway
. Montgomery, Alabama 36110 113630,01.22
(334) 260-9174 FAX (334) 260-9177 Our Job Np. CM-803-96

REPORT OF ANALYSIS ON SAMPLE OF _Subsurface Soils

Source of Material See Below Client CH2M Hill
Sampled by__ CHZM Hill Submitted by Mr. Greg Underberg
Date Sampled _1/22/26 Date Tested _2/5/86 Lab Report No. __14849
Sample No. 46
Source MW-46 (71-737)
Depth
riptio
E?ﬁﬂcat%;m?s Tan Medium Sand w/5Silt

SCREEN SIZES

1 1/2 inch screen
. 1 inch screen
3/4 inch screen .
1/2 inch screen 100
3/8 inch screen 99
No. 4 mesh sieve o7
No. 8 mesh sieve 85
No. 10 mesh sieve g5
No. 16 mesh sieve a3
No. 20 mesh sieve a0
No. 30 mesh sieve 75
Np. 40 mesh sieve 37
No, 50 mesh sieve 17
No. - 60 mesh sieve 13
No. 80 mesh sieve 10
Mo. 100 mesh sieve 9
No. 200 mesh sieve 7.8

1 7/

Jon M. Chnsttén
. DlI'E:C'T.OF of Technical Services
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GRAIN 5IZE (N MILLIMETERS
COBBLES GRAVEL SAND | SILT OR CLAY
coarse | fine lcoarsel medium | fine | .
Sample 1D E Classification Mco%| LL | PL | P | Cc | Cu
e #6 Tan Medium Sand w/Silt 1.50) 2.9
| 1
Sample 10 D100 DE0 D30 D10 |%Gravel| %Sand | %Silt | %Clay
o #6 12.50 0.52 0.376 | 0.1800 | 3.0 £89.2 7.8
. SROJECT DDMT D06 - Memphis, TN 158 NO.__CM-603-96
DATE 7/5/96
. GRADATION CURVES cc
. CHRISTIAN CARMICHAEL & ASSOCIATES
~ 3 J

\ MONTGOMERY, ALABAMA




CHRISTIAN,
& ASSQCIATES,

1211 Newell Parkway

Montgomery, Alabama 36110

(334} 260-9174 FAX {334} 260-8177

REPORT OF ANALYSIS ON SAMPLE OF
Source of Material

CARMICHAEL
INC.

See Belaw

236 280

Project OOMT DO4 - Memphis, TN

113630.01.22

Our Job No. £M-€03-98

Subsurface Soils

Client __ CH2M Hil

Sampled by__CH2M Hill

Date Sampled _1/23/96

Submitted by _ Mr. Greg Linderberg

Sample No.

Source
Depth

Description

of Materials

SCREEN SIZES

1172

1
3/4
1/2
3/8
No. 4
MNo. 8
No. 10
No. 16
No. 20
ND. 30
No. 40
Na, 50
No. 60
No. 80
No. 100
No. 200

inch screen
inch screen
inch screen
inch screen
inch screen
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve

Date Tested _2/5/96

Lab Report No. 14830

#7
MW-47 {117.5-11B.5"}

Tan Medium Sand w/Silt

100
99
85
77
40
23
10

7.4

l w2

Jan M. Chnstlan
Dlrectnr of Technical Services

cc
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GRAIN SIZE IN MILUMETERS
COBBLES GRAVEL SAND ! SILT OR CLAY
coarse | fine  |coarsel medium | fine |
Sample 1D Classification MC% | LL FL Pl Cec ;| Cu
o &7 Tan Medium Sand w/Silt 1.11| 2.0
Sample 1D o100 0&o 030 D10 % Gravel | %5and %Silt %Clay
- 87 1.18 0.36 0.270 0.1800 0.0 92.6 7.4
|
PROJECT CDMT D04 - Mamphis, TN é{i?{dﬂ CMz}Gs?géEE

GRADATION CURVES
CHRISTIAN,CARMICHAEL & ASSOCIATES
MONTGOMERY, ALABAMA
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CHRISTIAN, CARMICHAEL
& ASSOCIATES, INC.

1211 Newell Parkway

Montgomery, Alabama 36110

{334} 260-9174 FAX {334) 260-9177

REPORT OF ANALYSIS ON SAMPLE OF
Source of Material
Sampled by

See Below

256 282

Project DDMT D04 - Memphis, TN

113630.01.27

Our Job No. CM-603-96

Subsurface Soils

Client CH2M Hill

CHZM Hill

Submitted by Mr. Greg Linderbarg

Date Sampled _1/24/96

Sample No.
Source
Depth
Description

Cate Tested _2/5/96

of Matenals

SCREEN SIZES

11/2

1
3/4
1/2
3/8
No. 4
No. 8
No. 10
No. 16
No. 20
MNo. 30
No. 40
No. 50
No. 60
No. 80
No. 100
Na. 200

inch screen
inch screen
inch screen
inch screen
inch screen
mesh sieve
mesh sieve
mesh siave
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve

Lab Report No. _ 14851

#8

MW-48 {93.5-94.5']

Tan Medium Sand wi/a little Gravel

100
28
86
84
22
87
B2
a1
77
72
56
27
12

3.B

7

[ Jon N. Christian
Director of Technical Services
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. GRAIN SIZE IN MILLIMETERS
COBBLES l GRA\!EL. ,SAND - i SILT OR CLAY
| coarse | fine |coarsel medium l fine ! -
Sample ID Classification IMC%| LL | PL | P Cc | Cu
o w8 Tan Medium Sand w/a littte Graval I 112} 2.5
Sampla ID D140 DEQ 030 D10 oGrevel] %Sand | %Silt % Clay
% #B 38.10 Q.65 0.440 D.2657 13.0 83.2 3.8
I
l _
PROJECT DDMT D04 - Memphis, TN .éiﬁrglﬂ CMz}g?géSE

L

GRADATION CURVES
CHRISTIAN,CARMICHAEL & ASSOCIATES
MONTGOMERY, ALABAMA
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CHRISTIAN, CARMICHAEL 236 284

& ASSOC]ATES, INC. F’I‘.‘Oject DDMT D04 - Memphis, TM
121171 Newell Parkway
. Montgomery, Alabama 36110 113530.01.22
(334) 260-2174 FAX (334) 260-0177 Our Job No. _CM-803-96

REPORT OF ANALYSIS ON SAMPLE OF __Subsurface Sails

Source of Material See Below Client CH2ZM Hill

Sampled by__ CH2M Hill Submitted by __Mr. Greg Underberg

Date Sampled _1/25/96 Date Tested _2/5/96 Lab Report No. 14852
Sample No. 29

Source Mw-48 (88-90')

Depth

El?iﬂc;glt%t;%?s Tan Medium Sand w/Silt

SCREEN SIZES

1 1/2 inch screen
. 1 inch screen
3/4 inch screen 100
1/2 inch screen 98
3/8 inch screen a8
No. 4 mesh sieve 96
No. 8 mesh sieve g5
No. 10 mesh sieve a4
No. 16 mesh sieve a4
No. 20 mesh sieve a2
No. 30 mesh sieve 87
No. 40 mesh sieve 64
No. 50 mesh sieve 31
No. 60 mesh sieve 20
No. 80 mesh sieve 11
No. 100 mesh sieve 10

No. 200 mesh sieve 6.1 %Z

Jon N. Christian
. DII’BCtOI’ of Technical Services
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GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL SAND - | SILT OR CLAY
coarse | fine  |coarse] medium [ fine | _
Sample 1D Classification MC%| LL | PL | PI | Ce | Cu
e #9 Tan Medium Sand w/Silt 142 2.7
Sample D D100 D&Q D30 D1ic % Gravel] %8and | %Silt %Clay
o #9 19.00 0.41 0.295 | 0.1500 { 4.0 B9.9 6.1
PROJECT ODDMT D04 - Mamphis, TN JOB NO. CM-603-36
DATE 2/5/96
GRADATION CURVES cc
. CHRISTIAN.CARMICHAEL & ASSOCIATES
\ MONTGOMERY, ALABAMA y




CHRISTIAN, CARMICHAEL 256 286

& ASSOCIATES, INC. Project DOMT DOS - Memahis, TR
12171 Newell Parkway
Montgomery, Alabama 36110 113630.01.27
{334} 260-9174 FAX {334) 260-9177 Our Job No. CM-803-98

REPORT OF ANALYSIS ON SAMPLE OF __Subsurface Sails

Source of Material See Below Client CH2M Hill

Sampled by__ CHZM Hill Submitted by __Mr. Greq Underberg

Date Sampled _1/26/26 Date Tested _2/5/96 Lab Report No. __14853
Sample No. #10

Source MW-50 {120-125'}

Depth

Efeio?;c%trliglrs Tan Medium Sand & Gravel

SCREEN SIZES

1 1/2 inch screen 100
. 1 inch screen a8
3/4 inch screen Q4
1/2 inch screen a5
3/8 inch screen 78
MNo. 4 mesh sieve 56
No. 8 mesh sieve 35
No. 10 mesh sieve 31
No. 16 mesh sieve 23
No. 20 mesh sieve 20
No. 30 mesh sieve 16
No. 40 mesh sieve 13
No. 580 mesh sieve 9
No. 60 mesh sieve 8
No. B0 mesh sieve 6
No. 100 mesh sieve 5
No. 200 mesh sieve 3.6
/(4
/ Jon N. Christian
. Directer of Technical Services
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GAAIN SIZE [N MILLUMETERS
CQOBBLES GH!&VEL. .SAND - SILT OR CLAY
coarse | fine  [coarse] medium | fino _
Sample IC Classification MC%: LL PL Pl Cc | Cu
- #10 Tan Medium Sand & Gravel SW 1.9916.5
|
Sgmple ID D100 DE0D 030 D10 % Gravel | %Sand | %5ilt %Clay
e #10 38.10 5.39 1.872 0.3273 44.0 52.4 3.6
PROJECT DDMT DO4 - Memphis. TN JOB NO. CM-603-96
DATE 2/5/96G
GRADATION CURVES cc
. CHRISTIAN, CARMICHAEL & ASS0CIATES
\ MONTGOMERY, ALABAMA y




CHRISTIAN, CARMICHAEL

& ASSOCIATES, INC,
1211 Newell Parkway
Maontgomery, Alabama 36110

{334) 260-9174 FAX (334) 260-2177

REPORT OF ANALYSIS ON SAMPLE OF
Saurce of Material
Sampled by__CH2ZM Hil
Date Sampled . 1/30/36

Samole No.
Source
Depth

Description

of Materials

236 288

Project DOMT DO4 - Memphis, TN

113630.01.24

Our Job No. CM-603-96

Subsurface Soils

See Below Client ___CH2M Hil

Submitted by __Mr. Greg Underberg

Date Tested _2/9/86 Lab Report No. __ 14855

#11
MW-51 (55-6Q)

Tan Medium Sand w/Silt & Gravel

SCREEN SIZES

1172

1
3/4
112
3/8
N 4
No. 8
No, 10
MNao. 16
No. 20
No. 30
No. 40
No. 50
No. 60
No. 80
Ne. 100
Ne., 200

inch screen 100
inch screen 03
inch screen 95
inch s¢reen a3
inch screen a1
mesh sieve 85
mesh sieve a1
mesh sieve BO
mesh sieve 76
rmesh sieve 71
mesh sieve 57
mesh sieve 36
mesh sieve 26
mesh sieve 23
mesh sieve 18
mesh sieve 16
mesh sieve 11.0

7/

Jon N. Christian
Director of Technical Services
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GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL SAND ___ SIiLT OR CLAY
coarse | fine |coarse medium | fine _
Sample 1D Classification MC%! LL PL Fl Ce | Cu
® H11 Tan Medium Sand wi/Silt & Gravel 2.63; 9.2
Sample ID D100 | D60 Dan D10 |1%Gravel| %Sand | %Silt | %Clay
[ 211 38.10 0.65 0.345 15.0 74.0 11.0
|
|

FPROJECT DDMT D04 - Memphis, TN

JCB NO. CM-603-96
DATE 2/9796

GRADATION CURVES

CHRISTIAN,CARMICHAEL & ASSQCIATES gg&
/

MONTGOMERY, ALABAMA




CHRISTIAN, CARMICHAEL

& ASSOCIATES, INC.
1211 Newell Parkway
. Montgomery, Alabama 36110

[334) 260-9174 FAX (334) 260-9177

REPORT OF ANALYSIS ON SAMPLE OF
Source of Material

Project DDMT DO4 - Memphis, TN

Sampled by __CH2ZM Hill
Date Sampled _2/6/9¢

Sample No.

