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This report summarizes the results of groundwater elevation and water quality data

collected during the De farLse Distribution Depot Memphis (DDMT) September 1997

quarterly groundwater samlpling event. The ieport is organized into the following sections:

• Section 1 - Introduction and summary of DDMT background information

• Section 2 - Summary of field sampling methods

• Section 3 - Summary of groundwater ¢levallon and sampfa az_lytical data

• Section 4 - Conclusions

• Section 5 - References

Data quahty evaluation results, analytical data tables, held purge logs, _xmpie logs, and

field notes are presez_ted in Appendices A through E, respectively. Laboratory analytical

data sheets have been archived in the DDMT project files at CH2M HILL

These quarterly groundwater data were cotiected to support ongoing Remedial

lnvealigs tion / Feasibility $mdy (PJ/TS) activities at the DDMT facility. DDMT was placed

on the National Prlor/t/es List (NPL) and must fulfill requirements under the

Comprehensive Environmental Response, Compensation, and LfaSi]ity Act (CERCLA) and

the National Oil and Hazardous Substances Pollution Coz_tlngency Plan (NCP). The

remedial process under CERCLA and NCP mandates that an RI/FS be performed to

determine the nature and extent of contamination, th evaluate public health risks, ,rod to
screen potential remedial actions.

Previous well installation and groundwater sampting activities (see Section 1.2) through

1993 indicated the presence of organic and inorgain¢ Constituents exceeding levels of

concern primarily at Durra Field, but also at other locations with=n the main DDMT facility •

area. in January and February 1996, DDMT expanded the gsoundwater monitoring
network by installing edditional welis to evaluate the extent of cozltaminallon west of Dunn

Field and to provide additional upgradient groundwater quality data.

The purpose of this quar_rly groundwater sampling report is to present and summarize the

groundwater elevation and water quality data co?ffected from the monitoring wells at the

DDMT facility in September 1997. This report also summarizes the spatial and I_mporel
distribution of these data compared to data previously collected from these welis.

The groundwater elevation and water quality data in this report were colfac_d in

aCCordance _rith the requirements of OU-4 FSP (CH2M HILL, 1995). OU_. consists of the

former and current hazardous materlais storage buildings--Buildiz_gs 319, 629, and 835--

and the Defense Reutilization and Marketing Office (DRMO) buildings and stockyards.

The geographical coverage of OU-4 includes _n area of suspected interaction between the

Fluvial and Mcmphls 5azxd Aquifers; therefore, the scope of OU-4 was expanded _o include

site-wide groundwater flow and contaminant tclmspor t.
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1.1 FacilityBackground
DDMT is situated on 642 acres in Shelby County, Memphis, Tennessee, in the exh-eme

southwestern portion of the state (see Figu]_ l-l). Approximately S miles east of the

Mississippi River and just northeast of the interstate 240-Interstate 55 junction, DDMT is in

the south_:entra] section of Memphis, approximately 4 miles southeast of the Central
Business District and ] mile norfftwest of Memphis ]nterrmtional Ainpor t. Airways

Boulevard borders DDMT on the east and provides primary access to the installation. DLmn
Avenue, Ball Ro_d, and Perry Road serve as the northern, southern, and western

boundaries, respectively, to the Main Installation. Dunn Field, the only known waste

disposal area at DDMT, is located just north of the Main Installation. Person Avenue, Ky]e
Street, and Hays Sla'eet serve as the northern, western, and eastern boundaries, respectively,
to _ Field.

The Main Installation consists of approximately 110 buildings, 26 miles of raltroad track,

and 28 miles of paved streets. The facility has approximately 5.5 redllion square feet of

covered storage space and approxlmatety 6 million square feet of open space.

Past activities al DDMT indude a wide range of storage, distribution, and maint_tance

practices. Dunn Field has been used as a landfill area (northwest quadrant), storage area for

rmneral stockpiles (southwest and southeast quadrants), and pistol range (northeast

quadrant). Activities within the southern portion Of the Main Installation have included

hazardous material storage and recoupment (Building 873), sandblasting/painting activities

(Buildings 1086 through 1089), and maintenance (Building 770). Other ac'dvities

documented to have occurred in this area oi the installation include polyddorinated

biphenyl (PCB) transformer storage (near BulldLng 274), pesticrde/herbiclde storage and

use. and fire truck pump testing (Lake Danielson ). The northern portion of the Main

installation has a history of hazardous materials storage, treatment of wood products with

pentachlorophenol (Building 737), and storage of items awaiting disposal. Specific building
and facility Jocations are provided m Drawings I and 2 of the Final G_ffc Remedial

Investigatlon/Feasibitity Study Work Plan (U.S, Army Corps ed Engineers, Huntsville Division
[CEHND], 199S).

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

{No. TN4 210 020 570) by the U.S. Environmental protection Agency {EPA), Region IV, and

the Tennessee Department of Environment and Conservation C/DEC) on September 28,
1990. Subsequently, in accordance with Section 120 (d)(2) of CERCLA, 42 U.S.C. 982ll(d)(2),

ETA prepared a final Hazard Ranking System (HRS) Seormg Package for DDMT. On the

'oasis of the final HRS score of 58.06, EPA added DDMT to the NPL by publication in the
Federal Register (PR), 57 FR ll7180 No. 199, on October 14, 1992.

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

applicable s_tes woulll proceed under the CERCLA process for remediadon (remedial

invesllgation, feasibility study, proposed plan, record of decision, remedial design, and

remedial acdon). To date, 55 monitoring webs have been installed (see Figure 1-2) as part of
the mvesdgative phase to characterize site conditions.
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1.2 Hydrogeology

1.2,1 RegionalHydrogeology
Section 2.4 of the Final Generic Remedial lnvestigatJan/Feasibflity Study Work Plan (CEHND.

1995) provides a thorough discussion of the r egior_l geologic and hydrologic features

applicable to DDMT. Recent work by Kingsbury and Parks (1993) and Parks and

Carmlchael (1988) also provides thsight into the hydrogeologie setidng. In particular, the

unit called the Jackson Formation/Upper Claibonae Group in Parks' earlier publications has

been further defined. The Ccckfield Folmation is now recognized as a member of the

Claiborne Group in western Tennessee. Figure 1-3 presents a general cross section of the

Memphis area extending southwest to northeast across Shelby County Of the geologic

units shown, the following are applicable to groundwater tlow and contaminant transport
conditiorts at DDMT:

Loess. Loess is a semi<ohealve eolian deposit composed of silt, silty clay, silty fine sand, or

mixtures thereoL It mantles the ground surface over wide areas of the centzal United States

It typically occurs above the alluvial (terrace) deposits and is thickest along the bluffs

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

65 feet; it thins comiderably toward the east. Locally, it may contain thin, discontinuous,

fine sandy layers enclosed within silts and silty clays_

Fluvial (Terrace) Deposits. Quaternary and possihly Fliceene Age fluvial deposits exist

beneath the uplands and valley slopes of the Gulf Coastal Plain and are the remamnts of

ancient alluvial deposits of either existing st_ea_ or an &nclent drainage system. The
fluvial deposits ¢_ nsist primarily of sand and gravel with minor lenses of clay and thin

layers of iron-oxilie cemented sandstc¢te or conglomerate. These fluvial deposits range from

zero to 10O feet in thickness and underlie the loess. The upper and lower surfaces of the

fluvial deposits have been eroded, cawing the thickness to be highly variable. Locally, in

the Memphis area, the fluvial deposits may be absent (Graham and Parks, 1986). Tt te_e

deposits represent the upper aquifer at DDMT, herein termed the Fluvial Aquifer.

Jackson, Cockiield, and Cook Mountain Formations. The Late Eocene Jackson Fermelion

and upper part of the Claiborne Group lie beneath the fluvial (terrace) deposits. The upper
Cla[borne consists of the Jackson, Ccckfield, and Cook Mountain Formations. Because of

lithologic similarities, the Jackson Formation and the Cockheld Formation cannot be

reliably subdivided in the snbsurface of the Memphis area. The Jackson/Cockfielfl

Formations consist of sand, silt, clay, and ligrute beds. The p_served sequence is

predominantly Cocldield, but in the northwestern part of the Memphis area the Cockfield is

oveflani by the Jackson Formation (Kingshury and Parks, 1993). The Cockficld Fon_atic_l is

typically composed of clay and silt in the upper part and sand in the lower part, although

locally this may tie reversed (Parks and Carmichael, 1988). Liglxite beds, up to 10 feet in
thickness, occur in the clays, silts and sands. The base of the Cockfieid Formation is faulted

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

The thickness of the Jackson Formaliort is ieported differently in the literature. Kingsbury

and Parks (1993) report a range of zero to 50 feet, while Parks and Carmichacl (1988) report

a thickness ranging from zero to 180 feet. Where the lack.son Formation is present, the

Cockfield may be from 235 to 270 feet in thickness. In other places exte_asive erosion has

caused the thickness to be highly variable. The Cockfield is generally an unconfined water-
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table aquifer (Parks and Carmichael, 1988), and it provides wamr for some public and
indus_al uses.

The Cook Mountain Formation is the hiwer confining unit to the Cockfield and generally

consists of clay, silt, and sand. I<ingsbury and Parks (1993) report that its thickness ranges

from zero to 50 feet in the Memphis area, while Parks and Carmfehael (1988) report a
thickness ranging from zero to 180 feet over the West Tennessee area.

Memphis Sand ("500-foot sand"). The widespread terrace deposits of the Memphis Sand

were deposited during the Middle Eocene when s_eams carned extensive quantities of

sand and gravel into the Mississippi emhayment area. The Memphis Sand unit is composed

primarily of thfek bedded, white to brown or gray. very fine-grained to gravely, partly

argillaceeus, and micaceous sand. Lignitic clay beds constttute only a small pelf'enrage of

total thfekness. The Memphis Sand ranges from 500 to 890 feet in thickness, a_d the depth

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

300 feet below land surface (bls). It is tinnnest in northwestern Payette Comity, Tennessee

(the northeaalem poedon of the Memphis Sand), and thickest near the ML_sissippi River in

southwestern Shelby County, Tennessee. The City of Memphis obtains its drinking water
from this aquifer. The base of the Memphis Sand dips to the we_t at a rate of 20 to 50 feet
per mile.

Graham and Parks (1986) present several lines of evidence to suggest that the Jackso_t

Formation/Upper Cfaibome Group is not lsterally continuous ll_oughout the Memphis

area. In some areas, the Memphis Sand is directly overlain by the alluvial or fluvial

deposits, permitting the downward vertical leakage from shallow water-bearing zones into
the reginnal aquifer.

Cross-sectin_s presented in Kingsbu_-y and Parks 0993) provide useful information about

the regional geology in the Memphis area. Well Sh:j'-104 is less than 2 miles west of DDMT

(see Figure 1-4). It indicates apprexi_,tately 75 feet of loess and fluvial deposit_, underlain by

a 40-feet sequence of the Cocldield Formation. Below the Cockfleld Formatien, the well log

indicates a 75-foot sequence of the Cook Mountain Formation underlain by the Memphis
Sand. The Mernphis Sand occurs at an elevation of 46 feet above mean sea level (ned) and is
several hundred feet thick at this wen location.

Well Sh:J-167, which is about two miles to the southwest of the southwest corner of the

Main Installation (see Figure 14.), is on the upthrown side of the fault desmtibed below. It is

also _orth of Nonconnah Creek. It shows an approximate I00- foot thickness o1 loess and

fl uvial deposits, and no Cockfleld Formation. However, approximately 70 feet of the

co_g Cook Mountain Formation are encountered be|ore the top of the Memphis Sand
a _elevation 85 feet m_l.

A northwest-southeast tTendmg fault is also shown passing through the Allen We]ltield
(Kingsbury 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 di_ct hytiraulic connection, if the offset was greater than the thickness

of the Cook Mountain Formation. In the vicinity of Allen Wel]field it oppeals that the
Memphis Sand has been offset by about 30 to 40 feet, and the thickness of the Cook
Mo u_taln Formation is 70 to 75 feet.
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1.2.2 DDMTSite-SpecificHydrogeology

DDMT IS tmderlaht by a layer of loess about 20 to 30 feet LhJck. The lower saturated portion

of the underlying terrace deposits is locally referred to as the Fluvial Deposits Aquifer

(herein referred to as the Fluvial Aquifer), which is the uppermost aquifer beneath DDMT.
Perched groundwater also exists in the tercace deposits above small day lenses at elevatior_

above the Fluvial Aquifer. Ho_rever, these perched water zones are temporal and are not
consldered pazt of the Fluvial Aquifer. The Fluvial Aquifer is not used as a drinking water

source within the City of Memphis.

