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This Data Report (DR) is on interim submhtaJ of subsurface physical and groundwater

chemical data collected dunng the first quarter of 1996. AdcEfionaJ ewluatlon and

interpretation of the groundwater data including risk assessment, subsurface geological
modeling, and fate _nd trz_spor t analysis will be presented in a subsequent RemediM

[nvest_ga0on Report. The objective of this groundwater investigation was to achieve a

better understanding of the aquifer characteristics including direction and velod_ of

groundwater flow on a fadli_y-wide b_sis and the horizontal and vet tica] extent of

groundwater contammaOon Specific objectives are as follows:

• Evaluate the groundwater quality and flow directions west of Dunn Field.

• Deterr_ne the quality of _;roundwater flowing onto the Defense Distribution Depot
Memphis Tennessee (DDMT) main installation and Dural Field¸

• Evaluate the suspec_sd area of verdcal hyclraulic interconnecfion between the

.ppermost and the underlying; confined aquifer.

• Provide t;eologk, groundwater flow, aad groundwater chendstl 3, data to support the

design of a groundwater extract=on system prop(_sed at Dunn Field.

To achieve these o_ectlves, 16 new groundwater wells and 2 new geo]ogi¢ test borings

were installed to provide hyd:ogeologic _nd geotechnical data, In _dditlon, 54 new _nd

ex/stL, lg wells were sampled and analyzed for organic az_d inorgamc groundwater
Constitl_et3¢s.

Test bor_g and well irts_allation west of Dunn Field have prodded a general configuration

of the dense day that composes the base of the unconfined upper aquifer at DDMT. Across

most of Dum_ Field and the northern portion of the mean installation, grotmdwa ter 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 sur face is an erosional

feature o_ a gap in the deposition of the day.

Volatile organic compounds (VOCs) detected above preh_ remediat_on Koal_ (PRGs)

for grou_dwate_ include t_chloroethene; teOrachJoroethene; 1,1,] -t_chJoroeth,zne; LI-

chchJoroethene; carbon tet_achloride; and 1,1,2,2- tetrachlor(_thylene. Inorganic cons_ents

exceeding groundwater PRGs include beryllium, chromium, copper, lead, and nickel

The cortfigurztzon of the organic and inorgamc contaminant plumes within Dural Field and

the main installation are surni]a r to that prewously reported by Law (1990) and ESE (1993).

Data collected to the west of Durra FJeId zndlcate that for most constituents the plumes are

bounded by wells MW_0, _2, -43, and -41 (See Figure 12), Low concentrations of organic
compounds in an offs/te well at the northeast comer of Dunn Field indicate that the plume

is not completely bounded there.
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Inorganic cons_Vaents are elevated at Dm_n Field and the northwest portion of the main

ir_tallation. Overall, the inorganic cor_tuents are lower in the ]996 _ampling than during

previous sampling efforts.

Groundwater qualily data, regional strafi_aphy, and water level data do not indicate that

there is a hydraulic condition betw_n the uppermost aquifer and _ndcrlymg confined

sand aqmfers. Additional inve_gafion will be performed to determine if Ihe upper aquifer

belongs to the regional aquifer, the Confined Sand (Memphas Sand), or other water

produ_ng sands.
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Defense Distribution Depot Memphis Tennessee (DDMT) has been placed on the National

Psiorities List (NrPL) and must fulfill requirements under the Comprehenstve

Environmental Response, Compensation, and Liabihry Act (CERCLA) and the National Oil

and H_zardcus Substances Pollution Contingency Plan (NCP) The remedial process under

CF.RCLA and the NCP requires the preparation of a Remedial Investigation/Fe_ibiiny

Study (RI/FS) to dete_ne the nature and extent of contamination, to evaluate public

health risks, and to screen potential remedial actions.

Previous well installation and groundwater sampling act_vitles (see Section 12) through

1993 indicated the presence of organic and inorganic constituents exceeding levels of
concern in groundwater primarily at Durra Field, but also at other locations within the main

DDMT facility area. In January and February of 1996, DDMT expanded the groundwater

momtoring network with additional well5 to evaluate the extent of contamination west of

Dunn Field and to provide adthtinnel upgradient groundwater quality data. The objective

of this groundwater investigation was to achieve a better understanding of the aquifer

characteristics including direction and velocaty of groundwater flow on a faciltiy-wide

basis, the horizontal extent of groundwater contamination in the su_ficlal aquifer, anti the

potential vertical extent of contaminat/on into the underlying confined aquifer. Specific

objectives am as follows:

• Evaluate groundwater quality anti flow directions west of Dural Field (Operable Unit 4

Field Sampling Plan [OU-4 FSP], Section 4).

• Deterrmne the quality of groundwater flowing onto the DDMT main instal[at/on and

Dunn Field and develop background consti*uent concentratioaxs for groundwater

• Evaluate the suspected area of vertical hydraalic interconnechon between the

uppermost and the underlying confined aquifers.

• Provide geologic, groundwater flow. and groundwater chemistry data to support the

design of a groundwater extTaction system proposed at Dunn Field (CEH]'qD, August
1995).

To achieve these objectives, an invesligat/on was completed that included installing new

mohithnng wells, eollec_ng and analy'zmg groundwatez and soil samples, and collecting

data on groundwater flow directions and on the hydraulic properties of the aquifers. Details

of the roves tigation are provided in Sections 2 and 3.

The groundwatc_r field ¢haract_i2at/on reported in this Data Report (DR) was performed in
actor dax_'e w_th the requirements of the OU.4 FSP (DDMT, 1995). OU-4 consists of the

former and olrc_t h_wrdous materlals storage buildlngs gufldthgs 319, 629, and 835--

and the Defense Reutilizal_ on and Marketing Office (DRMO) buildings and alockya;ds. The

geographical coverage of OU-4 indu des an area of suspected interacaon between the

Fluvial Aquifex and the Con/ined Sand Aquifer (Memphis Sand Aquifer); therefore, the

scope of OU4 was expanded to uidude sitewide groundwater flow and contaminant

l_'a_._por t.
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This DR is an mterlm submittal of subsurface physical and groundwater chermcal data

collected during the 1996 groundwater characterizatlon field effort. Additional evaluation

and interpretation of the groundwater data including risk assessment, subsurface geological

modelin g, and fate and transport analysis will be presented in a subsequent RI Report.

Sottrce-term ch_acterizailon at Duma Field and other potential sources of groundwater

contamination wig also be presented in the RI Report¸

1.1 Facility Background

DDMT covers 642 acxes of land in Shelby County Memphis Tennessee in the extreme

southwestern portion of the state (see Figure I-1 ) Approximately 5 nines east of the

Mississippi River aad iust northeast of the interstate 240-Interstate 55 junction, DDMT is in

the south-central sechon of Memphis, approximately 4 miles southeast of the Central

Business Dzst_ct and t mile northwest of Memphis ]ntematioz_al Mrpor t. ALways
Boulevard borders DDMT on the east and provides primary access to the instail_tion. Ot_m_
Avenue, Ball Road and Ferry Road serve as the northern, sou them, arid western.

boundaries to the main installation respectively Dunn Field, the o_]v known waste

disposal area at DDMr, is located just north of the main installation. Person Avenue, Kyle
Street, and HaYs SITeet serve as the no,them western and eastern boundaries to Dur_

Field, respectively.

The irdtallation consists of approximately 110 buildings, 26 miles of railroad track, and

28 miles of paved streets. The IacaJity has approximately 5.5 rainion square feet of covered

storage space and approximately 6 million square feet of open space.

Past activities at DDMT include a wide range of storage, distribution, and maintenance

pracCaces. 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), sandbfastmg/painting acbvibes

(Buildings 1086 through 1089), and maintenance (Building 770). Other activities

documented to have occurred in this area of the imtalla bon include polychJorinated

biphenyl (PCB) transformer storage (near Building 274), pestlcade/hethieide storage and

use, and fire truck pttmp testing (Lake Dahielson). The northern portion ol the main
installation has a history of hazaxdous materials storage, treatment of wood product_, with

pentaeblorophenol (Building 737}, and storage of items awalmig disposal. Specafic budding

and facility locations are provided in Drawings 1 and 2 of the Final Generic Remedial

lnvestigathm/Feasibtiity Study Work Plan (CEHND, 1995).

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

(No. TN4 210 020 570) by the U,S_ Environmental Protectinn Agency (EPA}, Region IV, and

the Tennessee Depax haunt of Envisonmentul Conservation (TDEC) on September 28, 1990,

Subsequently, in aCCordance with Section 120 (d)(2) of CERCLA, 42. U.S.C. 9620(d)(2), EPA

prepared a final Hazard _g System (HRS} Scoring Package for DDMT. On the basis of

the final HRS score of 58.06, EPA added DDMT to the NPL by publication in the Federal

Regist ¢r (FR), 57 FR 47180 No. 199, on October 14. 1992.

AS a result of DDMT's status as an NPL site, it was agreed that the investigarion of all

applicable sites would proceed tEnder t1_e CERCLA process for remediat_on (remeddal
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investigation, feasibility study, proposed plan, record of deosion, remedial design, and
remedial action).

1.2 Groundwater Characterization Scope

1.2.1 Summary of Previous Investigati0ns

Laitial groundwater investigations took place in 1986 by the U.S. Army Environmental

Hygiene Agency (USAEHA). Groundwater samples were obtained from monJtonng wells
(MTyV)-3, -4, -5, -6. and -7 (see Figure 1-2) in Dunn Field. Additional instagafion of sod test

borings (STBs) and wells, groundwater sampling and analysis, and subsurface geologic

characterization were performed by Law Enviroraltental through a contract with the Corps
of Engineers, Huntsville Division (CEHND) in two peases during 1989 and 1990. This study
indicated that the sur_icial aquifer under Dunn Field was contaminated and that additional
investigation was needed to fully identify contaminant source areas and to delineate the

organic contaminant plume In 1993, Environmental Science & Engtheenng, Inc. (ESE)

performed a groundwater momtoting study using existing monitoring wells at DDMT The

study was conducted to assess changes in groundwater quality since the completion of the

R1/FS in 1990 Additional information on previous groundwater investigations is provided
in Section 2.0 of the Final Generic Remed_t hrwst_gatlon/Peasibility Sludy Work Plan (CEHND,
1995).

1.2.2 Overview of the Scope

Dunng the 1996 groundwater investigation described in this DR, 16 new momtormg wells

were installed within the boundar/es di DDMT and around the perimeter of the facility

(MW_tO 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 ¢ontar_tion plume emanating
from Dtuan Field (MW_0, -41, _,2, -43, -44, -51, -54, and -55). Three monitoring wells were
located east of Dunn Field to evaluate upgradient conditions (MW-48, -t6, and -49), whLle

the remaining five wells were placed around the perimeter of the main installation di
DDMT (MW_7, -48, -50, 52, and -53).

Two additional test borings were installed (STB-12 and STB-13) to assess subsurface

geological conditions ozld eorthrm the depth to the base of the surficial aquifer. Subsurface

soil smmples were collected for chemical analysis to evaluate the potermal for groundwater

contaminant sources in offsite locations. Samples were collected from the sttrficial aquifer

and the confining unit clay to evaluate geotechnical conditiora and other transport
p_rametezs.

1.3 DDMT Hydrogeology

1.3.1 Hydrogeologic Setting

Section 2.4 of the Final G_n_c Remedial Investsgatlan/FeasibLlity Study Work Plan (CEHND,

1995) provides a thorough discussion of the regional geologic and hydrologic features
applicable to DDMT. Recent work by Kingsbucy and Parks (1993) and Parks and

Cartradaael (1988) also provides insight into the hydrogeologic setting. In particular Ex"
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trait called lackson Formation/Upper Claiborw Group in Parks' earlier puliheatzons has

been further defined. The Coe3cfield Formation is now recognized as a member of the

C|albome Group i_ westel_ Term_£ee. Figuxe 1-3 presents a general cross section of the

Memphis Area extending southwest to northeast across Shelby County. Of the geokigrc

units shown, the totlowing we applicable to groundwater flow and contaminant _artspor¢
condillons at DDIVlT:

Loess. Loess is a semi-cohesive eohan deposit composed of siR, silty clay, sill7 fine sand, or

mi.x tuzes thexeof. It ma_lles the ground sur feo_ over wide areas of the central United States¸

It typically o¢oars above the alluvial (terrace) deposits and is thickest along the bluffs

overlooking the Mississippi Alluvial Plato. Its maximum thickness is reported to be about

65 feet;it thins ¢onalderab]y toward the east Locally, it may contain thin, discontinuous,

fine sandy layers enclosed within silts and sLlty clays.

Fluvial (Terrace} Deposits. Qualemary and possibly Plioce_e age fluvial deposits occur

beneath the uplands and va]isy slopes of the Gu]t Coastal plain and are the remnants of

analent alluvial deposits of clther present streams or ai_ ancient drainage system¸ The fnivial

deposits consist prtmarLly ot sand and gravel with manor lenses of clay and thin layers ot

iron-oxide cemented sandsti3ne or cong[omerate. 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

may be absent (Graham and Parks, 1986). This deposit represents the upper aquifer at

DDMT. herein termed the Fluvial Aquifer¸

Jackson, Cockffeld, and Cook Mountain Formations. The Late Eocene Jackson Formation

and upper part of the Clalborne Group lie beneath the fluvial (terrace) deposits. The upper

Cfethorne consists of the Jackson, CocMiehi, and the Cook Mountain Forma tio_. Because of

lithologi¢ similarities, the Jackson Formation and the Cocklield Formation cannot be

reliably subdivided in the subsurface of the Memphis area. The Jackson/Cock.field

Formations consist ef sand, silt, clay, and lignite beds. The preserved sequence is

predominantly Co¢2_ield, but in the northwestern part of the Memphis area the Cockffald is

overlain by the Jackson Formation (Kingsbury and Parks, 1993) The Cockfield Formation is

typically composed of clay and s_lt m the upper part and soaxd in the lower part, although

locally this may be reversed (Parks and Carmfeheel, 1988). Ligeate beds, up to 10 feet in

thickness, occur in the clays, silts and sands. The base ot the C ocMhild Formation is faulted,

arid dips to the west at a rate of 10 to 40 feet per mile.

The thickness of the Jackson Formation is reported differently in the LlteratxLre. Kingsbury

and Parks (1993) report a range of zero to 50 feel. while Parks and Carrmchaal (1988) report

a thickness ranging from zero to 150 feet. Where the Jackson Formation is present, fine

CocMield may be from 235 m 270 feet in thickness. In other p lacx=s extensive erosion caused

the thickness to be highly variable. The Cockfield is generally an unconfined water-tabfe

aquifer (Parks and Carmichael, 1988). and provides water for some public and industrial
U$,e$,

The Cook Momatain Formation is the lower cenlming urat to the Cockfield and generally

consists of day, silt, and sand. Kingsbury and larks (1993) report a range of zero to 50 feet
In the Memphis area, while P_ks and Carmichael (1988) report a thialoaess ranging from
zero to 150 feet over the West Tennessee tlrea,
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Memphis Sand ("500-foot sand"). The widespread tercace deposits of the Memphis Sand

were deposited during the Middle Eocene when stre_m.s carned extensive qua_llfies of

s,md and gravel into the Mississippi embayment area, The Memphis Sand unit is composed

primarily of thick bedded, whi_e to brown or gray, very fine-grained to gravelly, partly

argillaceous, and micaceous sand. LignJllc day beds cortsfitute only a small percentage of

total thlv_kness, The Memphis Sand ranges from 500 to 890 _et in thickness, and the depth

to the top of the Memphis Sand Aquifer in the area ranges from approximately 120 feet to

300 feet below ground sur*race, It is thinnest m the aor theastem part of the Memphis area in

northwestern Fayet_e County, Termessee, and thickest near the Misslsalppi River in

southwestern Shelby County, Tennessee, The City ot Memphis obtains its drinking water

torm this aquifer. The base of the Memphis Sand dips to the west at a rate of 20 to 50 feet

per mile.

Graham and Parks (1986) present several lines of evidence to suggest that tha Jackson

Formation/Upper Clalborne Group i_ not ]a teraily continuous throughout the MemphJ_

area¸ In some areas, the Memphis Sand is directly over]ath by the all uvial or fluvial

deposits, perrmttmg the downward vertacal leakage from shallow water-bearing zones into

the regional aquifer¸

Cross-sections Fresentell in Kingsbury _nd ['arks (1993) provide useful irdormation about

the region_l geology in the Memphis area. Well Sh:J-104 is less than 2 miles due west of

DDMT (see Figure 14), It shows an approximate 75 foot thickness of Loess and Fluvial

deposits, underlain by a 40-fo_t thickness ot the Cockfield Formation. The Cook Mountain

Formation is approximately 75 feet thick at this site, and is underlain by the Memphis Sand

at elevation 46 feet mean sea level (msl), The Memphis Sand is several hundred feet thick in
this well.

Well 5h:}" 167, which is about two males to the southwest ot the southwest comer of the

main installation (see Figure l_i), is on the upthrown side of the _ault described below, It is

also north of Noncora_ab Creek. It shows an approximate lflO-foot thicJcn_ss Of Loess and

Fluvial deposits, and no Cocldield Formation, However, approximately 70 feet of the

conhmng Cook Mountain Formation are encounlered before the top of the Memphis Sand
at elevation 85 fcPt rr_l

A northwest-southeast tTending fault is also shown passing through the Allen Wetifield

(Kir_gsbury and Parks, 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 dl Alle_ Wellfiald it appears that the
Memphis Sand has been offer by about 30 to 40 feel, and the thickness of the Cook
Mountain Form_tlon is 70 to 75 feet,

1.3,2 DDMTSite-Specific Hydrogeology

DDMT is underlain by a layer of loess about 2(_ to 30-feet thick. The lower saturated

portion of _ undetlytstg terrace deposits ts locally referred to as _ Fluvial Deposits

Aquifer (herein referred to as the Flu,,dal Aquifer), which is the uppermo6t aquifer beneath

DDMT. Perched groundwater also exists in the terrace deposits above small clay lenses at

ehivations above the nuvial Aquifer, However, these perched water zones are temporal az_d
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are not considered part of the Fluvial Aquiler; The Fluvial Aquiler is not used as a drinking

water s_ttrce 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-plasticlty clay of va_fable thickn_ s.

The depth to the top of the confining unit at OU_I ranges from about 70 _eet below land
surface to) about 160 feet bls in the northwest porllon of Dunn F_eJd, where a depression in

the top of the clay exists. The maximum thickness of this unit is 85 feet in the northwest

por_on af Dttnn Field (STB-6r Drawing i o_ th_ 0/24/:$P). The clay thins in the northwest

portion of the main facility (STB-8, Drawing 2 o_ the O-U_/:SP) to 5 fee¢ of sandy, s_l_ clay

and 9 feet of interbedded silly clay and fine grained sand.

The base of the CockgieLd Formation has been mapped at an appror.maate cleval_on of

122 feet rnsl in weU Sh_ 104. Extrapolation to wells ivlW-36 and MV¢-37 show that the base
of the Coddield should occur at elevation 1,15 feet rnsl for both w_[Is. Review of tha

]ithologic logs for thes_ wells shows a change in formatlon at elevaUon 143 feet msl for

M'cV 36 and elevation 145 feet msl for MV¢-37, from a dense si]W clay to a sarldy clay;

possib]y signifying the gradataon from the Cccldicld to the Cook Mountain Formations

The altitude of the top of the Memphis S_nd _va5 also mapped by Kingsbury and Parks

(1993). At well Sh: ]-104, the top is at e[ewtion 46 feet msl. Extrapolation to MW-36 and

MW-37 shows an approximate elevation of 82 feet and 93 feet, respectively, for the Cop ol

the Memphis Sand. Wells MV¢-36 ond MW 37 c.¢ountered sar_ds at elevations 128 and

12.5 feet msl which is approximately 46 and 32 feet above the p_ojected top of the Memphis

Sand, respectively. Thus based on regional stratagrapFac in formalaon, the lower sand units

at DDMT could belong to the Cook Mountain Formation rather than the Memphas Sand.

Because it is tmcertam whether th_ confined sand aquifer underlying the Fluvial Aquiler is

the Memphis Sand (as has been assumed in previous DDMT documents), the underlying

sands wfl[ be referred to in this report as the ConIq.ned Sand Aquifer.

G_oundw_ter flow _n the ICluvlal Aquifer is contxolled primarily by the orientation of

erosional paleosur{ace of the upper day in the Jackson Formatlon/Upper Claibome Group.

AS discussed in Section 3.3, gr c)undwater flow generally follows the slope of this clay unit.

A proram_nt feature of the Fluvial Aquifer t'low system is a g_nera[/y northwest-southeast

trending depression in the day surface (see Figure 3-3) located in the northwest portion of

the main facxlity. The depressed clay surface may result from either an erosional surface in

the day surface or a sand lens within the day that comprises the Cock_eld Formation of the

Upper Claiborne Group. The groundwater flow direction across the mare installation and
southernmost portion o_ Dunn field is controned by this feature,

The _maeral oriexttdtion o_ the faults mapped in the Memphis area (Kingsbury and Parks,
I_93) is to the northwest/southeast. It is hkely that the orientation of the depressed feature

is fault ¢onlxoUed. It has not beea_ determmed if the depressed clay surlace results from

paleoerosion or absence of the day
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2.0 Summary of Field Methods

2.1 Well Installation

All monitoring wefts were drilled and installed using the Rotasomc drilling technaque, The

process combines vibrahonal and rotational forces to advance the drill pipe into the
borehote The boreholes were drilled by advancing two Lines of drill pipe (see Figure 2-1 )
A studded drill bit was at.ached to the base of the core barrel which has a 4dnch inside

diameter (I,D.) and a 4.5-inch ouLside d_eter IOD.) The ]0-foot core barrel was

co.netted to the 4 S-inch O,D. inner dnJ] pipe and was advanced to the desired depth using

high-frequency vibration and rotation, forcing a relatively undisturbed, continuous core
into the core barrel, When the core barrel reaches the desired depth, a larger outer drill pipe

(6 25-inch OD.) was advanced along the outside of the core barrel to the same depth. The

larger pipe is left in place to hold open the borehole while the inner drill pipe, core barrel,

and sample are re.eyed, The core sample m extruded from the core barrel using vibration
or hydraulic pressure, with the core barrsi always dnven ahead of the ou_'r dnJ] pipe to

ensure representative sampling. At weds MW-40, -4L -42, -49, -54, and -55, thinowai_ed
Shelby tubes were inserted into the base of the Fluvial Aquifer for analysis of geotechrdcal

parameters Water was added during the advancement of the outer drill pipe, when

needed, to Eusft out cuttings in the annular space between the inmer and outer ddiJ pipes or

to flush out cuttings at the bottom of the horeftole after the s_pfe is retrieved,

Boreholes were drifted to the base of the Fluvial Aq_fer (uppermost day in the Jackson

Forn_t_on/Upper C]aibome GroL1p) with min_J drilling into the ecnEnthg utht clay. The
only exception was well MW-43, which encountered a well-cemented ferruginous

sandstorLe at a depth of 104 feet below ground surface at an elevation of lgl feet n_L The

boring core indicated that the unconsolidated fluvial sand above the ferr ugthous sandstone
was moist, suggesting that the ferrugthous 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 co_stxucted using 2-inch I.D. Schedule 40 polyvinyl chloride (PVC)

caSingS and 0.010-inch well s_eens. Monitoring wells were installed as toftows.

Once the borehofe was completed to the top of the eo_hing u_t day, the tuner core bah'el

was removed leaving the outer dsi]] pipe to hold open the borehole. Any penetration into
the ccz_tJ_g u_t clay was fg]ed with chipped bent onitc vthrated in place with the core
bar_el. A srrmll amount of sand (usuaLly I foot) was pout_'_d dowrt the borehole to p_'ovide a

fi,'m base for installing the monitoring well. The weft easing and screen wem then msta_ed
through the outer drill pipe. A sand pack (20/40 silica sand) was then poured around the
weft sctee_ to 2 beet above the top of the well screen. The LrLnexcore barrel was vibrated

thL_ng sand pack L,_talJaft on to avoid bridging of sand grams. The borehole was then

grouted using a high-solids bez_tonite clay to within 2 feet of the groumd surface using side
discharge tremie pipe. The outer dxiE pipe was then removed and the site restored to its
osiginal conditions. Appendix A contains copies of the boring logs.

OROI 13_,12,_.DOC 24
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2.1.2 Well Completion

The grout in the borehole was allowed to cur for a mimmura of 24 hours before the

concrete surface pad was installed. 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 protecflve

easing. A steel tamper- and t_affie=resistant flush mount protective vault was installed over
the well casing A vented Iockab]e welt cap was installed on ag wells. The wells were locked

with weather-resistant padlocks that were all ]<eyed alike. Appendix B contains copies of all

well compledon logs.

2.1.3 Well Development

Monitoring wells with sufficient saturated thickness were developed using a
decontaminated GrundPos Rediflo submersible pump. Wells were developed by

overpumping with submersible pumps until the water was clear and free of suspended
solids. Wells MW_I and -46 had low saturated thickness and were developed using

decontaminated Teflon bailers. MW43 was not developed because it was dry. Table 2-1

presents a summary of the well construction including perbnent llthologic detads.
Appendix C con_ins 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 ccnducdviW to be encountered within the Ruvia] Aquifer (1O _ to

1.0"_¢enfinteters per second {cm/sec]). With manual slug insertion methods, h_gb values of

hydraulic conductivity result in rapid recovery of water levels that can fead to sigmficant
"noise" in the early time data and erroneous interpretation of the wen recovery curve (see

Appendix D). The pneumabc method essentially uses compressed air as the slugging agent.
The well is sealed _t the surface, and the air is iniected into the well. The increased pressure
head of air on the water colum_ forces the water downward by a distance eguJvafent to the

Mr pressure suppfied. As the wamr level is forced downward, it escapes from the we]] via
the screen and filter pack and enters the aquifer. After the water level has equilibrated in
the well, the seal is released and the level of recovery is recot ted using a pressure

trar_ducer. Figure 2-2 presents the configuration of the pneumatic slug testing device.

Four wells (MW4], -42, -43, and -55) could not be tested because of water levels below the

top of the s_een The pneumatic method requ_es that the water level be above the top of
the screen so that compressed gases do not escape i_tto the formafiot_ Lq _ddition, the

wetted fength of the screen m these we]]s ranged between 3 and 5 feet. This thickness was
not adequate to accommodate the pressure trai_sd uce_ and a standmnd sobd slug requ_ed to

perform the test.

2.2 Soil Chemical Analysis

Soil samples were collected from the well boreholes in the northwest kxvesfigaEon area
where surface sod eontatranallon from potenfia3 non_DDMT offsite sources could be a

factor m the extent of the groundwater plume. Soil samples from the northwest

OR0113_30 t_ _ 23
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NO.
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H

)3

)4
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17
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_9

2O
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22

23
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25
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27

28
29
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Y

ODMT Groundwatel Char_ctattta_Jon

OdRing WGII Depth to Screette_

TO TD C_ Int_rv_

(fibs] (Itbq_) l (_ bgs) (61b(:s)

69 b9 NA 65.5_.5

855 825 NA 7(3-80

71 71 NA $9-59

_5 85 NA _8_

87 87 NA 69_q4

83 83 NA 66-81

80 80 795 _80

81 81 NA 63-78

75 75 75 _3

95 95 94 78 9"2

_) 14O NA 123 138

96 96 _3 B3-Q3

IOOfi IOOS NA 83 98

I(195 1095 NA 92-)07

108 108 NA 95-105

I14 }14 NA 101-111

}15 115 1147 97-112

81 81 807 69-79

II0 110 I10 98-108

94 9d 96 7_91

69 69 80 54_69

59 59 _ 39_9
79 79 763 64-79
68 68 665

60 60 60 45_
157 157 158.3 137-157

gO 905 70"93

209 209 _ 192-2tj7

Fillet

PaOk

intal_,al

{It bq_)

69_62 5

55.5-71

6686

67_,7

63_

4B-75

71-95

85-140

79.96

80 5-100,5

8&_09 5

93 107

_-)14

935-115

33_1

956-110

74-_4

_7-69
22-5_
30-,_30

31

32
33 39"6O
34 81-157
35 57-_O
36 9429
37 91,5-183

39 I )6 116 NA 95_.._I 155 7S-I )6
40 985 95 95 85-95 B2-96
41 75 b7 67 57_7 54_8

42 67.5 59 59 4q-59 46,60
_3 104 99 NA 89_9 85-100
44 B5 74 78 64-74 bi-76

a5 76 _8 70 58_68 54_9
45 77.5 72 73 62,72 59-73
47 I_5 120 I'3_ 110"120 I07 121

,_B 105 94 945 84-94 81-95
49 _2.6 940 90 _0-90 77_I
50 136 124 125 114-124 111-125

61 70 65 b4.5 _ 5_6
52 105 ID4 104 94.1_4 90.5-105
,53 85 B2,5 83 72.5_2 5 _B 5_2.5
_4 101 94.5 95 04..3-94¸5 81-95
55 85.5 74 75 b4 74 b1-75

_ote_
_=

51-79
44.68

t DG_ = feet betc:_v grouna surface
lt't tcc = feet bek_v to_ or c¢_ng 11
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investigation &tea were taken near the base of the loess to evaluate whether potentlel
sttrficial contaminant sour c_,s had leached at depth.

Soil samples were collected using a 10-foot core barrel dunng Rotasonic drilling. Soil

samples were also taken in response to volatile organic compound (VOC) field-screening of

the contir_uous Rotasonic core. Samples were collected by advancing the 4-inch [.D, core

barrel ahead of the outer drill pipe to the desired depth. The sod core was extyacted from

the core bar_el into a plastic sleeve. The soil sample was extracted directly from the ¢o_e

barrel using a decontaminated alainless-steel spoon, VOC samples were co[lected first aztd

placed directly into the appropriate sampling containers. The remainder of the soil core

sample was plaid into decontaminated stathJess-s teel howls and thoroughly mixed.

Samples for sermvola file organic compounds (SVOCs), pesfiddes/PCBs, herbicides, and

metals were collected from the homogenized soil and placed in the appropriate sampling

jars.

2.3 GeotechnicalAnalysis

Soil samples were collected from groundwater well boreholes for geoteehvaca] parameters

grain size, moisture Atterberg limJt_ and triaxial permeability) Samples were collected for

grain size and moisture content from the saturated zone of the F]uviel Aquifer These
samples were collected dureedy from the Rotasonic barrel using decontaminated stal_ess-
steel spoons and placed in zlplock-type bags The samples were then shipped to Chdstian,

CazTnichael and Assoda tes, Inc., Montgomery, Alabama, for ge0techdica] analysis. In
addition, geotech_eel samples were collected from the Jaakson/Clalbome confining units

using Shelby tubes and analyzed for Atterberg limits, gram size, moisture, and t_a×ial
permeabihty.

Once tee desired drilling depth was reached, a decontamthated Shelby tube was placed on
the inside of the core barrel. The Shelby tube was L_ten lowered to the bottom of the
borehole. Using the dnEing rig, the Shelby tube was pushed into the undisturbed soil to its
ft_] length or to refusal The tube was removed from the borchole and sealed at both ends

with end caps and wax. Table 2-2 presents a surmnary of sample locations, intervals, a_d

geotechn_cal anelyses performed. Appendix E presents the lakeratory data for the
geotecfirucal analyses

2.4 Surveying

Sixteen wells and two boreholes were surveyed by a CH2M HILL staff licea_ed professional
surveyor. Cont:¢ol disk, top of casing, and ground sw:face elevations were based on North

American Vertical Dahzm and tied to a National Geodedc Survey benrAtmark A-308 (1995).

The horizontal coox_flinates of the cortiro] disk and wee casing are based on the Tennessee

State Plane System, North American Datum 83/93 and are tied to the Corps of Engineers
monuments TI-IE (1975), TI-1G (1975), and T1-1H (t975), all hicabed within the

DDIVr£ bounda_. A drawing showing new wet[ ]c¢afions and sul_ey coorc[mates along
with copies of field notes and survey celcu]ahens are thduded in Appendix F, Fi_e F-I.
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2.5 Groundwater Sampling

Groundwater samples were collected in accordance with EPA Region IV ,standard

Operating P_oced_res (SOPs) and DDMT Prelect Instruction5 (CH2M HILL, ]995).

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

a decoz_ta_ma ted disposable Teflon bafleJ: for 3 to 5 well volumes or u_ui the field
parameters (i.e,, pH, temperanure, conductivity) stabilized, If a submersible pump was used
to purge the wen, _mp]es for parameters other than VOCs were first collected directly
through the pump discharge tubing. The pump was then shut off az_d removed from the
well The well was _lowed _o recover for a mir_tzm of .5 mthu tes, then a decontarninated

dzsposable Teflon bailer was lowered into the well to collect a sample for VOCs.

For wells purged using disposable Teflon bailers, samples for VOCs were first collected

after purging followed by other well speclhc parameters. Appendix C contains copies of all

the momtoring we]l purge and sampling Jogs.

Fifty monitoring wells were sampled for various parameters durin,5 the ,sroundwater

investigation. Table 2-3 presents a summary of wetls sampled, parameters anaiyzed, and

field parameters and purge information. Field parameters were taken during well purging

using a Horiba U 10 for the fo]]owing parameters: pH, temperature, conductivity, dissolved

oxygen (DO turbidiW and sailing.

Tldr ty-seven of the .50 momtoring wells were purged and sampled (for parameters other
than VOCs) using Gr t_dFos submersible pumps. All VOCs were cni]ecied using -
decontarni_ated disposable Teflon bailers. Thirteen monitoring welLs (MW-2, -4, -5, -9, -12,
-]4, 15, -19. `52, -tl, -42, -45, and -55) were purged and sampled using de¢onta_lLqa ted
d=sposable Teflon bailers because of [ow-we][ volume or mecha_cai pump problems. Two

wells (MW-]2 and -35) were sampled in Level C protocol. Prior to sampling, wellhead
readings using an H_u were taken on adjacent wets MW-12 and MW-35. Wellhead
readings were 350 parts per rmtlion (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 weghead. After discussion with project managers from

CH2.M HILL and CEHND, the decision was made to sample wells MW-]2 and MW-3,5 in
Level C using full-face respirators and volatile organic air purifying carmdges. 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
Coordinator.
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3.0 Sampling Results
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3.1 Hydraulic Conductivity

Hydraulic conduct_vitLeswere calculatedfrom the slug testdata using the Bouwer-Rice

salut_onencoded in theAQTESOLV aquifertestsoftware (Duffield.]995).The 8ower-Rlse

solutionisapplicabletounconfined aquiferswith hailor parfiatiypenetranng wed screens

(Kruseman and de Ridder, 1990).Hydraulic conductivityvaluesmeasured from wells

installedinFchruary 1996 ranged from a high ef 2.3x 10¸zcm/sec (MW-48) toa low ol

5,4 x I0_cm/sec (MW_0) with a mean value of 78 _ 10_cm/sec forall12 welistested.

Water levelswithin theslug testedwellsrecovered in lessthan 1 mJz_uleformost ofthe

wells testedwlth the exceptionofMW-=llland -50,whlch recovered within5 minutes each.

OverelJ,thereisorder of magnitude agreement between hydraulicconductlvitiesestimated

by the grain sizedistnbullon(seeTable 3-I)and those mcasuzed by slug testing.An

exception isatMW-50 which has 44 percentgravelin the FluvialAquifer and one of the

lowest hydraolicconductivilles.VaLues from exlsdng wells MW°25 and MW-26, west of

MW-50, arealsolow.

FluvialAquifer hydraulicconductivillesfrom previous investigations(Law, 1990)together

with thosemeasured inFebruary 1996,are shown in tabularand graphicalformats in

Figure 3-I.The combined data show two areasofrefatlvelyelevaled hydrauliccooducllvity:

(I)Dunn Fieldand adjoiningeasternarea and (2)thesouthwest portionof the main

installation.Both areascorrespond to gentlydipping surfacesin theconfiningunitday

discussed inSection3.4

3.2 Geotechnical Analysis
Resultsfrom the geotechnicalanalysisforthe Upper Claibomc/]acksoz_ C onflr,m g Unit

nd ca e hat the formation is a very fight clay with vertical hydraulic conducfivifles ranging
from 2.5 x l0 Tcm/sec to 2.4 x 10_ can/ _ec. U.S. Geological Survey (USGS) classification

inthcates that the eon._.nJng umt is a "CL," a low-plasticity clay unit with porosities ranging
from 39.8 to 44.2 percent. The results also indicate that the day ¢ozthhing uhit is composed
mostly of sills and days (68.9 to 97.4 percent) and a lesser amount of _ sands (2.6 to

31.1 percent).

On the basis of these gent ec2mical results, the Fluvial Aquifer is composed mostly of

medlum_rathed sand-s_.ed parllelex with some szlt and gravels. Percent total sand varies

from 52.4 to 97.4 percent. Slug test results conducted on all Fluvial Aquifer webs _elded
values raring/7ore a high of 10 x 10_ cm/sec to a low of 7.7 x 10_ cm/sec. These resolts
are consistent with published values for clean to silty sands {Freeze and Cherry, 1979; p. 29).

Table 3-1 summarizes the geotechnical onalyses performed.

0_01 i_ 1220_05,040C 3.1
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3.3 Soil Results

Table 3-2 summarizes the borehofes sampled, sample intervals, HNu detecf_on% and

analyses perinrmed. Sol] contaminant detectlons are presented in Tabhi 3-3. The 74- te

75-foot below ground surface soft interval from test boring STB-12 had detections of

tquoranthene, 13yrerte, and die]dr]n; however, a groundwater sampfe was not obtained from

this hi,ring. The soft sample from the 29- to 30-foot below ground suFface interval at well

boring MW43 contained an esthnated 4A'_:tishlor odi pheny] tnchlor oe thane (4,4' DDT)

detection of 4.2 rnferograms per _logram (pg/kg). 4A'-DDT was not detected in hie

groundwater sample from well MW-43. Detection of these compounds at this depth is

anomalous, since they are re]allve]y in_nobfle az_d were not detected in the unde,]ying

groundwater. The 4,4-DDT at MW=$3 was asso¢isted with a 7 ppm I-INu deteclion, 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 bJgh-

plasticity, clay of the 3acksor_ Formation/Upper Cislborne Group and ahi_ve by the water

table. Top of alay measurements were made on newly installed wells MW-40 throu_;h
MW-55 and test boring STB-12, hi accordance with the liinologic character]zallon of the
eorhiz_uous Rotasorzi¢ (:ores. GroIundwa ter feve]s _om all DDMT we]is were measured oil

February 14, 1995. Top of clay and groundwaCer table efeva tions/or all wells are
summarized in Table 3-_.

Figure 3-2 shows a contour map of the top of the Jae]<son Formation/Upper Claibome

Group (base of the Fluvial Aquifer) based on top of clay eaevat_or_ obtained from all DDMT

wells. The highly variable naUlre of the clay surface is interpreted to be due to post-Eocene

erosion and is not atypical relative to that observed at the Alfen Welllleld, approxunate]y

2 rniles west of Dunn Field (DDMT Generic RI/FS Work Plan, Figure 2-I7). The clay generally

slopes to the south and northwest from an elevated feve] east of Dunn Field (about 235 feet

msl); however, the surface is complicated west of Durra Field by a prominent depression

that begins near web MW-38 and extends to the northwest. The lowest portion of tbas

feature was observed at MW-34 at an elevation of 142 feet msl. The break in slope

demarcating the rim of thts channel begins at ar_elevation of approxunate]y 200 feet me].

STB-13 was conlinuously 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 pa_llal

weU con_ol 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 efevat_on of 180 feet me],

indicating that it is depressed here. The clay surface is also low at MW-$4 (199 feet msl) and

at MW-44 (190 feat real), indicating the presence of a northeast-southwest trending

depression in the clay, although not as deep as the one intersecting i_V-34 and MW-38.

Another l'ugh in the day surface occuzs between MW 55 and MW-41. The clay slopes

steap]y to the north toward the channel and at _ more gradual gradient to the south.

Although there is not much well contwol in the center of the mum installation, well data

from the _ ms_ll_on perimeter indicate that the clay slopes to the south, and



_.2 J

3-5



256 37

Ta_ 3.4

l Wuhar to_ol _ Top od CotdSdng Unit Elu_mi_is i

TOpOf¢$umlle_

_tOTOp

of_nfJa_

Livtf4m
NA

NA

NA
NA

NA
NA

NA

NA
NA

NA

NA

N_
79 50

NA

75,_
9_.O0

NA

9Q.OO
NA

NA

WJJ! DT_, (_

F_¢_ )ld I_o. TOG)

2 NA 0r_
3 NA 6_ E9

NA 7223

5 NA 76.71
6 NA _O.10

1 NA _.01
8 NA _._

q NA 7398

I(J NA 60.21
II NA 71._

_2 NA 73.14

i3 NA 70_

I_ NA I _Sg0

I 7 d_y
I_ NA 13_ I

19 _727 I

21 NA _309 I

2_ NA US_L_ I

2_ 999_

27 _A O_
2H NA 5_

29 NA 3_2_

_0 NA 4557
31 NA 66_O

32 NA 8020

NA 48_

_*_ NA 7232

37 NA 1_2B1

_ NA 1_408

dE] Q _1._

_1 K 656_

_2 N 5B02

_3 L D_

_ C 5S_t

4b B 52_

_ H IO1.75

_F_ 7K_2
_9 D 7&10

_2 _ _0.12
E 7314
J 76.11

PWI NA 54,43
P_ NA 54 _O

_ NA _.C_

NA NA
_IB-_ NA NA
_IE_ NA _A

_)_ NA NA

_mOO

_ur_a_l TO_

r_A NA

NA NA

NA NA

HA NA
NA NA

NA N_

66 _A

29_ NA

30L_0 NA

29_5 NA
3_ _4 NA

295_23 N;_

31_.1B

2_5J1

NA _B¢_

NA _9_

114,70 2_57
_rl.?0 270¸31

IIQ00 _93_8

95¸90 _4Jg

_0._ 294.8g , NA

NA 2_.3_ i NA

763_ 287 ._8 I NA

IE*_._ 3_._ NA

155_ 3_B_38 NA
NA 2_.4_ NA

NA I 28SS_ I 29523

_20_00 306.7_ 303_9

_1_00 279,50 278,19

U5_0O ?_5_50 _5_

75,00 _2._0 292_5
NA NA NA

NA N_

NA NA NA

7d_OI _7_81 N_

104_ NA NA

D Of _ef CC_0

¢ominl_g

NA N_

NA NA
NA N_

NA NA
NA NA

_31.80 _A

_28.75 _A
227.9_ NA

220._ NA F_eD_ce_ ¢_D

229.70 NA

229_25

_A 222.1_ IDrY W$il

203_6_ 20rl,8_
2O] 0?

L_2.02

_2.14

_.75 NA

t9_23 t_7

NA 208 1

221 35 _11 0_

2_,33 2_L15

152_ 215_45
1742B 1_O_

1_4.77 NA

180J5 1 _7,40

21BJ_ 21_90
21B_ 21_1D

NA N_

21_C_ lgL4D
2_7.E_ ;:23.10

204.64 188,70

213.o5 174.20

2_,_1 211.O0

_.24 22_7_

_1_.2_ 29D.50

N_ NA I'_ml

N_ 21781

N_ NA

IWater le_ COI_C_KI O_ _l_tcW 14, 1_ I
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southwest. West of Dunn Field, there appears to be an east west _endthg divide in the Oay

slope between wells MW-31 and MW-42. This trending divrde separates the nor t_. trendlng

slope toward the low clay elevation at MW_0 from the southern slope _oward the

northeast-southwest _'ending charmel,

Fibre 3-3 shows the potentiometre surface map in accordance with groundwater

elevations collected on February. 14, 1996. Groundwater flow across lhe main installation

and southerr_znos l portion of Dulm Field is governed by the presence of the

northwest-southeast rYE,holing fea_re that I_arL_por ts groundwater away from the main
installation area and results in flow that is predominantly onto the main installation around

its perimeter. This feature consists of a sand- fll]ed dep_sion in the clay feature that likely
results fi'om either an errosional depression in the day that was subsequently fi]led with
fluvial sands or from a dis flnct sand lens within the Cockfie]d Fo_nafion. Flow is generally

westward across Dt,_n Fie]d 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 shipe between wells MW-3_ and MW_2, separating flow northward
toward well MW_0 from southward flow.

