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Response to EPA Region IV
Comments on the Quarterly Groundwater Monitoring Report
Second Quarter 1997

Overview of Quarterly Groundwater Monitoring Reports

The Second Quarter, 1997, Groundwater Monitoring Report is the first of four groundwater
monitoring summary reports that will be submitted following each groundwater
monitoring event. The groundwater data were intended to be provided in data reports after
each quarter, which would culminate in a complete evaluation of groundwater data trends
in the groundwater data summary report provided after the fourth groundwater
monitoring event. As identified in the following comment responses, EPA's comments on
the Second Quarter, 1997, report will be incorporated into either the March 1998,
monitoring report (currently under preparation} or the final report to be prepared after the
fourth monitoring event scheduled for August 1998.

General Comments:

\. Table 2-1 indicates that two wells were sampied for tritium (different ones than in the last
sampling round {firs! quarter) however, the data are not included in the report.

Response: Tritium data were collected to evaluate the potential interconnection
between the fluvial and the underlying confined flow systems. The samples
were taken from the fluvial /confined system well pairs MW32/MW37 and
MW34/MW36. The data have been analyzed using a method which has
lower detection limits than the method reparted in the Groundwater
Characterization Data Report. Tritium data from the first quarter samples
were not conclusive. The interconnectedness of the aquifers will be
evaluated and reported in the fourth and final groundwater monitoring
report. The interim monitoring reports will not be resubmitted.

I

Table 3-2 includes values for Preliminary Remediation Goals (PRGs) for inorganic and organic
constifuents. How were these values derived? More explanation is needed. Some of these values
may not be realistic targets for remediation for inorganic constituents. For exampie, man ganese
has a PRG of 18.25 ug/L, which is lower than concentrations measured in the fluvial deposits in
other areas in Shelby County unaffected by contamination.

Response: The criteria presented in Table 3-2 are based on the lowest criteria identified
in Table 3-7 of the Final Generic Remedial Investigation/Feasibility Study Work
Plan (CH2M HILL; August, 1995). It is agreed that some of the parameter-
specific criteria are overly conservative. The criteria will be updated and
further evaluated in the Main Installation Remedial Investigation Report.

3. In the section discussing the trace metals and VOCs, a tabie including resuits from both rounds
of data collection is needed to compare results,

Response: This table will be produced in the monitoring report for the March 1998,
sampling event. Data from all available monitoring events will be presented
including data from the September 1997, and March 1958, sampling events.

s
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4. Considering the number of sampies coliected and the concenirations of contaminanls detected,

. two equipment blanks probably are not adeguate to assure data guality. Additional infornation
about sampling procedures may be contained in another document, but in order to evaluate the
data collected and presented in this report, additional information about sampling and
deconlamination procedures is needed. Where is the punip posifioned during pursing os.
sampling? Whal is the discharge rate of the pump, is it constant? Were the pumps or bailers
used for collection of equipment blanks? Was blank water pumped through the pump? Were the
equipment blanks clean?

Response: It is agreed that more than two equipment blanks should be taken. Four
equipment blanks were collected in each of the subsequent {September 1997,
and March 1998) sampling events. Material blanks of the ASTM Type-Ii
water generated with the onsite water purifier were taken during all
groundwater sampling events. Calcium, copper, iron, manganese, and iron
were detected in trace concentrations typical of deionized ASTM Type-1I
water in both equipment and material blanks. Typical laboratory
contaminants (acetone, methylene chloride, and bis(2-ethylhexyl)phthalate)
were detected in both equipment and material blanks.

During purging, the pump was worked up and down the saturated thickness
to evacuate the standing water in the well. The purge was completed by
positioning the pump in the center of the 10-foot well screen, slowing the
pump to a low sustained purnp rate to minimize entrainment of suspended
materials. After purging and sampling of metals, semivolatile organic
compounds, and other compounds; the pump was removed, the well was

. allowed to stabilize for 15 minutes, then volatile organic compounds were
sampled from the center of the well screen with a bailer.

Equipment blanks were taken from the Grundfos pumps by pumping water
through the decontaminated pump and an approximate 5-foot section of
tubing. Dedicated tubing was used on all wells. Equipment blanks were not
collected from the disposable teflon bailers used on all wells.

3. Given that He analytical data for the VOCs prior to 1996 were collected by different consulting -
firms, using varying sampling methods, and the analyses were performed at different
iaboratories, sonie limitations for data interpretation should be discussed. The plots presented in
Figures 3-13 through 3-16 do not represent a trend analysis, rather they are 2 qualitative
evaitation of changes in concentration over time. Are the changes in concentration statistically
significani?

Response: A more thorough evaluation of data trends will be provided in the third and
the final groundwater monitoring reports. The first two sampling rounds
(Law,1990, and ESE, 1993) were performed by different laboratories using
different sampling methods and personnel. Samples collected by CH2M
HILL {February 1996; June 1997; September 1997; and March 1998) were all
analyzed in CH2M HILL’s QAL Laboratory in Montgomery, Alabama, and
the sampling technique has been consistent between sampling rounds. To
some extent, qualitative analysis of data will have to be performed since five
rounds of comparable data (including the sampling events scheduled for

. " March and August 1998) will not produce a statistically meaningful
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evaluation of seasonal variation. Sampling events where scheduled in
periods of high and low precipitation. In the final report, trends in

. concentration will be evaluated relative to precipitation data. Limitations in
interpretation and laboratory and sampling method effects will also be
discussed in the final groundwater monitoring report.

6. What is the relationship of well depth 1o the cccurrence of VOUs? In some cases wells that
appear to be adjacent to each other {i.e., MW-2 and MW-10 in Figures 3-3 and 3-4; MW-12 and
MW-35 in Figure 3-3), have consuderably differen! concentrations of VOCs or even non-
detectable concentrations adjacent to a relative high concentration. More information is needed
wbout the occurrence of VOCs with respect te depth in the fluvial deposits and the dephh of the
wells.

Response: Most of the wells are completed near the base of the fluvial deposits;
however, records from wells MW-2 threugh MW-39 do not in all cases
confirm that the base of the well screen is set at the contact between the
unconfined fluvial sands and the underlying confining unit clays. Recent
groundwater extraction wells constructed along the west-central perimeter of
Dunn Field indicate that the saturated thickness of the fluvial aquifer ranges
from 11.5 to 19.7 feet. Well construction records that do not show the
confining unit clay do show that the 10-foot well screen is saturated,
indicating that the base of the wellscreen is near the base of the fluvial sands.
An evaluation of groundwater chemistry relative to well completion depth
will be provided in the final groundwater monitoring report.

. 7. A couple of wells had very high concentration of chloride. These data nre interesting in that
chloride may be a primary contaminant and therefore could be a conservative tracer of a plume.
Another possibifity could be that the efevated concentrations could be the result of reductive
dechlorination of PCE/TCE and indicale that natural attenuation of contaminants is occurring.
Some discussion of these data is warranted and an explanation of selection criteria or rationale
for which wells were sampled for cirdoride and ndditional parameters such as nitrate and iron.
Not clear why MW-36 (a Memphis Sand well} was sampled for chioride,

Response: A discussion of ¢hloride concentrations and the results from other natural
attenuation parameters will be provided in the third and the final monitoring
reports. Additional natural attenuation parameters were analyzed in the
March 1998, sampling event and will again be analyzed in the August 1998,
event. Rationale for selection of the wells sampled for natural attenuation
parameters will also be provided. Chloride was sampled in Memphis Sand
wells MW-36 and MW-37 as part of a suite of groundwater quality
parameters intended to evaluate geochernical evidence for a potential
hydraulic connection between the Memphis Sand and the overlying fluvial
groundwater system. The results of this analysis is reperted in Section 3.6.4
of the Groundwater Characterization Data Repoert {August, 1997).
Additional chemical data are being collected to confirm the interpretation |
discussed in this report: that there is no geochemical evidence that the |
Fluvial and Memphis Sand Aquifers are mixing in the Dunn Field Area. |
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Specific Comments:

I
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21,

22,
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Page 1-4, second paragraph, line 1; please delete “terrace”.

Page 1-4, second paragraph, line 3; please delete “unit”.

Page 1-5, fifth paragraph, line é; please change "depressed” to —low in the--.
Page 1-5, last pavagraph, line 2; plense change “likely” to —possible—.

Figure 1-2 and Figure 1-5; the locations of MW-32 and MW-37 are different in these fiqures.
Please correct accordingly.

Page 2-1, fifth bulletl; please change “de watered” to --pumped dry—.
Page 2-2, sixth paragraph, line 2; please change “was” to --were--.

Page 2-2, seventh paragraph; where was pump positioned during purging? Please define “a
nuinimunt discharge capacity”.

Page 2-2, eighth paragraph, line 1; please delete “of discharge water”.

Page 2-2, cighth paragraph, line 3; please change “The VOA portion of the sample was” to —~
Samples for VOC analysis were—.

Page 2-2, eighth paragraph, last line; please change “VOA™ to —VOC--.

Page 2-2, last paragraph, line 1; please inserl —of sampling equipmeni— after
“decorttamination”.

Page 2-2, last paragraph, last line; please delete “and development”.

Page 3-1, first paragraph, line 1; please insert --measured— before “groundwater”. Please change
“elevation” 1o --elevations—, and delete “distributions.”

Page 3-1, first paragraph, line 5; please change "a groundwater™ fo --the groundwater--,

Page 3-1, second paragraph, lines 2-3; plense delete “exhibit trends in groundwater flow”. Please
change “an elongated central” to —are—

Page 3-1, second paragraph, line 5; please delete “apparently”.
Page 3-1, third paragraph, last line; please delete It is likely that”.

Page 3-2, first two lines; please change “groundwater” to —~Groundunter—. Please change
“trending feature...the clay.” to —depression in the water table--.

Page 3-2, second paragraph; not clear what will be assessed,

Page 3-2, last paragraph, lines 4-6; please change " As discussed in Section 3.2.3, sample” to
Sampte-- Piease change “sampie concentration” to --trace metal concentrations--. Please change
“variation” fo --differences—.

Page 3-3, second paragraph, line 1; please change “reported” fo —detected-~.
Page 3-3, fourth paragraph, line 1; please change “reported” to —detected--.

PA11EARMAR 08 JTHCOE_COMER?_EPA_GOM_RES.DOG 4




291 7

24, Page 3-3, last paragraph, line 1, please change “reported” o —detected—.

25. Page 3-5, single bullet; please change “in low levels” te —at low concentrations--.
26. Page 3-8, last paragraph, Inst line; please delete “consecutive”.

27. Table 3-2; please add definition of |, U, =, § and C.

Response to Specific Comments: Specific comments 1-27 are accepted and will be
incorporated in the third groundwater monitoring
report. Some of these specific comments may not be
applicable if there are changes in the text.

PA1TIEANMAR 00 4THEOE_CONNS9?_EPA_COM_RES.DOC 5
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RESPONSE TO EPA REGION IV
COMMENTS ON THE QUARTERLY GROUND-WATER MONITORING REPORT

THIRD QUARTER
. The following comments have been incorporated inte the March 1998 Groundwater Quarterly
Report;
1. A thorough review of all figures in the report is necessary. Several figures (1-1 tHrough

{-5, 3-1 through 3-9) have inaccuracies, missin g daia or the data presenied are
inconisistent with the respective written sections of the report. For example, in Figure i-3
MW-42 (confining unit at 216.10 feet elevation) is located benween nvo 210 feet elevation
isopleths. Should be an udditional isopleth here? Figures contents showld accurately
reflect the figure titles and vice versa. For example, the title for Figure 3-4 inciudes
"Groundwarer Elevations™ which are not present in the first four graphs. F igure 1-2
includes soil borings while the figure title speciftes “...Well Locations". Also, symbols
used in figures need 1o be consistent in order for the reader 1o campare and contrast the
data (see Figure 3-9, symbols for the metal change among the graphs). Data discussed
in the report should be accurately represenited on the figitres and figures with data should
be propertly discussed (see Figures 3-4 and 3-9, pages 3- and 3-10). The graphs for
Figure 3-4 do not show any September 1997 data although the report discusses this dara.
Also. the x-axes of the graphs for Figure 3-9 do rot list “1993".

Response:  All figures have been thoroughly reviewed for completeness of data and
consistency with the text. Regarding Figure 1-5, the next isopleth ‘greater
that 216.1 would be 220. There is no data that supports this interpretation,

. Figures have becn modified 1o appropriately reflect titles and vice versa,
While the title for Figure 34 includes “Groundwater Eievations”, the first
four graphs do not include this information because an elevation reference
datum has not been surveyed for these wells. The depth to groundwater is
known, but the groundwater elevation could not be calculated. Figure 1-2
was revised 1o read “Groundwater Monitoring Well and Soil Bonng
Locations™.

The symbols in the figures have been reviewed for consistency. Different
symbols must be used for the menitoring well locations in the figures
showing distribution of mezals (Figures 3-8 and 3-10 through 3-13). The
smaller size “bubbles™ used to demonstrate the distribution range of
concentrations are similar to the monitoring well location symbols used in
the remaining fipures.

The text has been revised 1o accurately represent the figures. The data in
Figures 3-4 and 3-9 has been appropriately addressed in the text. The
graphs for Figure 3-4 have been revised to show September 1997 data,
The x-axes of the graphs for Figure 3-9 have been modified to include all
sample data to date.

PA112530Mar_98_&thiCon_COMSST_EPA_COM_RES. tne 1




291 9

RESPONSE TO EPA REGION IV
COMMENTS ON THE QUARTERLY GROUND-WATER MONITORING REPORT

THIRD QUARTER
. 2. There are questions concerning well locations on Figure 1-2. Why is MW-32 missing?
Why is MW-6 present rwice? Are MW-28, MW.46, and MW-49 located inside or outside

the Dunn Field? Why is there a well symbol near MW-35 that has no well designation?
Depending on the degree of error, some revisions to the potentiomeiric surface, and the
base of fluvial depositions maps may be necessary.

Response:  Figure 1-2 and all other figures have been thoroughly reviewed and revised
to show the camrect locations of all monitoring wells. The previous
interpretations made from these maps are not impacted by any of the
corrections.

3. Page 2-1, bullet number 4 reports the use of submersible pump or disposable bailers for
well purging. However, in the “Purged Logs™ appendix, the notes indicate that MW-16
was purged with a bailer that was decontaminated. Does this mean some of your wells
were purged with non-disposable bailers?

Response:  The box was incorrectly checked in the field. All wells were sampled with
disposable bailers, and none of the bailers were reused,

4. Items listed in “Notes” at the botiom of Table 2-1 do not accurately reflect data that is
inclucled in the Tahle, For example, trituim, pesticides/PCBs and herbicides are not
inclided in the “Analysis™ column. It would be helpful if 1ables had page numbers

. included on them.