The upper portion of the Jackson Formation/Upper Claibome Group, wlfich serves as the
base of the Fluvial Aquifer, generally consists of a high plasticity day of variable thickness.
The depth to the top of the confining unit at OU..4 ranges from about 70 feet bls to about ] 60

feet bls in the northwest portion of Dunn Field, where a depression in the top of the clay

exists. The maximum thickness of this unit is 85 feet in the northwest portion of Dunn Field
(5TI_6, Drawing I of the OU_t FSP). The clay thins in the northwest portion of the main

fedlity (STB-8, Drawing 2 of the O-U4 FSP) to 3 feet of sandy, silty day and 9 feet of

interbedded silty day and fine grained sand.

The base of the Cockfield Formation has been mapped at an appro_dma_e elevation of
122 feet msl in well Sh:J-104. Exixapulatinz_ to wells MW-36 and MW-37 shows thai the base
of the Cock_eld should occur at elevation 145 feet msl for both wells. Review of the

lithofeglc logs for these wells shows a change in formation from a dense sdty clay to a
sandy clay at an elevation of 143 feet ms] for MW 36 and an elevation of 145 feet msl for

MW-37, possibly signifying the gradation from the Cockfield Formation to the Cook
Mountain Formation.

The altitude of the top of the Memphis Sand was also mapped by Kingsbury and Parks

(1993). At well Sh: J-104, the unit has an upper surface elevation of 46 feet reel.

Extxapolating the upper s_face of the Memphis Sand to MW 36 and MW-37 indicates

corresponding elevations of 82 feet and 93 feet, respectively. Wells MW-36 and MW-37

encountered sands at 128 and 125 feet msl, which is approximately 46 and 32 feet above the

projected upper surface of the Memphis Sand, respectively. Thus based on regional

stratigraphfr information, the lower sand units at DDMT could belong to the Cook
Mountain Formation rather than the Memphis Sand. Because it is uncertain whether the

confined sand aquifer underlying the Fluvial Aquifer is the Memphis Sand (as has been

assumed in previous DDMT documez_ts), the underlying sands will be re_e_ed to in this

report as the Confined Sand Aqmfer.

Groundwater flow in the Fluvial Aquifer is controlled primaclly by the orientation:of

erosional paleosur face of the upper clay in the Jackson Formation/Upper Claibome Group,
A prormnent feature of the Fluvial Aquifer flow system is a generally northwest-southeast

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

the main facility. As discussed in Section 3.3, groundwater flow generally follows the slope
of this clay unit. The depressed clay surface may t_sult from either an erosional surface in

the clay surface or a sand lens within the clay that comprises the Cockfield Formation of the
Upper Claibome Group. The groundwater flow direction across the Main Installation and

southernmost portion of Dunn field is cofoxoged by this feature.
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The general orientation of the faults mapped in the Memphis area (Kingsburf and Parks,

1993) is northwest southeast. It is likely that Lke orlenlatlon of the depressed feature is fault

conh'olled. It has not been determined whether the depressed clay surface results from

paleoerosion or absence of the day.



2_6 II

,(Memphis .f

- ..... i

-_-.

Meml_J_is, TN

)DMT

TENNE_[_

MI_ISSIPFI



!

|



!

266 13 II I

_{I
_1

0

0

Ld
Z
i,M



Sh:J-104, ../

MW-37

.!

' " :oom

Ball ROad

_,_E 1:24,000

Figure 14
ConfinedSandAquifer Well LocaUOltS





2.0 Field Methods

All groundwater samples were collected dutin 8 this quarterly groundwater sampling event
in accordance with the OU-t FSP (CH2M HILL, 1995). Water level measurements were

recorded prior to collection of the groundwater samples. Each of the w_ls was vented for ¸
24 hours before the water level was recorded to allow the water level in the wells to

stabilize. This procedure was followed for all wells except MW-12 and M2_-35. The

potential for volatile organic compound (VOC) cortcentTalions in the breathing zone at MW-

12 and MW-35 made it necessary to don modified Level C personal protective equipment

(PPE) and conduct air monitoring to determine whether it would be necessary to wear

respzratory protection when sampling these wells. During this quarterly sampling event,

breathing zone monithring detected organic vapors at a maximtml of 1.5 ppm at M3_'-12

and MW-35. Sustained monitoring indicated organic vapors at levels less than t Fpm.

which was less tha_ the aclion level (a sustained level of 25 ppm in the breathing zone)

specifled in the Site Safety and Health Plan for necessitating respiratory ]protection. Based

on these findings, the required PPE was reduced from Level C to Level D.

Before sampling, each of the manimrthg wells was pur_xt according to the higowin g
procedure:

• The well was located and plastic was placed on the grotmd around the well head.

• The well bead was opened and a VOC measurement from the headspace in the well was
recorded using a photo-ionization detector (PIT)) instrument.

• Thevelumeofwaterinthewellwasest_matedusingthefollowthgequafion:

volume (gel) = 0.41 d=H
where d = well diameter in inches

H = height of water eelua_n in feet

Note: 2-inch dlamet_r schedule 40 PVC casing - 0.17 gel/linear hot.

• Wells were purged using either a 2-thch Grundfos submersible pump or a disposable
Teflon bailer.

• A minimum of three well volumes were purged from each well prior to sampling.

Additional well volumes were purged, if necessary, for stabilization of temperature, pl_
or conductivity of the effluent. Purging was terminated if the well was de-watered.

• Physical parameter measurements of the water including pH, conductivity, turbidity,

temperature, dissolved oxygen, and selmity were recorded iniflally emd after purging of
each well volume.

Table 2 1 summarizes the water quality analyses, purge volumes, and physical parameter
me_urements recorded for each well sampled.
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2.1 GroundwaterSampling

Water samples were collected from the well at completion of the well puxging according to
the/o_owing procedures.

" 2,1,1 SamplingwithTeflonBaiMr

If sampling equipmea_t was not used to pttvge the weft, the bailer was seasoned by

discarding the first 3 bailer volumes into the purge drums. Flll_g of the sample containers
was initiated with the fourth bailer volume.

To prevent nylon _ine from coulactmg the _o_dwatcL a leader of Teflon-coated
slai_ess-steel wire was attached to the bailer. Nylon twine was then attached to this leader

and the bailer lowered slowly into the water to minimize agitation of the water The bailer

was lowered just enough to submerge the top, and care was taken to ensure that the bailer
did not contact the bottom of the well

VOCs were eotiected first, thBowed by semi-volafile orgame compounds (SVOCs) and other
parameters as appropriate for the specific we]]. VOCs were eollect_ by filling the via],
with as little turbulence as possible. Each vial was filled until a mlniscus bubble extended

at the top of the vial to e_e that no a_ bubbles were present to the samples.

Each s_ple container was then wiped clean and labeled, The containers were placed into
a plastic zip-lock baggie and packed rote a sample cooler with ice. The chain-of-custody
(COC) fozm was filled out and placed into the cooler

The sample L_o_ lion was recorded in the purge log, sample log, and field notes (see
Appendices C through E).

Upon campier:on of each well sampling, all disposable materials (PPE, brine, plastic, ete,)

were discarded in accordance with appropriate disposal procedures. All drums containing
ourge and decontamination water were closed and labeled. The well was dosed and locked

and the sample area was cleaned up.

2.1.2 Sampling with Submersible Pump and Bailer

After purging was completed, the pump was positioned at the mid-screen level (screens are

at lO-foot intervals and axe based at the well bottom). The discharge from the Grund los

pump was slowed to a minimum discharge capacity.

Samples of discharge water were collected through the discharge hose. labeled, packed, and

documented similarly to the baited samples, described above. The samples were then

analyzed for metals and gVOCs, The volatile organic analysis sample allquot_ were
collected by removing the pump from the weft, allowing the water to stabilize for at least 15

minutes, and then collecting the sample with a bailer as described to the preceding section.

investigation derived waste (lOW), well site dosure, and cleanup were completed as
desc_bed below,
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2.2 Investigation DerivedWaste Management

All purge and decontamination water was irdtially contained at the well bead in 55-gallon

drums. These drums were transported to a polyethylene storage tank located on Dunn

Field, where the water was transferred into a permanent on_ite tank.

After the sampling and decontamination for all of the wells was ¢ompIeted, a composite
sample of the purge and development water was collected and analyzed for VOCs, SVOCs;

pesficides/PCBs, hethiodes and metals for characl_r.zafion in a maruler determined by
DDMT/CEH_.

2.3 Equipment Calibration

Field instTumenfs were calibrated daily before sampling acfivilies began. Standards used to
calibrate the field survey instruments were in accordance with those specified by the

National institute of Standards and Technology (NIST).

field instruments (e,g., Hnu, combustible gas indicators [CGIs], pH meters, conductivity
meters, etcl) were calibrated according to manufac_rer's inst_Jctions. The Hnu's were

zeroed to beck_otmd levels at each new sampling Iocafio_ Calibrafion records were kept
in a field logbook by field persoztnel. These dally records include, at a n'dnimtun, the

following:

instrument type (e.g., PID, CGI) and model number
instrament serial number

Type of calibration procedure used

Type of cagbrafion gas oT standard used, concentration (ppm), and lot number

ins_'ument reading and span (if appropriate)
Date and t/me of calibration

2.4 Sample Packagingand Shipping

All samples were packaged and shipped in accordance with Appendix C of EPA Region IV

Standard Operating Procedures.

All container lids were verified to be properly secured prior to shipment.

Samples were shipped in a sturdy cooler lined with a large plastic bag. A layer of

vermiculite was placed at the bottom of this cooler inside the plastic bag ]iner All samples

were placed into individual zip-lock bags and sealed. These bottles were then placed in the
cooler with sufficient space between bottles to place vermiculite or bubble xcrsp. _ to

thur zip-lock bags of ice were placed between and on top of the samples and the plastic bag
liner sealed with tape.

The completed COC form was placed in a plastic baggie and taped to the inside lid of the

cooler. The cooler lid was secured shut using strapping tape. Signed Custody Seals were

placed on the fcont and back hinges of the cooler and stickers indicating "this end up" were
placed on the ends of _ cooler.
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Each cooler wax shipped via Federal Express for next morning delivery to the QAL-

Montgomery Laboratory.
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3.0 Groundwater Sampling Results

3.1 GroundwaterElevationsandGradients

Sampling event are depicted in Figure 3-1 and listed in Table 3-1. A local groundwater

divide is apparent along the llne formed by wells M]q44, Iv1_/-54, and MW-31. North of

this line, groundwater alopears to flow west and northwest toward M!_-40. South of this

line grotmdwater appears to flow west-southwest toward a groundwater low centered in

the vicinity of MW-34. The magnitude of grotmdwater gradients in this t_g_on of the

facility range betwee_ approximately 0.0039 foot/fcot and 0.105 foot/foot. The steepest

gradient appears to lie incated southwest oF M%V-14 and IVIW-33. A maximum groundwater

seepage velocity in thls vicinity was estimated at 7.74 feet/day assuming the following
pa_'aITt et er S!