In the northern For tlon of the main installa'oon and the area surrounding Dunn Field,

groundwater glow gradients generally conform to the gradient of the Jackson

Formation�Upper Clathome Group o0_fimng umt day surface indicating that flow is

governed by the configuration of the clay. A comparison of the potenfiomelTic surface

IFig_re 3-3) and confining unit clay (Figure 3-2) gradients in the southwest perfion of the
main installation indicate tha_ groundwater is flowing against the gradient of the clay, It is

likely that groundwa_e_ flow gradients are being controlled by dsamage Luto the northwest-

southwest _ending 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 con_an_Jnation

and prir_rily upgradient of the main installation and Dunn Field were coz_ider_d as

potential background sampling locations. The presence of VOCs, SVOCs, or

pesticides/PCBs was used to ellmJna te wells for further eo_iderafion as background wells.
On the basis of these criteria, the following existing wells were selected for use as

background wens: MW-16, MW-1% MW-24, MW_28, and MW-30 (DDMT Generic RI/T5
Work Plan, Section 5.3.2.4). MW-Z3 was originally identdied as a background well, llut was

dropped heeause of the presence of methylethyi ketone (MEK, or 2-butanone) and

tetrad_loroethylene (PCE), suggesting that M_V-23 may be impacted by an orgar_e

groundwater pit,me lc_ated L_ the southwest portion of DDMT (see 5ecden 3.6.1 ).

Additional groundwater quality and water level data will be collected to dete_nJne

whether DDMT is the source of the groundwate_ contamination.

The potent_ometne gradient (see Figure 3-3) indicates that groundwater flows onto the
mare mstaLlat_o_ from the northeast, east, south, and southwest_ Grou_dwat_" genera]Jy

flows acrOSs Dunn Fie/d from east to west, On the 'oasis of these flow d_eet_or_s, monitoring

wells MW -45, -46, _18, -49, -_0, -52, and -S_, instaJfed in 1996_ were selected as backgrotmd

wells. WeUs M3_'-eJ7 and M_V-5] were not selected because they are associated with organic

groundwater contamination that may originate onsite.
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The grotmdwater background data are reported and further discussed in the Draft

Badcground Sampling Program Technical Memorandum (CH2M HILL, September 1996}.

3.6 Groundwater Chemical Results

Numerous VOCs and metals were detected withm the Fluvial Aquifer. Some of the mast

common potentially man-made constituents detected were 1,1,1-t_chloroethane(1,1,1-TCA);

1,2-dichloroethene (1,2-DCE); 1,1,2,2-PCA; e_rbon tetrachlonde (CCI,); trizhlor oethene

(TCE); and FCE. Summ_ staUstics for groundwater constituentsare presented in

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

Table 3-6 fists all parameter detections in groundwater and compares the detected va[ues to

bacl<ground values and to pre[imthary remediation goals (PRGs). Groundwater PRGs are
discussed in Section 3,5 of die Fmal Generic Reraedlal hlr;estlgatioM/Peaalbitily S_udy Work Dla_

(CEHND, ]995). Groundwater constituents e×eeeding both PRC5 and background at one or
more wells are aluminum, barium, berythum, total chromium, copper, iron, lead,

manganese, rackel. PCE, TCE, and vanadium

Review of the analybcal data for laboratory blanks, field blanks, and field samples indicated
that several compounds were most JLkeiy intToduced dumng the sampfin S and analysis
process and are not indicative of environmental contamination at the site. These

compounds include acetone, methylene chloride, and all phthala tes bis(2-ethy[hexy0
phth_ist e, di-n-hu_lphdialate, dbn_c_]phthaIate, bu_]tienzyIphtha]a re, and

diethyJphthala_. The results of the data vaHdation process are dLseussed in Appendix C.

3.6.1 Distribution of Organic Constituents

Figures 34 through 3-g show the distnbuUons and concentrations of VOCs at DDMT.

The VOCs depicted in Figures 3_, thxough 3-8 were selected in accordance with frequency

of detection. Table 3-5 stmamarJzes the VOCs detected within the groundwater.

Concentrations of VOC_ varied across the site from a low of 1 micxogram per liter (_tg / L) tO

a high of ],900 IJ.g/ L fffCg at MW-35). L_ gcner_, die highest ¢oneentraUo_ of VOCs were
]ceaSed within the northwest comer of Dunn Field. Momtomng wegs b4W-36 and MV-37
are deep wells that are not screened in the ]Fluvial Aqm_er system. VOCs were not col]ected
from these two wells.

1,1-Dichthroethene (JL,1-DCE). 1,1-DCE was detected in _ webs during the 1996

s _mplLng event, fl'u'ee of which were offsite wells (see Figure 34). It was mot detected
_vhP_e on the math irtstalJation and was found omaltc only in _ z_orthwcst comer of
Dur_ Field (s_ Fzgure 3-5). Values of IA-DCE range from none detected to a high of

54 _tg/L at well MW-7. The background value for 1,I-I)CE is zero; thus. all detections

exceeded back_ou_d. No PRGs are available for this VOC.

A plume of 1,1-DCE exists ti_ the _or thwest comer of Dtmn Field and extends of/site to _*ae

north and the west. Theze is an anomalously alevated concenlx_tUon at weLl MW_0

(5I _g,/L) v_th poor well con_o] between this well and the mexi"elevated concentration at

upgradient well MW-3I (30 _g/L); however, the ],I-DCE value at _P/V-3;I was rejected
during the data qualliy evaluation (see App_dix G), so the concentration at MW-31 is

uncertain. There is good well control on the position of the non-detect line along the
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T_e 3-5

Fh_dal AqU_r $o_+JmaW $1¢ri_1_|
_ZCltlOn

NO, =f No, of

A_l-f_= Oelgcllon$ _ MIn

a9 28 2100

51 2 150

51 a 0.8

35 34 _29

51 10 0.2

3B 35 B9LO.O

;h_or_um 51 _0 2.b

;oO01r 35 17 I

:oDper 51 17 2D

c_ 42 28 598.0

eoo

4agne_um

4a_a_e$0

4ef_Jfy

D_O_UFI_

51 21 15

3B 35 _750,0

35 28 114

51 3 O 2

51 18 75

51 26 B490

eleniu_ 51 I _9

dye[ 51 2 2.4

001L_l 38 15 150000

bOLljura 51 I 09

'onoOium 35 12 17

Inc 51 7 =15.6

fO¢=
i. 1:Irich1Oro_thone 50 6 I 0

1,2.2.le'toc _0 9 I 0

.1,2 IrtchlorO_lhOr_ 50 3 40

4 20

50 9 qO

50 I IO

00toI) 50 12 1O

:hlor_le 50 10 _0

50 t tO

._hlorof o_n 50 13 I 0

,_etnylone cNodda 50 I 2.0

50 24 I 0

d_ _0 23 I

_VOC=

J I Ston_¢_

22_0 33_0 _79_

172 I_1 1.6

_2 3.0 4 I

362.0 I I_b 77.7

37 1.5 13

_7_00 0 24716.0 _2'_0_5

27B0 ,_4 72,7

_1.? 15.5 IB4

315¸0 570 8_.5

99.8 13.5 21._

276110 0 11 h_5.1 5512¸,1

172(?¸0 3,_0 4376

[18 0.4 0.,_

212¸0 37 I 567

_ 0 2.? NO

2.B 2.b 0 3

7_611_ 0 35,553,_ 18805.0

0._ 0_ ND

101.0 176 27.7

25_ 122¸4 _.1

,_ 0 2.5 1.0

4_00 11114 138_

It.0 7_3 35

20 20 0.0

10 1.0 ND

7600 119.2 212b

27.0 7_ 93

I11 1_1 ND

35 0 ?R 9.8

2.D 2_ ND

_nt_olole 33

40tg

2.o j 2.o j 2o j ND2.0 70 3_7 21

O_ 11363B.12.20/10113(L_ 3-11
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I'able 3-6

Groundwofet Data gaJn_t AppUcab_ CHlerlu
DDMT Graundwate; Chom_Mzmlon

Baok- Back-

pEG pRG I grouncl g;ound
I

Well Value Lln_s Q (_IL3 Basls I {_qlL) Basi3 Exceeds?

MW07 2 I_/L J 164¸3 C I MAX_D_ _CKG

MW08 2 I_/L J }64¸3 C I _ MA)(_DE_ _CKG

MW10 3 F._/L J 164¸3 C I MA_XDET _CKG

MW29 _ _I_/L J Ic_43 C I I MAX_DET _CKG

MW44 3 _IL J 164¸3 C I MAX DET 3CKG

MW45 I I_I_IL J 1643 C ] MAX DET 'JEITHEI_

M'_3 I _g/L J 0,213 $ NBD ND IO_

MW_6 160 _t_IL = 0213 S NBD ND IOT_

MWI0 12 _.g/L 0.213 $ NBD ND _OTH

MWII _ _q/L J 0.213 5 NBD ND _OTN

MW12 130 _IL = 0.213 $ NBD ND IOTH

MWI3 I _IL J D.213 $ NBD ND _O_

MW3] _20 _IL = 0213 S NBD ND IOTH

MW32 66 _,glL [3.213 $ NBD NO _OTH

MW35 200 _LgtL = 0.213 S NBD ND _OTH

MW06 7 _IL J 06 TN NBD ND _OTH

MW31 II _C;IL J 0.b TN NI_D ND _OTH

MW32 4 _IL J 0 6 TN NBD ND _OTH

MW_ 2 _IL J NA NA N_D ND _CK_ ONL_

MW41 12 p_IL R NA NA NBD ND _A

MWC_ 2 _IL J NA NA NBD ND _CKG ONL_

MW10 2 _I_. J NA NA NBD ND _CKG ONL_

MWIC) 20 _i_. _ NA NA NBD N[) '_A

MW31 80 _/L _ NA NA NBD ND _A

MW07 2 _,C_IL J NA NA NBD ND _CKG ONL_

MW_5 2 _IL J NA NA NSD N[3 _CKG ONL_

MW$1 4 _IL J NA NA NBD ND _CKG ONL_

MWS} 4 _,¢_JL J NA NA NBD ND _CKG ON_

MW47 49 _/L = NA NA NBD ND 3CKG ONL_

MW47 48, _/L = NA NA NBD ND _KG ONL_

MW_9 I _/L NA NA NED ND _CKG ON_

MW413 49 _/L = NA NA NE_ ND _CKG ONL_

MWZ_O 51 _/L NA NA N6D ND _CKG OND

MW_I ]2 _/L NA NA NBD ND _A

MWg8 26 _/i. NA NA NBD ND _C_G ONL _

MW10 4_ _IL NA NA NBD ND _KG ONb

MWI0 5,5 pqlL NA NA NBD ND _L_

MWO3 M _JL NA NA N6D ND _CKG ONI._

MW53 51 _IL I = NA NA N_D ND 3CKG ON_

MW53 51 _IL NA NA NBD ND 3CKG ONLI

MWI_2 7 _IL NA NA NBD ND 3CKG CND

MW31 23 FL_/L NA NA N_D ND _CKC- OND

or_o i 13_30,12,_010043(LS PoOe I o115 3-t2
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Tabl_ 3-6

Groundwaler D_ Lg_In31 Applicable crIle/to

DDMT Grourldwater Chara ct SlJZOlla n

Book- _Ck-

pRG pi_ ground ground

Well Va_ue Unlb IF_/LI B_L_ (_/L] Ba_S Exceeds?

MW31 30 _/L NA NA NSD NO BCKG ONLY

MW31 24 _/L NA NA NBD ND NA

MWO7 54 _/L NA NA NBD ND BCKG ONLY

MW,_I 12 _IL NA NA NSD NO NA

MWI0 1 _IL NA NA NSD ND BCKG ONLY

MWI[3 20 p_tL R I NA NA NBD ND NA

MW31 80 u_/L I_J NA NA NSD ND NA

MW02 103 jg/L _ I NA NA NBD ND BCKG ONLY

MWO3 101 #_IL = I NA NA NBD ND BCKG ONLY

MW32 67 _/L I NA NA NA NA NA

MWZ_7 2 pqJL J I NA NA NA NA NA

MW11 ,_) ug/L = NA NA NA NA NA

MW31 76(] _qJL = NA NA NA NA NA

MWO_ 200 _/L = NA NA NA NA NA

MW02 I0 _,q/L NA NA NA NA NA

MW05 2 pg/L J NA NA NA NA NA

MW,54 ] Fg/L J NA NA NA NA NA

MWI2 55 Fg/L - NA NA NA NA NA

MW,35 180 F_f/L J NA NA NA NA NA

MWI0 I10 F@IL = NA NA NA NA NA

MW03 2 F_/L J NA NA NA NA NA

MWO8 3610 F_/L J NA NA 1798 2_M EAN BCKG ONLY

MW09 5210 F,_/L J NA NA 1796 2XMEAN 6CKG ONLY

MWI2 2050(I FQtL = NA NA 1798 2XMEAN BCKG ONLY

MWI4 22 _:K:(] F£/L j NA NA 1796 2XM EAN BCKG ONLY

MW16 2670 FglL - NA NA 1798 2XMEAN BCKG ONLY

MW35 38,50 F_)/L = NA NA ] 798 2XMEAN BCKG ONLY

MW39 15900 F_/L J NA NA 1798 2XMEAN 8CKG ONLY

MW42 2670 FS/L J NA NA 1796 2XMEAN BCKG ONLY

MW44 4720 F_/L J NA NA 1796 2XMEAN BCKG ONLY

MWO2 601 FrilL J NA NA 179B _XMEAN < BCK6

MWI{_ 718 £_/t J NA NA 1798 2XMEAN <BCKG

MWO4 252 pg/L J NA NA 1798 2XMEAN < BCKG

MWO_ 112D F_IIL J NA NA 1798 2XMEAN ,,:BCKG

M_7 679 _,_/L J NA NA 1798 2XMEAN <8CKG

MWI0 730 F£/L = NA NA 1798 2XMEAN <BCKG

MWI3 1270 F_/L J NA NA 1798 ZXMEAN <8CKG

MWI5 21D F_/L J NA NA 1798 2XMEAN <BCKG

MW19 235 I_/L J NA NA 1798 2XMEAN <SCKG

MW28 63.5 _£JL J NA NA 1798 2XMEAN <BCKG

MW2I 393 _/L J NA NA 1798 9_MEAN <BCKG

MW22 1580 , I_/L J NA NA 1798 2XMEAN < BCKG

OROI 13h_l, 122O/0Od.XL_ Fc_r_ 2 of 15 3-13
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Table 3-6

GroundWatar Oa_a EvaluQllon Against Ap pllcOble Cdleflo

DDMT Groundw_lt 8r Char_cteflz=ilen

Well Votue UnltB JQ

MW23 545 F_/L JJ

MW_4 718 _glL JJ

MW28 287 F_IL JJ

MW29 768 F_IL JJ

MW36 ' 406 pglL JJ

MW3T 478 p_IL J J

MW38 1610 sqlL IJ

MW45 586 FgtL IJ

MW_7 365 _glL I J

MWa_ 15 uglL I J

MWZ5 17.2 =9 I_ I J

MW07 I 2 a_IL I J

MWI_ 09 _oIL I J

MW31 0.81 _glL IJ

MW39 92 J_glL IJ

MWI4 312 u_IL I=

MW40 362 _QIL I=

MW50 307 _If- I =

MW&5 717 F_IL IJ

MW07 b73 _g/L I J

MWIO Bg.3 _,_IL IJ

MWI5 705 uqlL I J

MW16 66.7 p_IL IJ

MWlg 429 h,_/L IJ

MW20 54.2 _/L I J

MW21 50.3 _qJL I J

MW22 108 k'gILI J

MW23 .55.5 p_IL IJ

MW24 49.5 p_JL I J

MW25 102 p_tL I j

MW26 179 k,_IL _ J

MW2e 476 PO IL I J

MW3C 116 p_/L _ J

MW33 53,3 p_tL I J

MW3_ 117 p_IL IJ

MW3_ 124 p_/L IJ

MW3_ 79.8 gglL IJ

MW3_ 201 _gl_ IJ

MW4_ 168 _/L IJ

MW4Z 166 F_/L I J

MW4,= 127 p_/L I J

MW4_ _9,3 pg/L r J

p_G PRG I glound ground

(Fg/t: p.,i, J (p_/L) Ba=s Exoeect=?

NA NA I 1798 2XMEAN < BCKG

NA NA I 1798 2XMEAN < BCKG

NA NA I 1798 23(MEAN < BCKG

NA NA I 1798 2XMEAN < BCKG

NA NA I 1796 2XMEAN < BCKG

NA NA I 1796 2XMEAN < BCKG

NA NA I 1796 2XMEAN < BCKG

NA NA I 1798 2XMEAN < BCKG

NA NA I 1796 2XMEAN < BCKG

14_ _ i 34.4 2XMEAN PRG

l 4_ - I 34.4 2XMEAN PRG

O-04g i NBD NEI BOTH
O 04_ NBD ND BOTH

I
o.o_9 i NBD ND BOTH
004q , NBD ND BOTH

I
2,556 - I 223.8 2XMEAN BOTH

255.5 " i 223.B 2XMEAN BOTH

255.5 " i 223.B 2XMEAN BOTH

255.5 " I 223 8 2XMEAN NEITHER

255.5 b i 223.8 2XMEAN NEITHER

2,5,5.5 _ I 223.8 2XMEAN NEITNER

255.5 • ] 223,8 2XMEAN NEITHER

255 5 _ i 223.8 2XMEAN NEIIHER

255.5 • ; 223.8 2XMEAN N£JTHER

2. 5 " i 223.8 2XMEAN NErTHER

255.5 • ; 223.B 2XMEAN NETHER

2,55.5 _ i 2233 2XMEAN NEITHER

2_5.5 " i 223.8 2XMEAN NEITHER

255.5 • ; 223,8 2XMEAN NEff HER

2"6'5"5 • I 223.5 2XMEAN NErTHER

255,_ • i 223 8 #3(MEAN NEITH£r_

255,5 " I 223,8 2XME_N NEITHER
255,5 223.8 2XMEAN NE[PHER

I
256._ ; i 2238 2XMEAN NErrHER

25.5._ " i 2238 2XMEAN NEITHER

255,5 t_ [ 2238 2XMEAN NEP_ER

25.5_ 5 I 2_38 2XMEAN ¢_EHER

2_*_ $ I 2_38 2X#3EAN 4ERHE_

255.5 S ] 223.8 2XMEAN _EITHER

2555 S I 223.8 2XMEAN qEBHER

25,5.5 s I 223.8 _J{MEAN qEI]NE_
_55._ _ I 223.8 2_MEAN qEITHEr_

ORK_I13631.1_ 20/gO4,XL5 Poge 3 of 15 3-14
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fable 3-6

G_OUmdwaler Data EvCduallon Aglllnst A_pllcable Cr_eda
ODMT G_ondwol_r Characlerlz_on

Back. Book-

pR_ P_ I ground ground

J 255.5 [ I 223¸8 2XMEAN NErrHER

J 2555 ! I 223¸8 2XMEAN NErr_EI_

J 255,5 _ I 223¸8 2XMEAN NErlHER
223.8 2XMEAN NEITHER

J 255,5 ! I

J 255¸5 ! I 223.8 2XMEAN NEITHER

J 255.5 _ I 223¸8 2XMEAN NEIfHER

J 255¸5 <_ I 223.8 2XMEAN NEff HER

J NA I 2000 MAX DEr <BCKG

J 0.004 TN I 06 2XMEAN BOTH

J 0C(34 TN I 06 2XMEAN BOTH

J 0.004 TN I 0_ 2XMEAN BOTH

J 0¸{304 TN I 06 2×MEAN BOTH

J 0.0(34 TN I 06 2XMEAN BOTN

J 0.(304 TN I 06 2XMEAN BOTH

J 0.004 IN I 06 2XMEAN pRG

J 0.C_4 TN I 06 2XM_AN Prig

J 0.(304 rN I 06 ZXMEAN pRG

J 0,(]04 rN I 0_ 2XMEAN pI_G

= NA NA I NBO ND BCKG ONLY
= NA N ND BCKG ONLY

= NA N 2XMEAN < BCKG

= NA N 2XMEAN < BCKG

2XMFJ_N < BC_:G

= NA N 2XMEAN < BC_:G

= NA N 2XMEAN < BCKG

= NA N 2XMEAN • BCKG

= NA N 2XMEAN < BCKG

= NA N 2XMEAN < BCKG

= NA N 2XMEAN < BCKG

2XMEAN < BCKG

= NA N 2XMEAN < BCKG

= NA NA J 52875 2XMEAN < BCKG

NA NA I 52875 ZXMEAN <BCKG

= NA NA I 52_75 2XMEAN <BCK_

= NA NA [ 52875 2XMEAN <BCKG
= NA NA 52875 ZXMEAN <BCKG

NA NANA 52875 2XMEAN BCKG ONLY

NA NA 52875 2XMEAN < BCKG

NA NA 52875 ZXMEAN < BCKG

NA NA 52875 &)(MEAN < BCKG
NA 52875 2XMEAN < BCKG

= NA NA I 52875 2XMEAN <8CKG

ORO 113630 12.20/{X]43(LS Poge 4of 15 _15
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C-roundw_er D_ta Eva[L_llon Agab1,_ AppIlcaDle Cdterla

DDMT Groundwatel Chamcte_zollon

:alc[um (continued)

_QrlDoF,Tetracr_konde

Ch}ariae (as Cf)

ChlorOrJerLEene

Chloroform

PRG

WelJ Valu_ Unlts ¢_ (_IL)

MW38 14100 F_IL _ NA

hAW39 41400 _IL = NA

MW40 a9800 _,_/L = NA

MW42 20100 _/L = NA

MW,_4 35_ _/L = NA

MWZ5 3_700 _IL = NA

MW46 174_3 F,_/L NA

MW47 237(30 F,qiL = NA

MW48 }_SG0 rlglL = NA

MWZ_9 16500 L*glL NA

MWS0 4O200 L_IL = NA

MW51 216[_ _iL = NA

MW52 _370(3 uK_IL = NA

_AW53 29700 pg/L = NA

MW54 14900 _giL = NA

MW03 _ p_tL J NA

MWOb 27 _IL = NA

MW09 2 _/L J NA

k,IW10 3 I_IL J NA

_W15 7 I_/L J NA,

_W2b 4 _/L J NA

_4W31 6 }_/L J NA

MW32 22 _IL = NA

_W34 I _/L J NA
MWI03 ]6,2 ma/L = NA

vlW_6 2_4 m_/L = NA
_WO8 1,5¸3 mC_/L = NA

_4W13 11,7 maiL _ NA

VlW14 181 mC_/L = NA

VlW32 : 127 m_/L = NA

VlW34 ; g,B maiL NA

4W36_i 3,z_ m_/L = NA

AW37_[ 4,5 mq/L = NA

VIW381 I 1,3 m_(L = NA

VIW401 i _{_/L J 3(_,5

viW1021 8 _z_/L J 0.19

yAM[331 7 _/L J 0.19

V_NU51 5 _,_/L J 0.19

_rWU61 10 _IL = 0.19

_vaTl 8 _IL J 0.19

v_W091 2 _/L J 0.19

Sack- Back-

PRG gTOUnd ground

Basis (_IIL_ Ba_s Sxc_ds?
NA 52875 2XMEAN < BCKG

NA 52875 2_MEAN • BCKG

NA 52675 2XMEAN • BCKG

NA 52875 2XMEAN _ 8CKG

NA 52B75 2XMEAN • BCKG

NA 52_75 2XM_AN ¢ BCKC-

NA 52875 2XMEAN _ BCKG

NA ,52B75 2XMEAN ¢ BCKG

NA 52875 2XMEAN _ BCK_

NA 52875 2_ME_N _ _CKG

NA 52875 _(M_,N ¢ _CKG

NA 52875 2XMEAN _ BCKG

NA 52875 2XMEAN _ BCKG

NA 52875 _'_MEAN : _CKG

NA 52875 I 2XMEAN _CKG

NA NBD ND ICKG ONL'_

NA NBD ND ICKG ONL'_

NA NBD ND _CK_ _NL'_

NA N_D ND ICKG ONL'_

NA N_D ND _CKG ONL_

NA N_ ND _CKG ONL_

NA NSO ND _CK_ ONL'r

NA NSD ND _CK_ ONL'_

NA NAD ND _CKG ONL'r

NA NBD ND _CKG ONL_

NA NBD ND _CKG ONLY

NA NBD ND _CKG CNLY

NA NBD ND _KG ONLY

NA NBD ND E:KG ONLY

NA NBD ND ICKG ONLY

NA N_D ND 8CKG ONLY

NA NBD ND I_KG ONLY

NA NI_O ND BCKG ONLY

NA N_ N[_ _CKG ONLY

NA N_ ND _CKG ONLY

S N_ NO _CKG

TN NBD ND 801_

TN NSD ND BOTH

TN NBD N[3 BOTH

TN N_D ND BO_

TN NBD ND BOTH

TN NBD ND BOTH

O_o ] 13(x_ 12._J/004 XLS PO{_B5of 15 3-1_
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Table 3-6

Groun0waler Oatu Evalua_¢_ Ag_nst ApplJo_ b18 Criteria
DDMT Groundwaler ChamCterlZotlo.

Buck- BocX-

pR_ pRG ground glOund

parameter Well Value Uni_ (_II L) BaM$ (u_;L) Basis Exceeds'/

_hloro form (con_nuecf) i_W10 14 l_q/L 019 TN NBD ND BOTH

MW]I 2 _/L. 0.19 TN NB£) ND BOTH

MWI.5 25 _g/L. I = 0.19 TN NBD ND BOTH

MW26 I _/L I J 019 TN NSD i'4D _OTH

t_W31 35 _/L I J 0.19 TN NSD ND _OTH

MW32 7 _q/t 0.19 TN NBD ND 5OTH

MW34 5 p@/L 0,19 TN NSD ND _OTH
_hfQmium, Tolal MW12 63 _/L 1825 5 544 2X'vIEAN 3ODI

MW38 278 _g/L 1825 $ 544 2XMEAN _OD_

MW39 215 _/L 18¸25 $ 544 2XMEAN 3©TH

MWS.5 967 ,Q/L 18¸25 $ 544 2X'MEAN _OTH

_'hromJum To_ol(canlinu_d) I MW05 21.9 u_/L 18.25 5 54 4 2XMEAN _['_C;

MW08 26.4 u_/L ]8¸25 S 544 2XMEAN _I_G

MWI_ 42.6 _/L 1825 S 544 2Xt_EAN _I'_D

MWIb 3z_ u_/L 18.25 S ,544 2XMEAN _I'_G

MW21 25 _/L 18.25 S 54.4 2XMEAN _RG

MW22 21.6 _/L 18.25 S 544 2Xh.IEAN _

MW24 20.3 _g/L 18.25 $ 5_.4 2XMEAN =RG

MW35 23.4 _/L = 1825 $ 54,4 2X/_EAN _C_G

vIW37 ° 24 _/L 18.25 S 54.4 2Xi_ EAN _RG

MW03 9:) _/L 18.25 S 5d.4 2XM£AN "4ErDIER

MWIO 10,8 _,_/L = 18¸25 $ 54.4 _MEAN _EITHER

MW23 12,5 _g/L 18.25 S ,5_._ _K_EAN 'IEITHER

MW25 2 _ _,_/L 18._5 S ,54.4 2Xf_£AN _ErTHER

MW40 52 _/L 18,25 S .544 _ k_F_.N _ErFAER

MW42 d4 _,_/L 18.25 $ 54.4 2XM 5AN '_ErTHER

M'V94_ 97 _,_/L IB.25 S 54.z_ 2Xf_EAN _EITHER

rvIW47 5._ _/L J 18.26 $ _ Z'KM_AN '_ErlH_I_

;aDult MW14 6L9 _,_/L = NA NA 24.8 29(M£AN _CKGON_

MWI6 123 _,_/L J NA NA 24.8 2XMEAN c_KG

MW2] I._ _/L J NA NA 24 8 _(MEAN ." BCKG

MW23 18 _/L J NA NA 24.8 2_MEAN ."BCKG

MW2_ 2.2 _/L J NA NA 2_.8 2XMEAN ."BCKG

MW25 I B _,_/L J i'4A NA 24.8 2XMEAN c 8CKG

MW35 ] I_7 _,_/L J t4A NA 24.8 2.XM5%N ._8CKG

MW_ 376 _/L J NA NA 24._ 2XMEAN K_KG ON_

MW39 52,5 _/L - NA NA 24.8 2Xf4EAN _CKG Of'JL',

MW_O 5.3 _/L J NA NA 24.8 2XMEAN c BCKG

MW42 44 _,_/L J NA NA 24.8 ZKMEAN : _KG

MW_ 164 _/L J NA NA 24.8 2XMEAN .-SCKG

MW_5 95 _/L J NA NA 24.8 _MEAN c 8CKG

MW47 I _ _/L J NA NA 2_.8 2XMEAN ." BCKG

ORO 11_ 12.2_/(_ XL_ Page bar 15 ?.17
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Table 3-6

Giounclwatef oaJo Evaluation AgalnSl AppllCable Cdlgga
DDMT Greunclwater Chalacferlzaflon

Pa_zmQte[

_obeft (continued)

_opDer

)i- r_-Oct_/lOhtholc_le

Iotone&s (Q_ CQOO3)

on

PRG

Weg Value units Q {F_/L_

MW52 18.2 pqlL J NA

MW53 196 _,_/L J I NA

MW54 3.9 Fg/L J I NA

MWI9 315 _/L 135 I

MW20 207 F_IL 135,1

MW02 325 _glL : 135,1

MWO4 2.6 _/L 135¸1

MW_9 33.9 F_/L : 1351

MW12 105 _/L 135¸1

MWl4 36 _/L I = 135¸1

MW15 75 _g/L I= 1351

MW2b 3 _]JL 135 I

MW28 ,_.4 _/L _35.1

V_W36a 2 4 _/L 135 1

_W37" 2 F_/L }35.1

MW38 29.8 p_/L 1351

MW3? 73,1 F_/L 135,1

MW42 12,3 _g/L 135,1

I MW,_ 37 _/L 135.1

MW45 3.8 _tL 135.1

MW,_8 2 _£tL 135.1

MW&5 29.2 _/L 135¸1

MWO*5 2 _lL 73

MW;0 2 _/L J 73

MWI3 7 F_IL J 73

MW20 4 _IL J 73

MW31 2 _/L J 73

MW54 _ _IL J 73
MW32 212 mo/L = NA

MW37 _ 170 m_tL = NA

MW08 12600 _tL J NA

MW14 96100 F_/L J NA

MW22 88Z0 F_/L = NA

MW35 16200 _/L = NA

MW30 30.40(3 F_/L = NA

MW44 I_00 _/L J NA

MW52 7960 _/L = NA

MW03 3810 _/L J NA

MW06 ,_250 """_/L = NA

MW07 ¸ 3270 F_/L J NA

MWl01 1450 _/L = NA

MWI$1 5370 _/L = NA

Back- Back-

PRG ground ground

Bas_s (F_llI3 Ba=ls Exceeds?
NA 24.8 2XMEAI_ < BCKG

NA 24.8 2XMEAN < BCKG

NA 24.8 2XMEAN < BCKG

$ 162.6 2XMEAN BOTH

S 162.6 2XMEAN BOTH

$ lb2.b 2XMEAN NEITHEI_

S 1626 2XMEAN NEITHER

S 162,b 2XMEA_ NE_THEr_

S 162.6 2XMEAN N EITHEI_

S 162.b 2×MEAN NEIT_IE_

S Ib2.b 2XMEAN _EITH_r_

S h3_b 2XMEAN NEITHEr_

$ ]b2.b 2XMEAN _EITH_

S 162.6 2XM_AN 'qE_TNEI_

S 162.6 2XMEAN _EITHER

S 1626 2XMEAN _EITHER

S Ib2b 2×N1EAN _ErTHER

S 1626 ?3(MEAN "4ErTHER

S 16_6 ?3(M EA._ _E[THER

S 162._ 2XM EAN '_ErTHER

S 162,_ 2XMEAN _Erl_ER

S 1626 2XMEAN '_EIT_ER

$ NBD ND _CKG

S NBD ND _K_

S NE_{3 ND _CKG

S NEeD ND _CKG

S NBD ND _CKG

$ NSD ND _CKG

NA N80 ND _CKG ONL_

NA NBO ND _CKC- QNL _'

NA 6728 _XMEAN _CKG ONl'_

NP, 6728 2XMEAN ICK_ ONL_

NA 6728 ?)(MEAN tCK_ ONL_

NA 6728 2XMEAN _CKG QN_

NP, 6728 _XMEAN _CKG ONL_

NA, 6728 2XMEAN _CKG ONL_

NA 6728 2XMEAN _CJ<GONL_

NA ¢_72B 2XMEAN : BCKG

NA 6728 2XMEAN ; BCKG

NA _726 2,XM_A,N .=:8CKC_

NA 6728 2,_VtEAN : BCKG

r,JA 6728 2Y,MEAN : BCKG

OROI 13630.12.20/004,XL_ page 7 o115 _-tA
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T_Je 3-6

DDM/TGmun_m_er Chomctedl_lon

Iron(continue¢_)

.sQ_

Back- BOCI(.

pRG pRG ground ground

Wi_ll Valu_ i IJnlls Q {_/L) Basll {H_/£) Basis Exc_d_i?

MW16 3970 Fu/L = NA NA 6728 2XMEAN :BCKG

MW21 891 F_/L = NA NA 0728 2XMEAN : BCKG

MW2_ 758 _/L = NA NA 6728 2XMEAN : BCKG

MW24 5}_'0 F{_IL HA NA 6728 2XMEAN :_CKG

MW25 8[35 p_IL = NA NA 6728 2XMEAN < 8CKG

MW28 598 _u/L J NA NA 0728 2XMF_,N < BCKG

MW36 q 5090 _g/L = NA NA b72B 2XMEAN < BCKG

MW37 _ 525(3 _/L = NA NA b728 2XMEAN < BCKG

MW38 4,550 uU/L J NA , NA b72B 2XMEAN < BCKG

MW40 1060 ua/L = NA NA 6728 2XMEAN < BCKG

MW,_2 3560 rLUIL J NA NA 5728 2XMEAN < BCKG

MWa5 228{) _IL J NA NA 6728 2XMEAN < BCKG

MW_b b46 pUlL = NA NA 6728 2XMEAN < BCKG

MW47 1180 _uIL = NA NA 6728 2XMEAN • BCKG

MW48 1120 _g/L J NA NA 6728 2XMEAN < BCKG

MWE0 4_[3 I_/L NA NA 672B 2XMEAN < BCKG

MW53 3610 ll_tL = NA NA 6728 2XMEAN < BCKG

MW_4 46_0 Fg/L = NA NA 6728 2XMEAN < BCKG

MW0g 184 _/L - 15 MCL 9.4 2XMEAN BOTH

MW12 244 _q/L = 15 MCL 9,4 23(MEA N BOTH

MWI4 193 pulL =_ 15 MCL 9.4 2XMEAN BOTH

MW38 30.2 _/L I 15 MCL {).4 2XMEAN BOTH

MW3g 99.8 _/L 15 MCL 9.4 9_XMEAN BOTH

MW55 20,4 Full 15 MCL 94 2XMEAN _DTH

MW(]2 99 Fg/L 15 MCL 04 2XMEAN BCKG

MW{]3 18 F_/L ; 15 MCL 94 2XMEAN NEITHE_

MV_ _2 _U/L I }5 MCL _.4 2XMEAN NEITHEr_

MW08 67 _3/L 15 MCL _4 2XMEAN NEITHER

MWIG 35 _U/L 15 MCL 94 2XMEAN N EriflER

MW13 2,3 _?/L 15 MCL 94 2XMEAN NEITHER

MWI 5 2 6 _/L 15 MCL 94 2XMEAN NEITHER

MW16 76 F_/L 15 MCL 94 2XMEAN NEITHER

MW19 3.9 _/L 15 MCL 94 2XMEAN NEITHEr_

MW20 52 _/L 15 MCL 9_ 2J(MEAN NEITHE_

MW26 3.4 _'_IL 15 MCL 94 2XMEAN NEEHER

MW32 1.5 IJu/L I5 MCL 94 2XMEAN NEITHER

MW3_ 8,4 _l_/L 15 MCL 94 2XMEAN NEIIHEr_

_Iw36 _ 33 _=glL 15 MCL 94 2XMEAN NEITHER

VIW37¢ 4.2 FulL 15 MCL 9.4 2XM EAN "qEITHER

MW49 2,6 _/L 15 MCL 9.4 2XMEAN _ EITHEI_

MWO4 94 Fq/L 15 MCL 94 2XMEAN NEITHER

O1_OI1_.12 2oJ[:o4_ PC_le8 Of 15 3.1g
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lab4o 3-6

Data EYalu_lk_ n AgalnS/ApplJcC]ble crneda
DDMT G¢oundwater Charactedz(=tJon

Bock- Back-

i pRG pRG ground ground
Pmamem{ Well Value Un_ [_IL) B_L_ (_ft/L_ _,_.i. Exce_s?

_agn_um MW,_0 27600 _/L NA NA 260d5 2XMEAN BC;(G ONL.'

MW_0 24000 _/L NA NA 26045 2J(MF_.N • BCKG

MW52 225C_ I_/L NA NA 2_045 _MEAN < BCKG

MW45 Ig_(_ _/L I = NA NA 2_5 2XMEAN < BCKG

MW]6 ]9100 _/L NA NA 2_:045 _MEAN • gCKG

MW53 15_) p_IL NA NA 26/],_ _MEAN < _KG

_W37 a I_ u_/L NA NA 26045 2XMEAN _ BCKG

h,IW22 ]5100 u_IL NA NA 260,_5 2XMEAN <BCKG

MW32 i 33_(_ _,_/I. NA NA 26045 2XMEAN cBCKG

MWd7 126_(_ _,glL NA NA _60_5 2XMEAN _BCKG

M_30 I _(_J _,_IL = NA NA 2_,_5 _MEAN ¢ BCKC-

MW_ I 1800 _/L NA NA 26045 _ME/'_J _ BCKG

MW26 10900 _/L = NA NA 2_:_5 2_EAN _ BCKG

MW51 10_J0 _g/L = NA NA 26045 2×MEAN _ _KG

M_5 104UG _/L = NA NA 260_L5 2XMEAN c_KG

MW23 10400 _,glL = NA NA 2_45 2_EAN : BCKG

MWI0 I03_ _IL NA NA 2_d5 2XM_ _BCI<G

MW3_ _ }0300 _(_IL = NA NA 2_0_5 _×MEAN I : 8CKG

MW_ 10200 _/L = NA NA 2_045 2XMEAN :BCI<G

MW25 ](_O0 _/L = NA NA 2_045 2XM_AN _BCKG

MW39 97_I _I/L -- NA NA 2_04.5 _MEAN : i_I<G

MWM 8920 _/L NA NA 2_]45 2XMEAN _5CKG

MW42 8740 _/L = NA NA 26045 _MEAN __KG

MW48 8690 _)/L = NA NA 2_5 2XMEAN : BCKG

MW46 8_0 F_/L = NA NA _[_5 2XMEAN : BCKG

MW49 _I_0 _/L NA NA 260,_ 2XMEAN I_ BCKC-

MW21 7610 _/I. = NA NA 26045 2XM_AN _CKG

MW3_ 6700 _IL NA NA 2_5 2XME.'_N < BCKG

MW3_ 6640 _//L = NA NA 26045 _XMF..AN < BC]<G

MW2E M70 I _/L = NA I NA 2_45 _M_N < BC_G

MWI.5 626Q I _,_/L - NA I NA 26045 2XM_,N <BCKG

MWI(_ 61_ _/L = NA NA 26045 2XMEAN _KG

MW_ 5570 _:_IL -- NA NA _ 2_%MEAN < BCKG

MW24 5_._(_ _I _- - NA NA 26045 2XMEAN < _KG

MW33 47.r_ _ll. J NA NA 26_.5 2.'C_EAN < RCKG

Mongone_e MWId _ _IL = 18.25 S 560 _MF_.N BOTH

MW39 _720 v_IL ,, IE.25 $ 560 2XMEAN BOTH

MW,_ I010 _IL = 18.25 $ 560 2XMF_ BO_

_,_ 75.5 _g/L = 10.25 $ .%0 2XM_ BOTH

MW_3 g17 _glL _ IB,_ S 5_0 2XME_J BOTH
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Toblo 3-6

GloundwotelOcrloEyolu_onAgCl_n31Appflo0bleCdle_o
DDMT G r,:_'ldwcde r Chamcterlzoilon

PRG pRG

Wall ValUe Uniia Q _/t BO_S

MWO; 232 p_/L = 18.2! S

MWIE 20.5 _,_/L 1_,2! S

MW}! 52.2 _J_/L = 16,2! S

MWI_ 143 Fg/L _ 18¸2! $

MWI_ 296 _z_/L 18.2! $

MW2( 247 pq/L -- 182_ S

MW2_ 424 I_/L = 18.2_ $

MW2E 756 pq/L -- 1_.2_ S

MW3Z I,_2 pg/L _ 182_ S

MW3_ 134 _/L ]82_ S

MW4'_ ,383 _9/L -- 182_ $

MWZl_ 32_ uQ/L = 182_ S

MW_ 22B u_/L = 182_ S

MWZi? 99.1 u_/L = 18.25 S

MW413 112 _/L = 18.2_ $

MW4_ ,57.6 p_/L -- 18 25 $

MWSC ,JAI _/L ]8.25 S

MW51 112 pQ/L -- 1&2_ S

MW52 _67 _91L = 18,2_ S

MWSZ 445 p_/L = 18.25 S

MW22 I I 4 p_/L J 18.25 $

MW23 12 _,_/L J iB.25 S
MV't24 172 _/L = 18,25 $

MW02 0_ _g/L = 1.095 S

MW12 0.17 _/L J 1.095 S

MW55 0 I_ p_lL J 1.095 S

MW40 2 _9/L J 5 MCL

MWI2 4_ F_/L -- 13.4 TN

MW38 212 _,_/L -- 13.,5 TN

MW39 Id*_ I_/L = 13,4 TN

MW55 45,9 lq_/L -- 13.4 TN

M_(_ 25.3 F_/L J 13.4 TN

MW08 16 _/L J 13,a TN

MWM 25.3 _fl/L J 13,4 TN

MWI6 25.6 _/L J 13.4 TN

MW21 18.1 _/L J I 13.4 TN

MW37 _ 20.7 F_I/L JI 13.4 TN

MW03 104 p_IL J! 13.4 TN

MWIO 8.7 _IIL Jl 13.4 TN

MW19 12.1 _I/L JI 13.4 TN

MW22 116 _'_IL J I 13.4 TN
I

MW23 8.a _91i. J J 13.4

I 560 2XMEAN

560 2XMEAN

56O

56O

56O

56O

560

560

5¢_0

5f_0

56O

56O

5_(3

560 2XMEAN PRG I
I5f_O 2XMEAN pI_G

5_) 2XMEAN NEITHER

5bO 2XMEAN NEITHER

560 2XMEAN NEITHER

NBD ND BCKG

NBD ND BO(_

NBD ND BCKG

N_,D ND 8CKC-

31_4 2×MEAN BOTI4

31_4 2_MEAN BOTH

31_4 2XMEAN BOTH

31_4 2_MEAN BOTH

31_4 2_MEAN pr'_G

31_4 2XMEAN PF,'G

31_4 2XMEAN PF,_

31_4 2XMEAN pI'_G;

3_4 2XMEAN PI'_G

3_4 2XMEAN pIG

31_4 2XIMF_,N NEITHER

31_4 2XN1EAN NEFn4ER

31_4 2XMEAN NEITHEI_

31_4 23(MEAN NEITHER

3L4 2XMEAN NEffHER

0_011,3_30.12.201_O_.XLS page ]0of 15 321
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1aWe 3-6

G_Lmdw_er Data Evaluanon Ag_ln_ Appllc=ble C_eda
DDMT _ round',_r_er Cha_ded_rHon

pRG pRG

Well Value Unlb Q (l_O/t B_IS

MW'24 94 p_tL J 134 TN

MW32 8.6 _IL J 13.4 TN

MW35 13 _(_/L J 13,4 TN

MW36= I1 FAIL J 134 TN

MW44 7.5 F_IL J 134 TN

MW14 0.4 mq/L = NA NA

MW32 397 mq/L = NA NA

MWO3 307 mq/L = NA NA

MW06 401 mc_/L = NA NA

MWO8 225 m_/L = NA NA

MW14 4@9 mq/L = NA NA
MW32 397 malL = NA NA

MW34 3 85 mq/L = NA NA

MW38 408 mq/L = NA NA

MW05 I 1l0 u_/L J NA NA
MWI4 2470 _/L J NA NA

MWI5 1900 pg/L J NA NA

MWIb 1330 pg/L J NA NA

MW191 4040 F_/t J NA NA

MW201 1270(] _/L = NA NA

MW221 1050 F_31L J NA NA

MW23[ 1120 _/L J NA NA

MW24 I 962 F_/L J NA NA

Mw261 _o p;]/L J NA NA

MW32 J ] 280 _/L J NA NA

MW34 I 849 _/L J NA NA

MW_ I I_o pg/L J NA NA

MW36 °j 5960 p_/L = NA NA
MW37 ° 6340 p_IL = NA NAI
MW3B I 920 _/L J NA NA

MW391 2790 _/L J NA NA

MW4D I 4670 p_3/L J HA NA

MW421 5,320 _/L = NA NA

MW441 201D _'_/L J NA NA

MW451 840 ESq/L J NA NA
MW4bl 858 _g/L J NA NA

MW47 1630 _/L J NA NA

MW4B 1350 p_/L J NA NA

MW49 1260 rl_/L J NA NA
MWS0 3330 _/L J NA NA

MW51[ 946 _@/L J NA NA

MW521 1750 rl_/L J NA NA

I BOCI¢. Back-
ground ground

@_/IJ Baals Ex¢ _*_1=? '

I 31.4 2XMEAN _ErrHER

3_ A 2XMEAN '/Er1_ER
31.4 2XMEAN _EnHER

314 2XMEAN _EffHER

31.,4 2XMEAN dEITHER

NBD ND _CKG ONL'_

NBD ND EKG ONb

NBD ND EKG ONLY

NSD NO }CKG ONL?