Response:  Table 2-1 has been thoroughly reviewed and revised ic reflect the
anatytical parameters for the March 1998 sampling event, Based on the
report format, all 1ables are included at the end of the section for casy
reference and to maintain a high degree continuity of text while reading
the document. Numbering the figures/tables is not standard for this format.

5. A brief discussion is warranted on the meaning of “"PRG", “PRG Busis ", “Background"
and "Backgrownd Basis" columns in Table 3-2. Why do some of the columns have values
and oihers not?

Response:  The criteria presented in Table 3-2 are based on the lowest criteria
identified in Table 3-7 of the Final Generic Remedial .
Investigation/Feasibility Stedy Work Plan (CH2M HILL; August, 1995). |
For the constituents that do not have values, associated PRGs will be
further evaluated in the Main Installation and Dunn Field Remedial
Investigation Reports. A note will be added to the botiom of the table
indicating the source of these data.

FA3630MWar_DE_4thiCoa_COMWY_EFPA_COM_RES.dos 2
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RESPONSE TO EPA REGION IV

COMMENTS ON THE QUARTERLY GROUND-WATER MONITORING REPORT

THIRD QUARTER

. 6. Figures showing the distribution of VOC concentrations with isopleths warrant more
review. Some figures show isopieths which do ner agree with the data points (Figures 3-
2 and Figures 3-5 through 3-7). For proper evaluation of the daia, please provide
background data, either in a rable, figure or some other forma.

Response:

The figures showing the distribution of VOC are based on the
concentrations contained in Table 3-2. There are some cases where a well
with a high concentration is located very close to a well with a fow
concentration. The most conservative approach is to cstablish isopleths
that are based on the higher number. As suggested, all figures have been
reviewed for any possible errors, and revised accordingly.

7. According to the contaminant concentration figures and the water-feve! elevaiion figure
in the report, sume wells ar the site were apparently neither sampled for water qualiry
analyses nor measured for water-levei elevations during the September 1997
investigation. There should be some discussion as 10 the reason(s) for this.

Response:

Some wells were not sampled because they are dry (MW-7) or they were
incteded in the monitoring program (MW-18 and MW-27). For MW-2
through MW-7, a reference datum is not available, and therefore
groundwater elevations are not known. However, depths to groundwater
were measured for all wells.

All weils containing enough water to allow for sample collection wili be
included in the September 1998 sampling event.

8. References used in the report need to be represented in Section 5.0 (References). For
example, there is no reference listed in Section 5.0 for Figure 1-1 (the figure denotes the
source a8 "Engineering-Science, 1993") and Ihere is no reference listed in Section 5.0
Jor Figure 1-3 (the figure denotes the source as “ Parks, 1990").

Response:

The appropriate references will be added to Section 5.
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1.0 Introduction

This report summarizes the results of groundwater elevation and water quality data
collected during the Defense Distribution Depet Memphis (DDMT) March 1998 quarterly
groundwater sampling event. The report 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 elevation and sample analytical data
Section 4 - Conclusions

Section 5 - References

Data quality evaluation results, analytical data tables, field purge and sample logs, and field
notes are presented in Appendices A through D, respectively. Laboratory analytical data
sheets have been archived in the DDMT project files at CH?M HILL.

These quarterly groundwater data were collected to support ongoing Remedial
Investigation/Feasibility Study (R1/FS) activities at the DDMT facility. DDMT was placed
on the National Priorities List (NPL) and must fulfill requirements under the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) and
the National Qil and Hazardous Substances Pollution Contingency Plan {(NCP). The
remedial process under CERCLA and NCP mandates that an RI/FS be performed to
determine the nature and extent of contamination, to evaluate public health risks, and to
screen petential remedial actions.

Previous well installation and groundwater sampling activities {see Section 1.2) through
1993 indicated the presence of organic and inerganic constituents exceeding levels of
concern primarily at Dunn Field, but also at other locations within the main DDMT facility
area. In January and February 1996, DDMT expanded the groundwater monitoring
netwark by installing additional wells to evaluate the extent of contamination west of Dunz
Field and to provide additional upgradient groundwater quality data.

The purpaose of this quarterly groundwater sampling report is to present and summarize the
groundwater clevation and water quality data collected from the monitoring wells at the
DDMT facility in March 1998. This report also summarizes the spatial and temporal
distribution of these data compared to data previously collected from these wells.

The groundwater elevation and water quality data in this report were collected in
accordance with the requirements of QLI-4 Field Sampling Plan (FSP) (CH2M HILL, 1995).
OU-4 consists of the former and current hazardous materials storage buildings, Buildings
319, 629, and 835, and the Defense Reutilization and Marketing Office (DRMQ) buildings
and stockyards. The geographical coverage of QU4 includes an area of suspected
interaction berween the Fluvial and Memphis Sand Aquifers; therefore, the scope of QU4
was expanded to include site-wide groundwater flow and contaminant transport.

FA11363MAR_99_4 THIRERGATWISOAPTTAT DO 11
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1.1 Facility Background

DDMT 15 situated on 642 acres in Shelby County, Memphis, Tennessee, in the extreme
southwestern portion of the state {Figure 1-1). Located approximately 5 miles east of the
Mississippi River and just northeast of the Interstate 240-Interstate 55 junction, DDMT is in
the south-central section of Memphis, approximately 4 miles southeast of the Central
Business District and 1 mile northwest of Memphis International Airport. Airways
Boulevard borders DDMT on the east and provides primary access to the installation. Dunn
Avenue, Ball Road, and Perry Road serve as the northern, southem, and western
boundaries, respectively, to the Main Installaticn. Dunn Field, the only known waste
disposal area at DDMT, is located just notth of the Main Installation. Person Avenue, Kyle
Street, and Hays Street serve as the northern, western, and eastern boundaries, respectively,
to Dunn Field.

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

Past activities at DDMT inciude a wide range of storage, distribution, and maintenance
practices. Dunn Field has been used as a landfill area (northwest quadrant), storage area for
mineral stockpiles (southwest and southeast quadrants), and pistol range (northeast
quadrant). Activities within the southern portion of the Main Installation have included
hazardous material storage and recoupment (Building 873), sandblasting / painting activities
(Buildings 1086 threugh 1089), and maintenance (Building 770). Other activities
decumented t¢ have occurred in this area of the installation include polychlorinated
biphenyl (PCB) transformer storage (near Building 274), pesticide/herbicide storage and
use, and fire truck pump testing {Lake Danielson). The northem portion of the Main
Installation has a history of hazardous materials storage, treatment of wood products with
pentachlorophencl (Building 737), and storage of items awaiting disposal. Specific building
and facility locations are provided in Drawings 1 and 2 of the Final Generic Remedial
Investigation/Feasibility Study Work Plan (LS. Army Corps of Engineers, Huntsville Division
[CEHND], 1995).

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

(No. TN4 210 020 570} by the U.5. Environmental Protection Agency (EPA), Region IV, and
the Tennessee Department of Environment and Conservation (TDEC) on September 28,
1990. Subsequently, in accordance with Section 120 {d){2) of CERCLA, 42 US.C. 9620{d)(2),
EPA prepared a final Hazard Ranking System (HRS) Scoring Package for DOMT. On the
basis of the final HRS score of 58.08, EFA added DDMT to the NFL by publication in the
Federal Register (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 remediation {remedial
investigation, feasibility study, proposed plan, record of decision, remedial design, and
remedial action). To date, 55 manitoring wells have been installed (Figure 1-2) as part of
the investigative phase to characterize site conditions.
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1.2 Hydrogeology

1.2.1 Regional Hydrogeology

Section 2.4 of the Final Generic Remedial Investigation/Feasibility Study Work Plan (CEHND,
1995) provides a thorough discussion of the regional geclogic and hydrologic features
applicable to DDMT. Recent work by Kingsbury and Parks {1953) and Parks and
Carmichael (1988) also provides insight into the hydrogeologic setting. In particular, the
unit called the Jackson Formation/Upper Claiborne Group in Parks’ earlier publications has
been further defined. The Cockfield Formation is now recognized as a member of the
Claiborne Group in western Tennessee. Figure 1-3 presents a general cross section of the
Memphis area extending southwest to northeast across Shelby County. Of the geologic
units shown, the following are applicable te 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 thereof. It mantles the ground surface over wide areas of the central United States.
Loess typically occurs above the alluvial (terrace) deposits and is thickest along the bluffs
overlooking the Mississippi Alluvial Plain. Its maximum thickness is reported te be about
65 feet; it thins considerably toward the east. Locally, Loess may contain thin,
discontinueus, fine sandy layers enclosed within silts and silty clays.

Fluvial (Terrace) Deposits. Quaternary and possibly Pliocene Age fluvial deposits exist
beneath the uplands and valley slopes of the Gulf Coastal Plain and are the remnants of
ancient alluvial deposits of either existing streams or an ancient dra inage system. The
ftuvial deposits consist primarily of sand and gravel with minor lenses of clay and thin
layers of iron-oxide cemented sandstone or conglomerate. These fluvial deposits range from
zero to 100 feet in thickness and underlie the loess. The upper and lower surfaces of the
fluvial deposits have been eroded, causing the thickness to be highly variable, Locally, in
the Memphis area, the fluvial deposits may be absent (Graham and Parks, 1986). These
deposits represent the upper aquifer at DDMT, herein termed the Fluvial Aquifer.

Jackson, Cockfield, and Cook Mountain Formations. The Late Eocene Jackson Formation
and upper part of the Claiborne Group lie benieath the fluvial (terrace) deposits. The upper
Claiborne consists of the Jackson, Cockfield, and Cook Mountain Formations. Because of
lithologic similarities, the Jackson Formation and the Cockfield Formaticn cannot be
reliably subdivided in the subsurface of the Memphis area. The Jacksan/Cockfield
Formations consist of sand, silt, clay, and lignite beds. The preserved sequence is
predeminantly Cockfield, but in the northwestern part of the Memphis area the Cockfield is
overlain by the Jackson Formation {Kingsbury and Parks, 1993), The Cockfeld Formation is
typically 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 in the clays, 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. Kingsbury
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 Formation is present, the
Cockfield may be from 235 to 270 feet in thickness. In other places extensive erasion has
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caused the thickness to be highly variable. The Cockfield is generally an unconfined water-
table aquifer (Parks and Carmichael, 1988), and it provides water for some pubtic and
industrial uses.

Tha Cook Mountain Formation is the lower confining unit to the Cockfield and generally
consists of clay, silt, and sand. Kingsbury and Parks (1993) report that its thickness ranges
from zero to 50 feet in the Memphis area, while Parks and Carmichagl {1988) report a
thickness ranging from zero to 150 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 streams carried extensive quantities of
sand and gravel into the Mississippi embayment area. The Memphis Sand unit is composed
primarily of thick bedded, white to brown or gray, very fine-grained to gravely, partly
argillaceous, and micaceous sand. Lignitic clay beds constitute only a small percentage of
total thickness. The Memphis Sand ranges from 500 to 890 feet in thickness, and the depth
to the top of the Memphis Sand Aquifer in the area ranges from approximately 120 feet to
300 feet below land surface (bls). It is thinnest in northwestern Fayette County, Tenncssee
(the northeastern partion of the Memphis Sand), and thickest near the Mississippi 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 west at a rate of 20 to 50 feet
per mile.

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

Crass-sections presented in Kingsbury and Parks (1993) provide useful information about
the regional geology in the Memphis area. Well Sh:J-104 is less than 2 miles west of DDMT
(Figure 1-4). It indicates approximately 75 feet of loess and fluvial deposits, underlain by a
40-foot sequence of the Cockfield Formation. Below the Cockfield Formation, 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 (msl) and is.
several hundred feet thick at this well location.

Well Sh: J-167, which is about 2 miles to the southwest of the southwest corner of the Main
Installation (Figure 1-4), is on the upthrown side of the fault described below. It is also
nerth of Nonconnah Creek. It shows an approximate 100-foot thickness of loess and fluvial
deposits, and no Cockfield Formation. However, approximately 70 feet of the confining
Cook Mountain Formation are encountered before the top of the Memphis Sand at elevation
85 feet msl.

A northwest-sgutheast trending fault is also shown passing through the Allen Wellfield
(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 direct hydraulic connection, if the offset was greater than the thickness
of the Cook Mountain Formation. In the vicinity of Allen Wellfield it appears that the
Memphis Sand has been offset by about 30 to 40 feet, and the thickness of the Cook
Mountain Formation is 70 to 75 feet.
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1.2.2 DOMT Site-Specific Hydrogeology

DOMT is underlain by a layer of loess approximately 20 to 30 feet thick. 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 terrace deposits above small clay
lenses at elevations above the Fluvial Aquifer. However, these perched water zones are
temparal and are not considered part 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 Fermation/Upper Claiborne Group, which serves as the
base of the Fluvial Aquifer, generally consists of a high-plasticity clay of variable thickness.
The depth to the top of the confining unit at OU-4 ranges from approximately 70 to 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 1 of the OU-4 FSP). The clay thins in the northwest portion of the main facility
(STB-8, Drawing 2 of the O-LI4 F§P) to 5 feet of sandy, silty clay and 9 feet of interbedded
silty clay and fine grained sand.

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

122 feet msl in well Sh:J-104. Extrapolation to wells MW-36 and MW-37 shows that the base
of the Cockfield should occur at elevation 145 feet msi for both wells. Review of the
lithologic logs for these wells shows a change in formation from a dense silty 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: ]-104, the unit has an upper surface elevation of 46 feet msl.
Extrapolating the upper surface 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
stratigraphic 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 paleosurface of the upper clay in the Jackson Formation/Upper Claiborne Group.
A prominent feature of the Fluvial Aquifer flow system is a generalty northwest-southeast
trending depression in the clay surface (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 result from either an erosional surface in the
clay surface or a sand lens within the clay that comprises the Cockfield Formation of the
Upper Claiborne Group. The groundwater flow direction across the Mzin Installation and
southernmost portion of Dunn field is controlled by this feature.
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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

. controlled. It has not been determined whether the depressed clay surface results from
paleoerosion or absence of the clay.
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2.0 Field Methods

All groundwater samples were collected during this quarterly groundwater sampling event
in accordance with the OU-¢ F5P (CH2M HILL, 1995). Water level measurements were
recorded prior to collection of the groundwater samples. During this quarterly sampling
event, breathing zone monitoring detected organic vapars at a maximum of 1.1 ppm at
MW-12 and MW-35. Sustained monitoring indicated organic vapors at levels less than 1.5
ppm, which was less than the action level (a sustained level of 25 ppm in the breathing
zone) specified in the Site Safety and Health Plan for necessitating respiratory protection.
Based on these findings, the required personal protective equipment {PPE) was maintained
at Level D.

Before sampling, each of the monitoring wells was purged according to the following
procedure:

* The well was located and plastic was placed on the ground around the well head.

* The well head was opened and a volatile organic compound (VOC) measurement from
the headspace in the well was recerded using a photo-ionization detector (PID)
instrument.