• hydraulic gradient - 0.105 fcot/fcot

• hydraulic conductivity = 22.11 feet/day (based on the average hydraulic conductivity

for the Fluvial Aquifer reported in the Groundwater Characterizatlon Data Report [GCDR]
[CH2M HILL, 1997])

• effective porosity 0.3

GroundwateT flow patterns south of Dunn Field xmder lying the DDMT Math Installation

exhibit Rends in grolmdwater flow from the margins of the study area toward an elongated
central groundwater low oriented along a nor thwest_outheast axis; groundwater in the
northeast portion of LhJsre,on apparently flows southwest toward this low, and
groundwater m the southwest portion of the study area apparently flows northeast toward
the low. A legalized groundwater high is apparent in the vici_ ty of MW-55. The

magnitude of groundwater gradients underlying the Main Installation range between

approxinlately 0.0028 foot/foot and 0.135 foot/foot. The steepest gradfoat_ appear to be
located in the northwest portion of the facility in the vicinity of MW-55. A maximum

groundwater velodty in this vidmty was estimated at 9.94 feet/day assuming the follow fog
part,tel's:

• hydraulicgradient- 0.135 feat/foot

• hydraulic conductivity - 22.11 fact/day (based on the average hydraulic conductivity
for the Fluvial Aquifer reported in the GCDR)

• effective porosity - 0.3

As noted ththe GCDR, groundwater hydraulic gradients in the nor them poz'fion of the
Main Installation and the area surrounding Dunn Field generally conform to the gradient of
the Jackson Formation/Upper Claibome Group confaung unit clay surface. Groundwater

flow in the_e regions appears to be govemed by the configuration of the day surface. A

comparison of the potentiomel_ic surface (Figure 3-1) and confining clay unit (Figure 1-5)

surface gradients in the southwest portion of the Main Installation indicates that

groundwater is flowing against the surface gradient of the clay. It is likely that



groundwater flow gradients are being ¢ontiolled by ctr alr_ge into the northwest-southeast

trending feature rather than by gravity flow along the surface of the day,

Comparison of groundwater devafion measurements recorded during the September 1997

sampling event with groundwater elevations recorded during the previous groundwater

sampling event in June 1996 indicates the following:

• Groundwater underlying Dul_n Field was on average 0.58 foot lower in September 1997
than in June 1997,

• The maximum difference _t groundwater elevation at D_ _eld was observed in ivIW-

37, where the groundwater elevation recorded was _34 feet lower in September 1997

compared to the June 1997 data,

• Groundwater devatiorcs underlying the Main L._talledon were on average 0,35 foot

higher in September 1997 than in J_e 1997,

• The maximum difference in gro_dwaler elevation at the Main Installation was

observed at MW-38, where the groundwater eleva_on _corded was 1,16 feet lower in

September 1997 compared to the June 1997 data.

The temporal trends in the groundwater elevation distribution have not _et been

detcrm_.ed became there is not enough data to establish any meaningful trends However,
hydrographs have been developed for strategic welts using water level dala from the three

most recent monitoring event_. The hydrographs are included on the graphs of

concentration versus time for select VOCs to help evaluate temporal trends in
con cenh'afion.$ for these compounds, winch wig be discussed in the next section, AS more

water level data is collected (possibly one or two more quarterly monitoring events),
meaningful temporal treads sl_uld become more evident,

3,2 Groundwater Chemical Results

Numerous VOCs and metals were reported m the groatadwater samples collecied from the

Fluvia! Aquifer Table 3-2 sunmmrlzes the analytical results for the groundwater samples

collected dudng the September 1997 quarterly sampling event, including the concentr ataor_
of the pa_c_]ar chemical constibJent and a compazison of the concenb'afion with DDMT

remediafion target crtiefia for that coi_l_tuent, Table 3-3 summarizes the overall samp]e
ootmts and range of concentratio_.s for each of the detected compounds for all of the

samples collected during this sampling event. A data quality assessment was performed on
the laboratory analytical results of the September 1997 samples, This data quality
assessment is presented in Appendix A.

The data quality assessment contained in Appendix A indicates that the organic

compounds reported in the duplicate samples were witl_ the quality control guidelines of
20 percent. The laboratory analyzed the samples according to the EPA methods staled in

the work plan, as demonstrated by acceptable method perfom_nce dOCumented in the data

deliverable contained in Appendix B. Matrix spike and spike duplicate accuracy and

precision results mdica ted that the specific sample matrix did not significantly interfere

with the final numerical result and that the data can be used w_thout further qualification.
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Five man-made VOCs were identified in the GCDR as the primary chemical constituents of

concern at the DDMT facility. The spatial distributions of these constituents from the

September 1997 quarterly sampling event are discussed in detail¸ The concentrations of the

detected VOCs and metals from the September 1997 sampling event were also evaluated as

a group to assess how their concentratio_ and distributions varied with time and location,

Data reported for 1989 and 1990 were taken from the Remedial in_es_g_ti_ at DDMT (Law,

1990); data for 1993 were taken from the Ground_:at_" Man[iaring Results a_ DDMT

(Environmental Science and Engineering [ESE], 1994); 1996 water quahty data were taken •

from the GCDR; and the June 1997 data were taken from the second quartet Quarlerly

Groundwater Monitoring Report (CH2M HILL, 1997), These data were compared to the

September 1997 groundwater quality results to perform atTend analysis of select organic

and inorganic constituents. We[i-specific groundwater analytical data are included in
Appendix B.

3.2.1 Distributi0nof OrganicC0nstituents
Figures 3-2 through 3,6 show the aerial distributions and concentrations of VOCS at D DM"f,

The VOCs depicted in these fig'mres were identified during the GCDR as the primary .

constituents of concern. In general, the specific chemical constituents and spatial

dis Iltibu tior_ reported during this quarterly sampling event were consistent with those
previously reported at DDMT, The concenb-ation of VOCs varied across the site from a low

of I microgram per liter (_.g/L) to a high of 3,800 pg/h (TCE at MW 1-2), SLrdilsx to
concentrations noted in the GCDR, the highest concentrations of VOCs were detected
within the northwest comer of Dunn Field.

1,1-Dich]oroethene (1,1-DCE), 1,1-DCE was reported L_ nine wells during the September

1997 quarterly sampling event. Figure 3.2 shows the distribution o_ 1,1-DCE This

compound was reported in seven wells located along the northern portion of Dugm Field

anti in two off-site wells, iVi_V_] and MW-SZ, 1,]-DCE was not reported in any wells
located on the Main Installation (see Figure 3.2). 1,1-DCE was reported in off-site well MW-

45, where it had not been detected in samples collected during June 1997 The highest

detection occurred in MW-10 (72 gg/L) located at the northwest boundary of Dtmn Field,
The concentrahorLs of I,I-DCE in the other monitoring wells were similar to those reported

in the June 1997 for each respective well. Overag there was an increase m the concentTations

observed in the September 1997 event over those observed in June 1997.

Tetrachhiroethyhine (PCEL The occurrence of PCE was widespread dunng the September
1997 quarterly sampling event, sm_lar to what was reported in the last two events PCE

was reported in 25 wells located both on-_ite and off-site (see Figure 3-3). During this event

PCE was reported in MW-54 (located off-site and west of Dun_ Field) and MW-22 (hica ted

on the Main l_.stallafion), where it had not been detected in samples collected during the

June 1997 event. Concenbrations of PCE ranged from I _g/L to a high of 180 gg/L in MW-
10. Overall there was an increase in the concentrations observed in September 1997 over

those obselwed in June 1997. All of the wells with reportable levels exceeded the

background and Proposed Remediation Goal (PRC) concentrations for this compound.

FCE was reported at four areas on DDMT, as sb.own in Figure 3-3. These areas were

previously noted in the Quarterly Groundwater Monitoring Report, and except for increasing

in s_e they have not changed significantly. The largest of the fo_ plumes is centered on
the western and northwestern boundary of Durra Field. The first detection of PCE in web
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MW-54 (25 _g/L) indicates thit the plume has expanded to the west during this sampling
event. The PCE concentration in MW-51 (located verth of Dunn Field), the nor themmc, st

conh-ol well for the site, h,_ slightly increased from 15 Jlg/L during the June sampling to 45

_g/L. However, both cortcen_atiom are estimated below the detection limit, so the

comparison is an approximation. Two smaller plumes are lccated in the southwest and

southeast comers of the main facility (see Figure 3-3). The plume in the southwest comer of

the main facility exhibited an apparent increase in size from the June 1997 to September

1997 sampling events. The slighl increase in plume size is indicated by the PCE reported in

well MW22 during the September 1997 sampling; PCE was not reported in the June 1997

data from weB MV4-22. The magnitude of the plume in the southeast comer of the main

facility has remained consistent from the June 1997 to September 1997 sampling events.

Samples from wells MW-Z5 and MW-26 contained levels of PCE at 4 _g/L and 12 pg/L,

respectively, in the June 1996 data. Additional grotmdwaler analyses are necessary to

assess the persistence of this trend. Finally, an isolated occurrence of PCE is reported in

MW 39 (9 _g/L) at a conce_ation slightly above that detected in the June sampling event

(6 _tg/L). There are insuffielent data to cor:elale the PCE reported in this well with

concentrations from other wells on the facility.

Graphs of PCE concen_atlon versus time for strategic wells were developed to assess

whether temporal trends in concentration exist for this compound (see Figure 3-4}. The
data indicate increasing h'ends Irom February 1996 to June 1997 and from. June 1997 to

September 1997. The most recent data (September 1997) indicate an increase in PCE

concentration in 16 samples and a decrease m 9 samples over the June 1997 data.
Sigmficant increases of PCE have cccu_ed in of f-silo wells located to the north, northwest,

and west of Dunn Field. During the period of June 1997 to September 1997, the most

significant changes in PCE coneen_ations were observed in wells MW-12 (a 30 _g/L

decline) and MW-10 (a 70 _tg/L increase).

Groundwate_ elevations that were available for strategic wells for the three most recent

sam]_,ling event_ (February 1996, June 1997, September 1997) have also been included on the

graphs (see Figure 3-4). This graphical representation facilitates the correlation of temporal

trends in groundwater elevation to those observed in eonce-,xtration. The data for the period

June 1997 to September 1997 indicate the following:

• When groundwater elevations increased, PCE concentrations increased in seven wells
and decreased in six wells.

• When groundwater elevations decreased, PCE concentratior_ incTeased in three webs.

The only meaningful trend is the apparent increase in PCE concentrafior_ when

groundwater elevations decrease. This trend is consislent with the overall trend of

increasing PCE concentrations that have bee11 observed when comparing June 1997 data to
September 1997.

Trichloroethylene (TCE). TCE wo5 reported in four separate locations at DDMT and was

detected in 25 wells during the September 1997 quarterly sampling event. The disl_ibution

of TCE _s generally consistent with the distribution described in the Quarterly Groundwater
Manitomng Report; however, TCE was reported in four off-site loca_ons (MW-31, MW-44,

MW-51 and ivlaN -,54) during this quarterly sampling event, as opposed to ordy two locations

(MW-51 and MW-54) during the June 1997 sampling event (see Figure 3-5). The
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concentrat or_ of TCE ranged from I pg/L to a high of 3,800 gg/L at MW-12. All of the

reported TCE eoncentration_ exceeded the background concentrations, and with the

except on of three reported concenhrations, all exceeded both background and PRG
O0 £1,g_ n _'a ti OllS,

The largest TCE plume encompasses the northwest and west boundaries of Dunn Field and

extends off-site to the west, northwest and north of Dunn Field. Also, the plume continued

to expand to the south, a trend that was noted in the Quarterly Groundwater Monitorlng

Repart. The concentrations reported in MAN-44 and M'W-51 indicate that the plume

configuration has expanded to die west and north to the edge of the current monitoring

well network. A shift in the center of mass (MW-12) ot the TCll plane, as suggested by the

June 1997 data, is supported by the September 1997 data. Concenh'ations of TCE at wells

MW-10, MW-IZ MW-32 and MW 35 exhibited a drop from 450; 5,900; 78; and 160 pg/L,

respectively (as reported in the June 1997 data) to 100; 3,800; 76; and 93 _g/L, respectively

(as was reported in the September 1997 data). On the other hand, concentrations of TCE at

MW-6, MW-15, MW _A, MW-54, MW-31, and MW-51 showed an increase belwe_n the June

1997 and September 1997 sampling events In addition, low levels of TCE were detected in

the September 1997 samples from MV¢'-14 and M1N-38, two wells in which no TCE was
detected during the June 1997 sampling event.

Little change in the geomeky of the other TCE plumes identified on the Main Installation

was observed between the June 1997 and September 1997 data, with one notable exception:

TCE was not detected in well MW-47 during the June 1997 sampling event, although it was
present in this well during the February 1996 sampling.

Graphs of TCE concentration versus time for strategic wells were developed to assess

whether temporal trends in concentration exist for this compound (Figure 34). The data
indicate increasing trends from February 1996 to June 1997 and from June 19_1 to

September 1997. The most recent data (September 1997) indicate an increase in TCE

concentration in 15 welts, a decrease in 8 wells, and no change in 2 wells, when compared to
the Jurte 1997 data Overall, sigdificant increases of TCE have been observed th off-site

wells located to the north, northwest, and west of Dunn l:ield. During the period of Jm_

1997 to September 1997, the most significant change in TCE concentrations were observed

in wells MW-12 and MW-11; a 2,100 pg/L decline in TCE occuned in MW-12, and an

increase of 202 _g/L was reported in sample MW-11.