NBD ND ]CKG ONL_

NBD ND _CK_ ONL'_

NBD ND _CKG ONU'

NBD ND _CKG ONU'

NBD ND _CKG ONLY

34954 2XMEAN : BCKG

34954 2XMEAN : BCKQ

34954 2_MEAN : BC}(G

3495,z_ 2XMEAN : BC_G

3495.4 2XMEAN _CKG ONLY

34954 2XMEAN EKG ONLY

3495.4 2XMEAN : BCKG

3495.4 2XMEAN :8CKG

3495,_ 2XMEAN : BCKG

3495.4 2XMEAN : BCK_

349,5.4 2XMEAN : BCKG

3495.4 2XMEAN : 8CKG

34954 2XM_AN < 8CKG

34954 2J(MEAN BCKG ONLY

34954 _XMEAN BCKG ONLY

3498.4 2XMEAN < BCKG

3495.4 2XMEAN < BCKG

3495,4 2XMEAN BCKG ONLY

34954 2XMEAN BCKG ONLY

3495.,4 ?J(MEAN < BCKG

3495,4 2XMEAN < BCKG

34954 2XMEAN < BCKG

3495,4 2XMEAN < BCKG

3495,4 2XMEAN • BCKG

340'3.4 , 2XMEAN < BCKG

3495,4 2XMEAN < BCKG

3495.4 2XMEAN < BCKG

3495.4 _'(MEAN < BCKG

ORO 11&330,12,20/00&X kS POge 11of 15 322
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Table 3-6

Groundwater Oala EvalUation Agalnsl Applicable Crllerio
DDMT Groundwater Charactoflz_on

POl13mllllel

_nlufTi

IlJcon

_et

_dium

Surfate(a_so4)

[etrach_oroethylen_ (PCE)

pRG pRG

Well Value Unit_ Q (F_/[ But=

MW53 29 Fg/L J 111 TN

MW32 19500 F._/L NA NA

MW3_, 15400 Fq/L = NA NA

MW37 9120 _'g/L = NA NA

MW3_ 2,B _/L J 182_ S

MW4Z 2,_ r_/L J IB2_= S

MWO_ z'8300 F_/L J NA NA

MW07 217_1 _g/L J NA NA

MWI£ 25600 p_/L J NA NA

MWI4 162(]0 FLg/L NA NA

MWI5 ,_52_0 F,Q(L J NA ,_A

MW32 19_00 _glL J htA NA

MW35 17800 F_/L J NA NA

MW38 29800 _g/L = NA NA

MW40 63300 _/L = NA NA

MW_2 36800 Fg/L = NA NA

MW_ 22200 _/L NA NA

MWSO 6]200 _g/L = NA NA

MW52 74600 F_/L = NA NA

MW53 32300 F_IL J NA NA

MW_ I_0 p_/L J NA NA

MW03 459 mq/L = NA NA

MWB5 I1 2 mq/L = NA NA

MWO8 ,_4 mq/L. NA NA

MW]3 21,6 cnq/L = NA NA

MWlZl 23,7 rnq/L = NP. NA

MW32 ] 7,4 mq/L NA NA

MW3d 62 m_L = N_. NA
MW3b _ 4,2 ma/L = NA NA

MW37' ,4,9 mg/L = NA NA

MW38 153 m_/L = NA NA

MW02 2_ Fg/L = 0,635 C

MW03 24 _,9/L = 0,835 C

MWO4 12 _/L =: 0,835 C

MW05 96 ._/L =, 0,835 C

MW07 51 _/L = 0,635 C

MWt_ 26 _I/L , 0,835 C

MWI0 I_ _I/L =, 0,B35 C

MW11 16 p_/L =1 0,B35 C

MWI2 12 p_/L JI 0,835 C

MW13 5 pg/t JI 0.835 c
MW15 _ I F_IlL JI QB35 C

106650 2XMEAN : 8C}(G

106_50 2XMEAN <BCKG

106650 2XMEAN < 8CKG

108650 2XMEAN < BCKQ

108650 2XMEAN < BCKG

106650 _'(MEAN < BC]{G

106650 2XMEAN <BC_G

]06650 I 2XMEAN <SCKG
1066,50 2XMEAN <BCKG

106650 I 2XMEAN <BC_(G
1(_650 2Y,MEAN <SCKG

106650 2XMEAN < BC_G

106650 2XMEAN < F3CKG

NBO ND 8CKG ONLY

NBD ND BCKG ONLY

N_O ND BCK_ ONLY

NEE> ND BCKG ONLY

NBO ND BCKG ONLY

NE}D ND _KG ONLY

NBD ND :KG ONLY

N_D ND ;KG ONLY

NBD NO BCKG ONLY

NSD ND :K_ ONLY

MAX DET BOTH

MAX_DET BOIH

MIbX DET BOTH

MAX_DET BOTH

MAX_DET BO]H

M__DEI BOTH

MAX_OET

MAX_DET _OTH

MAX DE'r BOTH

MAX DET BOTH

MAX_DET BOTh{

OI;O113630.I 2_20/004_I_ Page 12of 15 Z_
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_m_t6t

e#achlOtoethyler,8(PCE)

can_nuea)

Thallium

TOtal DissoJve d SOlidf

_esidue, Fi[ler_ble)

l_t_l Organic Ca_x_n

h]chtoraethylene (ICE)

Table 3-6

Gmunowate_ Data SvaJuonon Against AppU=able C_ena
DDMT Groundwater Charactedzatlon

pRG

Well Votua Units Q (F_/L)

MW21 52 F(IIL = 0,835

MW22 2 FglL J 0335

MW25 Z Fr_/L J 0835

MW26 14 F£1/L - 0.838

MW29 32 Fg/L = 0B35

MW31 54 p_/L = 0.B3B

MW35 26 BgJL J 0B35

MW39 3 _g/L J {3¸835

MW47 23 _/L 0¸835

MWSI 2 _¢_/L J 0¸835

MW23 I pg/L J 0¸835

MW32: I pg/L J 0¸835

MW34 I I p_/L J 0 B35

MWI0_ 086 I _{_IL J 0.5

MW3_ ,_82 mqlL = NA

MW371 19) moll NA I

MW03 4B.7 malL = NA

M_V06 30.7 maiL = NA

M_ 3_ mqlL = NA

MW13 263 mq{L = NA

MWl4 27B mall = NA

MW32 246 ml_/L = NA

MW34 2B1 mq/L = NA

MW36 _ 332 mq/L NA

MW38 262 mq{L = NA

MW02 26 _/L = 3B7l

MW03 13 _/L =, 3,871

MW05 14 p_/L 3B71

MWO6 13g _/L 3¸871

MWO7 26 _/L 3¸871

MWB8 14 p_lL 3871

MWII 46 F_/L ! 3871

MW12 650 F_/L I 3871

MWI$ 11 F;_/L I 3.871

MW21 O F_IL 3 871

MW29 13 B_IIL 3.571

MW32 68 F_IL 3.571

MW35 1£430 B_/L 3.871

MW51 5 B_IL 3 871

MW54 t7 F_/L 3,871

MWO_ 2 F_/L 3.871

MWI3 2 r[_/L 3.871

Back- Back-

pRG gmoun_ ground

Bas_ (F_/LI Basis Exceeds?

C 1 MAX DET _OTH

C l MAX_DET 10]14

C 1 MAX DEf 110714

C 1 MAX (3ET }OTH

C I MAX_DET _OTH

C I MAX DE" _OTH

C 1 MAX_DET _OIH

C I MAX_DET _OPrl

C I MAX DE/ _OTH

C I MAX DET 18OTH

C I MAX C)ET PRG

C I MAX_DET pF_G

C 1 MAX DET pRG

MCLG NBD ND BOIH

NA NBD ND BCKG ONLY

NA NBD ND BCKG ONLY

NA NBD ND BCKG ONLY

NA NBD ND BC}(G ONLY

NA NBD NO BCKG ONLY

NA NBD NO BCKG ONLY

NA NBD ND BCKG ON_

NA NBD ND BCKG ON_

NA NBD ND BCKG ONLy

NA NB_ ND BCKG ONLY

NA NBD ND BCKG ONLY

C 1 MAX_DET BOTH

C I MAX_DET BOTH

C I MAX DET BOIH

C I MAX DET 8O114

C I M,AX_DET BOTH

C I MAX DET BOTH

C I MAX DET BOTH

C I MAX DET BOTH

C 1 MAX_DE[ BOTH

C I MAX O_T BOTH

C I MAX_DET BOTH

C I MAX_DET 60114

C I MAX_D_T BOTH

C l M,_( DE] BOTN

C l MAX DEf BOTN

C l MAX DE[ BCKG

C l MAX DE[ BOKG

or_o i 13630,12.2(3/x304X_ PO_B 13of 15 _._4
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1oblo 3-6

GlOLUldwater Data Evaluation AgQJnst AppUcoble CI_@IIO
DDMT Gmun_,_r Charac_dz_loa

i pRG
pozl_meter We0 Valuo Unlls Q {F_IL]

F_icnJoro ethyde ne (TC E) MW22 2 F_IL 3.871

:on_nuea) MW26 2 _qlL 3.871

MW39 3 _IL 3.871

MW47 2 _g/L I 3.871

MW34 I FqlL ' 3¸871

MW53 I I_/L 3,87i

_itium (HyOrogen-3) MW32 -620 pCilL NA

_W37 ° -570 pCifL NA

/onooium MWI_ 10} _q/L 25¸55

MW39 31 5 ._IL 25¸55

MWI5 8 2 u_/L 25.55
/cnaaium (COnT1nuecJ) MW16 6.5 _/L 25¸55

MW20 199 _//L 2555

MW35 12 F_/L 25.55

MW45 14.8 _/L 25¸5,5

MW07 2 q F_/L 25.5,5

MWIO 17 _IL 25.&5

MW19 26 _/L 25_5

MW28 51 _/L 25,55

MW38 4_ _g/L 25,55

Jnc MWI_ 132 _/L = 1095

MW14 100 _/L 1095

MW20 94.4 _qlL = 1095

MW38 995 Fg/L = I095

MW39 255 F_IL = 1095

MW42 456 p_IL = 1095

MW55 13D rLglL = 1095

Back- Back-

pI_ ground ground

Bolls (F_/'L) BCI_S Exce_s?
C } MAX DET _KG

C 1 MAX_DEE BCKG

C 1 MAX DE] BCKG

C l MAX DE[ BCKG

C I MAX DE[ NEITHEr_

C 1 MAX DET NEITHEr_

NA NBD NO NA

NA NSD NO ',IA

S b 2_M_AN _OTH

$ 6 2XMEAN 3OTN

S 6 2XMEAN 3CKG

S 6 2XMEAN 3CKG

S 6 2XMEAN 3CKG

S 6 2XMEAN 3CKG

S 6 2XMEAN 3CKG

S 6 2XMEAN _EITHER

S 6 2XM EArN '4EIIN_I_

S 6 2XMEAN _EJ]H_R

S 6 2XMEAN '_EJTHER

S 6 2XMEAN _EITHER

S 0 NO _CKG

S 0 NO _CKG

S 0 NO _CKG

S 0 ND _CKG

S 0 ND _CKG

S 0 ND _CKG

S 0 ND _CKG

liONel,scompleted in Canfln6d &3nO Aquife_ I

10te_:

IIO. v0Jid_6_ ¢lG,f0 qu@_fler NA = not O_l_CO_4e I

lIBCKG = excee_ Ix_l_ur_; no PRG ,:_¢o_obrs ND - not _0 I

IIN_ITHE_x ex_ _ibl_l _c_rl_ inl_ nor pl_ $ ,, C_ i1_O In oc_rOclr_e "_1_ systemic efls_ I

_ur_ ( _) frDEC. 1987)

Ihg/L = rn_ro_om,_ per 0t_r MCL= M_mUm Contamlnont ke_,_l I

n_/L o rnll_'@r_ _r It_r MCLG

OROI 1_.12 20y004 )0_ pool@14of 15 3.2.5
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southeast portion of the 1,1-DCE plume, but the plume is also not bounded north of MW-51

(4 pg/L). 1,1-DCE was also detected in well MW-45 to the east of Dumu Field at a low

concenlzelJon (2 pg/L). Another isolated 1,1-DCE detection was observed at MW-47;

however, the compound was noL detected in other downgeadient wells on the DDMT main
installalJon.

Tetrachhiroethylene (PCE). The occurrence of PCE was rela6vely widespread in 1996, as II

occurs in 24 wells both onsite and offsite. Coucentrallons of PCE range from none detected

to 100 _g/L/n well MW-10. For 21 o_ these wells, both the background values and PRGs are

exceeded. For the remaining tluee wells, MW-23, MW-32, and MV4-34, background is not
exceeded but the PRGs are.

PCE is de_ected at four locations on DDMT, as shown in I=igure 3-5. One of the two larger

plumes is centered over the western anti northwestern boundary of Dunn Field and extends
offsite to the west and northwest, The plume is bounded everywhere but _he area north of

MW-51; although the position of lhe isopleth5 is inferred, parheular]y to the northwest.

A low-level (1 _g/L) concentration of PCE was detected at MW-34. The ex_ensinn of the

non-detect isopleth to well M'W-34 is speculative because orgardc consthuents have noL

been preelously detected at MW_34 Values as high as 10ll ,lg/L are found within this

plume (MW-10)

The second large p_ume is in the southwest corner of the main instellallon, e×tending south

of the DDMT boundary. However, offslle well MW_7 is hydrologically upgradient of the

other onelte wells in this area LheLare impacted by PCE, thus suggesting that the plume

potentially has an offsite source. During periods of low groundwater recharge, it is possibJe

that the water table drops such that contthuJty of flow drauang towexd the peleochanne]

ceases. If unconfined llrounctwater does not dteln toward the peleochaiune], the now in the

southwest area of the site would b_ govemed by the slope of the d_y thus potentinlly

reversing the flow dise:tion. Adthtlortal groundwater level data will be t_ken on a quarterly

basis throughout 1997 to evaluate this potenUa]. The highest value in this plume is 52 _g/L

(MW-211. A smaller plume is found in the southeast corner of the main installallon,

centered around MW-25 and MW-26. l_ is bounded to the east (MW-50) and south (MW-52)

and does not go beyond the eastern and southern borders of DDMT. An isolated occurrence

of PCE was detecLed at 3 pg/L at MW-39. There is thsu_llcient well control to determine

whether the detection at MW 39 is part o_ a contiguous plume at wells MW-21 though
MW-23.

Trichinroethene (TCE), TCE is found in five sepazate hica tior_s at DDMT and was detected

in 23 wells during the 1996 sampling event. TCE occars on Dunn Field, the main

installation, and offslle at three locatSons (see Figure 3-6). Values range from none detected

to a maxunum of 1,900 _g/L at well MW-35. Mosl of the concenh-elJons exceeded both

heckgeotmd concen_a_ions and PRGs, or at least hackgeound ooncentraLions. Only two

wells (MW-34 and MW-53) had values that nelti_r exceeded background nor PRGs.

The laxgest TCE plume encompasses the wesl and northwest boundaries of Dunn Field and

extends offsite to the northwest of Dunn Field. The plume _s bounded everywhere but north

of MW-51; although the position o_ the isopleths is inferred, particularly to the northwest.

The high_st value in thts plume, and for the enttre site, is 1,900 pg/L a_ well MW-35. A low



level (1 pg/L) concentzaUcn of TCE was detected at MW-34. The extension of the non.detect

isopleth to well MWo34 is speculative.

A second phime existing in the southwest corner of DDMT encompasses onelte weds

MW-21 and MW-22 and of fsite well MW-47 Well MW_I7 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. Adchtional gToundwater elevatior_s will be taken from these welts

to confirm that the groundwater gradient is consistently from offsite toward onsite An

isolated occurrence of ICE was detected a_ 3 _tg/L at MW-39. There is insufficient we[]

¢orth-o] to determine whether die detection at MW-39 is part of a conUguous p]ume at wells

MW-21 though MW_23, The configuration of the TCE detecUom on the southwest portion
of the main thstallataon ts sirmlar to that for PCE. thus suggesting an otfsite, upgradient
SOLITCe.

TCE is also found in two other Separate locations in $ing[e we(is at low concentratior_.

MW-26 and MW-53 had 2 _g/L and 1 pg/L. rcspectively, of TCE.

1,1,2,2-Tetrachhiroet hane (1,1,2,2-PCA) This VOC was detected in nine onalte and ofislle

welts during the ]996 sampling event, but only occurs on the western side of Dunn Field

and in the offsite wells to the west of Dunn Fmld (see Figure 37). Values of I,I,2,2-FCA

range from none detected to a ma_mum of 420 pg/L in well MW-31 All values exceeded

both background and PRGs concentrations

The groundwater plume occttrs along the west central tioundaty of Duma Field (see

Figure 3-5) and extends to die west of die field. The plume is bounded on all sides.

The highest value for this plume, and the enUre site. is found at offsite wed MW-31.

Carbon Tetrachhiride. Three areas of carhon tetrachIndde occur at Durra Field (see

Figure 3-8). The higher concenbrattons are st onsJte well MW-6 (27 pg/L) anti offsile wall

MW-32 (22 pg/L). A hiw-]evel (1 pg/L) concentzation of carbon letrachloride w_s detected

at MW-34. The extensior t of the no_Melect isopleth to well MW 34 is specuiaUve. There is

good well conizol identlf_ng the eastern and nortbem bounds of this plume; however, the

[o(:a lion of the western non_cietec_ boundary, is inferred because there is poor well conbrol.

Low levels of carbon tetrachlonde (1 to 6 pg/L) are detected m the northwest comer of

Dunn Field. The ]ocafion of die phime is wee defined or_ all sides except northwest of
MW-31. An iso]atell occurrence of carben letracldndds occurs at well MW-26. Cozbo_

lelzachloride is not detected in upgrathenl we]is MW-50 or MW-52.

3.6.2 Distributionof Inorganic Constituents

Groundwater samples were collected emd analyzed for total (un/iltered) metals. Figures 3_
through 3-13 show the concentrataon and dLst_butaon cf _ive indicator metals (leati, tuckal,

beryllium, copper, and total chromium), These ll_Lr es also show that the concent_'ation5 of

metals are variable within the Fluvial Aquifer, with the highest values tending to be
centered in the northwest quadrant of the main irL_talJation Tables 3-5 anti _ suzzu_anze
the concent_atlo_ of detected me Pals within the nuv_al Aqal_er,

Table 3-7 and Figure 3.14 present the effect of grotmdwater _anple turbidity on total

indicator metal concentrations, FJewtcd conce-ntrallons of chrondum, _ cl<el, anti copper

are asscdated with thwer raises of turbidity (<20 z_ephefometrJ¢ txzxhidity units (NT:U]),



,_ :.- 4J



!!l!,ii
oo_o,!__/ _

"_ r_'_'_ _'a_ i

_ o - E

....... g _

!!! o .o"
___._._._,_._,_,o,_. , _
_r//lllll
_l_lll_llltl _ _ ;__o_
°'-_t H+ioli ioi

_. _-_

°'_lliilfil ° _° °
3_

C)









-

)_-00o





256 72

I I I I I

¢J

_o

z

341



Elevated copper and total chtomin_cl are also assodatedL with elevaLed (off the nmsttument

scale) barbldity. Metal concentxa_ons generaJ_y do not show an Increasing trend across the

range of bxr bidity measured m the field. The LLnear correlation bet_veen turbidity and

concentration is evaluated in Table 3-7 by caleulaffng a Linear corrbladon coeff_-dent between

indiwduel tota2 metal concent_aLLons and turbidity. A correlation coefficient value of zero

indicates that the magnib_de of the metal ¢oncenLrat_on is not at aLLlinearly dependen*_ on the

magnitude of L_rbldity Values of positive or negative one indicates a perfect direct and

inverse linear relationship between concenl_adon and turbidity, respectively¸ Intermediate

velues indicate less-than-perfect correlat_oz_.s. Insgect_on of Table 3-7 indicates [hat the metel

concentration to turbidity correlation coefficients ate generaUy low (less than 0.1) with

moderate to weak cortblations for aluminum (0.47) and iron (0.25). Both consdVaents are

naVarally occuJ_nLL in day minerals.

I] erylLlum. Beryllium, found in l0 wells, was detected in Dunn Field and the western half of

the math installation in the February. 1996 sampling program (see Figure 3 9). The highest

vahi_ of 3.7 _g/L, which exceeds the background value for bery]linm, was found in MW-2.

Higher veiues occur in Dunn Field _an in the madi LrLstaLladon In a]l wells where berytiinm

_,as detected, the values were above background concentra_ons but not above PRGS.

Two offsite wells to the east of Dunn Field also had beryllium detected at 021 lag/L (MW-281

and 0 35 lag/L (MW_.5) However, uelike the other metals, beryllium was not detected in

mordior thg wells west of Du_n _eid.

Chromium Chtomi_ was detected in Dunn Field, the main thstella_on, and offsite to the

west of Durra Field, for a total of 27. wells (see Figure 3-10_. Chromium (at 5,6 _zg/L) was elso

detected in one offstie well (MWJ,7) to the southwest o_ the main installation. The h_ghest

values are found in the m_Jn ins_aLla_i(_n, at MW-38 (278 lag�L1, _nti a_ MW-39 (215 lag/L).

Chrorm_m values in Du_n Field :ange from 9.9 lag/L (MW-3) to 63 _g/L (MW-12); while

values in tb.e offsite wells to the west range from 4.4 p.g/L (MW_2) _c 34 I_g/L (MW-34).

Chromium wa_ detected in four wells (MW 12. MW-38, MW-39, and MW-55) at values above

the PRG of 18 pg/L and baakgrcund values¸ The remainin_ wells had either values above

I_RGs or vahies L_t did no_ exceed F'RG$ or b aakor_'ound ¢ono_ntr_tion$

Coppen Copper was detected in Dunn Field, the main ins_allatfon, offsite to the west of Dunn

Field and the mare thstadaLLon, and eas_ cf Dunn Field (see Figure 3-11). The highest velues of

copper occur along the northwest edge o_ the main ir_tadat_on at wells MW-19 (3]5 _g/L)

and 1VEW-20(207 _g/L). Bofh of these values exceed the risk-based PRG o_ 135 lag/L for

copper _od background values. The r_g weLLs, both on,ire and offslte, had copper

values that clld not exceed PRGs or background concentrations. Copper values onsite were

gre_ter than offsite values. Copper was detected m 19 wells In the 1996 sampting program.

Lead. Lead was detected througb.o_t Durra Field and the main Lr_talla tion (where there was

well con_'bl), for a _ota_ of 23 wells (_e_ Figure 3-12). Lead was detected _n well MW-43

[4.7 _g/L) to the west of Du_n Field. Three wells _n the mare L_mtaLla_ion have lead values
that exceed PRGs and background covcen_ra_ions: MW-55 (20.4 pg/L), MTV-38 (30.2 _,g/L),

and MW-39 (99.8 _.g/L). MW-39 had the highest velue of all weil_ _ampledi O_te wells ha_t

either no lead detected or values below PRGs and b ar-kground.



Nickel. With theexceptionof well ivIW-16, nickel was detected in the western hal/of the
main installation, in Duim 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 thstallation: MW-38 {212 pg/L) and MW-39 (164 pg/L), Offsde wells

that are west of DuDx_ Field are below background concenfa'a tions,

3.6.3 GroundwaterConstituentTrends

3.6.3,1 Well to Well Comparison of VOCs

Cc}ncent_a_o_-s of detected rulable organics from the 1996 sampling event were evaluated

as a group to assess holy their concentrations and distrthutiox_ varied from well to well.

VOC5 selected for discussion were based on frequency of occurrence. Occurrences within

the mare instatiataon, Dunn Field, and offsite are discussed

Maln Installation. Concentrations and frequency of occurrence were lower on the main
installation than on Dunn Field. In fact, ordy two of the five VOCs (TCE and PCE) occur on
the main installation. These constituenLs occur in the same wells, which may indicate that

they are from the same sources, The TCE and PCE plumes in the southwest corner of the
main installation are of alrmls r size and shape, w hich may indica tea sindlar source.

Dunn Field, All Eve VOCs occur in Dunn Field, in the western anti northwestern portions

of the field; and all five plumes have migrated oifsite to the west. None of the vocs were
detected in any of the wells that parallel the eastern boundary, of the held, Highest values

detected from the 1996 sampling ever_t were found in or adjacent to Dunn Field,

The TCE and PCE plumes in Dup.n Field are nearly identical in shape and extent, indicating

that they may both derive from a similar source area. The carbon te_'achlorid e and 1,I,2,2-

PCA plumes are also very similar in extent, Only the 1,1 -DCE plume has a unique

cordiguxallon, suggesting either an alt_Ttative source anea assooated with the rtor theast

trendiz_g border of Dunn Field or a degradation plume from PCE/TCE.

Offalte. VOCs were detected offslte west of Dunn Field, southwest of the mare mstalJalion

(MW_7), and at upgradient wells east of Dunn Field (MW_i5 and MW-53), The highest
values for 1,2-DCE and 1,1,2,2-PCA both occur offsite m MW-31. Organic constituents

found offsite west of Dunn Field originated from the Dunn Field groundwater phiff_.

Additional water level data will be collected to det_rcdine iF O_fSite organic eon_ation

southwest ol the main facility results from sources on or off DDMT property. Isolated VOC

detections upgradienl from both Dunn Field and the main installation result from
undeternuned of fsite souzces,

3.6,3.2 Well to Well Comparison of Metals

Concenti'ations of beryllium, cbxomittm, copper, lead, and nickel from the 1996 s_ptin 3

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 exeeedanees of

groundwater PRGs. Occurrences within the mean installation, Dunn Field, and offsite are
discussed.

Main [nstallatinn. With the exceptaon of beryllaum, higher concent:edons o1 metals were
found on the main installation than on Dunn Field. "l'Be highest c oncentra_aons and

frequency of occummce were in the northwest quadrant of the maL_ irL_÷_lla fion.
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In par_cular, wells MW-19, MW-20, MW-38, MW-3g, and MW-55 showed the Ixighest

co_ai_o_ of metals. L_ tho southeas_ q_adr_zl_, moral5 eithe_ were not clefe_d or

occu_ed at very low concen_ations. Nickel, ckrormum, and beryllium occurred in wells in

the southwest quadrant. One well (MW-16) in the hOt,east quadrant, where there is poor
well control showed concerLtra_aor_ of nickel clxromlum, and _ead.

Dunn Field. All five metals were detected in the wells in Dunn Field. Wells MW-12 and

MWol4 were the only individual wells in which all five metals were detected. No pattern of

metals distzibution is apparent, which can be attributed to either var/afio_ in the turbidity

of t_.e u_|tered me_a| sal_pie_ cr spatial variat/on in the groundwater source Lerrns for

metals¸

Offsite Aft flw m_tals were detecEed in at least one offsite well. Conce n_'al:ions in these

well5 wero _ower tha_ co_c_ntral_(on_ found in I_u_rl Field or the main installation. |n no

well were all five metals detected, and MW-43 was the ordy offside well in which four

m_tal_ were cletec_ed.

$.6.3.3 Temporal Trends in VOCs

Groundwater data were available/or 18 wells for _our s_para_ monitonng event_. I)ata

reported for 1989 and 1990 were from the RI/FS characterization reported by Law {1990).

Data reported in 1993 were taken from ESE (1994). These results were compared with the

February 1996 water quali_ results, arid the concentrations of TCE; PCE; 1A,2,2-FCA; and
carbon tetrachloride were plotted over t_me (see F_guze_ 3 15 through 3-18) to iden_fy

trends in co_en_afi_r_ that r_Jght signify, natural attenuation or continued _np_t of

organic contamir_hon into the Fluvial Aquifer. Only those wells were plotted for wl'dch
data were available for at least three o£ four possible co_.secu _ive iiroe periods 0989, 1990,

1993, and. 1996).

PCE. The PCE bend plois showr_ in Figore 3-15 display a varle_y of concenl_'atio_ tiends

over hme. Wells with a predominately decreasing trend are MW-10, -04, -12, a_d -32_

MW-O3 shows a general increasing _end followed by a marked decrease between 1993 and

1996. With tl_e e×cep_on of offsibe well M'CV-32, all the decreasing trend weU_ are i_ the

nor th_,:est pcmon of bke Dunr_ Field plume. Wells with ar_ increasi_ trend in PCE
concentration are MnCV-35__39, and -21 a_oc_ated with the Durun Field plume, _he northwest

portion of tho main installa_on, and the SOuthwest plume, re_pecllvely. Withi_ Dunn Field,
increases m ICE conce_atJon are associated with _he southern potion o_ the PCE plume
whi]_ decreases a_ northward ne_ the no,west corr_ei'.

TCE. The TCE trend plot shown _n Figu_ 3-16 also shows a varle _'y of concen_-at_on trends.
Wells MW-11, and to a lesser extent MW-29 az_ci MW-51 exhibit a c(_nflnuously decreasing

¢o_¢ont_ation _v_ _e. Wells MW-]O and IVI_/'-I 5 had an ino'easlog cor_c_nt_a_ion t_enci

between 1989 and 1993, £ollowed by a de_ease m co_cen_alion between 1993 and 1996.

Inm_asing concenira _ ons were observed at MW-21, located in the southwest plume, and
MW-35. MW-35 identifies tl_e _gradient posi_on of the 1,000 pg/L isopleth (see

Figure 3-6); therefore, _e consist_mtly mcrea_hng concenU'a_on suggests a continual input
of TCE into the fluvial Aquifer. TCE c_mcentzaticns in MW-31, the other sigoi_k:antl y

contaminated well d owng_adient fcorn MW-35, show a generally uniform or slightly

decreasing concmntralion over time. WeBs MW-3I, -11, and -29 all _how a moderate
decrease in c_centraO.on 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 me,easing _end in TCE concen_ation

marked by a decrease after 1993. Other weI[s again show varying fluctuations over time.

1,1,9.,2-PCA. Well-specific fluctuations of 1,1,2,2-PCA are generagy nonuniform (see

Figure 3-17). The only umfo_ increase with t_ne is observed at wall MW-35, agmn

suggesting a contlnual source of organic groundwater contaramadon in this vi_nity. An

anomalously large 1,1,2,2-PCA concentration was observed at well M_V-12 in 1990; this
concentratlon has not been observed since

Carbon Tetrachhitide Decreasing tretld$ in carbon tetrachJoride concen_ation are

observed at wells MW-6 and MW-32 (see Figure 3-18) MW-15 shows a drop in
conce_ttration between 1993 and 1996, after a continual increase. These three wells are

hi<ated near the center of the southern Dunn Field carbon tetrachiodde plmne, Other welL_

with low (<IO 1_g/L) concenG'ulio_ of carbon tetrachlotide show a decreasing trend in
concentcation.

Comparison o1 VOC Trends. Increasing concentrations of both FCE and TCE are noted at
well MW-35 and well MW-21. Both compounds are increasing, not just the TCE

degradation product ol PCE, which indicates the possibility o f continual source term input

in the center of the Dunn Field plume and (to a much lesser extent based on relative

coneentrataon) in the southwest plume. Decreases in both FCE and TCE are noted in the

northern portion o1 the plume inthcafing reduced flux of contaminant input.

3.6,3.4 Tempocal Trends in Metals

Data were available for 20 wells for three separate mohitoring events. The Remedial

Investigation at DDMT (Law, 1990) lind the Groundwater Monitoring 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 concentrado_ of ckrorcaum, copper,

lead, and a_emc were plotted over time (see Figure 3-I9). Only those wells were plotted for
which data were available for the three time periods (1990, 1993, and 1996).

In general, of the four metalq plotted, chromium typically had the highest values, followed

by copper, lead, and arsenic. Metal values generally decreased between 1990 and 19_6, with

the notable except.on of well MW-12. As a group, the metals concen_ations were higher in

the 1993 sampling event than m either the 1990 or 1996 event. The metals analyses for all

three sampling events were performed on unfdtered samples, There_'ore, it is likely that
some of the d_fe_ences in values may be attributed to turbidity in the samples,

Chromium. The chromium plots over time indicate that chromium occurred in the greatest
concenla-aEons relative to the other metals and that an overall decline in concenh'ations

occurred between the 1990 and 1996 values. A comparison of the three sampling events

showed that the general _end was that the highest cixrormtma values occurred in 1993,
intezmediate values occurred in 1990, and the lowest values occurred In 1996.

Copper. Lower values of copper (as compared with chromium) were detected in at[ wells

except MM/-lfl, MW-12, and MW-13. The 1990 and 1993 values were generally ecLu at, or the

1993 values were slightly higher than the 1990 values. An overall dediP.e in the copper

concentzallons, with the exception of MW-12, occurred in the 1996 values.
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Rgure 3.19 TemporaJ Trends in Metals Concentrations (Continued)
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Lead. Lead values over time are less than chrormum and copper. In two instances (MW_

and MW-10), lead eoncentratiom are higher than chromittrn and copper.

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

Arsenic. Arsenic consistently had the lowest concentrations relative to the other metals and

over t_rne In four cases (MW-4, MW-8, MW-13, and MW-34), arsemc was not even detected.

Arsenic concentrations remained the same or sllghdy decreased over time.

3.6.4 Evaluation of Fluvial/Confined Sand Aquifer Connectivity

The hypothesis that the Fluvial Aqmfer and the Con/ined Sand Aquifer are in direct
hydraulic connection has been raised during the course of investigabons at the DDMT.

Evidence for these s_called "windows" has been cited at other Iocantms in the Memphis

area (Graham and Parks, 19_6). Data are available from several sources that strongly
suggest that the Fluvial Aquifer and Codiined Sand Aquifer are separated hy confining
material beneath DDMT, and that a "windows" scenario does not exist beneath DDMT.

These data include bthoJo_c higs, tinek_ess rn_ps, str_cture contour maps, and water
quatity data from the two eqmfers.

Lithdiugfe Logs. Two wells in the vicinity of DDMT, MW-36 and MW 37, were drilled
through the confirdng layer of the Fluvial Aquifer into a lower unconsolidated sand. This

lower sand at DDMT was tentaUvely identified as the Memphis Sand by Law (1990);

however, _s discussed in Section 1,3,2, regional stratigraphic data indicates that the lower
DDMT sand could he a member of the Cook Mountain Formabon. The Cook Mountain

Forma don contaists clay thai can act as the cozfflnmg uuit to the Memphis Sand. Belowthe

Pluvial Aquifer, MW-37 has at least 70 feet of a very stiff silty clay that grades to another 2(3

feet of sandy clay before encountering the lower sand. MW-36 has 78 feet of a silty ligmtic

clay that grades into another 14 feet of sandy clay above the lower sand, The silty clay

sequence is attributed to the Cochfield Formation (Parks and Cannichael, 1988) Thus an

adequate thickness of confining materials has been identified in logs from wells that are

either onsite or very near DDMT,

Downhole sonic, gamma-gamma densi ,t,ty,natural gamma, and caliper higs were run on

MW-37 and MW-36 to evaluate the armhiaz cement integrity, and thereby determine that

intercormection between the aquifers was not provided by the wee borehole. The higgmg

resuJis were reported In CH2M HILL (1996) and indicated that while there are secbons of

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

thee is no evidence to suggest that the i_tegrity of the annular seal as a whole is

compronused throughout the confiniz tg unit interval (see A ppendL_ l).

Thickness Maps. In their study elf the urban area of Mear_phis, Graham artd Parks (1986)

show maps of the thickness of the Jackson-upper Clalbome cordi_ng bed and the aggregate

thickness of clay beds thicket that 10 feet in the Jackson-upper Clalbome confining bed. In

the vidn_ty of DDMT, the thickness is shown to be greatex than 100 feet and less than 200
feet. The aggregate thickness is shown to be somewhat greater tha_ 100 feet. Well control

is reasonably good between the Allen and Sheahan wellfields.



Grahamand Parks (1986) also show areas of depression on these thickness maps. These

areas of depression are shown with inward hachures that imply a llx_ading of the beds in

the direction of the bechmes. It is significant thai no depressions are shown for the DDMT

area, or anywhere reasonably close to DOMT.

Structure Conlour Maps. Well Sh:J 104 is appro_mateiy 2 miles west of DDMT in the

Allen well held, and is referenced in many USGS publications. The altitude of the base of
the Cock, held Formation in this well is shown on Plate i of Parks and Carmaehael (1988) to

be approximately 125 feet msl. For this same well, the elevation of the top of the Memphis

Sand is at 46 feet rnsl (Kingsburv and Parks, 1993). Therefore, in addition to the thickness

of the Cockfield Formation (apprommataly 40 lee0, and any Jackson Formation if it exists at

this Site, there is also 79 feel of Cook Mountain Formation separating the Confined Sand

from the Pluvial Aquifer• The Cook Mounbam 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 also compared

between the two wells. The water level in MW-32 was 59 feet bgr, while it was 142 feet bgs

in MW-37. Water levels were also taken during the February, 1996 sampling event, and, as
shown in Table 3-4, are 60.2 feet bgs for MW-32 and 132.61 feet bgs for MW-37, These

water levels support the lithohigi¢ evidence that the wvo aquifers are separated at this
]ocahoo.

Water Quality Oala. WaterqualitydstawereotitalnedforwelisMW-32, MW-36and

MW-37 and reviewed for similarities and differences• MW 32 is a Fluvial Aquifer well

wIm]e MW-36 and MW-37 are believed to be completed in the upper sands of the Cordined

Sand Aquifer• Allen Wellfialti data are also available, as are the mean, mahimum 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 between the two Confined Sand wells. The latter similarity indicates that there is

not a change in Confined Sand groundwater ¢llerms t1"yacross Dunn Field.

Comparing the groundwater chemistry, between the Fluvial and Confined Sand Aquifers
shows that chloride is bagher in MW-32 (127 ms/L) and the DDMT mean (43•1 ms/I) than

in MW-37 (4•5 ms/L). Nitrogen as nllzate is found in ivfW-32 at 3.97 mg/L but is

undelected in MW-37. Sulfate is higher in MW-32 (17.4 ms/L) and the DDMT Fluvial mean

(24.0 ms/L) than in MW-37 (4•9 rag/L}. MW-32 has a lower value of bicarbonate (47 ms/L)

than MW-37 (168 ms/L). Additionally, total dissuived solids are 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 Cook 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 M W-36, iron is found at 5.3 and 3.1

mg/L, while the mean for the DDMT Fluvial aquifer is 83 mg/L. Potassistrn is fotmd at 6.3

and 6,0 mg/L in MW-37 and MW-36, 'out is only 2.1 nag/L in the DDMT Fluvial Aquifer
mean. The DDMT Fluvial Aqmfer mean for ch]orlde is 43,1 rag/L, but chloride is found at

4,5 and 3.4 mg/L in MW-37 and MW-36 Nitrogen as ntirate is not d etx.cted 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 rag�L, but the DDMT Fluvial Aquifer mean is 24.0 mg/L. These dif/erences support the

hypothesis that the aquifers are not hydraulica_y corlrLected.

Comparison of MW-36 and MW-37 groundwater chemistry to Confined Sand water

chemistry _:om the Alien Well Fie]d indicate a siruilaraty between iron, sllic on, sodium,
chJoride, and sulfate concent_atlons, However, caJdum values at MW-36/-37 are

sigrdficandy above the median Confined Sand wlue (40 versus ll rag/L) at the ALien Wed

Field. AS discussed in Secllon 1.3.2, the lower DDMT sand could belong to the Cook

Motmtain Formallon rather than the Cordined Sand thus accoundng for the differences in

water chermstTy.

3.6,5 Groundwater Flow

Paleoer osional features strongly influence the direction of groundwater flow, as previously

dlscussed in gecUon 3.4. These features also help govern the spread or containment of

contaminants in the _roundwater

Figure 3-3, the potenUometTie map of the Fluvial Aquifer, shows a flat gradient across the

central and northern parts of Du_ FieJd. A stagnation plateau is found to the west of Durul
Field in the vicinity of MW-44 and MW-54. Ftow moving slowly across Dunn Field
bifurcates to the northwesl or southwest upon encountering the stagnatton p_ateau. Most of

the contamthaUon is orio_natmg in the northwestern quadrant of Dun_ Field, so that it wiU
flow west to the plateau and then to the northwest upon encoun_ring the plateau, thus

avuidthg the depressed c]ay to the southwest. However, the configuration of the base of the
Fluvial Aquifer (see Figure 3-2) suggests that another channel may extend to the northeast

tTending along wells MW-44 and MW-54 that could intercept offslle plumes to the
northeast,

Groundwater flow in the southwest porclor_ of the main installaUon is essentially onsite

from the west and southwest. Both the PCE and TCE plumes in this area show eJevamd

concen_ations at offsite weg MW-47, located south of Bail Road, which suggests that an
of_ite groundwater contamina Eon source south of the main instaIlaUon may be

responsihIe.