Source
Depth

Description

of Materials

SCREEN SIZES

1172
®

3/4

1/2

3/8

No. 4
No. 8
No. 10
No. 16
No. 20
No. 30
No. 40
No. 650
No. 60
No. 80
No. 100
No. 200

inch screen
inch screen
inch screen
inch screen
inch screen
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve

113630.01.22
Qur Job No. CM-603-96
Subsurface Soils
See Below Client CH2M_Hill
Submitted by Mr. Greq Underberg
Date Tested _2/3/96 Lab Report No. __ 14856

#12

MW.52 (102-104')

Tan Medium Sand

100
29
a3
54
19
14

2.6

v

Jon N. Christian
Director of Technical Services
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GRAIN SIZE IM MILLIMETERS
COBBLES GRAVEL SAND : SILT OR CLAY
coarsa | fina |coarse] medium | fine
Szmple ID ! Classification MC%| LL { PL | PI | Ce | Cu
e #12 1 Tan Medium Sand 1.30( 2.3
Sample 1D D100 DEQ D30 010 9%Gravell %Sand | %Silt ailay
e #12 1.18 0.45 0.335 | 0.1922 | 0.0 97.4 2.6
. PROJECT DDMT DDA - Memphis, TN .6%3_ éxlo. Cm;}g?gé%

GRADATION CURVES
CHRISTIAN.CARMICHAEL & ASSQCIATES ggg
S

\ ' MONTGOMERY. ALABAMA




CHRISTIAN, CARMICHAEL

& ASSOCIATES, INC.
1211 Newell Parkway
Montgomery, Alabama 36110

(334) 260-2174 FAX {3341 260-9177

REPORT OF ANALYSIS ON SAMPLE COF
Source of Material

See Below

236 2972

Project DOMT D04 - Merphis, TN

113630.01.Z2

Our Job No. €M:603-86

Subsurface Soils

Ciient CHZM HIl

Sampled by__CH2M Hil
Date Sampled _2/15/96

Sample No.
Source
Depth
Description

Submitted by Mr. Stave Bruer

Date Tested _2/29/86

of Matenals

SCREEN SIZES

1 1/2

.
3/4
142
3/8
No. 4
No. 8
Noc. 10
No. 16
No. 20
No. 30
No. 40
No. 50
No. 60
No. 80
No. 100
No. 200

inch screen
inch screen
inch screen
inch screen
inch screen
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve

Lab Report No. 387896

#13
MW-46 {75-77.5'1

Tan & Red Medium Sand

100
a8
96
2%
20
84
74
48
25
17

4.7

L

Jon N. Christian
Director of Technical Services
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GRAIN 5/ZE IN MILLIMETERS
COBBLES GRAVEL SAND , SILT DR CLAY
coarse | fine coarsei medium I . fina
Sampla D Classification MCS%| LL | PL ! PI | Ce | Cu
o #13 Tan & Aed Medium Sand I 1.12| 2.7
|
I
H
1
!
Sample 1D D100 D60 D30 D10 |%Gravel| %Sand | %Silt | %Clay
e #13 9.50 0.5D 0.324 | 0.1875 1.0 | 84.3 | 4.7
| ?
[ !
I |
] -:
PROJECT DDMT D04 - Memphis, TN JOB NO, CM-603-96

3/2/96

\.

GRADATION CURVES
CHRISTIAN,CARMICHAEL & ASSOCIATES
MONTGOMERY, ALABAMA
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CHRISTIAN, CARMICHAEL 256 294

& ASSOCIATES, INC. Project DDMT DO4 - Memphis, TA
1211 Newell Parkway
. Montgomery, Alabama 36110 113630.01.27
1334) 260-2174 FAX (334) 260-9177 Our Job No. CM-603-86

REPORT OF ANALYSIS ON SAMPLE OF __Subsurface Soils

Source of Material See Balow Client CHZM Hill

Sampled by__ CH2ZM Hill Submitted by __Mr. Steve Bruer

Date Sampled _2/15/96 Date Tested _2/29/96 Lab Report No, __38636
Sample No. 14

source MW-53 {82-83'}

Depth

QDF?\ﬂc;I'c%tr!i%?s Tan Medium Sand wfsome Gravel

SCREEN SIZES

1 1/2 inch screen
. 1 inch screen 100
3/4 inch screen 98
1/2 inch screen 92
3/8 inch screen 88
No. 4 mesh sieve 74
No. 8 mesh sieve 57
No. 10 mesh sieve 53
No. 16 mesh sieve 40
No. 20 mesh sieve 27
No. 30 mesh sieve 16
No. 40 mesh sieve 10
No. 50 mesh sieve 7
No. 60 mesh sieve 6
No. 80 mesh sieve 5
No. 100 mesh sieve 5
No. 200 mesh sieve 4.1

L7

Jon N, Chris'tian
. Director of Technical Services
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GRAIN SIZE IN MILLIMETERS
|
coBBLES |- CRAVEL | SAND | SILT OR CLAY
| coarse | line _|coarse| medium | fine |
Sample 1D | Classification MC%| LL | PL | Pt | Cc | Cu
® #14 Tan Medium Sand wisome Gravel 0.74| 6.3
|
|
Sample 1D { D100 D60 D30 D10 |%Gravel|{ %Sand | %Silt | %Clay
e #14 | 25.00 2.67 0.917 | 0.4250 { 26.0 §9.9 4.1
|
|
|
. PROJECT DDMT D04 - Memphis, TN JOB NO. __CM-603-06
DATE 37296

GRADATION CURVES
CHRISTIAN,CARMICHAEL & ASSOCIATES C_cgf J

\_ ’ MONTGOMERY, ALABAMA




CHRISTIAN, CABRMICHAEL

& ASSOCIATES, INC.
1211 Newell Parkway
Montgomery, Alabama 36110

{3341 260-8174 FAX (334} 260-3177

236 298

Project DOMT DO4 - Memphis, TH

113630.01.27

Qur Job Nop. £M-603-96

Subsurface Soils
Client ___CH2M Hil

Submitted by Mr. Steve Bruer

REPORT OF ANALYSIS ON SAMPLE OF
Source of Material See Below
Sampled by___CH2ZM Hill

Date Sampled _2/15/96 Date Tested _2/29/98 Lab Report No. __38886
Sample No. #15

Source MW-54 {93.95")

Depth

Efe ?\f‘lc;;%t:g?s Tan Medium Sand

SCREEN SIZES

1 1/2 inch screen

1 inch screen

3/4 inch screen

1/2 inch screen

3/8 inch screen
No. 4 mesh sieve
No. B mesh sieve
No. 10 mesh sieve 100
No. 16 mesh sieve 99
No. 20 mesh sieve 9B
No. 30 mesh sieve 96
No. 40 mesh sieve 63
No. 50 mesh sieve 30
Na. 60 mesh sieve 19
No. 80 mesh sieve 7
Noe. 100 mesh sieve 8
No. 200 mesh sieve 3.2

7

Jon N. Chrpis'tian
Director of Technical Services

C_CE[
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GRAIM SIZE IN MILLIMETERS
COBBLES GRAVEL SAND : SILT OR CLAY
coarse | fine |coarse medium | fine
Sampie 1D Classification Imce%| LL | PL | PI | Ce | Cu
o 115 Tan Medium Sand [1.12] 2.1
I
|
Sample 1D D100 D60 D30 D10 | %Gravel| %Sand | %Silt | %Clay
o #15 2.00 0.41 0.300 | 0.1954 | 0.0 96.8 3.2
. PROJECT DDMT D04 - Memphis, TN JO@r Elo, cw;}g?gése
DA
GRADATION CURVES cc
_ CHRISTIAN,CARMICHAEL & ASSOCIATES
MONTGOMERY, ALABAMA
. J




CHRISTIAN,
& ASSOCIATES,

1211 Newell Parkway

. Montgomery, Alabama 36110

{334) 260-9174 FAX {334) 260-8177

REPORT OF ANALYSIS ON SAMPLE OF
Source of Material
Sampled by__CH2M Hill
Date Sampled _2/15/96

Sample No.

Source
Depth

Description

of Matenals

CARMICHAEL
INC.

256 293

Project DDMT DO4 - Memphis, TN

113630.01.22

Qur Jobh No. .CM-602-86

Subsurface Soils

See Balow Chent CHZM Hill

Submitted by __Mr. Steve Bruer

Date Tested _2/29/36 Lab Report No. __38296

#16
MW-55 (73-747)

Tan Medium Sand & Gravel

SCREEN SIZES

1172

1
3/4
1/2
3/8
Na. 4
No 8
No. 10
No. 16
Na. 20
No. 30
Na. 40
No. 50
No. 60
No. 80
No. 100
No. 200

imch screen

inch screen 100
inch screen a5
inch screen 87
inch screen 82
mesh sieve 69
mesh sieve 60
mesh sieve 58
mesh sieve 57
mesh sieve 55
mesh sieve 51
mesh sieve 42
mesh sieve 25
mesh sieve 18
mesh sieve 11
mesh sieve 10 .
mesh sieve 5.8

//z/éé

Jon N. Christian
Dlrector of Technical Services

_C.Q&
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GRAIN SIZE IN MILLUMETERS
COBBLES GRAVEL SAND _ ? SILT OR CLAY
coarse | fine coarse] madium | fine i
Sample 1D Classificatian MC%| LL | PL | PI | Cc | Cu
o 16 Tan Madium Sand & Gravel | 0.30/15.7
i
Sarmple 1D D100 D60 030 | D10 oL Gravel | %Sand | %Sit %Clay
e #16 25.00 2.36 0.327 | 0.1500 | 31.0 63.2 5.8
|
PROJECT DDMT DO& - Nemphis, TN ‘é&?r [I::le. cng-{sz?gsées
GRADATION CURVES cc
CHRISTIAN,CARMICHAEL & ASSOCIATES
MONTGOMERY, ALABAMA W




-CHRISTIAN, CARMICHAEL

& ASSOCIATES,

1211 Newell Parkway
. Montgomery, Alabama 36110

{334} 260-8174 FAX (334) 260-9177

REPORT OF ANALYSIS ON SAMPLE OF
Source of Material
Sampled by

See Below

236 300

Project DDMT DO4 - Memphis, TN

113630.01.722

Qur Job No. £M-603-86

Subsurface Soils

Client ___CH2M Hill

CH2M Hill

Date Sampled_1/12/96

Date Tested _2/23/26

Sample No.