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

volume (gal) = 3.041 d2H

where d = well diameter in inches

H = height of water column in feet

Note: 2-inch diameter schedule 40 PVC casing = 0.164 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 sarmpling,.
Additional well volumes were purged, if necessary, for stabilization of temperature, pH,
conductivity, or turbidity of the effluent. Purging was terminated if the well was de-
watered.

*» [Fhysical parameter measurements of the water including pH, conductivity, turbidity,
redropotential, temperature, and dissolved oxygen 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 from the well at completion of the well purging accerding to
the following procedures.
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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 three bailer volumes into the purge drums. Filling of the sample
containers was initiated with the fourth bailer volume.

Nylon twine was attached to the bailer and 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 bettom of the welt.

VOCs were collected first, followed by semi-volatile organic compounds (SVOCs) and other
parameters as appropriate for the specific well. VOCs were collected by filling the vial,
with as little turbulence as possible. Each vial was filled until a miniscus bubble extended
at the top of the vial to ensure that no air bubbles were present in the samples.

Each sample container was then wiped clean and labeled. The containers were placed into
a protective baggie 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/sample log, and field notes (see
Appendices C through D).

Upon completion of each well sampling, all disposable materials (PPE, twine, plastic, etc.)
were discarded in accordance with appropriate dispesal procedures. The well was closed
and locked and the sample area was cleaned up. All drums containing purge and
decontamination water were transported to the wastewater storage tank located in Dunn
Field.

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 Grundfos
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 bailed samples described above. The samples were then
analyzed for metals and SVOCs. The volatile organic analysis sample aliquots were
collected by removing the pump from the well, allowing the water to stabilize for at Jeast 15
minutes, and then collecting the sample with a bailer as described in the preceding section.

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 in 55-gallon
drums. These drums were transported to 2 polyethylene storage tank located on Dunn
Field, where the water was transferred into the permanent on-site tank.

When the permanent on-site tanks is full and requires sampling, water will be collected and
analyzed for VOCs, SVOCs, Pesticides/PCBs, herbicides, and metals for IDW disposal
according to the program requirements established by DDMT/CEHND. :
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2.3 Equipment Calibration

. Field instruments were calibrated daily before sampling activities began. Standards used to
calibrate the field 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 manufacturer’s instructions and zeroed to
background levels at the site field office. Calibration records were kept in a field logbook by
field personnel. These daily records include, at a minimum, the following:

¢ Instrument type (e.g., PID, CGI) and model number

« Instrument serial number

¢ Type of calibration procedure used

» Type of calibration gas or standard used, concentration (ppm}, and lot number
« Instrument reading and span (if appropriate)

» Date and time of calibration

2.4 Sample Packaging and 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 liner. 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 wrap. Three to
four 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 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.
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3.0 Groundwater Sampling Results

3.1 Groundwater Elevations and Gradients

Sampling events are depicted in Figure 3-1 and listed in Table 3-1. Within the Dunn Field
area, a local groundwater divide is apparent along the line formed by wells MW-44, MW-
54, and MW-31. North of this line, groundwater appears to flow west and northwest
toward MW-40. South of this line groundwater appears to flow west-southwest toward a
groundwater low centered in the vicinity of MW-34. The magnitude of groundwater
gradients in this region of the facility range between approximately 0.0073 foot/foot and
0.133 foot/foot. The steepest gradient appears to be located southwest of MW-14 and MW-
33. A maximum groundwater seepage velocity in this vicinity was estimated at 9.80
feet/day assuming the following parameters:

hydraulic gradient = 0.133 foot/foot

hydraulic conductivity = 22.11 feet/day (based on the average hydraulic conductivity
for the Fluvial Aquifer reported in the Groundwater Characterization Data Report [GCDR]
|CH2M HILL, 1997])

cffective porosity = 0.3

Groundwater flow patterns underlying the DDMT Main Installation exhibit trends in
groundwater flow from the margins of the study area toward an elongated central
groundwater low oriented along a northwest-southeast axis; groundwater in the northeast
portion of this region apparently flows southwest toward this low, and 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 Installation range between approximately 0.0084 foot /foot
and 0.160 foot/foot. The steepest gradients appear to be located in the northwest pertion of
the facility in the vicinity of MW-55. A maximum groundwater velocity in this vicinity was
estimated at 11.79 feet/day assuming the following parameters:

hydraulic gradient = 9.160 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, groundwater hydraulic gradients in the northern portion of the
Main Installation and the area surrounding Dunn Ficld generally conform to the gradient of
the Jackson Formation/Upper Claiborne Group confining unit clay surface. Groundwater
flow in these regions appears to be governed by the configuration of the clay surface. A
comparison of the potentiometric 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. Itis likely that
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.
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Comparison of groundwater elevation measurements recorded during the March 1998
sampling event with groundwater elevations recorded during the previous groundwater
sampling event in September 1997 indicates the following:

¢ Groundwater underlying Dunn Field was on average 0.88 foot higher in March 1998
than in September 1957.

» The maximurn difference in groundwater elevation at Dunn Field was observed in MW-
36, where the groundwater elevation recorded was 10.38 feet higher in March 1998
compared to the September 1997 data.

* Groundwater elevations underlying the Main Installation were on average 0.56 foot
higher in March 1998 than in September 1997.

* The maxtmum difference in groundwater elevation at the Main Installation was
observed at MW-38, where the groundwater elevation recorded was 4.03 feet higher in
March 1998 compared to the September 1997 data.

The temporal trends in the groundwater elevation distribution have not yet been
determined because there is not enough data to correlate precipitation data with long term
water level data to establish meaningful trends. However, hydrographs have been
developed for strategic wells using water level data from three or more of the most recent
monitoring events. The hydrographs are included on the graphs of concentration versus
time for select VOCs to help evaluate temporal trends in concentrations for these
compounds, which will be discussed in the next section. As more water leve] data is
collected (one more quarterly monitoring event and continuous water level data collected
by the USGS), meaningful temporal trends should become more evident.

3.2 Groundwater Chemical Results

Numerous VOCs and metals were reported in the groundwater samples collected from the
Fluvial Aquifer. Table 3-2 summarizes the analytical results for the groundwater samples
collected during the March 1998 quarterly sampling event, including the concentrations of
the particular chemical constituent and a comparison of the concentration with DDMT
remediation target criteria for that constituent. Table 3-3 summarizes the overall sample
counts and range of concentrations 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 March 1998 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 within the quality control guidelines of
20 percent. The laboratory analyzed the samples according to the EPA methods stated in
the work plan, as demonstrated by acceptable method performance documented in the data
deliverable contained in Appendix B. Matrix spike and spike duplicate accuracy and
precision results indicated that the specific sample matrix did not significantly interfere
with the final numerical result and that the data can be used without further qualification.

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
March 1998 quarterly sampling event are discussed in detail. The concentrations of the
detected VOCs and metals from the March 1998 sampling event were alse evaluated as a
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group to assess how their concentrations and distributions varied with time and location.
Data reported for 1989 and 1990 were taken from the Remedial Investigation at DDMT (Law,
1990); data for 1993 were taken from the Groundwater Monitoring Results at DDMT
{Environmental Science and Engineering [ESE], 1994); the 1996 water quality data were
taken from the GCDR; the June 1997 data were taken from the second quarter Quarterly
Groundwater Monitoring Report (CH2M HILL, 1997): and the September 1997 data were
taken from the third quarter Quarterly Groundwater Monitoring Report (CH2ZM HILL, 1997).
These data were compared to the March 1998 groundwater quality results to perform a
trend analysis of select organic and inorganic constituents. Well-specific groundwater
analytical data are included in Appendix B.

3.2.1 Distribution of Organic Constituents

Figures 3-2 through 3-6 show the aerial distributions and concentrations of VOCs at DDMT.
The VOCs depicted in these figures were identified during the GCDR as the primary
conslituents 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 (g /L) to a high of 3,200 pg /L (TCE at MW-12). Similar to
concentrations noted in the GCDR, the highest concentrations of VOCs were detected
within the northwest corner of Dunn Field.

11-Dichlaroethene (1,1-DCE). 1,1-DCE was reported in nine wells during the March 1598
quarterly sampling event. Figure 3-2 shows the distribution of 1,1-DCE. This compound
was reported in six wells located along the northern portion of Dunn Field and in three off-
site wells, MW-31, MW-40, and MW-51. 1,1-DCE was not reported in any wells located on
the Main Installaticn (Figure 3-2}. 1,1-DCE was reported in off-site well MW, where it
had not been detected in samples collected during September 1997, and 1,1-DCE was not
detected in well MW-45 where it was detected in the September 1997 sampling event. The
highest detection occurred in MW-07 (47 Ag/L) located at the northwest boundary of Dunn
Field. The concentrations of 1,1-DCE in the other monitoring wells were similar to those
reported in the June 1997 sampling event for each respective well. Overall there was a slight
decrease in the concentrations observed in the March 1998 event over those observed in
September 1997.

Tetrachloroethylene (PCE). The occurrence of PCE was widespread during the March 1998
groundwater sampling event, similarly to what was reported in the last three events. PCE
was reported in 23 wells located both on-site and off-site (Figure 3-3), During this event,
PCE was reported in off-site wells MW-31, MW-32, MW-47, MW-51, and MW-54.
Concentrations of PCE ranged from 1 pg/L to a high of 100 pg/L in MW-1. Overall there
was a slight decrease in the concentrations observed in March 1998 compared to those
observed in Septernber 1997. All of the wells with reportable levels exceeded the
background and Proposed Remediation Goal {PRG) concentrations for this compound,

PCE was reported at four areas on DDMT, as shown in Figure 3-3. These areas, which were
noted in previous quarterly reports, have not changed significantly. The largest of the four
plumes is centered on the western and northwestern boundary of Dunn Field. The second
detection of PCE in well MW-54 (2 ug/L in both instances) indicates that the plume has
expanded to the west. Also, the PCE concentration has increased in MW-51 (located north
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of Dunn Field), the northernmaost control well for the site has remained constant at 4 pg/L.
However, both concentrations are estimated below the reporting limit, so the comparison is
an approximation. Two smaller plumes are located in the southwest and southeast corners
of the main facility (Figure 3-3). The plume in the southwest corner of the main facility
exhibited a slight decrease in size from the September 1997 to March 1998 sampliing events.
The slight decrease in plume size is indicated by the PCE reported in well MW-22 during
the September 1997 sampling; and the lack of PCE detection in MW-22 during the March
1998 event. The magnitude of the plume in the southeast corner of the main facility
exhibited an apparent increase from the Septemnber 1997 to March 1998 sampling events.
PCE concentrations in MW-26 and MW-52 increased to 14 and 4 pg/L respectively, and the
FCE concentration in MW-25 decreased slightly to 6 pg/L. Since many of the values are
estimated, additional groundwater samples are necessary to assess the persistence of this
trend. Finally, an isolated occurrence of PCE is reported in MW-39 (8 ug/L) at a
concentration slightly below that detected in the September 1997 sampling event (2 pg/L}.
There are insufficient data to correlate the PCE reported in this well with concentrations
from other wells on the facility.

Graphs of PCE concentration versus time for strategic wells were developed to assess
whether tlemporal trends in concentration exist for this compound (Figure 3-4). The data
indicate increasing trends from February 1996 to March 1998. The most recent data {(March
1998) indicate an increase in PCE concentration in 16 samples and a decrease in seven
samples over the September 1997 data. Significant decreases of PCE have occurred in off-
site wells located to the north, northwest, and west of Dunn Field. During the period of
September 1997 to March 1998, the most significant changes in PCE concentrations were
cbserved in wells MW-05 (a 24 ug/1. decline), MW-10 (an 80 pg/L decline) MW-12

(22 ug/L decline), and MW-31 (a 44 ug/L decline).

Groundwater elevations that were available for strategic wells for a minimum of the three
most recent sampling events (June 1997, September 1997, and March 1998) have also been
inctuded on the graphs (Figure 3-4). This graphical representation facilitates the correlation
of temporal frends in groundwater elevation to those observed in concentration. The data
for the period September 1997 to March 1998 indicate the following:

* When groundwater elevations increased, PCE concentrations increased in two wells and
decreased in one well.

* When groundwater elevations decreased, PCE concentrations increased in four wells
and decreased in seven wells.

The only meaningful trend is the apparent decrease in PCE concentrations when
groundwater elevations decrease. This trend is consistent with the overall trend of
increasing PCE concentrations that have been observed when comparing September 1997
data to March 1998.

Trichloroethylene {TCE). TCE was reported in four separate locations at DDMT and was
detected in 25 wells during the March 1998 quarterly sampling event (Figure 3-5). The
distribution of TCE is generally consistent with the distribution described in the Quarteriy
Groundwaier Monitoring Report; however, TCE was reported in five off-site lacations (MW-
31, MW-32, MW-44, MW-51, and MW-54) during this quarterly sampling event, which is
consistent with the five off-site detections during the September 1997 sampling event. The
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conhcentrations of TCE ranged from 1 pg/L to a high of 3,200 ug/L at MW-12, All of the
reported TCE concentrations equaled ot exceeded the background concentrations, and with
the exception of seven reported concentrations, all exceeded both background and PRG
concentrations.

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. The plume also extends to
the south slightly past the boundary of the Main Installation, The concentrations reported in
MW-44 and MW-51 indicate that the plume configuration has expanded to the west and
north to the edge of the current monitoring well nebwork. A shift in the center of mass
(MW-12) of the TCE plume, as suggested by the June 1997 data, is supported by the
September 1997 data and the March 1998 data. Concentrations of TCE at wells MW-06,
MW-10, MW-12, MW-15, MW-35, and MW-44 exhibited a decrease in concentrations from
the September 1997 event. On the other hand, concentrations of TCE at MW-31, MW-32,
MW-51, and MW-54 showed an increase between the September 1997 and March 1998
sampling events. TCE was detected for the first time in wells MW-14 and MW-38 in the
September 1997 sampling event. During the March 1998 sampling event, no TCE was
detected in MW-14, and there was an estimated detection of 1 ppb in MW-38.

Little change in the geometry of the other TCE plumes identified on the Main Installation
was observed between the June 1997 and September 1997 data. There was an estimated
detection of 1 ppb in well MW-52 in the June 1997 sampling event. TCE was not detected in
MW-52 in the September 1997 sampling event. :

Graphs of TCE concentration versus time for strategic wells were developed to assess
whethet temporal trends in concentration exist for this compound (Figure 3-4). The data
indicate increasing trends from June 1997 to September 1997 and from September 1997 to
March 1998. The most recent data (March 1998} indicate an increase in TCE concentration
in seven wells, a decrease in 12 wells, and no change in four wells, when compared to the
September 1997 data, Overall, si gnificant increases of TCE have been observed in off-site
wells located to the north, northwest, and west of Dunn Field. During the period of
September 1957 to March 1998, the most significant changes in TCE concentrations were
observed in wells MW-06, MW-12, MW-15, and MW-31: a 146 pg/L decline in TCE
occurred in MW-6, a 600 ug /L decline in TCE occurred in MW-12, a 134 pg/L decline in
TCE occurred in MW-15, and a 180 ug/L increase in TCE occurred in MW-31.