Groundwater elevations that were available for strategic welts for the three most recent

sampling events (February 1996, June 1997, September 1997) have also beea_ included on the

graphs (Figure 34). This graphical representation tacilltates the correlation of temporal

Bends in groundwater elevation to those observed in conc_entratiorL The data for the period

June 1997 to September 1997 indicate the thlin_*ving:

• When groundwater elevations increased, TCE eoncenh-ations increased in four wells
and decreased in ten wells.

• When groundwater elevations decreased, TCE concentrations increased in three wells,

There appear to be two meanthgbal trends: when groundwater elevatior_ increase, TCE

concentra hons de_ease, and conversely, when groundwater elevations decrease, TCE

concentrations increase. Th_ correlaton should be turther supported by additional

groundwater data collected during the next scheduled sampling events.
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1,1,2,2,-Tetraehloroethane (1,1,2,2-PCA). PCA was detected in samples eoIlected from nine

wellsduring theSeptember 1997 sampling event (seeFig-_re3-6).1_nesewells were located

both o_- and off-siteThe plume delineatedby thesewellsoccurson the western sideof

Dunn Field and extemds off-site to the west. Again. the distribution of this plume is simtiar

tothatdescribedin the QuarterlyGroundwater MonitoringReporL The wines of X,I,2,2-PCA

ranged from a low of 2 pg/L to a high of 480 _g/L in MW-12. All detected values exceeded

both background and PRG concentzations.

In general, the 1,1,2,2-PEA concentration dist_ibu tio_s reported m the September 1997 and

June 1997 data are consistent. The exceptions include changes in the data collected from

MW-2, MW-3 and MW-31. I,I,2,2-PCA was not detected in MW 2 and MW-3 in September

1997; however, it was reported in the June 1997 data. The sample from well MV¢-31

indicateda concentrationof 10 l_g/L;however, I,I,2,2-PCAwas not reported m thiswell

during the June 1997 sampling event. It should he noted that 1,1,2,2-PCA was detected at

420 _g/L in MW 91 duzing the February 1996 sampling event, indicating significant

varmbihty in the levels of this compound over time, The detection at MW-31 indicates a

general increase in the plume size to the northwest, a bre_d exhibited by other detected

VOCS during the September 1997 sampling event.

Graphs of 1,1,2,2-PCA conce_b'afion versus time for strategic wells were developed to

assess whether temporal tcends in concentration exist for tlas compound (Figure 3-4}. The

data indicate curtsislent and constant (neither increasing nor decreasing) "fiends from
February 1996 to June 1997 and from June 1997 to September 1997. The most recent data

(September 1997) indicate an increase in 1,1,2.2-PCA concentration in four samples and a

decrease in thxee samples, when compared to the June 1997 data. Overall increases of

1,1,2,2-PCA have ocoarred in off-site wells located to the west of Du_n Field. During the

period of June 1997 to September 1997, the most significant changes in 1,1,2,2-PCA

concenfralions were observed in wells MW-12 and MV4-6; a 60 gg/L decline in 1,1,2,2-PCA

was reported [or MW-12 and an increase of 110 _g/L was reported for MqN-6.

Groundwater elevations that were available for stzateglc wells for the three most recent

sampling events (February 1996, June 1997, September 1997) have also been included on the

graphs (Figure 3_). This graphical representation facilitates the correlation of temporal .

h-ends in groundwater elevation to those ubserved in concentration. The data for the period
June 1997 to September 1997 indicate the following:

• When groundwater elevations increased, 1,1,2,2-PCA concentrations increased in two
wells anti decreased in two wells

• No detectable concentratioz_s of 1,1,2,2-PCA were reported in wells exhibiting
decr_asthg grourtdwater elevations.

The correlation between 1,1,2,2-PCA concentration and groundwater elevations produced

no meaningful tre_ds. Additional groundwaler quality and elevation dala will be

necessary to develop meaningful h-ends for this analyte

Carbon Tetrachinride (C4I. C4 has been observed in three areas at DDMT. One area is

located along the western boundary of Dunn Field and extends off-sile to the west- The

other two areas are is(Jlated; one centers around MW-9 (north of Dural F_d) and another

centers around the region in the vicinity of MW-26 on the Main Installation (see Figure 3-7).

The plume geometry described by the September 1997 groundwater data is consistent with
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the geometry described by the June 1997 and February 1996 data. Reportable

eoncenh'ations of C4 ranged from a low of I gg/L to a high of 45 p.g/L at MV¢-6. The most

significant change from June 1997 to September 1997 in the C4 plume geometi3, has

occurred to the north plume on Dunn Field, where two of the wells (MW-3 and MW-10)

located vcithth the plume in June 1997 no longer contained detectable concentrations of C4

in September 1997. This finding indicates that the size of the plume has diminished in this

area. Other minor differences in the C4 plume that were noted when comparing the

September 1997 data to the February 1996 data include the following:

• LowlevelsofC4weredeteetedinwellsMW-2.SandMW-54(lgg/L). Thesample_

analyzed from these wells during the June 1996 sampling event did not contain
detectable ooncen h'ations of C4

• C4 was not detected in well MW-14, where during the June 1997 sampling event the

compound had been reported at I pg/L.

The C4 cortcentraCaons in samples from the remaining wells were generally similar to

previously reported concentrations.

Graphs of C4 concentration versus time were developed for strategic wells to assess "

whether temporal trends in concentration exist for this compound (Figure 34t). The data

indicates consistent and constartt (neither increasing nor decreasing) trends from February

1996 to June 1997 and from June 1997 to September 1997. The most recent data (September

1997) indicate an increase in C4 concentration in four samples and a decxease in Ave
samples, when compat_t to the June 1997 data. Overall, increases of C4 have occurred in

samples from wells lecated along the west boundary of Dunn Field. During the period of

June 1997 to September 1997, the most significant changes in C4 concentrations were

reported in samples from wells MW-32 and MW-15; a 9 gg/L decline in C4 was reported for

MW-32 and an increase of 15 gg/L was reported for M1N-15.

Groundwater elevations thai were available for strategic wells from the three most recent

sampling events (February 1996, June 1997, September 1997) have also been included on the

graphs (Figure 341). This graphical representation facilitates the correlation of temporal

tzends in groundwater elevation to those obse_ed in concentration The data for the period.
June 1997 to September 1997 indicate the foLlowing:

• When groundwater elevations increased, C4 concentrations increased in two wells and
decreased in three wells.

• No detectable concen_ations of C4 were reporix_ in wells exhibiting decreasing
groundwater elevations.

The correlation between C4 cor_centration and groundwater elevations produced no

meaningfal trends. Additional groundwater quality and elevation daka will he necessary to

develop me_tdingful trends for this analyte.

3.2.2 Distribution of Inorganic Compounds

Groundwater _anples were collected and analyzed for total (unfiltered) metals. Figures 3-8
through 3-13 show the concentrations and distributions of five indicator metals (lead,

nickel, beryllium, copper, and chrondum). These figures also show that the concentrations

of metals are variable within the Fluvial Aquifer, with the highest values tending to be
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centered in the nor thwe_t quadrant of the Main Installation. This is the same general trend

as observed in the Quarterly Groundwater Monitomng Report and the GCDR. Tables 3-2 and

3-3 sur_narlze the concentrations of m_lals detected th groundwater s_mples from the

Fhivial Aquifer.

Beryllium. Beryllium was detected in samples collected from ten wells during the

September 1997 sampling event: four located at Dunn Field and six on the Main Installation

(see Figure 3-8). Reportable concentrations observed m these ten wells ranged from a low-

of ll.2J p.g/L to a high of 5.9 _lg/L at MX/'/-20. All of the concentrations detected in these

samples exceeded the PRG concentrations for this constituent.

Compared to previous sampling events, beryllium levels remained relatively constant and

low. In contrast Io the tintiL_gs reported in the June 1997 sampling report, samples
collected dung September 1997 from wells M'W-5, MW-?, _-8, MW-9, 1VfW-13, and

MW-29 did nol contain reportable levels of berygium. Also, in September 1997 beryllium

was detected in samples from wetls MW-19, MW-20, MW-22, and MW-25, wtdie samples

from these wells eoIlecled during the June 1997 event did not contain beryllium at
detectable levels.

Figure 3-9 is a graph depicting the concentration of beryllium versus time for strategic
wells. The graph is useful for evaluating temporal h'ends for this constituent. Overall the

data show consistent and low eonoentcations relative Io the other detected metals. Analysis

of the graph indicates a decreasing trend in concentration between the June 1997 and

September 1997 sampling events. Tins decreasing trend is consistent with previous data;

beryllium levels for the June 1997 sampling event were slightly higher than those from the

February 1996 sampling event. The September 1997 dala indicate that three fewer wells

contained reportable concentrations of beryllium, five wells exhibited a decTease in

beryllium levels, and one well exhibited an increase in beryllium when compared to the
June 1997 data,

Because of the variability m the concentration of beryllium over time, meaningful trends

have not been established for this analyte. Currently, a decreasing trend is apparent;
however, this trend needs to be confirmed with additional data.

Chromium. Chromium was detected in samples from 23 wells located across the DDMT

facility and off_ite (see Figure 3-10). Ten of the detee_ons o:_ in samples from wells
located on Dunn Field, nine in samples from wells located on the Main lnstallstlon, and

four in samples from wells located of f_ite. Concentzatiorts in these samples ranged from a

low of 3 ]_g/L to a high of 147 Ilg/L in sample MW-20. Seven of the reported

concentrations exceeded the proposed PRG value of 18.5 (Table 3-2). The highest
eoncentcations of chronuum in the September 1997 sampling were observed in the Main

Lnstallstion wells, which represents a contrast to the June 1997 data. In June 1997, the

highest concentrations of chromium were observed in the Dunn Field wells; the maximum

concentration of 219 gg/L was reported in the sample from well MW-4, During the
September 1997 sampling eve_aL chromium was also detected in the sample from well MW-

47 (68.6 gg/L) [coated ofr-stie and south of the Main Installation.

Grapha of chromium concentration versus time for strategls wells were evaluated to

determine temporal trends. Figure 3-9 depicts this relationship. Long-term trends indicate
that chromium has been detected at the highest concentratlot_s relative to the other me[als.



Temporelchanges in chromium concentrations indicate a general decreasing trend between

the June 1997 and September 1997 sampling events, During the September sampling event,

chromium levels decreased in samples from 17 wells and increased in samples from 14

wells, as compared to the June 1997 sampling event. The most significant changes in

chromium concentration over the most recent sample period were an increase of 138.8 Bg/L

observed in MW-20 and a decrease of 195.8 Bg/L observed in MW4. Temporal bends

prior to June 1997 show no consistent pei_em, as chromium levels decreased between the .

1993 and 1996 sampling events and increased between the February 1996 and June 1997

sampling events.

Because of the vadabtiity in the concentxation of chromium versus lime, meaningful

seasonal trends are not apparent. Currently, a decreasing trend is apparent, which is
consistent with other metals eor_qlltuent_ This trend, however, needs to be confirmed with

adthtionel data to be collected during the spring and summer of 1998.

Copper. Copper was detected in 21 wells across Dunn Field, the Main instagalaon area, and

off-sde to the west of Dunn Field and south of the Main [nstaUaBon (see Figure 3-11). Seven

det_cBons occurred in samples from weBs located on Durra Field, nine occurred in samples

from Wells located on the Main installation, and thu: occurred in sampl_ from welts

located off-site. Reportable concentTafions in these wells ranged from 0.77 to 147 _g/L. The

highest values of concentraBons of copper were observed along the west boundary of the

Main Installation in samples from wells MW-20 (147 Fg/L) at_d ]VJ_A9 (31.8 llg/L). A

significant copper concentrataon of 49.2 Bg/L was also observed in the sample collected

from M_/-16 located on the northeast comer of the Main installaliop. During the previous

sampling event (June 1997), the highest copper concenUration (135 gg/L) was observed in

the sample from well M_V-4 located on Durra Field None of the copper concenbralions

observed during lltis sampling event exceeded the PRG concentration of 135.05 g/L.

Graphs of copper concentration versus time for strategic wells were evaluated to determine

temporal trends for this analyte. The graphical representation shown in Figure 3-9 indicates
that copper was detected at lower eoncentratiortq than was chromium, The 1993 values

were either similar to or slightly higlier than the 1990 values, For the period between 1993

and 1996, an overaB decline in the copper coneen_ations was observed. The most recent

data indicate a general dec_asthg b'end in copper concentraBons when compared to the

June 1997 data. Over mis same period, the most significant changes in copper

concentrations were a 138.8 _ag/L increase reported in well MW-20 and a 121.5 gg/L
decrease reported in MW4.