Source
Depth

Descriptian
of Materiais

SCREEN SIZES

1172

1
34
1/2
3/8
Na. a4
Na. 8
Na. . 10
No. 16
No. 20
No. 30
No. 40
No. 50
No, 60
No. BO
No. 100
No. 200

inch screen
inch screen
inch screen
inch screen
inch screen
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve

Submitted by __Mr. Grag Underberg

Lab Report No, __14858

51
MwW-40 (86-98.5")

Gray Clay wi/Sand

100
ag
78.6

(714

Jon N. Christian
Dwector of Technical Services

I;&(
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GRAIN SIZE IN MILLIMETERS
CCBBLES GHAVEL. ESAND - i SILT OR CLAY
coarse 1 fine __a'::_oarser madiurn | fine |
Samplte 1D Classification IMC% LL PL Pt Cc | Cu
o 51 Gray Clay w/Sand CL | a5 | 19 | 16
i
I
| |
| !
Sample 1D D100 D&0 D30 D10 % Gravel | %Sand oL Silt % Clay
® S5 Q.18 0.0 21.4 78.6
| I
|
. FROJECT DDMT D04 - Memphis, TN JOB NO. ___CM-603.96
DATE 3/4/96
- ' GRADATION CURVES cc
. CHRISTIAN,CARMICHAEL & ASSOCIATES
k MONTGOMERY, ALABAMA Yy




CHRISTIAN, CARMICHAEL 256 302
& ASSOCIATES, INC. Project _DDMT D04 - Memphis. TN
1211 Neweil Parkway
. Montgomery, Alabama 36110

{2051 260-9174 FAX (205) 260-9177 Qur Job No. CM-603.96

REPORT OF ANALYSIS ON SAMPLE OF _Subsurface Soits

Source of Materiai See Below Client CHZM Hill

Sampled by__ CH2M Hill Submitted by __Mr. Greg Underberg

Date Sampled _1/12/96 Date Tested _2/23/9% Lab Report No. __14858
Sample No. S-1

Source MW-40 {96-98.5"}

Depth

Descriptiocn

of Materials Gray Cley wiSand

PERMEABILITY TEST RESULTS

Wet Unit Wt. (pcf) 120.4
. Dry Unit Wt. (pcf) 99.7
Water Content (%) 20.8
Void Ratio 0.660
Porosity 0.398
Hydraulic Conductivity {K)= 2.4E-08 cm/sec
NOTE : The test specimen was trimmed from a shelby tube sample to dimensions of 73.0 mm x

98.4 mm. Constant head permeability tests were completed on the sample maintaining a
constant head of permeant liquid @ 305 mm, 1219 mm. and 2438 mm. The reported
hydraulic conductivity is the averaga of 3 runs a1 each head ditferential and corvected for a

temperature of 20 dagreas Calsius.

Jon M. Chnstlan
Dtrector of Technical Services

° =




'CHRISTIAN, CARMICHAEL
& ASSOCIATES,

1211 Newell Parkway

. Montgomery, Alabama 36110

{334) 260-9174 FAX (334) 260-8177

REPORT OF ANALYSIS ON SAMPLE OF
Source of Material

INC.

See Below

296 303

Project BDMT DO4 - Memphis, TN

113630.01.22

Cur Job N¢. €M-603-96

Subsurface Soils
Client CH2zM Hill

Sampled by_ CHZM Hill
Date Sampled _1/13/96

Sample No.

Source
Depth

Description

Submitted by __Mr. Greg Underberg

Date Tested _2/25/96

of Materials

SCREEN SIZES

11/2

1
3/4
112
3/8
No, 4
No. B
No. 10
No. 16
No. 20
No. 30
No. 40
No. 50
No. 60
MNo. 80
No. 100
No. 200

inch screen
inch screen
inch screen
inch screen
inch screen
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve

Lab Report No, __ 14859

S-1{42)
MwW-42 (65-67.5)

Gray Clay

100
99
98
84.6

wie/a

Jon N. Christian
Director of Technical Services

QQE[
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GRAIN SI1Z2E IN MILLIMETERS
COBBLES GHAVEL. .SAND - SILT OR CLAY
coarse | fine |coarse] medium | fine -
Sample ID Classification IMCo%! LL | PL Pl | Ce | Cu
® 5-1(42) Gray Clay CL ! a7 | 272 | 20
g
|
| I
Sample ID D100 i DGO 030 D10 oLGravel | %Sand 95 5il1 % Clay
e 5-1(42) 0.25 | | 0.0 5.4 94.6
|
E i
1 |
FRAQJECT ODMT DO4 - Mamphis, TN JD%EJG. Ch;{i?:ﬁgﬁ
oA

GRADATION CURVES
CHRISTIAN,CARMICHAEL & ASSOCIATES
MONTGOMERY, ALABAMA
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'CHRISTIAN, CARMICHAEL
& ASSOCIATES, INC. Project DDMT DO4 - Memphis, TN

: e
1211 Newell Parkway 298 505
. Montgomery, Alabama 36110
(205} 260-9174 FAX {205) 260-9177 Our Job No. CM-603-96
REPORT CF ANALYSIS ON SAMPLE OF _Subsurtace Soils
Source of Material See Below Client __CH2M Hill
Sampied by__CH2M Hill Submitted by Mr. Greg_Underberg
Date Sampied _1/13/96 Date Tested _2/25/96 Lab Report No. __14859
Sample No. S-1142)
Source MW-42 (65-67.5")
Depth
Description
of Materials Gray Clay
PERMEABILITY TEST RESULTS
Wet Unit Wt. {pcf) 117.4
. Dry Unit Wt (pcf) 92.6
Water Content (%]} 26.7
Void Ratio 0.793
Parosity 0.442
Hydraulic Conductivity {K}= 2.0£-08 em/sec
NOTE : The test specimen was trimmad from a shelby tube sample to dimensions of 73.0 mm x

63.5 mm. Constant head permeability tests were completed on the sample maintaining a
canstant head of permeant liqguid @ 305 mm, 1219 mm, and 2438 mm. The reported
hydraulic conductivity is the average of 3 runs at each head differential and corracted for a

temparatura of 20 dagrees Celsius.

Jon N. Chrlstlan
Director of Technical Services

o =




CHRISTIAN, CARMICHAEL

& ASSQCIATES, INC. Project S0OMT DO4 - MB“?%E%‘ TE 06
1211 Newell Parkway
. Montgomery, Alabama 36110 113630.01.2Z
{334) 260-3174 FAX (334} 260-9177 Our Job No. .CM-603-98

REPCRT OF ANALYSIS ON SAMFLE OF _ Subsuriace Soils

Source of Material See Below Client CH2M Hill

Sampled by__ CH2M Hill Submitted by __Mr. Steve Bruer

Date Sampled_2/25/36 Date Tested _3/5/96 Lab Report No, __ 39296
Sample No. S-1(49)

Source MW-49 {30-92.5'}

Depth

Description

of Mat%rials Gray Clay w/Sand

SCREEN SIZES

1 1/2 inch screen

. 1 inch screen
3/4 inch screen

1/2 inch screen

3/8 inch screen

No. 4 mesh sieve
No. 8 mesh sieve
No. 10 mesh sieve
No. 16 mesh sieve
No. 20 mesh sieve

No. 30 mesh sieve
No. 40 mesh sieva
No. 50 mesh sieve .
No. 80 mesh sieve 100

No. 80 mesh sieve 99
No. 100 mesh sieve 95
No. 200 mesh sieve 82.4

71

/ Jon N. Christian
. Director of Technical Services

G;C&
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100 3 15 l3;a am 4 10 165430 40 5@n 100 200 256 307
C oW rrirg I I:|III RIS T
H | R
' i
C M s
| ! ! g1l {
¢
80 | | u
I : _
1 I
£ T
R70
¢ |
E
N l i
T80
F
I
N
EGD
R
8 l !
Y40 ,
i
i i
i I |
i i
T i
20 i
. 10 ',
o i
100 10 1 0.1 0.1 Q.00
GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL SAND SILT OR CLAY
coarse | fine  lcoarsel medium |  fine -~
Sample ID Classification MC%| LL FL Pl Ce Cu
® S5-1{49) ! Gray Clay w/Sand CL 41 25 16
Sample ID | - D100 D60 030 ¢ D30 . Gravel! %Sand | %Silt % Clay
e S-1{49) i 0.25 0.0 17.8 82.4
| |
1
. PROJECT DDMT DO4 - Memphis, TN JOB MO, CM-B03-96
DATE a/5/90
GRADATION CURVES cc
. CHRISTIAN CARMICHAEL & ASSQOCIATES
k MONTGOMERY, ALABAMA, J




CHRISTIAN, CARMICHAEL 296 308
& ASSOCIATES, INC. Project DDMT DO4 - Mermphis, TN

1211 Newell Parkway

Montgomery, Alabama 36110

{205} 260-174 FAX {205} 260-9177 Our Job Mo, CM-603-96

REPORT OF ANALYSIS ON SAMPLE OF _ Subsurface Soils

Source of Material See Below Client ___CH2M Hill

Sampled by__CHZM Hil Submitted by __Mr. Steve Bruer

Date Sampled _2/25/96 Date Tested _3/5/96 Lab Report No. 32286
Sample No. S-1{49)

Source MW-49 {90-92,5"

Depth

Description

Df Materials Gfﬂ\f Clay w/Sand

PERMEABILITY TEST RESULTS

Wet Unit Wt. (pcf) 124.6

Dry Unit Wt. {pcf) 103.5

Water Content (%] 20.4

Void Ratio 0.652

Porosity 0.395

Hydraulic Condugctivity {Ky= %.2E-08 cm/sec

NOTE : The test specimen was trimmed from a shelby tube sample t¢ dimensicns of 73.0 mm x

46.7 mm. Constant haad permeability tests were completed on the sampla maintaining 2
canstant head of permeant liquid @ 305 mm, 1219 mm, and 2438 mm. The reported
hydraulic canductivity is the average of 3 runs at each head differential and corrected far a
tamperature of 20 degrees Celsius.

