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1.0Introduction

This report summarizes results for groundwater elevation and sample analytical data

collected during the Defense Distribution Depo_ Memphis (DDMT) June 1997 quarterly

grov.ndwater sampling event. This report is organized into the (ol]owfog sections:

• Section 1 ° in_oducfion

• Section 2 - Field Methods

• Section 3 Groundwater Sampling Results

• Section 4 - Conclusions

• Section 5 - References

The analytical data summary, quality assurance/quality control (QA/QC) summary, purge
logs, sample logs, and field notes are presented 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Laboratory analytical data sheets have been archived in the DDMT project files at CH2M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 collected to support ongoing Remedial

investigation/Feasibility Study (RI/FS) activities at the DDMT facility. DDMT was placed

on the National Priorities List 0XrPL) and must fulfill requirements under the

C(_mprehensive Environmental Response, Compensation, and Laabthty Act (CERCLA) and

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

remedial process under CERCLA and NCP requires the preparation of a RI/Fg to determine

the nature and extent of contamination, to evaluate public health risks, and to screen

potential remedial actions.

Previous well installation and groundwater samplfog acbvities through ]993 indicated the

presence of organic and morgemc constituents exceeding levels of concern in groundwater

primarily at Dunn Field, but also at other locations within the main DDMT facility area. _ln

January and February 1996, DDMT expanded the groundwater monitoring network with

ad ditiona] wetis to evaluate the extent of contamination west of Dunn Field and to provide

additional upgradient groundwater quality data. The purpose of this quarterly

gzoundwatez sampling report is to present and summarize the June 1997 groundwater

elevation and water quality data collected from the mor, itoring wells at the DDMT facility.

In addition, this reporl summarizes the spatial and tempozal distribution of these data as

compared to data previously collected from tb.ese wells,

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

accordance with the requirements of OU-4 FSP (CH2M HILL, 1995) OU4 consists of the

former and current hazardous materials storage buildmgs--Binldings 319, 629, and 83_-

and the De fens_ Reutilizafion and Marketing Office (DRMO) buildings and stockyards.

The geographical coverage of OU _, includas an area of suspected interaction between the

Fluvial arid Memphis Sand Aquifers; therefore, the scope of OU-4 was expanded to fodude

site-wide groundwater flow and contaminant transport.

ATIdg7262_KG.DOC/VER1 1.1
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1.1 Facility Background

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

southwestern portion of the state {se_ Figure 1-1). Approximately 5 miles east of the

Mississippi River and just northeast of the Interstate 241l-lnterstate 55 junctton, DDMT is in

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

Business District and 1 mile northwest of Memphis Internabonal Airport. Airways

Boulevard borders DDMT on the east and provides primary access to the installation. Duan

Avenue, Ball Road, and Perry Road serve as the northern, southern, and western

boundaries _o the main installation, respectively. Dunn Field, the only known waste

disposal area at DDMT, is located just north of the main installation. Person Avenue, Kyle

Street, and Hays Street serve as the nor them, western, and eastern boundaries to Dunn

Field, respectwely.

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

28 mBas of paved st_eels. The facility has approximately 5.5 million square feet of covered

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

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

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

n_neral 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/ paintlng activities

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

documented to have occur_eti in this area of the instafiafion include polychlorinated

biphenyl {PCB) transformer storage (near Building 2747, pesticide/herbicide storage and

use, and fire truck pump testing (Lake Danielson), The northern portion of the main

installation has a history o1 hazardous ma teriais storage, treatment of wood products with

pentacl,Joropheno] (Building 737), and storage of items awaiting disposal. Specific bui[ding
and facility Iocallo_ are provided in Drawings I and 2 of the Fina[ Generic Remedial

Investigation/Feasibility Study Work Plan (US. Army Corps of Engineers Huntsville
Division [CEHND], 19957

DDMT was issued a Resource Conservation and Recovery Act (RCRA 7 Part fi permit

(No. TN4 210 020 570) by the US. Environmental Protection Agency (EPAT, Region IV, and
the Tennessee Department of Environmental Conservation (TDEC7 on September 28, 1990.

Subsequently, in accordance with Section 120 (d)(27 of CERCLA, 42 U.ll.C. 9620(d)(2), EPA

prepared a final Hazard Ranking System (HRS) Scoring Package for DDMT On the basis of

the final HRS score of 58.06, EPA added DDMT to the NPL by publication in the Federal
Regzste7 (FR), 57 FR 47180 No 199, on October 14, 1992.

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

applicable sites would proceed under the CERCLA process for remethafion (remedial

investigation, feasibthty study, proposed plan, rocord of decnsion, remedial design, and

remedial action). To date, 55 monitoring wells have been installed (see Figure 1-27 as part of
the investigative phase to characterize site conditions

A_372S_ OOC-NERI i. 2
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1.2 DDMTHydrogeology

1.2.1 Regional HydrogeologySetting

The Final Generic Remedial laves riga tion/Feasibility Study Work Plan (CEHND. 1995)

provides a thorough discussion of the regional geologic and hydrologic features applicable

to DDMT. Recent work by Kingsbury and Parks (1993) and Parks and Carmichael (1988)

also provides insight into the hydrogeologic setting. L_ particular, the unit ca[led Jackson

Formation/.Upper Claibome Group in Parks" earlier publications has been further defined.

The Cockfield Formation is now recognized as a member of the Claibome 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 traits shown, the following

are applicable to groundwater flow and contaminant transport conditions at DDMT:

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

mixtures thereoL It mantes the ground surface over wide areas of the central United States.

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

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

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

_ne sandy layers enclosed with2n silts and silty clays.

Fluvial (Terrace) Deposits. Quateroary and possibly Pliccene age fluvial deposits occur
beneath the uplands and valley slopes of the Gulf Coastal Plain and are the remnants of

ancient alluvial deposits of either present streams or an ancient drainage system. The f_uvlal

deposits consist primarily of sand and gravel with minor lenses of clay and thin layers of

ison-oalde cemented sar_dstone or conginmerate. These fluvial deposits range Irom zero to
10[l feet m thackness and underlay the loess. The thic3cmess is highly variable because of

erosional surfaces at both top and base Locally, in the Memp I_s area, the fluvial deposits

may be absent (Graham and Parks, 1986). These deposits comprise the upper aquifer at

DDMT, herein temaed the Fluvial Aquifer.

Jackson, Cockfield, and Cook Mountain Fon'aations. The Late Eocene Jackson Formation

and upper part of the Claiborne Group lie beneath the fluvial (terrace) deposits. The upper
Claibome consists of the Jackson, Cockfield, and the Cook Mountain Formations. Because of

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

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

Formations co_ist of sand, silt, clay, and lignite beds. The preserved sequence is

predominantly Cockfield, but m the nor thwestem part of the Memphis area the Ct_:kfield is

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

iypica [ly composed of clay and silt in the upper part and sand in the lower part, although

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

thickness, occur hi the days, silts, and sands. The base of the Cockfield Formation is faulted

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

The thickness of the Jackson Formation is reported differently in the literature. KJngsbury
and Parks (1993) report a range of zero to 50 feet, while Parks and Carmichael (1988) report

a thickness ranging from zero to 150 feet. Where the Jackson I:orrnation is present, the

Cockfield may be from 235 to 270 feet in thickness. In other places, extensive erosion caused

ATL_72520003 _OCa/ER 1 1.3
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the thickness to be baghly variable. The Cockfleld is generally an unconfined water-table

aquifer (Parks and Carmichael, 1988) and provides water for some public and industrial
US_.

The Cook Motm_th Formation is the lower confining unit to the Cockfield and generally

consists of clay, silt, and sand. Kingsbury _nd Parks (1993) repor_ a range of zero to 50 feet

in the Memphis area, while Parks and Carmichael (1988) report a thiskness ranging from
zero to 150 feet over the West Tennessee area.

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

were deposited during the M_ddle Eocene when streams carried extensive quantities of

sand and gravel Into the Mississippi embayment area. The Memphis Sand uhit is composed

primarily of thick bedded, white to brown or gray, very fine-grained to graveny, pardy

argillaceous, and micaceous sand. Lign_ flc clay beds constitute only a small percentage of

total thickness. The Memphis Sand ranges from 500 to 89D feet in thickness, and the depth

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

300 feet below ground surface. It is thinnest hi the nor theastem part of the Memphis area in

northwestern Fayette County, Tennessee, and thickest near the Mississippi River in

southwestern Shelby County, Tennessee. The CiPy of Memphis obtains its drinking water

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

per mile

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

Formation/Upper Claibome Croup is not laterally continuous throughout the Memphis
area. In some areas_ the Memphis Sand is directly overlain by the alluvial or fluvial

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

regional aquifer.

Cross-sections presented in Kingsbury and Parks (1993) provide useful information about

the regional hydrogeohigy in the Memphis area. Well gh:Jq04 is less than 2 miles due west

of DDMT (see Figure 1-4). It shows an approxamate 75- foot thickness of loess and fluvial

deposits, underlain by a 40-foot thickness of the Cockfield Formation. The Cook Mountain

Formation is appro.dmately 75 feet thick at this site and is underlain by the Memphis Sand

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

Well Sh:J-167, which is about 2 miles to the southwest of the southwest corner of the main

installation (see Figure 1-4), is on the upthr own side of the fault described below. It is also

north of Nonconnah Creek. It shows an approximate 100-hiot thickness of loess and fluvial

deposits, and no Cock field Formation. However, approximately 70 feet of the confining
Cook Mountain Farina flon are encountered before the top of the Memphis Sand at elevation
89 feet rasl.

A northwest-soutlmast trending fahit is also shown passing through the Agen Weflfield

(Kingsbury and Parks, 1993). The downthrowrt side is to the northeast. Where the

formations have been offset along a fault plane, the Cockfield aquifer and Memphis Sand

aquifer could he in direct hydraulic cormection, if the offset was greater than the thickness

of the Cook Mountain Formation. In the vicinity of Allen Wellfield it appears that the

Memphis Sand has been offset by about 30 to 40 feet, azxd the thisknegs of the Cook
Mountain Formation is 70 to 75 feet.

AII_d_g_0003B'3_/ERI 14
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1.2.2DDMT Site-SpecificHydrogeology

DDMT is underlain by a layer of loess about 20 to 30 feet thick. The Fluvial Aquifer is the

lower saturated por_on of the underlying terrace deposits, This is the uppermost aquifer

beneath DDMT. Perched groundwater also ealsts in the terrace deposits above small clay

lenses at elevations above the Fluvial Aquifer. However, these perched water zones are

temporal and are not considered part of the Fluvial Aquifer water table aquifer system, The

Fluvial Aquifer is not used as a dnnking water source within the City of Memphis.

The upper portion of the Jackson Formation/Upper Clsibome Group, which serves as the

base of the Fluvial Aquifer, generally consists of a high-pissticBy clay of variable thickness.

The depth to the lop of the corJiuing unit at OU4 ranges from about 70 feet below land

surface (his) to about 160 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 (STB-6, Drawing I of the OU4 FSP). The clay thins in the

northwest portion of the main facility (STB-8, Drawing 2 of the OU-4 FSP) to 5 feel ol sandy,

silty clay and 9 feet of interbedded silty clay and flne-grained sand.

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

122 feet real in well Sh:J I04. Extrapolation to wells MW-36 and MW-37 shows that the base
of the Cockfleld should occur at elevation 145 feet msl for both wells. Review of the

lithologic logs for these wells shows a change in formation at MW 36 (elevation 143 feet

msl) and MW-37 (elevation 145 feet msl), from a dense silty clay to a sandy clay, possibly

signth]ing the gradation from the Cockfield to the Cook Mountain Formations.