Temporal trends prior to June 1997 are not consistent, as copper levels dec:eased between

the 1993 and 1996 sampling events and increased between the February 1996 and June 1997

events. Because of the variability Ln the concentration of coppe_ over time, meaningful

seasonal bends are not apparent. Currently, a decreasing trend is apparent; however, this

trend needs to be confirmed with additional data. Data collection during the spring and
summer of 1998 is recommended.

Lead. Lead was detected in 36 samples from wells located throughout Duma Field, the

Main Installation, and off-site areas (see Figure 3-12). Eleven detections occurred in

samples from wells located on Durra Field, 13 detections occurred in samples from wells

located on the Main Installation. and eight detections were reported in samples from off,ire

wells. Concentrations in these samples ranged from I Fg/L to 111 lig/L; the high was
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reported hi sample MW-20. The lead concentrations in samples from eight wella exceeded

the background concentration of 9,4 llg/L, and the samples fl:om two wells exceeded the

PRG concentration of 15 pg/L. In genera], the highest lead concen_ations were reported in

samples _rom wells located along the west boundary of the Main Installation, No samples

from off-site wells had concentra_ons that exceeded the PRG or background concenh-atio_

dunng the September 1997 sampling event.

Graphs of lead co_entr afion versus time for strategic wells were evafoated to determine •

temporal h-end_ for this _lalyte, The graphical representation shown hi Figure 3-9 indicates

that lead was detected at lower ¢oncentxatior_ than chr omi_m pJid copper, There also has

been a generally decreasing trend of lead concert h'ations; the 1990 levels were the highest,
1993 levels were inbermediate, and the 1996 levels were the lowe'ot, The most r eoent da_

indicate a general decreasing trend in lead concentration between the June 1997 and

September 1997 sampling events. During the period from June 1997 to Sep_mber 1997,

lead conc_tTatfor_ decreased in 31 samples and ino'ea._aed in 14 5oJnpl_, Over th_ same

period, the most significant changes in lead concenlraLions were an increase of 103,9 gg/L

reported in sample MW-20, and a decrease of 111,7 _g/L reporLed in sample MW-4,

Nickel. Nickel was delecled in _amples from 20 wells hieated throughout Durra Field, the

Main lnstatiario_ and off-site areas (see Figure 3-13). Nine detections occurred hi samples
from wells located on Dunn Field, eight deteefior_s ocoaned in samples from wells located

on the Main instellafion, and thaee detections occurred in samples from wells located off-

site, Concentrations hi the samples from these wells ranged from 1.3 pg/L to 68.7 pg/L; the
high was reported in sample MW-20. The concentration hi the sample from well MW-28

exceeded the background and PRG concentrations of 31.4 _g/L and 13,4 lig/L, _ospeetively.
In general, the highest nickel concentrations were repor_d in samples ;Tom wells collected

along the west boundary of the Main Installation. No samples from off-site wells had

concen_'afions that exceeded the PRG or background concenh-a_fons during the September
]997 sampling event,

Graphs of hicke] concenn'allon versus _dme for strategic ,veils were evaluated to determine

temporal trends _or _ds ana]yte, The graphical representa_on shown in Figure 3-9 indicates

that nickel was detected at lower concentrations than chromium, cop_er and lead¸ There

has been a generally decreasing Ii_nd in nickel concenh'atio_s; of the pre-1997 sampling
events, the 1990 levels were the high, t, 1993 levels were intermediate, and the 1996 ]_ele

were the inwe_t, The most recent data indicate a continuation of this decreasing trend in

lead concentration between the June 1997 and September 1997 sampling events. I_afing the

period from June 1997 to September 1997, lead concentrations decreased in 16 samples and
increased in 12 samples. Over this same period, the most sigaificant changes i= nickel

concentrations were an increase o] 60.9 llg/L reported in well MW-20, and a decrease of

K5.2 llg/L reported in well MW_.

3.2.3The Impact of Turbidityon MetalsConcentrations

During the September 1997 sampling event, tttrbichty measurements were made with a

bench Stele turbidity meter, The turbidity mea,_ur emenls were then plolled against metal

concentrarions to determine whether a statistically significant relallonship between these

two parameters exists, Table 3_, and Figure 3-14 present the effect of groundwater saJnple
bJrhidity on total metaJ eoncent_allons.
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The data indicate that the metal concentration to turbidiLy correlation coefficients are poor,

wlth an average correlation ccefEcient of 0.13, A correlation coefficient of zero would

indicate that the magnitude o_ the metal concentxatJons is not linearly dependent on the

magnitude of turbidity. Values of positJw or _egative one indicate a perfect dtrec( and

inverse linear relationship between concentxa'don and turbiclily, respechvely. Intermediate

values indicate a ]ess than perfect collation. The correlation coe[fldents for five indicator

analytes (beryllium, chrormum, copper, lead, and nickel) ranged between 0.13 for copper tO
0.28 for chromium. Overall, correlation coefficients suggest that sample metals

concentrations are not linearly dependent on the magnitude of turbidity.

The February 1996 data presented in the GCDR showed an ambiguous relationship between

turbidity and the concentration of metals in the individual samples. The June 1997

sampling event indicated an overall positive relationship between sample turbidity and

concentxatJon based on the average linear correlation coefficlent o_ 0.32. Based on the

current data, no meaningh11 long-term h-end has been established regardlng the

_ationship between sample turbidity and metals concentrations,
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TAB_ _-1

_Urm_ Gmm_

_M' TOC_ _(_ _l) _ _q (_ rr_l I C,R_ m _

MW5 r_ 7408 rm NO__,_;_L_O ,40_ AV_[_JE NO__,_;_b_JE

MW7 _3J_1 r_

MW8 I _a 57.710 n_ 2E2.74 V_T_VN_EIJ_ 2:_
r_
r_

h4W11 rm _DI r_ _'G_ _OT AV_S_BL_ _._

MW12 r_ 705E r_ 30140 _ mv=,_l_E 23_ I_ cap
k_W13 Pa _7._? rm 2S9.95 _0T _L_,BZ 2_243 n,_
MWI_ r_ 71_4 7_0 302a= _OT,WA'_t E _ 222._4

kcW15 r4 _._ r_ 211523 _rr AVNL_E 23133
IMW16 na r_674 7_00 _00J9 qO_AV_L_E 243¸45 _2_IB

I MW18 r_ __41_ _08_25 174_77 rm

MW19 n_ _'.12 _O_OO 290_F_ _74 _0_88
M_0 r_ 84.55 ,_a

MW21 _t_ _35
_S.I_ 200¸64 ra
2_11 201.76 rm

MW22 na 9G_16 rm ,_1_ 291.90
MW23 ne 9_72

M_'24 ne I G6_74 114¸70 29Db?

M_5 na 72.04 80_0 270,31 I_.27
M_ _ _44 110_0 300._ 2D4.24 19_58

MW2_ ha _P_00 _B 2_3._ 237 :_5 r_

MW31 Pa _3_B 7(]¸30 2_7.3_ 22_40 21_08

MW32 _B 5.B_5 _B_ 2_.42 228._7 21_._Q

_,74 217¸52
)JP,_?34 ha 141¸81 15,_30 3,_O?B 1581_7 14249
MW_5

MW3_
MW37

M',V_

Pa 69¸71

r=s I_B4_
r_ 13_76

rm 134_

60._O
70_1

_5500

_1 _#_ 231 ._4

311.15 15%69

2_4_ 1501_9
30838 173BB

21115

22_J5

21S45

153¸38
MW39 r_ 10_50 r_ 296¸42 19_9_ pa

MW40 O EO20 B&¢O 26_40 232¸25 182¸05 18740

MW41 K _4 (]7.C_ 283.90 2_3B1 _1587
MW42 N _%00 59OD 27_10 274_7 221.87

21_90
2i6JO

MW43 L _3S rm 2_¢_50 _B323 1_18 r_

MW44 M 48_ 7B_ 26_40 26_ 0"/ 22_G_ ll)1.40
MW45 C _30_ 70¸00 293¸10 _B1 2397_ 2_3JO

MW48 8 50¸23 7300 2B790 28?56 237¸33 214£o

MW47 H 101_5 120C_ 306.70 _39 204_ 1887O
MW45 I 788D 9450 2_a70 _4_ 2C559 lOO_O
MW41) 0 ?_76 _000 310¸70 31QA_) _Q_4_J

MWSO F _,5JO 125¸00 _9_ _7_ 213_ 1742,0
MW51 A 37._B 54.50 275¸50 275¸24 _7

MW_2 13 _003 104.00 279¸50 _71_ I_ I_1_ 17S50

MW53 E 72_52 53.00 _)_70 3_._ 2Q3X5 22370
MWF_ J 73_5 _50G 29550 29535 221_1 200.50

MWS_ U _5 75.00 _40 2£_05 _2_50 217.40
pWI r_ pa rm

PW2 n_ na na Pa na r_
PW3 na rl_ • na na _ i_

STy.5 r_ t'_OO 2BT_3Z _, rm 212.3_

STir7 n_ 7U_ 21_,_ i r_ pa 2_7.61
STB.B na na _5_ 2_51 rm _,_3,51

ST_2 rla 104.£_ r_ .IC4 O0

mSl _ FSet _ rn_n S_ I¢*_1 I

_. n_t I]pptlcab_
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NA
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OFTECT_GROUNDWAIl_q C_lb I _I U_I_I_ 2G6 37

MW_ 101

M_ q_

M_r_ 10B
MW10 2

.BUT_ONE

M_
M_

MWI0

MWIS
MW12

MWt$

MW_

MW35
MW44

MW47
MW64 I

MWI4 I

MW16 I

2
380

10

200

1=0
88

2

MW_ I 73

MWO_ I 78

MWID_ I ?0

MWI3 I _4
MWt_ I

MWI_ I 70

M_21 7_

k_ 19

M_r25 56
_W_ 70

_3_g 74
I t_W3O ?g

; t3_1 F_

I _W30 54

I _W_ 64

I M_9 83
MW44 75

MW4 $ "_
MW4_

i M_ 7 F_
MW4_ 71
MW_ 55

MW_ 72
MW_
MW54 5g

MW_

MI,_ 73

M1_7 71

MWI3 g7
MWI4 76

MW16 75

M_23
M'_y_4 713

M_V_9 78

M,,V_ 72

MW'30 _BI

J NA
NA

NA
NA

NA

NA
N;_

_, NA

J NA

J NA
HA

J NANA

J NA

I

I

I

I
I

NA

NA
NA N_

NA _.

NA _A
NA NA

NA

HA NA
NA NA

NA NA

N_ NA

NA NA
ro_ NA

B_KgrouJ_
E_ala

h_

NA

N_

N_

NA

N_

h_

NA

I

i I



TABU_3"2
D_R_CTEDGROUF_wAIrE_I COk _ llZ _IS _ _

P1_mle_r

_UMINUM

w°.m I I_g_p

MW3_

MW35

M_ I

MW_ I

8O
BD

73

73

75

MW4a I _MW47 7_

MW_
MW49 74

MW_
MW_ 74

MW54 76

MW55

MW0?