The PCE and TCE plumes (see Figures 3-5 and 3.6) that emanate from Durra Field are

centered far enough north to avoid gettang pulled into the clay depression The plume

shapes, parllcularly for TCE, have a northwestern lobe that mirm cs the dLrectaon of

groundwater flow, The low levels (_forganic contaminants foumd in MW.6, MW-]5, and
MPW-32 wig migrate to the we_t and then possibly flow to the southwest to enter the day

depression. Because the gradient within the Fluvial Aquifer is flat at MW-]5 and because
contamination has not been detected at MW-33, it is evident that potential lTanspor t beyond

MW-33 and into the cl_y depression will occur slowly.

The bulk of the VOC plume mass (se_ Figures 3-5 and 3-6) at _ Field is located in the

northern po_on 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_O. This is further evident in the southeast to northwest trending axis of the 1,0013I_g/L

TCE isop]eth (Fig_e 3-6) indicating northwestern tTending orgam¢ _anspor t. Low levels or
the absence of organic contaminants foand in MW-6, MW15, MW-32, and MW-33 Indicate

that a much smaller fraction of the VOC plume mass is being h-anspor ted to the

west/sordhwest and pdientially toward the clay depression-

0R011363012&_05,gOC 3_1
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4.0 Conclusions

In accordance with new groundwater data collected during 1996, the following conclusions

can be made regarding grounciwaler flow and groundwater contaminant transport.

• Test bomng and well insta[fation west of Dunn Field have provided a general

configuration of the base of the Fluvial Aquifer shewing the trend of the previously

identified depressinrl in the elay surface (Law, 1990). Gre_dwater flow in the Fluvial
Aqu3 fer west of Dunn Field is con_ro]fed by the configura tlon of the hasal clay umt.

• The cordiguration of the orgarac and inorganic contarmnant 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 tetracb3oride were

estimated at levels beinw the detection limit for the first time in the ]996 sampling¸

MW-34 is comphited in the base of the depressed day; therefore, contarmnant levels

here indicate transport Io the chennel from upgradicnt sources. Soudiward transport

from the Dunn Field pin rues has been assumed; however, the possibdity exists that the

organic con_arnthants may have entered the channel from sources within the maln
thsla[]difon

• With the exception of the detection of 1,1-DCE at offsite well MW-40, orgardc and

inorganic _olume5 at Dunn Field are bounded on die west by welis MW-40, -'t2, 43, and

-41. Significant uncertainty, erasts in the es_mated location of the non-detect isopleths
due to the lack of wed control in the area bounded by Meadow Hill gu'eet and Person

Avenue. (The area _ not easLly accessible due to the foca0.on of the Memphis Light, Gas,

and Water [MLGW] substation.) Low4eve] organic detections occur at MW-SI at the

northeastern position o( the Durra Field organic p]u me, indicatang dia_ the plume is not

comp falely bounded there. Based on February 1996 water ]eve] data, the water level at

MW-51 (233.60 feet mel) is nearly sidegredient to that at MW 29 (233.80 feet ms]).

• Inorgantc constiVaents of concern (hery. ilium, Jead, chromium, copper, and nickel) are

elevated at Dunn Field and the northwest por_on of the main i_,stalla_on. Offaite

concentrations are below detection or significantly reduced. Over all, the inorganic

concentrations are lower in the 1996 sampting than during previous samphng efforts.

All metal samples re,or ted herein were unfiltered and therefore so,dive to sampling

techniques that influenced the amount of sediment in the sample, Use of low-flow

down-hole ppurflp$ n_ay have resulted in lower sediment ¢oncenh'ations than tho_e of
previously collected samples. Additional turbidity analysis and correlation will be

performed during quarterly g_oundwater monitoring and reported in the RI Report.

PPCE _nd TCE groundwater contamination is observed o_ite in the southwest portion
of the main installation. On the hasLs of February 1996 water levels, the offalte

cor_tamination is hydrologically upgrathent; however, whether the gradient reverses

itself during periods of low flow has not been deterauned.

Groundwater quality data, regional s_ratigrephy, and water level data do not indicate

that there is a hydraulic cormection between the Fluvial Aquifer and the underlying

I
I
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sand at WelLs MW 36 and MW-37. However, correlation with lithologic logs at the Allen

Wellfield indicate that the sand encountered at these wells may be part of the Cook

Mountain or Cockfield formations.
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_f i 80RIN8 i_JMBl_

I ST8-_2
SHEET i OF 4

SOIL BORING LOG

f_iO,IECT OOMT GrounOwaler In_esllqallr_n LOCATION M_mDI_S TN

ELEVATION 0_ILLISO C{_rlR_J¢T_R 8oart Lor,_'eor

0RII.LZNG_00 ANO EOL_pNENT RolasoNc

_ATER LEVELS 102 it. (est,) START 1345,I/0/g6 FDE_ 1850.I18/80 LOGGER S, Br_Jer

_'_ $ANPLE STANOJ_RO
TEST

8. -8. -6.

0

5

5
U

5

10

5

t5

5

20

5

25

10

3 _PCheB r*$£thall

I _ -illch_ S B6_ CODf _, r e_ish _r o_rl

lar ave_ly sand

{CLL ligh( tmr(

glaymoLtli_gtrom 31t, _Dthto5 IL
I_eD(h, I_ark orowr_ from S fl+ Depth IO 10

It, (_e_th

I SOIL DESCRIPTION _ONHEN TS

I SOIL N._ME, USCS GROUP SYMBOL, COLOR,
_O]STURE CONTENT, REL ,0FI[LL]N_ RAT
OR CONSISTENCY SO%LSTRUCTURE

I , i TESTS _.NO ]NSTRUHENTt_TION IN[NERALOGY

S_,_rt {Ir_lSng at 1345

0
fL to 2 ft, OU?, SPLIT

Ho_ilieo loeSS

LA'( {CL L li_ti 0rO_ _ilt_ gray
{_ottli_ _, _ois I, tr ¢)¢e iron ¢oncr Bldons

L_gt

roD1tling, tools1
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I_r I ST8-12 5 HEET 2

_f_J_CT OOHT Graun(]water [nve_tiqation

EL_ATION

0_1111 IM_ I_'_ _1 AND _QQIpMEklT Rot asonic

MATER LEyJELS 102 It, (est,}

SOIL BORING LOG

I.OC, e,TION Memphis, TN

DRILUNE (_O_41_TO, q Boar1 Lon_yesr

8TART 13'_5, 1/9i9B F]XISH IBS0, t/9/gB i OGLER S, Bruer

_ ST_NDAROSAMF_E pE N _TERs_Ti0 N

_. -6, -e.

35
T_0

7

40J_--

42

3

45

_- I0

55

6O

I SOIL DESCRIPTION C0kEMENT$

I 50[L NAME, USCS GROUP SYNBOL, C0t.0R,
, ;, OR]LI.]NG RkT

•l -----'---U_N_bNCY, SOIL STRUCTURE. I T_ST5 A_O ]NSTRUHENTAT]0N I

(_,L_Io,ah_e with _awn
an(] [Iray Mot 1ling, mc_st, fCne-_jr eir_eO,
qualt Z, with mica flake,

-- Gia_&til
1 apptoKmtEtely 30 feet t_ _1 leer

FluvL_l Oe_)osi(s

38-3B.3", CLAY [CHI, _t gray, moist

(SWL bro,,_ _ry to
I _oist, m_01um Io coarse flr ain edr quit Z, I

_ lel_ chert

{$P), bulf moi_(,

reel to 44,25 i_-_1

I N_LL-_RAD_gl SANn (SW), orangle, _ist, i
9r _lne_. quar tzl with

I somB s_bl_llBt IO _UbFOU_O_I_ Ch_f_ 1
¢lr OVL,,t

ISP), bufJ Colorell.
I moi$1* m_0Jum 0r alneO, ro_ n_l_ qllal LZ I

Orang1

(SW_ blown, moist to
I w_l, _lel_ium to COgWIG 0r aiflm II. Q_at IZ. I

(SP), Dro_n to

I or ang_, moist, me_Q_l Qr ttin_0 q_tz I

Y

I Bp_'oxlmB(ely ,13 1e_1 to 43,3 I
teet

Fr_e w_t_t p _{
to 57 _eet



m
m

m
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FROJE_'T OOMF Grou_waler Inv_sti_alion

ELEVAT%0_

OFIDJ._G BI_[HQO ANO E_JIpM_IT RoIosonic

I_ATERLEVE_. $ 102 It. lest.) START 1345, I/9/96

IeCR]NGN_(SERSTB-12 SHEET _ OF 4

SOIL BORING LOG

I.DCAT|O N H_'_Dhi3 TN

_)A_LIN8 CONTAACTOA 8o_r* LCu_'_ear

FL*aS N 1850¸ tts/Q_ LOI_[R $. Bruer

SAN_%E S T_NI_AR0

_ RESULTS

B, -8, -8.

e5
ergo

z5
_.o

6Ao. io

88o es

SO]L OESCR[PTION COMMENTS

I SOIL NA_E_ USCS GROUP SYMBOL, COLOR. OEPTM Of CA$]NG, ORILL]NG RA

T OR]LL]NG FLU]O LOSS
ORCONSISTENCY, SO]L ST_UC URE, TE_T AN N TR M NTAr N[HER_LO_y i _ 0 I S U E TION

_ular chert grSvel DSlOW
81 fe_t

ISP], bull colo[ ed.

i_(]e 0 [0 SuE_fl_llt Chetl gt _V_I, Coarse _r_ve
ora_g_ C0]0te(] from_,_ [_,t _0 65 feet

_ul_( Chert
gr_vel

I mec]i0m gtainE(_ _J_IZ, trace S_E_IgUlEr I
cherL gr_vel

Orange and Jine-gl
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1 I ST8 _2 SHEET 4 OF 4

SOIL BORING LOG

F_OJECT OONT Groundwater [nvest_qatlon LI_P_.ATION HBmphls, TN

ELEVkT|ON _ CO_'RACT0_f 8oarl Lon_l'_e,_r

ORgJ, JN6 METPI00 AM EOU]PNENT Rotasoni¢

N,ILT_ LEyB.$ 102 It, _est,} _AF_T 1345, I/@/98 FIN]_ 1850, I/9/98 i _'m S. Btuor

_ SAMPLE ST_NDI*RD

_ i TEST

_ RESULTS

ma,D_

io3

5

It18

I SOIL DESCRIPTION I COHHENTS

S0[L NAME, USC5 GROUP SYMSOL, _OL_R, _l ORILLING RA

I 0 RCON$ISTENCY SbILSTRUCTURE, T AN AT
HINERALOG¥ ' I EST$ DINSTRUHENT ION

Orangl

W_t b_low _02 f_t

CI _Y (CH), _ark gr

_lor_g

_gnit_¢ I_pe_
P

SLOp oraang at 1850 r

01_re gOlO
I hi h solids bent_nile grout on



m
m

m

256 103
_CT_E8

11_3_ Ol 77 I B_I_ BP*JNEIJER
M)4-4Q 101 SHEET I OF

SOIL BORING LOG

pR_C T OD_4T Gtovn_water Investi_Alior_

ELEVATION

_FI]J.UNG KE'{110D ANI) EO_I]_A_T ROt,3sohic

klAT_ LEV_q 8(}.80 IL 8TOC I/In/98

UDCATIOHMemDhis TN

DR]_[NG _'I_ACT_ 8oorL Lon_'eer

_TART 102S, 1/111/0B FE_._Z4 tSO_, 1/10/9B LO_ $ BIuer

_ $A_4PLE STANDARDTEST

_- ' B' -6' -6"

0

5

5

10

5

_5

S

2O

2_

22.5

6

2B.5

CONNENTS

I S01L NAME, L_SCSGROUP SYMgOL. COLOR. I
3. DRILLING RATI

S()[L STRUCTURE. I DRILLINB fLUID LOSS JL DR CONSISTENCY
I H]NER_LOGY ' I TESTS AND]NSTRUNENTAT]ON

I-ihCh TOP_O]t Sterl CrUlingOL 11)2_
I _]1 _Y I_l _*y (CLI. light br o_n. moist. _i[h I

q_erlZ S_ and chert grave_ _'ILL)

BleCK. moil1, wit_ _)roKe_ glaSS shetOs.
meL_l _ieceS, a_ organics

I _1 AY_Y _11 T (NLI, _reer_lsh groy. moist I
ly Hl[h DtO_l 4lOHI_

I_ Ouer tz ",end _ Chell _r a_vel .... _1
[SC). _xowrvsh ar t_nge,

I mDiSL,medium det_se, trace subrour,ded, •

lightly

I POORLY GT]ADED _ND (_P), I

I dense, _edJum, (_uertZ, Irece line, cherl

_tlong or geni_ _e_ey odol in
FILL

HNU . 2 to S i_Dcn_[ S [t, [olO-
ft.

Fluvial Deposits
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I H_-40 (0) SHEET 2

pfll_C T DDI4T Groun0w_ler IovesU_afio_

ELEVATION

DFI]L[.ZhlB ;4ETH_ AND EBUIPNBdT Rotaloni¢

IIATEFI LE'_ 80.80 f_. BTOC I/Id/g_ STAR¥ ¢025. I]10/g8

SOIL BORING LOG

OF 4

I,OCATZONHemphI_ TN

DRZLL/NG COHTRACTOR Boaft ton_eaf

FL_I_4 1805 I]lO/g_ LO_IG_ 5- E_r_el

j_= $1 AN[}ARO

6, -6, -8.

3O

3S
ZS.O

4O
4LO

/*_J.

aL5

6,5

I SOIL DE$CRIPT]ON I COMNENTS

I SO]LNANE, USCSGROUPSyMAOL COLOR_ i

, OEPTH OF CASING, DRILLING RAT
HO]STURE CONTENT. RELATIVE DENSITY

STENCY SOILSTRUC U_E _--"_RI_I,_
FLU[_ LOSSg_ CONS ES S NO INSTRUHENTATION iMII_ERALOG Y ' *

I _FI I -_ nFn _RAV_II Y _Nn I_). • Gr_tIOPBI Crlllt _¢1 7
1_1 fine tr)

F CO_Se. _uaf t Z, _rlth $_r(_ul_(_e_ I0 ]

_ye_of ('1Ay (CHI, li(_ht
I gray and lairen ok3t,moist, soft, m_um to

,o.,.a. ,• o,.o.tioo°,oo ,oct
I _ ISPI I

Ige, _oist, loose, fNe to

52.5 _t: 3 -inch layer o_ SILTY fiANr3 (SH), 51ighi Org_u_J¢odor in silly san(]
grEE'nlsh-gr_y, moist, loosE, fln_ (_Jaftz _ay_

k(,4U_ O0 ppm
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pROJECT _ 16_ hUdGER

ll3630.01.Z2 , MW-40 (01SOIL BORING LOG

SHEET 3 OF 4

_{_E£'T DQMT Groun(:Haler ]_v_li_,Dtir_n

ELE_'ATION

D_LL_G NETHOO ANO EQUIPNEHT Rolssonl¢

NATERLEVEL_ BO-80 I_ BT{3C 1/I,4/96

LOCATIgN MmpN_ TN

ORILL]NG CONTRACTO_ 8oarl Lo,_gye_r

_TART IQ25. IfIQ/_B FII_ZS H 1B05, I/IOIgB LOGGE_ S Gruer

_ S&NPLE I STAND_ROw TEST

6.-o.,.
6O

65

IO/_- 7

_a 15

SOIL DESCRIPTION COMMENTS

S0]L N_WE, USCS GROUP SYHSOL, COLOR, _,

OR CONSISTENCY $(}It. STRUCTURE ORILL]NG FLU]O LOSS
I MINERALOGY ' ' I TESTS AND )_tSTRIrMENTATIDN i

J SILTY SAN(1 (Skt_, li_hl _[ay, moisl loose ] Grad_lionzib ¢(_r,t_ct wilh cherl

Li91 ge (_1o W _3
f[

LIbel gray and _cca_on_l clay below 7B

Light blown b_icw _ f_,

wiJ_ tre_ _a_e[
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SleET 4 OF 4

SOIL BOFRIN6 LOG

_(3j_-r OO_T GrounQwoter ]nvetli_,_tlot) Lj[)C&T[OINIM_mOh]S. TN

EI.E_/ATION [IRILLgCG I[:Ot4TRA_T_ BoarL Lo_year

DRn.L])lIB _ln_BO _ EQIJIp_4E_*IT R_tas_ni_

WATEI_ UEVEI.¢_ 80¸80 fl. BlOC 1/14f96 _T&RT IO25. 1/10/_(_ F_*tI_. I IBOS, 1/10/96 LOI_ S Bruer

I 2.5

STANOARO

RESULTS

O. -O- -O,
(N_

CONMENTS

I $O]L NAME. USCS GROUP SYMBOL, COLOR. I _, gRILLING RA

I _R C_NSISTENCY. SOIL STRUCTURE, I DRILL]N6 FLUID LDB_
I NINE_LO6Y I TE$TSA_B[N_IRUMENTATION

Light gf,ay bek_w 92 ft

ye_ ot C,_AT CCHL light

SllT (MLI, light graY. mc4st. soft

ICL). Iog_kQ[ay, moist, sort,
low to medium p,tssgcit y

pPer
I Claibor c_ Grout_

1530]_=te_ngMW 40

Boring lerm_nBIed 8t BB.5 _t. IBO5 HW-40 i_Stal_e_ Isee
_tt_cheO¢o_str_i_log}
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PROJECT NtI_R LB_N_l N1JWER

i11R3n0177 JMW-41 IK) SNEET I O_ 3

SOIL BORING LOG

F,A_CT OOMT Graur_Owater ]_vesU,_ailon

E[--_'/kTION

ORp,,[,[N_ ME_'i'HO0 A_ EQLI]PM[NT Rotasohi¢

WATEr4 LE_ 65.82 tl BTOC 1/14/g6

lOCAT[ON.Xem_hlS, TN

.DR[LL])t6 CO]'ITRACT(_'_ Boart longyeat

START OgI5, 1/12/_tJ FIk_ 1710, I/t2/gB LOI3G_ g Br0er

_ SAMPLE ST_ROARO
3EST

i RESULT $o.-o.-o.

5
KO

_-- tO

i_ 15

_J_-

23

25

3O

I SOil OESC_IPT]0N I COMMENTS

SOIL NAME, USCS GROUP SYHBOL, COLOR, i OEPTH OF CASING OR]LUNG RATE

I OR SON$1STE_CY, $0[L STRUCTURE¸ I

I N[NERALOGY I

Start Orilling; 0915

SILTY CLAY (OLI, light Of owr_, moilt, 5olt,
[ra¢_ C4_Dni¢ $

Liqhl _rBy r_ot Uing below 3 It

gray A Ot II[rl_ r_loN L_
fl.

ch@rt _raveJ Delo_ IB ft.

ISC}, of ,:zn_ io bf own,

SUDtOUI_a_0, ch_rt

grave_

I _loi_ _, A _r]ium 0¢,115_, fi_, QzJISrLZ with fir_@ I

Io coarse, subang,

_IU vl_ D_0$iL$

ppm
Oft core s_,lmp_e
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INW-_I [KI SHEET 2 OF 3

| r
SOIL BORING LOG

p_O,JEC T DD_'4T Groundwater Investigation LOCATION MemDhi_, TN

ELEVATION ORILLING _NTRkJCTOfl Boart Lon_vear

D=I. i T_ I_ THO0 INO EgUIPI(ENT Re tasoni¢

M&TEI_ LE_,_ t_SB2 ft. BT[3C 141418B _T_T 0915. 1112/g6 F_[]_ I? I0, 11121_J6 LOGG,_RS Brue[

_ T_NO_RO
SAH_E p_ETRAT [O N

z _ IN1
3O

34

3

3B

44

4r_o 45 I

E_O- 5

_ 55

I 5OILOESCR]PTION I COMMENTS

SOIL NANE. USCS _ROUP $YNBOL COLOR.

F,
OR CONSISTENCYI SOIL STRUCTURE,

I MINERALOGY I TESTS AN_]NST_UHENTA_]O_ I

DED sANn (SP), oronge,
I _OiSL. IDO$_. medium. Q_ar_z+ wilh Lrac_ [o I

I. fineto

Dr_

loose, fine, _ar Izl _ith _f_e fine+
5u_a_Jl_ff. Cher_ _ve_

_Tr T (MLI. iFghl
gr_¥, _ry

Qu_r IZ, _i_h I_ Io m_um. i_guIEr IO
$_Orouh_e_,c_eflgrav_l

30 fl, to3t_t,
HN_J . ,_ to 14 _pm

1130

I151

131_ - Cri_ing again

1345
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PR_CT_R

tl3030.01.ZZ

Ww-411K) SHEE T 3 0r 3

SOIL BORING LOG

pROJECT OIJ)4T Groun(J.ater ]nvestiRa[ion !jOCAT]0N Memphis. TN

ELEVATII_N ORILLING CONTRACTOR Boa[t Lon_year

DRILt.DWG METHOD Ah_ EI_U1PMFcNT RotalDnic

HATER LEVE].S 65B_ ft. (3TOC It1_]g6 .ART 0915. I]12/_6 FIZZy4 17i0, 1/12/gLJ LO6GE_ $, Bruer

_. SAHPLE STANDARD
TEST

i _ RESULTS

65

7

72

3

7_

(10._ -

EI_0-

SOIL OESCRIPT]ON COMMENT_

SOIL NAME,_SCS GROUP S_80L, COLGR, L OR]LLING R_TE

OR CGNSISIENCYI SOIL STRUCTURE,
I MINERALOGY I TESTSANO[NSTRUMENTAT[ON I

I S]LTY CLAY (CL], y_llowi_;h orBng_, moill, b

Lighl gray

Bodng

15_0
I G£otechni¢81S J_r_Ole ¢(_11e¢leo _1 I

17$0 H_-41 In_t_lea {SEE
,5[_h_a CO_$3t_¢ {ion log)
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F_O.I_CT NUMBER I BC_N6 NIJ_II_EFI

1i3830 0tZZ I MW-d2 (N_

SHEET _ 0_ 3

BOIL BORING LOG

FR_C T OflXT G¢o_nowater Invesli_ation I.O_j_T]ON Memphls, TN

E1.EVAT_0_ DpJLUNG CON'_CI/LCTOR Boart Lon_tyBa[

0_,XLLIN8 ICE_OO AN[] EaLIZpME_qT _otasonic

NAT_ [,EVE_,,S 54¸45 ft, 8TOC I/t5/'_ STkRT 0885, I]13/98 _SH 1720, 1113/g8 I,OGGI_ S Brger

_ SAHFLE ST_DAROTEST

=o _ 8'-_" 0'

o

,5

5
U

5

Io

$

15

5

, Z_0 20

5

2S
2U

2

2}"

2

29

COHMENTS

I SOIL NhME. _,ISCS GROUP SYHBC_., COLOR,
MO[_ URE CONTENT, DRILL[N_ R_

OR CONSISTENCY, S_IL STRUCTURE, T ST _N N TR M NTA NI M]NERALO6Y I E S O] S U E T]O

I-i_¢h AsDr_lt Sl&rt Orilling: 0835
SILTY Ct _Y ICL_* I_ghl _r own, moi_l, =till _o_ifie_ loess
[o V_¢V slit f, tra_ or _¢_ni¢_ DflllBr had Ioo much _r_$$uf_ i_ =

(ML),Iigl ighl
I roy inlermixe_, toPiS1,s_ft I_ m_O_m stl_f,

_ace organic

SILTy E1Ay [CL). ligP
medium stifl

(ML], ligf
medium stiff

SILTY CLAY (eL}, 6g_
I • _(]ium _til f_ with _o_e coarse, _IIZ I

, subrognde_U,ChEf[ gr a_l

CLAYFY_ANr_ {SC}.BrickreO m_$t,
!, m_1_, IlUItr tZ, Nilh _Ome

]_ Chert _r Bvel

0945

0855

095g

1007

I01_

1045
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I BDR]N8 NIJMB_R

SHEET Z OF 3

SOIL BORING LOG

pRo,,rEcT OONT Grounowaler ]nvestigation i O_TiON.MefaOhls, TN

Ell'VAT]ON O]_IIJ.INGCONTRA_T_ 8oarl Lon_year

ORIIL|N_ NETHO0 AND EaUIPINFJ_T Rotasonlc

MATE_4 LEVIS 54,45 ft.BTOC I115/0B _TAR_" 0935. I/I_/96 FIN]_A L720 I/_3/90 inRI3ER S. Br+Jer

Ii S*%MPLE ST_NOARO
I _ === e"-e'(Nk-e"

z<
3o

3

32

4J_0-

41

45
45O

5S

4,5

I 50IL D_S_RJPTtON I COHNENTS ]

SO[L NAHE, USeS GROUP 5YMBQL, COLOR, !

HO[STURE CONTENT, DRILLING FLU]O LOSS
OR CON$]STEHCY, SOIL STRUCTURE.

I H]NERALO6Y I TESTSA_OIHSTRUHENT_TION

I

I _ANn_TtINF orGng_ tO OrCtarl, Ory, lightly I

.... (sw).
J orang_, moist, Ioo$_ rifle to ColJr$e.
J Q_r tz, NIth fine to coarse. ]uDrou_oeO ]

chert Grave]

CI AY (OH), Ng_
ml_rOleO, m_$t, stiff

LDFn _Nn {Sp_, orange,
I moil[ loose, Be_u_, quar(z, _ith trace I

I,

rno=3_G[E fir_g_f DfP_$of_

1115,¢lrill_r havirl_ troubr_ trit3_
OU_QIIII DiO_ICOr _ Da[Iel

)5e_;f_-oorB

1230

12_5
1305, lu _.¢h bleak
13_8, (Ill,ling again

1353

140S t[e_ W_tBr present o_

] _42_980[_¢hnicals_a_le
to 5_ ft.

I _ IHL], iigh_ gr_¥, moi_l. _OfL I S_r_O i_ lighlly c_mertleo al
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pROJECT NU;4EIER J BORING _U;4BER

113630"01ZZ _ Hw-42 (fflSOIL BORING LOG

SHEET 3 OF

_CT O0 HT G_ouno_ler ]nv_$1_aI_n

ELEVATION

O_LLING METHO0 AND EOIJIPM_T Rot,_$onic

MATteR L_YEL$ 54+45 fL BTOC 1115tgLJ

ii SAMPLE STANOARO

TEST

¢c_ m_ RESULT S

8. -6. -8.
;¢¢[

B5

2,5

67.S

_r_ -

eoJ_-

LOCATION Memphis, T_

I_'qILL]NG C0_ITRACTQR Boart Lot_yeer

tART 093S. 1/b3fg6 FINI_ 1720, L/13/Q6 LO_ET_ S Bluer

I S0]L OE$CR]PT]0_ J COMMENTS

I $O[L NC_RE, USCS GROUP SYMBOL. COLOR, I OEPTH OF CASING OR]LUNG RA"

I _4]NERALoGyOBCONSISTENCY, SC)IL 5TR_CTURE, I TESTS AND ]NSTRtJMENTATION

TY (_ _y [_l.J igh{ gr8 mOiSt $1_ff J_ckson _'ortnatior_Ei UDDer
Y C_DOn_G 0 p

61.5 It .... r _ML),II_ht gray,
mOISt, $0_1

6425 _t. to 645 _t: _TI T _ML), light
gro¥. mold;t, _o_t

Id45
S-I

2,_ LSl

i550, ]ns_all]_ HW-,_2
[ 1720r NH*42 in_l,_e_ I_ee



i
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256 113

Ioe3o.ol.zz SOIL BORING LOG

SHEET I OF d

.oA0_C" r OD_T Groundwater [_vosti(_tion

£LEYATION

OI_I_._'_B _00 ANO EQUIP*dENT Ro_asottic

MAT_ LI_VEL.¢_ Or_' 1118/i_8

LOP.ATZON.Memphls, TN

OF_LLIN5 1_4mACTOR 8oarl Lon_eer

STkRT 0015, 1/14/08 FINIF_I_ 1810 1114/98 L_ S, Bruer

_ STANDAR

6, -6. -8.

0

5

5

3

to

4

20,_- III

25

CO_{MENTS

50[L HAME USCS GROUP SYMBOL, COLOR, [

t H]HER_LOGyORCONS]STENC'_, $0]L $T_IUCTUHE, I TESTS _NO INSTRU_ENTATION

I-inch TOpSO]L $18r_ D tilling; OgIS
I _11TY £1 _Y [CL], light Dt o_rl, noisL, stiff, I

[ra¢o ot glll_Jc$

5 _t tD 10 ft
HN_ © _ _Dm
Oft core $_m_l_

0930

_;th black a_ or _lnge _o t Lli_g Oelo_ 23
ft.

24 ft to 2S fl

HNU = I _Dm
O(I Cote Sal'_DI_

_852

($C], b C cO, mo Sl _,gl

29 fL, _'ay_anO 2B ft to 30 It.
I $_$/lllminatior_s I HNU = 7 _lm, off core s,tm_lle



m
m

m

256 114

,_II[_JI_CI" DGMT Gf_nowsief Jr_vesti_alion LOCATI_q_ M_no_, TN

ELEVATION ORIU_ING CGNTR,ICT_ Bosrt Longyear

O_ _THO0 AND EaUIPWEIWT Rotasenic

WATE'R LEV_ Dry I/IB/_ _&RT 0915. 1/14/ge F_ I_10. I/I,_/96 I_ S. B_uef

_ SAMPt'E STANOARO
TEST

==,,i _M-

_ Z.__zx=3 (i"-6' -_'IN)

33

2

3S
_EO

40

45
!4_o

5S

I SOIL DESCRIPTION _0MHEN_S

I SOIL NAME, USC$ GR(_JP SYHBOL. CDLOR,
ENT. RELATIVEOENSIT Y .DRILLINGRA

I ----"-'---_L_NCY. S01L STRUCTURE. . I TESTS AND [NSTRUMENIATIQN

54 fL IOS4_J_

S[LIy FINF _.NN (SH_ orange_ loose.

Io07

i01._

1023

pDrn

'_0_ i¢or_ s_m_l_

__/

[)f_gl

{SP). orange,
Nith Lr_

t_B,$ubrou_d_,cher_grav_l

[SW),

Q_I_I _ fi_ Io cosrse, _ubangu_ar to
rau_'_d, chet_ _Bvel

_,ch_rt gr_ve_



256 115

|BORING NUMBERI Mw-4a

I

SHEET 3 O_ 4

SOIL BORING LOG

pROJECT DOMT Grounowater ]n_esl[get;o,L lO_,ATiON+Memptds, TN

F..L_'_V&TIO.M D@I_J_]N _ COgTRACTOR 8oart Lon_year

_TI I PqlB _4ETH_ k,*lO EQUIF'gE_NT F{otasor_c

MATI_ t.IEVEJ.S Dry 1flSlg_ STAR T OD 15, I114198 F]IqIS}4 t810. tt14/g8 LOp_3_ S eruer

_ SAMPLE ST,_NOAR 0

ii+ ++ 8, -8. +_,+,

85

68

7

_LD 75

AO
luo

e5
_Lo

COMMENTS

I SOIL NAME. USCS GROUP SYMBOL, COLO_ OEPTH OF gA$]_G_ OR]LUNG RAT

0R _ONS]STENCy. SOIL STRUCTURE OR]LLtNG FLUID LOSS
I M NE_ALOGY I TESTS ANDINSTRUMENT_T[0N

IS_I,

Ff_e _ale_ preform Dn gr Etve_$

1133, (_5 ft. IO _B H.
HNU . _ Ir_ I_ _rn
Oil cor_ samO_

115_,
HNU . 5 D_m

_5 11. LO_0 fl.

HNU _ i_ _m
Off _ore sample

I_SS

13t5

1340, drainng _Qaln
85 fl. to 87 it.

Hh'_ . 2 Io 8 D_r_
_)lr care S,_tmDl_



25G fIG

I_ I ww-43 SHEET 4 oF 4

SOIL BORING LOG

FR(_C T DDHT G;o_n_waler ]hv_$ti(_st_n

E'LE_4ATION

_11111N_ _00 AI{I E_JI_qBI_T Rota&ohi¢

WATI_R LEYEI,S Ory 1/16196

LO_TIO_H_DhiS. TN

OR]LLIN$C_NTRACTOR @oart Longyear

qTART 09t5 I/I,I/g6 FI_SH I_10. t/14f06 LO66ER $. Bruer

STANOARD

°-°'-°

g2

3

95

100

I04

104,5 0.5

10_O--

I S0[LOESCRIPT[0N l COM_ENTS

l S0]L NAME, U_ GROUP SyNBOL, COLOR, l
!NT ;,OR]LUNG R_

OR CONS]STENCY. 50[L STPJJCTURE.I [NERALOGY I TESTSANDINSTRUMENTaT[0N

POO_tY-_g&O_O SAN_ [SP),

01Iv@ _I E_ f_ E_K] _OWI_ DelOw _01 It.

t
h_10, _elJ-ceme_teo, medium, qc,_'tz.

_f_r[u_i_ous

Auge

1418,9_tt. I_gSIL

HNU = 7_p_

HNU = 110 4 pom

HNU - 2 to 7 opm

Geolech s_e_ _le _O 0' 1_ %02"

IBI0, NW-43 ]nsl_lled _see --



256 11'7

]M_-44 (MI SHEET I OF 3

SOIL BORING LOG

_j_CT OOMT Gr_ndwaler Ir_vest,_atlor_ LO_J.TIO_I.H_nO_S. T_

E'[._'ATZON DRILL[X8 C_4TRACT(_I Boar_ Lon_year

O_ln i thz8 _4i_J ANO EQiJZpNF_I'r R6ta_o_i¢

NATl,1 tJEVE_.q 51.B? ft. 8TOC 1/18¢96 _TA_.T 09_5. 1/15/88 F_4[_4 1715. 1/15/88 LOGOr_R 5. Brier

_AMPLE STA_aRO

ii°.,.,-----.--¢_ _ REStlLTS

z _ (N)

o

3

3

2

5

i0

_5

2o

_5

COMMENTS

GO[I. NAME, U_C_ GROUP _YHBOL, COLOR, OEPTH OF CA$ JNG, DRILL ING R_,T

I M]NERALOG_,ORCONS[STENCY'SOILSTRUCTURE' I TE_T$ AND]NSTRUMENTAT[_N I

Start Or IIIblg: 0845
I _1_ TV _ _Y ICL), light br o'_n, moist, I Mo(_if_e_ Io_$$ I

m_Oium 'qif f,

IL

Tr F1¢_ Coaf$_ (_J _=to

fL

_NnY CiaY (CL), lig
tea mot t_ mo_$L _tiff

(SCl,
I _o gr_y In I¢*rmIK[r_g=molstj _e _iur_ _nBe, r

fine IO • B_ium
I _Jbr oun_ed cherl _lav_l I

/

_ub_f_u_l_ Ch_rt _av_l

O84_

1000

tO08

IOI3

_1_1,_10_o$i15

18 fi _o_0 fL
HNU © 20pm
He_Q_D_ce if, zil_o _k _g

ID2_

1049

28 fl. t_)0 It.



256 118
I J B_ _M_R

IM_-44 (H) SNEET 2

SOIL BORING LOG

OF 3

pRO,_C TOO 141 Gr_un(J_ter Jnvesti_at$or_

ELEVAT;I)H

DR]U.mE kETI_O ANO EOLIIPMENT Rotasonic

MATER U_yB.5 51,87 fl. BTOC _/IB/96

I._T]_ HemDhls, TN

OR]LL_ CONTRACTOR Boart Lom_eDt

5TART 094s, IIISIB8 F_]_I 1715, 17z5198 1,0_'Q_ R $ Bzuer

_ SA_PL_ STANDARD

ii
4

35
T_0

6

40.0--

43

2

d54&g

_5
Z,&0

5O]L DESCRIPTION COMMENTS

I £O]L NAME, U5C$ 6RGUP SYHBOL COLOR,
, , DRILLING R_

_R CONSISTENCY, SOIL STRUCTURE, DR[LLING FLUID LOSS
I _[NER_L06 Y I TESTSAN_INSTRU_ENTATION

1112

1137

1148

SW), o ange, we lulfer
[ a 8 e0], oose, ne LOCOD _e, Quartz, I I_10, O[ill_r s take btea_

with trace fEne, grDvel 230, _rl ng _g_n

POORLY GRADE[3 SAN[3 (_p), orenge, wet,



256 L19

J B0RIN8 NUMBER

t _ I MW-4'I {M) SHEET 3 OF 3

| I
SOIL BORING LOG

_l_CT _HT Grovn_w6{er I_¥es(i_atior_ LOC,&T|0N HemDhis, TN

EI.EVATION DP,IU-IN8 CONTRJCT(_R Boart LO_year

C*mt i TN6 NETHI_ ANO ESU]PNENT Rolalorllc

_ATE_ LIEVEL,_ 5187 It BT0C I/IB/g8 _,T&R ¥ 0_'45, 1/15/_8 F[]_I_I 171_ 1¢15/08 LOG6E_ S. Bruel

]E_ SAHPLE

8O

65
eEO

_'ID- I0

7_

_tOo 10

85

0

87,5

[ STANOERD I $0[L DESCR[PT]LIN I

T $$RE_LTg

B' 6" e"
qN)

COHN_NT5

I SOIL NAME USCS GROUP SYMBOL, COLOR I

OR gONS]STENCY, $0[_. $TRUCTURE, I T ] A 05$
I I ES $ ND IINSTRUHENTAT IONNINERAL(1G_"

Ig_ 1305. hlnch I_reok
1330, (_rNling ag_

1_40

• 77 f_,

rv _1 _Y ICL),_ighl _ra'_ wilh aWK _AeOium to ¢oorse grDv_l-size_,
J _rDy _O _a_k _O{_ling. _OiS[ _l_(]i_l Stiff I I_rl_gJoB_ _dg(OrZ2 ft_gl_*_$ d

• L 78 dr., e(].
well ¢_m_n{e¢_

er: I _. 175.
1.75 t_l

[iD_t
Claibor n_ _toup

I,_25

1 1540,]nslall_g RH-4a

Boring 1715, Isee



/
m

m

256 120
_CT NU_ER

113830 OI ZZ BORIM$_.II4_RMW-_5 [C] SHEE T I OF 3

SOIL BORING LOS

pROJECT OOMT Bfo_ndweler Invee[l_olion I_p_/cTIO_I.N_'_DNS, TN

[B,.L_VATION rJRp.L_*IIO CI_N'_A_'r_ Boar[ LOrl_¥eer

0_,_.LI,_B _T_;10(J AND EDWPI4ENT _eLalonic

WAT_ LEVELS START 0915. I/_8/_B FINISh, 4 laB0. Ilffi/G8 I OG_,I_q B. Bruer

_,_ SAMPLE ST&NOARO

_

_O 5

1_0 10

i2.5

U 15

_m

i 2r,.0 _5

2.5

2.5

I BOIL OESCBIPT]ON I COMMENTS

SO]L NAME, U$C$ GROUP SYMBOL, COLOR,

ORCOHB]BTENCY, 5OILBTRUCTURE,
I MINER&LOBy I TESTS &NOINSTBUNENTAT]ON

i _n TY _I AY (CL_ l;_NtDrow_.moist, Sort. i

with trac_ or_afli¢$

Of mEt.

With otaf_0e P_Oltli_

With oronge _ Oelow t5
Ft,

i _NrW I:L$*y [CL},0ght brown, rnoi$L. i
meoium stiff,fine Qu_r tz sa_d

CLAyEy _At_O (5C). erartoe NiLh light

fine,(_af tZ

Start Orillino:091_

O@25

0B33

$0 ft. IO15 ft.

HNU. _ _n

HB_Ospa_eln ziplock ba 0

0945

m _leYi_ OeDosit_

095B

gravei i0_0, rlg _ maki_
B t ei_ph_ne _,_l
1020. dr01in_ _g_in

iO



I?,l ,
I BORIhlG NUNBER

PWW-45 (C) SHEE T 2 OF 3

PRI_JECT h_JN_R

113630,01.ZZ BOIL BORING LOG

_FII_.]F__"r O0Nr GrounOwsler ]t_v_sti_alion

EL_CV&TZOne

OFI]IJ._*4G 14_,'r)_oo AI,G) EQzJIp_4E_IT Rotasoni¢

WA_ UEVEI.,S

LO_T ]ON_MBmphis, IN

OFJLL]NG CX]NTRACT(]R Boart Lon_;,eaf

_TAR T 08t5, 1t1(3/8ES FD_, _ 14_0 1t1(_/90 LOGGERS. Bluer

_ SAMPLE pEh,IETRAT ]0 N
TEST

35

4a_ 8,5

45
4_9

S0

55
rdL0

COMMENTS

SO]L NAME USCS GROU_' SYMBOL CO,fOR
MO]STLIRE CONTENT _EL_TIVE DENSITY _,DRILLING RA

, OR [LL]NG FLU]C]LO_OR CONS] S[ENC¥, SOIL STRUCTURE,
I MINER_.LOGy j TESTS AND [NSTR_MENT;_T]ON

1045

(SW),

I oran_Je, (qols(, itz_ose, [i_ to Coarse, I

QIJar tz _,

WFII-_O _RAVELIY 5AN_ 15W_

¢O_SE, q_EILZ,
I _ubro_n_BO,chBrlgrBve_,,,w_mir_orclay I

(SP),Ora_e,

(8WK
oraBge, weL (s&%urale_J,loose,li_eto

wJ_h co_rs_, qg_t'_Z S_r,_

{SP),ore_e wet

45fL. lo 50 It.