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

(1993). At well Sh: ]-104, the top is at elevation 46 feet msl Extrapolation to MW-S6 and

MW-37 shows approximate elevations of 82 feet and 93 feet, respectively, for the top of the

Memphis Sand. Wells MW-36 and MW-37 encountered sands at efevatlons 128 and 125 feet

msl, which is approximately 46 and 32 feet above the projected top of the Memphis Sand,

respectively. Thus based on regional stratigr aphic 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 documents), the underlying

sands will be referred to in this report as the Confined Sand Aquifer.

Groundwater flow in the Fluvial Aquifer is controlled primarily by the orientation of

erosional paleosufface of the upper clay in the Jackson Formation/Upper Clalborne Group.

As discussed in Section 3.1, groundwater flow generally follows the slope of this clay unit.
A prominent feature of the Fluvial Aquifer flow system is a generally northwest-southeast

trending depression in the clay surface (see Figure 1-5) located in the northwest portion of

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

the clay surface or a sand lens within the clay that comprises the Cockfield Formation of the

Upper Clathorne Group. The groundwater flow direction across the main installation and

southermnost portion of Duma Field is controlled by th_s feature.

The general orientation of the faults mapped in the Memphis area (Kingsbury and Parks,

1993) is northwest-southeast. It is likely that the orientation of the depressed feature is fault-

contTotied. It has not been determined if the depres_-d clay surface results from

paleoerosion or absence of the clay.

A_.DOP_ER1 i_
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2.0 Field Methods

258

All groundwater samples were collected during this quarterly groundwater sampling event

in accordance with the OU4-FSP (CH2M HILL, 1995), Water level measurements were

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

stabilize. This procedure was followed for all wells except MW-12 and MW-35, Because

VOC concenlrations in the breathing zor_es at MW-12 and MW-35 were anticipated to be

sufficient to require Level C personal protective equipment (PPE), these wells were vented

just prior to sampling.

6efore sampkfog, each of the monitoring wells was purged according to the following

procedure:

• When the well was foca_ed_ plastic was placed on the ground around the well head.

• The well he_,d was opened and a VOC measurement from the headspace th the well was

recorded using an Hnu instrlmxent

• The volume of water in the well was estimated using the following equation:

volume (gal) = 0.4] d_H
where d - wed diameter in inches

H -- height of water column in feet

Note: 2-inch diameter schedule 40 PVC casing (3.17 gal / Linear foot

• Wells were purged using either a 2.inch 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 stalii]ization of temperature, pH,

or conductivity in the effluent Purging was terminated if the well was de-watered.

• Physical parameter measurements (pH, conductivity, turbidity, temperature, dissolved

oxygen, salifoty) were recorded initially and after purging of each well volume.

Table 2-1 summarizes the water quality analyses, purge volumes, and physical parameter

measurements recorded for each well sampled.

2.1 Groundwater Sampling

Water samples were collected _rom the well at completion of the well purging according to

the following procedures.

ATL/_?2620003 DOC/CER1 21
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2.1.1 Sampling with Teflon Bailer

If sampling equipment was not used to purge the well, the bailer was seasoned by

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

To prevent nylon twine from contacting the groundwater, a leader of Tetion_oated

stainless-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. Tlae 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 collected first, followed by SVOCs and other parameters as appropnate for the

specific well VOCs were collected by tilling the vial, with as little turbulence as possible.

Each vial was tilled until a miniscu s bubble extended at the top of the vial to ensure that no

air bubbles were present in the samples,

Each sample contamer was then wiped clean and labeled. The containers were placed into

a plastic zip-leek baggth and packed into a sample cooler with ice. The chain of custody

(COC) form was filled out and placed into the cooler.

The sample information was recorded in the purge log, sample log, and field notes (see

Appendices C through E).

Upon completion of each well sampling, all disposable materials (PPE, twine, plastic, etc,)

was discarded following appropriate disposal procedures. All drums containing purge and
decontamination water were closed and labeled. The well was closed and locked and the

sample area 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 10-foot intervals and are based at the well bottom). The discharge from the Grundths

pump was slowed to a minimum discharge capacity.

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

documented similar to the bailed samples, described above The samples were then

analyzed for metals and SVOCs. The VOA portion of the sample was collected by removing
the pump from the well, allowing the water to stabilize for at least 5 minutes, and then

collecting the VOA sample with a bailer as described in the preceding secaon.

Investigation derived waste (IDW), well site closure, and cleanup were completed as
described below

2,2 Investigation Derived Waste Management

All purge and decontamination water was initially contained at the well head Ln 55-gel

drums. These dran s were  ansported to a polyethylene storage tank located on Dunn

Field, ,_'here the water was t_ans ferred into a permanent on-site tank.

After the sampling and decontamination for all of the wells was completed, a composite

sample of the purge and development water was collected and analyzed for VOCs, SVOCs,

ATLt9726_ [_OC,a,ri_R I 2.2
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pesticides/PCBs, herbicides and metals for characterization in a manner determined by
DDMT/CEHNC,

2.3 Equipment Calibration
Field thst_vments were calibrated datiy before sampling activities began. Standards used to

calibrate the fieid survey instruments were in accordance with those specified by the

National Institute of Standards and Technology (NIST).

All field instruments (e.g., Hnu, combustible gas indicators |CGIs], pH meters, conductivity

meters, etc.) were calibrated according to manu facturer_s thstruchons. The nnu's were

zeroed to background levels at each new sampling location. Calibration records were kept

in a field logbook by field personnel. Tlnese daily records include, at a rmnimum, the

following:

thsmament type (e.g., Hnu, CGI) and model number

Instrument serial number

Type of calibration procedure used

Type of calibration gas or standard used, concen_ation (ppm), and int number

Instrument reading and span (if appropriale)
Dale and time of catibrat_on

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,

Sample_ were shipped in a sturdy cooler fined with a ]arge plastic bag. A layer of

vermiculite was placed at the bottom of this cooler inside the plastic bag liner. All samples

were placed inlo individual zip-leek bags and sealed. These boftles were then placed in the

cooler with sufficient space between bottles to place vermiculite or bubble wrap Three to

four zipqock 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 st_applng tape. Signed Custody Seals were

placed on the front and back hinges of the cooler and stickers indicating "this end up" were

placed on the ends of the cooler.

Each cooler was shipped via Federal Express for next morning delivery to the QAL-

Montgomery Laboratory.

ATUg?26200_.D0 _VER1 23



G
C



co

¢.J

_o

iil o

"/11111"l_1' ° ° ° "C

dllltlll

_=1_1=1_1_1_1_1,

W

,_..=. o

,,.i (/) m _'_

,9o_ g,,^

J

7
w

S



258 21

3.0 Groundwater Sampling Results

3.1 GroundwaterElevationsandGradients

The groundwater elevation distrihugons for the June 1997 quarterly groundwater samp]nig

event are depicted in Figure 3-1 and listed in Table 3-1 A local groundwater divide is

apparent along the line formed by wegs MW-44, MW-54, MW-I2, and MW-35, North of

this line, groundwater appears to flow west and northwest toward M[W_J 0, South of this

hne groundwater appears to flow west southwest toward a groundwater low centered in

the vicinzty of MW-34. The magnztude of groundwater gradients in this region of the

facflity range between approximately 0.0017 foot/foot and 0.023 foot/foot. The steepest

gradient appears to be located southwest of MW 14 and MW-33. A maximum groundwater

seepage ve[o_ty in tiros vicinity was estimated at 1.7 feet/day assun_ung the following

parameters:

• hydraulicgradient = 0.023 foot/foot

• hydraulic conductivity - 22..11 feet/day (based on the average hydraulic conductivity

for the Fluvial Aquifer reported in the Groundwater Character[zagon Data Report

[GCDR] [CH2M HILL, 1997])

• effective porosity = 0,3

Groundwater flow patterns south of Dunn Fie_d underlying the DDMT main installation

exhthit trends in groundwater flow from the margins of the study area toward an elongated

central groundwater low oriented along a nor thwest-southeast axis. Groundwater in the

northeast portion of this region apparently flows southwest toward this low However.

groundwater in the southwest portion of the study area apparently flows northeast toward

the low. A localized groundwater high is apparent in the vicinity of MW-55. The

magnitude of groundwater gradients underlying the main installationrange between

approximately 0.00085 foot/fool and 0.029 fcot/ foot. The steepest gradients appear to tie

located iza the northwest por_on of the facility in the vicinity of MW-55. A maximum

groundwater velocity in this vidnity was estimated at 2.14 feet/day assulaxtn g the following

parameters:

• hydrautic gradient - 0.029 foot/foot

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

for the Fluvial Aquifer reported in the GCDR)

• effective porosity- 0.3

As noted in the GCDR, in the northern portion of the main installation and the area

surrounding Dunn Field, groundwater hydraulic gradients generally cortform to the

gradient of the Jackson Formatlon/Upper Claiborne Group confining unit clay surface.

Groundwater flow in these regions appears to be governed by the configuration of the day

surface. A comparison of the potengomelxic surface (Figure 3-1 ) and confining clay umt

(Figure 1 5) surface gradients in the southwest portion of the main installation indicates that

groundwater is flowing against the surface gradient cf the clay It is tikely that
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groundwater flow gradients are being controlled by drainage into the northwest-southeast

trending feature rather than by gravity flow along the surface of the clay.

Comparison of groundwater elevation measmements recorded during the June 1997

sampling event with groundwater elevations recorded during the previous groundwater

sampling event in February 1996 indicates the following:

• Groundwater underlying Durm Field was on average 2.18 feet higher in June 1997 than

in February 1996

• The maximum difference in groundwater elevation was observed at MW-37, where the

groundwater elevation recorded was 5.19 feet higher in lune 1997 compared to the

February 1996 data.

• Groundwater elevations underlying the main installation were on average 0.6B foot

lower in June 1997 than in February 1996.

• The maximum difference in groundwater elevation in this area was observed at MW-20,

where the groundwater elevation recorded was 1.16 feet lower in June 1997 compared to

the February 1996 data.

The temporal tse_ds in the groundwater elevation distribution have not yet been

interpreted due to the amount of time which has passed between the t_vo most recent

sampling events (February 1996 and June 1997). A more detailed as,_essment of the

temporal groundwater elevation bends will be presented in future quarterly groundwater

sampling reports.

3.2 Groundwater Chemical Results

Numerous VOCs ,rod metals were reported in the groundwater samples collected from the

Fhiviat Aquifer. Table 3-2 summaozes the analytical results for the groundwater samples

collected during the June 1997 quarterly sampling event including the concentrations of the

particu]ar chemical constituent, and a comparison of the concentration with DD]V_
temediatinn target criteria for that constituent. Table 3-3 sun_rJzes the overag sample
counts and range of concentrations for each of the detected compounds for all of the
samples collected during this sampling event, A data qua]i_ assessment was pealo_ned on

the [aborato_ analytical result_ of the June 1997 samples. Th_ data qua]tsy assessment is
presented in Appendix A,

Five man-made VOCs were identified in the GCDR as the primary chemical constituents of

concern at the DDMT facJtity. The spatial distributions of these constituents from the June
1997 quarterly sampling event at the DDMT facihty are depicted on Figures 3-2 through 3-

11. Well-sped fie groundwater analytical data are included in Appendix B.

Comparison of duplicate sample results indicates the following, For organic compounds,

the analytical results for the duplicate samples were _,_ithin the quality eontTol guidelines of
20 percent However, greater variability was observed in the analytical results for the metal

duplicate samples. This variability is radical, re of varmbitity in the sample matrix. As

discussed in Section 3,2.3, sample mthidity appears to have an influence on the sample

concentration, _erefore, variation in the barhidity of duplicate meta]s samples could
account for the variability observed baleen the duptica te analytical results.