P4
L

L £
/ Jon N. Christian
Director of Technical Services
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CHRISTIAN, CARMICHAEL

& ASSOCIATES, INC.
12171 Newell Parkway
. Montgomery, Alabama 36110

{334} 260-9174 FAX (334) 260-9177

REPORT OF ANALYSIS ON SAMPLE OF
Saurce of Material

See Below

Project DDMT 004 - Memphis, TN

236 309

113630.01.22

Our Job No, £M-503-96

Subsurface Soils
Client CH2M Hill

Sampled by___CH2M Hil

Date Sampl

Sample No.
Source
Depth

Description

Submitted by Mr. Steve Bruer

ed _2/25/96

Date Tested _3/10/96

of Materials

SCREEN SIZES

1142

1
3/4
1/2
3/8
No. 4
No. 8
No. 10
No. 16
No. 20
Na. 30
No. 40
No. 50
Na. 60
Na. 80
No. 100
No. 200

inch screen
inch screen
inch screen
inch screen
inch screen
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve

Lab Report No. __39386

S-1i54)
MW-54 {100-101°)

Gray GClay

100
98
88
87.4

A
/

Jon N, Christian
Director of Technical Services

ggg{
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GRALN SIZE IN MILLIMETERS
COBBLES GRAVEL SAND SILT OR CLAY
coarse | fine  |coarsel medium | fine .
Sample 1D Classification MC%] LL | PL | P | Ce | Cu
| 5-1(58 Gray Clay CL 46 ' 25 | 21
Sample 10 D100 D60 D30 D10 | %Gravel| %Sand | %Silt | %Clay
o 5-1{54) 0.25 0.0 2.6 97.4
|
PROJECT DDMT D04 - Memphis, TN JOB NO. __CM-603-96
DATE 4710/96
GRADATION CURVES cc
‘ CHRISTIAN,CARMICHAEL & ASSOCIATES
L MONTGOMERY, ALABAMA )




CHRISTIAN, CARMICHAEL
& ASSOCIATES, INC. Project _DDMT D04 - Memphis, TN

eob 3

1211 Newell Parkway 911
. Montgomery, Alabama 36110

{206} Z60-9174 FAX [205) 260-9177 Our Job No. _CM-603-96

REPORT OF ANALYSIS ON SAMPLE OF __Subsurface Sgils

Source of Material Sea Below Client _ _CH2M Hill

Sampled by__CH2M Hill Submitted by __Mr. Steve Bruer

Date Sampled_2/25/96 Date Tested 3/10/86  Lab Report No, 32336

Sample No. 5-1(54)

Source MWW-54 (100-101°)

Depth

Description

of Materials Gray Clay

PERMEABILITY TEST RESULTS

Wet Unit Wt ipcf) 123.8
. Dry Unit Wt. {pcf) 97.0

Water Content {%!} 27.7

Void Ratio £.790

Porosity 0.441

Hydraulic Conductivity (K)= 1.6E-0B cmisec

NOTE : The test specimen was trimmad from a shelby tube sample to dimensions of 72.0 mm x

49.7 mm. Constant head permeability tests were completed on the sample maintaining a
constant head of permeant liguid @ 305 mm, 1219 mm, and 2438 mm. The reported
hydraulic conductivity is the average of 3 runs at each haard differential and corrected for a
temperature of 20 degrees Calsius.

iz

Jon N. Christian
. Director of Technical Services

l;&




CHRISTIAN, CARMICHAEL

& ASSQOCIATES, INC.
1211 Newell Parkway
. Montgomery, Alabama 36110

{334) 260-3174 FAX (334) 260-0177

REPORT QF ANALYSIS ON SAMFPLE OF
Source of Material

Project DDMT D04 - Memphis, TN

Sampled by__CH2M Hil
Date Sampled _2/25/96

Sample No.

Source
Depth

Description

of Materizls

SCREEN SIZES

1 1/2

1
3/4
1/2
3/8
No. 4
Na. 8
No. 10
No. 16
No. 20
Nao. 30
No. 40
No. 50
No. 60
Na. 80
No. 100
No. 200

inch screen
inch screen
inch screen
inch screen
inch screen
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
mesh sieve
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Qur Job No. CM-603-3€
Subsurface Soils
See Below Client CH2ZM Hili
Submitted by Mr. Steve Bruer
Date Tested _3/13/96 Lab Report No. 39196

S-1(556)
MW-55{u} (83-85.5'}

Tan & Gray Sandy Clay

100
29
o8
96
68.9

L
/

Jon N. Christia‘ﬁ
Director of Technical Services
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GRAIN SIZE IN MILUMETERS
COBBLES GRAVEL SAND SILT OR CLAY
coarse | fina _ lcoarse| medium [ fine _
Sample ID Clazsification MC3%| LL PL Pl Cc | Cu
#| 5-1(5h] Tan & Gray Sandy Clay
Sampie 0 D100 D80 [ D30 D10  |%Gravel| %5and % Silt %Clay
& S-1(6G) G.30 0.0 aa 63.2
1
PROJECT DDMT DO4 - Memphis, TN JOB NO. CM-603-96
DATE 3/13/96
GRADATION CURVES cc
_ CHRISTIAN, CARMICHAEL & ASSOCIATES
\_ MONTGOMERY, ALABAMA ]




CHRISTIAN, CARMICHAEL 256 314
& ASSOCIATES, INC. Project .QDMT DO4 - Memphis, TN

1211 Newell Parkway

Montgomery, Alabama 36110

. {205) 260-3174 FAX {205) 260-9177 Our Job No. .CM-603-96

REPORT OF ANALYSIS ON SAMPLE OF __Subsurface Soils

Source of Material See Below Client CH2M™ Hill

Sampled by__CH2M Hill Submitted by __Mr. Steve Bruer

Date Sampled _2/25/96 Date Tested _3/13/96 Lab Report No, 391896
Sample No. S-1(55)

Source MW-55({u) {83-85.5")

Depth

Description

of Materials Tan & Gray Sandy Clay

PERMEABILITY TEST RESULTS

Wet Unit Wt. (pcf) 117.5

Dry Unit Wt. {pcf) 95.7

Water Content (%) 22.8

Void Ratio 0.716

Porosity . 0.417

Hydraulic Conductivity (K= 2.5E-07 cm/sac

NOTE : Tha tast specimen was trimmed from a shelby tube sample to dimensions of 72.8 mm x

71.9 mm. Constant head permeability tests were completed on the sample maintaining a
constant head of parmeant liguid @ 305 mm, 1219 mm, and 2438 mm. The reported
hydraulic conductivity is the average of 3 runs at each head diffarential and corrected for a
ternperature of 20 degrees Calsius.

Jon N. Christian
Director of Technical Services

@&[

LT
/




256 315

L Yk

—

H
N 20 ,/O/
v]
E o
X
10 /
v
CL-ML | @ @
0 |
O 20 40 60 BO 100
LIQUID LIMIT ILL
Specimen Identification | LL | PL Pl |Fines| Locatian
e M 14| 16} NP | 1.7 mMw-41 {(65-67"]
m 51 35| 19| 16|78.6| Mw-40 {96-28.5"}
al  5-1142) 47| 27| 20/94.6| MW-42 [65-67.5'}
*|  5-1{49) 41| 28| 16|82.4| MW-49 {90-92.5")
ol S-1(54) 46| 29| 21[97.4% Mw.54 {100-101")
FROJECT DDMT D04 - Mamphis, TN JOB NO. CM-603-96
DATE 3/18/96

L

ATTERBERG LIMITS' RESULTS
CHRISTIAN, CARMICHAEL & ASSOCIATES

MONTGOMERY, ALABAMA
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1
. LT R ERRER RSN Ea Rl Rl Ly
® ®
* COGO3D *
* 3-D COORDINATE GEOMETRY *
* *
* CH2M Hill, lnc. *
* 2300 NW Walnut Boulevard *
* P.O. Box 428 *
* Corvallis, Oregon 97330 *
* *
* VERSION 7.50 *
* 03-JUN-92 *
2 .
* (C) COPYRIGHT 1992 *
* CH2M-HILL N.W. *
* ALL RIGHTS RESERVED ¥
* ]
*  RUN ON 06/26/96 08:23:20.56  *
- -
*  INDDCTL.CGI OUT:DDCTL.CGO *
. *

. * NOTE *
* This page contains valuable information *
* that should be saved. Ifit becomes *
* necessary to rerun this analysis in the *
* future, this page will allow retrieval *

* of the proper program and data files. *
Yy E P R N LN YIRS ISR L L)

SOJ /DDMT

1

DELETE COORDINATES

(1-9999)

STORE

64 281938 836 802610.199 30C.18
64

65 282167.957 803048.810 281.81
65

116 279237.13 802476.71
116

117 279163.23 803469 43
147

130 279232, 564 802504.585 307.60
130

. 131 279166.722 803418.185 317.30




131

200 274089.329 807989.437 278.30
300

503 278783.81 B03983.65316.72
503

504 276550.07 806994.37 304.10
504

505 27720778 807028 .45 303.01
505

430 282229.190 802013.959 273.934

430

431 281651528 801783.900 287.384
431

441 279620.93 BOO457 60 284.078
441

LOCATE ANGLE

431 430 213 -116-23-41 264.705 90-00-00 187 * NAIL TP
213 282250.7845(N) 802277.781(E) 187(F)

430 213 212 -175-35-39 505.95 90-00-00 181 * PK & WASHER, TP
212 282253.2000(N) B802783.725%E) 131(F)

213 212 211 -153-57-31 402.79 90-00-00 182 * RE BAR & CAP, TP
211 282078.0969(N) $03146.4637(E) 182(F)

212211 209 -112-08-57.5 1229.73 30-00-00 187 *NAIL, TP
209 280350.8185(N) 803068.8514(E) 187(F)

211 209 210 -269-33-40.5 1088.225 90-00-00 181 * PK & WASHER, TF
210 280773.8227(N) 804154.3491(E) 131(F)

209 210 208 -89-53-44 1645.28 20-00-D0 185 * CHISLED "X", TP
208  279132.8810(N) 804034 9483(E) 185(F)

210 208 207 -269-58-31 1054.70 90-00-00 181 * PK & WASHER, TP
207 279055 8859(N) 805086.8342(E) 181(F)

208 207 206 -179-56-30 799.49 90-00-0C 181 * PK & WASHER, TP
206 278996.7100(N} BOSBB4.1311(E) 181(F)

207 206 205 -182-47-48 1411.26 90-00-00 181 * PK & WASHER, TP
205 278961.0461(N) 807294.9404(E) 181(F)

206 205 204 -87-09-34 5 810 30 90-00-00 181 * PK & WASHER, TP
204 278153.0148(N) 807234.3475(E) 181(F)

236 320
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. 205 204 203 -186-11-07.5 1118.675 90-00-00 187 * NAIL, TP
203 277034.9528(N) B07271.3776(E) 187%F)

304 203 202 -198-40-03 1613.52 90-00-00 181 * PK & WASHER, TP
202 275524.1564(N) 807838.1788(E) I81(F)

203 202 201 -180-12-03.5 424.03 90-00-C0 180 * 2X2 H&T, TP
201 275127.6714(N} 807988.5155(E) 180(F)

202 201 200 -65-09-48 1122.715 90-00-00 181 * PK & WASHER, TP
200 275207 3806(N) 806868.6337(E) 181(F)

207 208 501 178-59-02 617,335 90-00-00 183 * CONC. MON. & 4" DISK
501 279167.0223(N) B803418.5581(E) 1B3(F)

208 501 502 180-56-34 915.91 90-00-00 183 * CONC. MON. & 4" DIEK
502 279232.7164(N) 802505.0071(E) 183(F)

209 211 964 71-52-22.5 554.20 50-00-00 194 * FND. 2X2 H&T, PT. #64
964 281939.2562(N) B802609.9370(E) 194(F)