Hh_J = 4 pp_

1130

1141, Fhlv_ &Quifer

I
10 _



256 122
I B0R]N6 k&INBIER

J | J M_-,_5 IC) SHEET 3 Or

| r
SOIL BORING LOG

Pq_EC'T ODHT Gr°unGweter ]nvesli_ atiO_ LOP_TION HemONs. TM

ELEV&T[ON DFI_L_I6 CONTRk_TOR Boart Lon¢Jveat

0roll i _ [4ETH00 &_ EQU[PNE_IT Rot a$onic

MAT_ M_V_[.S _T_IT 0915, I]16/g8 F[N_SN 1450, 1/18f_O LOBSI_ s. Bruer

_ SAHPLE STt*NO_R[3TEST

i_ _ =_ _ RESULTS+8

IIW 65

5

?0

S

_5

la,D-

I SOIL OESCR]PT]OR I C(_HENTS

S_]L NANE, USC$ GROUP SYH_OL, COLOR,
[,

OR £ORS]STENC¥. SO]L STRUCTURE,
I NIt_ERALO6 Y J TESTS AND ;NsrRuMENrAT]_N

I _ELL-GRAB_B GRAVELLY _AN[1 I_), I

I,oar sB+ _uar tz, 1153

_Ay ICH), li_1 gft_y
marble_, m_i_t. $olt _2_d

J_Ck$o_ Fol IIIi till_/U_ Ii_l

_73 fL IO t35 fl,; I)41._+

I NANNY All • (HL), light gray wilh orange I
• motl_nq, mNst. $o11. li_e _1_0 p "_ 1242242

>g)



256 J23

I]3830,01,ZZ HH°48 18) I

r_ SHEET I OF 3

SOIL BORING LOG

_R_C" r OSMT Gfoun(Iwater ]nve,_ti_etlon LO£._,LTl0N.Hem_his, TN

8,._ A T Z0N 0 ml_ v_8 CC_ITRkCTOR Boart con_year

ORP3._8 I_THOO MID EO_PI4F_IT I_ot_5o,'_c

NATE_ LEVELS 54.01 ft. _s. I/_T/tJTJ STAR T 1048, 1/22/g6 ,¢_N]8i4 1640, I/_2/_8 i r,r_ S. 8rue_

SAMPLE STANQARD

o ..-8.-e.-- z,_ (N)

COMMENT_

SOIL NAME, U_C$ 6ROUP SYMB0_.,CeLOR, ,DRILLING RAT

I ORCONSESTENC_,$OILSTRUC_URE, DR[LL]NGFLUEOLOSS
MINERAlOgy I 1EST_ND[NSTRUHENT_T[ON I

U

Sl_rt Oti_ing _1 104_

(ML), ligl Jght
gray tool _Lir_ m_i$1j me_i_ r_ _[if f, _£_JC_
or ga_¢_, low plasticity, blocky _IlUCI_r e

ADrUDt contact

m.O

24

_8

ICL) EOh_ _r©
moI Lli_ * moi| I, me_Ju_ _lif f, _e_um
plastic_y

I _lth orar= e mot (Ing _nd Ir_ce i_on 1

I black _nO _ghL Drown moLl_ng, meist+ I
medium _4if I, , auarlz

ADru_t Conla¢_

SAN[Iy CL_y IC_) , molsl, 8¢1

[r_ff f IrlB_ s_roun_edb C1_1 gr _1 Fluvial _po_i[$

(SC_* q moist,

[CLI_ ,moist, Gta_atio_l¢o_lB_l



/
i I
CJ_
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256 124

_O_ECT _MB_ I B_ _M_R

113030+01'ZZ i HW'40 IB)SOIL BORING LOG

SHEET 2 OF 3

_CT DDHIr Gfouh_wolor ]nvest}_at_n

EL-='I&TIO_I

O_IL t IN6 (4E'p,_ _ A_,(D EOUIPI4ENT Ro ta$o_ic

N&T_ _ 54.01 tt. 0_$. 1/2719G

LODkTION Hero'his, TN

i_RILL_8 C_/TR_TOR Boert Lon_year

RTART 104B, 1/22/96 F/_B_H 1840. tf2219B LO_E R S. Bruer

_ SAMPLE STAND&RO
TEsr

8"-e" e"

_u

3.5

34

3

38

400- 3.5

42

3.5

47

7

54

3

57

3

8O

COMPIENTS

I SOIL NAME, USCS GROUP 5YNBOL. CGI.OR,
T,I

ORCONSI_TENCY, SOIL STRUCTURE, [ TE_TS A_DINSTRU)4ENTATIONI MINERALOGY

(SW).
r _owgli_-ots_ge, moJst_ 10050, lJhO I0

COat,O, Q _edi_m,
I $_lbanlluiat to $_lbrourIO_ Chef1 _lravel

Gtooa(iO_l¢ontocI

Gradatiohaico_t_ct

_Nn (EHL 4igl

i _.%*,%________ J_____L_=-, Ch£rt_r_vel __ / i

I _4 fL: t_-inch I_y_f ol SA_tny PI _' {_L_ I

iHr_ (SM), Lan moist to wet,

_AHD ISP-SM},

q_lar Cz, sBty, n, $_b_ouh_o_

cherJ gr Bv_l

ge ,_1 _0 IL t5
or a_gish _town

_3_et fromBllt, Io 4_ fl,

4oo$_

(Swk]sn
I moist, I005_, ([n_ i& _oarse. a_at tZ. Wi[h I

($WL
or_ngi_h-brown, mois], Iooso, fLr_e to

r "_-r 9 Unde _O_c_h__r_t _" __V_e_.............. rl GraQallonal ce_t 8¢t I
3ED S_Nt3 [_), I_ ¢o

so_ne _JIt



R
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256 I25

F_II_I_,_CT 0DNT Grour_l_water Investr_tio_t

EI._'_& T [0N .

g_ I IV G NE'rHo O _ EggfPNENT RO tasonic

N_ER LE¥_,._ 5_.OI It. _$. t/27/gO

I BORINSNUl41BERMW-d6 (B) SHEE T 3 OF 3

BOIL BORING LOG

i.O_J_T1ON Meaphi$, TN

D_fLUNIB C_*IlrRACTO_ Boort ton_,_ear

gTART 1048, 1/22196 FE_[I_ 1840, 1/22/08 I ,_r_#¢= 5. Bruer

r

Ii SAMPLE _ STANOARO

TEST
_ RESULTS

=_ 8" _'-_'
_z IN)

8

f_B-

68

7

2.5

77.5

I SOZL NAME, USCS GROUP SYMBOL, CGLOR, I
ENT

I OR CONSISTENCy 50IL STRUCTURE I
N NERALOGY

With oli,,e gra 3 on5 from 60 ft,
to 132 ft.

{SP),

I bro'_tli_h-orart_a, wet, loose mee, u_, I

COMNENTS

$]XG, DRILL]HG R_
ORILUN6 FLU]O LOSS
TESTS AND

Fluvl_d Aq_ller

Cl

ora_lish-br owft, W_t. lOOSe, fin_ Io ¢&arsB

chert gtBvBI

_y_rofc_a_.Gghtg;ayan_

_er of orgy, llghl gray and

[_k), light brown enO Gght
gray, mois(, meclum stiff to Slit f, r_eoi_m
plallicit y

st_iJ_Pg

0eol_oh_
72tt.

"_i[fo_ion_l¢onlaot

_LfOr_t_t = i.5.
1,5. i.5 tSl

SIODD_(I 0tillihg 8115_5

at t EtChBd COnSt r IfO tlc_n iooI
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pro i. No.: 113630.01 .ZZSOIL BORING LOG

Ddlllnfi comrec_or: $oarl LonfiyearWlinnesota
Drillin Method & E ui ment_ Rot.asonlc

Sam le Soil D_scn tmn

o _ _'anetn_=_ Soil name, uses fimup symbol, c_lor,

=_ _" R_ _oisture centent, relative densdy or
:onsistency, SOIlstructure, mineraJogy

m = ,= 6*_%6"

_.levation: .oc,ation: Memphis, "iN
31arl:J5fi123JA_=-fnish: 1725/23JAN96

Depth of casing, 0dlling rate,
ddliing llulO loss, tests and
inslrumentation

Water Level: 102.78 fi bgs
Sheet 1 of 4

I inch TOPSOIL
SILTY C_Y (CL}, light brown with black "
znd light gray motfiing, rnoLst,soft, trace
)_janics

- light gray with orange snd light brown
mottling with iron nOdules (<1/8 inch
diame+H42ter) below 10 It

- light brown with orange and ligM gray
motUing below 15 ;1

it brOWnwith black

ight gray sVealdng, moist,
nedium sfiff, fine, quartz sand, with

(<I/8 inch

- brOwnisll-red with ligh! brown and I
gray intermudng below 26 11

Start Odding at 0855

modlnOd loess

- gradational color change

- firaOallonal COlOrchange

- gmbetional COntact

Fluviet Oe_shs

- g_ds_lonal color change

CLAYEY SAND (SC), orange to orangish- - al:r_pt COlor change at 33 f
brown, moil1, medium d_Bse, fine, (

* groundwater level measurement made on 27 JAN 96



GW Investigation

127

pro i. NO.: 113630.01.ZZSOIL BORING LOG

Dnlling Conlmcto_ Boart Longyear_innesota

_S. Brder_MGM

Soil DeSCn_

penecnr_n _;oil name. uscs group symbol, col0r, i)egth of casing, ddllingrale,

R_b moisture ¢onterd, relative denstty or
soil structure, mineralogy

50

55

Sheet 2 of 4

34 fl: POO O D SAND (SP) __ omdalionaJ contacl

brown, moist, loose, fine to medium,

- lan and brownish-orange below 53

- gradallon81 contact; c,Jaye y

Lan and brownlsh_orange, moisl, Ioo,se.

One to coame, quart_ wJtJl fine to coa_, - graOational contac_
trace sulc-

ctlert Cobbles

brownish-

quartz
o lan below 63 fi

o browtlish-orange t_elow 66 ft

NOTES,'
- groundwater lavel measurement maOe or) 27 JAN 96

- gradationaJ comact
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DMT GW Investigation

256

Proj NO.: 113630.01 .ZZSOIL BORING LOG

Ddlling Contractor_ Boart Longyear_Minne_4)|a
Rotasonlc

$oiJ Oesc_ption

pene_at_ SOJJIlame, uscs group symbol, color,

rnoislure content, mlalJve densRy or

consis_en cy, soil st_c_ure, mineralogy

Location: Memphis. TN

Finish: 1725 / 23 JAN 96

_. Bruer_MGM
Comments

Depth of cas[nfl, 0dlling rt_te,

ddlllnfl fluid Ion, tests and
instrument a flon

Water Level: 102,78 fl bgs
Sheet 3 of 4

3rlO_TI, moist, 1005_, fl;lO tO _&rse,

!quartz, vAtll fine to medium, Submueded

chert gravel

- wefl graded to gap graded belOW 84 fl

- flraflational conlact

- gradalional contact; clayey

-grsdationalconlact

- trace fine to meciium, subrOunded,

cJlerl grovel below 89 ft
- tan below 90 fl

-Ixownish-onangebelowfl4 fl

-tan below fl7

- with fine Io coarse, subroundefl to

rounded, cbert gravel below 100 ft

- grounowater level measurement made on 27 JAN 96



256 129

iPtpt • NO.: 113630.01.ZZSOIL BORING LOG

DDMT GW Investigation Ddlllng C0ntn_cto=: Boar( Longyear_Minnssota

Rotasonic Logger,
Soil DesCription

Pe_a_o_ , _oil name, u_.s group symbol, chief,

11oislurecontent, relalJv_ ¢ierlsity of
;onsis_ency+soil structura, minsralogy

ILocation: Memphis, TN
Flnish: 1725 ! 23 JAN g6

S. BNer_MGM

Depth of ,'_=_ang,drilling rate,
drilling fluid loss, tests and
instrumenlatien

102.78 fl bgs __

WE G O DG VE (GW),btOW_lsh *gladationalcontact
orange, moist to wet, loose, fine to =)aw,_ - Fluvial Aquifer at 112 I1
subroun0ed to rounded, ¢;lert witll
medium i0 coarse, quartz _rld
- wet below 112 R

(CL}, lightgray, lavender, an i - erosional conta¢_
yellowLsh-orange (marbled), moist, stiff,
\ medium ptasllclty
_ (SM-,SP), light gray, wet,
loose, fine to medium, qusrtz, minor cl_
- 2 indl ¢Jayseam at 118 fl

_gmy, lavell(_sr, all

yellowish-orange (marbled), mo_sl,stiff
Io yaP/stiff

belOW 124 ft
Boring Terminated at125 feet

- blaCk silt 18minatJonon
bottom of clay seam at 11

at 1503

1725 - MW-47 installed; see
attached construction diagram

- gmundwater level measurement made on 27 JAN 96
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Proj. NO.: 113630.01 .ZZ

SO L BaR NG LOG
DDMT GW Invesligaben Ddlllng Contractor Boart Longyear

Drlllin Method & E uJ meat: Rotasonic

RT,e_ _oislure content, relative density or

5"_'_ :onsistency, soil structure, mineralogy

Elevation: _ocation: Memphis, TN

_55 1/24196 IFinish: 17:]0 1124196

_merlMGM
Cemmen_

Deplh of casing, d_lllng rate,

_dlling fluid htss, tests and

illst pJtlleatation

Sheet 1 of 3
1 inch TOPSOIL

SILT( CLAY (CL], light brOWn with ligM

gray mottling, moist, son, low plaStic4ty,

trace organimi, trace iron nodules (<1/8-

inch diameter)

31art Ddffing at 0855

modified Joe_

- stiff with fight brown with blaCk mottllr
below 14 fl

- with light grsy, orange, and black

moffilng below IS It

_ (CL), light brown, moist,

medium stiff, mecfiu m plastJdty, fine to
coaPsu, quartz ,_ll3it, traP._ fine to msdiunl

\.subanou_artorour=de_,chertpmvel / -gr_laitoaalcontact
(8C), brownisi'Pred, maisl

medium dense, medium to coarse, quartz

tntc_ fine to m_ium, su[ofOuaded to

rounded_ c_ert gravel

• 1 inch SILT (ML), light gray
a118 It

Fluvial Deoosit_

- gnabetfonal contact at 26 It

(SM). browntst_orange, - ab=upt contact with black

\ moist, loose, ouartz /" iron staining and coarse,

_OORLY G_ (SP), onangish- chert gravel at 27 It

brown, mo_st, loose, meclium, quartz, /_= - gradatiDnal contsct at 29 It\tra ,fine, 51JbgEtund _d, cJ_eft gravel / - gradatlonal contact at 31 I
(SM), tan, moist,

loose, quartz

=OORLY GRAD S ND ($P). lan to

Irangish-brown• moist. Ioose_
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Project: ODMT GW Investigation

256 131

Pro_. NO.: 113630.01 .ZZSOIL BORING LOG

D_illing Contractor: Boan Longyear

Soil Deschgtion

ontent, relative denny or

soil Sll_Cture, mineralogy

:_er: _, B_JerlMGM
CoMn_ent$

_ept_ of Casing, drilling rate,
Jdlling fluid loss, tests and
ii_tn@ntat Jan

L.oc.13tion: Memptlis, TN
JFinish: 1730 1/24196 Natcr Level: 79.98 fl logs

Shee_ 2 of 3

ti'ace fine, 5ubrounded, chert gravel

- light brow_ to orangiSh-br0wn below
39fl

(SM}, tan, moist, loose

quartz

POORLY GRA D SAND (SP), fan, rooist

ooso, finE*tO medium, quax3cz

• orangisl_-i0n_wn below 52 fl

GRAVELLYSAND(sw),
)rangish-brown, ro olsl to wet, loose,

]=le to coarse, qua/lz, wlth fine to coarse,

_uba=lgular to mundch, chert gravel

POO GRADED SAND (SP), tan,

moist, loose, fine to medium, quartz

- cJay laminations at 62 fl

• orangis_bmwn to brownish-orange
below 62 ft

- cJay laminations at 68 fl
- tan below68 ft

- free water present on gt"avel_
below 39 fl

- gmdational contact

- gradaflonal contact, ctayey

- free water present on gray(
below 55 ft

- gradational comac_

- abram color change at 62 ft

- abnJpt Color change at B8 ft

- groundwater laver roeasureroel_t made 1.27/96



Pro i,NO.:

113sz0.Ol.soILZ.ZBORING LOG

Drilling C0rdmotol: Boart Lgngyear

Soil Oe.scd I_

SOil name, uses group symbol, COlor,

"noislure conte_t, relative density or

• 3nsistBIlCy. soil 5tnlctu_, mineralogy

u_cation: Memphis, TN

_GM
Comments

Depth of c_sing, ddlling rate,
ddlllng Iluld loss. leStS and
iristrumentatlon

Borin=q_No. MW-48
Waler Level; 7g.g8 fl bgs

)rownish-orange, moist, loose, fine to

ragular to rounOed, ched and quartz

in gravel content to 91 I1, SW-GW

(CL), I_gilt brown ",,AI h black

mottling, moist, medium stiff to stiff, low

to medium plasticity

• _ight brown and gray below 98 fl

- I_gtlt gray with blac_ moiling and vePf

- light gray SILT laminatJons at 102 ft

Bodn Terminated at 105 Feel

• grounowate=" level measurement made 1/_27196

- gradatlonal contact

- geotechnic.al sample
COllected from g3.5 fl to

94.5 fl

- erosional c_ntact at g4.5 ft

at 1610

1730 - MW-48 installed, see

atlactzed construction log
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m

T GW Invesflgation

PrOI, NO,: 11363001 .ZZ

SO L BOR NG LOG
Dhtlin 0 Contractor: Boart LongyearlMinneso%a

Soil Description

_oll name, uscs group symbol, color,

moisture content, relalive density or

soil structure, mineralogy

_0 1/25/96

_r/MGM
Comments

Boring No. MW-49_
'Water Level: 78.92 fl hgs

Sheet 1 of 3

start Drilling a11010

3°I
35

NOTES."

1 InChTOPSOIL

[CL), light brown, moist,
so;l to medium stiff, low fllaSCicfly,trace
oaganics
- wKh black and orange m otlJingbelow

3ft

- wiLhlight gray m0ttllng below 4
- sol1belOW 6 r(

CLAY_ 51LT (ML), tight brown wiht light
gray moffiing, moist to Wll, verf soft, low
p4aslicity

SlL._ (CL). I!ght brown, mo_t,
sof_, low plasflcily

- medium stiff end lowto medium
p_aslicgybelow 20 I1

- wilfl black, orange, and light gray
mohting below 24 ft

- _"d dlsh=bl_*vnw_thblack motll[ng,
sol_, trace fine, quartz sand belOw
2flft

(1) - water level measurement made on 1/27/96

- gradabonal ,contact

-gradational conta=

gradalional color change
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Project: ODMT GW investigation
Dtglln Method & E ui merit: Rotasonic

,,P" P_ Soil name, uses group symbol, color,
W _ T_
m _ Resu_ moist ure content, relabve den_rly or

consistency, soil stnJstLIre, mineralogy

(NI

Elevation: __ Location: Memphis, TN

_ 1.,25/98 Finish: 1803 1/25196

Drilling Contractor: Boart Longyear/Minnesota

_n_erlMGM
Comments

:_epth of casing, ddlling rate.

Jrilling fluid Io_s, tests an¢]
nstrumentatiort

Sheet 2 of 3

(SC), reddish-brown,

POORL G DED 8AND (SP), yelJowis_

13town, moist, lOOSe, fine to mecgum,

clusrtz

- orarlgish-ID rown below 47 ft

- omngish-yellow below 48,5 I1

_'IELL GRAD G 8 ND (St&q,

0rangish-brown, radial to wet, looSe, fine

Io coa_-_e, quartz, with fine to coarse,

_ubrOun0ed |o rounded, chert gravel

OOR GRADED SAND (SP), yellOwst

:rown to yellOwish-orange, moist, looSe,

_ne to mectium, quartz, 1race coarse,
uartz sang

brownLsh.onango below 62 n

WELL GRAD G ELLY SAND (S)/

omngLsh-brDwn, m0ist, Ioo_.e. nne to

coa_, quartz, _th fine to coarse sub-

__ _Ounded, cl_ert raver

- gradational contact

- gradationa] contact

- 2 inch bstck, light gra

and light brown CLAY seam

68 I_ - 2 Inch light gray CLAY

seam; alDflJ pt CONtact



mm

DOMT GW Invesligafion
Drillin Method & E ui ment: Rotasonic

Sam le Soil Desc.ripllon

o _ p,metrauc_ SOil name. uses group symbol, coJor,

m m -- _ moisture content, relative den$=ty or
,l_ u m . .

_'_,¢:m _ -- consi_encY, soil sLrtJctUrS, mineralogy

Elevation: Location: Memphis, TN
Start: 101Q 1/25/96 Finish: 1803 1/27,'96

DdJllng Contractor; 8oart LongyearlMinn_ota

Logger: $, Bruer/MGM
ComRiQnt5

Depth of casing, drilling rate.

d.lli.g fluid loss, tests aria
instrdment aSoN

 MW-49(D 
Water Level: 78.92 t_ logs

Sheet 3 of 3

(68 n): POORLY GRADED SAND (SP),,

brownish*orange, moisl, loose, medium,

quartz, trace coarse sand

* trace fine, submunded, chert gravel
be_ow 74 ft

q
LL GRADED S G (GW),_

gradational GontsGti

orangist_bmwn, wet, loose, fine to coarse, J
submueded to rouncle_, ctlert with

medium to coarse, quartz sand, trace

$ubmunded, chert Cobbles

- grsdaliona_ contact

POOR GRADED SAND {SP), brownish_J
_range, moist, loOSe, fine to medium,

quanLz
-1 Inch CI.._Y seam at 87 ;1

orangi.sh.brown, wet, loOSe, fine to

coarse, quartz, with fine to coarse,

POORLY GRAOED SAND

we(, loose, medium,

SILTY CLAY {CL), light gray with

- Geotechnical _;ampie
coJlecled from 68 It Io 90 f

Stopped Ofilling at 1710

1803 - MW-49 installed;

Bodng Terminated at 82.5 Feel

Pocket Perletromet er Measurements on S-1: 3.75, >4.5, >4.5 tsf
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Project: ODMT GW Investigation Ddtt[ng Contractor:

Method &Eu_ent: Rotasonic

Soil gescngtiog

256 136

Pmj. No.: It363Q.Q1.ZZ SOIL BORING LOG

Boart Longyear_Minnesota

Logger: S. Bruer_MGM
Comments

_oil name, usc_ group symbol, COLor,

_oisture content, relative density or

:on$ist ency, soil slraclu ra, mineralogy

.ocation: Memphis, TN

De_h of c_sing, ddlling rate,

cldllJng fluid loss, tests and

instrumentation

Water Level: 62.72 fl
Sheet 1 of 4

SILTY CLRy, Lighlgray and light

medium plaslJcti-/

- v4lh orange and blaCk mottling and

- w_th btaCk moltllng and medium stiff

(CL}, orang=slt-brown,

moist, medium slJff, medium plasticJty.

tadlh trace fine to medium, quartz Sand

ancJ fine, chert grSvel

SILTY FINE SAND (SM), bnown_$11.

Slart Dnlling at 1045

fill

mod_fieci loess

- gradational cordacl

Fluvial DeDos4ts



Project: CDMT GW Investigalion

25(; 137

Pro i. NO.: 113630.01.ZZ SOIL BORING LOG

Ddl[Ing Contractor;
Rulasonic

Depth of rasing, drilling rate,

Clnlling fluid loss, tests and
instpJmerdation

Water Level: 82.72 fl bgs
Sheet 2 of_

* gmdali0nel contact
an, moist, loose, fine to coarse, quartz,

vlth fine to medium, submunded, cherl

Favel

_: C_YEY SILT {ML), ligh

_lst, soft

POORL G D {SP), brownish-

orange, moist, loose, nne to medium,

GRADED G V S (SW)

tan, m 0i_t. Ioo_, fmna to coa_, quartz,

with fine to coarse, Subroundecl to

rounded, chert gravel

- oranglsh-blOWn below 49 ff

POD GRADED SAND (SP), bzx)wnlsh- i

orange, moist, lOOSe, fine to mEq:JJum,

- abrupt contsci

- gradatlona[ contac_

- gr'adational contact

- gmdational contact

- gmdational comac_

- 87 it 1o 67,5 I_: Clayey. silt)
sand and gravel

i
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Project: DDMT GW Investigation Ddlling ContractoK
Ddllin Method & E ui ment: Rotasonic

-- -- -- Soil Description
Skmmm_ --

em_,_o, Soil name. usc_ g]oup Symbol. color.

m _ _ Resu_ moisture content, i_iatlve density or

;: u _ consistenSy, sog structure, mineralogy

.":levatmn: LocatLon: MempllLs. Tn

_larl: 1045 1/28/S6 Finish: 2018 1/26196

258 138

Pmi. No.: 113630.01._

BOIL BORING LOG

B(]art Longyear'&llnnesota

Comments

Water Level: 82.72 It
Sheet 3 of 4

coa=se, quadz, with fine to coarse, sub-

rounded, chert gravel

- brownish-orange be_ow 72 11

- gradatlonal contac_

-gradationalcontact

(SM).

"Aoist, lOOSe, uaflz
;'OORL GRADED SAND (SP). tan. moist

DOSe. fine to mBdium, quartz. I_Ce fine to-

medium, subengular to subrounded.

ched grovel

NEL G SAND {SW7

Jro',_li3_o_nOe , mpt_, lOOSe, firl_ to

msrse, quartz, with fine to medium, sub-

lnguiar to aubmunded, chert gravel
- wet below 87 fl

rellowish-brown GW-&W below gO fl

NELL G RADED_ (G'N),
)r_ rtgLsh-brOWn. ".vet. roost, fine to coarse.-

;ubmunbed to rounded, ched. with fine

O coarse, quartz sand

- light gray below 80 fl
- lan below 81 I1

- gmdational c_ntac_

- gradatlonal conta¢_

- iron-stained, cemente0.

sandstone fragments at g3

* gradational contact

- grounctwater revel measuremenl made 1/27/96



V Investigation

256 139

Proj, NO,; 113B30.01.ZZSOIL BORING LOG

Odlfing Contractol: Boanl Lonoyoar',Minnesota

_er_MGM
Commeflts

_.uses group symbol color1 _eplh of casing, ¢Jrillingrate.
Jdlling fluid Ions. teals and

s0i_structure, mineralogy nslmment atlon

Location; Memphis, TN Borin 
_Flnish; 2018 1/26/96 Water Level: 82.72 I1 bgs

Sheet 4 of 4

- 10911 to 110 R: dark brown $W-GW

- 110.5 flto 114 ft: cJayey

S LWFI_ (SM). yellowish-brow
_oist, loose, quartz

ILTY CLAY (CL), light gray wtth black
11ottling,moisl, vet t _H to ban3, low to
lnedium plasUclly

- geotechnic_t sample
collected from 120 fl to 1

- g_dali0nal contact

- erosional contact

Jackson FmlUooer Clalbom(

B30 Stopped Ddfling
Bodng Terminate0 at 136 Feet Z018 MW-50 installe0; see

tttached const_Jclion diagn_m

- groundwater level measurement made 1/2Wg6
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_ODMT GW Investigation

256 1,10

Proi.NO,:

11363O.Ol.soILZ.ZBORING LOG

Ddlling Contractoc Boart LongyeanMinnesota
Rolasoni¢

Soil Description

Pe_abati°*_ Soil name, u$_ group symbol, co_ot,

moisture content, relative dsnsity or

consistency, ssil structure, mJner_logy

Loc_tlom Memphis, TN

Finish: 1725 1/30/96

)ept_ of casing, ddlling rats,

_dlllng fluid 10SS, tesls and

nstnJment 8Ugh

Nater Level:

4 inches CONCRt it

(CL), Fight brOwn with llg_tt

gn_y and black mottling, moist, medium

s_iff, low _astidt
C_Y_ (ML), gght brown with Jight

gn_y mOtiling, moist, medium stiff, tr3ce

o_ganJc.s

- no organics bemw 10 fl

(CL), reddLsh-brown, moist.

stiff, medium plasticity, fine to me0ium,

quartz Sand, trace fine, subrounded,

shert grovel

Sheet 1 of 2

_tar_ Ddglng at 084Z [1/28/36)
modified loess

- grngalional contact

- gmdaflonal contacl
Ruvial Decosits

- collected sample:
SBMW5119

- 1/28196 at 1045: threads Stdpped on rot aP/head tip where drtg tools connect:

- 1/30/96 al 1145: drilling again: I_ole open to approximately 35 ft bgs



255 [41

Prei" NO.: 11:_e3o.O1.sOlL BORING LOG

N Investigation DrLIllngConzracto_

Soil Descnplion

Baart Longyear*,Minneaota

Logger: S, Bruer_MGM
Comments

relative dandify or

5oil 51nJc_Ure, mineralogy

Location: Memphis, TN

3eplh of c_slng, ddlling rate,

_dliing fluid loSS. tests and
n_lmen|atJon

Bo. j qNo. MW-51A 
Water Level:

Sheet 2 of 2

- I]_ mn 1145 1/30/g8

- grada0onal cant a(_

moi_. laPSe, line Io

JarIZ. "w_h One to COBP3e, sub-

grave6

- wet below 05 ft

- g eat ec/IniC_al samp4e
COllected from 55 fl 1o 60 ft

- 5 inch cJayey layer at 60 fl

- 0rownish-orange. medium SP from
61 flto62fl

* erosional contact

ight brown and light

, moil1, sgff to verf stiff, medJum

)laslic_ty

- light gray below 69 It
Terminated at 70 Feet

- 1128/96 at 1045: threads stdpped oll rotary head tip where drill rods connect;

- 1/30106 at 1145: (_hlliag again: hole open to approximately 35 ff bgs



3W Investigation

Pro i. NO.: 113630.01 ZZSOIL BORING LOG

DdlLIngContractor: BOart Longyear/Minne.sota

Logge_ S. B_BdMGM
Soil Description

Soil name. u.s¢_group syrnbot, color.
_olslura content, relative densgy or
consistency, soil _truc_ure. mineralogy

_{CL). light brow, with black "
md light gray mottling, moist, medium
_lff. Iowto medium phtstic_ty. tm¢_

_._YEY SILT (ML). light bmvm with bJaCJ
noffiiog, moist, soft. low plcstJdty
- v._thblack and light gray mottling below -

(CL). light brown wth black
and orange motlllng, moist, sliff, medium

_(SC). l_ghtDrown aria
light gray, nloisl, rnedJurn den_. fine to

* Orowni5ll-red w_h Idack rnotlling below

- light gray 8nd light brown below 25

¢_ect g_lvel belOW 27 R

_RADED SA_/D (SP}, brOWniSh

laffZ, trac_ fine to mediur_ chert navel

Stad Ddlling at 1015

modified loess

- gradational contac_

- wi_ some line to medium
quartz san0 betow 20 It

- gra(httionaJ¢ohtact
Ftuvlal Deposit§

- graclational oordact
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Project: ODMT GWlnvestlgation

256 143

SOlE BOR]NG LOG

DdllJng Contra_or: Boart Longyear/MInnesota

_ 8ruer/MGM
Soil Description

Soil name, _ group sym _, COlOr,

moislure content, relative density or

COnsistency, soil structure, mineralogy

Memphis, TN

1730 106 FEB 96

)mngiSh-brOwn to brovmlsh-otange,

T_oist. loose, fine to COarse, quartz with

1he to medium, submunded to _ounc_ed,

"21errgravel

(CL), dark brown to

black, moist, son, fine Io medium,

trac_ fine to medium,

(:_W), bn_tish-

orange, m_. Io_m. fine to coarse,

quartz, _ some fine to medium,

suhtounded, chert gravel

I_ tO GOarSO, sgb-
fOQ_ld_

O SAND (SP), brownish

fine to medium,

- tan an0 brownish-orange below 53 fl

- flnelo coarse, subrOUnded, cbed

from 63 fl to 63.5 t_

- brownish-orange w_th medium to

coa_, suhmuonded, chert g_vel
64.5 It to 65 ft

Depth of casing, drilling rate,
drilling fluid loss. lasts and

- probably hole COllaps_

- gradatJanal contact

• gnadational comact
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_ODMT GW InvesggalJon

256 14 ;

Pm i. No: 113830,01 .ZZSOIL BORING LOG

Soil De_

Soil name, uscs group symbol, color,

moisture content, relative density or

consistency, so_l stmc;ure, mineralogy

Loc.stion: MemphL% TN

Finish: 1730/06 FEB 96

Boar LongyeartMinnesota

_PJe#MGM
Comm=_

Depth of casing, ddlling tale,
ddll[ng fluid Loss, tests and

instromentalion

Bonn 
Wsler Levek

Sheet 3 of 4

_JOTES_

_uarCz, with fine Io coarse, subrounde¢l to

rounded, chert gravel

- tan below 73 tt

* tan and omogLsh-brown below 79 ffL

bn_ll, wet. logs6, fine to msdJum, qusrtz

with black biotite(?) flakes

- ;ight gray below 92 fl

- orangish-brown below 100 R

- light gray below 103 II

- gr'adatlonal contact

- 1 inch CLAy seam at 96 I1

- Gootec_nical SamDle
COlfeded from 102 t_ to

104ft

• erosional contRd

SILTY C CL, li ht brCr_l "t,'ilh ni r JacY,son Fm/U ¢ Claibome



/

DDMT GW Investigation

25G 1,15

Pm i. No.: 113630.01 .ZZSOIL BORING LOG

Ddlling Contractor:

Soil Descd ti_

Soil name, u,s_ group symbol, COlOr,

moisture content, _laUve d eP.sit y or

consistency, soil St_c_ure, mioe_lOgy

..oC.alion: Memphis, TN

B0arl Longyear/Minnesota

8mer/MGM
Comments

Depth of casing, ddlling rate,
ddl/ing fluid Io,_s, tests and

Inst¢i_merda_ion

Waler Level:

Sheel 4 of 4

and bla c.kstrealdng, moist, stiff,

medium plastie.tly
Bodng Tewninated at 105 feet



256 146

Pro_. No : 113630.01.ZZ

SOIL BORING LOG

DDMT GW Investigation DxitLing Cent rac_or: Bean Longyear'_4inneseta

Ddllin Me,hod & E ni merit: Rotasonic _BtueitMGM

g I I I I Per_m_ SOilname, uses group symbol, color, Depth Ofcasing, ddlling rate,

¢u p.,_,_, moisture CoNlertl, relSllve density or

_ -- consistency, s_ilstructure, mineralogy

{N)

Elevation: .ocation: Memphis, TN

3tart: 0955 / 07 FEB 96 =inistl: 1245 / 08 FEB G6 Waler Leve#: 78 fl L
sheet I of 3

0 T_Inches CONCRETE 51art Odlling at 0955
I IncJ1BASE COURSE - chert grovel
S__ (DL), light brown with Ilghl
gray and _lack mottling, moist, medium

5 S iff, low to medium_lastlc9y
:Y._..L_ (ML), light brown moist, - graa_tional contact
;oft, low pla_icliy

l0

(CL). light brOWn,moist, - gradational contact
=oft, lowto medium plasgc_ty

15

- with blaCk and orange iron nodules
maximum 1/8-Inch diameter below

!0 17 fl

- stiff with orange and light gray mottling
below 19 It

- stiff with bJack and light gray mottling
below 21 It

25

SNDY_ (CL}, light brown, moist, - gragational contact
stiff, medium plaS0cJty,fine to me01um, - increasing sand content
quartz sand, silty with depth

Fluvial Degos_ts
30

- with ligYdgray and brownish-red
int ermixJngbelow 32 It

35 _ _EY SAND $C _rownisl%oran e, - radahonal contact
NOTES."

- groundwater iavel estimaled during drilling
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Project: DDMT GW Investigation

256 14;'

I:ro_. NO ! 113630,01.ZZSOIL BORING LOG

Depth of casing, ddlliog rate,

drilling fluid lees, te._s and

iastPJmentatlon

Borin No. MW-53 E
Water Level: 78 II L

Sheet 2 of 3

moist, medium dense, fine to medium,

* gCadational contact

- groundwater level estimated during [InJlJog
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Proj, No.: 113630.01.ZZ

SOIL BORING LOG

DDMT GW Investigation
Rotasonic

Ddlling Contractor:

.o c,agon: Mempflls, TN

Bean[ Longyear_,linnesota

Comments

Depth of casing, drilling rate,

drilling fluid loss, tests and
instl'_rnentaflon

 MW-S3(E)
=lnlsh: 1245 / 08 FEB 98 Water Level: 7B fl bgs

Sheet 3 of 3

fine to cease, quartz, with fine to

SublOurKled, chert g_vel

- crangish-brown below 74 fl

- c_ayey from 76 n to 76.5 fl

- trace $ubrounded, chair CObbles below
77_

- wet below 78 ft Fluvial AQui|er

- erosional ¢onts(d at 83 I1

(CLI, light brown and light Jackson Fm/Uoaer Claibome

gray (marbled). moist, stiff, medium

?J&'g6 - ; MW-53 installed

Bodng Terminated et 85 Feet

- groundwaIer leveJ estimated during ddlling
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PmJ, NO,: 113630.01 ZZSOft. BORING LOG

/
/

DDMT GW Investigation Ddlliag Contractor: Soatt Longyear_Minnesota

Soil DescnptJon

_oil name, usc_ group symbol, COlor,

moisture content, relative density or

soil str_ure, mineralogy

3eptb of c._sin g, ddllIng rale,

Jdlling fluid 10as, tests and
ns1_Jmentation

No. MW-54(J)
Water Level:

Sheet 1 of 3

ight brown With lighl

and black motll[n fl, moist, Soft, low

- light brown, Iowto medium pJasflclty,
no organics below 10 I1

_t brown with black

mottling, moist, medium stiff, Iowto

medium plasticity, trace iron nedules

¢ 1/8 Inch diameter}

wltfl black, orange, and light gray
mottling below 21 h

- trace fine to coarse, quartz sand below
2fl fl

(CL), light brOWn with biac_

light gray, and o_nfle mcttling, moist,

_iif. medium blastJ_ty, fine Io medium,

Start Dnlling at 0840

- using 6" core hemal

- gradaflnnal contacl

- increasing sand content wil

depth be¢Ow 25 I1
Ruvial Daeosila

* gradationaJ contact

- orangiSh-brOWn belOW 29 h

- with brownish*rod moffiing "
below 31 ft

- wilh fine Io ¢o al'se_ sub-

rounded to rounded, chen_



25E I30
Pro). NO.: 113630.01,ZZ.

SOIL BORING LOG

m
mm

GW Invesiigadon

Drillin Method & E ui merit: Rotasonie

_o ,,k7 per_m¢_ S0il name, uses group syml_ol, color.

[] m¢ R_j_ "rlGl_tLlrl9CO_teF&t, ralntlvEI d_llSIty Of

_=____,= _ :onsisIency, soil slmc_ure, mineralogy

_Jevalion: .o¢.ation: Memphis, TN
Start: 0840 2/9/95 --inish: 1950 2/5/95

Depth of casing, drilling rate,

drilling fluid loss. tests and
INsi(_Jmerlt_tion

Boring_No. MW-54(J)
Waler Level;

Sheet 2 of 5

3ILTY SAND (SM_SP). br0wnish-0renge,
11else, loose, fine to medium, quartz, with -

_om8 (ln@ to cease, Sul3_Ou_dL=d Io

ounded, chert gravel, ml¢.l_¢eou$

_2 tt - 4:) It: POORLY GRADED SAND (SP),

an, moist, me(lium, quartz

- tan, medium |o coaP'oe below 46

- oranglsh-brown, wllh line |o coarse.

$ubrounded to rounded, c41ett 0ravel below 48 S

- orallglsh-hrown, fine to medium, no

aravel be_ow 49 it /

DEEmG VEL S D (SW)

yellowisrPbrown, moist, loose, fine to

¢oame. with fine to coaP_.e, subrounded,

ehezt gravel

ORL GRAD S (SP), yeiJowish

brown, mo_t. loose, fine [o medium,

iLtarlz, tr_c_ ¢0(3p3e, quartz Se_ld

• trace 5he to coarse, Suh_ounded, chert -
ravel below 66 II

WEL G D D GRAVELLY SAND ($W)

yellOwish-brown, moist [oweL loose, fine

to co(tP3e, uartz Wllh hne to coarse,

- gradationai contaci

- gradational cont8(_

- tan to yellO',vLsh-bq_wn belo
52 ff

. f_t_e water preen| or_ grave
below 52 It

- gmdalional conta¢_

- brOwnish-Orange 63 fl to
65•5 9

- gradational contacz
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J Pro i. NO.: 113630.01.71

SOIL BORING LOG

3W InvestigaUon

Rotasonlc

Soil_

I=_tra_tt _0il name, uscs group symbol, cole=',

R_J_ molstur_ conlent, relative (_ensity or
consislency, soil structure, mineralogy

Location: MemphLs, TN

Finish: 19502/9/96

Ddlling Contractor: Boart Longyear_Minnesota

Bmer_MGM
Comments

Depth of casing, dnlling rate,

_Jling fluid loss, tests and
rlstrumeNt8lion

B MW-54(J)
Nater Level:

Sheet 3 of 3

, chert gravel - no recoveP/69 I1 to 72 It

- c_anglr=g to 4" core ban_J

- gra0ational colltac_

75.

, loose, flNO to meOJlJm,

trace coarse quartTJc_ert sand,

- omngisb-brown tielow 77 tt

- yellO_sh-brown with trace fine. sub*

mundch, chert gravel below 79 ff
- wet below 81 ft

- 75fft081 if: hnu=3

(headspace in ziploCk bag)

- colrected _BMW5477

100

7

- trace coarse, quartz SSnd and fine to

medium, submunded, chert grave
below til it

tl brown and light

f stiff, medium plaslicit y

- I/ght gray and llgn_lc below 100 fl

Soling Terrflinated at 101 Feel

• COlleCted Geolechnlcal

Sample from g311 Io 95 fl
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Pro_ect: DDMT GW Investigalion

Method &
Sample "

4= u

Elevation;

256 152

Pmi. No : 113630 01.ZZSOIL BORING LOG

DHlling Cont_ctoc Boan Longyear_inne=sota
Rotasonic eE S. Bmer_MGM

Soil Description Comments
S bulOa_l

pe_m_ S0il name, uscs group symbol, COlor,

R_Ut= moisture content, relative densgy or
consistency, soiJstructure, mineralOgy

6-J3._-

(NI

Location: Memphis, TN
Start: 10302/10/98

0

5 5

10 10

15 15

20 _

25 25

30 30

35 35
NOTES:

Finisfi: 1755 2.110/96

10

6 inctms CRUSHED STONE

(ML). light brown with light
gray and black mottling, moist, medium
stiff, low plaslidty

- with black moffiing below 5 II

(CL], light brown wilh blaCk
and o_nge moffilno, moist, medium
stiff, medium plastJcity
- stiff with light gray, black, an0 orange

mottling below 20 tt

(CLI, gght brown with
blaCk mOtlling, moist, soft to medium stiff,
me0ium plasiJcby,fine to medium, quartz/
Ctlerl sand. t_ce find, subpOunded,their

iravel, si_y
ISCl, orengish-htovm,

moL_, lOOSeto medium denSe, fine to
¢oa_e, quart,TJcherlwith tmc_ to somo,
fine to medium, subfouaded, c_eft g_vel

Depth of casing, ddlgng rate,
ddlling fluid lOSS,tests and
tnslmmentedon

Boring No. MW-55(U]
Wa[er Le¥_B l:

Sheet1 of 3

Start DrglJnga11030
- using 6" core barrel

modified loeSs

* gredaUonal contact

- gradational contacl

pIgyjal Oeoosits

- gradational cordacd
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Pr= i. NO.: 113630,01.ZZ

SOIL BORING LOG

roject: DDM'F GW Inves_igalion D titling Contn_ct o_: Bo_rt Longyear_Minnesota

Soil Descd i_ion

P_evaK,_, 80il name, u_ gl'oufl sflmdol, color,

relative density or

soil _lmctu_. mineralogy

L_ger: 8, Bruer',MGM
Commenls

_epth of casing, ddlling tale,

_nlllng fluid loss, tesLs and
nstrumentatlon

Memphis, TN B_

Sheet 2 of 3

coarss, quartz, wlh fine to ocarsB, sub-

st4.ry S,&ND (S_

3mngLsh- Io yellOwLSh-brown

WELL GRADED G V S N o tlnterml)dng,

L G DEDSAND G VIE (IEW- inetomedium, quartz, tra_

GW). oraogJsh-flrown, moist, looSe, fine $ubr0ueded,

subangular to rounded, chert

suban_lular chert cobb4es /

DED G VEL 9 D (IEW

orangLsh-b_own, m oisl, loose, fineto

¢oame, quartz, with fine to coarse, sub-

\angular to rounded, chert Bravel /.
OOR G (SP), onmgish-

brown, moL_L loose, fine to medium,

quartz, traco subangular te subroueded,

ohert gravel

- inc._easin_jLmvei content below 53 fl

WIELL GRADED G 8AND to
INELL GRADIED S (SW- "

GW). orangish- to yellOwich-bmwn, moist

_, Ioo5e, tine to coa_e_ quartz S_nd 813d"

fine to coai_-e, $ubanguJar to rounded,

_ert gravel

- decreasing growl content

with deplfl below 45 ff

- 5 inches SILTY CLAY (CL

dark brown, sandy, gravelly
at 55 ft

- swit Clling to 4" corn barrel
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Project: DDMT GW Invesligalion

Meti_od & E

Sarnple"

_levBtion:

25G 154

Proi. NO.: 110630.fll ZZ

SOIL BORING LOG

Dttlllng Conttactor_ 8oart Longyear_flnnesota
Rotasonic

Soil DeSCriplion

pene_._,, _oil name, uses group symbol, color.