ATUB72B20003.DOC_VER _ 3. 2
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3.2.1 SpatialDistributionof Organic Constituents

Figures 3-2 through 3-6 show the distributions and concentrations of VOCs at DDMT. The

VOCs depicted in these figures were identified during the GCDR as the primary

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

distributions reported during this quarterly sampling event were consistent with those

previously reported at DDMT. The concentration of VOCs varied across the site from a low

of 1 microgram per liter (ug/L) to a high of 5.900 ug/L (TCE at MW-12). Similar to

concentrations noted In the GCDR, the highest concentrations of VOCs were detected
withi_ the northwest corner of Dunn Field.

1,1-Diehloroethene (1,1-DCE). 1,1-DCE was reported in 8 wells during the June 1997

quarterly sampling event, two of which were off-sha wells (see Figure 3-2) 1,1 DCE was

not reported in any wells on the maIn Installation and was found on-site only in the

nor thwest corner of Dunn Field (see Figure 3-2) 1,1 -DCE was not reported in two off-site

wells, MW-40 and MW-47, where it had been detected in samples collected during February

1996. The concentrations of 1,1-DCE In the other monitoring wells was generally slmila r to

those reported in the GCDR for each respective well. The minor differences in

concentration might he attributed to normal sampling variations or seasonal variations

Trend analysis, including future quarterly sampling data, will be necessary to evaluate the

signihcance of these trends.

Tetraehlornethylene (PCE), The occurrence of PCE was relatively widespread during the

June 1997 quarterly sampling event, similar to what was reported in the GCDR. This

compound was reported In 24 wells lccated both on-site and off-site (see Figure 3-3),

Concentrations of PCE range from none detected to 110 ug/L in M_V-1. The overall
distribution of PCE is consistent with the distribution described in the GCDR and all of the

wells exceed the background and Proposed Remedia_on Goal (PRG) concentrations for this

compound. Again, as noted for I_I-DCE, the variations in concentration observed between

the data collected In June 1997 and February 1996 could be attributed to normal sampling

variability or seasonal varia_ona. Addibonal quarterly groundwater data are required to
a_sess these [Tends,

PCE was reported at four areas on DDMT, as shown in Figure 3-3. These areas were

previously noted in the GCDR and have remained generally consistent. The lsrgest of the
four plumes is centered on the western and northwestern boundary of Duna Field. Two

smaller plumes are located in the southwesl and southeast comers of the main facility (see

Figure 3-3). The plume in the southwest corner of the facility exhibits an apparent

reduction in size from the February 1996 to the June 1997 sampling events. PCE was not

reported in the June 1997 data for samples cnilected at wells MW-22 and MW-23. Samples

from these wells contained low levels of PCE (2 ug/L and 1 ug/L, respechvely) in the

February 1996 data. Additional groundwater analyses are necessary to assess the

persistence of this trend. Finally, an isolated occurrence of PCE is reported in MW-39 (6

ug/L) There a re insufficient data to correlate the PCE repot ted in this well with

eoncentrataons from other wegs on the facility.

Trlchloroethylene (TCE), TCE was reported in four separate locations at DDMT and

detected in 24 wells during the June 1997 quarterly sampling event. The distribution of TCE

is generally consistent with the distrlb ut_on described ia the GCDR; however, TCE was

reported in only one off-site location (MW-51) during this quarterly sampling event (see
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Fig'u re 34). The concentrations of TCE ranged from none detected to 5,900 ug/L All of the

reported concentrations of rICE, where detected, exceeded either background

concentrations or both background and PRG concentrations.

1[he largest TCE phime encompasses the northwest boundaries of Dunn Field and extends
off site to the west and northwest of Durra Field. The plume configuration is, generally,

similar to that described in the GCDR. A slight southerly shift in the center of mass of the

plume might be suggested by the June 1997 data in comparison to the February 1996 data.

Concentxatmi_-s of TCE at wells MW-31 and MW-35 exhibited a drop from 1,10D and 1,900

ug/b, respectively (as reported in the February 1996 data) to 78 and 160 ug/L, resp_edvely

(as reported in the June 1997 data). On the other hand, concentrations of TCE at MW-12

showed an increase from 650 to 5,90D ug/L between the February 1996 and June 1997

sampling events. In addition, a low level of TCE (9 ug/L) was reported in the sample from

well MW44. TCE was not detected in the sample from this well collected in February 1996.

Little change was observed between the February 1996 and June 1997 data for the other TCE

plumes identified on-site, except the following: TCE was not detected in the samples
collected from wells MW-47 and MW-53. Low levels of TCE had previously been reported

in the GCDR hir these two wells (2 ug/L and I ug/L respectively) Addltional sampllng

events are necessary to more fully assess the concentration trends in these wells, as well as

the trends observed in the other monitoring wells.

1,1,2,2,-Tetrachhiroethane (1,1,2,2-1'CA). Tbas VOC was detected in samples collected from

9 wells dudng the June 1997 sampling event (see Figure 3-5). These wags were located both

on- and o ff-srie. The plume described by these wells occurs on the western side o1 Dunn

Field and extends off-site to the wesl. Again, the dis_'ibubon of this plume is similar to that

described in the GCDR. The values of 1,1,2,2-PCA ranged between none detected to 540

ug/L in iVPN -12. All detected values exceeded both background and PRG concentrations

The 1,1,2,2-PCA concentration distributions in the June 1997 and February 1996 data are

consistent, with the notable exception of the dale from MW-31. In the February 1996 data_

this VOC was detected at 420 ug/L in MW-31. However, 1,1,2,2 PCA was not detected hi

the sample cotiecced from MW-31 during the June 1997 sampling event. In addition, a
decline in 1,1,2,2-PCA concentration was observed at MW-35, where it declined from 200 to

11 ug/L. An increase in 1,1,2,2-PCA was also observed at MW-12, where the concentration

increased from 120 to 540 ug/L. Future groundwater sampling events will be useful in

assessing the persistence of the concentration trends observed between the February 1996

and June 1997 sampling events.

Carbon Tetrachloride (C4I. C4 has been observed in three areas at DDMT. Two of the

areas are located along the nor them and western boundaries of Dunn Field. The third area

is an isolated region in the vicinity of MW 26 on the main installation (see Figure 3-6). Each

of these plumes was described in the GCDR. Concentrations of C4 ranged from none

detected to 45 ug/L a t MW-6. As with the other VOCs, the general distribution of C4 was

consistent with distnbutions reported in the GCDK The following differences in

distribuhon were noted in the June 1997 data compared to the February 1996 data:

• Low levels of C4 were detected in wells MW-8_ M%V-14, and lvlW44 at 8 ug/L, 1, ug/L

and 6 ug/L, respectively. Samples analyzed from these wells during the February 1996

sampling event did not contain detectable concen_ations of C4.
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• C4 was not detected in wells MW-11 and MW-34, where previously the compound had

been reported in low levels (1 ug/L for both wells).

The C4 concentTafions in samples from the remaining wells were generally sinular to

previously reported concentTafions,

3.2.2 Spatial Distributionof InorganicCompounds

Crom_dwater samples were collected and analyzed for total (unfiltered) metals. Figures 9 7

through 3-11 show the concentrations and distributions of five indicator metals (lead,

nickel, beryllium, copper, and Chromium) These figures also show that the concen:ratiOl_

nf metals are variable within the Fluvial Aquifer, with the highest values tending to be

centered in the northwest quadrant of the main installation. This is the same general trend
as observed in the GCDR. Tabin33-2 and 3-3 summarize the concentrations of metals

deteeted in groundwater samples from the Fluvial Aquifer.

Beryllium. Beryllium was found in samples from 13 wells located generally in Dunn Field

and the western half of the main installation during the June 1997 sampling event (see

Figure 3-7). Concentrations in these 13 wells ranged between 054 and 14.9 ug/L. All but
one of these samples exceeded the background and PRG concentrations for this constituent.

In contrast to the findings reported in the GCDR, bery]llum w_ not detected in any of f-site
wells dunng the June 1997 sampling event, As noted above with regard to the VOC
compounds, the temporal trends hi this analyte are difficult to interpret considering the
span of time Between the February 1996 and the June 1997 sampling events, The potential

effect of seasonal varlatior_s should become more apparent with the analysis of additional

quarterly samples.

Chromium. Chromium was detected in samples from 28 wells Iccated across the DDMT

taciliP/and off-site (see Figure 3-8). Concentrations in these wells ranged between 8.2 ug/L

and 219 ug/L. The highest eoncentrafior_s of chromium were obsewed in Dunn Field wells,

with the w_ximum concentration occurring in MW_ (219 ug/L). All of these concentrations

exceeded background values and PRGs (Table 3-5). In general, the coneenh'ations reported

for samples from wells on the main ir_tallafion were above background levels but below

the PRG of 18 ug/L except for MW-24, which had a value of 67.8 ug/L. Only two off-site

wells, located west of Dunn Field, contained detectable concentrations of chromium (M_V

32 and MW*54). Of these, only the sample from MW-32 (18.5) exceeded the PRG.

Copper. Copper was detected in 19 wells across Dunn Field, the main installation area, and

off-site to the west and east of Du_ Field (see Figure 3-9). The highest values of copper

were detected along the northwest Beundary of Dunn Field at wells MW_I (135 ug/L) and

MW-29 (99 ug/L), All of the concentrations detected in these 19 wells exceeded

background concentrations for copper; however, copper was detected at the PRG for this

analyte in only one sample (collected from MW-4). In general, the copper concentrations

reported from on-3ite wells were greater than those reported from off-site wells.

Lead. Lead was detected throughout Dunn Field and the main installation area, m a total of

42 wells (see Figure 3-10) Coneenti*a tior_s in samples from these wells ranged from I ug/L
to 124 ug/L (MW-4). While the concentrations in aU of the samples exceeded the

background concen_a Lion, only samples from nine wells exceeded the PRG (15 ug/L) for

this analyte_ In general, the highest concentrations were reported for samples from Dunn
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Field wells located, again, along the nor thwtt boundary of the site. Two wells were also

hicaled on the main ir.stallatien (MW-24 and MW-39). No samples from of fosJte wells had

concentrations that exceeded the PRO during the June 1997 sampling event.

Nickel. Nickel was detected in samples from 25 wells located in Dunn Field, the main

installation area, and off-site to the west of Dunn Field (see Figure 3-11). Concentrations of

ulckel in these samples ranged between 4.9 ug/L and 96 ug/k Ten of these samples had

concentrations which exceeded the PRG (13.4 ug/L) for this analyle.

3.2.3TheImpactofTurbidity on MetalsConcentrations

Table 3_t and Figure 3-12 present the effect of groundwater sample turbidity on total

indicator metal concentrations. The February 1996 data presented in the GCDR showed an

ambiguous relatiortship between turbidity and the concentration of metals in the individual

samples During the June 1997 san_pllng eveng turbidity measurements were made with a
more accurate bench scale turbidity meter, rather than by field measurements.