Groundwater elevations that were available for strategic wells for the four most recent
sampling events (February 1996, June 1997, September 1997, and March 1998) have also
been included on the graphs (Figure 3-4). This graphical representation facilitates the
correlation of temporal trends in groundwater elevation to those observed in concentration.
The data for the period September 1997 to March 1998 indicate the following:

* When groundwater elevations increased, TCE concentrations increased in three wells
and decreased in two wells.

» When groundwater elevations decreased, TCE concentrations increased in three wells
and decreased in seven wells.

There appear to be two meaningful trends: when groundwater elevations decrease, TCE
concentrations decrease, and conversely, when groundwater elevations increase, TCE

PAHIZBINAAR_ 98 _4THINEROETASERPTTXT.O00 35




291 23

concentrations increase. This correlation should be further supported by additional
groundwater data collected during the next scheduled sampling events.

1,1,2,2,-Tetrachloroethane (1,1,2,2-PCA}). PCA was detected in samples collected from eight
wells during the March 1998 sampling event (Figure 3-6). These wells were located both
on- and off-site. The plume delineated by these wells occurs on the western side of Dunn
Field and extends off-site to the west. Again, the distribution of this plume is similar to that
described in the Quarterly Groundwater Monitoring Report. The values of 1,1,2,2-PCA ranged
from a low of 2 pg/L to a high of 540 pg/L in MW-12, All detected values exceeded both
background and PRG concentrations.

The 1,1,2,2-PCA concentration distributions reported in the March 1998 and September 1997
data are generally consistent. The exceptions include changes in the data collected from
MW-§, MW-10 and MW-34. 1,1,2,2-PCA was reported in MW-2 and MW-3 in the June 1997
data; however, it was not reported in the September 1997 or the March 1998 data indicating
a reduction in these wells over the long term. The sample from well MW-10 indicated a
concentration of 2 ug/L in the September 1997 data; however, 1,1,2,2-PCA was not reported
i1 this well during the March 1998 sampling event.

Graphs of 1,1,2,2-ICA concentration versus ime for strategic wells were developed tc
assess whether temporal trends in concentration exist for this compound (Figure 3-4). The
data indicate consistent and constant (neither increasing nor decreasing) trends from
February 1996 to June 1997, from June 1997 to September 1997, and from September 1997 to
March 1998. The most recent data (March 1998) indicate an increase in 1,1,2,2-PCA
concentration in five samples and a decrease in two samples, when compared to the
September 1997 data. During the period of September 1997 to March 1998, the most
significant changes in 1,1,2,2-PCA concentrations were observed in wells MW-6, MW-11,
and MW-31; a 90 pg/L decline in 1,1,2,2-PCA was reported for MW-5, a 47 pg/L decline in
11,2,2-PCA was reported for MW-11, and an 87 pg/L increase was reported for MW-31.

Groundwater elevations that were available for strategic wells for the four most recent
sampling events (February 1996, June 1997, September 1997, and March 1998) have also
been included on the graphs (Figure 34). This graphical representation facilitates the
correlation of temporal trends in groundwater elevation to those observed in concentration. -
The data for the period September 1997 to March 1998 indicate the following:

*  When groundwater elevations decreased, 1,1,2,2-PCA concentrations increased in four
wells and decreased in one welil.

* There were no wells with increasing groundwater elevations and detectable
concentrations.

The only meaningful trend is the apparent increase in 1,1,2,2-PCA concentrations when
groundwater elevations decreased.

Carbon Tetrachloride (C4}. C4 has been observed in two areas at DDMT. One area is
located along the western boundary of Dunn Field and extends off-site to the west. The
other area is isolated and is centered around the region in the vicinity of MW-26 on the
Main Installation (Figure 3-7). The plume geometry described by the March 1598
groundwater data is consistent with the geometry described by the September 1997, June
1997, and February 1996 data. Detected concentrations of C4 ranged from a low of 1 pg/L
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to a high of 20 pg /L at MW-32, The most significant change from September 1997 to March
1998 in the C4 plume geometry has occurred to the plume on Dunn Field, where welt MW-
15 has decreased from 46 pg/L to 3 ug/L. This finding indicates that the size of the plume
has diminished in this area.

The C4 concentrations 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 3-4). The data
indicates consistent and constant (neither increasing nor decreasing) trends from June 1997
to Septernber 1997 and from September 1997 to March 1998. The most recent data

{March 1998) indicate an increase in C4 concentration in three samples and a decrease in
four samples, when compared to the September 1997 data. Overall, increases of C4 have
occurred in samples from wells located along the west boundary of Dunn Field. During the
period of September 1957 to March 1998, the most significant change in C4 concentration
was reported in samples from well MW-15; a decrease of 43 pg/L was reported for MW-15.

Groundwater etevations that were available for strategic wells from the four most recent
sampling events (February 1996, June 1997, September 1997, and March 1998} have also
been included on the graphs (Figure 3-4). This graphical representation facilitates the
correlation of temporal trends in groundwater elevation to those abserved in concentration.
The data fer the period September 1997 to March 1998 indicate the following:

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

* Nodetectable concentration changes of C4 were reperted in wells exhibiting increasing
groundwater elevations.

The correlation between C4 concentration and groundwater elevations produced no
meaningful trends. Additional groundwater quality and elevation data will be necessary to
develop meaningful trends for this analyte,

3.2.2 Distribution of Inorganic Compounds

Groundwater samples 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 chromium). These figures also show that the concentrations
of metals are variable within the Fluvial Aquifer, with the highest values tending to be
centered in the northwest quadrant of the Main Installation. This is the same general trend
4s observed in previous quarterly reports and the GCDR. Tables 3-2 and 3-3 summarize the
concentrations of metals detected in groundwater samples from the Fluvial Aquifer.

Beryllium. Beryllium was detected in trace amcunts in samples collected from four wells
during the March 1998 sampling event: three located at Dunn Field and one on the Main
Installation (Figure 3-8). Reportable concentrations observed in these four wells ranged
from a low of 0.02TR ug/L to a high of 0.04TR pg/L at MW-31. All of the concentrations
detected in these samples exceeded the PRG concentrations for this constituent,
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Compared to previous sampling events, beryllium levels decreased significantly. In
contrast to the findings reported in the September 1997 sampling report, samples collected
during March 1998 from wells MW-03, MW-04, MW-14, MW-15, MW-19, MW-22, MW-24,
MW-25, and MW-26 did not contain reportable levels of beryllium. Also, in March 1998
beryllium was detected in samples from wells MW-16, MW-28, MW-30, and MW-31, while
samples from these wells collected during the September 1997 event did nat contain
beryllium at detectable levels.

Because of the variability in 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 five wells located across the DDMT
facility and off-site (Figure 3-10) and in trace amounts in 27 wells. Three of the detections
occurred in samples from wells located on Dunn Field and two in samples from wells
located on the Main Installation. Concentrations in these samples ranged from a low of 10.9
kg/L toa high of 66.6 ug/L in well MW-36. Two of the reported concentrations exceeded
the proposed PRG value of 18.5 {Table 3-2). The highest concentration of chromium in the
March 1998 sampling was observed in the Dunn Field well, which represents a contrast to
the September 1997 data. In September 1997, the highest concentrations of chromium were
observed in the Main Installation wells; the maximum ¢oncentration of 147 ng/L was
reported in the sample from well MW-4. During the March 1998 sampling event, chromium
was not detected in any of the off-site wells. .

Graphs of chromium concentration versus time for strategic wells were evaluated to
determine temporal trends. Figure 3-9 depicts this relationship. Long-term trends indicate
that chromium hag been detected at the highest concentrations relative to the other metals.
Temporal changes in chromium cencentrations indicate a general decreasing trend between
the September 1997 and March 1998 sampling events. During the March sampling event,
chromium levels decreased in samples from 16 wells and increased in samples from two
wells, as compared to the September 1997 sampling event. The most significant changes in
ehromium concentration over the most recent sample period were an increase of 57.5 Hg/L
observed in MW-36 and a decrease of 144.7 ug/L observed in MW-20. Temporal trends .
prior to September 1997 show no consistent pattern, 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 variability in the concentration of chromium versus time, meaningful
seasonal trends are not apparent, Currently, a decreasing trend is apparent, which is
consistent with other metals constituents. This trend, however, needs to be confirmed with
additional data to be collected.

Copper. Copper was detected in one well in Dunn Field and detected in trace amounts
across Dunn Field, the Main Installation area, and ofi-site to the west of Dunn Field and
south of the Main Installation (Figure 3-11). The single reportable detection of copper was in
well MW-13, in the center of Dunn Field. During the previous sampling event {September
1997), the highest copper concentration (147 pug /L) was observed in the sample from well
MW-20 located on Dunn Field. None of the copper concentrations observed during this
sampling event exceeded the PRG concentration of 135.05 pg/L.
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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 concentrations than was chromium. The 1993 values
were either similar to or slightly higher than the 199D values. For the period between 1993
and 1996, an overail dectine in the copper concentrations was observed. The most recent
data indicate a general decreasing trend in copper concentrations when compared to the
September 1997 data. Over this same period, the most significant changes in copper
concentrations were a 147 pug/L increase reported in well MW-20 and a 49.2 Lg /L decrease
reported in MW-16.

Temporal trends prior to June 1997 are not consistent, as copper levels decreased between
the 1993 and 1996 sampling events and increased between the February 1995 and June 1997
events. Because of the variability in the concentration of copper over time, meaningful
seasonal trends are not apparent. Currently, a decreasing trend is apparent.

Lead. Lead was detected in four samples from wells located on Dunn Field and the Main
Installation and was detected in trace amounts in four additional wells. Two detections
occurred in samples from wells located on Dunn Field and two detactions oecurred in
samples from wells located on the Main Installation (Figure 3-12). Concentrations in these
samples ranged from 4.8 pg/L to 41.6 ug/L; the high was reported in sample MW-13. The
lead concentrations in samples from one well exceeded the background concentration of
9.4 pg/L. and the sample from the same well exceeded the PRG concentration of 15 ug/L.
There were no detected concentrations of lead in any of the off-site wells. :

Graphs of lead 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 lead was detected at lower concentrations than chromium and copper. There also has

been a generally decreasing trend of lead concentrations; the 1990 levels were the hi ghest,

1993 levels were intermediate, and the 1996 levels were the lowest. The most recent data

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

March 1598 sampling events. During the petiod from September 1997 ko March 1998, lead

concentrations decreased in two samples and increased in two samples. Qver this same

pericd, the most significant changes in lead concentrations were an increase of 41.6 ng/L

reported in sample MW-13. |

Nickel. Nickel was detected in one well located on Dunn Field (Figure 3-13). There were
trace levels of nickel detected in four additional samples. The detected concentration was in
well MW-36 (47.8 pg/L). This vatue exceeds both the PRG and the background values for
nickel. No samples from off-site wells had reportable concentrations.

Graphs of nickel 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 nickel was detected at lower concentrations than chromium, copper and lead. There
has been a generally decreasing trend in nickel concentrations; of the pre-1997 sampling
events, the 1990 levels were the highest, 1993 levels were intermediate, the 1995 levels were
the lower, and the 1997 levels were the lowest. The most recent data indicate a continuation
of this decreasing trend in nickel concentration between the September 1997 and March
1938 sampling events. During the period from September 1997 to March 1998, the nickel
concentration in MW-36 increased from 6.6 ug/L to 47.8 ug /L.

PAT13830WMAR_98_4THRERORTWM9ERPTTIT.DOG ap




291 32

3.2.3 The Impact of Turbidity on Metals Concentrations

During the March 1998 sampling event, turbidity measurements were made with a bench
scale turbidity meter. The turbidity measurements were then plotted against metal
concentrations to determine whether a statistically significant relationship between these
two parameters exists. Table 3-4 and Figure 3-14 present the effact of groundwater sample
turbidity on total metal concentrations.

The data indicate that the metal concentration to turbidity correlation coefficients are poor,
with an average corvelation coefficient of 0.14. A correlation coefficient of zere would
indicate that the magnitude of the metal concentrations is not linearly dependent on the
magnitude of turbidity. Values of positive or negative one (11} indicate a perfect direct and
inverse linear relationship between concentration and turbidity, respectively. Intermediate
values indicate a less than perfect correlation. The correlation coefficients for five indicator
analytes (beryllium, chromium, copper, lead, and nickel) ranged between 9.7 x 10° for
chromium to 0.0019 for beryllium. Overall, correlation coefficients suggest that sample
metals concentrations are not linearly dependent on the magnitude of turbidity. However,
it is important to note that the turbidity values used in this consideration were between 0
and 100. Therefore, the lack of correlation is for the turbidity range of 0 to 100.

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
concentration based on the average linear correlation coefficient of 0.32. The September
1997 data suggested that with a correlation coefficient of 0.13, these is no correlation
between turbidity and metals concentration. Based on the current data, no meaningful long-
term trend has been established regarding the relationship between sample turbidity
(values between (0 and 100) and metals concentrations.

3.2.4 Natural Attenuation Assessment

A technical protocol for data collection and analysis to support the scTeening of natural
attenuation (intrinsic remediation) as a Feasibility Study remedial alternative has been
implemented as part of the DDMT groundwater monitoring program. Natural attenuation -
occurs when physical, chemical, and biclogical processes act to reduce the mass, toxicity
and mobility of subsurface contamination in a way that reduces risk to human health and
the environment to acceptable levels.

Presently, natural attenuation should be evaluated for two areas, west of Dunn Field and
southwest of the Main Installation. Along with the analysis of VOCs, the following
protocol was used for evaluating natural attenuation for the areas.

SUGGESTED EPA PROTOCOL TO DEMONSTRATE NATURAL ATTENUATION ESTABLISHED FOR
THE MARCH 1398 SAMPLING

Oxygen

MNitrate/Nitrite
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SUGGESTED EPA PROTOCOL TO DEMONSTRATE NATURAL ATTENUATION ESTABLISHED FOR
THE MARCH 1998 SAMPLING

Iran {II)

Sulfate

Methane, Ethane, and Ethene

Redox ['otential

'H

Temperature

Conductivity

Chloride

Total Organic Carbon

The data collection protocol was implemented for wells located upgtadient of the source, in
the source, in the dissolved plume downgradient of the source, and downgradient of the
dissolved plume.

3.2.5 Technical Summary

To evaluate the change in chemical mass over time the ratios of the parent to daughter
products and to total concentrations (sum total of the parent and daughter products) were
caleulated. The ratios of the daughter products to parent products (e.g. TCE to PCE, DCE to
TCE) and their rakios to the sum total concentration for select wells are summarized in Table
3-5. These ratios were used to develop trends that would show the progression and for
accumnulation of degradation products in the Fluvial Aquifer as the groundwater moves
downgradient, through the source area, and as a dissolved plume into a clean zone.