I_u moisture C_NteNt, f_lalive density or
_nslslancy, soil slmcture, mine_logy

B-,6-. 8-

CN)

Location: Memphis, TN
Finish: 1755 2/10198

.o_er: S. Bruer_MGM
I Commants

3epth of casing, ddlllng rate,

_lling fluid loss, _,'_*s an(]

r_lrum_ntatJon

!Boring No. MW-55(U
;tart: 1030 _J10/96 iWaterLevel:

Sheet 0 of 0

73

75_

80

83

85 _ 05.5 ,3-1

90

95

CO

05

10

2.5

- 6 inches SILTY SAND (SM),

POORLY GRADED SAND (SP), tan to light gray and lavender, _el

white, vet, loos_, fine Io medium, Ioetse,fine, quartz at 72 fl

qualf_, t_ce fl_e, s_undE_d, - . eMDSIONSI _htad "_hith
_ fe_ginous, _l_-¢_meht _1,

81LTY CLAY (CL), light gray with Idad_ _ndslone fragments at 74 fl

m otiling, moist, _iff, medium pl_e_ _ac_n Fm/Uo_r Clai_mu

PP = 2275, 225, 225 tsf

- 1505 Stopped Ohtllng

Bodng Terrnintaed at 85.5 Feet MW-55 InstalJed 1755

see attache d contrucflon log
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Proj. NO: 113630.01.ZZ

SOIL BORING LOG

;W Investigation

soil s_Jct ure, mineralogy

Dnllit;g Cont_or: Boart Longyear_4innessta

Logger: S. Bmer;MGM

8o, Oescription Comments

)ept rl of casing, d]llling [ale.

Jnlling fluid loss. tests and

No. STB-13
Nater Level:

Sheet 1 of 4

Inch TOPSOIL

It bn_,m with black

]ray mottling, moist, medium

plasticity, trace organics

soft. low p_aslicdly, trace organis3

tt brown _ blaCk

molll[ng, moist, medium stiff, medium

plasLic_y

- stiff with black and i

Im=l Iledules (<1/8 Inch diameter) below
21 fL

- with black, orange, and light grsy

mot_lng below 23 tl

to meidum, quarz san¢_ below 25 f_

(CL). reddish- o orang sh-

bn_m. moist, stiff to ve W stiff, medium

I_aSticily. fine to medium, quartz sand.

_art Ddlllng at OeO0

- using 6" core barrel

- gradational contac_

- gradaUonal contact

- gradational contact

Fluvial Oex)osits



256 1,56

Pmj, NO.: 113630.01.7.Z

SOIL BORING LOG

m
M

_DMT GW lavesSgatJon Ddlling ConlractOl_ Boart Longyear_Minrlesota

_ BnJer_MGM

S0il Oescd_

Soil name, us_ group symbOl, color,

moisture content, relstive density or

co_istency, soil structurB, mineralogy

Location: Memphis, TN

Commen_

Deplh of casing, drtlllng rate,

dnliing fluid loSS, tests and
instnJmentathtn

Boring No. STB-13
Water Level:

Sheet 2 of 4

GRADED SAND (SP). brownish- - gradaSonal contact

- 1 Inch SILTY CLAY (CL),

light gray, moLst, soft at

8P). brow_lch- - mJnor c_ay at 53 S

to coarse, subcounSed, "

chert grovel 53.5 It to 54 it -

° 01_d_tlorlal col_t ac:[



Pm I, No.: 113830,O1.ZZSOIL BORING LOG

Onlling Contractor: Bean Longyear_Minnesota
Rotasonid

6oil Desc_bon

I=e_J,J_., _oil name, us¢_ group symbol, color,
_oistum conlerd, relidive density or
:onsistency, sell stnJctuna,mineralogy

.oca_ion; Memphis, TN

-3nistl: 1735 2/11/_

Logger: S. Bmet_tGM

Depth of c.¢sing, ddlling rate,
:ldlling fluid lOSS,tests and
InstnJmentation

Bonn STB 3
Waler Level:

Sheet 3 of 4

- dark bcow. iron staining below 73 It

£LL GRADED_ (SW)
_Brk brown iron stained, moist, loose.
]ne to coai_e, quaNz with fine to coarae,
;ubrOunded to rounded, chert gravel
- white I0 tan below 7B {eat

; * ye owish-bfown, wilh yew coarse, chert
sand and fine gravel below 80 It

- clayey and Ilgn_c below 83 fl

O GP.AO S ND (SP}_
loose, medium, quartz and chert, tmc_
coarse sand and fine, submunged, c.heM
grave_

(gMI, light gray, moisl,
loose, quartz, micaceous

- switching to 4" corn Barrel

T4.5flto75,SB:SANDSTO_
_, dark
_dlsh-brown iron stained,
_ne to coarse sang and fine t

11edium,chert grovel, weft-
;ernented

- 2 Inches SILTY CLAY. light"
gray, moist, soft at 79.5 fl

- abnJpt contact

- grabotional corded

- G SAND (S_
dark brown, moist, loose,
fine Io ¢oa_. quartz, some--
fine to co ar3e, chert gravel
8nci[eRiQurtous sartd_;Iorte
fragments from 88 11Io 8g I1

- abrupt centare, cJayey at 91 I_
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PrOI. NO.: 113630.01.ZZSOIL BORING LOG

m
r |

J
PrOject: DOMr GW Investigation Ddlllng Contmc_oc BOaR Longyea_innesota

Logger: S. Bruer_MGM
S0il DeScngtion I Comments

_)ep_hof casing, ddlling rate,
nllalive density of

No. Sl u-13

Sheel 4 o|4

(see previous page)

Boring Terminated al 120 Feet
_to Ddllln at 1548
1735: Bomholo grouted with
high solids bentonite clay -
PureGof¢l Grout - 17 sacks
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Olhll

I,_$_MSD Y /
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TiIRa Tomperli_l pH C_nl_l_ll?, TulSId_l_, D0 ; $1ILRI_

R_llu/0e? _1

SS_

_bme_i_II _ OI_[_t_ Bll_er Ba_l_r _f_ _b_Iu_al -- p_n$1_ilic.- l_,m_d_m_ B_z_lelpump p_O _ _C_ Pumo_ _ump_ P_mg

_ aml_lJ_gE_oJ_efll D1conla_r_ate[l7 _ _;

lic_:_oofn,scrateosti_,: _ePth_Slwn_eoumoleI _ I qnT(_

L_b _;iI¥ saa

VOC Z SVO_/_

Olner

U"_iltereo _ 8_m__

Other

P_m_o
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Oq_

_eTOC _i_lSI_IiCWmr LM_ _

i

I
J

I

$1mpl_uI _elhDO

Su_mersible • t_i_leo
FgmD_ Bla[i_ir Pump;

S_mPlJn_EQ_ipm_niOe¢o_mir_l_O? _ N

II P_m_ Oro[sgrete oaJle_ oeol_(s]w_e_oumose[ JO G qMl_,

Lab_=ly$_z

Ot_r

SPt_ISamara v :_'_

SS_

TelC,__ Centrifugal per_sla_li¢ Hznd GasLip.I_
BlaOOer - Bai[ex £.- OUter

Pumo /¢-- p_c-- J_Jmp_ Pum_ Pur_p_ DisDlager_eh¢=
Fuf_

Pe$_ci_e_PCBs,(,(,(,(,(,(,(,(,(_Her_iciOes_ TPH_ O[¢e[l_Po_ns_
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"_mll Tlmper_tmlt _ pFI _© __tx_l_rIi,/ l_ldJ_y O0 $ iliflily

i_.s_ I_P, (,, 3/_ ,.,_'z_Ic_ _ '_'__e,_/
AIe P_meT_ 20% O_Put_e _lues? _

rlum_er oi rfpur_e voEume_ _,_

S| m_lJlg_ M_b_©d

$ubm_rllDi I -- Bail _ $$'-
BI_ r p mp p_rnp , p Pu_p_ P_mp

szm_i_EqUl_me_O_conmml_? _)/ Ii _._;1L_. _t_ UOL.Z

IIoum_or_i_cr_le_ler: d_lh(_)_'_lre_um_Sfl /_ _Tg_

La_ A.alyiei

MIt_l$: Filtered. i

_;eI_DUDIi_Ie$ Y I

M£dMSO , i

O_er
Hzn_ G_ Li_l

TPH _ Di_i_F_r_s



OlioinalSalicYla_trLCvel__](_ ] - /M _gT_r

Time Temperature r pll Coadu¢lpvili : Tur_idiry DO i SIIJnJ_

-- 1_0 /

° 6

FimlClOupl_l_$ Y I _j

_AS/MSD t I_

I_u_ {l_r ol [t_rrrii_ volu m_|

I_r_milic I Hand - Gal Lili/_

Pumu _ Pump _ Oisoli_mar;l --
Puml_

TPH _ Obx_r_F_ranl

Ilnlillerell _ e_ Boih

Oilier
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1Ira! [IIIIIIIIUl I i Dll Cll_lul_Jlliy I [_r|l_[ly 00 Sillnil'l I

i

I

_rB _Z_m_II_ 20%oi p_rg_'_l_$? _

_me_,_ll/_ Oe_cIieo BIZO_Ir l_a_er_ T_I,-- Ci_llnIUgal PeeT_taiZic _r_ G_. _tl/

p_rilp

IIpl_m_ _ra_scrIIel_alle__¢DInIS}wl_ere pump Sel =7_'_ h _T(_T

Me _lls _ Pesllci_e'aPCBs_ Remi=i_es _ T_'I _ l)i_Fur_s

Uatin_r_c x Both

,@
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t_4 _.,Z&,l

p, .... .. Jt:,-IS"

/ •

Time Tell_plrllut)_, pH C{fl_U_lVir_ , Tur_Jdl_ tin $111nify

Aeout_e? _l N

_U_CltOr_D_r_I_DIUml5 J

"Ja T_rL.

_ $$_ Qt_e _
Subme_ib _ - Oe_le_ B¼d_Ir- 8_ller _ Tel_ CiDint_,a)- 9effslailic:-- H d - GILIlC--

_:*tlm Ilia¢_er p_mD Pump X _1_ Pum_ _ Pum_ P_ == Dilpl_menf ¸

ii •
S _raplinO E ¢_qpm/fl i ( Maim, #¢e el EIC. ) II i [ "l

S JU_Pllfl!3E_ip_|nt D/conIIrPZelII 1 ? _I N

Lib _nzl_l_

VOC_ _Ce] _ . MII]I$ x P/$_ciC e I/pcI_$ __ Het_iraO|i _ TPH__

OI/llr

M&/MSB y 1(_
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_
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z6:¢ /:? Y. OI ._f,'s I g,_o o.oe_

/_:_ :_,9 i-<-:.@l_! o.:as.i?q v I fO ,oo
i r

'_-7 le,,', 1:..6_ :o /a_,, _fp I :,oq J O,ozJ

rr_l Sla_,cwatert el,el I%7,'4

kr_elevl_ri_Olour_e_rlies? _f N

_i_DIstOB? y I_

14_r_er ill _llurle "¢_luraes _

204

Olhlr

I.q_[ir_ FIJ:!r i1_ unfiliere_

F_EI_ _)u_!rcar_s y ]

I

I

I

! T_, • _ _w ro_ _f C_m_ £#__t_,# _n t nl_rlrr,t_ #ma rJ
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• me Teme_ilu,m ! pH i _ogglz_iHl_ i t_r_lflfl_ DO

i

SamplJmJ MeU_od

Submer_iuImun_ [_eO_tt_ B_I_O_ 8aile__-
PLr _ Ella_¢t Pump _ Pump

_; ,_.,,_ 4-o-,, .,"b,_
_moIJ_ Equi_mlnI Dec_ntami_a[e_ ? _/ R

II Ouma m _ifclate t_iler. Ofa_l(sl wnue _ump sl[ _ _BTOC

Lab k_alwu

5S_ O_er
TeL_ C_nl_ruOal pEflSta]lic - Halo C-_UW --

P___ P_Jrnp _ Pumg_ pump Olsp:acemenl _
Pumo

Herbicides _ TPH _ [lioxi_Fu mns l
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-. _I .v_:

q _T_ FmaJ S_C W_lef Level _i OT_

Time Tempera_re _ pH , Conauctielty , T_Zrbldl_ [ DD Sallr,lLy !

I_,._ /_.:z _ &.5_ _2Fo 2.2.0 ! _/_ _t r

/_,41o_ i-?..,7, I _,._, _ o.z_,tl #2_ _,_,¢ 1 o.ol

iers20%olD_e,,_lues? y! N _"

Re_2t_I? Y I_

Num_t OI ii_orilB p_llum f$

Sarllp JJn_lM_IhOU

$_eme_ibre_ OeUica_o B_O_et 13ailerLJ 55_ 01rle_Tel _ C_rll_(_l -- pe_t, lliC ¸ H_ GaS Lift/--
PUm_ _tlail_etP_mo, . PUm_ pV_ P_'__ Pl_m_ Pum__ Oispl_tnefl I _

P_mo

Peliiclde_iPCB$i_ Herolcidel_ TPH_ _ioxiniFu_ns_

BOm

_ _milhfl _ _lli_metll _l_¢otlllmiPzt ECI? _/

Lib _la!l_Iel

clirll m_ _l$

_ T_ • 8_ _ _t _l_m_ (or o_t r m*i_ztem_t _f_x_#, iimn pi
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_t_ _na_ S _zHc water L.e'led _"_ _l _ _Ht_

DO $_dl_jl_ I _a_m_tI_20'/'OI_ _lues? OIl

I('4_ _0/_ Ee_urge? _ _J

I
]

$1mplln_ Metho_

BS___ •

_obme_]_]_ O_i_tLl_ Ul_dder Bpjler • Tel_ - c|m_U_al - _nSl_iIJ ¢ H_ _,d_L_/ --
P_m__ _)lall_lrF_m( 1 p_D . I_/_ _uNIp_ pomO_ p_m__ DIs_r_J_e_l _

_Jmp

LI_ Analyzez

VO_ :: 5VOC

Olher

_Me_ZlS: Filler_

Fiel_j _U_hG_[f I _" I_
A

S_I_I Samqll Y I _

Oli_r

_,_S_MSD y J 0 ' •
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, EIb _liiy1|l

ol°,, _ L

M_ZlS: Pillereo

$i_I Samole Y I

Me_l$_ _IS_IOe_Bj __ H#rblClOe$ _ TPH'___ Oioxi_F_ns

_ Dil_nl| i I _'_ _ i
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0riginzl $1_;JCwalez Levi _ :_¢_ _BT_ First] _llC Walet L_veJ _ :_"

Trine femperatme i pH : CaoduCilvity I T_rbi_lly ! B0 SaJl_JW

I

,RTD_

Azl D_r_m EIEr_ 2(]_ Ol _lJq)g _'_15Z_5? _J N

_um_u _r repu_ge V_l_nes /_J'_

$V_Dlln _ Met_

Subme_i_le [_]i_L_ Bladder" B_IIS,_P_m_ _JadderP_ D P_mO
_ Pum_ _ Pump

Hano Ga_ L[_ --
Pump D_3c_menl _

Pump

rr ournp _r 0iscrele _ller: _eoirqs) wner_ _um_ _eI J_.)A q fiT(_G

La_Analy_n

V[2_ SVOC MeLals_ pes_es_PCBs _ Heralciae$ _. TPH

Metalt: Fil_ere_ Uafilter_o _ _C4h

_DlilSgr6DIB "t , 0

M&'Msrl 7 / ,_

_or_r_nl|

O_her

Diomr_ura_s TZ
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Origina_ $_lic Wa[et LevZl _. _)_ _BTDC F_naJSM_C WZl, r L_...el _ fl8_C

Zlrne TemperaCuru i pH Conduc_ivily , Turbidity ! DO SaLinity : Areparamezer_2oY'_l_uroe_lues? YI

$&l_ Ile_ Melhod

Submersii_ _ - •
_,_mp )_ De_i_lle_ Bla_er B,zile_ fef_ Cenlnl_al

Bl_ler pure© P_rnp _ p_lC.-- pum_

_ampffng _Oui_me_l Oe=o_ramln_ed ? (_ N

j-

Lab_nalyses _/_,1

VQC;_ SvOC

MBt_JS: Fillet e_

Fie]o DoGJicales y /

Split _am_le Y I_

C_mmBZlt_

perl_G¢_Iic H_d "" G_ Li_ -

I_m 0

Me'IS _i_ PeSfiQa_S_PC_S _ ffer_icldes _ TPH .__ D]_xi_J_ns

UnliJlerea _ 8oth __

O_t
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RB_r

Are _rgr_eler_ 2_1%ol p_Jr_DV_lue$? (_ N

ReOurge? ¥ I_

rl_mD_$ QI I_ut_ VOJU_S

TOC= _e_ow_o_ol _s_n0 Ioeo_r rn_ut#_n_ _e _ _,;_r ?
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SgmpllD_ MMhotl

SubmemJ_epurnp/_- Oe_j_leO _la_er _Ja_ier Tei_ Cen[r_wai peds_3ilic -- Hano - GasLiti] _ Other
Bla_u F_reD Pump _._ Pump Pumo_ p_m_ _ Olsplacern_I,

Pump

S_oli_ [_oipme_l D_ionla_ma_ed ? Y_ N

irpurnpereiscrele_a_le_ _epmls)w_ereeum_)se I /_'_ _ _T_

Lab A_alysas

Fiel_ OOD_Cales y I

M_/MSD f /(_

CDm_iTenl$

PesUciCe_PCB_ _ He_oic_Jes

TO_• EegJ_,_oo_1Cas,_ to; ub_elmea_trmmenrret_ _o_t)



Ii llO_ Fill _c _#aRr LEVEl / _/Di _ , _mr

Are _ammflers 2_'4 ol _urge val_e_? y! N

Sg I_m_r_ibje _ _ _i_i_ • BI_O0_ / Ba[lel - Tel_ Ce_tr_ugal I_r_l_ll_c Halo

$arnoli_g Equi_rneni D_in_[_O _ _

iloumCloroi$crllED_il_r oe_iril_lwnereoum_f I I_"._ _f4Ti)_

Lall lullil_Hi

VOC _- SVOC

MIdair: Fiillt i D

FielO Du_Jl_lti v i

MS_ISO y _ _)

CDIT_mSnl$

G_ I.itU ,--
OisoJaoera _nl •

RJrnO

U_filie[ed _ BOlh

fPH Z Oioxin_Furans

O_Er
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Tlmll Tenl ll_lunl r pit i C©_l_llllly ! lUdddily

i_Ltmlig¢_f t_l_ur_o _llir le_

I
Slim; Illlll _lelhlll

Suhm er_ifil_pulp_ _l,lii_llrD lllil[tdpum_ BllflOeZpnrnp B;_Iet'__ _Tel_

VOC _ $_'3 "_/ Mlla_ ')d a!stlci_esipCBa _ Hemiades _"

Metals: Fillcrer_ _] Unfi_erec_ _ 0o1_._

!ifl_ 07pli_ll Ds v

N_M_D Y ]@

C_ntnfu_al,- plds_iiic:-- HaRd- G;BLI_ / -
Pumo Pumo_ p_mo_ D_Bmsrtt

Pump

_IrOC • _¢l_w _ ¢_ C_zn_ for ¢_er _e_ut_ _t_t_ _nll
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Well Numl_er

S_$_18 ED NUmDgI'

OnginaIS_IcWa;erLeVel /_* I_

_o,ooo,°,,_,ffF'- 11_' ,,_oo

Time rernper_¢ure t pH Caaeu_p_ll_ _ Tu_JdiiY i DO SJll,li W

_d/O _-._S" 2/.6 :,q'.j r _,d /

i

q_Tqr

Subm_rSlble _ OedLe.lle_ Blad(IBr B_Lf$er_ IFeft_ _rlll_EiJOa_ per_slail¢
Pum_ Bl_dcr _Jm_ . _hJeaO.. _.-_ purnD pum_

$_is_inq Ea_gtm_nl OBCDBI.ImIBaI_ ? /_I _I

I__um= (_r.isue_eI};,ler:team(s) waete e_ma s_t J_Z _ J_ _ _ .TOC

La_aAnal_e=

SOlit S3m©le ¢ [ @

Metals _ P_SC_iOe_PCBs _t_ H_rbici_es #_ T_=H .__

Unlil[erB[} _ #= Ba_

k_1_¢ Ga LJ_

Pimp Oisolac_mer_t _
I_r_

DJoxiNFu_InS

MS/MSO ¢ i(_

_C • _/_w i_ cf _gl_lp t_ ¢l_r ,¢_16 err_r_ n,_.r_ _S I
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Origmai 51ahc VCaler Level _/', _ _ _ BTDC

]]m_ reraper_ium

FiffRl$_[zc Water Level

pH : Coaepcli_lt'/ Turbidity ! DO Sa[ini_f

':Jr. _.(, _ _-#-# :_,Z_ VV , _t L

,_ _./_ _./:_ _.#c_ /c_/ i _,.:;/ _ e._

r i

Re_u_e? Y I_

$1m p_i_1_ Mil_od

SS ,_
_ubm_I_ib_p_mp_". i_i_i_ • _ _iiiEt _l_ler_ Tel ,._ _ Cenlntuuai p_d S_i[ic ¸ H_id

BI_I_t Pumu Pump_ _ pVC .m _mp Pump__ Put__

$amWJ_a E_OiOl_[ Oecol_lamlr_l_O ? _ I fit

It _OmD or _$¢RIB b_iler: _te_IS) w_te DUmO _el _ qflT_

Lab _nal'tse_

VOC_ SVOC M_b_l$ _:_ Pestici_eePCSl _ Hemici_e$ _ TPH _ Dioxq_Fur_n$

(libel

F[erI_OupliCales _ _ N

soril Sample _'_ i _l

"A_MSD _ t /J

Oilier
Gas Lift] --

D_C_lzcemer[t _
Fut_p

Unlillete_ Bor_ __

I



Orig_a_ Sla_c Walet Level _#_ "_ _, _ f_ BTOC _1 ${a;i¢ Water Level

I I

Num_rol_r_vol_mcs

Pum# _ _l_d_erFumo PUm_ /'A

5S;_

Tef_ C_nlrilUOal - P_rl_l_ilio = Ha_ 0 6_ LIIl/ -
p_,l_ P_D_ Puma_ Pump _ Dis_ar_ment

Pum a

Sa _Oli_t g E_i_mlnl Oecon_mi_t_d ?'_ I t4

{][h_r

Lsb &n_Wses

VOC _ _ M_IS _ Pes_¢ide_PCS_ HeFdlciCle$ --

(libel

Me_IS: filtt_d _ LJ61illeiEd _al_ L__

Field Du_C.lleS _' t (_

Split Samt]le Y I _._

TPH Dioxir_ r_n$

t

,
• / ,"
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Well Numberinstall_lian _D_

P,',=iectN.r.,c,e, I/_(_ ._'D • @_. Ssmp=eSta. _-_"-_"*--

AJ,#
Final S_allc Water LEVEl n BT0;

Time _em=eramr_ i pH . Eon_=c_zlty I Turbidity

tltO /.7./ I _" o..¢o3" ";7"7

DO S_ll_]ly

m

Are parameters 20% ot purQe "_alueS?_I N

Regurve? Y / N

_omber Qfr_D_Ig8 YDLUme_

SS_

So_merS_ble _ _(S¢_0 B_ar_det- Bailer_ _ _enlr_f_gah

s=,,,i,_,=_,,,,,,.'.,...o_=._,,.i_"_p"_'_'& "f'_"CX",_87.;(¢ L

Sa_o_i_Equi_enTDeConlaminateO? _1 t_

ii L_ or _i$¢T_i_ D_IIBr: _e[4_($1W_ _Um_ _! [ _ _ _T[_

P_r_laiti_; H_n_ - _Lit d --

_mp

L_A_=_les

Other

Metals: Firtere0 ._

Fi_l(_ DugJica[es Y /

S=IiI Sarn_te ¥ f_

MStMSD Y I O

Me_l$_ _stci_e_pcBs _ Hemici_

Unlitle nt0_' Bolo _

TPH_ Oioxi_Fu_ns Z

O_E_
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--,-- '_-"- , -7._l ._,,,._._? i G I-_.VZ :o.o/

I =

] I

Am

Repute? Y / N

Subm_ib]mpem_-- _Oi_is_ _t B_ler_ _enI_fuQal F_staitic:- Halo G_U_ -- O_er

Pamp

_.=.,,,,,,,=,°,,_,....+,,.,,:.,g,-.,.dr-,,+_ ._ _r_ b,.p,=.-_-¢_e=;(_._-_,.-_+c._

Lab AnalyHs

VOC_._; SVOC

OLder

M_IS: FIIIerE_

FI_U L)uDli_Ie_ y I(_

MS/MSD _ I 0

Co_lflen_

M,talS_'_ _ficiaes21:_B_ -- HmrbJcid,m _ T_ Z Di©:u_Furar_ Z
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FinalS_tJ¢ Water te,,¢l q _[flr

AFa gar_m_fr520% OI {_ur01 _lUe$2 y/ N

Repu_ge? Y 0

Nomb_[ GI tfDutrJI _OIIZm eS

$=mpJing Metb©d

$_ _s_er_l B -- D_ir_ll 0 B_del B_llat "%_P_m{I _ 8[_der Pump PUmp_
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_oc"y svo¢A

Olher

MSIMSO y t_

SS_

Pump _
PIns[aJt_ HanO Ga,sU_/:--

IF

Dioxi_Fu_ns
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S,,mp,eeod .... b /_ JI_4Ik
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DO j S)l_nl_t

l I : I

Re#urge? Y i_r_

_|m_]lfl_ Melhod
55_ Other

Suomer_iOle_ Oedicaleo B_oer _aile_ T_ CeolnruG_J Pe_stellic _|no GISL(_ -
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Samolino _q_lpmenl (Make Model EIC) -_._1_ I_'_'
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I :umo or orsIrIll Oall_ t: OIDl_l$1 w_r_ Oump 311 ,_ _ rl MTO_

VOC _= 'VOC_ Me"_ PeSt¢I_e,PCB_ Hcrbicide_

Other
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REPORT OF LABORATORY ANALYSIS

Project: DDMT D04

Memphis, TN
Client: CH2M Hill

Our iob no.: CM-603-96

Date: January 18, 1996

Lab no.: 1484996

256 265

Depth Satanic No. °A. Water Conlent

MW-41 65-67' #1 [8,fl

MW.42 57-59' #2 [4,4

MW.43 100.102' #3 9,3

MW-44 76-'/7' #4 16.6

MW.4S 6_b70' #5 18.0

// Jon N, Chrisiian

Director of Technical Set'cites

==!



REPORT OF LABORATORY ANALYSIS

Proicct: DDMTDfl4

Location: Memphis, TN

Client: CH2M Ilill

Our lob no.: CM-603-96

Date: February 5, 1996

Lab no.: 1485496

256 2GG

Location Death Samnle No. °/o Water Content

MW-46 71-73' /_6 18.8

MW.47 117.5- [ 18.5' #7 19.9

MW-48 93.5.94.$' #8 13.0

MW_I9 88-9_' #9 14A

MW-50 120-125' #10 8.3

Director of Technical Ser'*'ices



REPORT OF LABORATORY ANALYSIS

Proiect: DDMT D04

Location: Memphis, TN
Client: CH2M Hill

Our lob no.: CM-603-96

Dale: February 9, 1996

Lab no.: 1485796

256 267

Lncation Denth _ample NO, °/o Water Content

MW-51 55_6fl' #ll 13.8

_'iw fi2 [02.104' #12 _0.4

Jon N. Christian

Director of Technical Sen'ices



REPORT OF LABORATORY ANALYSIS

Proieck DDMTD04

Locatinn: Mcmphi_,TN

Client: CH2?d Hill

Our iob no.: CM-603-96

Date: March 18,1996

Lab no.: 39096

256

J,p.c_Jg_ Dcoth Snmnlc Na. % Water Content

MW-53 82.83' #14 14.3

MW-54 93-_5' #15 18.6

MW-55 "/3-74' #16 9.8

MW-49 90_92.5' S-li491 20.4

MW-54 i00-1Ul' S.1(541 27.7

MW-551u) B3-85.5' S I(SSl 22.8

/ Jon N. Christian

Director of Technical Services



CHRISTIAN, CARMICHAEL
& ASSOCIATES, INC.

1211 Newell Parkway
Montgomery, Alabama 36110

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

256 269

Project ODMT DO4 - Memphis, TN

1 t 3630.01.ZZ

Our Job No. CM-603-96

REPORT OF ANALYSIS ON SAMPLE OF Subsurface Soils

Source of Material £eo Below Client CH2M Hill

Sampled by GH2M Rill Submitted by Mr. Greq Undeeberg

Date Sampled 1/12/96 Date Tested 1/18196 Lab Report No.
14844

Sample NO. #1

Source MW-41 (65-6T)

Depth

Description
of Materials Tan Medium Sand wta trace of Gravel

SCREEN SIZES

1 1/2 inch screen

1 inch screen

3/4 inch screen

1/2 inch screen

3t8 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 ;love

No. 40 mesh sieve

No, 50 mesh sieve

No, 60 mesh sieve

NO. 80 mesh sieve

No. 100 mesh sieve

No. 200 mesh sieve

100

98

97

96

93
89

88

86

83

75

46

16

7

3

2

1,7



GRAIN SIZE IN MILLIMETERS

__ SAND
I ..... coarse free leoarsel medium ]- fine

J

t SILT OR CLAY

Sample ID

#1

Sample IO

#I

Classification

Tan Medium Sand wta trace of GraveJ

DIO0 DSD D30 DIO

25.00 0.50 0.353 0,2657

IMC% LL I PL PI Cc I Cu

14116 .P 5.$311.9

_Gravel %Sand I %Silt 1%Clay

7.0 91.3 1.7

PROJECT DDMT DO4 - Memphis. TN JOB NO. CM-603-96
DATE 1118196

GRADATION CURVES
CHRISTIAN.CARMICHAEL & ASSOCIATES

MONTGDMERY, ALABAMA



CHRISTIAN, CARMICHAEL

& ASSOCIATES INC.

121 1 Newel] Parkway

Montgomery, Nabama 361 10

[339) 260 9174 FAX (334) 290-9177

Project DDMT DO4 - Memphis, TN
256 271

113630.01.ZZ

Our Job No. CM-603-98

REPORT OF ANALYSIS ON SAMPLE OF Subsurface Bolls

Source of Material Bee Below Client CH2M Hill

Sampled by CH2M Hill Submitted by Mr, ere8 Underberq

Date Sampled 1/13/86 Date Tested 1118196 Lab Report No.
14845

Sample No. #2

Source MW-42 (57-59')

Depth

Description
of MateriaLs Tan Silty Band wta little Gravel

SCREEN SIZES

1 1/2 inch screen

1 inch screen

3/4 inch screen

112 inch screen

318 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 sieve

No. 50 mesh sieve

No. 60 mesh sieve

No. 80 meshsleve

NO. 100 mesh sieve

No. 200 mesh sieve

100

99

96

94

88

83

83

79

77

69

56

41

29

22

21

16,4

Dir e ct Jor°n N-r C_t _ nser vices



0.00

COBBLES I Coarse

"I
Sample ID

#2

Sample ID

Classification V1C%I LL PL PI i Cc

Tan Silty Sand wta little Grave_

0100 D60 030 010 %Gravel %Sand %Silt

Cu

%Clay

• i #2

I
PROJECT

25.O0

DDMT DO4 - Memphis, TN

0,4,7 0+254 12.0 71.6

JOB NO.
DATE

16.4

:M-603-96
1/18i96

GRADATION CURVES
CHRISTIAN,CARMICHAEL & ASSOCIATES

MONTGOMERY, ALABAMA



CHRISTIAN, CARMICHAEL

& ASSOCIATES, INC.

1211 Newell Parkway

Montgomery, Alabama 36110

(334) 2809174 FAXI934_ 290-9177

256 273

Project DDMT DO4 - Memphis t TN

11339001.ZZ

Our Job No. CM-603-96

REPORT OF ANALYSIS ON SAMPLE OF Subsurface Soils

Source of Material Sos Below Client CH2M Hill

Sampled by CH2_1 Hill Submitted by Mr. Grog Underber_]

Date Sampled. 1114196 Date Tested 1118196 Lab Report No.
14846

Sample No.

Source

Depth

Description
of Materials

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 ;teve

No. 18 mesh ;teve

No. 20 mesh sieve
No, 30 mesh sieve

No. 40 mesh sieve

No. 50 mesh steve

No. 60 mesh steve

No. 80 mesh sieve

No. 100 mesh sieve

No. 200 mesh steve

#3

MW-43 (100 102')

Tan Silty SBnd

100

99
98

97

96

93

87

69

44

30

22

2O

15.4

Director of Technical Services

c9



E COBBLES _- GRAVELcoarse I fine

Sample ID

#3

GRAIN SIZE IN MILUMETERS

SILT OR CLAY

PROJECT _0 CM-603-96DDMT D04 - Memphis. TN
DATE 111819B

GRADATION CURVES
CHRI_IAN,CARMICHAEL & ASSOCIATES

MONTGOMERY, ALABAMA



CHRISTIAN, CARMICHAEL

& ASSOCIATES, INC.

1211 Newall Parkway

Montgomery, Alabama 36110

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

Project DDMT D04 - Memphis_ TN
_b6 _75

113630.01.ZZ

Our Job No. CM-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 Grog Underber£

Date Sampled 1115196 Date Tested 1118/96 Lab Repor_ No. _ 14847

Sample No, #4

Source MW-44 (75-77'_

Depth

Description
of Materials

Tan Medium Sand w/a trace of Gravel

SCREEN

1 1/2
1

314
1/2
3f8

NO. 4

No. 8
No, 10

No. 16

NO, 20

NO. 30

No. 40

No. 50

No. 60

No. 80
No. 100

NO. 200

SIZES

{neh 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

100

96

95

93

53

50
89

88

B7

86

76

37

16

I1

9

9

5.1



CHRISTIAN, CARMICHAEL
& ASSOCIATES, INC.

1211 Newell Parkway
Montgomery, Alabama 36110

1334) 2609174 FAXI334) 260-9177

Project ODMT DO4 - Memphls r TN

256 276

113630.01.ZZ

Our Job NO. CM 803-96

REPORT OF ANALYSIS ON SAMPLE OF Subsurface Soils

Source of Material Sea Below Client CH2M Hill

Sampled by CH2M Hill Submitted by Me. Greg Underber 9

Date Sampled 1116/96 Date Tested 1118/96 Lab Report No.
14848

Sample No. #5

Source MW-45 (69-70'(

Depth

Description
of Materials

SCREEN SIZES
1 112 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 sieve

No. 50 mesh sieve

No. 60 mesh sieve

No. 80 mesh sieve

No. 100 mesh sieve

No. 200 mesh sieve

Tan Medium Sand w/a little of Gravel

1OO

96

94

91

89

83

80

79

78

73

82

40

21

13

8

6

4.1

JonNiChristion
Director of Technical Services

=c!



100 10 1 0.1 O,Ol 0.00"
GRAIN SIZE IN MILUMETERS

I I °"AVE_I sAN° I ICOBBLES SILT OR CLAY
coarse I fine coarseJ medium J fine

Sample ID

#5

Sample ID DtO0 D6O

#5 38.10 0.58

PROJECT DDMT DO4 - Memphis, TN

%CJay

78.9 I 4,1

JOB NO CM-603-96
DATE 1118/96

I GRADATION CURVES CCI I



CHRISTIAN, CARMICHAEL
& ASSOCIATES, INC.

121 1 Newell Parkway

Montgomery, Alabama 361 10

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

256 278

Project DDMT DO4 - Memphis r TN

113630,01.ZZ

Our Job No. CM-803-96

REPORT OF ANALYSIS ON SAMPLE OF _Subsurlace Soils

Source of Material See Below Client CHgM Hill

SampLed by CH2M Hill Submitted by _ Mr- Gte_ Underber9

Date Sampled 1/22/96 Date Tested 215196 Lab Report No,
14849

Sample No. #8

Source MW-46 (7t-73")

Depth

Description
of Materials Tan Medium Sand w/Silt

SCREEN SIZES
1 1t2 _nchscreen
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 steve

No. 30 mesh s_eve

No, 40 mesh steve

No. 50 mesh steve

No, 60 mesh sieve

No. 80 mesh ;teve

No. 100 mesh sieve
No. 200 mesh sieve

100

99

97
96

95

93

90

75

37

17

13
10

9

7.8



PROJECT DDMT DO_ - Memphis, TN

GRADATION CURVES
CHRIS_AN,CARM[CHAEL & ASSOCIATES



CHRISTIAN, CARMICHAEL

& ASSOCIATES, INC.

1211 Newell Parkway

Montgomery, Alabama 36110

(334_260-9174 FAX(3341260-9177

256 280

Project DDMT D04 - Memphis, TN

113630,01.ZZ

Our Job No. CM-603-96

REPORT OF ANALYSIS ON SAMPLE OF Subsurface Soils

Source of Material See Below Client CH2M HU]

Sampled by CH2M Hill Submitted by Mr. Greq Underberq

Date Sampled_ 1123196 Date Tested 2t5/96 Lab Report No.
t4850

Sample No.

Source

Depth

Description
of Materials

#7

MW-47 (_ 17.5-11B.5'F

Tan Medium Sand w/Silt

SCREEN SIZES

1 1/2 inch screen

1 inch screen

3t4 inch screen

1/2 inch screen

3/8 inch screen

No. 4 mesh steve

No. 8 mesh sieve

NO. 10 mesh sieve

No. 16 mesh steve

No. 20 mesh sieve

No. 30 mesh sieve

No. 40 mesh sieve

No. 50 mesh sieve

No. 60 mesh sieve

No, 80 mesh sieve

No. 100 mesh sLeve

No. 200 mesh sieve

1O0

99

95

77

40

23

_0

9

7.4

/" Dire ft Jor° n fNTeCc_r_ct _1 Services



I coarse I fine

IO I #7 Tan Medium Sand w/Silt

MC% I LL

I

I

i

I

I

% Gravel %SandSample 10 DIOO OSO D30 010

#7 1.18 0.36 0.270 0,1800 0,0 9Z.6 "].4

%Silt 1%Clay

PROJECT DDMT DO4 - Memphis. TN JOB NO. CM-603-96
DATE _5/96

G.AoA'r.o.CU.VES CC|CHRIST[AN,CARMICHAEL & ASSOCIATES

MONTGOMERY, ALABAMA



CHRISTIAN, CARMICHAEL

& ASSOCIATES, INC.

1211 Newell Parkway

Montgomery, Alabama 36110

(334} 260-B174 FAX (334) 280-9177

256 282

Project DDMT DO4 - Memphis, TN

11363001ZZ

Our Job No. CM603-96

REPORT OF ANALYSIS ON SAMPLE OF Subsurface Soils

Source of Material See Below Client CH2M Hill

Sampled by CH2M Hill Submitted by Mr. Gre 9 Underberg

Date Sampled 1/24196 Date Tested 215196 Lab Report No. _ 14851

Sample NO.

Source

Depth

Description
of Materials

#8

MW-48 (93.5 94.5'}

7ran Medium Sand w/a little Gravel

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. S mesh sieve

No. 10 mesh sieve

NO. 16 mesh sieve

No. 20 mesh sieve

No. 30 mesh sieve

No. 40 mesh sieve

No. 50 mesh sieve

No. SO mesh sieve

No. S0 mesh sieve

No. 100 mesh sieve

No. 200 mesh sieve

700

B8

96

94

92

87

82

81

77

72

56

27

12

9

7

6

3.B

Jon N. Christian

Director of Technical Services

c_9



GRAIN SIZE IN MILLIMETER5

0.01 O,00

[ GRAVEL _ SAND ' _COSBLES I coarse _ line medium _- fine I

Sample ID Classification IMC% LL PL PI Cc Cu

#8 Tan Medium Sand w/a littte Gravel 1.12- Z.5

Sample ID D10O

• I #8 38.10

D60 D30

0.65 0,440

D10

0,Z657

I I
_Graval %Sand %Silt 1%CLay

13.0 83.2 3.8

PROJECT DDMT DO4 - Memphis. TN JOB NO. CM-603 -96
DATE 2J5t96

GRADATION CURVES _'_.r= I

__L_A_SSOACIATESCHRISTIAN,CARMICHAEL & ASSOCIATES _



CHRISTIAN, CARMICHAEL

& ASSOCIATES, INC.

121 1 Newell Parkway

Montgomery, Alabama 361 10

1334)250-9174 FAX(334) 260-8177

256 284
Project DDMT D04 - Memphis, TN

113830.01.ZZ

Our Job No, CM-603-96

REPORT OF ANALYSIS ON SAMPLE OF Subsurface Sails

Source of Material See Below Client CH2M Hill

Sampled by CHSM Hil] Submitted by Mr. Greg Underberg

Date Sampled 1/25/9e Date Tested 215/86 Lab Report No. 14852

Sample No. #9

Source MW-49 (88-90')

Depth

Description
of Materials Tan Medium Sand w/Silt

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 sieve
No. 50 mesh sieve
No. 60 mesh sieve
No. 80 mesh sieve

NO. 100 mesh sieve
No. 200 mesh sieve

100

98

98

96

95

94

94

92

87

64

31

20

11

10

6.1

ccI



GRAINSIZEIN MILLIMETERS

I GRAVEL SANDCOBBLES coarse I flne ;0ersel medium I fine

Illll I

IIIIII I

i111111

IIIIII I

0.00

SILT OR CLAY I
I

Sample ID Classification

#9 Tan Medium Band w/Silt

IMC%

010 %Gravel

LL PL

Sample [D DIO0 DBD D30

#B 19,00 0.41 0.295 0.1500 4.0 B9.9

I

%Band

PI Cc I Cu

1.42 2.7

I
%Silt 1%Clay

6.1

PROJECT ODMT D04 - Memphis, TN JOB NO.
DATE

CM-603-96
?J5t96

GRADATION CURVES
CHRISTIAN.CARMICHAEL & ASSOCIATES

MONTGOMERY, ALABAMA



CHRISTIAN, CARMICHAEL
& ASSOCIATES, INC.

1211 Newell Parkway

Montgomery, Alabama 36110

(334) 250-9174 FAX1334] 260 9177

256 2,96
Project DDMT DO4 Memphis, TN

113630.01,ZZ

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 Gre_l Underberg

Date Sampted 1/26/96 Date Tested 2t5196 Lab Report No.
14853

Sample NO.

Source

Depth

Description
of Materials

SCREEN SIZES
1 1t2
1

314
1/2

3t8
No. 4
No. 8

No. 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 Sl_Ve

mesh sieve
mesh sieve

mesh sieve

mesh sieve

mesh sieve
mesh sieve

#10

MW-50 (120-125'_

Tan Medium Sand & Gravel

100

98

94

85

78

56

35

31

23

20

16

13

9

S

6
5

3.6

/ Direct _ r°n fNTeCchr_it _ ns e rvices



GRAVEL
COBBLES I'coa,se I fine Icoarsel mediumSANDI

Sample [D Classification

#10 Tan Medium Sand & Gravel SW

MC%

Sample IO D1OO D60 D30 D10 %Gravel

#10 38.10 5.39 1.872 0.32.73 44.0

LL I PL

PROJECT DDMT DO4 - Memphis. TN JOB NO.
DATE

Ccl Cu

1.99116,5

%Sand %Silt 1%Clay

52,4 3.6

CM-603-95
215196

GRADATION CURVES p_ I _L rCHR[STIAN.CARMICHAEL & ASSOCIATES

MONTGOMERY, ALABAMA •



CHRISTIAN. CARMICHAEL

& ASSOCIATES, INC.

121 1 Newell Parkway

Montgomery, Alabama 361 10

(334) 260-9174 FAXt334) 250-9177

256 288
Project DDMT DO4 Memphis, TN

118630.01.ZZ

Our Job No. CM-603-86

REPORT OF ANALYSIS ON SAMPLE OF Subsurface soils

Source of Material See 8elow Client CH2M Hill

Sampled by CH2M Hill Submitted by Mr. Greg Undetber£

Date SampledJ Is0198 Date Tested 219196 Lab Report No.
14858

Sample No. #11

Source MW-51 (55-60')

Depth

Description
of Materials

Tan Medium Sand w/Silt & Gravel

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 sLeve

No. 40 mesh sieve

No. 50 mesh ;leve

No. 60 mesh sieve

No. 80 mesh sieve

No. 100 mesh sieve

No. 200 mesh sieve

100

98

98

93

91

85

81
80

76

71

57

36

26

23

18

16

11.0

Jon N. C_lristian

Director of Technical Services

c_9



Sample ID Classilication

#11 Tan MedLum Sand w/Silt & Gravel

i
0.01 O.OO"

SILT OR CLAY I

PL PI I C¢ Cu

2.63 9.3

Sample ID

#11

0100 DBO

38,10 0.65

D3O D10

0.345

PROJECT DDMT 004- Memphis. TN

!%Gravel 1%Sand %Silt %Clay

74.0 11.0

I

JOB NO. CM-603-86
DATE 2/9/96

GRADATION CURVES _,_CHRISTIAN,CARMICHAEL & ASSOC]ATE8

MONTGOMERY, ALABAMA



CHRISTIAN, CARMICHAEL

& ASSOCIATES, INC.