The June 1997 data indicate an overall positive relationship between sample turbidity and

concentration (see Figure 3-12), The linear correlation between turbidity and concentrations

is evaluated in Table 3-4 by calculs gng a linear correlation coefficient between individual

total metal concentrations and turbidity. A eotrelallon coefficient of zero indicates that the

magTutude of the metal concentratior_s is not linearly dependent on the maguitude of

turbidity Values of positive or negative one indicate a perfect direct and inverse linear

relationship between concentration and turbidity, respectively, lzttermediate values

indies tea less thzat perfect correlation.

Table 3J` indicates that the metal concentration to turbidity correlation coefficients are

moderate, with an average correlation coefficient of 0.32. The correlation cceftidents for six
indicator analytes (arsenic, beryllium, chromium, copper, lead, and nickel) ranged between
0.42 for nickel to 0 59 for copper. These values suggest that sample turbidity does increase
the value of the metals concentrations.

A d eta quality assessment was performed on the laboratory analytical results of the June

1997 samples. This data quality assessment ts presented in Appendix A.

3.2.4 Well Specific Constituent Trends

Concentrahons of the detected VOCs and metals from the June 1997 samp]ing event were

evaluated as a group to assess how their concentrations and distributions varied with time

and location Data reported for 1989 and 1990 were taken _om the Remedial Inveatigatlon

at DDMT(Law. 1990), data for 1993 were taken from the Groundwater Monitoring Results

at DDMT (ESE. 1994), and the 1996 water quality data were taken from the GCDIL These

data were compared to the June 1997 groundwater quality results to perform a trend
analysis of select organic and inorganic constituents.

3.2.4.1 Temporal Trends in VOCs

The concentrations of TCE, PCE, 1,1,2,2-PCA and carbon tetrachhiride for lg wells were

plotted over time to determine possible trends that might signify natural attenuation or

continued leaching of organic compounds into the Fluvial Aquifer. Only those wells for

which data were available for at least four con.secut_ve s_mpling events (1989, 1990, 1993,
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and 1996) were plotted, Figures 3 13 through 3_16 show the temporal concentration trends

for the aforemen'c_oned organic coi"_tit_ents.

PCE. The PCE trends depicted in Figure 3-13 indicate that from 1996 to 1997, PCE increased

in seven wells and decreased m four wells. Wells with an increasing trend include MW-03,

MW-04, MW-] 0, MW-I2, MW-15, MW-21, and Ma/V-31. Wells showing a general decreasing

trend include MW4)5, MW-07, MW4)8, and MW-11. Six of the seven wells with increasing

Irends are located within the Duna Field plume, within the nor thwestem portion of the
main installation. The seventh well, MW-21 is loca ted southeast of the main installation.

The four wells with a decreasing trend are also located within the Dunn Field plume. The

greatest change i_t PCE was an increase of 60 ug/L in MW-12 The most significant

decrease over thls time period was 25 ug/L measured in MW4JS.

TCE. TCE trends depicted in Figure 3-14 indicate that from 1996 to 1997, TCE increased in

10 wells and decreased in 5 wells. Wells showing an increasing trend include MW4_5, MW-

07, MW4_8, MW4_9, M_V-10, iVIW-11, MW-21, Ma_V-26, MW-31, and MW-32. Wells showing

a general decreasing trend include MW-12, MW-15. MW-26, MW31, and MW 35 Eight of
the 11 wells with increasing trends are located withan the Dunn Field Flume, within the

northwestern portion of the main installation; two wetls (MW-21 and MW-26) are located

southeast and southwest of the main installation, respectively. The five wells sl_owing a

decreasing trend are also located within the Durra Field plume. The greatest change in TCE

was an increase of 5,250 ug/L, which occurred in MW-12. During this free period, the

most significant decrease in TCE was 1,900 ug/L in MW-35.

1,1,2,2-PCA. The I,f,2,2-PCA trends depicted in Figure 915 indicate that from 1996 to 1997,

LI,2,2-PCA increased in three wells and decreased in three wells. Wells showing an

increasing trend include MW-10, M?cV-12, and MW-32. Wells showing a general decreasing
trend include MW43G MW-31, and MW-35. All six wells are located within the Durra Field

plume, within the northwestern portion of the main installation. The greatest change in

1,1,2,2-PCE was an increase of 400 ug/L, which occurred in MW-12. A decrease o£ 400

ug/L in MW-31 was the mGst significant reduction of L1,2.2-PCE over this time per_od,

Carbon Tetrachloride. Carbon tetrach]onde trends depicted in Figura 3-16 indicate that
from 1996 to 1997, carbon tetrachloride increased in five wells and decreased in two wells,

Wells showing an increasing trend include MW-06, M W-tY), MWol0, MW-15, and ]V[W-32.

Wells showing a general decreasing trend include MW-11 and MW-31. All seven wells are

located within the Dunn Field plume, in the northwestern pot tion of the main installation.

The greatest change in carbon tetrachloride was an increase of 25 ug/L, which occurred in

MW-12 A decrease c f 4 ug/L was the most significant red uc6on of carbon tetrachloride

during this time period

3.2.4.2 Temporal Trends in Metals

The concentrations of chromium, copper, lead, and arsenic were plotted over time to

evaluate well-specific trends in 20 wells completed in the Fhivial Aquifer. Only those wells

tor which data were available for at least four consc_cutive sampling events (1990, 1993,1996

and 1997) ,,,'ere plotted. Figure 2_17 shows the temporal concentration trends for the

aforeme_tttoned in(_rgani¢ constita_ents,

In general, of the four metals pth_ed, chromiura typically had the highest values, followed
by copper, lead, and arsenic. Metal values generally decreased between 1990 and 1996, and
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moderately increased between the 1996 and 1997 sampling events. As a group, the metals

concentrations were generally higher in the 1993 sampling event than in either the 1990,

1996, or 1997 sampling events. The metals analyses for all sampling events were performed
on unfiltered samples. Therefore, it is likely that some ot the diffe,ences in values may be

attributed to turbidity in the samples.

Chromium. The plots of concenlTation versus hme indicate that chromium was detected at

the _'ea test concen_atlons relative to the other metals and that an overall tlec_.ine in
concentrations occurred between the 1990 and 1996 sampling events. A comparison of the

three sampling events showed that the general trend was that the highest chromium values
occurred in 1993, intermediate values occurred in 1990, and the lowest values occurred in

1996. Between the 1996 and 1997 sampling events, chromium in.eased in 10 wells,
decreased in 6 wells, and showed no change in 4 wells. The greatest increase in chromium

concentration (219 ug/L) occurred in MW-O_, w_}e the greatest reduction (30 ug/L)
occurred in MW_6,

Copper. In general, lower values of copper were tletected compared to chromium. The 1990

and 1993 values were either similar, or the 1993 values were slightly higher than the 1990

values. For the period between 1999 and 1996, an overall decline in the copper

concentcafions was observed. Dunng the most recent sampling (1997), copper levels

increased in 9 wells, declined in 8 wells, and remained unchanged in 6 wells, compared to

the 1996 sampling event. During this period, the gr_atesl change (55 ug/L) in copper was

observed in MW-08, while the copper levels in MW-12 declined by more than lfl0 ug/L.

Lead. Over hme, lead levels have been lower than those of chrormum and copper. There has

been a generally decreasing trend of lead concen iTat_ons; the 1990 levels were the highesg

1993 levels were intermediate, and the 1996 levels were the lowest During the period from

1996 to 1997, lead levels increased in 10 wells, declined in 5 wells, and remained virtually

unchanged in .5 wells. The most significant change in ]earl levels was an increase o| 124

ug/L in MWq34.

Arsenic. Arsenic consistently had the lowest concentTations relative to the other detected

metals and showed a decreasing trend over the 1990 through 1996 sampling events.

Arsenic levels increased in 10 wells, declined in 2 wells, and remained unchanged in 7 wells

between the 1996 and 1997 sampling events. Tins was the first sampling evenl in which

arsenic levels did not remain relatively constant and low.
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TABLE 3-3

FLUVIAL AQUIFER SUMMARY STATISTICS

II OEFEN5E D_ i ML=Il_i1ON OEpOT_EMPHIS, TENNESSE_ II

I No` of No. ofAna1_te Ana_/m DetncUons Min

_un_n_m

mlJrnony

_rsenlc

_anum

52 52 8.20

56 3 2,50

25

52

2,50

56

I_ryll[urn 56 13 0.54

_dm[um 56 19 2.40

;nlClum 52 35 8Q_0

;hromium 56 28 8.20

;obalt 52 24 2,80

;opper 56 29 8,50

on 52 5t tt7

_d 56 42 100

_agne_um 52 52 4200

_anganese 52 50 4 20

_ercu_ 56 50 0,06

Jiokel 56 25 4,90

Iotassium 52 4_, 361

;odium 52 52 lg,_O

latta(Jium $2 S,o 0 44

:inc 56 2<3 28,80

_OCs

54 8 1,00

,1,2; 54 8 2,00

,1, 54 2 5,(]0

54 4 _,CO

54 B 2,00

=(total) 54 15 1 CO

54 11 1,CO

54 1 1(]O

;hlotoforTn 54 16 _,CO

_t_ylbenzene 54 1 2,00

4ethyl Isobulyl Kelone 54 2 3,00

54 24 1,CO

54 24 200

X_enes (Iozal) 54 2 9.00

J_B:

ID = 8tanOan_ portal[On nol _ellned In S)

I I I s°°°''°Max Average Deviation

1050(_ 6/(34.16 15893 50

8+£0 3.37 DP.O

107 1554 21 7(I

68_ 148.68 98.70

14.90 353 450

EO 12.54 15.60

132QCC 26_66 193_9 60

2_9 38,03 4T40

130 2_28 31,10

135 3663 2730

432000 _353 76 76107,70

124 T574 21 g(}

28509 108t6 15 5618.10

3150 366.80 640.5C

0.65 0,21 0,EO

95 21,98 21,CO

22500 3882.91 3609,50

85600 L_3679 81 13479,30

298 2756 52.00

30_ 8154 56.30

B.CO 367 380

540,00 9267 172,00

7.00 5.00 140

2.00 1.75 0.50

48,C_ 2t25 15,30

,_11100 P_87 140,40

45,00 t2,45 14.6_)

1CO 1(]O ND

300.00 2&13 73.£_

2.00 2.00 ND

4,CO 3,50 070

110.00 _,04 30.80

5900,00 311,00 1195,20

54,_ 31,50 31,80

To_le3 3 XLS 3-11
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Figure 3.17 Temporal Trends in Metals Concentrations
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Figure 3,17 Temporal Trends in Metals Concentrations (Continued)



258 62

Figure 3.17 Temporal Trends in Metals Concentrations (Continued)
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Figure 3.17 Temporal Trends in Metals Concentrations (Continued)
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Figure 3,17 Temporal Trends in Metals Concentrations (Continued)
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Figure 3.17 Temporal Trends in Metals Concentrations (Continued) "
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Figure 3.17 Temporal Trends In Metals Concentrations (Continued)
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tiased on the groundwater data collected during Junto 1997, the following conclusions have
been drawn:

• Test borings and well inelallafio_s west of Dum_ Field have provided a general
configuration csf the base of the Fluvial Aquifer showing the trend of the previously

identified depression in the clay surface (Law, 1990).