. 209 211 965 129-05-32 133 .28 90-00-00 194 * FND. 2X2 HET, PT. #65
965 282168.5004(N) 803048 5312(E) 194(F)

501 502 250 180-0C-00 27.25 90-00-00 187 * NAIL, TP
250 279234 .6709(N) B802477.8273(E) 187(F)

501 250 251 167-01-48 1898.845 90-00-00 194 * FND. 2X2 H&T,PT.#70
251 278942.3115(N) 800601.6241{(E) 194(F)

250 251 260 103-12-36.5 2829.23 90-00-00 180 * 2X2 H&T, TP
260 276121.2438(N) B003B6.8700(E) 180{F)

251 260 261 272-38-30.5 544.825 90-00-00 181 * PK & WASHER, TP
261 276187.5947(N) 799846.1003(E) 181(F)

261 260 252 239-36-54 516.505 90-00-C0 195 * FND. PK & WASHER, PT. #72
252 275647.1829(N) 800591.9155(E) 195(F)

260 252 253 118-08-41 682.04 90-00-00 195 * FND. PK & WASHER, PT_#73
253 275590.6473(N) BO1271.6083(F) 195(F)

252 253 254 173-48-07.5 911 645 90-00-00 182 * RE BAR & CAP, TP
. 254  275613.6065(N) 802182.9641(E) 182(F)
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253 254 255 187-59-32 195710 90-00-00 181 * PK & WASHER, TP
255  275390.3894(N} R04127.292%E) 181(F)

254 255 256 175-49-50 1867.405 90-00-00 182 * RE BAR & CAP, TP
256 275312.8521{N) 805993.0875(E) 182(F)

255 256 9200 184-28-47 881.685 90-00-00 155 * FND. PK & WASHER, PT. #200
9200 275207.5492(N) 806868.4616(E) 193(F)

256 9200 9201 177-12-42 1122715 90-00-00 194 * FND 2X2 H&T, PT. #201
9201 275127 8431(N) 807988 343%E) 194(F)

[INVERSE BEARINGS
(200 201)

BEARING DISTANCE (FT)
FROM 200 TO 201 S5 835-35-435E 1122 7150

ADITUST ANGULAR ERROR
(200 201-208 501 250 251 260 252-256 9200 9201) 9201 94-04-16.5 0-00-05

SPECIFIED RECORD CLOSING AZIMUTH = 94-4-16.5
UNADJUSTED FIELD CLOSING AZIMUTH FROM 9200 TO 9201 = 94-4-15.9
AZIMUTH MISCLOSURE = 0-0-0.6

NUMBER OF TRAVERSE ANGLES = 19 OF WHICH 19 MAY BE ADJUSTED
CORRECTION PER ANGLE = ©-0-0.0

ALLOWABLE CORRECTION PER ANGLE = 0-0- 3.0
ADJUSTMENT PERFORMED WITH GRID FACTOR = 1.0000

ADJUST TRAVERSE COMPASS

(200 201-208 501 250 251 260 252-256 9200) 200 1

TRAVERSE CLOSURE FROM 9200 TO 200 547-33426E 0.2402

TRAVERSE LENGTH 21459.7400 CLOSUREIS1.0IN 89330.5350

INVERSE BEARINGS
(430 431)

BEARING DISTANCE (FT)
FROM 430 TO 431 §S21-42-353 W 621.7882 ELEV= 134500

(131 130 502 501)
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. BEARING DISTANCE (FT)
FROM 131 TO 130 N85-52-904W 9159695 ELEV=  -2.7000

FROM 130 TO 502 N70-8-440E 0.4488
FROM 502 TO 501 §B5-32-53%.8E 915.9908
(64 65 965 964)

BEARING DISTANCE (FT)
FROM 64TO 65 N62-25-62E 4948495 ELEV= -18.3700

FROM 65TO 965 N27-9-328 W 06107
FROM 965 TO 964 562-24-175 W 434 8917
(9200 200}

BEARING DISTANCE (FT)
FROM 9200 TO 200 N 0-0-00E 0.0000

. (204 203)
BEARING DISTANCE (EFT)
FROM 204 TQ 203 § 1-33472E 1118.6662

LOCATE ANGLE
200 201 9500 265-50-52.5 1037.33 90-00-00 196 * USC&GS MON. AIRWAY
9500 274090.3338(N) 807989.9808(E) 196(F)

502 501 9503 210-00-19 682.735 90-00-00 196 * COE MON. T1-1E
9503 278783.97I%N) B03983.8333(E) 196(F)

204 203 9504 211-35-43.5 557.535 90-00-00 196 * COE MON. T1-iH
9504 276550.6317(N) 806995.1775(E) 196(F)

203 9504 9505 333-15-30 658.60 90-00-00 196 * COE MON, T1-1G
9505 277208.3546(N) 807029.1561(E) 196(F)

9504 5505 9204 189-12-06 966,66 90-00-00 195 * FND PK & WASHER, PT. #204
9204 278152.9726(N) 807234.4082(E) 195(F)

9505 9204 9203 345-50-47 1118.66 90-00-00 * FND. NAIL, PT. #203
. 9203 277034.9241(N) 807271.3921(E)
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ADIUST ANGULAR ERROR
(204 203 9504 9505 9204 9203) 9203 178-06-12.8 0-00-05
SPECIFIED RECORD CLOSING AZIMUTH = 178-6-12.8
UNADJUSTED FIELD CLOSING AZIMUTH FROM 9204 TO 9203 = 178- 6-19.5
AZIMUTH MISCLOSURE = 0-0- 6.6

NUMBER OF TRAVERSE ANGLES = 50FWHICH 35 MAY BE ADJUSTED

CORRECTION PER ANGLE = 0-0- 1.3
ALLOWABLE CORRECTION PER ANGLE = 0-0- 5.0

ADJUSTMENT PERFORMED WITH GRID FACTOR = 1.0000
ADJUST TRAVERSE COMPASS
(203 9504 9505 9204) 204 1
TRAVERSE CLOSURE FROM 9204 TO 204 N 2-38-385 W 3.0074
TRAVERSE LENGTH 21827950 CLOSUREIS 1.0IN 294796.0390

INVERSE BEARINGS
(504 500 503 504 505 9505 9504 9503 9500)

BEARING DISTANCE (FT)
FROM 504 TO 500 522-1-22E 26543181 ELEVY= -258000

FROM 500 TO 503 N 40-28-26.5W  6171.2625 ELEV= 1384200
FROM 503 TO 504 S53-25-380E 3748 8704 ELEV= -12.6200
FROM 504 TO 505 N 2-57-58.3 E 658.5924 ELEV= -1.0900
FROM 505 TQ 9505 N 50-48-524E 09117

FROM 9505 TO 9504 § 2-57-22.3 W 658.6022

FROM 9504 TO 9503 N 53-26-164 W 3749 1463

FROM 9503 TO 9500 S 40-28-539E 6170.8570

(251 250)

BEARING DISTANCE (FT)
FROM 251 TO 250 NBI1-8-33.7E 1898.8317
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LOCATE ANGLE
. 430431 214 210-36-24 455,59 90-00-00 187 * NAIL. TP
214 281348.6121(N) B801391.6610(E) 18%(F)

431214 215 222.07-26 568 665 90-00-00 181 * PK & WASHER, TP
215 281392.6940(N) BO00B24.7072(E) 181(F)

214 215 216 180-42-04.5 369.185 90-00-00 181 * PK & WASHER, TP
216 281425 8153(N) B00457.0109(E) 181(F)

215206 217 183-02-37 381.13 90-00-00 187 * NAILL, TP
217 281480.1149(N) 800079.7688(E) 187(F)

216 217 218 173-29-20 533.625 $0-00-00 181 * PK & WASHER, TP
218 281495 7566(N) 799546.3731(E) 181(F)

217 218 219 91-12-51 1087.565 90-00-00 181 * PK & WASHER, TP
219  280409.5785(N) 799491.4662(E) 181{F)

218 219 220 180-46-01 557.185 90-00-00 181 * PK & WASHER, TP
220 279853.5304(N) 799455.889%(E) 181(F)

. 219220 221 112-59-54 436.13 90-00-00 181 * PK & WASHER, TP
221 279657 8467(N) 799845.6556(E) 181(F)

220221 222 160-47-28 836.80 90-00-00 182 * RE BAR & CAP, TP
222 279549 3424(N) 800a75391HE) 18X(F)

221 222 9251 269-29-49.5 611,46 $0-00-00 194 * FND. 2X2 H&T, PT. #251
9251 278942.3720(N) 800601.4304(E) 194F)

222 9251 9250 74-12-11 1898.845 90-00-00 195 * FND. NAIL, PT. #250
9250 279234.4918(N) 802477 670HE) 195(F)

ADIUST ANGULAR ERROR
(207 208 210 209 211-213 431 430 214-222 9251 9250) 9250 81-08-33.7 0-00-03

SPECIFIED RECORD CLOSING AZIMUTH = 81- 3-33.7
UNADJUSTED FIELD CLOSING AZIMUTH FROM 9251 TO 9250 = 81-%- 1.5
AZIMUTH MISCLOSURE = 0-G-27.3

NUMBER OF TRAVERSE ANGLES = 19 OF WHICH 19 MAY BE ADJUSTED
CORRECTION PER ANGLE =- 0-0- 1.5
ALLOWABLE CORRECTION PER ANGLE= 0-0-5.0




ADJUSTMENT PERFORMED WITH GRID FACTOR = 1.0000
ADJUST TRAVERSE COMPASS
(208 210 209 211-213 431 430 214-222 925Q) 250 |

TRAVERSE CLOSURE FROM 9250 TO 250 S76-16-423 E 0.0258
TRAVERSE LENGTH  13948.4940 CLOSURE IS {.0IN 54119]1.5382

LOCATE ANGLE
202 203 450 40-06-02 613.89 90-00-00 196 * MW-50 4" DISK
450 276456.3824(N) B07066.1206(E} 196(F)

204 203 9450 201-26-00 613.89 $0-00-00 196
9450 276456.3819(N) 807066.1220(E) 196(F)

206 207 453 288-00-59 130.735 90-00-00 196 * MW-53 4" DISK
453 279176.8242(N) 805136.4221(E) 196(F)

208 207 9453 108-04-31 130.735 90-00-00 196
9453  279176.8241{N} 805136.4224(E) 196(F)

208 210 445 27-29-48 53.79 90-00-00 196 * MW-45 4" DISK
445 280728.0289(N) 804126.0990(E) 196(F)

209 210 9445 297-36-07 53,79 90-00-00 196
9445 280728.0304(N) 804126.0966(E) 196(F)

210 209 449 87-29-37 639.42 90-00-00.196 * MW-49 4" DISK
449 280211.6023(N) 803051.538%(E) 196(F)

211 209 9449 177-55-57 639.42 90-00-00 196
9449 280211.6022(N) 803051.5403(E) 196(F)

210 209 446 272-34-25 408.50 90-00-00 196 * MW-46 4" 'DISK
446 281256.5568(N) 803115.9926{(E) 196(F)

211 209 9444 3-00-48 408.50 90-00-00 19¢
9446  281256.5563(N) BO3I115.9975(E) 196(F)