1211 Newell Parkway

Montgomery, AlaDama 36110

1334) 260-9174 FAX (334-] 260-9177

Project ODMT DO4 - Memphis, TN

2nn
113830.01.ZZ

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, Greq Underber_]

Date Sampled 2/6/96 Date Tested 2/9/96 Lab Report No. 14856

Sample No.

Source

Depth

Description
of Materials

SCREEN SIZES

1 1t2 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 sieve

No. 50 mesh sieve

No, 60 mesh sieve

No. 80 mesh sieve

No. 100 mesh sieve

No. 200 mesh sieve

#12

MW-52(102-104')

Tan Medium Sand

100

99

93

54

19

14

9

7

2.6

Director of Technical Services

c=!



GRAIN SIZE IN MILLIMETER5

SILT OR CLAY
SAND I

COBBLES
medium I fine

Sample ID Classification iMC%b LL I

#12 Tan Medium Sand I ;

Sample ID O100 DEO D30

#12 1,18 0.45 0.335 2.6

PROJECT DDMTDO4-Memphis. TN JOB NO, CM-603-96
DATE 2/9/96

I

DIO %Gravel %Sand %Silt

0.1922 O.O 97.4

I

%Clay

GRADATION CURVES
CHRISTIAN,CARMICHAEL & ASSOCIATES

MONTGCMERY. ALABAMA



CHRISTIAN, CARMICHAEL

& ASSOCIATES, INC,

1211 Newel1 Parkway

Montgomery, Alabama 36110

I334) 260 9174 FAX(33412688177

256 292

Project [3DMT DO4 -Memph]s, TN

119630.OIZZ

Our Job No. CM 603-96

REPORT OF ANALYSIS ON SAMPLE OF Subsurface Soils

Source of Material See 6elow Client CH2M HiU

Sampled by CH2M HiLl Submitted by Mr. Steve Brue_

Date Sampled 2/15/96 Date Tested 2/29/96 Lab Report No.
38796

Sample No.

Source

Depth

Description
of Materials

#13

MW-46 (75-77 5'}

Tan & Red 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. 8 mesh sieve

No. 10 mesh sieve

No. 16 mesh sieve

No. 20 mesh sieve

No. 30 mesh sieve

No, 40 mesh sieve

No, 50 mesh sieve

NO. 60 mesh sieve

No. 80 mesh sieve

No. 100 mesh sieve
No. 200 mesh sieve

100

99

96

95

90

84-

74

46

25

17

9

7

4.7

/ Jon N. Christian
Director of Technical Services



I I SANDCOBBLES coarse I fine coarsel medium I

Sample [D Classification PL

#13 Tan & Red Medium Sand

I I

%Gravel 1%Sand

! PI CC I Cu

I 1.121 2.7

Sample ID DIO0 060 D30 DIO

#13 9.50 0.50 0.324 0.1875 1.0 I 94.3 4.7

I

I

i

I

%Silt %Clay

PROJECT OOMT D04 - Memphis, TN JOB NO. CM-603-96
DATE 3/2J96

GRADATION CURVES
CHRISTIAN,CARMICHAEL & ASSOCIATES



CHRISTIAN, CARMICHAEL

& ASSOCIATES, INC.

121 1 Newell Parkway

Montgomery, Alabama 361 10

1334)260-9174 FAX {334) 260-9177

256 294
Project DDMT D04 - Memphis r TN

113630.01ZZ

Our Job No, CM 603 96

REPORT OF ANALYSIS ON SAMPLE OF Subsurface Soils

Source of Material See Below Client CH2M Hill

Sampled by CH2_4 Hill Submitted by Mr. Steve Bruer

Date Sampled 2115196 Date Tested 2/29/96 Lab Repor_ No.
38696

Sample No. #14

Source MW-53 {82-83'}

Depth

Description
of Materials

SCREEN SIZES
1 112 inch screen

1 inch screen

3/4 inch screen

112 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 sieve

No. 50 mesh sieve

No, 60 mesh sieve

NO. 80 mesh sieve
No. 100 mesh sieve

•No. 200 mesh sieve

Tan Medium Sand w/some Gravel

100

98

92

88

74

57

53

40

27

16
10

7

6

5

5

4.1

Jon N. Christian

Director of Technical Services

cc!



GRAIN SIZE IN MILLIMETERS

I I GRAVEL SAND I SiLT OR CLAY JCOSBLES I coarse I fine IcoBrsel medium I fine I I

Sample ID Classification

#14 Tan Medium Sand w/some Grovel

MC% I LL

D1OO DSO I D30

25.0(] 2.67 I 0.917

I

Somp]e ID

#14 ¢,1I D1O %Gravel %Sand0.4250 26.0 69.9

I
I

Cu

6.3

%Silt %Clay

PROJECT DDMT DO4 - Memphis, TN JOB NO. CM-603-96
DATE 312/96

GRADATION CURVES
CHRISTIAN,CARMICHAEL & ASSOCIATES

MONTGOMERY, ALABAMA



CHRISTIAN, CARMICHAEL

& ASSOCIATES, INC.

1211 Newell Parkway

Mantgomery, Alabama 36110

(3341 260-9174 FAX (334} 26B-9177

256 296
Project DDMT DO4 * Memphis, TN

11BBSO.O1.ZZ

Our Job No, CM-BO3-96

REPORT OF ANALYSIS ON SAMPLE OF Subsurface Soils

Source of Material Bee Below Client CH2M Hill

Sampled by CH2M Hill Submitted by Mr. Steve Bruer

Date Sampled 2/15196 Date Tested 2J'29/96 Lab Report NO. 38896

Sample No. #15

Source MW-54 _93-95')

Depth

Description
of Materials 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 s_eve

No. 8 mesh s_eve

No. 10 mesh sieve

No. 16 mesh sieve

No. 20 mesh sieve

No. 30 mesh sieve

No. 40 mesh sieve
No. 50 mesh sieve

No. 60 mesh sieve

No. 80 mesh sieve

NO. 1DO mesh sieve

NO. 200 mesh s_eve

lOO

99

98

96

63

3o

19

7

6

3.2

Director of Technical Services

c9



GRAIN SIZE IN MILLIMETER_

I F GRAVEL
COBBLES

coarse ]/ fine

Sample ID Classification

#15 Tan Medium Sand

D10

!MC% LL PL PI Co Cu

Sanlple ID DIGO

#15 2.00

D60 D30

0.41 0.300

PROJECT ODMT D04 - Memphis, TN

0.1954

1.12 2.1

%Gravel %Sand %Silt 1%Clay

0.0 96.8 3.2

JO@ NO. CM-603-96

DATE 312196

GRADATION CURVES
CHRISTIAN,CARMICHAEL & ASSOCIATES

MONTGOMERY, ALABAMA



CHRISTIAN, CARMICHAEL

& ASSOCIATES, INC.

1 21 1 Newell Parkway

Montgomery, Alabama 361 10

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

256 298
Project DDMT DO4 - Memphis, TN

11363001ZZ

Our Job No. CM-603-96

REPORT OF ANALYSIS ON SAMPLE OF Subaurfac¢ Soils

Source of Material See Below Client CH2M HI)I

Sampled by CH2M Hill Submitted by Mr. Steve Bruer

Date Sampled 2/15196 Date Tested 2/29t98 Lab Report No. 38996

Sample No. #t6

Source MW-55 (73-74")

Depth

Description
of Materials Tan Medium Sand & Gravel

SCREEN SIZES

1 1/2 inch screen
1 inch screen

3t4 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 sieve
No. 50 mesh sieve
No. 60 mesh sieve

No. 80 mesh sieve
NO. 1OO mesh sieve
No. 200 mesh sieve

IOO

95

87

82

69

80

58

57

55

51

42

28

19

11

10

5.8

Jon N. ChristianDirector of Technical Services

cct



GRAIN SIZE IN MILUMETERS

I GRAVEL I SAND iCOBBLES
coarse [ f_ne coare, eI medium I fine L

S[LTORCLAY

SampLe ID C[aesificatlon

#16 Tan Medium Sand & Gravel

I
Sample [D

#16 31.0 63.2 5.8

D1O0 D60 O30 D10

25.(]0 2.36 0.327 O.1500

PROJECT DDMT DO4 - Memphis, TN JOB NO CM-6(]3-96
GATE 3/ZI96

GRADATION CURVES _CHRISTIAN,CARMICHAEL & ASSOCIATES

MONTGOMERY, ALABAMA



CHRISTIAN, CARMICHAEL
& ASSOCIATES, INC.

1211 Newell Parkway
Montgomery, Alabama 36110

1334) 260-9174 FAX (334) 260-9177

25G 300

Project DDMT [304 - Mernphi5 r TN

113630.01.ZZ

Our Job No CM-603-96

REPORT OF ANALYSIS ON SAMPLE OF Subsurface Soils

Source of Material See 6_lQw Client CH2M Hill

Sampled by CH2M Hill Submitted by Mr, Grog Undetber 5

Date Sampled ln2/96 Date Tested 2123196 Lab Report No. 14658

Sample No.

Source

Depth

Description
ef Materials

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. 1 6 mesh sieve

No. 20 mesh sieve

No. 30 mesh sieve

No. 40 mesh sieve

NO. 50 mesh sieve

No. 60 mesh sieve

No. 80 mesh sieve

No. 100 mesh sieve

No. 200 mesh sieve

$1

MW-46 [96-98.5'}

Gray Clay w/Sand

100

99

76.6

--_JJon _

Director of Technical Services



(;RAIN SIZE IN MILLIMETERS

I GRAVEL I SAND iCGBBLES
coarse I fine coarsel modlum I fine I

SILT GR CLAY q
Sampte ID Cla=sification IMC%

S-1 GrBy Clay w/Sand CL

I

Sample [D G100 D60 £)30

S-1 0.18

I
I I

PROJECT DDMT D04 - Memphis, TN

DIO 1%Gravelo.o %Sand

I B
I I

JOB NG.

DATE

, :u

I
%Clay

M-603-96

3/4196

GRADATION CURVES I_l_CHR]STIAN,CARMICHAEL & ASSOCIATES

MONTGGMERY, ALABAMA
• - #



CHRISTIAN, CARMICHAEL
& ASSOCIATES, INC.

1211 Newell Parkway
Montgomery, Alabama 36110

(2051 860-9174 FAX(205) 260-9177

256 302

Project DDI_T DO4 - Memphis, TN

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 Gre 9 Underberg

Date Sampled 1/12/96 Date Tested 2123/96 Lab Report No. 14858

Sample No. S-1

Source MW-40 t96-98,5')

Depth

Description
of Materials Gray Clay w/Sand

PERMEABILITY TEST RESULTS

Wet Unit Wt, (pcf) 120.4

Dry Unit Wt. (pcf) 99.7

Water Content (%) 20.8

Void Ratio 0.680

Porosity 0.398

Hydraulic Conductivity IKI = 2.4E 08 cm/sec

NOTE : The test specimen wBs trimmed from a shelby tube sarnp]a to dimensions of 73.0 mmx

98.4 ram. Constant head permeability tests were completed on the sample maintaining a

constant head of permeant I_quid @ 305 ram, t 218 ram, and 2435 mm, The reported

hydraulic conductivity is the average of 3 runs al each head differential and corrected for a

temperature of 20 degrees Celsius.

/ Jon N. Christian
Director of Technical Services



CHRISTIAN, CARMICHAEL

& ASSOCIATES, INC.

1 21 1 Newell Parkway

Montgomery, Alabama 361 10

(334) 260 9174 FAX 1334) 260 9177

256 303
Projec[ DDMT DO4 - Memphis, TN

113630.01,ZZ

Our Job No. c_1-603-96

REPORT OF ANALYSIS ON SAMPLE OF Subsurface Soils

Source of Material see Below Client CH2M Hill

Sampled by CH2M Hill Submitted by Mr. Grog Undsrber_[

Date Sampled 1/13/96 Date Tested 2125/96 Lab Report No, 14859

Sample No.

Source

Depth

Description
of Materials

SCREEN SIZES

1 1/2 inch screen

1 inch screen

3/4 inch screen

1t2 inch screen

3/8 inch screen

No. 4 mesh sieve

No. 8 mesh sieve

No. 10 mesh sleve

No. 16 mesh sieve

No. 20 mesh sieve

No. 30 mesh sieve

No. 40 mesh sieve

No. 50 mesh sieve
NO, 60 mesh sieve

No. 80 mesh sieve

No, 100 mesh sieve

No. 200 mesh sieve

S-1(42)

MW-42 (85-67.5']

Gray Clay

Ioo

99

98

94 6

( _Jon(_n

D_rector of Techmcal Services

c=t



COBBLES I OBAVEL I SANDcoarse ] fine coarsel medium I fine
SILT ON CLAY

Sample ID Classification

• I S-1(42) Gray clay CL

I
D100 DES D3S

!MC% LL PL I PI

47 27 I 20

I
q

I

BlO %Gravel 1%Sand %Sih

, O.O / 5.4-

I

Sample IO

S 1{42) 0.25

PROJECT ODMT DO4 - Memphis, TN

Cu

1%Ctay

94,6

JOB NO, CM-603-B6
DATE 3/4t96

GRADATION CURVES CC_CHRISTIAN,CARMICHAEL B, ASSOCIATES

MONTGOMERY, ALABAMA •k



CHRISTIAN, CARMICHAEL

& ASSOCIATES, INC.

1211 Newell Parkway

Montgomery, Alabama 36110

(205) 260-9174 FAX(2051260-9177

Project DDMT D04 - Memphis, TN

258 _0_

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, Greq Undetber_]

Date Sampled 1113/g6 Date Tested 2125196 Lab Report No. 14859

Sample No. s-1 [42)

Source Paw-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

Porosity 0,442

Hydraulic Conductivity d<) = 2,0E-08 cmlsec

NOTE The test specimen was trimmed from a shelby tube sample to dimensions of 73.0 mm x

83,5 ram, Constant heed permeability tests were completed on the sample maintaining a

constant heed of permeant liquid @ 305 ram, 1219 ram, and 2438 mm, The repotted

hydraulic conductivity is the average of 3 _uns at each head differential and corrected for a

temperature of 20 degrees Celsius.

_Di;ect oJr° n fNTeCch_St_nSe rvices



CHRISTIAN, CARMICHAEL

& ASSOCIATES, INC.

121 1 Newell Parkway

Montgomery, Alabama 361 10

_334) 260-9174 FAX{334) 260-9177

Project DDMT D04 - Mere hisf TN%u 306

11363001,ZZ

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 2125196 Date Tested 315196 Lab Report No.
39296

Sample No.

Source

Depth

Description
of Materials

SCREEN SIZES

1 112 inch screen
1 inch screen

3/4 inch screen

112 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

[do. 30 mesh sieve

No. 40 mesh sieve
No. 50 mesh sieve

No. 6D mesh sieve

No. 80 mesh s_eve

No, 100 mesh sieve

No. 200 mesh sieve

S 1 (491

MW-49 (90-92.5'i

Gray Clay w/Sand

loo

99

95

82.4

_r°nNTChr_t _ Service s

c9



HYDROMETER
25G 307

0.01 0,00

S-1(49) 0.25 0.O

I

PROJECT DDMT I)04 - Memphis, TN JOB NO,
DATE

CM-603-96
3/5196

GRADATION CURVES
CHRISTIAN,CARMLCHAEL & ASSOCIATES

MONTGOMERY, ALABAMA



CHRISTIAN, CARMICHAEL

& ASSOCIATES, INC.

121 1 Newell Parkway

Montgomery, Alabama 361 10

{205) 260-9174 FAXt205_ 260-9177

256 308

Project DDMT DO4 - Memphis_ TN

Our Job No. CM-603-96

REPORT OF ANALYSIS ON SAMPLE OF Subsudaca 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 3/5/96 Lab Report NO.
39296

Sample No. S-1(49)

Source MW-49 (9o-92.5']

Depth

Description
of Materials

PERMEABILITY TEST RESULTS

Wet Unit Wt, (pcf) 124.8

Dry Unit Wt. (pcf) 103.5

Water Content (%) 20.4

Void Ratio 0,652

Porosity 0.395

Gray Clay w/Sand

Hydraulic Conductivity {K) = t.2E-08 ore/sac

NOTE The test spot{men was trimmed from e shelby tube sample to dimensians of 73.0 turn x

46,7 rnrn. Constant head permeability tests were completed on the sample maintaining a

constant head Of permeant liquid @ 305 mm, 1219 mm, and 2438 ram. The reported

hydraulic conductivity is the average of 3 run_ at e_ch head differential and corrected fat a

temperature of 20 degrees CeLsius,

Jon N. Christian
Director of Technical Services

=ct



CHRISTIAN, CARMICHAEL
& ASSOCIATES, INC.

1211 Newell Parkway
Montgomery, Alabama 36110

_334} 260-91"}4 FAX (334) 260-9177

Project DDMT 004 - Memphis, TN

256 _ Io0J

113630.O1.ZZ

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 3/10/96 Lab Report No.
39396

Sample No,

Source

Depth

Description
of Materials

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 stove

No. 8 mesh stove

No. 10 mesh sieve

No. 16 mesh sieve

No. 20 mesh stove

No. 30 mesh sieve

No. 40 mesh sieve

No, 50 mesh sieve

No. SO mesh sieve
No. eo mesh sieve

No. 100 mesh sieve

No. 200 mesh sieve

S-1(54]

MW-54 I100-101')

Gray Clay

1O0

99

98

97,4

S Jon N, Christian
Director of Technical Services
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0

COBBLES

GRAEN SIZE IN MLLUMETERS

GRAVEL I SANDcoarse I fine coarse1 medium I fine
SILT OR CLAY I

Sample ID Classification

S-1(54) Gray Clay CL

Sampte ID

S-1(54)

DIO0 D60 D30

0,25

PROJECT ODMT [304 - Memphis, TN

LL ] PL I

46 ! 25

I

DIO %Gravel %Sand I

0.0 2.6

I

PI ICc i C

I
%Clay

97,4

JOB NO, CM-603-96
DATE 3110/9B

GRADATION CURVES _._-I I
CHRISTIAN,CARMICHAEL & ASSOCIATES _

L MONTGOMERY, ALABAMA _J-J



CHRISTIAN, CARMICHAEL
& ASSOCIATES, INC.

1211 Newell Parkway
Montgomery, Alabama 36110

(205_ 260-9174 FAXI205) 260 9177

Project DDMT DO4 - Memphis_ TN

_56 3J1

Our Job No. CM-603-gG

REPORT OF ANALYSIS ON SAMPLE OF Subsurface Soils

Source of Material See Below Client CH2M HiLl

Sampled by CH2M Hill Submitted by Mr. Steve Bluer

Date Sampled 2/25/96 Date Tested 3/10/96 Lab Report No.
39396

Sample No. s-1{54)

Source MW-54 (100 101')

Depth

Description Gray Clay
of Materials

PERMEABILITY TEST RESULTS

Wet Unit Wt. (pcf) 123.8

Dry Unit Wt. (pcf) 97.0

Water Conten_ (%} 27.7

Void Ratio 0.790

Porosity o.441

Hydraulic Conductivity [K)= 1.GE-OB cmtsec

NOTE : The test spec:imen was trimmed from a shelby tube sample to dimensions of 72.0 rnm x

49.7 ram, Cons%ant head permeability lests were completed on the sample mBinKaining a

cQn_tant head of permeant liquid @ 305 ram, 1219 mm. and 2438 ram. The reported

hydraullc conductLvity is _he Bveza9s of 3 runs at each head d)fferentlal and corrected for a

lernpetature of 20 degrees Celsius.

 xuS
S Jon N. Christian

Director of Technical Services



CHRISTIAN, CARMICHAEL

& ASSOCIATES, INC.

1211 Newell Parkway

Montgomery, Alabama 36110

(334) 260-9174 FAX (334) B60-9177

Project ODMT [304 - Memphis, TN

256 312

113630,01,ZZ

Our Job No, CM-603-9B

REPORT OF ANALYSIS ON SAMPLE OF Subsurface Soils

Source of Material See Below Client CH3M Hill

Sampled by GHBM Hill Submitted by Mr Steve Bruer

Date Sarnp_ed 2/25/96 Date Tested 3113196 Lab Repot[ No.
39196

Sample No.

Source

Depth

Description
of Materials

SCREEN SIZES

1 I/2 inch screen
I 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 sieve
NO. 50 mesh sieve
No. 60 mesh sieve

No, 80 mesh sieve
No. 100 mesh sieve

NO. 200 mesh sieve

S-1{55(

MW-55tu_ {83-85.5'_

Tan & Gray Sandy Clay

100

99

98

96

68.9

/ Jon N. Christian
Director of Technical Services



U.5. $]_VE OPENING IN INCHES

3 1.5 131_ 3/8 4

I' ' 'I''I'I'I

I

_iI_LIIHII IIIII
II ilHlll

i!H
100 10

I U 5. SIEVE NUMBERS I

10 16203040 _QO 200

I /

1 O,1
GRAIN SIZE IN MILK]METERS

0,01

L COBBLES GRAVEL SAND SILT OR CLAYcoarse fine Icoarsel medium I fine

Sample ID Classification MC% LL [ PL PI Cc

m S-1(55) Tan & Gray Sandy Clay

Sample ID

• S-1(55}

I

OlOO D60 D30

0.30 68,9

PROJECT DOMT DO#+ - Memphis, TN

DIO 1%Gravel %Sand %8ilt

0.6 31.1

JOB NO. CM-603-66
DATE 3/13196

I
Cu

%Clay

GRADATION CURVES C_I_tCHRiSTIAN,CARMICHAEL & ASSOCSATES

MONTGOMERY, ALABAMA •
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256 314

Project ODMT D04 - Memphis_ TN

CHRISTIAN, CARMICHAEL
& ASSOCIATES, INC.

1211 Newell Parkway

Montgomery, Alabama 36110

(205] 260-9174 FAX(2O5) 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 9ruer

Date Sampled 2125196 Date Tested 3/13/96 lab Report No.
39196

Sample No. 9-1(55)

Source MW 55(ul (83-85.5')

Depth

Description
of Materials

PERMEAB]LITY TEST RESULTS

Wet Unit Wt. (pcf)

Dry Unit Wt. (pcf)

Water Content (%)

Void Ratio

Porosity

Hydraulic Conductivity

NOTE :

Tan & Gray Sandy Clay

117.5

95.7

22.8

0.716

0.417

(K)= 2.5E 07 cm/sec

The test spemmen was trimmed from a shelbv tube sample to dimensions of 72.8 mmx

71.9 ram, Constant head permeability tests were completed on the sample maintaining a

constant head of permeant liquid @ 305 ram, 1219 ram, and 2438 ram. The reporled

hydraulic conductivity is the average of 3 runs at each head differential and corrected for a

temperature of 20 degrees eelsLus.

/ Direct Jor°n NTe ch _Sc_l Services



256 315

P
L
A
S

C
I

Y

$
N
O
E
X

_ecimen Identification

#1

8-1

8-1(421

S-1(49)

B-lIB4)

PROJECT

LIQUID LIMIT ILIJ

Location

MW-41 (65-67']

78.6 MW_,O {B6-98.5'1

MW-42 (65-67.5']

MW-4B (BO-92.B')

MW*54 {100-101'1

DDMT DO4 - Memphis. TN JOB NO.
DATE 3118/B6

ATTERBERG LIMITS' RESULTS CC |
CHRISTIAN,CARMICHAEL & ASSOCIATES

MONTGOMERY, ALABAMA
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I

COGO3D

3-D COORDINATE GEOMETRY

CH2M Hill, Inc.
2300 NW Walnut Boulevard

P.O Box 428

Corvallis, Oregon 97330

VERSION 7.50

03-JUN-92

(C) COPYRIGHT 1992

CH2.M-HILL N.W

ALL KIGHTS RESERVED

RUN ON 06/26/96 08:23:2056

IN:DDCTL.CGI OUT:DDCTL CGO *

NOTE

• This page eomains valuable information *
• that should be saved. If it becomes *

• _eeessarj to rerun this analysis in the *

• furore, dus page will allow retrieval *

• of the proper program and data files. *

SOJ/DDMT

1

DELETE COORDINATES

(1-9999)

STORE

64 281938 836 802610 199 30018

64

65 282167.957 803048.810 281.81

65

116 27923713 802476 71

116

11727916323 80346943

117

130 279232564 802504585 30760

130

131 279166 722 g03418.185 317.30

25G 319



131

500 274089.329 807989437 278.30

500

503 27878381 803983 65 316 72

503

504 276550.07 806994.37 304. 10

504

505 277207 78 80702845 30301

505

430 282229. 190 802013959 273.934

480

431 281651 528 801783900 287384

48 I

441 279620.93 80045760 284078

441

LOCATE ANGLE

431 430 213 -116-23-41 264 705 90-00-00 187 * NAILTP

213 282250.7845(N) 802277.7817(E) 187(F)

430 213 212-175-35-39 505.95 90-00-00 181 * PK& WASHEI_ TP

212 282253 200D(N) 802783 7259(E) 181(F)

213 212 211 -153-57-31 402.79 90-00-00 182 * RE BAR & CAP, TP

211 28207&0969(N) 803146.4637(E) 182(F)

212 21l 209-112-08-575 1229.73 90-00-00 187 *NAIL, TP

209 280880.8185(N) 803068.8514(E) 187(F)

211 209 210-269-83-408 1088225 90-00-00 181 * PK&WASHEP_ TP

210 280773.8227(N) 804154,3491(E) 181(F)

209 210 208 -89-53-44 1645.28 90-00-00 185 * CH1SLED "X", TP

208 279132.8810(N) 8040349483(E) 185(F)

210 208 207 -269-58-31 1054.70 90-00-00 181 * PK & WASHER, TP

207 279055 8859(N) 8050868342(E) 181(F)

208 207 206 -179-56-30 799.49 90-00-00 181 * PK & WASHER, TP

206 278996.710_(N) 805884.1311(E) IgI(F)

207 206 205 -182-47.48 1411 26 90-00-00 181 * PK & WASHER, TP

205 2789610461(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)
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205 204 202 -I 86-11477,5 1118 675 90-00-00 187 * NAIL, TP

208 277034.9528(N) 807271 3776(E) 187(F)

204 203 202 -198-40-03 1613.62 90-00-00 181 * PK & WASHER, TP

202 275524.1564(N) 807838.1788(E) 1810 =)

203 202 201 -180-12-03.5 424¸03 90-00-00 180 * 2X2 H&T, TP

201 275127.6714(N} 807988.5155(E) IS0(F)

202 201 290 -65479_8 1122.715 90-00-00 181 * PK & WASHER, TP

200 2752073806(N) 806868 6337(E) 181(I 7)

207 208 501 178-59-02 617.335 90-00-00 183 * CONC MOb/& 4" DISK

501 279167.02231N) 803418.5581(E) 183(F)

208 501 502 180-56-34 915.91 90-00-00 183 * CONC. MON.& 4" DISK

502 279232.7164(N) 802505,0071(E) 183(F)

209 211 964 71-52-22.5 554.20 90-00-00 194 * FND 2X2 H&T, PT, #64

964 281939 2562(N) 8026099370(E) 1941T)

209 211 965 129-05-32 13328 904?0-00 194 * FND. 2X2 H&T. PT #65

965 282168.5004(N) 8030485312(E) 194(F)

S01 502 250 180-00-00 27.25 90-00-00 187 * NAIl,, TP

250 2792346709(N) 802477.8273(E) 18707)

501 250 251 167-01-48 1898845 904?0-00 194 * FND. 2X2 H&T,PT.#7O

251 2789423115(N) 800601.6241(E) 194(1:)

250 251 260 103-12-36.5 282923 90-00410 180 * 2X2 H&T, TP

260 276121.2438(N) 800386 8700(E) 180(1 e)

251 260 261 272-38-305 544.825 904?0-00 181 * PK & WASHER, TP

261 276187.5947(1,1) 7998461003(E) 181{11=)

261 260 252 239-36-54 516.505 90-004)0 195 * FND PK & WASHER, PT #72

252 2756471829(N) 8011591.9155(E) 195(F)

260 252 253 118-08-41 682.04 90-00-00 195 * FIND. PK & WASHER. PT #73

253 2755906473(N) 8012716083(E) 1980-)

252 253 254 173-48-07 5 911 645 904)0-00 182 * RE BAR & CAP, TP

254 2756136065(N) 8021829641(E) 182(F)
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253 254 255 187-59-32 1957 1090-00-00 181 * PK& WASHEP-_ TP

255 2753903894(N) 8041272929(E) 181(F)

254 255 256 175-49-50 1867405 90-00-00 182 * RE BAR& CAP, TP

256 2753128521(N) 8059930875(E) 182(F)

255 256 9200 154-28-47 881.685 90-00-00 195 * FND PK & WASHER_ PT #200

9200 275207.5492(N) 80686g.4616(E) 195(F)

256 9200 9201 177-12-42 I 122715 90-00-00 194 * FND 2X2 H&T, PT #201

9201 2751278431(N) 80795$3437(E) 194(F)

INVERSE BEARINGS

(200 201 )

BEARING DISTANCE (FT)
FROM 20_TO 201 $85-55-43.5E 11227150

ADJUST 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 M/SCLOSURE =- 0- 0- 0.6

NUMBER OF TRAVERSE ANGLES = 19 OF WHICH 19 MAY BE ADJUSTED

CORRECTION PER ANGLE = 0- 0- 0.0

ALLOWABLE CORRECTION PER ANGLE = 0- 0- 5.0

ADJUSTMENT PERFOR/d_D 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 $ 47-33-42.6 E 02402

TRAVERSE LENGTH

INVERSE BEARINGS

(430 43])

BEARING

FROM 430TO 431 $21-42-553W

(131 130502501)

21459.7400 CLOSURE IS I 0 IN 89330.5350

DISTANCE (FT)
621.7882 ELEV-- 13 4500



BEARING DISTANCE (IT)
FROM 13]TO ]30 N85 52-J,0.4W

FROM 130TO 502 N70-8-4_.0E

FROM 502TO 501 S 85-52-59.8E

(6465965964)

9159695 ELEV= -9.7000

0.9488

9159908

BEARING
FROM 64TO 65 N62-25-62E

FROM 6STO 965 N27-9-32,SW

FROM 965TO 964 S62-24-175 W

(9200200)

DISTANCE (FT)
494 8495 ELEV- -18.3700

06107

494.8917

BEARING DISTANCE (FT)
FROM9200TO 20D N 0- 0- 0 0 E 0.0000

(204 203)

BEARING DISTANCE (FT)

FROM 204TO 203 S 1-53-47.2E 1118.6662

LOCATE ANGLE

200 201 9500 265-50-52 5 103733 90-00-00 196 * USC&.GS MON AIRWAY

9500 274090.33380q) 807989.9808(E) 196(I 7)

502 501 9503 210-00-19 682.735 90-00-00 196 * COE MON Tl-lE

9503 278783.9739(N) 803983.8333(E) 196(F)

209 203 9504 211-35-43.5 557.535 90-00-00 196 * COEMON. TI-IH

9509 2765506317(N) 806995.1775(E) 196(F)

203 9504 9505 333-15-306586090-00-00 196" COEMON, TI-IG

9505 277208.3546(N) 8070291561(E) 196(F)

9504 9505 9204 189-18-06 96666 90-00-00 195 * FND PK & WASHEP-_ PT #204

9204 278152.9726(N) 807234.4082(E) 195(F)

9505 9204 9203 345-50_,7 1118.66 90-00_0 * FND, NAIL, PT #203

9203 277034.9241(N) 807271 3921(E)
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ADJUST ANGULAR ERROR

(204 203 9504 9505 9204 9203) 9203 178-06-128 6-06-05

SPECIFIED KECORD CLOSING AZIMUTH 178-6-128 '

UNADJUSTED FIELD CLOSING AZIMUTH FROM 9204 TO 9203 = 178- 6-19 5

AZIMUTH MISCLOSURE -- 0-0-66

NUMBER OF TRAVERSE ANGLES -- 5 OF WHICH 5 MAY BE ADJUSTED

CORRECTION PER ANGLE =- 0- 0- 13

ALLOWABLE CORRECTION PER ANGLE = 0- 0- 5,0

ADJUSTMENT PERFORJVIED WITH GRID FACTOR 1.0000

ADJUST TRAVERSE COMPASS

(203 9504 9505 9204) 204 1

TRAVERSE CLOSURE FROM 9204 TO 204 N 2-38-58,5 W 0.0074

TRA\rERSELENGTH 21827950 CLOSURE1S 10IN 2947960390

INVERSE BEARINGS

(504 500 503 504 505 9505 9504 9503 9500)

BEARING DISTANCE (FT)

FROM 504 TO 500 S 22- I- 2.2 E

FROM 500 TO 503 N 40-28-26 5 W

FROM 503 TO 504 S 53-25-380E

FROM 504TO 505 N 2-57-58.3 E

FROM 505 TO 9505 N 50-48-524 E

FROM 9505 TO 9504 S 2-57-22.3 W

FROM 9504 TO 9503 N 53-26-16,4 W

FROM 9503 TO 9500 S 40-20-53 9 E

(251 250)

BEARING DISTANCE (FT)

FROM 251TO 250 NSI-8-33.7E 1898.8317

2654.3181 ELEV= -25,8000

6171.2625 F1FV= 384200

37488704 ELEV= -12.6200

658.5924 ELEV= -I 0900

09117

658.6022

37491463

6170.8570
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LOCATE ANGLE

430 431 214 210-36-24 495,59 90-00-00 IS7 * NAIL, TP

214 281348.6121(N) 8012916010(E) 187(F)

43 ] 214 215 222-07-26 568 665 90-00-00 181 * PK & WASHEI_ TP

215 2813926940(N) 8008247072(E) 181(F)

214 215 210 180 42-045 369 185 90-00-00 181 * PK& WASHEI_ TP

216 281425 8153(N) 800457.0109(E) 181(F)

215 216 217 183-02-37 381.13 90-00-00 187 *NAIL, TP

217 2814801149(1% )) 800079.7688(E) IST(F)

216 217215 173-29-20 533 625 90-00-00 181 * PK & WASHEP_ TP

218 2814957566(N) 799546.3731(E) 181(F)

217 218 21991-12-51 1087,565 90-00-00 181 * PK& WASHER_ TP

219 280409 5755(I4) 799491 4662(E) 181(F)

218 219 220 180-46-01 557.185 90-00-00 181 * PK& WASHER,TP

220 2798535304(N) 7994558899(E) 181(F)

219 220 221 112-59-54 436 13 90-00-00 181 * PK & WASHER, TP

221 2796578467(N) 799845.6556(E) 181(i 7)

220 221 222 160-47-28 83680 90-00-00 182 * RE BAR. & CAP, TP

222 2795493424(N) 800675.3911(E) 152(I 7)

221 222 9251 269-29-49.5 611 46 90-00-00 194 " FND 2X2 H&T, PT #251

9251 2789423720_N) 800601.4304(E) 1940:)

222 9251 9250 74-12-11 1895.845 90-0_-00 195 * FND NAIL, PT #250

9250 279234.4918(N) 8024776709(E) 19501

ADJUST ANGULAR EKROR

(207 208 210 209 211-213 431 430 214-222 9251 9250) 9250 81-08-33.7 0-00-05

SPECH't t_.D RECORD CLOSING AZINfu lrt - 81- 8-337

UNADJUSTED FIELD CLOSING AZIMU'TH FKOM 9251 TO 9250 = 81 - 9- 1.8

AZI1VILrI'H MJSCLOSURE = 0- 0-278

NUMBER OF TRAVERSE ANGLES 19 OF WHICH 19 MAY BE ADJUSTED

CORRECTION PER ANGLE _ 0- 0- 15

ALLOWABLE CORRECTION PER ANGLE = 0- 0- 50



ADJUSTMENTPER/:ORMEDWITH GRID FACTOR-- ] 0000

ADJUST TRAVERSE COMPASS

(208 210 209211-213 431 430 214-222 9250) 250 I

TRAVERSE CLOSURE FROM 9250 TO 250 S 76-16.-42 3 E 0.0258

TRAVERSE LENGTH i394B 4940 CLOSURE IS 1.0 IN 541191.5382

LOCATE ANGLE

202 203 450 40-06-02 613.89 90-00-00 196 * MW-50 4" DISK

450 276456.3824(N) 807066 1206(E) 196(F)

204 203 9450 201-26-00 613.89 90430-00 196

9450 276456,3519(N) $070661220(E) 196(F)

206 207 453 258-00-59 130.735 90-00-00 196 * MW-53 4" DISK

453 2791768242(N) $05136.4221(E) 196(F)

208 207 g453 108-04-31 130 735 90-00-00 [96

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) $04126.0990(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 B7-29-37 63942 90-00-00 196 * M_¥-49 4" DISK

449 280211.6023(N) 803051.5389(E) 196(F)

211 209 9449 177-55-57 63942 90-00-00 196

9449 280211 6022(N) 8030515403(E) 196(F)

210 209 446 272-34-25 408.50 90-00-00 196 * MW-46 4 _ "DISK

446 281256.556g(N) 8031159926{E) 1960 v)

211 209 9446 3-00-48 408.50 90-00-00 196

9446 2812565563(N) $03115.9975(E) 196(F)

211 212 451 270-06-06 102.66 90-00-00 196 * MW-51 4" DISK

451 2$2345.5326(N) 8028284569(E) 196(F)

213 212 9451 116-08-30 102.66 90-00-00 196

9451 282345.5340(I"0 $02828.4539(E) 196(F)
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5Ol 250 455 178-51 01 1274.57 90-00-00 196 * MW-55 4" DISK

455 2793004874(N) 8012050457(E) 196(F)

251 250 9455 11-49-13 1274¸57 90-00-00 196

9455 2793004853(N) 8012050456(E) 196(F)

260 261 448 256- 10-04 430.87 90-00-00 196 * MW-48 4" DISK

448 27661S4087(N) 799794.8739(E) 196(F)

252 253 74 258-35-58256.02 90-00-00 196

74 27533620940_I) 801301 1399(E) 196(F)

233 74 447 268-21-33 524475 90-00-00 196 * M_V-47 4" DISK

447 275261.0775(N) 800782,0742(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 205-194_4 11204 90-00-00 196

9452 275372 3591(N) 8058984219(E) 196(I 7)

214 215 454 28-34-08 427.75 90-004J0 196 * lvlW-54 4" DISK

454 2811595014(N) 801183.4027(E) 1960 r)

214 215 440 272-09-09 1074.32 90-00-(30 196 * MW-40 4" DISK

440 282459.7503{N) 8009480792(E) 196(F)

214 215 444 120-31-46 38994 90-00-00 196" MW-444 _DISK

d_d 251073,0058(N) 800601.2047(E) 196(I:)

216 215 95_ 299-49-38 38994 90-00-00 196

9444 281073 0004(N) 800601.2123(E) L96(F)

216 217 230 259-09-02 276.92 904)0-00 181 * PK & WASHER. 'YP

230 2817565184(N) 800066.8922(E) 1SI(F)

218 217 9230 85-39-43 27692 90-004_O 181

9230 281756.5184(N) 800066.8915(E) 181(F)

217 230 442 225-02-16 171.37 90-00-00 196 * MW.42 4" DISK

442 281883 ll94(N) 8001823905(E) 196.(F)

219 220 443 53-04-53 78449 904)0-00 196 * MW.43 4" DISK

443 280283.5445(N) 800112.0047(E) 196(F)
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221 220 9443 300-04-56 784 49 90-00-00 196

9443 2802835576('N) 8001119961(E) 196(F)

219220312 74-55-12 32.52 90-00-00 586 • BORING STB-12

312 279859 6956(N) 799487.9272(E) 586(F)

117 116 313 175-13-34490.6690-00-00 586 * BORINGSTB-13

313 279232.7067(N) 8019860699(E) 586(F)

502 501 9503 210-00-19 682.735 90-00-00 196 * COE MON.TI-IE 1975

9503 275783.9739(N) 803983.8333(E) 196(F)

LOCATE AZIMUTH

450 650 171-00-00 065 90-00-00 581 * MW-50

650 276455.7404(N) 807066.2223(E) 581(F)

453 653 218410-00 065 90-004_ 581 " MW-53

653 2791763120(5/) 8051360219(E) 581(F)

445 645 201-00-00 095 90-00-00 581 * MW-45

645 2807271420(N) 8041257585(E) 581(F)

446 646 207-00-00 0.65 904)04)0 581 * MW-46

646 281255.9777(N) 803115.6975(E) 581(F)

449 649 315-00-00 070 90-00-00 881 * MW_I9

649 280212.0973(N) 803051.0439(E) 581(F)

451 651 1044)0-00 0.60 90-00-00 581 * MW-51

651 282345 3874(N) 8028290391(E) 581(F)

455 655 1344)0-00 0.90 90-00-00 581 * MW-55

655 2792998622(N) 8012056931(E) 581(F)

448 648 217-004)0 0.95 90-004)0 581 * MW-48

648 2766146500(N) 7997943022(E) 581(F)

452 652 140-00-00 080 90-00-00 581 * MW-52

652 2753717403(N) 805898.9324(E) 581(I)

454 654 130-00-00 080 90-00-00 581 * MW-54

654 2811589871(N) 801184.0156(E) 581(F)

440 640 129-00-00 085 90-00-00 581 * IVlW-40

640 282459.2154(N) 800948 7397(E) 5810:)
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444 644 140-00-00 060 90-00-00 581 * MW-44

644 281072.5461(N) 800601.5904(E) 581(F)

442 642 331-00-00 1 00 90-00-00 581 * MW-42

642 281883.9941(N) 8001819057(E) 581(F)

443 643 2S2-00-00 0.65 90-00-00 581 ' MW43

(_.3 28028367960_ 8001113689(E) 581(F)

447 647 165-00-00 0.75 90-00-00 581 * IvlW-47

647 2752603530CN) 800782.2683(E) 581(F)

CONVERT IVIERJDIAN

(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_55 640 642-656 501 502) 9504 504 0-00-33 I¸00002

Sli1_i =235-41-3¸7 09938

CONVERSION ANGLE 0- 0-33¸0

SCALE FACTOR --0.100002000E+01

LIST COORDINATES

(500-505 9500-9505)

500 274089.3290(N)

501 2792330370(N)

502 2792327164(N)

503 2787838100(N)

504 276550.0700(N_

505 277207.7800(N)

9500 274090.3338(N)

9503 278784 0131(N)

9504 276550.6303(N)

9505 277207 80270-/)

(440_55640-655)

440 282460.4222(N)

807989.4370(E) 278.3000(Z)

802504 5907(E) 185(F)

802505.0071(E) 183(F)

803983 6500(E) 316.7200(Z)

806994.3700{E) 196(F)

807028 4500(E) 303.0100(Z)

807989.9808(E) 196(F)

8039533637(E) 196(F)

8069951908(E) 196(F)

807028.4577(E) 196(I 7)

800941L2261(E) 196(F)
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441 279621 6355(N) 8004572142(E) 284,0780(Z)

442 281883 9209(7-/) 800182.4159(E) 196(F)

448 2802843269(N) 800111 7340(E) 196(F)

,144 281073.7138(N) 800601.0893(E) 196(F)

448 280728,0807(N) 8041259904(E) 196(F)

446 281256.8053(N) 8031159612(E) 196(F)

447 2752616361(N) 800780 8916(E) 196(F)

448 27661617630"q) 799793.9212(E) 196(F)

449 28021184170N r) 803051.3137(E) 196(F)

450 276455.8072(N) 807065.2838(E) I96(F)

451 282348.8588(N) 802828.6204(E) 196(F)

452 275371 9714(/'4) 8088973583(E) 196(F)

453 279176.6589(N) 805136.0480(E) 196(F)

454 2811601039(N) 801|83.3149(E) 196(F)

488 2793010488(N) 8012046157(E) 196(F)

640 2824898872(N) 800948.8866(E) 581(F)

642 281884.7986(N) 800181.gM3(E) 581(F)

643 2802844622('N) 8001110982(E) 581(F)

644 281073,2541(N) 800601 4749(E) 581(I 7)

645 2807271939(N) 804125.6498(E) 581(F)

646 2812562262(N) 8031186660(E) 581(F)

647 275260.9116(N) 800781.0856(E) 581(F)
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64g 2766]5.4177(N)

649 2_0212.3368(N)

650 276455,1652(N)

651 282345.7105(N)

652 275371.3584(N)

653 2791761467(N)

654 2511595896(N)

655 27930_.4235(N)

EOR

I

799793 3493(E) 5St(F)

g03050,8188(E) 551(F)

807065.3854(E) 581(F)

8028292026(E) 551(F)

8058978725(E) 5gI(F)

8051356477(E) 581(F)

g0|I839276(E) 581(F)

801205.2630(E) 581(I:)
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Appendix G
Quality Assurance/Quality Control

Level 1 and Level 3 (analytical laboratory) data were collected during the groundwater

investigation. Level 1 field-sczeenmg 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 ot the data quality evaluation process is to assess the effect o_' the overall

analytical pt_occss on the usability of the data The two major categories o/dala evaluation

are laboratory performance and matrix interlarence. Evaluation of laboratory Ferthrmance

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 invohies the analysis of several areas of results including

surrogate spike recoveries, matrix spike recoveries, and duplicate sample results.