• In June 1997, groundwater elevations underlying Duma Field were on average 2.18 feet

higher and groundwater elevations underlying the main installation were 0.68 foot

lower than obsezved in the February 1996 sampling event. The maximum difference in
water elevation was observed In IvIW-37, where the water level increased 5.19 f_t

between February 1996 and June 1997¸ Based on the variability of the water levels and

the hydraulic gr atheats measured In the Fluvial Aquifar, the hydraulic conditlorls

appear to be highly variable and will be important in understanding the daemical trends

observed in this aquifer system

• in the northern portion oi" the site, the hydraulic gradients of the Fluvial Aquifer are

consistent with the surface gradients of the basal day confining unit: the lower

hydrologic boundary of the water-table aquiCer system

• Groundwater flow oa the eastern portion of the sl-ady area is west to southwest_ where

it converges along the northwest-southeast trending p.ahiochannel faature. Groundwater

flow on the western portion of the study area is east to nor theast, where it converges

along the paIeocharmel feature. There is groundwater movement away from the site

(northwest flow) along the northwestern boundary of the study area, In general, there

is a pnientiometrfa low centered around M'¢4-38, and the groundwater hydraulic

gradients indicate convergence of Now to this low point.

• Overall, the trend analysis comparing the February 1996 and June 1997 sampling data

indicates a moderate increase in organic and inorganic constituents detected in the

Fluvial Aquifer. However, the levels observed in the 1997 da_ are lower than those

reported in 1993, indicating temporal trends In the chemical conditions observed at the
site.

• The 1997 data confirmed a detection of 2 ug/L of 1,1 dichloroethane in MW_0, a

degradation product of DCE which had not prevlously been reported at this location.

This low-level detection may be due to a ¢henge in chemical mass flux and plume

geomet_, an indication that the groundwater plume may _o longer ba bound by MW-

40 in this direction. Obviously, additional quarterly groundwater data will be required
to fully asses the fate and transport of chemicals in this area.

• TCE and PCE were not detected In Mgv°34 during the 1997 sampling event, tioth of

these compounds were detected in flus well in the February 1996 sampling event.

• TCE was not detected in MW_7 er MW-53 in the June 1997 sampling event; however, it

was detected in both of these wells in the February 1996 sampling event. Similarly,

A_e_6200_.OOGN ER I 4.1
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1,1,2,2 PCA was not detected during the 1997 sampEng event, but was detected at 420

ug/L in the February 1996 sampling evenL

• The 1997 sampling data confirmed the presence of carbon tetradfloride in MW-08, MW-

14, and MWq4, whereas this compound was not detected in the 1996 sampling event¸

• Based on the 1997 sampling data, geometries of the organic and inorganic contaminant

plumes have changed compared to the 1996 plumes¸ To hilly assess weather these

observed changes reF,vesent temporal variations, addtiiona] quarterly groundwa_r

sampling data are required.

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

concentration of TCE increased from 650 ug/L to 5,900 ug/L between February 1996

and June ]997. During this same period, the concentrations of TCE decreased in MW-31

and MW-35 hy 1,100 ug/L and 1,900 ug/L, respectively.

• Additional quarterly water level and groundwater data win be required to assess the

extent of chemical rmgration and the potential for chemical migration due to the

temporal variations in groundwater chemistry and hyd raalic conditions in the Fluvial

Aquifer.

• Inorganic constituents of concern (beryllium, lead, arsenic, chronuum, copper, and

nickel) are elevated at Dunn Field and the northwestern portion of the main thstallation

area¸ Off-site concentrations are below detection or _;ignificantly reduced. Overall the

inorganic concenb-ations are slightly elevated compared to the 1996 data, as sugges_etl

by temporal trend analysis. These trends may be temporal; however, their exact nature

cannot be determined untl] adrbtional groundwater quality data are collected.

• All metal samples reported herein were unfiltered and therefore sensitive to sampling

technicIues that influenced the amount of sediment in the sample. Use of hiw-flow

down hole pumps may have rcsolted in lower sediment concentrations than those of

previously collected samples, The turbidity analysis and correlation presented in Section

3.2.3 indicates that there is a positive correlation between sample turbidity and metals
COFtcen h_,_ tio FI,
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AppENDIX A

Data Quality Evaluation Section-DDMT Task 23

Sampling Effort - June 1997

72

The purpose of the data quality evaluation process is to _sess the eftect of th_ overall

analytical process on the usability of the data. The two major categories of dam evaluation
a re laboratory performance and malalx interferences. Evaluation of laboratory performance

is a check for compliance with the method requirements; either the laboratory did, or did

not, analyze the samples within the limits of the analyBcal method. Evaluation of matrix
inter ferences is more subde and involves the ana]ysls of several areas of results thcluding

surrogate spike recoveries, matrix spike recoveries, and duplicate sample resuhs

A.1 introduction

Before the analytical results were released by the laboratory, both the sample and QC data

were carefully reviewed 0o verify sample identity, insh_ment calibration, detection limits,

dilution factors, numerical computaborks, accuracy of transcriptions, and chemical

interpretations. Additionally, the QC data were reduced and the resulting data were

reviewed to ascertain whether they were within the laboratory-defined limits for accuracy

anti precision. Any non-conformthg data were discussed in the data packagP cover letter
and case na t'rative.

Data package deliverables for DDMT Task 23 were similar to an EPA Level lI deliverable,
Areas not reviewed included calibration% instrument tumng_ internal standard areas,

interference check standards, sedal dilutions, postspihe recoveries, and calibration blanks.

These areas were not reviewed because they are not a part of the Level U data package

deliverable Areas of review included holding time compliance, spiked sample results,

surrogate recoveries, field and method blank results, and field duplicate precision results.

The data packages were reviewed by the p_oje_ chemists using applicable secbons of the

process outlined in the Environmental Frotection Agency (EPA) guidance document

Functional Guitielthes for Evafuating Data. The data review and validation process is

independent of the laboratory's checks _nd focuses on the usability of the data to support

the project data interpretation and decision-making processes. A data review works fleet

was completed for each data package.

Samples that were not within the acceptance limits were indicated with a qualifyLng flag,

which consists of a single or double-letter abbreviation that indicates a QC non-

conformance with the data. Although the quali fymg flags originate during the data review

and validation process, they are included in the data summary tables so that the data will

not be used indiscnmthately. The following flags were used in this text:

• U Undetected. Analytewasanalyzedforbutnotdet_ztodabovethemethoddetection
limit.

AT[jO?'2_0001,0(_A'EHI _.l
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• LI] Detec_on limit estimated. Analyte was ar_lyzed for but qualified as not detected

The result is estimated

• J Estimated. The analyte was present, but the reported value may not be accurate or

precise.

• R Rejected. The data are unusable. (NOTE: Analyte/compound may or may not be

present.)

Numerical sample results that are greater than the method detection limit (MDL) for

organic (or the instrument detection limit (IDL} for ulorgaulcs) but less than the contract

required detection limit (CRDL) are qualified as es_mated, "J", as required by the EPA

Funedo_l Guidelines to Evaluating Data Quality.

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

reviewed in aggregate for chemical compound frequencies of detection, dilution factors that

might affect data usability, and patterns of target compounds distrthulion. The data set was

also evaluated to identify potential data limitations, uncertainties, or both in the analytleal
results.

73

A.2 Potential Field Sampling and Laboratory Contamination

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

introduced during field sampling, sample handling, and shipp tag activities.

• Tdp tilank: A sample of ASTM Type II water that is prepared in the laboratory prior to

the sampling event. The water is stored in 40 mL VOC sample containers, is not opened

in the field, and accompanies the field samples back to the laboratory for VOC analysis

This blank is used to monitor the potential for contamination during sample shipment,

One trip blank was included in each cooler that contained samples for VOC analysis (a
total of six were collected)

• Equipment Rinsate Blank: A sample of the target-f._e water used for the final rinse

during equipment decontarranation, This blank sample is collected by rLv_ing a piece of

equipment after decontamination and is analyzed for the same analytical parameters as

the corresponding samples This blank monitors potential contamination caused by

incomplete equipment decontamination. Two equipment rinsate blank s were collected

and analyzed during this field effort.

• Field Blank: A sample of the water used to decontaminate equipment, which is collected

directly from the decontamination water source. This blank monitors contamination

thai may be introduced from the water used for decontamination. One field blank

sample was collected from the source of decontamination water and was analyzed for

the same parameters as the corresponding samples.

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 same preparation and analytical

process as the corresponding field samples. Method blanks are used to monitor laboratory

performance and contamanation introduced during the a_al'ctScal prc<edure. One method

ATtJ97_DDI [_C, NEFI 1 be2
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blank was analyzed for every twenty samples, or one per analytical batch, whichever was

more frequent.

According to the EPA Furtcfional Guidelines, concentrations of coramon contaminants
detected in samples at less than 10 times the maximum eonceniTa tion in the blanks can be

attributed to field sampling and laboratory contamination rather than environmental

contamination from site activities. Coramon eontamirtants include acetone, methylene

chloride, and phthalates. CO ncen iTarioIxS of less coInlllon contBminants (_lld elemental

analytes) are multiplied by five rather than ten as reqthred by the Funcfiona] Guidelines.

Blank results were applied globally to the field sample data. Results reported at

concentrabons less than the maximum blank value mulfipIied by EPA's ten (or five) tames

rule were qualified as not detected, "LI" g urlxmarlzed in Table I are the target compounds

and analytes detected in the field and laboratory QC blanks.

Acetone and methylene chloride are used as extraction solvents in the laboratory and are

common laboratory contaminants Additionally, acetone and 2-butanone are often

contaminants associated with equipment rinse te solvents, such as methanofi All field

samples were qualified as not detected for all three of these compounds. Thus, acetone, 2-

butanone, and methylene chloride can most probably be attributed to field sampling and

laboratory contamination.

Phthalates, the most common of which is bis(2_ethylhexyl)ph tbelate (fiEHP), are used as

plasticizers and are often introduced into samples dunng handling. The field samplers wear

latex gloves while collecting samples. Additionally, laboratory extractions personnel wear
gloves while preparing samples. These latex gloves are coated with plasticizers such as

BEHP to facilitate release of the gloves from the sPan. Therefore, BEHP and di-n-

butylpthhalate can be a t tributed to field sampling and laboratory contamination. _fhus, all

field sample resutts were qualified as not detected due to field sampling and laboratory
contamination rather than environmental conditions.

In many instances, metals were detected in the field and laboratory blanks at concentrations

at, or near, the IDL Results reported at less than five times the IDL should be considered as

false posifives due to ir_irument noise and background shifts, Several elements were

reported at concentrations above five times the IDL and are ubiquitous These elements

include calcium, copper, iron, manganese, nickel, and zinc. Zinc is used in the galvanization

of steel and as a catalyst in many chemical and/or manufacturing processes. Copper, nickel,

manganese, and iron are common elements used alone or as alloys in the construction of

pipes, tubing, sinks, faucets, laboratory venrilataon hoods, and many other tools or

equipment used on a day to day basis. Calcium is a common cation for most "sol ts" and is

frequently found at this level in acids used for sample digestion. Sample values found to be

less than five times the maximum blank contaminant level were qualified as not detected.

A.3 MatrixEffects

A.3.1 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.

AP,.n4q26_ I 00eWE R1 A4
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Surrogatespike compounds are the structuralhomologs of targetcompounds and are

therefore expected to behave in a similar mariner during analysis.

Surrogate spike recoveries were used to monitor both laboratory performance and matrix
interferences. Surrogate spike recoveries from field and laboratory blanks were used to

evaluate laboratory performance because the field blanks represent an "ideal" sample

matrix. Surrogate spike recoveries for field samples were used to evaluate the potenhal for

matrix interferences. For field samples, when the surrogate spike recoveries fell outside the

method target acceptance windows, the samples were re-analyzed. If the surrogate spike

recovery was still outside the acceptance window for the re-analyzed sample, then the

sample results were qualified as affected by matrix interferences.