MW13 _7
MW14

_IW18 _O
_D 75

MW21

_23 38
M_4

M_8
MI_ 77

MW30 73

MW34 78

MV_d5
M_6
MW37

MW3_

MW'39
MW44 6S

MW45 _

MW 4_ I 64
MW47 _
MW4/_ J 5_

MW_ I _2

MWS_ q 43
M_I I 42

MW_2 gl

_W_4 _7
M_

M_ F_10

MWID_ 14BO

MW07 358

_WIO _15

_W11 158

I MWI3 1_

J MW15 I Z_D_

I'_o Isloo

i

I

J NA _ I_

NA _V_ I_

J N/_ hV_ 17_NA _ I_
NA N_ 1798

NA f_ 17_#1

J N_ _ I_

f_A N_ I_

NA I f_ 1__A NA I_

8aolqimu,_
Ba_il

L

I

I

I

I •
I

_M_

J N_ I _ l'_q_ _F_N

J HA I HA 179S 2X_4E,_

j t'_" I r4_ 17_ _.34EAN_'A N_ l'rn 2:O_EAN
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OETI_C'F_D GROUNDWATER C_. i uEliffS

l:manmm f ",Yell •

MW23

M_4

MW'_ I

M_IO I

M_-311

2110

314

I
_ d _
_ I t4_

J t_

4
I

J I _

MW_ I
MW4G I

4_la
MWIII I
MW47 i

J I "

Bac_z_

23_4_

2JKM_

_M_

2XME_OI
2XM_I

MW_ I 116 _t

MW4g I _ 2XM_
MW_ I _ _

4750 2,'(MF_q
218

MW51 1
MW'_ i

MW,_4

_iO_ EAq

i
i

J I

r,_
N_

I _.05

J _._

J : 255_

k 255,_0

J i 25_

2XMEAN

_MO_IA_NITROGEN MW_0 J 2_
._$_NIC MW04 _ 11.1 NA

14,; NA

2,5 NA

MW15
MWI0 I

MW_.4 i 37_ NA

t33 2,_M_t.N
74 m_4 E_N

UW52 I

MW_ I

MW_ I

u_37 I

P_IO B_ ee¢kgr0u_ {p_. _
N_ I_
NA 17_

NA 1_

NA 17m
NA 1711

NA I_
NA I_

NA _TU

NA I71;B

NA I_

NA t?_4_

NA 17i_

NA 17_

NA I_

NA I?_e
NA 171B

NA 17_
N_ 1_

NA 1_9_

NA 1_
NA I?_B

NA 171t_

NA
C

C
C

G

C

C

S 2_3B

S 2_3.6

5 _
S _3J_

_38

5 223_

$ _3_
_23J_

5 223J_

_343

5 _23tS

S _B

_J_ _M_4

B _36 _(14 _Jd

_ 2Xkq_

S _3_J 2XM_

_IUM

502
383
75_

M_ I

M_ I

_AE_4
_M E_N

k 25S_

J I 2_5_0
255_

I _55_0
k 255_

I 2_.,=0
I 255_0

r _5_0

B_5 _EAN

37_ _M_

I30 _XI_ _J_

219 _M_M

t23 _ _XM _N

B62 _OA _N

MWI2

MWI3 I
MWI4

MWI5
MWI_

MWI9 F
MW_D
MW21

M_8
MW28
MW29

MW3_

U_31
MV._2

MW33

UW34
MW35
MW38

MW37

MW38

MW40

I MW44

MW45

r 25_

F 2_

255,_

2_5_0
25_

2_5_

255S0

255_0

255,50

91.1

19]

5G_

4i)J_

6_3

7_

3_5

66

72,4



TABLF 3,,_

DETECTED GROU;_WATER COil= i. ueJ4";]S 2G6 40

p|ramo_r

I_IhlIIPER_ENE
;ERYLLI_

_A_IUM

.'A_CLUM

I .,,_fl $

I MW46

i MW47

I MW48MW41)

i MWS0

I MWSl

MW_

MW_

r MWS0
M_33

I MW_4MWID

I M_
I M_24
i M'_2B

MW5_
MW_2

MWEQ

MW_
MIJVI0

MWI_
MWI3
MWI4

MWIS

MWle
MWI9

MW21

;_W23 I

I MW25 I

t2A

_2

n2

tl_
68,1

M2

t_

5_

_2
021

J _

_5_NA

©._

J ©._
Q_

J Q_
NA

_A

J _

5 22_5

S 2_:LB

$ 223¸5
2238

223¸8

S _B
223J_

NA

C

C .6

C ._

C

C
C

6
C 6

NA

N_ N_
NA
NA

_m_d
BuLt

2X_ F_N

2_MEAN

2XM 5AN

2X_FAN
2X_ _J_N

2XMEAN

2_M EAN
_FJ_N

_EAN

_XME_4
NA

_ME&N
_k_EAN

2XhXEAN

2XMBAN
2XMFJ_N

2XMEAN

II NA

023 _ NA

4,1 S N_
S NA NA

0 16 _ NA N&

53 _ f_A NA

tea NA846
23
£6

3_3

183

I_B3
I_B3

J 1_83

J t,53

t.EB

J LI _

J I.E_

J 1,13

J IE¢3

J I_E¢3

J I.eQ
1,tO

J I.E_I_EO
J I.E_

1J¢_

IJ_3

IJB3

J _.B3
1_B3

J q,83

1JB3

NA

. NA

_A

NA
NA

24

S IdA
S NA

_O4EAN

2XMEAN

N_
N_

N_

NA

I M_ I a94

I MW2_ I 12
I M_ I (_48
I k4W_2 _ 12

(_A4
27

I MW33 :

MW3_

MV,'J_
_W40

I '_W41
I P_W42

I _W44
MW45

MW47

MW40
MWS_D

MW_I

MW_
MWE4

MW_

M_
Mt_3
M_

M_

M'*_}7

MW_B
MW09

MWI0
MWII

14

4_

5,7
0_22

3.3

0_B9

t310_

_EI_C
17(_O_

1_30C

15500

25100
138OO

HA

NA NA

6 NA NA
5 NA N_

S N_

NA NA
N_ NA

NA NA

$ NA
N_ NA

S NA

NA NA
$ NA NA
S NA NA

HA NA

5 _A
S f¢_ NA

NA NA
NA NA

5 Ft_ NA
S NA hL_

NA NA

S NA NA
S NA NA

t_ NA

NA B2_rt8 _M£_N

521_75 _J_N
$2_5 ZXMEAN
52875 2XMEAH

S2_q_ 2XMEA_

52_5 _JO,_FJ_N
NA _875 2XMEAN

NA . 52875 2XMEAN

52_7s ;:OJ_J_N
5_75 2_MEAN



TABLE3-2
DETECTE0r:_IX['IDWA_ _r_ _bl,J_NT6

C,A_BO

_HLORIDE

par_meltr

Gor_an_da_

W_ J _ RI_-) D_La QLmlI_ f pF_i IF_I-] PRO B_
MW12 14400 NA NA

MW13 I$_ HA NA

MW14 IBr_ _ NA NA

MWlg 31_ N_ NA

f,_Wl D 15100 _ NA

274D0 ,, NA NAMW21 14100 NA NA

M'._r_2 27_3Q ,; NA NA_3 t 1_300 N_ NA

MW24 t_ = NA NAfa_._'25 brt_ NA NA

_ _1_ NA NA
MW2B t_ N_ NA
MW3D _ _ _ NA

MW31 24_00 N_ NA

M_r29 2_Q0 NA ;_A

MW33 _ NA NA

MW]5 14400 _ _A

MW38 204_0 N_ .VA
MW_7 _ HA NA

MW38 _ FL_ NA

MW39 _ _t_ NA
MW40 _ NA NA

MW44 _1_ _ NA NA
MW45 _ . HA NA

MW4e 14500 NA NA
MW4? _1_ NA NA

MW4_ 15gC_ _ N_ N_MW4_ 131_) NA HA

MWr_ 3_3_0 N_ HA

M_:_I _ NA NA
MI,_ _ J _ NA NA

MWr_3 I _7_ N_ N_

MW_4 I 13B_ N_ N_
MW_5 I 125_ NA NA

MW_ I HA N_

MWI5 I 45 j NA _/AM_ I N_ N_

MW'2e I J N*_

MW_ NA

MW _4 I

M_4 4O10O ,, r,_

_JWI0 1_ r4_

MWI3 _ NA

MW22 lr_F_ _ N_

M_3 145D_ ra_

MW31 _

M_.4 ID4OD

_W3_ 107_ NA NA

M_7 25_ Z NA

_W48 1,140_ N_ HA

MWS_ _10_ j NA

MW_5 5 _19 C
MW_ 14 J _.lg C

MWIt I D.19 C

MW31 I _lg

Da¢k;m_md

_ck_l_L _ B_
52575 _M_AN
5_75 2XM F_N

52875 2XMS_N

S2_5 2XM _N
SZ875 2X_

5287_ 2XUE_

52875 =_C_E_

B_TS _E_

52875 _

_2_75 2_CUF_

52_75 ;_4_N

_75 2XP,LF_

52_75 2X_

5_75 2X_N
_7_ 2XUE_N

_75 _E_N
52_75 2X_E_N

52_75 _E_N

52_75 2:_3E_N

_2_75 _E_N
52_5 2_E_N
528?$ 2Y_EAN

52S75 2_ME_

5_T5 2Y_ENV

N_ N_
NA

N_
N_

N_
NA

HA
t_A

NA

NA N_

r,_ NA
NA N_
NA

r_ N_
t_ N_

N_ _A

t_ N_

r_ N_
N_

HA N_

t_ NA
NA NA

N_

HA N_

t_ N_
t_ N_

N_



TABLIE_k2

HR¥SENE

GOPPER

M_

MW_

MW_

MI,_2

M_C9
MW14

MW15

NW]_
M_0

N_
M_4

M_5

_6
N%q_AI

M_

N_

_47

_55

M_3

M_

M_
MWI_

_IWIS
MWIg_

q _M_

M_

MW2B

M_

MW_

MW_
MW47

UWe_

M_

M_Z3
UW_

U_08
MWI4

MW15
MW16

MW19

M_0
MW21

M¥.'22

M_

MW_

M_
M'k3B

Mw4_ ]
M',Va2

23_

3
36_9

_7_

30_
_47

2_7

135

6_
10_

5S
8_,S

3

8_

12_ J

161
3.3 J

4_J5
=
7.R

_A
%:kS

1_3 j

DM

_2
3_ J

5_ J

_.7

3_
147

B_B

27 =

I%B

3_
9.6

_92

PRG_I_II PRGnUL_ I B_k_mur_l_L) l B_I"gr_u_B_kl

0_1_ I C I NA I NA
0.1_ I C ] NA

FIA I NA ] NA I
J NA _ NA I

NA I N_ l _A ZKk_N

NA _t 4 _X_ FJ_,

54.4 _'_t EAN

NA NA $4.4 2X_EA_
ro_ _.4 2XMEAN

NA NA E_.4 2X_EAN

HA 54.4 2XMEJ_J
; NA t#A 54.4 _O,_EA_

r.bX _.4 _X_EAN

NA NA 54.4 _'_EAN
J N_ 544 _O._ _J_,

t#_ 3,;.4 _E_N

J N_ t4A 54.4 2_EA_N_ 54.4 2XMEA_

_A NA 54.4 _EA_

J _ _4.4 2_MEAN54.4 _XMEA_
_1.4 2XMEAi_

J _ 54.4 _4EANNA 54.4 2XMEAN

J N_ N_
NA 24.8 2_MEAN

NA _ _4_B 2XMEAN
24.6 _EAN

NA 2_J_ _M_N

HA 24.8 _MEAq
24J_ _MEAN

NA _4B _XM_N

N_ NA 24J_ _YJA_N
NA 24_ 2_MEN#

NA _4_ _KM_
NA 24_ 2XM_

NA 24JB 2):MEA_

t_ _4_ 2_C_E_N
NA 24_ 2XMEN4

24B 2X_N

NA _ 24_ I ;COA_N

_3505 S I_6 I _I(M_;N
13S05 S I_6 ;Q_M_q

13_05 _ II_6 E_(M_Aq

_3_JQS _ _£_6 _JO_AN

i_ B t_6 ;_QA_q
13_J05 S I_.6 _O._EJ;3d

13505 1_6 _AN

$3S_05 _ I_6 _MF_N
_5_ 5 Ie26 2XMEAN

_3_ 1_26 _J_M_AN
1_LS_S 1_6 _J(MEAq

13505 S I_6 _M_q
1_5J05 _ tl_6 _¢MFJ_N

MW4? I

MWF,2 I

MY4_

I k_402 _



TAEILE 3 ._

_ameqmt .i.I°
M_05 1 07 I

M_ BI I

MWIO _ I

MWlt O0 I

MW12 100 I

MW13

MW14 I_ I

MWIS _7 I

MWI_ _ I

kIW10 _ I

MW'21 _ E

MW23 O_ F

M_4 58 F

M_6

MW2_ 96

M_ 88

MV_4 _

u_ _ r

M_FaB _ I
M_ _

MW42 _ I

MW_ I

MW45 _0 i

MW48 _ I

MW47 I_ i

MW48 _ i

MW49 I_ I

MW_O _ I

MW_ 97

_W47

M_'_ 274 I

M_Fa_ 72

M_7 I_

MW_ I_ I

MW04 _7_ I
MW_5 130 I

MW_5 _730
MWD7 2700

MWO9 I_=0
MWl0

MWll [d_ q
MW12 _ I
MW)3 2?8 I

MW14 r_ I

MW15 _ (

MW16 IEq0 I

MWlil 33_00 q

==

NA I

NA

N_ I

NA

N_
NA

HA I NA

NA r

NA
N_ I

N_

NA

NA

_kt E_N

NA NA
N_

N_ N_
NA

HA

N_ N&
r4_

NA

N_ 6720

NA 67_

NA 6_'aU

NA 6"/28

67_

t*U_ S_2e

N_ 8720

NA

2XMEXN
_JE_N

= ru¢ I 2X_I_AN

N/_ I

2XM_J_

t4_ I 2XM_ I_
NA I _(ME_N

p

NA

tl^ I

27#4EAN
=.(MEAN

2_MEAN

27_E_

q _MEA._



T BcIBL_ 3.2
D_F_TEO GRO_[_I_AT_q _[]N_ 41z uENT_

2GG 4q

LEAD

_ESIUM

_m_ w,.o I (F_'-)

M_'Z3 I 757

M_'_B 11800 =

MW'_D 1150
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Figure 3-4 Temporal TreNds in VOC Concentrations and Groundwater Elevations
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4.0 Conclusions

Based on the groundwater data collected during 5eplember 1997, the following conclusions
have been drawn:

• Test borings and well installations west of Dunn Field have provided a general

configurat:on of the base of the Fluvial Aquifer showing the bend of the previously"

identified depression xn the clay sur face CLaw, 1998).