Groundwater samples and sod 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 conlxo] (QC) as described in the Gen_ic Quality

Assurance Project Plan (CH2M HILL, 1995). Level C is eqinvalent to EPA Level 3 QC

requirements, which include collec0mg and analyzing field and laboratory QC samples at a

specified frequency, The data [TOm these samples are used to evaluate laboratory

per thrn_nce and matrix interference and to monitor poter_tial field and laboratory
eontarz_.malion.

The following sections provide a discussion ef the field and laboratory quality assurance

(QA)/QC samples, an overview ot the data review and validation process, and a 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 I 1 BI. Trip blanks were used to monitor any possible volatile organic compound

(VOC) contamination intxoduced to samples during s_pping and handling The blanks are
40-ml]JJ]Jfer vials of ,_nencan Society for Testing and Materials (ASTM) Type II water that
are filled in the ]abol'atory, iTar_porteti to the site with the sample bottles, and returned to
the ikboratory with VOC samples for analysis, The t_p fila_k containers were not opened in
the field. One trip blank sample was included with each shipping container that contained

samples requiting VOC analysis.

0ROI i_f_ I_DOC G-]
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Equipment Rinseate Blank (EB). Equipment r thsaahes are samples of organic-free water

that is passed di;ough and over decontaminated sampling equipment. The samples were

used to monitor the effectiveness of the decon_aminatiort process. Equipment r_ngeale

samples were c_lected at a rate of one per day par matrix. The equlpmer_t ruiseate samples

were analyzed for the same parameters as the associated field samples.

Field Blank (FBI The field blank consisted of a sample of the orgauic-h'ee source water to

be used _or the final rinse during equipment decontamination. This blank was used to

monitor contamination that may have been introduced by the rL._e water. Field blanks

were analyzed for the game parameters as field samples,

Field Duplicates. Field duplicates consisted of an ongmal (or native) sample and an

additional (or duplicate) sample that were collected from the same lc_a_.on at the same

time. Duplicate field samples were coUected at a frequency of 10 percent of the samples

collected per matrix. These samples were used to monitor sampling and analytical

precision.

LaboratoryQA/QC
QA/QC samples analyzed by the laboratory dttrmg the DDMT Groundwater Sampling

Event thduded method blanks and spiked samples. The type and h equency of each

QA/QC sample is detailed in the analytical method. Results of these QA/QC samples and

laboratory performance data (e.g., ir_trumenl calibration) were used to evaluate data

qualRy 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 inh-odueed dtuing 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:

• Surrogate spikes. Surrogate compounds are the sla_ct_ral homologs of target

compounds and are expected to behave in a similar manner during analysis. Su;rogate

spike recoveries were used to mortar mahix effects and laboratory performance and to

estimate ]alioratory accuracy.

• Matrix _pike/matrik spike duplicates, Matrix spike/mad'i× spike duplicates

(Mll/MgDs) were used to estimate the effect of the specihc sample matrix on sample

analyte recovery as well as on accuracy and precision. MS compounds are found on the

method, Target Compound List (TCL), The hield sample was split into thirds, and t_o

portions were spiked with known quantities of TCL compounds to ascertain the efk_'ts

of the spedhic sample mabnx on the recovery of these analytes. MS/MSD samples were

collecled and analyzed with 5 percent of the samples from each matrix (soft borings and

groundwater).

The three types of inorgav_ic QC samples are as follows:

• Laboratory Control Standard. A laboratory conh-ol standard (LCS) consists of an ideal

matrix (usually ASTM Type l] water) tha_ has been spiked with a known amount of the

attalyt e of interest; the LC5 was prepared (digested) and analyzed with the field

OHO11383Q 12_06.DO C G'2
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samples. The LCS is designed to mcmtor the efficiency di the overall analybcal

procedure (including sample preparation); the resulting analyte recoveries mus_ fall

within pre-estahlished acceptance ILraits.

• Spike samples. Pre-digesfion spikes are analogous to the MS/MSD spike recovery for

organic analyses because they measure the effects of the sample matrix on L,_e recovery

of a known quantity o; analyte after sample preparation and analysis, if the p:e-

digestion spike recovery did not fall within the acceptar_ce window of 75 to 125 percent,

then the posl<flgesfion spike was added and the sample reanalyzed The post-digestion

spike mani_rs inst_axtaent performance and matTix effects. If both the pr_ and post_

digestion spike recoveries fell outside the acceptance limits, the data were flagged to
indicate the non-conformance

• Laboratory dupllcate samples. Field samples were split in die laboratory, and the

duplicate restdts were used to esfiff_te preclsion These samples are not replacements

for field duplicate samples. Laboratory dupticate 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 dupl/cate results were greater than

20 relative percent difference (RPD), then the results were qualified as es_natedi

Data Reviewand ValidationApproach

Before the analytical reStLItswere released by" the laboratory', both the sample and QC data
were carefully reviewed to verify sample identity, instrument calibragcm, detection l/mits,

dilution factors, numericed computatio_xs, accvzacy of transcriptions, and chemical

interpretations. Additfona[]y, the QC data were reduced _nd the resulting data were
reviewed to ascertain whether they were within the laboratory-defined lLmJts for accuracy

and precision. Any. r_on-conforming data were discussed in the data package cover letter
and case narrative.

The data packages were reviewed by the project chemists v.sing the process oudined in the

Functional Guiddlnesfor Evalualing Data (EPA, 1994a/b), The data review and vahdation

process is independent of the _aboratory's checks and focuses on the usablti_ o{ the ditta to

support the prt_ject data interpretailon and deosionmakmg processes. Areas of review
included holding time compliance, i_itial and continuinl; cahbration, spiked sample results,

method blank results, and duptieate soanple results A data review worksheet was
completed for each data package,

Samples that were not within the acceptance limits were flagged, with a singl_ or double-
letter abbreviation, which indicated a problem with die data. Although the quah lying fl_tgs

originate dta&tg the data review and vatidation prccess, they aze inaluded in the data
summary tables so that the data will not be used indiscnrama tel y. The following flags were

used duJdng validation:

• U Undetected. Analyte was analyzed for but not detected above the method
detecficnlirait.

• U] Detection limit estimated. Analyte was analyzed for but qualified as not
detected. T_e numerical value is an estimate of the detection limit
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• J hslSmated. The analyte was present, but the reported value may not be

accurate or precise.

• R Rejected The data are unusable. (Note: Analyte/compotmd may or may not

be present,)

As regrt_ed by the EPA, organic sample results that are greater than the Method Detection
Limit (MDL), but less than the Contract-Required Quantitahon Iamit (CRQL), are qualified

with a "J" hit estimated. Sinularly, inorgaulc sample results that are greater than the

Insbrument Detection Limit (IDL), but less than the Contract-Required Deteclion Limit

(CRDL), are qualified with a J.

Once the data review and validation processes were completed, the enhee data set was

reviewed for chemical compound frequencies of detection, dilution faclors that might affect

data ,asability, and patterns of target compound dlstrlbulaon. The data set was also

evaluated to identify potenlial data limitations, uncertainties, or both in the analytical
results.

HardingTimes

The holding times for each pararcteter were evalua_d according to EPA Coin_act

Laboratory Program (CLP) requirements, The holding _lme for metallic analytes is 180 days

(except for mercury, at 28 days). All holding time requirements were met for elemental
tar fiets. The holding lime for pH measktrements is 6 ho.xrs. Samples were received by the

laboratory outside of the holding _es and were therefore qualified as eshmated. However,

pH measurements were taken in the field d_rinfi sample col]eclaon (see Table 2.3).

Volatile organic holdin fi times are 14 days from date of collection to analysis For other

orhainc analyses (SVOCs, pesticides, herbicides, and PCtis), extraction holding thnes are

7 days and an_Jysis heltinig times are 40 days./dJ or fianJc holding t_nes were met except in
L._tanees where samples were r_ex=acted out of hold I_e in order to bwesfigate low
surrofia_e or fow internal st_thL_d recoveth_'s. _ results from sanlpJes r_xt_aeted out of

hold time were qualified as esUmated.

Potential Field Sampling and Laboratory Contamination

As discussed in the preceding seclaons, trip, equipment rirdeate, and field blanks were used

to monitor potenila] contamination introduced dulmfi fiald s_mpImfi, sample handling, and
shipping activities, in addition to held blank samples, duplicate field samples were

collected to provide m_o_nahon about sampling and ,_nalysis pr_ion and accuracy.
One duplicate sample was collected for every 10 held samples Method blanks were used to

monitor laboratory performance and contamination inb-oduced during the analytical

procedure. One method blank was an_Jyzed for every 10 samples, or one per analyhcal

bni_, w hiche, vPJ ".'/as more _equent.

According to Functional Guidelines for E_ahi_ting Data (EPA, 1994), concent_atior_s of

common contaminants detected in s_J_phis at less than 10 limes the maximum
concentration in the blanks can be attributed to field sampthtg and laboratory
contar/_nation rather then to environmental eor_tarulnahon from sit_ activities.

Concenlra*aons cff less common blank contaminants are mul_plied by 5 rather than 10.

Corc_non contaminants include acetone, methylene chloride, and phthalates.
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Acetone and methylene chloride are used as extraction solvents in the laboratory and are

common laboratory corttami_ants, 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 most probably be

attributed to field sampling and laboratory contammatxon because they were detected in the

m_ofity of the blanks and samples a t similar concenteaflons indicative of systematic
contamm_fior_,

Pl_thalates are used as plastidzers The most common phthalates are bis(2-ethythexyl)

phthalate (BEH£) and di-n-butylphthalate (DNBP), These are often thttoduced into samples

during handling¸ Wearing latex gloves, the field samplers physically tranaler the soil

samples from the sampling equipment (ie., augers and stainless-steel bow}s) to the sample

containers. Latex gloves are used when handling groundwater sampling equipment sudrt as

pumps, hoses, and bailers. Also, laboratory person'lel wear latex gloves whea handling

soanples dm'ing the analytical process¸ The latex gloves are coated with pfaabdzets to

facilitate _ease of the gloves from the sldn. Therefore, the BfiHP and DNBP can be

attributed to field sampling and laboratory contamination, SimiJ&fly, other phthalates (e.g.,

butythenzyl phthalate, dfathylphthalate, and di-n-octylphthalate) were detected in sampibs

but not in corresponding field or laboratory blanks. These sample results are most likely

attributable to field sampling and laboratory contamination rather than to e_vi_onmental
¢ondltlOZ_.

Inorganic t&rget aaalytes (metals) were detected m field and laboratory b_anks at
¢oncenUratior_ at or near the 113[.. These results ¢&n be attribute to ti_trament noise and are

not indicatxve of contantthafiort, Sitice n was detected in several method blanks but not in

field blanks. Silicon can be attributed to dissolution of the borostticate gl&ss beakers used in

the sampfa digestion process, Target metals that were detected in field and laboratory

blanks at sigthhcant levels are summarized in Table G-1. Sample resuh_ less than 5 times
the ma alnt u_ ¢onceit_ation detected tit ass ocJated blanks were attributed to co ntaXLtina fion

and were qualified as undetected.

A4nalyte

(inor_ni¢)
Aluminum Fieldcontamir_atlon

Banum

CMclurn

C_per
]ro_ Field¢ontami_on

I_ad

Ma _neslura

Manganese
Nickel

Sodium

TIble G4

Target Analyles Detected in Lab and Field Blanks
DDMT Ground ¸

De4ected/ Highest

Analyzed C CRDL
24/38 124 ?00

31/37 3,1 200

35/37 Zll 5000

3/13 9.5 tO

g/20 3.?. 2.5

36/39 410 10ft

4/20 14 3

12/3{1 68 5OOO

27/37 8.g 15

l/t3 16 40

37/37 10100 5000

39/39 63.4 2D, Zinc

Note_:

VaLueS in pg/L
CRDL = CLI

Field conmmina tiun

lx ffotinorganics]

OROi {_F_30.1_,OOG G-$



Chloroform a_d tetr achJoroethene were detected in one equipment rinseate blank each, and

2-butanone was detected in two of the equipment nnseate blanks¸ Presence of these

compounds in the equipment r thseate blanks is indicative of incomplete decontamination of

hield sampling cquipmc_l, Sample rcsufis for these target compounds at concentrations less

than 5 times that in the associated eqmpment r thsea ¢c b]anks were attributed to field

sampling c¢]ntamJnaflon and were qualified as undetected, Five limes the max_num
concenh-adon of chloroform, te_acJcdoroethene, and 2-butanone in the blanks is less than or

equal to the CRQL.

Tab]es 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,

Compound (organic)

Table G-2
i in Lab and Field Blanks

I Methylene eh]odde I

CRQL

Target Com_
ODMT Groundwater Ch;

DetectcdJ Highest
Analyzed

8/36 45

16/36 26

51/59 12
42/59 3

2/29 2

1/29 1
1/29 2

BEHP 10

DNBP 10

Acetone 10
10

Chloroform

ValuesinIJglL

CRQL = CLp ContractReq'J]redQuan

Sample hand lin_

Samp]a hand[m_
Lab c

C_ror_an_o)

Surrogate Spike Recovery

Surrogate spike compounds were added to every sample analyzed for the organic

parameter including hield and laboratory blanks as weU as field environmental samples.

Surrogate spike compounds are the structural homologs of target compounds and are

therefore expected to behave in a similar manner d tL,'inhi analy SLS.

Surrogate spike recoveries were used to monitor both laboratory performance and matrix

interference. Suzrogate spike recoveries from field and laboratory blanks were used to

evaluate laboratory performance because the field blanks represent an "ideaV" sample

mah-ik. Surrogate spike recoveries for field samples were used to evaluate the potential lot

matmx mteHercnces For field samples, the samples were re*analyzed when the surrogate

spike r_ovenes fall outside the method t_get acceptance windows, If the surrogate spike

recovery is still outside the acceptance window for the re-analyzed sample, then the sample

resufrs are qualified as eabmated because of ma_dx interference.

The VOC surrogate recoveries are clustered within a wuidow of 90 to llg percent, which is

within the method target acceptance limits.A o_reater variation (and hence broader range of

recoveries) m surrogate spike recovery was observed for the other organic analyses, but this

is typical of these Rnalyses and is rallected by the broader method target acceptance limits.

Except for SVOC analyses, samples with surrogate reccvedes outside the acceptance limits

0RO113B30,12,2C_006.DDC G'5
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are flagged with J for estimated. For SVOC armlysis (where there are eight s_rrogates), the

method allows one sulrogate recovery to be outside the acceptance limits before requiring

that sample restdis be quaizfled.

Many su_ogate recoveries of zero were a resuJt al" sample dihr t_on. Samples are dihr ted

because ot the high target cordent or mal_× inter ferenee, and surrogate compounds arc not

added to the diluted sample. Sample results wlth low su_ogale recoveries that resulted

from dilutis_n were no_ qualifled_

The majority of surrogate spike recoveries were within the method larger acceptance lirmts,

wl'dch inchcates that the mathx did not idil-u ence the analytical process (_r sample result.

Matrix Spike Recoveries

For orgamc analysis, three aLiquots ot a sLqgle sample are analyzed: one native and two

spiked with matrix spike compounds. Unlike the surrogate spike compounds, mathx spike

compounds are found on the method target compound list, For inorgantc an_yals, two

aLiquots of a single sample are az_dyzed: one naLive and one spiked with target ana]ytes.

Spike recovery is used to evaluate potential matrix interference with and accuracy of the

analyl_caJ process. The duplicate spike resuJts are compared to evaluate precision.

More than 90 percent of matrix spike recoveries were withun the method target acceptance

ranges, indicating that the specific sample m alzices did not influence the overall analytical

process or the f_nal numerical sample result.

Duplicate Sample Results

Duplicate sample az_alyses were used to evaluate the precision of the ana]yLical data.
Approalmate]y one duplicate field sample was collected for every 10 field samples. Both the
nallve and dupbcate samples were analyzed for the same parameters. Functianal GuideLines

for Evaluating Data (EPA, 1994) sets advisory liralts of 20 RPD for water and 35 RPD for soil
when both values a_e mcJre than 5 times the CRDL for thorgaalc analysis or 5 Emes the

CRQL for orgamc analysis, if either one or both of the values is less than 5 t_rnes the CRDL
or CRQL, then duplicate r estdis should be within plus or minus the CRDL or CRQL for

water, or pths or minus 2 times the CRDL or CRQL for soft. Overall, the field duplicate

results indicate that precision was not compromised by either the mabdces or the field

sampling tecthdques.

Target parameters were detacted 46 I_es Lqboth native and duplicate samples. Seven of
these had RPDs that were ou_ide of the C:iter]a described above; they are suramarized in

Table G 3. Although these results are outside of advisory lir_uts, the degree of dJsa_eement

is not large enough to cast doubt on the usability of the data for proiect decisio_makJng.

I Table G-3 7450 Fg/L I

Field Sample D,apl[cate Precision Outside Acceptance Criteria
ODMT Groundwater Chaxacterlzaflon

Native Duplicate

Sample ID Element or Compound Concentration ConcentTatlon RPD l%)

MW24t AlumL'lum 7]8 u_/L 973 _/L 30

Iron 5190 pg/L 36

0R0t t363b.12._6 DOC G7
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Table G-3 (continued)

Field Sample Duplicate Precision Outside Acceptance Criteria
D DIVITGroundwalez Characterization

Sample ID Element or Compound
MW311 Tr_chloroethene

1,1,2,2-Teh'achlor o ethane

[total) 1,2-dichloroethene

Cbloroforra

SBST_1202 Dieldr_

Notes:

RPD - Relative Percent Ddfer_a_ce

= esthnated

Native
Concentration

680 _glL

420 pg/L
7fi0 _g/L

35 pg/LtJ 1

Duplicate
Concen_ation

1100p_/L
280p_/L

480p_/L
_pglLO)

43 _g/kg

RPD(%)
47
40

45

41

60

Results for Metals Near the Instrument Detection Limit

The Ins h'_amen_ Detection Lamlt (IDL) is the constituent coneentr_tinn that produces a signal

greater than 5 times the slg_al-to-noise ratio of the instrument and is a ca]cuJated value

rather than an experiznentillly demonsl_ated value. Therefore, sample resulLs at or near the

/DE 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, alundnum, arsenic, baritm% bery]linm, cadmJUm, caldum, eb_oiulum, cobalt,

copper, lead, laon, magnesium, manganese, mercury, nickel, potassium, selenium, silver,
scream, vanadium, and zinc, Silio0n was occasionally added to the requested list of

analytes.

COnCenlTations of metals near the [T)L were reported for r_dl y of the target metals. These

data were evaluated before they were used in the report preparataon process.

The sample results were reported in terms of the CRDL Seanple results that were above the

IDL but less than the CRDL were qualified as es_rnated values. The reporKng linut, er

CRDL, is typically 5 to 10 limes the concenixation 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 dupilcate matrix spike recoveries and field duplicate sample results. More than

90 percent of matzik sphke recoveries were less than 20 percent RPD. More than 85 percent
of ILPDs for dupUcate field sample _esults were less than 20 percent for water samples and
35 percent for soil samples. These parameters indicate that the sample matxix did not

interfere with the analytical precision.

Accuracy--is a measure of the agreement between an expermaental determanahion and the

true value of the parameter bPAng measured. For the or_aulc _tFtalyses, each ot the samples

ORO11363032_ [XjC G4_
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was spiked with a surrogate compound; and for inorganic analyses, each sample was

spliced with a known reference material before digestion, Each of these approaal_es provides
a measure of the matrix effects on the analybcal accu:acy. Accuracy can be estimated from

these analytical data but cannot be measured directly. More than 95 percent of the spike
recoveries were with_ the method acceptanze limits; therefore, there was no evidence of

matrix interference,

Representativenessmis a qualitative measure of the degree to which sample data

acoxrately and precisely represent a eharacterisbz envirort_ental condition.

Rspresentallveness is a subjective parameter and is used lo evaluate the efficacy of the

sampling plan design. Representativeness was demonstTated by providing hill descnptiorLs

in the project scoping documents of the sampling techniques and the rationale used for

selecting sampling locations.

Completeness---is defined as the percentage of measurements that are judged to be valid

when compared with the total number of measurements made. A goal of 95 oercent usable
data was estabhshed in the project sc oplng document, and more than 99 percent o[ the data

was determined to be thvahd.

Comparab ility--is another qualitative measure designed to express the com_dence for

comparing data sets. Factors that affect comparahibty axe sample collection and handling

techniques, sample ma_ix type, and analyneal method. Comparability is limited by the

other PARCC parameters because data sets can be compared with confidence on] y when

pl_alsion and acc_r acy axe known. Data from this investigalion ave 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 QualityEvaluation Conclusions

Condusio_ of the data quality evaluation process are as follows:

• The laboratory analyzed the samples according to the EPA methods 5tafed in the work

plan as demonstTated by acceptable ir_struraent ¢alibrarion and blank spike.

• ConcentTafions of acetone, methylene chloride, and phthalates (including BEHP, di-n-

butylphthalate, di-n-octylphthalabe, but)'lhenzylph _alate, and cliethylphthala fe) can all

be attributed to field sampling and laboratory contamination rather than to
enldr o rtul, eNt al cont aDllXta tiorl.

• 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 resulis for orgahics above MDL but less than the CRQL should be considered as
uncertain but indicative of the presence of that compound at an esfia_ated

concentTa_on,

• Spike recoveries and duphcate sample results indicate that the spedllc sample marx

did not interfere with the analytical process.

The data can be used in the project decisiomnaking process without further quali_cation.

0R011_6_O.12 _ OOC G_
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Executive Summary

Tins Technical Memorandum (TM) is an interim subrmttal of subsurface physical and

groundwater chemical data ¢oUected during the first quarter of 1996. AddiLional evaluab.on

anti interpretation of the groundwater data including risk assessment, subsurJace geological

modehng, and fate and transport analyms will be presented in a subsequent Remedial

hnvestigatlon Report. The objective of this groundwater u_vestlga_on was to achieve a

better understanding of the aquifer characteris_cs including direction and velocity of

groundwater flow on a facility-wide basis and the horizontal and verdca| extent of

groundwater ¢cntaminatlon. Spcdfic objectives are as follows:

• EvaluatethegroundwaterquahtyandflowdlrectionswestofDunnFie[d.

• Determine the quality o_ groundwater _.owing onto the Defense Depot Memphis

Tennessee (DDMT) main installation and Dunn Field.

• Evaluate the suspected area of vertical hy cheaulic interconnec_on between the

uppermost and the underlying confined aquifer.

• Provide geologic, groundwater flo_.z, and groundwater ehcn'fis_y dat_ to support the

design of a groundwater exb-action system proposed at Dunn Field.

To achieve these objectives, 16 new groundwater wells and 2 new seologlc _es_ borings

were installed to provide hydrogeologic and geotechn/cal data. In addi6on, 54 new and

existing wells were sampled and analyzed for organic and inorganic groundwater
constituents.

Test boring and well installation west of Dun. 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 nor_em pot t_on of the mare installation, groundwater flow is

largely ¢ontco]led by the s[ope of the clay surface which is dominated by a depressed

surface in the clay¸ It h_s not 'oeen determined if th/s depressed surface is an erosional

feature or a gap in the deposition of the clay

Vola_le organic compounds (VOCs) detected above Apphcable, Relevant, and Appropriate

Requirements (ARARs) for groundwater include h'ichloroethene; tetracAxlor_ethe_e; 1A,1-
tr/chloroethane; 1,1-dichloroethene; carbon te_achloride; and l,L2,2-teh'achlor oc thylene.

Inorganic constituents exceeding groundwater ARARs include beryllium, chromium, •

copper, lead, ond nickel¸

The ¢_n_igura_on of the orgar'dc and inor _anic cor_taminant plumes within Duim Field and

the main installa_on are slmLiar to that previously reported by Law (1990) and ESE (1993).
Data collected to the west of Duru_ Field indicate that for most cD_tuents the plumes are

bounded by wells MW-40, 42, -43, and _1 (See Figure 1-2). Low concent_ation_ o_ organic

compounds in an o_site well a_ the northeast comer of Dunn Field indicate that the plume

is not completely bounded _ere.

QRO11 _.3D. 12 ._6_04.000
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Inorganic cons_rluents are elevated at Ounn Field and the northwest portion of the main

installation Overall, the inorganic constituents are lower in the 1996 sampling tha_ during

previous sampling efforts.

Groundwater quality data, regional stratigraphy, and water level data do not inthcate that

there is a hydraulic connection between the uppermost aquifer and underlying Confined

sand aquifers. AddifionaJ investigation will be performed to determine if the upper aquifer

belongs to the regional aquifer, the Memphis Sand, or other water producing sands.
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TECHNICAL MEMORANDUM _H{U_

Downhole Geophysical Characterization of

Monitoring Wells at the Defense Depot Memphis,
Tennessee

_REFARED FOR:

PREFARED By:

COPIES:

DATE:

Julian Savage/CEHNO
Julet_ Denton/CEH]xID

U.S. Army Engineer Division, HuntsviLle
PO. Box 1600

Huntsville, AL 35807-43fj1

Greg Underberg/CH2M HILL/ORO

Mark Corey/CH2M HILL/MGM

November 26, 1996

Purpose and Scope of Work

The folhiwmg tech_cal memorandum summarizes results from downhole geophysical

charactemzafion of momtoring wells MW-36, MW-37, MW-19, MW-34, MW-3g, and MW-39

conducted during February 199_ at the Defense Depot Memphis, Tennessee (DDMT).
Conchisior_ and reeornmendations are herein proposed, hilhiwmg the sualraary of _eld
activities and data results. "['he purposes for conducting the geophysical characterization

study were as follows:

l Assess the condiOon of the weLl casmgs and grout seals of monitoifng wells that

penetrat_ clays of the Jackson Form_Non/Upper Claibome Group confining unfi and

that are completed in the underlying Memphis Sand Aquifer (MW-36 and MW-37).

Assess the potential for leakage between the overlying Alluvial Aquifer and the

Memphis Sand Aquifer at these wells,

2. Evaluate ine llthology o f other deeper wetis completed in the alhivial sands (MW-19,
MW-34, MW-38, MW-39) to confirm that the wells do not penetrate the Jackson

Formation/Upper C]albon_e Group confining urdt or are not completed in another

water-produong formation other than the Alluvial Aquifer.

Summary of Field Activities

The geophysical data summarized in this letter were collected by Cohig, inc, on
FebruaQ' 20 through 21, 1996, Dunng the fie]d actlvi_es the following data were collected:

• Cagper logging from moultoling wells MW-36 and MW-37, to assess the structural

integIi_ of the well casings

O R011 _l_ 09ITJT,01 [X)C I
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• Gamma-gamma density and/or sonic bond (acoustic) logging to assess the integrity of

the gTout seal sulrounding the well casings¸ Sonic logs were obtained from Mempbas

Sand weds MW-36 and MW°37. 4-pi density logs were obtained from Memphis Sand

well MW-36, and the remainfr_g minimal contracted footage was used on alhivial wells

MW-34 and MW-38. Memphis Sand well MW 37 was not logged for 4-pi density,

because the well is located off federal property, and would have requit_t special

permitting with the State of Tennessee before the gamma source could be used.

• The casing of wells MW-36 and MW-37 were filled with orgamc-free deionized water to

allow sonic logging above the static water level The water was removed by bailing

aher logging. Perrcassnin from the City of Memphis Water Board was obtained prior to
use of the water,

• To assess the depth to the Jackson Formation/Upper Claibome Group confining unit

and the distnbutinn of clays within the upper alluvial aquifer, natural gamma ray logs

were obtained from all of the monitonng wells, and a dual thduction log was obtathed

from monitoring well MW°38. The dual induction log was provided by Col.g, Inc., at no

cost to t_e project.

Table f summarizes the list of logs collected at each monitoring well and the equipment
used to collect the data.

Summary of Data Results

A review of the caliper logs col[eeted in wells MW-36 and MW-37 indicated, that the

structure] inte_ity of the well casings (in these wells) was good. No noticeable cracks or

separations were observed in the well casings.

Figures 1 through 4 suzmnarize the geophysical characterization results related to the grout
seals around wells MW°34, MW-36, MW-37, az_d MW-38. The following information is

included in each figure:

• Stratigraphy from Appendix B of Law Enviroz_aental (1990)

• Well construction details from Appendix D of Law Environmental (1990)

• The gamma-gamma de*xsity or sonic bond log for each respective well

• CH2M HILL's interpretation of _ gamav_-gamana density or sonic bond log collected
for each respective wen. A determination of "good" for the grout seal indicated that the

gawana_gamma and/or sonic logs did not indicate any gaps or separations benveen the

grout and the natural formation. A "poor" determination indicated numerous gaps;

"fair" indicated, isolated gaps.

Gamma-gamma density logs or sonic bond logs were not collected in wells MW-19 and

MW-39 because no problems were anticipated with the grout seals for these wells. The raw

data fur all geophysical logs collected at each well are included in Appendix 1.

[n genera[, the grout seals around wells MW-34, MW-36, MW-37, and MW-38 were in

good condition. _The geophysical data suggest that in well MW-34 a poor grout seal exists
between zero and 69 feet and between 92 and 112 feet below ground surface (bgs),
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However, the grout sealabove the sand pack,between 112 and 142 feetbgs.was

characterizedas ingood condigon, providing adequate isolationof the water bearing zone

above the wellscreen.Sirnilarly,inMW-36, the grout sealbetween 40 and I00 feetbgs

appeared poor.However, between 100 and 192 feetbgs (locatedjustabove the gravelpack

and wellscreen),the grout sealappears to be in good condition.

The grout sealsinmonitoring wells MW-37 and Mw-3g were characterizedin lair-to-good

conditionwith the exceptionoftwo zones in MW-37 (between 25 to38 _eetbgs and 72 to

92 fo_tbgs) where the grout sealswere characletizedin poor-to-laircondition.However,

below the 72- to92-inotinterval,thereisabout 70 feet(between 92 and 160 feetbgs) of

confuting unitclaywhere thegrout sealisinfair-to-goodcondibon. The poor intervalof

grout sealthereforedoes not compromise the bulk of the confiningunitclayatMW-37.

Stratigraphic/Lith01ogicinterpretation

The following srra flgraphic/lithologic interpretations were derived from the natura]

gamma ray downhole geophysical logs recorded in February 1996 by Colog, Inc. The

gamma ray log (recorded in counts per second) is a measure of the natural radioachvity
emitted by the formation, in sedimentary formations, the ganuna ray log normal[y reflects

the clay or shale content of the formations This is because radioactive elements tend to

concentrate in days and shele_. Formations lacking clay, such as gravels, limestones, and

dolomites, usually have a very fow [eve] of gamma radioactivity

Natural gamma ray logs were recorded in four Fluvial Aquifer wells (MW-19, MW-34,

MW-38, and MW-39) and two Mempl-as Sand Aquifer wells (MW-36 and MW-3_ located
on and adjacent to the DDMT property. The resu fls of the gamma ray logs were compared
with the field gthologie boring logs for these specific wells, and any discrepancies were
noted.

Table 25ummati;_es the elevation, at each well, for the contact5 between the alluvium and

the Jackson Formation/Upper Claibome Group; and the elevahon for the contact between

the Jackson Formation/Upper Claiborne Group and Memphis Sand in wells M W-36,

MW-37, and MW-38. Formation-specific interpretation of the gamma-ray logs is based on

the gamma-ray signatures presented in KJngshuzy and Parks I1993).

Fluvial Aqu_er Wells

MW-19

The inte_'al from the ground surface to a depth of 25 feet bgs displayed relativety higher

garm'aa achvi_y readings and represents a clay/silty day. This rnatetial gradates to a sandy

clay/clayey sand over the interval of 25 to 30 feet bgs, Lower gamma activity readings,

representative of a sand/gravely sand. were recorded at a depth of 30 to 90 feet bgs.
This interval is a water beating zone and is defmod as the Fluvial Aquifer A high gamma

radiation detection at 67 feet bgs indicates the presence of a disth_¢t 2-foot day layer within

this sand interval at that depth. The gamana log also recorded higher activity readings at a
depth of 90 feet bgs, indicating an addiflonal clay layer. This contact represents the aquifer

cordoning layer and is eonsfdered the base of the Fluvial Aquifer.

OROI h_80 _ ZZ_0L_OC 3
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The geophysical gamma log from MW-I9 generally correlates with the held tithothgic

bonng log The he_d log interpreted the distinct clay layer (located wilhJn the Fluvial

Aqtafer interval at a depth of 67 feet bgs) to be thinner (l-foot tthck) and loc_ied at a

slightly greater depth (73 feet bgs).

MW-34

Higher gamana activity readings from the ground surface to a depth of approxunately

28 feet bgs indicate that a clay/silty clay is present within this interval. This layer g:adates

into a sandy day/clayey 5and over the interval of 28 to 32 feet bgs. Lower garnm.a activity,

representative of a sand/gravely sand, was recorded over the interval of 32 feet bgs to the

total depth of the ga/llnla log (152 feet bgs). Higher gantnla readings from 72 to 95 fL:'et bgs
indicate that layers of _lay/sandy clay (7- to 10-fL_:t _d<) e_st _,_thth thJs sand inter,/al.
At the base of this sand is a saturated water beahng zone that ix considered the Fluvial

AqL_fer.

The gan_na log f_m MW-_ generally coz_-alates with the field gthoin_c boring Jog. The

fie]d log identified a gray si]ty clay (i_erred aquifer COhering layer) at 158.3 feet bgs.
Because of the ]ength of the geophysical probe, gamma aedvity readthgs were uncthtathable
from the bottom 5 feet of the borehoie. Therefore, evidence of the aquifer co:_ithng day

layer does not appear on the gamma Log, but is present in the ]ithologic log.

A conti_Jous day layer sirdar to the Ja_o_ Forr,_afion / Upper Clalbor_e Group co_g

unit clay was z_ot encountered untti a depth of 158.3 fee_ bgs in MW-34

MW-38
A day/silty clay interval is represented by higher gaml_a activity readings from the

grourtd sur feee to a depth (3f approximately 30 feet ggs. Thls layer gsadates thlo a sandy

day/dayey sand with_ the interval froi"_ 30 to 40 feet bgs. A eol_thl_o_ sand/gravely
sand is present from 40 feet bgs to the end of the geophysical log (150 feet bgs). This sand

con_ layers of clayey sand/sand, y clay wit]:u_ the interval Of 80 Io 106 feet bgs that range
in thickness from 2 feet (95 to 97 feet bgs) to 6 leet (82 to 88 feet bgs)

The g:_,_x a log from MW-38 ge_era_Jy co.elates with the field lithologic boring log.
The field log identified a brown to gray silty clay (inferred aqmfer confining layer) at a

depth of 155 feet rigs. Because of the length of the geophysical probe, gamma a_tivity

readings were unobtainable from the bottom 5 feet of the borehole.

MW-39

Higher _aJ_.;_ activity feedings from the ground su_face to a depth of appro×_mateJy

30 feet bgs indicate the presence of a cJay/sil_ day wig_J_ this interval. _ day Jayer
g_adates into a sandy day/clayey sand from 30 to 42 feet bgs. Lower gamma activity
readings, an indication of a sand/gravely sand, were recorded from 42 feet bgs to the total

depth of the gamma log (112 feet bgs),

The gamma ray log generally correlates with the field gthoth_c borg log from MW-39.

Memphis Sand Aqalfer Wells

MW-36
Relahvely high gamma activity readings from the ground surface to a depth of

approalmately'26 feet bgs indicate the l_resence of a silty day/clayey silt within
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this interval. This material gradates into a sandy clay/clayey sand from 26 feetbgs to

approximately 30 feet bgs. Consistent lower gamma readings Prom 30 feet hgs to a depth of

85 feet bgs indicate the presence of a relatively clean sand/gravely sand within this

subsurface interval An increase in garcLma readings was recorded from 85 feet hgs to a

depth of approximately 170 feet hgs These high reedmgs represent a consistent clay layer.

Beneath this interval, the clay gradates from a sandy day/clayey sand layer (170 to 188 feet

bgs) to a cleaner clayey sand/sand layer (188 to 204 feet bgs).

Plate 5 of Kingsbury and Parks (1993) indicates that the thickness of the confining unit,

consisting of the Jackson Formation and Upper Claiborne Group, varies from

approximately go to more than 100 feet thick where ti is present, The clay interval ni 85 feet

at well MW-36 is consistent with that observed at other inca tions in the Memphis area

(e.g, 70 feet at Well gh:J-167 at the Allen Wefifield)

MW-37

High gamma activity readings indlcat e the presence of a clay/silty clay from the ground

surface to a depth of approximately 10 fee_ bgs. The clay gradates into a sandy clay over the
interval from 10 to 20 feet bgs. Lower activity readings, representative of a relatively clean

sand/gravely sand, were recorded from 20 feet hgs to a depth of 65 _eet bgs. An increase in

gamma activity readings, corresponding to a continuous clay layer, was recorded over the

interval of 65 to lg5 feet bgr. Beneath this clay interval lower gamma readings indicate the

presence of a sand/gravely sand layer from 155 feet bgs to the total depth of the gamma log

(178 feet bgs).

The geophysical gamma log correlates well with the field lithoingic boring log from MW-37.

The 110- foot-thick confining unit cisy interval is consistent with that observed at other
locations in the Memphis area (Kingsbury and Parks, 1993).

Conclusions

CH2M HILL has drawn the following conclusions from the data collected during this study
_ese conclusions were made in accordance with well con ditiorL_ at the time of this

geophysical investigation.

• The struetura[ integrity of the Memphis Sand monitoring well casings are good.

• In general, the grout seals that surround the well casings were in good condition and
provide adequate seals around each well. In particular, the grout seals throughout the

confining unit clay interval of the Memphis Sand wells are gener ally good. The gamma-

gamma density and sonic logs do not indicate seal problems throughout the confining

interval, which indicates thai the arulular space of the fiorehole has not breached the

confining layer. The grout seals in the wells screened in the Memphis Sand Aquifer

(MW-36 and MW-37} appear to adequately isolate the Memphis Sand from the upper

water bearing units along each respective fiorehole.

• None of the wells screened in the upper Alluvial Aquifer (MW-19, MW-24, MW-38, aztd

MW-39) appear to penetrate the confining unit between the upper Alluvial Aquifer and

the Memphis Sand Aquifer.
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Recommendations

Based on the above cor_clusions, the Memphis Sand wells do not show evidence oi torrmng

a breach between the AlluviaJ and Memphis Sand Aquifers. Geophysical data generally

correspond wllh lithoiogic observaUons; there fore, no additional geophysical
charaeterzzallon work LSneeded at this hme.
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Table 1

Department of De fe_,se Memphis Depot

Geophysical Data Collection Summary
February 1996

Lo_ Type
Well Number Natural ,z 4 pi Density _ 3 Arm Caliper" Sonic Bond d Inductlan'

MW-19 X

MW-34 X X

MW-36 X X X X

MW-_7 X X X

MW-38 X X X

MW-39 X

a Natural gamma (7) log instrument: model ALP gamma logger with Nal detector. Logging
speed was 15 feet/mthute.

b 4 pi density log i_Tument model: 4 pi density logger with NaI detector. Logging speed

was 15 feet/rvanute. Neuron source Cs-137 (100mCi)

e 3 arm caliper log instrument: model G1P caliper logger, Logging speed 12 feet/minute.

d Sonic bond log ins_ument: model CLP Acoustic logger with a cerarmc detector with

Tx-Rx spaong of 3/4 foot and Rx-Rx spacing 1 foot and a piezoelectric acoustic source.

Logging speed was 11 feet/minute.

e Induction log instrument_ model EM induc_on logger. Logging speed was 30
feet/minute.
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Table 2

Department of Defet_e Memphis Depot

Summary Depth to Stratigraphic Contacts

Feboaarv 1996

Depth" to Top ot Elevabon'lo Top of
Well Depth" Elevation" Formation (feetl Foematlon Ifeetl reel

Numk*er tI_.eO (feetk t4C;VD' Alluvium Cllv Sand Alluvium C1;'¢ Sand
MW-19 95 291 30 90 _" 261 201 4_,_.. _

MW-34 159 301 32 72 '_ 269 Z29 .+_x_ _

MW-36 212 311 29 87 162 282 224 14_1

M'W-3? 183 _ _ 66 156 263 219 129

MW-38 159 309 34 82 138 275 227 17I

MW-39 lt6 296 33 B7 _>'_ 263 209 _,_

• All depths and elevations rounded to the nearest foot.
b NGVD: National Geodetic Verticat Datum All etevationm referenced to this datum



CH2MHILL

25B _G3

PROJECT NUMBER IBORING NUMBER

113E_.09._ I MW-34 $HE_ t OF 1

Figure 1
Well MW-34 Stratigraphic and Geophysical Evaluation
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Figure 2
Well MW-36 Strat_graphic and Geophysical Evaluation
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Figure 2
Well MW-36 Stratigraphic and Geophysical Evaluation

p ROaEC T Delense De pot M emp his Tennessee

• _L D_GCRL_rlON

i _ OIL_BG Y

I SOIL N_E, U_GS G_OI_ SYMBOL,
: C OLORI MI_I/AE CO _ITENT,

_ gI_TIVE _ENSrr_ _ _ SIS112NCV.

i ..,2.

_'i_,_[:(_i ) ........................ ._.._.

.,,,.,,.

240--

_¢tr_ RING WEU

COHSTRLe_"i2_N
O_GR,_M

LOe:AI_O_ I Mmm_k_ Tesnez_ee

tEG_N9 _G_I __Den;O_ _Sand $Ot_ S_iQra:_DalafmmtawEnQ_r_: Genptr_a_Da_l_mC[}LC_ Ir_.



CH2MHILL

256 466

pROJECT NUMBER I BORING NUMBER113630,0g,ZZ MW-_6 SHEET 3 OF" a

Figure 2
Well MW-36 Str_igraphic and Geophysical EvaJuatton
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Figure 2
Well MW-36 Stratigraphic and Geophysical Evaluation
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Figure 4
Well MW-38 Stratigraphic and Geophysical Evaluation
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