The VOC surrogate recoveries were clustered within a window of about 93 to 113 percent,

which is within the method target acceptance limits. A greater variation (and hence broader

range of recoveries) for surrogate spike recoveries was observed for the semivolatile

(SVOC) organic analyst, s, but this is typical of this method and is reflected by the broader

method target acceptance limits. The SVOC recoveries ranged within 25 to 99 percent, also

within method control limits. These results indicate that the specific sample malxix did not

interfere with the analytical process or the final numerical sample result.

A.3.2 Matrix Spike Recoveries

For inorgarac matrix spikes, three aliquots of a single sample were analyzed: one native

sample, one native duplicate, and one sample spiked with target elements. Spike recovery is

used to evaluate potential matrix interferences a,s well as accuracy. Precision is evaluated by

the comparison bebveen the native sample and native dupbeate results for each target

ana]yte. However, the Level If deliverable does not include laboratory duplicate results.
Therefore, laboratory precision cannot be evaluated, for these data. "Three a]iquots of a single

sample are also analyzed for organic compounds, uBtixing one native and two spiked
abquots. Unlike the surrogate spike compounds, organic matrix spike compounds are

found on the method target compound list. Spike recovery is used to evaluate potential

matrix interterences as well as accuracy. The duplicate spike results (MS/MSD) are

compared to evaluate precision.

Samples are not qualified for organic methods based upon MS/MSD results alone. All
MS/2VkqD recoveries, with the exception of pentachlorophenol in one sample, met method

criteria far precision and a6xaaracy. Acid surrogate recovemes associated with the

pentachlorophenol MS/MSD exception were within criteria. Tht_, no qualifiers were

applied to the data based upon organic MS/MSD results. All metallic matrix spike

recoveries met control limit criteria. These data indicate that the spectfic sample matrix did

not influence the overall analyfical process or the final numerical sample result.

A.4. Field Duplicate Sample Results

Approximately one duplicate field sample was collected for every ten held samples. Both

the native and duplicate samples were analyzed for the same parameters, Precision results

for water samples outside the 20 percent relative percent difference (RPD) control limit for

waters are summarized in Table 2. The majority of these outliers are associated with the

metals. The higher RPD values suggest some heterogeneity of the matrix and may be

_T1JgT_6_0001.DO_R1 A_
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attributed to suspended or sel_leable solids differences between the samples Organic values

were well within criteria for almost all samples. Data is not qualified based upon field

duplicate precasion.

A.5. Sample Results for Metals Near the Instrument Detection

Limit (IDL)

The samples were analyzed for the EPA CLP TAL list of metals As stated above,
concentrations of metals near the IDL were reported for many of the target metals.

The IDL is the constituent concentration that produt_s a signal greater than five tames the

signal/noise ratio of the instrurxtenl and is a calculated value rather than an experimentally
demonstrated value; therefore, sample results at, or near, the IDL may be caused by

instrument noise or low level background shifts rather than a true analyte signal. The

sample results were reported in terms of the EFA CLP CRDL ga mple results that were
above the IDL, but less than the CRDL, were appended with a "J" qualifier, as an estimated

value. The CRDL is an EPA established value _nd is not associated with the 1DL

statistically Accuracy and precision for these methods increase as values approach ten
times the IDL.

A.6 PARCCs

Preeisio r,_lehined as the agreement between duplicate results, and was estimated by

comparing duplicate mata'ix spike recoveries and field duplicate sample results. Agreement

between matrix spike recoveries was less than 20 percent RPD. In general, the RPDs

between dupticate field sample results for organic compounds were less than 20 percent for
water samples, indicating that the sample matrix did not interfere with the overall

analytical prlxess. However, field duplicate precision for metals analytes indicated some

heterogeneity.

A¢curacy-a measure of the agreement between art exp.etimental deterrmnafion and the true

value of the parameter being measured. For the organic analyses, each of the samples was

spiked with a surrogate compound, and for inorganic analyses each sample was spiked
with a known reference material before digestion Each of these approaches provides a

measure of the matrix effects en the analytical accuracy. More than 95 percent of the spike

recoveries were within the method acceptance limits; therefore, there was no evidence of

sigTaificant matrix interferences wbach wcJuld bias the data high or low.

Representagveness-a qualitative measure of the degree to which sample data accurately
and precisely represent a characteristic environmental condition. Representativeness is a

subjective parameter and is used to evaluate the e_ficacy of the sampling plan design.

Representativeness was demonstrated by providing full descriptions in the prolect seeping

documents of the sampling tech.niques and the rationale used for selecting sampling
locations

Completeness-the percentage of measurements that are judged to be valid compared Io the
total number of measurements made. None of the data (other than reaxtr achons or

76

A_26_001 DOCaVER I A_



258

dihilions) were rejected during the data quality evafuabon process; therefore, the goal of 95

percent usable data was met.

C ompar abilii_-anot h e r qualitative measure designed to express the confidence with which

one data set may be compared to another. Factors which affect comparability are: sample

collection and handling techniques, sample matrix type, and analytical method.

Compa:abthty is limited by the other PARCC parameters because data sets can he

compared with confidence only when predslon and accuracy are known Data trom this

investigation are comparable with ocher data collected at the site because only EPA

methods were used to analyze the sample and Level 2 QC data are avaiisb[e to support the

quality of the data.

B,7 Summary and Conclusions

Conclusions of the data quality evahial_on process include:

• The laboratory is assumed to have analyzed the samples according to the EPA methods

stated in the work plan.

• Concentrations of acetone, methylene chloride, phthalates (including BEHP, di-n-

butylphthalate), and 2-butanone can be attributed to field sampbng and laboratory
contamination rather than environmental contandnation.

• Sample results for metals above the IDL but less than five to len times the IDL may be
attributed to instrument noise and not site-related activities.

• Sample resuha for organics above the MDL but less than the CRDL should be

considered as uncertain but indicative of the presence of that compound at an estimated
col_cen_ation.

• MS/MSD precision and accuracy results indicate that the specific sample matrix did not

interfere with the analytical process.

• Field duplicate sample results for metals indicate some heterogeneity in the matrix.

None of the analygcal data (other than dflutior_ or reextrachons) were relected during the

data review and validation process. The data can be used in the project declsion-raaldng

process without further qualification.
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Tsble 1 - Maximum Contaminant Level Reported in Laboratory and Field Blanks
258 78

K_e_
Co_tcmlnard urb_ COI_-e_ Deh)cl_on grail Source

2_UTA_NE UG/L 8 I0 EI_B

ACE]ONE UG/L 48 10 ERB

- Ar_5ENIC UG/L 368 2.35 La_ Btank

BARIUM UG/L 083 0.18 Fle_ Blank

BERYLUUM UG/L OtB 0.046 ERB

DL_2 ) PHTHALATE UG_L _ 10 ERB

CADMIUM UG/L 042 01_ _leld@Lonk

C_CIUM UGIL 125 8 EI_B

CHI_C UGIL 2.B5 07_3 Lob Blank

COBALI UG/L 0,_7 041 LOD BJonx

COPPER UG/L 3 05_ ERB

[ UGP. 4 10 Lot:)Blonk

IRON UG/L 36.6 1.8 ERB

MAGNESIUM UG/L 12.9 4.3 ERB

UG/L 2.2 0.063 Er_8

ME1]-ryLENE CHLORIDS UG/L 2 10 Tdp Blank

NICKEL UG/L 4 I OA4 ERB

SODIUM UGIL 134 112 ERB

THALLIUM UG/L 2.8 2.3 _leldBtonk

ZINC UG/L 6.ql 0_28 LOO eJonk

A1_._72_Z,_S_VER I



Table 2. Field Duplicate precision OutBida ContrOl Limits _ _ _ _

s=mpIo BD i FD ID

MW,_22 /,4W473 pup

MW3_2 MW_DUP

MW3B2 MW382DUP

MW3b2 MW_2t_J_

t,4v/352 MW3_2DUP

MW142 MWI42DIJF =

I
upliC_te

_801D

SW_010

5wb010

SW_ll0

_Vb31D

SW_IB

_N_I0

SW_010

$W_3113

SW0010

SW_J_0

S_N6010

S_t6010

_V_OiO

_V/C,OIO

_NB2_O

SWB2bO

_¢1010

SWb_lO

I

p_c_n¢_l_/ _ _ RE=Rll¢_l I_O

CADM_JM UGJL 13 139 } _5 _]%

COPPER L_,/L 31 7 133 _18%

IRON LI_JL Z_I0 733_ }07 3%

UG/L 12.7 air 107.0_

N_CKEL UG/L 91 _8_ 1_.4%

ALUMLNUM UG/L qT1 27_0 95J%

UGtL 1_ 4}1 7_(_

ZJNC U_/L _.9 130 1_14'¢

BARIUM tJGIL 79 1_'0 4_1%

lEAD UGIL 45.7 _Ja 2_.2%

LEAD tJG/I, ftB 1_5 9_br_

117ON tJG/L 17_ 't0.5_ _r_ 3'¢

ALUMINUM UGp. bS_ I_UO 7_7_

U_;L 11.2 25b 7_.3%

ZJN_ UG/L 91 119 2_,7_

UG/L 15q lqB 21¸8%

COpFIER U_/L _.1 _b 51 6%

ALUMINUM U_/L Zb_0 33_0 32¸1%

U_/L I1 14 24¸6%

I_ (TOTAL) UG/L I1 14 2_CI_

ALUMINUM L_/L 306 243 23¸6%

TrtlCH LOg_ETr,_LE F_ UG/L 1_3 _OB 22.2%

I I I



Appendix B

Analytical Data Sua_mary
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I
¢

7, _'_ _,,f : / _ ¢"¢

i

i i
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. _ idstaHaUml Well J_urnblr

SileJp,oje¢, _" _: $1mP [wlDNgm_'r /_'/C_"'_*'_,._

pr_jles N,Jmbetr I' • _ _ purge $ta _

PUT_¢ by _ e14e purgeE_d

Well Head Readin G

O¢p_ M_remenl Retenel_e pilOT

01_110 T_p ant Oot_em of Screen

Oli_ J_&lOe13_ ¢0 Water (OTM_ --

- O_aJo_ _re''3"F

Purol tqe_hod

2". o,1_

Weg Cad_lg i_: _,,/' J" 6_ Oi;ter -

_n,_ D p h _0 Waler _O_W) ,

$ u_ I rsil_l__ OB_leO -- Bla_e r--p_mD Ba_ler _- ref,__--- C_tllflf_tgaIPun_0 _-- Perl$_utjep_mg--

P_ng[r,g E_uipment IMlke, MDOel, EL¢.) t_t/IJ ,A

pucgip_ _uiDl'leflt Dl¢onqtllmat_7 _ _ ,', ,_jt_e W_l_r Co_wmlrl_r_? _1 N

A_mge Pu_e R_Ia ;pro

Hand -- GIZ Li_ --

Pur_D

_telumlel I Oeethto : De: _h o[ Temp*C _H £o_ucIWil_ _x_[dlLy

p_rqed ] Waler p_mpl_l_k|' I_ _ I (N_)

{9_1 •1 l Itll) , • It¢_)

D(] j _al]_Jb_ ' Cerements

! i ; _._ _.r_ ,_,_/

I ,

: I

I

I

Ofcr_J .1 Feer _r_w _cle rl nee _¢,ar _ :_,_eJtr . _l_ _o_ Of_J L_ I FO_t



258 Z55

OeI_icate_ _ BLt<_It-- Baiter - TeI_ ¢eflmlugal-- pertst_ilic_
_lai_er _umo _ Pumo_ _I C -- pum_ _ PttmZl --

/3q,L_

Pvr_i++_E_uipmemOa=o_smi_te_ __j t N _J_e watelCun_et+ze_?
! N

Hand -- Gal U._ --

P_mo



' it J" _#_ '' • I -

Well He_d Ral_lg

De_[h _,_asur_nent P_le r_cd _*oird

Ot _]b_ (D TQPUO _OrlDm OI $_e_n

OnQ_n_ Dim r_Wz_r (0_ --

_jlql [_l]l[[Ot_ "_#llL _uti_ar

/... _ample(O t4um_ef

_m

_gs

_naJ Oe pill • W41er (OT_V)_

r,O_i
6%1A; _ll_fl = .