• In September 1997, groundwater elevations underlying Dunn Field were on average

0.58 foot lower and groundwater elevations underlying the Main Instali_flon were 0.35

foot higher than observed in the June 1997 sampling event, The maximum difference in

wate_ efeval_on was obeyed in Mlq-37, where the groundwater elevation decreased

7.34 feet between June 1997 and September 1997. The most significant difference in

grounclwaler elewt_on was also observed in well MV4-37. Based on the v ai'ishility of

the water levels and the hydraulic gradient_ measured in the Fluvial Aquifer,

grounclwaler flow patthrns are complex and appear to be seJ_ tiiv e to local rain_ali

recherge. A comparison of the groundwater flow patterns versus chemdcal ndgration

palteri_ over time will be necessary to validate the hydr ogeological site model

• In the noribenl pordon of the slte. the hyd raulfe gradients of the Fluvial Aquifer are

consistent with the surface gradients of the basal day conflmng umt, which comprises

the lower hydrologic boundary of the water-_able _qinfer system.

• Groundwater now on the e_tem portion of the study area is ,.vest to southwest, where

it converges along the nor thwest_$outheast trending ]pa]eochanue] feat_Jre Groundwater

flow on the western portion of the study area is east to northeast, where it cor_verges

along the pa feochannel feature. There is groundwater movement away from the site

(nor thwest flow) along the nor thwestem boundary of the study area. In general, there
is a potentiometd¢ low centered on MW-34, and the groundwater hydraulic g_d fents

indicate convergence of _low to this low point.

• The t_end analysis made on the June 1997 and September 1997 _amplthg dat_ indicate a

moderate increase in size of the VOC ¢ont_min_ flon plume and a _light decrease in the

inorganic contamination plume.

• Overall, VOCs exhibited an thcre_sthg ;Tend when comparing the June 1997 to the

September 1997 data During this period there were significantly m_re _ampfes that

exhibited increasing concenb_tinr_ of 1,1-DCE, PCE, TCE, 1,1,2,2-PCE and C4 versus
those +.ha_ exhibited a decrease in concentralfion for the aforementioned contarmnants.

Although the magnitude of the TCE plume (center of chemical rn_ss) decreased by 2,100

flg/L at M_V-12, the size of the TCE plume expanded offo_;it e to areas north, nor thw_t

and wes_ of Dunn Ffeld. I [ is _uspected thai a change in chemical mass flux has caused

this apparent increase in plume size, _ condition that was exhibited by the live VOC
contaminants of interest.
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• The September 1997 data confirmed adetectionof I,I-DCE (IBg/L) inMW-45, where it

had not p,eviously been reported. This low-level detection may be due to a change in

chemical mass flux and plume geometry, an indication that the groundwater plume

may no longer be bound by MW45 in this direction. Because 1,1-DCE was not detected

in well MW-46, a well located in the same general area but closer to the main source,

additional quarterly groundwater data will be required to fully assess the fate and

beanspor t of chemicals in this area. The increase in 1,1-DCE reported in well MW-51

from the February 1996 to the June 1997 sampling events indicates that this plume may

no longer be bound to the north; however, because of the low concentrations, additional
data are needed

• The largeal PCE plume is centered on the western and nor thwestem boundary o f Dunn

Field, With the detection of DCE reported in sample MW-54, the plume has expanded

to the west. DCE was not reported in samples from thls well in February 1996 and June
1997. The conoentrafion of PCE has also me:eased in well MW-51, located north of

Dunn Field, an indication that the plume may no longer be bound by MW-51 in this
direction.

• The largest TCE plume is centered on the western and nor thwesteln bomxdary o f I_ann

Field. The concentrations of TCE repotted in samples MW-31, MW-44 and MW-54

indicate that the plume is expanding to the west. Similarly, the TCE concenbFations

reported in samples MW-51 and MW-29 indicate an expansion of the plume to the

north. There has been a steady increase in the concentration of TCE in these off-site

wells over the periods of February 1996 to June 1997 and June 1997 to September 1997.

Overall, the TCE plume has increased in size to the west and north, up to the edge of the
current monitoring well network due to a snifl in the center of mass of the TCE plume.

This shift in mass was first observed during the June 1997 sampling event

• The September 1997 plume geomei_t for 1,1,2,2-PCA and C4 were consistent with the

plumes described by the February 1996 and June 1997 data. The 1,1,2,2 ]?CA

concentrations reported irt samples from well MW-31 have been highly variable; the

concentrations for February 1996, June 1997, and September 1997 were 420 pg/L, not

detected, and l0 pg/L, respectively. The September 1997 finding for well MW-3I

indicates an e"xpansion of the plume off-site and to thewest of Dunn Pield, sinxilar to
tlends observed for other VOCs.

• The most significant change in groundwater chemistry occurred in MW-12, where the

eoncentragon of TCE decreased from 5,900 gg/L to 3,800 _g/L between June 1997 and

September 1997. During this same period, the concentrations o1TCE also decreased in

MW-31 and MW-35, a trend that was observed over the period from February 1996 to
June 1997.

• inorganic constituents of concern (beryllium, chromium, copper, lead, and nickel) are

elevated at Dunn Field and the northwestern portion of Lhe Main Installation area. Off-

site concentrations are below detection or significantly reduced. Overall, the inorganic

concentrations have decreased compared to the June 1997 data, as suggested by

temporal trend analysis. The decreasing trend over the most recent sampling period

during may be temporary because of the increasing trend observed over the February

1996 to Jure 1997 period. Additional groundwater data will be required to fully assess
long-term trends in metals concen_ations.
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All metal samples reported herein were unfiltered and therefore sensitive to sampling

techniques that influenced the amount of sediment in the sample Use of low-flow

down-hole pumps has resulted in lower sediment concentrations than those of

previously collected samples, The turbidity analysis and correlation presented in Section
3.23 indicates that there was not a positive correlation between sample turbidity and

metals concentration, D_g the previous sampling period (February 1996 to June

1997) a positive correlation between sample turbidity and metals concentration was

observed. Overall, the metaL_ concentratior_s reported during the _plember 1997 were

significantly lower than previous sampling events.

Additional quarterly water level and groundwater dala will be required to assess the

extent of chemical migration and the potential for chermcal n'dgration due to the

temporal variatio_ in groundwater chemistry and hydraulic conditions in the Fluvial

Aquifer. If it is confirmed that the VOC plume is expanding to the west and northwest

of Durtn Field, additional monJ toting points may be necessary.



266 84
5.0 References

CH2M HILL Downhote Geophysical Characterr_iton of Monitaring Wells at the Defense

Distribution Depot Memphis, Tennessee. Tech_cal Memorandum. November ]996.

C FL_vl HILL. Final Groundwater Cheraclerizaden Dala Rrpert, Prepared for the Defense

Distribution Depot Memphis, Tennessee (DDMT). August 1997,

CH2M HILL. Generic Quality Assurance Praject Plan. Prepared for the DDMT. 1995.

CH2M I-ULL. Quarterly Groundwater Monitoring Report (Second Quarter 1997) Prepared for
the DDMT. September 1997.

CoTs of Engineers, H rm_il}e Division (CEHND). Rea_rd of Decision for Interim Remedisl

Action of the Graundwat_r at Dunn Field (OU-1) at the Defe'a_¢ Distribution D_Tot Memphis,

Tennessee¸ August 1995¸

Du ffield, G,M, AQTESOLV Aq_a_r T_st Solver, Version 2.01. Geraghty & Miller, Inc. _995.

Environmental Science and Engineering. Groundwater Monztoring Results at DDM_

February 1994.

Freeze, R,A., and J. A. Cherry. Greundwater. Prentice-Hall, Inc. 1979.

Graham, DD., and WS. Parks Petentisl for Leakage Antong Princrpat Aqulfcrs in the Memphis

Area, Tennessee. U. S. Geological Survey Water Resource Investigation Report 85_295. 1986.

Ringsbury, J.A., and W. S. Parks. Hydrogeoisgy o_ lhe Principal Aqmfers and Relation of Faldts

Io Interaquifer Leakage in the Mealphis Area, Tennessee. U.S. Geological Survey Water-

Resources Investigations Report 93-4075¸ 1993.

Kruseraan, G,P., and N.A. de Ridder. Ar_aiysis and Evafoatzon _Pumping Test Data. Second

Edition¸ International Institute for Land Reclamatien and Improvement. 1990¸

Law Environmental Remedrol Investigation et DDMT Final Report. August 1990.

Nyraan, DJ. Predicted Hydrolegis Ef/ects of pamping from the Lichterman Well F_eId in the

Memphis Area. Tennessee. U. S. Geological Survey Water Supply Paper 1819-B. 1985,

Parks, W.S., and J. K. CarmfohaeL Geology and Ground-water Resources of the Cockfield

Fermatio_ in Western Tennessee U S Geological Survey Water-Resources Investigations
Report 88-4181. 1988.

Tennessee Department of Environmental Cop_ervation (TDEC). Hazardaus 5ubstanc_

Guidelines, Divis±o_ of Superfund. Drafo December 14, 1987.

U S Environmental Prolec_on Agency (EPA). U.S. EPA Contract Laborctory Pragram Natianat

Functisn_I Guidelines for Orgamc Data Review¸ EPA540/R-94/-012. February 1994(a).

U.S. EPA. _LS. EPA Contract Laheratory Program National F_tn_tinnal Guidelines for foorganic

Data Review. EPA540/R-94/o13 February 1994(b).



266 85





2G6

Appendix A

Data Quality Evaluation Section-DDMTTask 23
Sampling Effort-December 1997

8?

The purpose of the data quality evaluation process is to assess the effect of the overall
analytical process on the usability of the data. The two major categories of data evaluation

are laboratory performance and matrix interference& Evaluation of laboratory performance
is a check for compliance with the method requizements; either the labora tory did or did
not analyze the samples within the limits of the analy_ca] method. Evaluation of matrix

interferences is more subtle and involves the analysis of several areas of results, including
surrogate spike recoveries, matrix spike recoveries, and duplicate sample results,

Introduction

A specific list of methods was developed for the analysis of these samples. Methods
included SW846 method 8260 (Volatdes by GC/MS), method 8270 (BemJvolatiles - SVOC's

by GC/MS), method 6010 with the 7000 series (metals), and sefeciod Genera] Chemistry

parameters. Before the analytical results were refeaa.ed by t_e laboratory, both the sample

and Quality Control (QC) data were carefully reviewed to verify sample identity,

instrument calibration, detecSon limits, dilution factors, numerical computations, accuracy
of transcriptions, and chemical interpretations Additionally, the QC data were reduced

and the resulting data were reviewed to aseer tam whether they were within the laboratory-

defined limits for accuracy and preosion. Any non-conforming data were discassed in the
data package case narrative.