211 212 451 270-06-06 102.66 90-00-00 196 * MW-51 4" DISK
451 282345.5326(N) 802828 4569(E) 196(F)

213 212 9451 116-08-30 102.66 90-00-00 196
0451 282345.5340(N) 802828.4539(E) 196(F}

236 320




501 250 455 178-51-01 1274.57 90-G0-00 196 * MW-55 4" DISK
455  279300.4874(N) B01205.045%E) 196(F)

251 250 9455 11-49-13 1274.57 90-00-00 196
0455 279300.4853(N) 801205.0456(E) 196(F)

260 261 448 256-10-04 430.87 90-00-00 196 * MW.48 4" DISK
448  276615.4087(N) 799794,8739(E) 196(F)

252 253 74 258-38-58 256.02 90-00-00 196
74 275336.2094(N) 801301.1395(E) 96(F)

253 74 447 268-21-33 524.475 90-00-0C 196 * MW-47 4" DISK
447 275261.0775(N} B00782.0742{E) 196(F)

255 256 452 29-47-38 112.04 90-00-00 196 * MW-52 4" DISK
452 275372.3531(N) 805898.4182(E) 196(F)

200 256 9452 205-19-04 112.04 90-00-00 196
9452 275372.3591(N) 805898.4219(E) 196(F)

214 215 454 28-34-08 427.75 90-00-00 196 * MW-34 4" DISK
454 281159.5014(N) 801183.4027(E) 196(F)

214 215 440 272-09-0% 1074.32 90-00-00 196 * MW-40 4" DISK
440 282459.7503(N) BO0948.0792(E) 19&(F)

214 215 444 120-31-46 389.94 90-00-00 196 * MW-44 4" DISK
444 281073.0058(N) 800601.2047(E) 196(F)

216 215 9444 299-49-3% 389.94 90-00-00 196
9444 281073.0004(N) 800601.2123(E) 196(F)

216 217 230 259-09-02 276.92 90-00-00 181 * PK & WASHER, TP
230 281756.5184(N) B00066.8922(E) 181(F)

218 217 9230 85-39-43 276.92 90-00-00 181
9230 281756.5184(N) 800C066.B915(E) 1BI(F)

217 230 442 225-02-16 171.37 90-00-00 196 * MW-42 4" DISK
442 281883.1194(N) 8001B2.3905(E) 196(F)

219 220 443 53-04-53 784.49 90-00-00 196 * MW-43 4" DISK
443 280283.5445(N) 800112.0047(E} 196(F)
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2ab 3&

221 220 9443 300-04-56 784 49 90-00-00 196
. 0443 280283.5576(N} 800111.9961(E) 196(F)

219220312 74-55-12 32.52 90-00-00 586 * BORING STB-12
312 279B59.6956(N) T99487.9272(E) SB6(F)

117 116 313 175-13-34 490.66 90-00-00 586 * BORING STB-13
313 279232.7067(N)  B01986.0699(E) 586(F)

502 501 9503 210-00-19 6€82.735 90-00-00 196 * COE MON.T1-1E 1973
9503 278783.9739(N) B03983.8333(E) 196(F)

LOCATE AZIMUTH
450 650 171-00-00 0.65 90-00-00 58] * MW.-50
650 276455.7404(N) BOT066.2223(E) 531(F)

453 653 218-00-00 0.65 90-00-00 581 * MW-53
653  279176.3120(N) 805136.0219(E) 5BI(F)

445 645 201-00-00 0.95 90-00-00 581 * MW.-45
645 280727.1420{N) R04125.7585(E) 5BI(F)

. 446 646 207-00-00 0.65 $0-00-00 581 * MW-46
646 281255.9777(N) 803115.6975(E) 581(F)

449 €49 315-00-00 G.70 90-00-00 581 * MW-49
649 280212.0973(N) 803051.0439(E) S8L(F)

451 651 104-00-00 Q.60 20-00-00 581 * MW-51
651 2823453874(N) 8023829.0391(E) 5B1(F)

455 655 134-00-00 0.90 90-00-00 581 * MW-55
655 279299.8622(N) 801205.6931(E) 581(F)

448 648 217-00-00 0.95 90-00-00 581 * MW-48
648 276614.6500(N) 799794 3022(E) 381(F)

452 652 140-00-00 0.80 90-G0-00 381 * MW-52
652 275371.7403(N) B0OS5898.9324(E) 581(F)

454 654 130-00-00 0.80 90-00-00 581 * MW-54
654 2B1138.9871(N} BOL1B4.0156(E) 5BI{F}

440 640 129-00-00 0.85 90-00-00 581 * MW-40
. 640 282459.2154(N) B00948.7397(E) S81(F)




444 644 140-00-00 0.60 20-00-00 581 * MW-44
644 281072.5461(N) 3800601.5904(E) 3BI(F)

442 642 331-00-00 1.00 90-00-00 581 * MW-42
642 2B1883.9941(N) 800181 9057E) 5Bi(F)

443 643 282-00-00 0.65 90-00-00 581 * MW-43
643 280283 6796(N) ROOI11.3689(E) 581(F)

447 547 165-00-00 0,75 90-60-00 581 * MW-47
647 275260.3530(N) 800782.2683(E} 581(F)

CONVERT MERIDIAN
(9504 9505 9503 200-222 230 250-256 260 261 312 313 430 431 440-455
640 642-655 501 502) (504 9505 9503 200-222 230 250-256 260 261 312
313 430 431 440-455 640 642-656 501 502) 9504 504 0-00-38 1.00002
SHIFT = 235-41- 3.7 0.9938
CONVERSION ANGLE = 0- 0-38.0
SCALE FACTOR = 0.100002000E+01
LIST COORDINATES
(500-505 9500-9505)
500 274089.3290(N) 807989.4370(E)  278.3000(Z)
$0] 279233.0370(N) 802504.5907(E) 183(F)
502 279232.7164(N) 802505.0071(E) 183(F)
503 278783.8100(N) 803983.6500(E)  316.7200(Z)
504 276550.0700(N) 806994.3700(E) 196(F)
505 277207.7800(N) 807028 4500(E)  303.0100(Z)
9500 274090.3338(N) 807939.9808(E) 196(F)
9503 278784.0131(N) 803583 3637(E) 196(F)
9504 276550.6303(N) B06995.1908(E) !96(F)
9505 277207.8027(N) 807028.4577(E) 196(F)

{440-455 640-655)
440 282460.4222(N) 800948.2261(E) 196(F)

256 329




44]

442

443

445

446

447

448

449

450

451

452

453

454

453

640

642

643

644

£45

646

647

2179621.6355(N)
281883.9209(N)
180284 3269(N)
281073.7138(N)
280728.0807(N)
281256,8053(N)
275261.6361(N)
276616.1763(N)
280211.8417(N)
276455.8072(N)
282345.8558(IN)
275371 9714(N)
279176.6589(N)
281160.103%(N)
279301 0488(N)
282459 8872(N)
281884.7956(N)
280284.4622(N)
281073.2541(N)
280727.1939(N)
281256.2262(N)

275260.91 16(N)

800457.2142(E)
800182.4159(E)
800111.7340(E)
800601.0893(E)
804125.9504(E)
803115.9612(E)
800780.8916(E)
799793 .9212(E)
803051.3137%(E)
807065.2838(E)
802828.6204(E)
805897 3583(E)
$05136.0480(E)
801183.3149(E)
801204 615%(E)
800948.8866(E)
800181.9313(E)
00111.0982(E)
800601.4749(E)
804125.6498(E)
803115.6660(E)

800781.0856(E)

284,0780(Z)
196(F)
196(F)
196(F)
196(F)
196(F)
196(F)
196(F)
196{F)
196(F)
196(F)
196(F)
196(F)
196(F)
196(F)
581(F)
581(F)
581(F)
581(F)
581(F)

581(F)

581(F)
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648

649

650

631

652

653

654

635

EOR

276615.41T7(N)
280212.3368(N)
776455, 1652(N)
282345.7105(N)
275371.3584(N)
279176.1467(N)
281159.5896(N)

279300.4235(N)

799793 3493(E) 581(F)
803050.8188(E) S81(F)
807065.3854(E) 581(F)
802829.2026(E) 581(F)
805897.8725(E) 581(F)
805135.6477(E) 581(F)
801183.9276(E) S81(F)

801205.2630(E) 581(F)

236
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Appendix G
Quality Assurance/Quality Control

Level 1 and Level 3 (analytcal laboratory) data were collected during the groundwater
investigation, Level 1 field-screening data included pH, conductivity, temperature, DO,
salinity, turbidity, and organic vapor concentrations. These measurements were made using
a Horiba U-10 water quality meter and an HNu organic vapor analyzer. Level 5 data were
generated and consisted of soil and groundwater samples sent to QAL Laboratory in
Montgomery, Alabama.

The purpose of the data quality evaluation process is to assess the effect of the overall
analytical process on the usability of the data. The two major categories of data evaluation
are laboratory performance and matrix interference. Evaluation of laboratory performance
is a check for compliance with the method requirements—i.e., either the laboratory did or
did not analyze the samples within the limits of the analytical method. Evaluation of matrix
interference is more subtle and involves the analysis of several areas of results including
surrogate spike recoveries, matrix spike recoveries, and duplicate sample results.

Groundwater samples and soil boring samples (from well installation activities) were
collected during the DDMT Groundwater Sampling Event in February 1996. All samples
were analyzed using Level C quality control (QC} as described in the Genteric Quality
Assurance Project Plan (CH2ZM HILL, 1995). Level C is equivalent to EPA Level 3 OC
requirements, which include collecting and analyzing field and laboratory QC samples at a
specified frequency. The data from these samples are used to evaluate laboratory
performance and matrix interference and to monitor potential field and laboratory
contamination.

The following sections provide a discussion of the field and laboratory quality assurance
{QA)/QC samples, an averview of the data review and validation process, and & summary
of QA /QC parameters and data quality conclusions.

Field QA/QC

Sampling requirements for Level C Field QC include field blanks and duplicate field
samples. Three types of field blank QC samples were collected to monitor the existence and
magnitude of contamination problems potentially introduced by field errors. The three
types are as follows:

Trip Blank {TB). Trip blanks were used to monitor any possible volatile organic compound
(VOC) contamination introduced to samples during shipping and handling, The blanks are
40-milliliter vials of American Society for Testing and Materials {ASTM) Type Il water that
are filled in the laboratory, transported ta the site with the sample bottles, and returned to
the laboratory with VOC samples for analysis. The trip blank containers were not opened in
the fiald. One trip blank sample was included with each shipping container that contained
samples requiring VOC analysis.

- ORQ113830.12 21008 DOC G-1
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Equipment Rinseate Blank (EB). Equipment rinseates are samples of organic-free water
that is passed through and over decontaminated sampling equipment. The samples were
used to monitor the effectiveness of the decontamination process. Equipment rinseate
samples were collected at a rate of one per day per matrix. The equipment rinseate samples
were analyzed for the same parameters as the associated field samples.

Field Blank (FB). The field blank consisted of a sample of the organic-free source water to
be used for the final rinse during equipment decontamination. This blank was used to
monitor contamination that may have been introduced by the rinse water. Field blanks
were analyzed for the same parameters as field samples.