• 70T_L i

Pu_mMe_od 55_
$_ml_ie_2'-_ Oe_l_t_ 6_Det-- Gailet- Tel_ Ccnmfu_al- pe_i_c -- F_Ln_-- _as li_ -

p_n]eWatercoq_aine_eG?i_ / N

,,p

VdlUmB|

Pur_ed
(ga_s k

_epCh I_ De_ ©I Temp *C
Wlt|¢ P_m _l|k_
LII_) . • (_F "

p½ CanOuCtlv(_ _rbid(iy

(sa.] l (F4Ta)

• =

CO i SaJ[nl_/

C_mmcg[i



_'-1._7 _aL_

_'_v_em i dgO_ -- _d_ t a_ler °

_ PU_/B_ O-- F_m_

?m_in_ Eqvi_ mere L_ake. MOOel 61C.I _--_ _e_r"

p=_i_ Equipment C+_onmminstec_? _I N

A_mge Pu_e Rale 9Pm

rg _ C_tnfu_l -- p+c:SzjiUc --

_+,'C _ Pomp _ Pump _

p_e W;llerCon_[r_en_eo? _ N

H_ -- G_s LJ_

V<)lbml$ i 0_ 1h1_ : O_ _ _l Temp*_ p_ C_Uv:/Y "¸ T_
Wgtal .p_r+l Inll_e _ _l_.)

_"or;elJ I (le_) tP_k_ •
.%

1_4ar41 " I , _P

++tq .C- _ X

+ i

OC i SaL+ni_ ¢+mmem+
. t r

lj+ _Ji :o,_++' I

I
I
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Sample Logs
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O_le[



/

262





• , f I' _ J ' I

$1m_Prole ct

project r/umber _

nB_C

nDT_

I r !
I I I I

258 Z84
F©r_'nNumber

Well Number

Sm'aPle Slart _

_.,_ph,E_d _ O_ 0

F_I $_C Wller L_I _IRT_

Am_mBterl 20% OII_u_m_Juee? y/ N

P,_pUWI? Y ! N

_ln_ f ¢_HIDI//gB VOlumes

SamplLq| M_b_d
SS_

Su_rsiOle _ [1edict1eO-- 8bdder -- 8alle_ -- Tef_

=

II plr_p Or_i_l._B _il_ _. _IU($ I _e(l_ _um_ IBI _ gffllc

I._ Analyse:

O_ler

_mfnfuga_ _ P_r_ml_CFurn__, _S_ GasLJ_' _"
Puin_'_ pump

OUler

_el_OUalJC_tes y ! _)

SUP4Sam_)le Y f





I

I

, I



' :i'



.f



Sempl_lby .

_1} Nm_er

S_.'_ple I0 Number /_k)121

_.,,pt.s_.. .... /_-2,I-q 7 m,

SJt_plO End l_in _

Q_a_ $_ water LeVel "7 f. _C_'_ n 01_

SomBnIntll_J rlaT_C _D ._ D

_mll $_IL¢ Wltet L_

I I
r

_lhlirl

258 269
Form _umblr

flflT_

Re_ge? Y I_

_LUop_IP_M_4b_d

Pump_ Bl,l_er _mp _ _' _mp_

Sa_lg EquipmentDecon_ambate¢?_ tt

_ _/10C _ _ P_KChJIs/PCSs _.__

Odor

FieldOuptica[es Y [

Solil _rnole Y l_
MS/MSO Y I

_RT_

Ho_iC_eS_ T_ OlOddi_m,ll_

Gaa IJ_i/r
Dlspla_m_l I_

_mp

(l_ot



nrmc final s_aiJc WZler L_I RgtO_

A_ Par_e_ rl 20%_I_U rile _uB;? _Y_N

I i
J I

$_bmer_ibl e _ Oedi_t¢_ - B_doer_ _nldl_al_- punl_. _l_dr_PUm_ L--

_araplin_Et_uiprneeIDe_ntar_inaIa(J? y I_

G_ LLh_ r
DISDla_lmcnl L_

O_af

TPH _ _3i_xJ_T'_ rlin_



A_©_rllme_n21_% ol Dur_e _ll._? _ N

Re_u_e? Y t

Num_t orrep_roeq_OIUmg$

$1mpllng Meal,hod

Pump__ BladderF_mp_ Pump_

E,_,m_lLnOE_ui_meniOecenlamin_[e_?Y /___

_ump

¢i lilmllnll



! I l' _, _ ' I 258 272
Fo_'n Numbor

Inl_IJalhln

5ile/_r o)e_'t

p,_J_e_ Nu_er

$_led by

_ID tv_"_- Will Numer

n BTOC

kzeOatlr_e_e_2O%ef_u_e_J_e_? _,_! N ,

Number of mRu_e _iumas

$1mmllnI Ml_iod

_ _ Gu LI_ r_$u_eml_le - Oedi_leO ¸'- B_dder-- _ r_f_- f_nl_l/-- ,%,1_ H_df-- Ol_l_t_

7_'__'/_-_(_ _.._ ,7_(4,_,SZmpllr_9Eq_pment (Mako, M_el, Etc.) _*, "_,_r _/,_

IIptrm_ Dr _i_?le nailer d_Dth($) whe_ _I_ lie 'L/_,'_

O_er

Me_l|: Filleted ._

V

MS_SO Y

Caleml|

n AT_

Unline_ B_



Insta_18_o.

SiwsProJe©t

pr=Ject N umSDer
I I _(,_]c .o:_._

S_nplud _

258 273
Form Number

Wwli Number

s._._.D..mb._ /y/'*//_; Z-

Sample Stsrl

0r_]G A_II Sla_ W;ler _ _ _Tr'l_f

A_epa_ts2_%orpurgev_lues? O/ k

Rep_rBe? Y I_

_umb_r or _p_ I_B V01UmB5 "_ •

_llm _Jln_ M [d;_ [J
SS_

P'Jm_ Biad_rP_mP_ Pump_ _ P_G_*,1

_l p_'fl_ (W _©_ re _a_4_f: d_ll_ I Wil_IB I_ump _l I1 _T_

W_lLqer

_l_mp _ PIJ_I_ L_ Pump_ QIs_J_ment _
F_m_

v0cp

'1_e_15: Filre_eO-"

FieJd Du_GIH Y / _)

MS_dSO y

_om_lntl

MelalS _ PuL_iga_P_Ss ___ H|Xbi¢_

Llnfllte_eO _ B_

OL_lr



Sieee_=rQle©t

proje_ Number ' {_ "

258
F_fm Number _

00m-_ _ou_z_u _ _.,.._., t_(_-/?

274

_,,,,.....G/(_197._iz_o

0 rioJ_al Sla_c Water LeVel _ - 0 (_ I1flT_ R_tl Sla_¢ W_ler L_I

)]r_e I Tempem_ro i )H i Comduelivl_ I 'i'grbJdJrt O0

I
! ! i

AmFM'lmeTeJ320%_fpur;eWl_? vl N ,

Nufl',_r of Itl_;rQ_ volumes

3|;npllagMmoo

Submer_ible -- Oedlr_¢,O ;-- 8_d_et_ BaJ_r_. Tel PUmp _Pumo _ 81ad_er P_mp _ l_Jmp_ F,,_ CentnBJgZl_-

_nt_lt_gS(:_ipm_nlOeco_lmMIl_l? Y t_)

If puml: or di$cz_e bailer 0_15 ) WI1_ _p sel n _

O_er

Me_: Fi]teretJ - @

$_Jll F.ampJl Y I

M.3/M_r) y /

_mm4nll

OU]or

Fe'_ilIC ,
._j_p _ HInO r- _UW_NmpL-- DiSplace ment L_

P_I_

P_br*l_e]u_l;B_ _ H|d:i_du _--- T_H _ Olmdn_mr_



,...,,.,,o. _Ds4_ _._._,¢LL_2-.'_','u'

_,_ .m. I ( , ,

258 275

FOn'_ NU_Det

.._.,.,o.=o.. _1/J2o 2_-
,.o.,,,,. ,,,,_//919_ ..../o_
,.,.,,.,.,,.. vh /p ,,o.

It DTO_ Eulal Sl_c wale r LeVel RBTOC

Az_mr_,te_ZO%ofPurgawlUn9 (_1 N

Nut_f ©l t_igB volumes

Sampling M_d

$ubn_ltSibln -- [)ldicateo ¸- B_doe? Elallet_ _ C_nlr_ugaJ_ F_ris_]lIc£ m
Pump _ _lad_tF_mp_ Fump_ _ _-- Fump_- PUml_l._

II _ump I_rOi$Ct_lt 0ail_r: (_e_(_} _eto _Jml) &el RHTI]_

_mrll-- _U_r
Pump__ OL][d_ment L_

Put_p

Orbit

Ca_ A.IV_ml

O_nr

Pe4_CI_I_/laCB_ _ Hemici_e$ _ T_H _ I)iO_bV_dr_a

Mt(III: F_eren . U_fiflere_ 8Oth_

Reid Ou_]JJcates y t

$OHtS,zmpta Y t

MS_I_ISD y ?

_mmllnl|

_ • B_,_ _00l _ast_Otot _ti_l tt_te_t t_tdt_,l_ _t_



I I' _ i ' I

,°..,,.,,. DO__T

_J_tN.mb_" It _ _,0_,6_ , 2.2-

258 2.76
_Ot_ NUmDor

_ampla 10 Num=ar /7_ cv _ J

--.,...,. f-2_-_ ,,-.
Sample End llll Ii'_1

"-- o/_£

Rnal $_fic Wallr Lmad

_mi I Temi|llire ! PH > lOllBlllllilY I "ll-" . O0 _1111111

H3S-Ilff, i3 iS.'s$- _l_lfSb,_sTs7 O./b
I I

I [

gDTQG

_pirlmmtemi_olpurgo_l_? _ N •

I_urit_¢ ©r rB_J1_8 yoI,J_ e$

oe_l_ced ¸_ Bradder-- _en_dluOZl_- Fe_l_llc_BJaddar P_p _ Pum__ L_ F_ml_ _ PCZm#L_

13z/, 5

It _um_ or di_le _lile _ _e_l_(i) whim _mp let alilr_

f-" $'3
IloU_

O_hat

Pure= _- D_;acen_t L_
P_m¢



prof.,Number II_7"_,U_,_ SampleStnr__  l qlP7 ,.

" /e "_/

258 277

Ig3_-

I

I P
I I

A_ p_eters 20% purg_wzt_?