The ratios for the Main Installation wells, where quantifiable detections were reported,
indicate that the daughter-parent ratios in downgradient wells MW-47 and MW-52 are
greater. Although MW-47 is not directly downgradient of source well MW-21, the
comparison suggests increased levels of 1,2 DCE within the dissolved plume. Wells MW-47
and MW-52 also showed an increase in the percent of 1,2 DCE to total VQCs.

The chemical ratios calculated for the Dunn Field wells indicate an appreciable increase in
the ratio of 1,2 DCE to TCE in wells MW-31, MW-06, and MW-32, immediately
downgradient of the source well (MW-12). This trend is also observed in MW-11 located
hydraulically lateral to source well MW-12. This trend indicates a slight transformation of
TCE to 1,2 DCE. The percentages of 1,2 DCE to total VOCs in the aforementioned wells is
also greater than those observed in the source wells (MW-12 and MW.-35), further
supporting possible solvent transformation/degradation from the source to downgradient
areas.

A comparison of the relative percent change of PCE, TCE, 1,1 DCE, and 1,2 DCE during the
period of September 1997 to March 1998 indicales overall reduction in mass of 17.7 percent.
The relative percent change of these VOCs is 8 percent, 17.7 Fercent, 15.7 percent and 24
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percent, respectively. This change is high and suggest a time of significant VOC change
(transformation) or a shift to areas where monitoring is not being performed. The specific
geochemical and/or biological processes for this apparent mass reduction are not yet
apparent.

Contaminants and Geachemical Markers

TCE is present in groundwater at concentrations that range up to 3200 pg/L. TCE is most
widespread at Dunn Field where a significant source is located at well cluster MW-12/MW.-
35. The dissolved TCE plume extends over an area that encompasses most all of the other
Dunn field chlorinated solvent plumes, with the exception of 1,2 DCE. The 1,2 DCE plume
extents slightly outside the boundary of the TCE plumes, as illustrated on Figure 3-15. The
concentration of TCE declines rapidly in the downgradient direction, west and north west
of the source area.

A source of PCE is centered at MW10 (100 pg/L) and within the TCE source area. The
concentration of PCE declines rapidly in the downgradient direction, west and northwest
towards MW-31 and MW-30, respectively. PCE and TCE are in all likelihood parent
products that degrade biologically to DCE and vinyl (VC), although, under the right
conditions TCE is also a degradation product of PCE. [t should be noted that no VC was
reported in any samples ¢ollected.

As previously mentioned, the 1,2 DCE plume overlaps the 1,1 DCE plume, and lies within
the TCE plume. The concentration of 1,2 DCE exceeded 200 pg/L in wells MW-12 {TCE
source well) and MW-31 located downgradient of MW-12 and MW-10 (PCE source well).
The isomers of 1,2 DCE (cis - and trans- DCE) were not analyzed s¢ the presence of these
forms of DCE are not known.

Soluble Chloride lon

A strong indicator of chlorinated solvent degradation is the simultaneous increase in

chioride concentration and the decrease in chlorinated solvent concentrations. Chemical

concentrations of parent and daughter products indicate an apparent decrease in

concentrations from September 1997 to March 1998. The chloride concentrations |
summarized in Table 3-6, however, do not show an cbvious increasing trend. Background ‘
chloride concentrations are in the range of 6 to 38 ug/L and, with the excepticn of the

199 pug/L chleride concentration reported in well MW-32, there is not an apparent Increase ‘
in chloride with time or spatially, from upgradient areas through the source and into the

dissolved downgradient plume. Typically, a strong indicator of reductive dehalogenation |
would be chloride concentrations in the source/dissolved plume greater than two times the

background chloride concentrations. This trend is not supparted by the current data.

Monitoring well MW-32 is located offsite and downgradient of the source well (MW-12), a

strategic location for evaluating natural attenuation and fate and transport; additional

geochemical data from this location will help evaluate the potential for natural attenuation

at Dunn Field.

Dissolved Oxygen and Redox Potential

Qutside the dissolved plume, background dissolved oxygen (DO) concentrations ranged
from 1.6 t0 11.52 mg /L. DO values measured in the source and dissolved plume ranged
from 3.25 to 11.28 (Table 3-5). The distribution of DO in the Fluvial Aquifer is shown on
Figure 3-16. Some of the DO measurements exceed the maximum theoretical concentration
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for dissolved oxygen in water (9 mg/L), indicating instrument inaccuracies possibly related
to calibrabion. Traversing a path in the direction of groundwater flow from upgradient
{MW-13}, through the source (MW-12), downgradient from the source within the dissolved
plume (MW-31 and MW-54) to a clean zone, the reported DO concentrations were 6.75
mg/L, 7.21 mg/L, 511/8.78 mg/L, and 7.61mg/L, respectively. DO concentrations of less
than 1 mg/L generally indicate a reductive pathway.

Redox potential in the source and dissolved plume range from 82.6 to 252.0 mV. Qutside
the dissolved plume, redox potential ranged from 100.9 to 263.6 mV (Table 3-5). The
distribution of redox potential in the Fluvial Aquifer is shown in Figure 3-17. These values
indict that the probability of reductive dechlorination occurring is low. Typically, redox
potential below 50 mV enhances the potential for the reductive dechlorination. Studies
indicate that the reduction of DXE to VC and ethylene are dependent of a sulfate reducing
or methanogenic environment, and these processes readily occur at redeox levels below

= 200 mV. These conditions may be found in microenvironments, but do not dominate in
the Fluvial Aquifer underlying the DDMT facility. Bacterial reductive dehalogenation of
PCE and TCE to DCE can occur in relatively oxidizing conditions, requiring only the
absence of oxygen or nitrate, a condition that may exist at Dunn Field. However, more data
needs to be collected to better define the redox conditions and geochemical markers in the
Fluvial Aquifer and to assess whether this degradation process can occur.

Total Iron

Total iren concentrations were determined for wells located within and outside of the
contamination plume. Ideally, Fe”concentrations greater than 1 mg/L anoxic (oxygen
defficient) conditions and the potential for an anaerobic pathway. Total iron
concentrations, however, can be used as a preliminary indicator of where the reductive
pathway is present. Iron concentrations that were reported in the dissolved plume ranged
from 0.2 to 4.1 mg/L, with only indicating a low probability for a reductive pathway.

Nitrate

Nitrate concentrations ranged from 1.5 to 8.4 mg /L. These data did not indicate a distinct
pattern of distribution as concentrations within the dissolved plume and downgradient of
the dissolved plume are similar. In an environument where ideal conditions for a reductive
pathway, upgradient nitrate concentrations would be significantly greater than 1 mg/Land’
within the source/dissolved plume nitrate concentrations would not exceed 1mg/L. The
contrast in background to source is not essential for a reductive pathway to occur; this
contrast is ideal. When nitrate levels exceed 1 mg/L, it may compete with the reductive
pathway. Current data indicates less than optimum conditions to support a reductive
pathway, although additional data may better determine the fate of this geochemical
parameter.

Sulfate

Sulfate concentrations ranged from 5.9 to 51.4 mg/L. These data indicate a distinct pattern
of distribution where concentrations within the dissolved plume were generally higher than
those outside of the plume. Sulfate as an indicator for reductive pathway are generally
when background concentrations exceed 20 mg/L, and source/dissolved plume
concentrations are less than 20 mg/L. Similar to sulfate, the contrast from background to
source is not essential for a reductive pathway to occur, it represents ideal conditions.

When sulfate levels exceed 20 mg/L, it may compete with the reductive pathway. At Dunn
Field, dissolved plume wells MW-32 and MW-35 have sulfate concentrations that are less
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than 20 mg/L; however, concentrations of sulfate in wells MW-3, MW.-8, MW-10, and MW-
31 were much greater than 20 mg/L. Current data indicates less than optimum conditions
to support a reductive pathway, although additional data may better determine the fate of
this geochemical parameter.

Natural Attenuation Total Organic Carbon (TOC), Alkalinity {HCO, } and Ammonium

Limited TOC, HCO,and ammonium data are currently available. The low TOC values and
HCO, and ammonium suggest conditions that are not optimal to drive a reductive
pathway. Although additional data is required to establish any meaningful trends from
these geochemical markers, their trends are consistent with the other parameters collected.

3.2.6 Natural Attenuation Summary

A technical protocal for evaluating natural attenuation has been established. The protocol
is based on the most current scientific information available. Natural attenuation
parameters are being collected in two areas, west of Dunn Field and southwest of the Main
Installation.

In general, the existing geochemical data indicate a chemical and biological environment
with less than ideal conditions to support natural attenuation. In contrast, however, are the
mass decreases observed over the petiod of September 1997 to March 1998, and the
increasing ratios of daughter products downgradient of the source term. Additional data
and technical evaluation will be performed following the September 1998 sampling event to
further evaluate this apparent difference in the aforementioned data rends. '
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4.0 Conclusions

Based on the groundwater data collected during March 1998, the following conclusions
have been drawn:

1. Test borings and well installations west of Dunn Field have provided a general
configuration of the base of the Fluvial Aquifer showing the trend of the previousiy
identified depression in the clay surface {Law, 1990).

2. In March 1998, groundwater elevations underlying Dunn Field were on average

(.88 foot higher and groundwater elevations underlying the Main Installation was
0.56 foot higher than observed in the September 1997 sampling event. The maximum
difference in water elevation in the Fluvial Aquifer was observed in MW-42, where the
groundwater elevation increased 3.4 feet between September 1997 and March 1998. The
maximum difference in water elevation in the Memphis Sand Aquifer was observed in
MW-36, where the groundwater elevation increased 10.38 feet between September 1997
and March 1998. Based on the variability of the water levels and the hydraulic gradients
measured in the Fluvial Aquifer and the rainfall data, groundwater flow patterns in the
Fluvial Aquifer are complex and may not be sensitive to local rainfall recharge.
However, there is significant lag time in the Fluvial Aquifer due to local rainfall
recharge. This is evident by the change in head in the Fluvial Aquifer versus the
Memphis Sand Aquifer. A comparison of the groundwater flow patterns versus

. chemical migration patterns over time will be necessary to validate the hydrogeological
site model.

3. In the northern portion of the site, the hydraulic gradients of the Fluvial Aquifer are
consistent with the surface gradients of the basal clay confining unit, which is the lower
hydrologic boundary of the water-table aquifer system.

4. Groundwater flow on the eastern pertion of the study area is west to southwest, where
it converges along the northwest-southeast trending paleochannel feature. Groundwater,
flow on the western portion of the study area is east to northeast, where it CONVETgZes
along the paleachannel feature. Groundwater movement is away from the site
(northwest flow) along the northwestern boundary of the study area. In general, a
potentiometric low is centered on MW-34, and the groundwater hydraulic gradients
indicate convergence of flow to this low point.

5. The trend analysis made on the September 1997 and March 1998 sampling data indicate
a moderate increase in size of the VOC contamination plume and a significant decrease
in the inorganic contamination phime.

6. Overall, VOCs exhibited an increasing trend when comparing the September 1997 to the
March 1998 data. During this period more samples exhibited increasing concentrations
of 1,1-DCE, PCE, TCE, 1,1,2,2-PCA and C4. Although the magnitude of the TCE plume
(center of chemical mass) decreased by 600 Hg/L at MW-12, the size of the TCE plume
continued to expanded off-site to areas north, northwest and west of Dunn Field. It is
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suspected that a change in chemical mass flux has caused this apparent increase in
. plume size, 2 condition that was exhibited by the five VOC contaminants of interest.

7. The September 1997 data confirmed a detection of 1,1-DCE (1 pg/L) in MW-45, where it
had not previously been reported. March 1998 data indicates no 1,1-DCE was detected
in MW-45. However, a concentration slightly above the delection limit was reported in
MW-40. This low-level detecticn 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
MW-40 in this direction. Consistent with the September 1997 data, 1,1-DCE was not
detected in well MW-46, a well located in the same general area but closer to the main
source, and this appears to be 2 long term fate and transport trend for 1,1 DCE in this
area. An increase in 1,1-DCE was again reported in well MW-51, as it was in February
1996, June 1997, and September 1997sampling events, which indicates that this plume is
no longer bound to the north.

8. The largest PCE plume is centered on the western and northwestern boundary of Dunn
Field. PCE was detected in MW-54, which is consistent with the September 1997 data.
This trend indicates that the plume is bound to the west only by MW-44. PCE was not
reported in samples from this well in February 1996 and June 1997. The concentration
of PCE has remained constant in well MW-51, located north of Dunn Field, an
indication that the plume is bound by MW-51 in this direction. Additional groundwater
monitoring points will be required to fully assess the fate and ansport of PCE in this
area.

9. The largest TCE plume is centered on the western and northwestern boundary of Dunn

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

. (VOC concentrations in MW-31, and MW-54 have increased significantly) indicate that
the plume continues to expand to the west. Similarly, the TCE concentrations reported
in samples from MW-51 and MW-29 indicate continued expansion of the plume to the
north. The concentration of TCE in these off-site wells has steadily increased over the
periods of February 1996 to June 1997, June 1997 to September 1997, and September 1997
to March 1998. 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 shift in the center of mass
of the TCE plume. This shift in mass was first observed during the fune 1997 sampling -
event. Additional monitoring points may be required to fully assess the fate and
transpert of TCE,

10. The March 1998 plume geometry for 1,1,2.2-PCA is consistent with the plumes
described by the February 1996, June 1997, and September 1997data. The C4 plume has
changed by increasing slightly since September 1997. The 1,1,2,2-PCA concentrations
reported in samples from well MW-31 have been highly variable; the concentrations for
February 1996, June 1997, and September 1997 were 420 Hg/L, not detected, and
10 pg/L., respectively. The March 1998 data for well MW-31 is consistent with the
September 1997 sampling data, and indicates a plume which extends off-site and to the |
west of Dunn Field.

11. The most significant change in groundwater chemistry occurred in MW-12, where the .
concentration of TCE decreased from 3,800 ug/L to 3,200 pg/L between September 1357 |
and March 1998. During this same period, the concentrations of TCE also decreased in
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MW-31 and MW-335, a trend that was observed over the period from February 1996 to

. June 1997,

12. Inorganic constituents of concern (beryllium, chromium, copper, lead, and nickel) are
elevated at Dunn Field and the northwestern portion of the Main Installation area. Off-
site concentrations are below detection or significantly reduced. Overall, the inorganic
concentrations have decreased compared to the September 1997 data, as suggested by
ternporal trend analysis. The decreasing trend over the most recent sampling period
may be temporal because of the increasing trend observed over the February 1996 to
June 1997 period, or may be due to the low turbidity of the groundwater samples.
Additional groundwater data will confirm whether this is a long-term trend in metals
concentrations.