Field Duplicates. Field duplicates consisted of an cniginal (or native) sample and an
additional {or duplicate) sample that were collected from the same location at the same
time. Duplicate field samples were collected at a frequency of 10 percent of the samples
collected per matrix. These samples were used to monitor sampling and analytical
precision.

Laboratory QA/QC

QA /QC samples analyzed by the laboratory during the DDMT Groundwater Sampling
Event included methad blanks and spiked samples. The type and frequency cf each

QA /QC sample is detailed in the analytical method. Results of these QA /QC samples and
laboratory performance data {e.g., instrument calibration) were used to evaluate data
quality during the data review and validation process.

Method blanks were analyzed each day prior to the analyses of any field samples,

A method blank is a sample of ASTM Type II water that is analyzed by the same process as
the corresponding field samples. Method blanks were used to monitor both laboratory
performance and contamination potentially introduced during the analytical process.

Laboratory QC samples can be categorized as organic or inorganic QC samples. The two
types of organic QC samples are as follows:

s Surrogate spikes. Surrogate compounds are the structural homologs of target
compounds and are expected to behave in a similar manner during analysis. Swrogate
spike recoveries were used to monitor matrix effects and laboratory performance and to
estimate laboratory accuracy.

* Matrix spike/matrix spike duplicates, Matrix spike/matrix spike duplicates
(M3/MSDs) were used to estimate the effect of the specific sample matrix on sample
analyte recovery as well as on accuracy and precision. M$ compounds are found on the
method Target Compound List (TCL}). The field sample was split into thirds, and two
portions were spiked with known quantities of TCL compounds to ascertain the effects
of the specific sample matrix on the recovery of these analytes. M5/MSD samples were
collected and analyzed with 5 percent of the samples from each matrix (soil borings and
groundwater).

The three types of inorganic QC samples are as follows:

¢ Laboratory Control Standard. A laboratory control standard (LCS) consists of an ideal
matrix (usually ASTM Type II water) that has been spiked with a known amount of the
analyte of interest; the LCS was prepared (digested) and analyzed with the field
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samples. The LCS is designed to monitor the efficiency of the overall analytical
pracedure {including sample preparation); the resulting analyte recoveries must fall
within pre-established acceptance limits. :

o Spike samples. Pre-digestion spikes are analogous to the M5/MSD spike recovery for
organic analyses because they measure the effects of the sample matrix on the recovery
of a known quantity of analyte after sample preparation and analysis. If the pre-
digestion spike recovery did not fall within the acceptance window of 75 to 125 percent,
then the post-digestion spike was added and the sample reanalyzed. The post-digestion
spike monitors instrument performance and matrix effects. If both the pre- and post-
digestion spike recoveries fell outside the acceptance limits, the data were flagged to
indicate the non-conformance.

e Laboratory duplicate samples. Field samples were split in the laboratory. and the
duplicate results were used to estimate precision. These samples are not replacements
for field duplicate samples. Laboratory duplicate samples are analogous to the
MS /MSD because they measure the effects of the sample matrix on precision after
preparation and analysis, If the precision of the duplicate results were greater than
20 relative percent difference {RP'D), then the results were qualified as estimated.

Data Review and Validation Approach

Before the analytical results were released by the laboratory, both the sample and QU data
were carefully reviewed to verify sample identity, instrument calibration, detection limits,
dilution factors, numerical computations, accuracy of transcriptions, and chemical
interpretations. Additionally, the QC data were reduced and the resulting data were
reviewed to ascertain whether they were within the laboratory-defined limits for accuracy
and precision. Any non-conforming data were discussed in the data package cover letter
and case narrative-

The data packages were reviewed by the preject chemists using the process outlined in the
Functionat Guidelines for Evaluating Data (EPA, 1994a/b}. The data review and validation
process is independent of the laboratory’s checks and focuses on the usability of the data to
support the project data interpretation and decisionmaking processes. Areas of review
included helding time compliance, initial and continuing calibration, spiked sample results,
method blank results, and duplicate sample results. A data review worksheet was
completed for each data package.

Samples that were not within the acceptance limits were flagged with a single- or double-
letter abbreviation, which indicated a problem with the data. Although the qualifying flags
originate during the data review and validation process, they are included in the data
summary tables so that the data will not be used indiscriminately. The following flags were
used during validation:

s U Undetected. Analyte was analyzed for but not detected above the method
detection limit.

» UJ Detection limit estimated. Analyte was analyzed for but qualified as not
detected. The numerical value is an estimate of the detection limit.

ORO113630.12 20/006.00C @3
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« ] Estmated. The analyte was present, but the reported value may not be
accurate or precise.

*» R Rejected. The data are unusable. {Note: Analyte/compound may or may not
be present.)

As required by the EPA, organic sample results that are greater than the Method Detection
Limit (MDL), but less than the Contract-Required Quantitation Limit (CRQL), are gualified
with a *[ for estimated. Simularly, inorganic sample results that are greater than the
Instrument Detection Limit (IDL}, but less than the Contract-Required Detection Limit
{CRDL), are qualified with a ].

Once the data review and validation processes were completed, the entire data set was
reviewed for chemical compound frequencies of detection, dilution factors that might affect
data usability, and patterns of target compound distribudon. The data set was also
evaluated to identify potential data limitations, uncertainties, or bath in the analytical
results.

Holding Times

The holding times for each parameter were evaluated according to EPA Contract
Laboratory Program (CLP) requirements. The holding time for metallic analytes is 180 days
{except for mercury, at 28 days). All holding time requirements were met for elemental
targets. The holding time for pH measurements is 6 hours. Samples were received by the
laboratory outside of the holding times and were therefore qualified as estimated. However,
pH measurements were taken in the field during sample collection (see Table 2.3).

Volatile organic holding times are 14 days from date of coilection to analysis. For other
organic analyses (SVOCs, pesticides, herbicides, and PCBs), extraction holding times are

7 days and analysis holding times are 40 days. All organic holding times were met except in
instances where samples were re-extracted out of hold time in order to investigate low
surrogate or low internal standard recoveries. All results from samples re-extracted out of
held time were qualified as estimated.

Potential Field Sampling and Laboratory Contamination

As discussed in the preceding sections, trip, equipment rinseate, and field blanks were used
to monitor potential contamination introduced during field sampling, sample handling, and
shipping activities. In addition to field blank samples, duplicate field samples were
collected to provide information about sampling and analysis precision and accuracy.

Ona duplicate sample was collected for every 10 field samples. Method blanks were used to
monitor laboratory performance and contamination intraduced during the analytical
procedure. One method blank was analyzed for every 10 samples, or one per analytical
batch, whichever was more frequent.

According to Functional Guidelines for Evaluating Data (EPA, 1994), concentrations of
common contaminants detected in samples at less than 10 times the maximum
concentration in the blanks can be attributed to field sampling and laboratory
contamination rather than to environmental contamination from site activities.
Concentrations of less commeon blank contaminants are multiplied by 5 rather than 10.
Comumon contaminants include acetone, methylene chloride, and phthalates.

ORO113630.12 200006 DOC -4
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Acetone and methylene chloride are used as extraction sclvents in the lahoratory and are
common laboratory contaminants. Acetone and methylene chloride were detected in the
field samples at concentrations greater than 10 times the highest concentration detected in
the corresponding blanks. However, acetone and methylene chloride can mast probably be
attributed to field sampling and laboratory contamination because they were detected in the
majority of the blanks and samples at similar concentrations indicative of systematic
contamination.

Phthalates are used as plasticizers. The most common phthalates are bis(2-ethylhexyl)
phthalate (BEHF) and di-n-butylphthalate (DNBP). These are often introduced into samples
during handling. Wearing latex gloves, the field samplers physically transfer the soil
samples from the sampling equipment (i.e., augers and stainless-steel bowls) to the sample
containers. Latex gloves are used when handling groundwater sampling equipment such as
pumps, hoses, and bailers. Also, laboratory personnel wear latex gloves when handling
samples during the analytical process. The latex gloves are coated with plasticizers to
facilitate release of the gloves from the skin. Therefore, the BEHFP and DNBF can be
attributed to field sampling and laboratory contamination, Similarly, other phthalates (e.g.,
butylbenzyl phthalate, diethylphthalate, and di-n-octylphthalate} were detected in samples
but not in corresponding field or laboratory blanks. These sample results are most likely
attributable to field sampling and laboratory contamination rather than to environunental
conditions.

Inorganic target analytes (metals) were detected in field and laboratery blanks at
concentratons at or near the IDL. These results can be attribute to instrument noise and are
not indicative of contamination. Silicon was detected in several methed blanks but not in
field blanks. Silicon can be attributed to dissolution of the borosilicate glass beakers used in
the sample digestion process. Target metals that were detected in field and laboratory
blanks at significant levels are summarized in Table G-1. Sample results less than 5 times
the maximum concentration detected in associated blanks were attributed to contamination
and were qualified as undetected.

Table G-1
Target Analytes Detected in Lab and Field Blanks
DDMT Groundwater Characterization
Analyte Detected/ Highest
{inorganic) Analyzed {ancenkration CRDL Probable Source
Aluminum 24/38 124 200 Field contamination
Barium 31/37 3.1 200 Field eonkamination
Caleiurn 35/37 211 S{H0D Field contarninaton
Chromium 3713 5.5 i} Field contaminadon
Lopper 820 a3 25 Field contamination
Iton 35419 410 1M Field contamination
Lead 4/20 14 K| Field contamination
Magmesium 12/30 63 5000 Field rontamination
Manganese 7737 58 15 Field contaminalion
Mickel 1/13 14 40 Field contamination
Sodium 37737 10100 S000 Field contamination
Zine 39739 63.4 20 Field contamination
Notes:
Values in pg/L
CRDL = CLF Contract Required Detection Limit {for inorganics)

ORO113630.12.20:005.00C G5




258 383 APPENDIX G

Chleroform and tetrachloroethene were detected in one equipment rinseate blank each, and
2-butanone was detected in two of the equipment rinseate blanks. Presence of these
compounds in the equipment rinseate blanks is indicative of incomplete decontamination of
field sampling equipment. Sampie results for these target compounds at concentrations less
than 5 times that in the associated equipment rinscate blanks were attributed to field
sampling contamination and were qualified as undetected. Five times the maximum
concentration of chloroform, tetrachloroethene, and 2-butanone in the blanks is less than or
equal to the CRQL.

Tables G-1 and G-2 summarize the target analytes and target compounds detected in the
field and laboratory QC blanks associated with the groundwater sampling event.

Table G2
Target Compounds Detected in Lab and Field Blanks
DDOMT Groundwater Characterization

Compound (organic) Detected/ Highest

Analyzed Concentration CRQL Probable Source
HEHP B/36 45 10 Sample handling
DMBP 16736 26 10 Sample handling
Acetone 31/59 §2 10 Lab contamination
Methyiene chloride 42/59 3 10 Lab contamination
Z-butanone 2729 2 10 Field contamination
Chloroform 1/29 1 1 Field contamination
Tetrachloroethene 1/29 2 14 Field contamination
MNores:
Values in pg /L
CRQL = CLP Contract Required Quantitation Limit {for organics)

Surrogate Spike Recovery

Surrogate spike compounds were added to every sample analyzed for the organic
parameter including field and laboratory blanks as well as field environmental samples.
Surrogate spike compounds are the structural homologs of target compounds and are
therefore expected to behave in a similar manner during analysis.