N_OI_I ©l _ _J_OO_Olum_s

s|mpu_g bte_o4
5_t

F_mp _. BLa_derFum__ p_rnl__ FirmpC_ PUml)i._ Pump L-- _rn_l L_
Pum_

_mpllnQ_Quip_¢nlO_contamir_o? Y J_N_

/. $_0C i_al_s _ pec_r_e_PCBs _ Hir_c_eg --4-

OI_er

F]el_ _IiCIIeS Y / (_

MS;MSD Y / I_

COmmB_I_|

OIJler



258 _?B
Fgrm Numbwr

_pled by

l-- v

Od_bl_SIal©Walerbel_ _, _ .traI F,nalli_cwllerLe.eM

Tlnle I TImpe ral=rg I pH G_iIeiJvlly _ ! O0 Eallglty &mpar_r_etgrs2O%ofpur_8_d=e_?

Num_r OffA_cJ_| VOlga'Its

I
r ;

i

Sgm Ib_rl _ ef_" De_led -- Bbdzler-- r -- CentM_g_l_-- j_tlc _ Ha,q(]i-- Gu Utd I--
Blad(_erP_rnpm I_Jmp_ F_mp_ F_mp L_ _mp__ O_pL_c_n_t L.

Pmn_

$gmp_o Eq_iomenl Oeco_tml;_lt_ ? Y_ _J

T_4 _ DIoxle*'P,Jm_s

e TO_. _e_,* r_ o/P,_smg (o_emir,_-u_ e_renl,I_ _pe_ll



SJh_prolect _4"_plo iD Nk_bor

SamPle End

Screen f_tercal __ _ _RTnC

Tlme i Temperl_ PH I CoHo_elalf

pm.t I

l,r, T. !
tg.G J

I I

l"otllMJlr DO S|ll_pf _ItIIH_tS_%©fPUtQ]VIEU||? _ N

$5_

If oLmlp or disr._ _ I_Zilec _e=bl(i] _le_ _urfl_ Sel _BTC_

[JDAu_

_tm_ _,ere_ L_] Unfil[ere_j B_h_

Hml]ld[les _ TF_ _ DE_J_T_JnL_

Ot_er



nnQi_al $_11,CWill r L,_I "_7_., "_2._ rl lltO c

Se2BSll Inll_l_d I, Blair:

ig$4"1 i_).l: _ 1_-4_ !"!.c.q I rll;¢_
I I

FIr_ StateWatu L_ _ _t_i

O0

d-__ 7- y_
I t'L++ "7.:7_

lllll_rl 10% OI liurt! Ill,ill (_ N

Ral_rll7 Y l_

ltlrinilar o1 r_plsrilil tllllJ_lSS

tilllillll I lilMll.il S_ _lllll

5ut)memble _ n.dlCilt(l:-- BIzOtttt-- _allar tZ T_,=_,_ Cellmlullll F- pli_lalllc I_ Hand_ E;_ l,J_ F-

pu;ntl __ Bla_er l_Jmli_ F_'mp _ _ p'_ Pmn_.- Pu_p L_ pm_* L-- OLlplaceme_t_,
Pl_p

_ll_ plil_ Equipment (MikB, M_el, EL_]

E_luiiiment CBconlaminatel_ 7 Y #_Sampling

If ¢iJmp or _lscr_te _ilel_ lll_t_[$1 w_er_ Dl_l'_ MI

O_r

M_ Filierea ._ UMi_t_ _1¢_





2>_/u17 _ _' i .

p_ject Num_r

Samp leo _ly

w.,N.m., ff"_ "'_ '_

BETOC

A_alaar+r_etets2C%ofourgev_lu_ar' _ R ,

P,apmroe? y l_

NLmmberol roDu_ _ xq_tjmoS "_

San_l+nO Motllod SS_ Other

Stlbme_S_ble_ Oe_l¢_io#-- Bb<doet- t_dler I_" T+L[__ " ¢entdlt_ll_- P_ftsmlUc _ Hind _,-- Gl_ U_/_
F4_mo 91ad_nrP_m_)_ Pu_p_ _"L pVG_,___ PJmp_ Fu_pl.-- P]Jmp_ O{S_)[_m_tllL_

mJrap

Sam _,r_ 0 £qmpmem Oe_n_;l_ln_ ? [_ N

1

Ol_er

Me_ls: Filt_[e_ ._"

R_ldO_Catlaa ,t i 0

$Ctlitglm_le Y I N

M_O Y I P_

COlllll+ll_t i



l l _ s ,o_.,..258 283

.,,.°,. bpMT w,.N°.h #'I_ 2 _

Or_M $mii¢ Watlr LeVel '_.3 I R DTD_

$_.n in11Ml '_ @TtlC

A1Pa_m_e_20%oIDu_Ya]ues? _N •

I_purgD? Y I_

5bl

Ot_r

Field Oup_t_ll_s Y I:_

5p4d Sampll Y I_

Xerbi_d_

O_ller
p_rtsl_i_ Hind ;-- GaZ LiW r-

_r_p



Slte_Proi. ¢1

S_pled by

258 284

Fo_ Number

We_l Number •

_wmp_ End

Scmaell InStal fl

Rr_l StaticWa[_ Ce_'_l t_DT_G

R_p,Jr0e? _! N

_u_t_r Ofnl_qle _llu_las

S,_ OLhlr
$ub_nersible_e,/ Oedlrale_ _ BlzdSer-- BaJJlr _ Tef_ Ce_lafuGal_- petlst_ _ Hand[-- G_ LJtdf-

pdm_)_:_" 81adz_erF_mp _ Pum__ __ pV_-- Pump_-- PtJmpL_ I_JmDL_ OIs]_la_ment L_
/

Saml_fl _ Eq_gn_ enl Ue_t_zi'Jfla_ed ? _I

VOC _ SVOC _l_ MelZl_ I_OrJ_e_'l_C_s _ Hefbiddes _ TPH _ Di_rdFur_r_s

Other

FieldDupb4_lel Y /

_P_SamDle O # N



I _ , ' a 258 2.85Form Nufn_ar

I_mZlallon _ Will .umber

5_ple ID NUmiNr

Proje©t Number

St_l_n Inlm_ _ BmC

TLme TImpem_re pH _MB_J_Jl

J
t i I

I

_T_C Rr_l 5_UC W_ier Level ff DTI_

Tu_ldJ_ DO 5M_I_
At_ I_F_I_B tS 20% Cdputg| ValuH? Y/ N

tJum_t QImpL_rQ8VoJ_nlU

Samplla 0 MBI_Od

$uJ_m_l_ --f'_ _edicaIB_ -- _Ll_r -- Bailer -- Ter_
8_et F_m_ _ Pump_ F PV_

Saz_plilREqr:i_m_n[{M_ke,_Odel, Eel) _ _"

_ampling EquipmentDec_l/la_d ? _/ N

_.n _l,tles

_er

MelIIIS: F[[ter_ _

Olhsr
Cen/71flJOa__ Pe_s_IU_ I_ Hand_ r" _ Ll_-

Pump

Metals _ FeslCideS/F¢_4 _ Here_c_ez _ TPH _ Of_ rim_

Uz_rilt_m_ B_



i e I' ff , , l 258 286F©rm NUmlDWr

ll_lW11llflan _ WeH Number '_

Si_m_ol,_. StaPle m Nu _r )4J _ u/']I _ 7-'_

Sc_n in_r_ J rlITcc

l_lq| i Tlmll rllum i pH [ CoMgllllltf I 1_Irlll_ll'/

J i

I

_Pal s1alJcWill it Level

O0 I $1dll_

i i

gicc

Am 10ammmr_ 20% oJ=u_e v'_Ju? Yl N

Repu_ge? Y I N

Num_r Ot mpar_ VOlumes

$1m_lll_ Mlrlbod

Submerli_le _ 0.,:_.,_ : BIim_er -- _a_ll[ _.
PureD Bla_,_erPuma_ Pump_

Samp_q0Equipm/nzCe_onllmte,lL,_? Y I_

5S_

I:_em¢__ P,Jmpl._ Fump L_ DLS_camern L--
Plmll

d II10_

Otlmr

L_ Ata_

FillO I__CItH ¥ /_

$_J/Sample Y I_



prollpctNumbo," I[ _eO_,_ 2 _.

Well NSm_er

Sample IO Numbor

E.amDie gild ;F. _

Fir,ll $ !1LI_WI _11_£8_11

DO Salloitf

258 28'7
Form I_u r_bQt

Ampar_nintem20%ofpurgeVal_? _ H

.rSU_d_leRible_ Dedicated_ 81addlr-- Cerl_gal_ pLCqp_ NDMF 6ss U_/I--PumpL_ DlsOll_emcel L_
O_addetF_mp :.. pump_ I_ral: L_ pum_

$,lmitltr_ E_uipm,nl (Mak,. )_:(_,1. Etc ] {'_ t'u _'_ '% _'< r_., t <_'# _

$1m_tng _ui_'_en[ B_conl_miaa_d ? Y_

It PUmp or disCRto _tet: (_lll(s) _'_Onl D_) |_1 _ B_

SVOC -_ Pe_lk;ite_JF_Bg r_. HIAJN_S _ TPH _ OtO_b1| _ •

Metals: RItered .._"

F_J Ou_lJr__es Y /

$_lt SamlNe Y i _)
v

_Td_ • B_ _ ot Ca,=F l_r ;_'mm_4cu_,nem'mtm_ _



258 288
Forlft NLJmbat

Sl_/pr ojilct , Sara llle ID Numlilr

All /

_1_ i_111 -- fi 9TOC

I

RncJSLIt¢ Wa_erL¢._I n grQ_

_l _ll_ _ra 20% or purgI lllUll? _N

Pe_JrOe? y /(_

Num_r ©f rapmge Io_Jm¢_ ,

$1e_llq Mgtt#
SS_

SubmeRibt _ Ceilll;lb:_ :_ BLaciller-- 611it _ Tefl____

F_mp _" BLi_lerFi_mo_ pLCilp_ _ P.¢_

SantCl_ll E_uipmenl I_k¢ Mollel, EIC,)

$1m JIIn_ £qui_e nl C'er_nt_nir_tmo ? 0 # N

If pumll _, distil e _illr depl_(1) _*'11e_ _lmp sel n _Tf_i,

Cen_,d_Qal_-- _dsts_lc_ Hllrlll _-- _ll Llil/I'-
pirrtlll_. p_L_ Punp L_ 01SpLli_rtleni_

P,Jmp

01hot

liilll; Fdlereil _] Uiillr2ll07_ IIoB_

Fiel_07plicalei _)l _l

Spill _mple Y #l_

Cmmentl

,/

Oilier



O_omal $5_1_ Water U_vei 701 _,_

SI 5_lnrvaJ

n=i j tom_mt_ i

I

mRTOC

_'_la_ $1_ W_ter Lee_J __ .

Oedlcale_ :_ 5la_er-- CepX__j_a4_-" pens_iic _ H_-d_-- S , '_

C i_Jmp_ 51_d_nr pLe_ _

Otl_r

He_lidde_ _ TPN _ Dicu,dn/Fur-,,Jl:

Ma_ls: Fille_" -- 0olh ---

_eldOup_clles_l N



' I

I

"F

OIher





YtN



, I

Ot_r



_ I" _ ' ' I

I

, I
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Address

This Field Book contains speciaJ paper

which is impregnated with resin to make

it substantially stronger as well as water
resistant. Your field notes will come out

sharp and cleat even when the page is
wet.
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