13. 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
3.2.3 indicates no positive correlation between sample turbidity and metals
concentration for turbidity values less than 100 NTU. During the previous sampling
periods (February 1996 to June 1997, and June 1997 to September 1997), a positive
correlation between sample turbidity and metals concentration was observed. Overall,
the metals concentrations reported during the March 1998 sampling event were
significantly lower than concentrations reported from all previous sampling events.

14. A technical protocol for evaluating natural attenuation has been established. The

protocol is based on the most current scientific information available. The two areas
. where natural attenuation parameters are being collected include west of Dunn Field

and southwest of the Main Installation. In general, the existing geochemical data
indicate a chemical and biological environment with less than ideal conditions to
support natural attenuation. In contrast, however, are the cbserved VOUC mass
decreases observed over the period of September 1997 to March 1998, and the increasing
ratios of daughter preducts downgradient of the source term. Additional data and
technical evaluation are required to evaluate this apparent difference in the
aforementioned data trends.

15. The final sampling event for water level and groundwater data will be required to
assess the extent of chemical migration and the potential for chemical migration due to
the temporal variations in groundwater chemistry and hydraulic conditions in the
Fluvial Aquifer. Long-term tends are developing in the current database that can be
further supported by the September 1998 sampling event. The apparent trend for the
VOC plume to expand and also decrease in mass, the decline in metals concentrations -
due to turbidity, and the potential for natural attenuation are trends that can be further |
supported with another round of groundwater quality data. |

PA1136NMAR_S8 _4THREPORTWBBAFTTYT.OOC 43




291 40

5.0 References
@

CH2M HILL. Dowsthole Geophysical Characterization of Monitoring Wells at the Defense
Dvistribution Depot Memphis, Tennessee. Technical Memorandum. November 1996,

CHZM HILL. Final Gronundwater Characterization Data Report. Frepared for the Defense
Distribution Depot Memphis, Tennessee (DDMT}. August 1997.

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

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

Corps of Engineers, Huntsville Division (CEHND). Record of Decision for Interim Remedial
Artion of the Groundwaler at Dunn Field (OU-1) at the Defense Distribution Depat Memphis,
Tennessee. August 1995.

Duffield, G.M. AQTESOLV Aguifer Test Soiver, Version 2.01. Geraghty & Miller, Inc. 1995.

Environmental Science and Engineering. Groundwater Monitoring Resuits at DDMT.
February 1994,

Freeze, R.A., and ]. A. Cherry. Groundwater. Prentice-Hall, Inc. 1979,

. Graham, D.D., and W.S. Parks. Potential for Leakage Among Principal Aquifers in the Memphis
Area, Tennessee. U. 5. Geological Survey Water Resource Investigation Report 83-1295. 1986,

Kingsbury, J.A., and W. 5. Parks. Hydrogeolagy of the Principal Agquifers and Relation of Faults
to Interaquifer Leakage tn the Meniphis Area, Tennessee. U.S. Geological Survey Waler-
Resources Investigations Report 93-4075. 1993.

Kruseman, G.P,, and N.A. de Ridder. Analysis and Evaluation of Puniping Test Data. Second
Edition. International Institute for Land Reclamation and Improvement. 1990D.

Law Environmental. Remedial Investigation at DDMT. Final Report. August 1990.

Nyman, D.]. Predicted Hydrologic Effects of Pumping from the Lichterman Well Field in the
Mempitis Aren, Tennessec. U. 5. Geological Survey Water Supply Paper 1819-B. 1985.

Parks, W.5., and J. K. Carmichael. Geoiogy and Ground-water Resonrces of the Cockfield
Formation in Western Tennessee. U.S. Geological Survey Water-Resources Investigations
Report 88-4181. 1988.

Tennessee Department of Environmental Conservation (TDEC). Hazardous Substances
Guidelines. Division of Superfund. Draft. December 14, 1987.

U.S. Environmental Protection Agency (EPA), LL.S. EPA Contract Laboratory Program Natienal
Functional Guidelines for Organic Data Review, EPAS40,/R-94/-012. February 1994(a).

US. EPA. U.5. EPA Contract Laboratory Program National Functional Guidelines Jor Inorganic
. Data Review. EPA540/R-94/-13. February 1994(by, ,

PAT138IMMAR_F8_4 THREPORT ORPTTXT.DOC &1




'
+
. .
..
" v
.
. .
- R
PR
. .
4
.
i
.
- .
. .
4
.
L .

. Figure

-
"
e
[ .
.-
'
.
"
]
. -

v
L
L
-
1
-
.

%

Ll

ak

..
) '
'




it eln Bl L)

-._-r"_ ——————————————— __.-j
.)_ o fastrle Knavide o~
4 Tennessee r’.__,_.-’
¢ Memphis A

.....
..
‘‘‘‘‘
.
.....
.

LEGEND

Interstae
—-— Staie Line
v Riverilraek

B —— —

Q
Scalpin Mites

Ln

Area gl
Mamphis, TH

- — s B Y = — — W — L —

MISSISSIPPI

SOURCE:

Englngering-Sciente, 1933,

, Figure 1-1
DDMT Lecation in Memphis Metropolitan Area
Defenze Distribution Depor » Mermphis, Tennosses




43

291

BN o5sseuus) sudiey [odeg uorRguSK BSURIeT

MLLTSEY  sNOILYDO0T DNIHOA 1AS ONY

"@ T13M DNIYOLINOW HILYMONNOUD
¢-1L NI

ML= - TS Y
DNmCH LE3L oS

TTaM OHACTONIYE!_)

TIEM QNS SIHdrian W

TOHIHORTIAM OTTIVLEN SNOAHL

(5841 QI TIW.LEND TIOHIHORTIZM HIINDY THIAMTTTY T ——_— ._

NOLLYTIVLSNI
NIVIA




44

| ]
| TITHIHO
]
S

gassauUe] "Sruduby [odBe UDHNAUISKT BSLB)EE
Yady SIHAWIW FHL 40 NOIL23S $S0HD ADOTT0ID IYHINTD
£-L IHNDIA

L]

s -

(33d)
g
|

e b peem oy

magnizy pusg epydumeg - U Pk g

- iy w
- ERadag Ay
|1 ==
8B
4|2
LSVIHLHON

- i,y
el epda-Fr -ty _.n
]

2

{:
81

183MHLNOS

0661 'sxed :8ainosg

U=3a)

SEIN U] OrERG

g




4 291 45

2
g
_ =
B Z
-/-’
o
d
]
; 8 | M35
Shit-104® . " MW-38 . MW-18
~ DDMY
o |
./. L=
o \
. Bail Road
;

7
®5h-167
Rpad

Unimgraved Acad

=== Aallraao

o +s e RiverfGreck
Sh:) @ Wil
M & Monitoring Well

SCALE 1:24.000

) Figure 1-4
Conflned Sand Aquiler Well Locatlons
Darenss Dainbution Depot = Mermpiis, Ternasces




5-1 IynNaDld

II
:

46

231

AV U INIOYED Twae

‘AT RN 1
P W bl LPATIA ) TS

TTRMYAL] WDILWATLT LINA Dea kil N0 40 60y
T oIS 103

i Dnasdy ow

ARYONNCD 400

LE - IRRE L
MO IWIDT T3 Dle o

QATEIULB) "SIPTWa — IDO0) LUOHNDIIIEK] BEUS T ' erm T—
d¥IN HNOLNOQD JdNOHD I - "
FNHOQIYII/NOSHOYT! JHL JO dOL -

vl Troduel |

é.

P M




agsssuua Spdiuay 1odo LoRnGUISK) osueg

 THHHD ]
BEGL ‘HOHYW
“@ dYIN 3DVAHNS JIYLIWOILNILOd
L-€ IHNDIL
? IB....B..._._
- / q
HIJINDY LA
[ ]

291

JM) M1 MOULDA O INSIYED 1L YMORIOED _,
(154 14 INIT HPQUNGD DI LINOILNELOd =
FISAY L4 NOLLYATE 134T0 Haoww 55 DO%
AHYONNCE Iwag = 7 7 =

HIEFN TI3M F.rd

NQIE 307 V13w ONMO LN L]

(ELER|

DAL w1 TS YR

..ﬂ_.




|
| TIH D |
A

NG z-¢ JHNDId

INTYAOILYALST
NOUVIOT DIHHIINI ===
TUBN} NI MOLLYHLNIONDD (26002
ALYONNOE LD = - - —

HIAWNN T13M F-
NOLL YOO T13A BNIHD HNCW 'Y
ANEYIT

00d =, T IWIS dvid

SRSFEULIR ] SIyOLEHY J0dE LIRRGIISIT B5UBST
BG6 1 THOHYIN - HAINOY TYIANTE NI
NOILYHINIDNOS (393) SNIHLIOHOTHOIO 1L

b
A1 Y 1y

a3 L7 e S

Al

[Illlwl.l-l"..lrll- S——

iy

El-am gy

el L Iy




49

Ll T T

BN  ocssotn) Studwegy joden uanauIsIg BRseieg
EIETNST  es6l 'HOHYW - HIJINDY YIANTL NI
I@ NOILYHINIINGSD (33d) INTTAHLIIOHOTHAYHLIL

£-£ JHNIJId

INTAQALVILGEA ¢
NOULYOO T TN =
tudind i NDUYHILNESNGD  [Z5°008)
AHYANTCIE LACKT = - ~ ——
BAEWNN T1IM g2
NCUYION TiaM DNIUGLINGY [ ]
L ERE]]

291

-I.l.lnlr.lrlr'.ll-H.ll.-lhh.nlllﬂ-?.l..Ll....li T
_J\_ — bt 0 1P |

f

LOOZL = 1TSS dYi




231 50

Figure 3-4 Temporal Trends in VOC Concentrations and Groundwater Elevations
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Figure 3-4 Temporal Trends in VOC Coneentrations and Groundwater Elevations
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Figure 34 Temporal Trends in VOC Concentrations and Groundwater Elevations
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Figure 3-4 Temporal Trends in VOC Concentrations and Groundwater Elevations
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Figure 3.8 Temporal Trends in Metals Cancentrations
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Tabie 31
Water Lavol ond Top of Confining Unit Ebrvetions
BOMT Groamcwoher Changcterizalion
MARCH 1988 SAMPLING EVENT
OFFENTE DISTRIBUTION DEPOT-MENIHTE TENNESSEE
op o
Egtimetsd | Ground Zonfining
Wall / DTW (it | Taw |Dopthto Top| Surfsce TOC Gw Layser
Boring below |Depth ef| of Confining | Elevatien | Elwvation | Elevatlon | Elovation
No.  [Ofcd No.t TOC} | Welbjit) | Leyer (M) {ftamsl) | (i amsl) | (f1 amal} {ft amsi} Cosnments
2 MNA .77 35.00 MA NA WA NA M
3 NA 62,30 700 NA NA M NA, MNA
[] NA 59,96 B1.80 WA NA KA HA ME
5 M 74,57 FH.25 H& WA NA NA NA
[ Ma 5824 70.24 MA M N& hA HA
7 NA, 82,14 77.X NA NE& KA NA NA W el casing nanded repatrs; WL maasyured 4-1-58
B MN# 58.08 §5.00 MNA 79274 MNA 234 .85 MA
7 N& 7143 82.50 HA 304,86 WA 233.23 NA,
10 NA 5781 71,00 MNA 283,k WA 231,15 MNA
11 A £9.40 A5.00 NA 289.58 NA 230.19 HA
12 MA 71.08 A7.00 NA 30140 NA, 230.31 [F1]
1.3 M 68.10 B3.00 MA 28295 NA £31.B5 Ma
14 MNA 21.50 B0.00 TR50 302 44 HA 23064 223284
15 WA 64,20 51.00 MA 285,23 NA 231,03 HA
14 MA 58.65 75.00 79,00 20019 NA 243 53 22514
17 HA ary 05 00 .00 316.18 HA NA 2218 Mot 5ampred
18 MA 131.00 | 120.00 WA 308.25 HA 17735 NA Nt =ampied
1% NA BE.80 58,00 B0.00 29085 MA 204.08 200.BE6
n MA B4.38 100.50 A 28516 MA 20081 L L]
21 NA 8315 1049.50 MNA 205.11 MNA 2{11 92 A
22 MN& [ 108 .00 NA 280.06 NA 202,00 NA
23 A 58.50 114,00 NA 209.04 hA 200,54 MA
2d NA 105,64 11500 114,70 209 67 A 1693.63 1B4.87
25 A 71,54 B1.00 80.70 27021 A 198,73 18881
24 WA 19 45 110,00 110,00 303.68 WA 20 22 19358
27 NA 91.07 54.00 48,00 30418 NA 21312 208149 Not eAmphed
28 Wi EH.49 89.00 B0.00 204,85 MA 23P.40 214,60
F MNA& 36.10 54.00 MA 2TA.A5 N& 23725 MA
3D NA 4302 50.00 BE.00 273.63 NA 230.91 207,53
al hA 6.1 5 78.00 75,30 287 3B MA 23323 £11.08
32 NA £8.70 58.00 6&, 90 28542 MA el 218,62 Cipta lagmer in weli; WL mnasurad on 3-27-08
KX] FdA 47.75 50,00 B0.0Q 2i7.a2 M 220.77 317 5P
34 MNA 1325 | 1657.00 156.:30 30078 iy 154,53 14248  |Data booger in wolk WL massured gn 3-27-88
a5 RA 70.25 2000 B80.50 301,85 MA 231.40 211.15
k% NA 149.08 | 203.00 2000 a11,15 Ma 16207 221,13
a7 NA 124,50 183.00 J0.00 285,45 MNA 18085 21545 Data logger m well; YWl mageurad on 3-27-08
28 HA 130.35 155.00 15500 309,35 NA 178.01 153.28
g NA 101.01 116.00 MA oo A2 NA 185,11 NA
A0 =] T5.80 8500 B5.Of 282 4D 62,39 18%.45 1657.40
41 [ 65 0 G7.00 B7.00 263,60 283581 21851 214.80
[F] M 5300 549,00 25.00 275.10 274.87 22187 216.10
43 L 08.47 0600 WA 285.50 2BE.23 158,76 MA
Lo W 40.20 7400 78.00 26940 208.07 218.87 161.40
45 [y 53,60 BE.00 70.00 2310 28281 239,21 223,10
a4 a 50,54 72.00 73.00 2760 207,56 38,52 214.90
47 H 101.50 120.0G 120.00 308.70 308.39 204 855 186.70
48 1 TH.68 400 94,50 284.70 20,49 L 180720
A o] 74.54 B0.00 50,00 210.70 310.45 233 35 220,
50 F B1.04 124.00 125 .00 29930 268.78 213,84 174.30
51 A 37.33 55.00 Bd. 50 275.50) 275.24 Z3v.81 211.00
52 [ 79,654 104.00 104 .00 278 .50 278.1% 108.55 175.50
53 E 7275 B2, 50 B3.00 308.70 306.38 233.63 22170
o4 o 7410 B4 50 B5.00 28550 20534 281 2% 200.50  |Watar lavel measured on 3-28-50
55 i 65.45 74 00 75.00 282,40 242.05 222.60 217,40
STE-4 NA NA NA 75.00 207,32 HA NA 21582
518-7 NA KA WA 70.00 7.4 HA NA 21481
51848 NA MA NA, 25.00 268,51 HA MNA 203.51
57R.172 HA HA HA 10u.00 MNA MA NA FWALUE|
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. Table 3-2