The data packages were reviewed by the project chemists using the process outlined in the

Environmental Protection Agency (EPA) guidance document Functional GuEdelfnesfar

Evaluating Data. The data review and validation process is independent of the laboratory's

checks and focuses on usability of the data to support the project data interpretation and

decision-making prccesses+ Areas of review included holding time compliance, initial and

continuing calibration, spiked sample results, blank results, and duplicate sample results. A
data review worksheet was completed for each data package in order to document the

validation process and its findings

Samples that were not within the acceptance limits were appended with a qualifying flag,

which consisted of a single-fetter or doubledet ter abbreviation that indicated a problem
with the data. Although the qualifying Sags oliginate during the data review and

va]idahon process, they are included in the data summary tables so that the data will not be
used indiscrlmina rely The foSowing flags were used in this text:

• U Undetected. Samples were analyzed for this analyte, but it was not detected above

the method detection limit (MDL) or instrument detection limit (IDL).

• UJ Detectionlimitestimated. Sampleswereanalyzedforthisanalyte. but the results
qualihed as not detected. The result is estimated.

A TL_Q _ R°T_ APP_ A C_C A.I



• J Estimated. The ana]yte was present, but the reported value may not he accurate or
precise.

• R Rejected. Thedataareunusable. (NOTE:Anafyte/cornpcundmayormaynotbe
present.)

Numerical sample resu hs that were greater than the MDL for organic compounds (or the
Ir_stroment Detection Limit (IDL) for inorganic targets or elements) but less than the EPA

contract required detection limit (CRDL) were qualified with a "J" for estimated, as

required by the EPA Functional Guidelines to Evaluating Data Quality.

Once the data review and validation prccesses were completed, the entire data set was

reviewed for chemical compound frequencies of dete_fion, dilution factors that might a fleet
data usability, and patterns of target compound distribution, q[_e data set was also

evaluated to identify potential data limitahons, uncertainties, or both in the analytical
resu]t_

PotentialField Sampling and LaboratoryContamination

Three types of field blank samples were used to monitor potential contamination

introduced during field sampling, sample handling, and snipping acfivifies.

• Trip Blank: A sample of ASTM Type II water prepared in the laboratory prior to the

sampling event. The water is stored in VOC sample containers and is not opened in the

field, and then travels back to the laboratory with the other samples for VOC analysis.

This blank is used to monitor the potential for sample contamination during the sample
container trip, One trip blank was included in each sample cooler that contained

samples for VOC analysis. A total nf four trip blanks were collected for this sampling
event.

• Equipment Rinsate Blank: A sample of the organic-free water used for the final rinse

dunng equipment decontamination. This blank sample is collected by rinsing a piece of

equipment atter decontamlnaEon and is analyzed for the same analytical parameters as

the corresponding samples. This blar tk monitors potential contamination caused by
incomplete equipment decontamination. A total of two equipment blanks were
collected for this sampling event,

• Field Blank: A sample of the water used to dec(_ntaminate equipment and it is collected
directly from the decontamination water source. This blank monitors contamination

that map be intToduced from the water used for decontamana tion. One field ti]_nk

sample was collected from the source of decontamination water and was analyzed for
the same parameters as the corresponding samples. One field blank was collected for
this sampling event.
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Laboratory. method blanks were also analyzed. A laboratory method blank is ASTM Type II

water that is treated as a sample in that it undergoes the _ame analytical process as the

corresponding field samples Method blanks are used to me_tor laboratory perforraance
and contamination introduced during the analytical procedure. One method blank was

analyzed for every 20 samples, or one per analytical batch, whichever was more frequent,

According Io the EPA Funct_op;al Gz_ldeti;qes, Concentrations of ¢on_non organic
centaminanls detected in sample5 at less than 10 times the maximum corlcen_ration in the

blanks can be altrlbuted 1o field sampling and laboratory contamination rather than
erwironmental ¢ontamlna_lon from site activities Concenh-atfor_s of less common

contaminants (and elemental analytes) are muhiplied by ti rather than ]0, as required by the
FJ_nctlonal G_tidelines.

Several metals as listed in Table 1 were detected in the laboratory and field blanks. These

melalS were detected at concentcations above the IDL, but less than th_ Contract Required
Detection Lamfr (CRDL). Many of these metals are ubiquitous at low levels. Zinc is used in

the galvarliza tion of steel and as a catalyst in many chemical and/or manu facluring
processes. Aluminum, copper, manganese, nickel, chromium, and iron are common

elements used in the construction of sinks, faucets, laboratory veni_lation hoods, and many
other tools or equipment used on a day to day basis. Calcium, barium, and sodium are

¢o_on ca tions normally associated with _alts and their compounds. Addi_onatiy,
potassium is a _poor perfornmr" by method 6010; fo.s_ru men I noise ai_-cibutes Io low level

false positives for this element. Moreover, all of these elements can be found al _a_ levels

in acids utilized for digestion in the laboratory. Elements such as antimony_ cobalt,
mercury, and vanadium were reported jusl over the IDL, These values are thdicative of

instrument noise or low level lila nk contamination. Generally, values within 2-5 _-mes of

the IDL usually reflect thsh_ment noise and should be consitiered false posi_ves.

The equipment blank, 721EQR, contained Carbon disulfide al 1 _g/l, and bis(2-

Ethylhexyl)ptithalate at 44 _g/l. On_ laboratory method blank contained di-n-Butyl

phthalate at 3 _g/I. The field blank contained the compounds Acte_ne, 2-Bu_ano_e, and

Methylene chloride. Carbon dis_lficle was not detected _n any field sample, therefore no
data was qualified due to it's presence in an equipment blank. Acetone and Methv]ene

chloride are used as extraction solvent_ in the laboratory and are common laboratory
contaminants. Additionally, Acetone and 2-Butanene are often contaminants associated

with equipment rinsate solvents, such as methanol¸ Thus, Acetone, 2-13utanone, and

Methylene chloride can most probably he ath'ibuted to field sampling and faberatory

contaminatiort. Samples which indicated these compounds below the 5 or I0 times rule,
were flagged "U" as nc.t detec_ecli

Phthala tes are used as plasticizers, the most common of which is bis(2-ethythexyl)phthalate

(BEHP). and are often introduced into sample_ during handling. The field samplers

physically transferred the soil samples from the sampling equipment (either split spoons or

staui_ess sleel spoons) w_arthg late× gloves¸ The ]alex gloves a_e coated with plagticizers

such _ BEI-_' to facilitate release of the gloves from the skin, Laboratory personnel also

wear latex gloves during the extraction of samples. Therefore, the BEHP and th-n-Bu_l

phthalate can be attributed to field sampling and laboratory contamination. Samples which

indicated phthalates below the fi or ]0 times r_le were flagged "U" as not detected.



Table 1 - Elemental Targets Reporled Above the IDL

Matrix Effects

Surrogate Spike Recovery
Surrogate spike compounds were added to every sample analyzed for the organic

parameters, including field and laboratory blanks as well as field environmental samples.

Surrogate spike compounds are the structural homologs of target compounds and are

therefore expected to behave in a sindlar manner dunng analysis.

Surrogate spike recoveries were used to monitor both laboratory performance and matrix

interferences. Surrogate spike recoveries from field and laboratory blacJ_ were used to

evaluate laboratory per[ormance because the field blanks represented an "ideal" sample

matrix. Surrogate spike recoveries for field samples were used to evaluate the potential {or



matrix interferences. All surrogate recoveries were within the stated method criteria for all

samples¸ No flags were applied as a resuti of organic sunrogste splke recovery results,

Matrix Spike Recoveries
For _ QC measure, three aliquots of a single sample are analyzed; one na five and two

spiked with matrix spike compounds (for organics). For metallic targets, a native sample, a

nafive duplicate, and one spiked sample were prepared Unlike the surrogate spike

compounds, matrix spike compounds are found on the method target, or compound list

Spike recovery is used to evaluate potential mat_× interferences as well as accuracy. The
duplicate spike results for orgs_cs are compared to ewIuatc precision, thorgamc precision
is evaluated by the comparison between the nabve sample and native duplicate resu]ls for
each target ana]yte detected at a factor above the detection limit.

Two pairs of MS/MSDs were prepared for both the volatile and semivolatile analyses.
Sample data for the organic parameters are not qualified on the basis of MS/MSD results

alone, Surrogate spikes also evaluate matrix effects, and all recoveries except for those

requiring dilutions were within acceplable limits, No flags were applied as a result of
organic MS/MSD results.

Two pairs of matrlx spike and native duplicate was prepared for the metals target list. All

precision and accuracy requirements were met for the metals and no flags were applied.

Field Duplicate Samples
Several additional samples were collected in the field for duplicate sample analyses There

were six identified for metals, five for volatiles, and four for the semivolaUles All samples

met the stated Relative Percent Difference (RPD) criteria indicating good sampling precision
and matrix homogeneity.

Internal Standard Area Results

Internal Standards are compounds added to the sample extracts pdor to analysis. They are

used to calculate the concentration of the target compounds detected in the sample extracts.
Two samples for senfivolatile analyses, MW133 and PT92997, reflected internal standard

areas were outside QC limits, These samples were re-analyzed with similar results,

indicating a possible matrix effect. The data for these samples were flagged "j/LTJ" as
estimated,

Sample Results for Metals Near the Instrument Detection Limit (IDL)
Concentratio_ of metals at or near the IDL were reported for some of the target metals
The IDL is the cons fit_ent concentration L_t, when processed through the complete

method, produces a signal with a 99 percent probability that it is difterent than the blank;

therefore, sample results at or near the IDL may be false positives caused by instrument

noise or low level background shifts rather than a true analyte signal These values were
either qualified as "U" (not detected because of blank contamination) or as "J" (estimated)
because of the proximity of the value to the IDL



PARCCs

Preclsion--is defined as the agreement between dupficate results, and was estimated by

comparing duphcate matrix spike recoveries and field duplicate sample results. Agreement
between MS/MfilD recoveries were less than 35 percent RPD, indicating acceptable

laboratory predsien. Additionally, the RPD bet_een duplicate field samples for both
orgamc and thorgamc resutis, indicated aCCeptable precision.

Accuracy--is a measure of the agreement between an experimental determination and the

true value of the parameter being measured. For the organic analyses, each of the samples
was spiked with a surrogate compound, and specific samples chosen for MS/MSD were

spiked with target compounds; for inorganic analyses, each sample was spiked with a

known concentra fiords of each target before digestion. Each of these approaches provides a

measure of the matrix effects on the arLalytieal accuracy, Laboratory con[Tot samples (LCSs)

are usually DI water spiked with known quantities of a target, and thus measure accuracy

of the method without the influence from the matrix. Except for the 4-Nitropheno]
recoveries slightly above QC lirmts, all matrix spike recoveries were within the method

acceptance limJ ks, indicating no evidence of significant matrix interferences

Representativeness--is a qualitative measure of the degree to which sample data
accurately and precisely represent a charactensfic environmental condition

Representativeness is a sub)ecllve parameter and is used to evaluate the efficacy of the

sampling plan design. Representativeness was demonstrated by providing tall descriptions

in the project scoping documents of the sampling techniques and the raft onale used for
selecting sampling locations.

Completeness--is defined as the percentage of measurements that are judged to be valid

compared to the total number of measurements made. The only rejected data stemmed

from dilution and re-extraction results, as only one value may be in the database for a given

parameter per sample. A goal of 95 percent usable data was established in the project
scoping document and 100 percent of the data were determined to be valid

Comparability_s another qualita five measure designed to express the confidence with

which one data set may be compared to another. Factors which affect comparability are:

sample co[isction and handling techniques, sample matTix type, and analytical method
Comparability is limited by the other PARCC parameters because data sets can be

compared with confidence only when precision and accuracy are l,mowla. Data from tlus

investigation are comparable with other data collected at the site because only EPA
methods were used to analyze the samples, and EPA DQO Level 3 QC data is available to
support the quality of the data

Summary and Conclusions

Conclusinr_ of the data quality evaluation process include:

• The laboratory analyzed the samples according to the EPA methods stated in the work

plan, as demonstrated by acceptable method per form_nce which was documented ni
the data deliverable.

• Matrix spike and spike duplicate accura_ and precision resufi_ indicated that the
spedfie sample matrix did not significantly interfere with the fill numerical result.



• Field duplicate precision for samples evaluated were within established criteria for both

the organic and inorganic parameters+

• Results at or near the IDL are suspect and may be false positives attributable to

instrument noise+ Accuracy and precision at these reporting levels are highly
questionable.

The data can be used in the project deosion-making process without further qualificahon
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