Surrogate spike recoveries were used to monitor both laboratery performance and matrix
interference. Surrogate spike recoveries from field and laboratory blanks were used to
evaluate laboratory performance because the field blanks represent an “ideal” sample
matrix. Surrogate spike recoveries for field samples were used to evaluate the potential for
matrix interferences. For field samples, the samples were re-2nalyzed when the surrogate
spike recoveries fall outside the method target acceptance windows. If the surrogate spike
recovery is still outside the acceptance window for the re-analyzed sample, then the sample
results are qualified as estimated because of matrix interference.

The VOC surregate recoveries are clustered within a window of 90 to 115 percent, which is
within the method target acceptance limits, A greater variation {(and hence broader range of
recoveries) in surrogate spike recovery was observed for the other erganic analyses, but this
is typical of these analyses and is reflected by the broader method target acceptance limits.
Except for SVOC analyses, samples with surrogate recoveries outside the acceptance limits
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are flagped with | for estimated. For SVOC analysis {where there are eight swrrogates), the
method allows one surrogate recovery to be outside the acceptance limits before requiring
that sample results be quaiified.

Many surrogate recoveries of zero were a result of sample dilution. Samples are diluted
because of the high target content or matrix interference, and surregate compounds are not
added to the diluted sample. Sample results with low surrogate recoveries that resulted
from dilution were not qualified.

The majority of surrogate spike recoveries were within the method target acceptance lirmuts,
which indicates that the matrix did not influence the analytical process or sample result.

Matrix Spike Recoveries

For organic analysis, three aliquots of a single sample are analyzed: one native and two
spiked with matrix spike compounds. Unlike the surrogate spike compounds, matrix spike
compounds are found on the method target compound list. For inorganic analysis, two
aliquots of a single sample are analyzed: one native and one spiked with target analytes.
Spike recovery is used to evaluate potential matrix interference with and accuracy of the
analytical process. The duplicate spike results are compared to evaluate precision.

More than 30 percent of matrix spike recoveries were within the method target acceptance
ranges, indicating that the specific sample matrices did not influence the overall analytical
process or the final numerical sample result.

Duplicate Sample Resuits

Duplicate sample analyses were used to evaluate the precision of the analytical data.
Approximately one duplicate field sample was collected for every 10 field samples. Both the
native and duplicate samples were analyzed for the same parameters. Functional Guidelines
Jor Evaluating Data (EPA, 1994) sets advisory limits of 20 RPD for water and 35 RPD for soil
when both values are mere than 5 times the CRDL for inorganic analysis or 5 times the
CRQL for organic analysis. If either one or both of the values is less than 5 times the CRDL
or CRQL, then duplicate results should be within plus or minus the CRDL or CROL for
water, or pius or minus 2 times the CRDL or CRQL for soil. Overall, the field duplicate
results indicate that precision was not compromised by either the matrices or the field
sampling techniques.

Target parameters were detected 46 times in both native and duplicate samples. Sever of
these had RPDs that were outside of the criteria described above; they are summarized in
Table G-3. Although these results are outside of adwvisory limits, the degree of disagreement
is not large enough to cast doubt on the usability of the data for project decisionmaking,

Table G-3
Field Sampie Duplicate Precision Qutside Acceptance Criteria
DDMT Groundwater Characterization

Native Duplicate
Sample ID Element or Compound Concentration | Concentration | RPD (%)
Mw241 Aluminum 718 pg/L 973 ug/L 30
Iron 5190 pg/L 7450 pug /L 36
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APPENDIX G
Table G-3 {continued)
Field Sample Duplicate Precision Qutside Acceptance Criteria
DDMT Groundwater Characterization
Native Dupiicate

Sample ID Element or Compound Concentration | Concentration § REPD (%)
MW311 Trichlaroethene 680 ug /L 1100 ug /L 47

1,1,2,2-Tetrachloroethane 420 pe /L 280 ug/L 40

(total) 1,2-dichloroethene 760 pe /L 480 ug /L 45

Chlorcform 35 ue /L)) 23 pg/LA) 41

SBSTB1202 Dieldrin 8 pp/kp 43 ug/kp 60
MNotes:
RPD = Relative Percent Difference
] = estunatbed

Results for Metals Near the Instrument Detection Limit

The Instrument Detection Limit (IDL) is the constituent concentration that prodiices a signal
greater than 5 times the signal-to-noise ratio of the instrument and is a calculated value
rather than an experimentally demonsirated value. Therefore, sample results at or near the
IDL may be caused by instrument noise or low-level background shifts rather than an
analyte signal.

The samples were analyzed for the TAL list of metals (or parts thereof) consisting of
antimony, aluminum, arsenic, barium, beryllium, cadmium, calcium, chromium, cobalt,
copper, lead, iron, magnesium, manganese, mercury, nickel, potassium, selenium, silver,
sodium, vanadium, and zine. Silicon was occasionally added to the requested list of
analytes.

Concentrations of metals near the [DL were reported for many of the target metals. These
data were evaluated before they were used in the report preparation process.

The sample results were reported in terms of the CRDL. Sample results that were abave the
IDL but less than the CRDL were qualified as estimated vahies. The reporting limit, or
CRDL, is typically 5 to 10 times the concentration of the IDL. Results at or near the CRDL
are more “viable” results and are not suspect in the same way as results reported at or near
the IDL.

Precision, Accuracy, Representativeness, Completeness, and Comparability
{PARCC)

Precision—is defined as the agreement between duplicate results and was estimated by
comparing duplicate matrix spike recoveries and field duplicate sample results. More than
90 percent of matrix spike recoveries were less than 20 percent RP'D. More than 85 percent
of RPDs for duplicate field sample results were less than 20 percent for water samples and
35 percent for scil samples. These parameters indicate that the sample matrix did not
interfere with the analytical precision.

Accuracy—is a measure of the agreement between an experimental determination and the
true value of the parameter being measured. For the organic analyses, each of the samples

ORD113630, 1220005 0AC G-8
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was spiked with a surrogate compound; and for inorganic analyses, each sample was
spiked with a known reference material before digestion. Each of these approaches provides
a measure of the matrix effects on the analytical accuracy. Accuracy can be estimated from
these analytical data but cannot be measured directly. More than 95 percent of the spike
recoveries were within the method acceptance limits; therefore, there was no evidence of
matrix interference,

Representativeness—is a qualitative measure of the degree to which sample data
accurately and precisely represent a characterishic environmental condition.
Representativeness is a subjective parameter and is used to evaluate the efficacy of the
sampling plan design. Representativeness was demonstrated by providing hull descriptions
in the project scoping documents of the sampling techniques and the rationale used for
selecting sampling locations.

Completeness—is defined as the percentage of measurernents that are judged to be valid
when compared with the total number of measurements made. A goal of 95 percent usable
data was established in the project scoping document, and more than 99 percent of the data
was determined to be invalid.

Comparability—is ancther qualitative measure designed to express the confidence for
comparing data sets. Factors that affect comparability are sample collection and handling
techniques, sample matrix type, and analytical method. Comparability is limited by the
other PARCC parameters because data sets can be compared with confiderwce only when
precisicn and accuracy are known. Data from this investigation are comparable with other
data collected at the site because only EPA methods were used to analyze the samples, and
Level 2 QC data are available to support the quality of the data.

Data Quality Evaluation Conclusions
Conclusions of the data quality evaluation process are as follows:

» The laboratory analyzed the samples according to the EPA methods stated in the work
plan as demonstrated by acceptable instrument calibratien and blank spike.

» Concentrations of acetone, methylene chloride, and phthalates {including BEHP, di-n-
butylphthalate, di-n-octylphthalate, butylbenzylphthalate, and diethylphthalate} can all
be attributed to field sampling and laboratory contamination rather than to
environmental contamination.

+ Sample results for metals above the IDL but less than the CRDL may be attributed to
instrument noise and not to site-related activities.

« Sample results for organics above MDL but less than the CRQOL should he considered as
uncertain but indicative of the presence of that compound at an estimated
concentration.

» Spike recoveries and duplicate sample results indicate that the specfic sample matrix
did not interfere with the analytical process.

The data can be used in the project decisionmaking process without further qualification.
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Executive Summary

This Technical Memorandum (TM] is an interim subrmittal of subsurface physical and
groundwater chemical data collected during the first quarter of 1996. Additional evaluation
and interpretation of the groundwater data including risk assessment, subsurface geological
modeling, and fate and transport analysis will be presented in a subsequent Remedial
Investigation Report. The objective of this groundwater investigation was to achieve a
better understanding of the aquifer characteristics including direction and velecity of
groundwater flow on a facility-wide basis and the horizontal and vertical extent of
groundwater contamination. Specific objectives are as follows:

+ Evaluate the groundwater quality and flow directions west of Dunn Field.

+ Determine the quality of groundwater flowing onto the Defense Depot Memphis
Tennessee (DDMT) main installation and Dunn Field.

» Evaluate the suspected area of vertical hydraulic interconnection between the
uppermost and the underlying confined aquifer.

» Provide geologic, groundwater flow, and groundwater chemistry data to support the
design of a groundwater extraction system proposed at Dunn Fieid.

To achieve these objectives, 16 new groundwater wells and 2 new geologic test borings
were installed to provide hydrogeologic and geotechnical data. In addition, 54 new and
existing wells were sampled and analyzed for organic and inorganic groundwater
constituents.

Test boring and well installation west of Dunn Field have provided a general configuration
of the dense clay that composes the base of the unconfined upper aquifer at DDMT. Across
most of Dunn Field and the northern portion of the main installation, groundwater flow is
largely controlled by the slope of the clay surface which is dominated by a depressed
surface in the clay. It has not been determined if this depressed surface is an ernsional
feature or a gap in the deposition of the clay.

Volatile organic compounds (VOCs} detected above Applicable, Relevant, and Appropriate
Requirements (ARARs) for groundwater include trichloroethene; tetrachloroethene; 1,1,1-
trichloroethane; 1,1-dichloroethene; carbon tetrachloride; and 1,1,2,2-tetrachloroethylene.
Inorganic constituents exceeding groundwater ARARs include beryllium, chromium, -
copper, lead, and nickel.

The configuration of the organic and inorganic contaminant plumes within Dunn Field and
the main installation are similar to that previously reported by Law (1990) and ESE (1993).
Data collected to the west of Dunn Field indicate that for most constituents the plumes are
bounded by wells MW-40, 42, -3, and -41 (See Figure 1-2). Low concentrations of organic
compounds in an offsite well at the northeast corner of Dunn Field indicate that the plume
is not completely bounded there.

QRC1 13630, 12 20/004.00C Vil
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Inorganic constituents are elevated at Dunn Field and the northwest portion of the main
installation. Overall, the inorganic constituents are lower in the 1996 sampling than during

previous sampling efforts.

Groundwater quality data, regional stratigraphy, and water level data do not indicate that
there is a hydraulic connection between the uppermost aquifer and underlying confined
sand aquifers. Additional investigation will be performed to determine if the upper aquifer
belongs to the regional aquifer, the Memphis Sand, or other water producing sands.

CORO113630.12:20M04.D00
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