Detected Groundwater Constituents
Dcfense Distribution Depot - Memphis, Tennessee

Station ID VALUE Q PRG {up’kg) PRG Basis Background Basis

1.1,1-TRICHLOROETHANE

MWQ3 1] O 16425 S 1 MAX_DET
MW7 21 [J 16425 5 | I MAX_DET
MWOg L) [J 164.25 s = 1 MAX_DET
MWI10 2] O 16425 s ) 1 MAX_DET
MW29 57 L 16425 s | MAX_DET
MWS] 21 O 16425 S 1 MAX_DET
Maximum: 5
Minimom: 1
Averape: .17
1,1,2.2.-TETRACHLOROETHANE
. MWDE 130 = B o2 C 0 0
Mwos 2] 0.21 C ] 0
MW 21 B o2 C O ¢
MW |2 540 = ® oz C [ 0
MW3| 97 = 0.21 C D 0
MWw32 140 = 0.2t C 0 0
MW34 2 ) 0.21 C ] 0
MW35 4] B o2 c O 0
MW3s 61 B om; C 0 0
Maximoam: 540
Minimum: 2
Averape: 102.56
1,1,2-TRICHLOROETHANE
MWD06 51 0.6 S 0 0 |
MW3] 4] & os S 0

page | af 49
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Station 1D _ VYALUE © PRG (ug/kg) PRG Bagis Background an-i.s
. MW32 N 61 0.6 5 O 0
Maximum: 6
Minimum: 4
Average: 5.00

LLI-DICHLOGROETHANE

MWD7 2] {1 is2s 5 0 0
MWOSR 1] L 1825 S . ¥
MW 10 2] O 1825 5 O 0
MW29 2 ) O 1825 5 = 0
MW40 2} O 1825 3 0 0
Maximuwm: 2
Minimum: 1
Average: 1.80
1,1-DICHLOROETHENE
MWO03 25 = (| Ol
. MWO7 47 = (] OJ
MWOS 19 = a O
MW09 11 d 3
MW10 4l = O 0
MW29 28 = ] O
MW3] 26 = O 0]
MW4D 2] O 0
MWS| 0 = L) 0
Maximum: 47
Minimum: 1
Average: 24.33
2,4,6-TRIBROMOPHENOL
MWOS 56 = 0 0] .
MWO6 § = O 0] .
page 2 of 49
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Station 1D __ YALUE Q PRG (upfkg) .-II;RG Basis Background Basis
. MWO5 az = O o o
MWO7 71 = O O
MW03 69 = O 0
MWE3 63 = [ [
MWI13 61 = O D
MW 14 7 o= L1 -
MWI16 57 = O O
MW?20 67 = O |
MW20 58 = O 0
MW?2] 53 = U 0
MW22 62 = 0 0
MW23 6t = O .
MW24 64 = O 0
MW25 59 = 3 1
MW?28 69 = O O
MW29 65 = O |
MW30 65 = = 0
. MW3] 61 = . =
MW34 62 = O .
MW35 65 = | |
MW35 63 = O |
MW36 72 = 4 O
MW37 30 = (M| O]
MW38 67 = LJ O
MW39 60 = O 0
Mwaa 66 = my 0
MWa5 7 = O M
MW46 30 = B 0
MW47 53 = | O
MW43 : 7= (M J
MWa4g 3= 0l ||
MW49 4= L} 0O

puge 3 af 49
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Station ID ___ _VALUE Q FRG {up/ky) PRG Hasis Background Basis
. Mwag 61 = O 0
MWS0 63 = O 0
MWS35] 58 = O D
MWS2 64 = ] 0
MWS53 61 = O 0
MW54 55 = O »
MWs4 58 = O O
MW3s35 66 = O [
Maximum: 73
Minimom: R}

Average: 5£5.55

2FLUOROBIPHENYL

MWOS 62 = O [
MWOS 13 = O O
MW06 93 = O 0
MW07 %0 = 0 0
. MW08 83 = O O
MW13 72 = O 0
MWI3 66 = - 3
MWI4 R2 = a 0
MW16 51 = L O
MW20 71 = 0 O]
MW20 o= O 0
MW21 55 = O |
MW22 68 = O 0O
MW23 70 = O O
MW24 RS = O |
MW2s 72 = 0 0
MW2B 50 = . 0O
MW29 73 = O 0
MW30 56 = O O

page 4 of 49
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PRG (ug/kg) PRG Basis

Station 1D VALLE Q Background Basis
. MW31 50 = O O o
MW3d 66 = 8 O
MW3s5 82 = ] ]
MW33 % = L] 0
MW36 68 = - 0
MW37 54 = Ll 3
MW38 72 = ] 0
MW39 64 = O O
MWa4 66 = O O]
MW45 74 = O .
MW46 79 = O O
MW47 56 = O 0
MW4s 7% = O 0
MW48 7 = Ll 0
MW49 4 = 1 0
MW49 74 = O 0
MWS0 82 = | O
. MWS5) 69 = O 0
MWS52 69 = D O
MWS3 75 = U 0
MW54 65 = B m|
MW54 58 = O |
MWS55 72 = O 0
Maximum: 93
Minimum: 50
Averape: T0.21
2.FLUOROPHENOL |
MWD3 51 = D O |
MWD , 6 = (] 0
MWO06 5 = O 0
MW07 71 = D |
page 3 of 49
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Sution [D YALUE © PRG (ug/kp) PRF; Basis Background Basis
. MWOB 6= O o
MWI3 63 = O 0
MW 13 59 = L J
MW 14 64 = O 0
MW16 40 = O 0
MW20 67 = O O
MW20 66 = B D
MW21 54 = d 0
Mw22 58 = a 0
MW23 61 = O =
MW24 72 = L m|
MW25 61 = O 0O
MW28 ¥ = O 0
MW29 63 = O O
MW30 35 = B 0
MW3 42 = ] |
MW34 59 = 0 0
. MW35 64 = a 0
MW35 62 = O O
MW36 35 = ? 0
MW37 23 = O 0
MW3g 65 = O 0
MW3g 54 = O 0
MWa4 56 = O n
MW45 58 = O 0
MWd6 50 = » 0
MW47 51 = O 0]
MWa4g 38 = O O
MW48 5 = O ]
MWa4g : 3= | 0
MWag 58 = O 0
MW50 65 = O 0

page G of 49 |
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Station 1D VALUE Q@ PRG{ugkg) PRG Basis Background Basis
. MWS5] 61 = g 0
MW52 64 = 1 |
MW33 61 = O 0
MW34 56 = O |
MW54 58 = O O
MWS35 62 = o] 0
Maximum: 72
Minimum: 3
Average: 51.55

4-BROMOFLUOROBENZENE {Bromofluorobenzene or BFB}

MWO02 104 = O 0
MWO02 100 = O O
MWO03 104 = O 0
MW04 104 = a O
MWO5 E06 = a O
MWO6 101 = O 0
. MWD7 108 = [ 0
' MWOB 102 = 0 0
MW09 106 = 0 0
MW 10 106 = £l 0
MW1t 102 = O O
MWI2 i = O =
MW13 108 = O O]
MWI4 104 = O 0
MW1S 105 = O O
MW 16 97 = W) |
MW19 [0 = [ 0
MW20 107 = O =
MW2] . 99 = O 0]
MW22 107 = O 0
MWw23 105 = O O .

puge 7 of 49
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Station ID VALUE Q PRG (upfkp} PRG Basis Background . Basts
. MW24 108 = O O
MW25 104 = | 0
MW26 108 = a 0
MW29 105 = [ 0
MW30 98 = O ]
MW3| 99 = (| -
MW32 97 = O 0
MW33 103 = O O
MW34 103 = 0 L]
MW34 102 = O O
MW33 105 = M| 0
MW35 106 = L 0
MW36 100 = O 0
MW37 101 = O .|
MW3R 105 = 0] O
MW39 102 = O |
MW40 105 = O 0
. MW4l 100 = 0] 0
MWa42 93 = O O]
MWa4 101 = O 0
MWd4 103 = | O
MW45 103 = O D
Mwas 103 = O |
MW46 105 = L] |
MW47 107 = L) |
MW4g 108 = O 1
MW49 103 = O O
MWS0 106 = O 0
MW5] 108 = O 0
MWS2 : 104 = | 0
MWS3 103 = 0 0
MWs4 108 = 3 0O

page 8 of 49
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Station 1D _VALUE Q PRG (ug{k;)_-l’R_G Buasgis Background Basis
. MW35s 104 = O O
Maximum: 111
Minimum: 97
Average: 103.85
ALUMINUM
MW02 309 = O 0 NA 0 1798 2XMEAN
MW03 12s TR O 0 NA Cl 1798 2XMEAN
MWo7 251 = O 0 NA 0 1798 ZXMEAN
MW08 1380 = g o NA 5 1768 ZXMEAN
MW09 w7 TR O o NA J 1798 2XMEAN
MW 3 6930 = 0 0 NA 1798 IXMEAN
MW 14 413 = H; D NA (] 1798 2XMEAN
MW14 367 = . 0 NA 0 1798 2XMEAN
MWI5 624 = O 0 NA O 1798 2XMEAN
MW16 35 = O 0 NA 3 1798 2XMEAN
MWI19 10200 = 0 0 NA 1798 2XMEAN
. MW20 906 TR [ 0 NA O 1798 ZXMEAN
MW2| 14.5 TR @ 0 NA 0O 1798 2XMEAN
MW23 274 TR~ [ a NA ] 1798 IXMEAN
MW24 04 = 0 0 NA 0 1798 2ZXMEAN
MW25 548 TR [ o NA | 1798 2XMEAN
MW29 306 = ] 0 NA 0 1798 2XMEAN
MW32 B4R O 0 NA ] 1798 IXMEAN
MW33 366 = O 0 NA I 1798 2XMEAN
MW34 w1 TR O 0 NA m 1798 7XMEAN
MW36 2500 = O 0 NA = 1758 2XMEAN
MW36 2430 = O 0 NA ® 1798 2XMEAN
MW37 416 TR 0 0 NA 3 1798 2XMEAN
MW33 251 = ] 0 NA | 1798 2XMEAN
MW38 285 = O 0 NA 0 1798 2XMEAN
MW3g 31 = O 0 NA 0 1798 IXMEAN
page 9 of 49 |
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Station ID _VALUE Q PRG (up/kp) ) PRG Basis Background Basis
. MW39 w = O 0 NA O 1798 2XMEAN
MW45 591 = @ 0 NA O 1798 IXMEAN
MW46 s TR [ 0 NA [ 1798 2XMEAN
MW45 169 TR 0 0 NA 0 1798 IXMEAN
MW4g 45 TR U 0 NA m 1798 IXMEAN
MWS0 759 TR [ 0 NA O 1798 2XMEAN
MWS52 188 TR [ 0 NA n| 179% IXMEAN
MWS5 s TR O 0 NA O 1798 2XMEAN
Maximum; 10200
Minimum: 14.5
Averape: 934.29
ANTIMONY
MW13 sTR O O
MW14 18 TR G O
MWIg 42 TR Ol O
MW23 1.7 TR Ll 0
. MW32 i3 TR O O
MW34 17RO »
MWwag 18 TR O O
MWS52 22 TR O O
MW55 L7 TR O3 O
Maximum: L)
Minimum: 1.7
Avernge: 243
ARSENIC
MW13 7 = & oo C O 0
MWI9 6.8 = 0.03 C O 0
MW20 . 23 TR 0.05 C 0 0
MW38 1.6 TR B oo0s C O 0
page 10 of 49
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Station ID VALUE Q  PRG{up/kg) PRG Basis Background Basis
. Maximum: 7
Minimum: 1.6
Average: 443
BARTUM
MW02 712 TR [0 2555 8 - 2238 IXMEAN
MWD3 108 TR L[] 2555 5 O 22318 2XMEAN
MW0q a3 TR O 2555 5 O 223.8 IXMEAN
MWOS s23 TR [J 2355 5 0 223.8 2XMEAN
MW 196 TR [ 2555 S 0 223.8 2XMEAN
MWO07 636 TR [ 2555 s O 223.8 3XMEAN
MWOB 625 TR [ 2555 S | 2238 2XMEAN
MWO9 56.7 TR 3 2555 s O 223.8 IXMEAN
MWI10 779 TR O 2555 5 O 223.8 2XMEAN
MW o0 TR O 2555 5 ] 223.8 2XMEAN
MWI12 504 TR [ 2555 5 0 2238 2XMEAN
MW13 g52 TR 0O 2355 s | 2238 2XMEAN
. MW |4 83 TR [ 2555 S 0 223.8 2XMEAN
MWI14 ga TR O 2355 8 0 2238 ZXMEAN
MWIS 658 TR 0O 23555 5 O 233.8 IXMEAN
MW16 61.8 TR O 2555 5 0 223.8 2IXMEAN
MW19 139 TR LI 2555 5 O 223.8 2ZXMEAN
MW20 694 TR [ 2555 5 O 2238 2XMEAN
MW2| 426 TR 0 2555 3 O 223.8 2XMEAN
MW22 903 TR [0 2555 s O 223.8 IXMEAN
MW23 52 TR [ 2555 5 0 223.8 ZXMEAN
MW24 3.2 TR O 2555 5 0 223.8 2XMEAN
MW25 8s.1 TR  [J 2555 S 0 2238 2XMEAN
MW26 163 TR O 2555 s ] 2238 2XMEAN
MW28 , 416 TR 0O 2555 S - 223.8 2XMEAN
MW20 w1 TR O 2555 5 ] 223.8 IXMEAN |
MW3D 126 TR DO 2555 5 0 238 2XMEAN
page {1} of 49
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' Station ID _VALUE @ PRG (ug/kgl PRG Basis Background BLsis.__
. mwat  ng TR O 2558 S O 223 8 2XMEAN
MW32 157 TR [ 3555 s 0 223.8 2ZXMEAN
MW33 456 TR O 2555 5 | 223.8 IXMEAN
MW 34 nus TR O 2555 5 O 2238 2XMEAN
MW35 nz TR 01 2355 5 O 2238 2XMEAN
MW35 116 TR O 2555 S O 1233 2XMEAN
MW3s 06 = B 2555 § 23,8 2XMEAN
MW36 09 = B 2555 8 &= 2238 2XMEAN
MW37 588 = 255.5 S 2238 2XMEAN
MW38 63 TR [ 2555 5 0 223.8 ZXMEAN
MW33 590 TR 0 2555 S | 2238 ITXMEAN
MW39 525 TR O 2555 5 0 2238 2XMEAN
MW39 s94 TR [ 2555 5 D 2238 2XMEAN
MW45s 50 TR Bl 2555 S 0 223.3 2XMEAN
MW46 79.6 TR O] 2355 S 0 223.8 2XMEAN
MWwa? ga6 TR O 2555 5 0 2238 IXMEAN
MW43 839 TR [ 2555 5 O 223.8 ZXMEAN
. MW43 752 TR [ 2555 S | 221.8 ZXMEAN
MW50 219 = O 2555 S D 2238 2XMEAN
MW51 g22 TR O 2555 5 0 2238 ZXMEAN
MWSs2 173 TR O 2555 5 0 1238 2XMEAN
MW53 648 TR [1 2555 S | 223.8 2XMEAN
MW34 87 TR O 2555 S | 221.8 2XMEAN
MWS55 126 TR [0 2555 s C] 2238 2XMEAN
Maximum: 588
BMinimom: 312
Average: 105.27
BENZENE
MW36 i L} O O
.
|
I
|
page 12 of 49
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Station 1D ____VALUE Q PRG (up’kg) PRG Basis Background Basis
. Maximum: 1
Minimum: 1
AvErnge: 1.00

BENZO{a)ANTHRACENE

MW13 EJ O |
MW13 2 O 7
Maximum: 2
Minimum: 1
Avcrapge: L&D
BENZO{a}FYRENE
MW 13 L) O ]
MW(3 21 O |
Maximum: 2
Minimum: 1
Average: 150
®
BENZO(h)FLUORANTHENE
MW 13 2] O 0
MWI3 3] a n]
Maximum: 3
Minimum: 2
Average: 2.50
BENZO{K)FLUQRANTHENE
MWIE3 1) O 0O
MWI3 3 D O
Maximum: 3
Minimum: 1
Average: 2.00

page 17 of 49
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Station 1D VALUE (@ PRG {ug/kg) PRG Basis Background Basis

BENZYL BUTYL PHTHALATE

MW37 B B O 0
Moaximum: 1
Minitmum: 1
Average: 1.00
BERYLLIUM
MWI6 0.03 TR 0.004 C 0 0.6 ZXMEAN
MW23 002 TR 0.004 C 0 0.6 2XMEAN
MW30 003 TR & o0 C O 0.5 2XMEAN
MW31 0.04 TR 0.004 c ] 0.6 2XMEAN
Maximum: 0.04
Minimum: 0.02
Avernge: 0.03
BICARBONATE
MW3I2 36 = O 0
. + MW37 167 = a O
MW355 S0 = O -]
Maximum: 167
Minimuem: 36
Average: B4.33
bis{2-ETHYLHEXYL) PHTHALATE
MW0? e O |
MW13 r] . 0
MW?20 1) 0 0
MW?2] 4] ] 0
MW24 31 O 0
MW25 B ) O ]
MW35 31 O O
MW31s 31 O |
page 14 af 4%
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Station LD VALUE Q  PRG (ug’kg) PRG Basis Background Masis
. MW38 19 = O |
MW44 2] i O
MW54 21 1 O
MWS5 3} O m|
Maximum: 19
Minimum: !
Average: 4.25
CADMIUM
MWO2 022 TR O 183 S 0 0
MWO6 oas TR O 183 S | 0
MWOB o7 TR O 1383 5 0 0
MW 1.8 TR 0O i3s3 S 0 0
MWI0 648 TR [ &3 5 O 0
MW11 074 TR O 183 s 'H| 0
MWI13 39 TR, ® 183 S o 0
MW14 e TR O 83 s O o
. MW 4 12RO 183 s 0 0
MW15 027 TR O is3 5 0 0
MW 16 pae R O 183 § 1 0
MWIi9 3.6 TR 1.83 S 0 0
MW20 03¢ TR O 1.8 s = o
MW2| oga TR B 183 5 0 0
MW22 o3 O 183 s 0 0
MW2E 0.14 TR O 183 S 0 0 -
MW30 . e14a TR L1 183 S 0 0 |
MW32 ox TR 0O 183 5 O 0
MW36 17TR O 183 5 0 C
MW16 15 TR U 183 § n 0
MW37 _ 19 TR O 183 S 0 0
MW3g 12 = B 1 s 0 0
MW3§ 1.2 = 1.83 s QO 0
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Station ID V-.-I‘-tLUE Q  PRG (ug/kgl PRG | Bnl:s-i-s Background Basis
. MW 1R O s S 0 0
MW3g Lt TR 0O 183 S O 0
MW41 2.7 TR .83 3 O 0
MW42 L7 TR O 183 5 O 0
MW432 29TR B 183 5 0 0
MWad os4 TR O 183 5 0 0
MW4s cal TR O 183 5 0 0
Maximum; 12
Minimum: 0.14
Average: 1.78
CALCIUM
MW02 37300 = O ¢ NA O 52875 2XMEAN
MW03 22600 = 0 0 NA [ 52875 2XMEAN
MWO4 10400 = O D NA O 52875 2XMEAN
MWOS 14900 = Ol 0 NA 0 52875 IXMEAN
MW06 95900 = 4 0 NA = 52875 2XMEAN
. MwO7 17800 = O 0 NA O 52875 2XMEAN
MWO8 15000 = O C NA 0 52875 2XMEAN
MWO09 19600 < O 0 NA [ 52875 ZXMEAN
MW [0 18500 = | 0 NA D 52875 2XMEAN
MW | 1300 = O 0 NA 0 52875 2ZXMEAN
MWI12 15200 = (W 0 NA ; 52875 ZXMEAN
MWI13 15100 = B 0 NA O 52875 2XMEAN
MWI14 21800 = . 0 NA O 52875 2XMEAN
MW 14 21700 = O 0 NA 0 52875 2XMEAN
MW 15 12100 = O 0 NA 0 52875 2XMEAN
MW16 34900 = O D NA | 52875 2XMEAN
MW1y 10700 = O 0 NA | 52875 2XMEAN |
MW20 . 14800 = O o NA O 52875 ZXMEAN i
MW2i 13500 = (ll a NA D 52875 IXMEAN |
MW22 22400 = - 0 NA I 52875 2XMEAN
page 16 of 49
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Station [D VALUE Q@ PRG (ughs) PRG Basis Background Basis

. MW23 22400 = O 0 NA 0 52875 2XMEAN
MW24 7580 = O 0 NA - 52875 2XMEAN
MW?25 17400 = | 0 NA ] 52875 2XMEAN
MW26 18600 = O 0 NA 0O 52875 2XMEAN
MW?28 10400 = | 0 NA 0 52875 2XMEAN
MWw29 26300 = O 0 NA '} 52875 2XMEAN
MW3D 24600 = B 0 NA m| 52875 2XMEAN
MW3I 24300 = O 0 NA O 52875 2ZXMEAN
MW32 76500 = g 0 NA 52875 2XMEAN
MW33 7800 = a 0 NA D 52875 2XMEAN
MW34 11400 = (| 0 NA 0O 52875 TXMEAN
MWw32s 14700 = O 0 NA m, 52875 2ZXMEAN
MW35 14700 = O 0 NA 0 52875 2XMEAN
MW36 34500 = ] o NA » 52875 2XMEAN
MW36 35300 = O 0 NA ] 52875 IXMEAN
MW37? 31900 = l 0 NA O 52875 IXMEAN
MW3g 15900 = O 0 NA ] 52875 2XMEAN

. MW3g 15800 = O 0 NA i 52875 2XMEAN
MW39 19500 = a 0 NA O 52875 2XMEAN
Mw39 20400 = O o NA O 52875 2XMEAN
MW45 23900 = O 0 NA 0 52875 ZXMEAN
MW46 16600 = ] 0 NA O 52875 2XMEAN
MW7 20600 = O D NA O 52875 IXMEAN
MW4g 15400 = O 0 NA u| 52875 2XMEAN
MW49 12900 = 0 0 NA 1 52875 IXMEAN
MWS0 6100 = J 0 NA [ 52875 2XMEAN
MWS] 20900 = o 0 NA 0 52875 IXMEAN |
MW52 48300 = a 0 NA O 52875 2XMEAN |
MWS53 31400 = ] 0 NA O 52875 2XMEAN
MWs4 12400 = 4 0 NA 0 52875 2XMEAN
MWSS L0600 = O 0 NA 0 52875 2XMEAN
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Station ID VALUE Q PRG (up/kg) PRG Basis Buackground Basis
. Maximum: 92000
Minimum: 7580

Average:  22666.27

CARBON DISULFIDE

MWOg 11 £ n
Maximom: 1
Minimum: 1
Average: 100
CARBON TETRACHLORIDE
MWO6 15 = L O
MWQ9 31 O O
MWI5 31 m 0
MW25 L] O 'n|
MW26 4 ) O 0
MW3] 31 O 7
. MW32 20 = O m
MWad 5) O O
MW44 4 ) O 7
MW54 3 ) 0
Maximum: 20
Minimum: 1
Average: 6.00
CHLORINE (AS CL)
MWo3 199 = O 0
MWOS 176 = O 0O
MW10 12 = (| O
MW13 102 = O |
MW i4 ' 74 = O |
MW2i 13.5 = O O
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Station ID VALUE Q  PRG(ugkg) PRG I.Iasls Buc:l-cgruﬁnd Basis
. MW22 87 - O o o
Mw23 04 = O 0
MW30 313 = O 0
MW3i 17.7 = O O
MW32 199 = O 0
MW34 11.4 = O O
MW35 14 = O 0
MW37 66 = J O
MW40 381 = O |
MWa47 313 = O 0
T MWw4g 154 = Ll |
MWS5 132 = () 0
Maximum: 199
Minimum; 6.6
Average; 28.76
CHLOROFORM
. MWo3 9 J 0.19 c O 0
MWOs 3] B 019 C O 0
MWO5 6] B a0 C 0 o
MW7 2 ) 0.19 C 0 0
MW09 21 0.19 C m 0
MWI0 b ] B o C O 0
MWI] 2 CINRT C 0 0
MW15 13 = B o C 0 0
MW26 2] 0.19 C O 0
MW31 21 ] B o C 0 0
MW32 71 (E I ST C 0 0
MWdd 51 0.19 C ] 0
MW44 4 J 0.19 C D 0
MW54 1 J 0.19 C O 0 i
|
.
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PRG (ug/kg) PRCGC _BHSIS Background Basis

Station 1D VALUE Q
. Maximums: 21
Minimum: 1
Averape: 557

CHROMIUM, TOTAL

MW04 26 TR Ol 0 NA . 54.4 2ZXMEAN
MWos 41 TR C D NA 0 54.4 2XMEAN
MWOS 78 TR LI D NA | 54.4 IXMEAN
MW0S 22RO 0 NA 0 544 IXMEAN
MWI10 i TR [ 0 NA 0 54.4 2XMEAN
MWI1 34 TR [l 0 NA 0 54,4 2XMEAN
MW|2 4w 0O 0 NA £ 54.4 ZXMEAN
MW13 116 = B 0 NA O 54.4 2XMEAN
MW 4 10.2 = I:l 0 NA 0 54 4 2XMEAN
MW14 09 = O 0 NA 0 54.4 IXMEAN
MW15 6.4 TR | 0 NA ] 54.4 IXMEAN
MW(9 215 = O g NA O 54.4 IXMEAN
. MW20 23R O 0 NA D 54.4 IXMEAN
MWw2z aizTR OO 0 NA 0 54.4 2XMEAN
MW23 26 TR, O 0 NA ] 54.4 2XMEAN
MW25 13RO 0 NA 0 54.4 ZXMEAN
MW25 28 TR O 0 NA 0 54.4 IXMEAN
MW29 372 TR O 0 NA m 54.4 IXMEAN
MW13 saR 3 C NA O 54.4 2XMEAN
MW3§ §7.5 = O 0 NA 54.4 2XMEAN
MW36 66.6 = O 0 NA 54.4 2XMEAN
MW3R 182 = B 0 NA O 54.4 2XMEAN
MW3B 14.6 = O i} NA 0 544 2XMEAN
MW40 iR [ Q NA -, 54.4 2ZXMEAN
MW41 , isTR O 0 NA &l 544 IXMEAN
MW42 iz O 0 NA ] 54.4 IXMEAN
MW 4R O 0 NA O 54.4 2XMEAN
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VALUE 1) PRG (ng/kg) PRG Basis Background Basis

Statien 1D
. MW47 35 TR L] 0 NA | 54.4 2XMEAN
MW48 22 TR O o NA | 54.4 2XMEAN
MW49 27RO 0 NA O 54.4 ZXMEAN
MWS50 32 TR O 0 NA | 54.4 IXMEAN
MWS5] 26 TR O D NA ] 54.4 2XMEAN
MWS53 13 TR O 0 NA 0 54.4 2XMEAN
MW5s4 29 TR O 0 NA ] 54.4 ZXMEAN
MWSS5 28 TR OJ ¢ NA m 54.4 2XMEAN
Maximum: 66.6
Minimum: 1.3
Average: .73
CHRYSENE
MWI3 2] O O
MW13 3) J O
Maximum: 3
Minimum: 2
. Average: 2.50
COBALT
MWO6 65 TR O 0 NA 0 248 2XMEAN
MW gz TR O 0 NA ] 24.8 2XMEAN
MWI1 s TR B 0 NA 0 24.8 2XMEAN
MW12 1zz TR O 0 NA O 4.8 2XMEAN
MW13 it TR O D NA O 24.8 IXMEAN
MW14 34 TR O 0 NA | 24.8 2XMEAN
MW 14 sz 0O 0 NA 0 24.8 2XMEAN
MW15 53 TR a 0 NA 0 24.8 2XMEAN
MW19 2 TR O 0 NA 0O 24.8 ZXMEAN
MW20 _ e TR O 0 NA 0 24.8 2XMEAN
MW?23 169 TR O 0 NA a 24.8 2XMEAN |
MW29 st RO 0 NA 0 248 2XMEAN
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Station 1D _ VALUE Q  PRG (ughkg) PRG Basis Backgraund Basis
. MW33 19 TR O o NA O 24.8 ZXMEAN |
MW48 34 TR o NA 0 24.8 2XMEAN
MW49 24 TR [ 0 Na ] 24.8 ZXMEAN
MW53 08 TR O 0 NA 0 24.8 ZXMEAN
MWs5 oe3 TR [ 0 NA 0 4.8 ZXMEAN
Maximum: 16.%
Minimum: .93
Average: 578
COPPER
MWo9 zTR - O 13505 8 0 162.6 2ZXMEAN
MWL3 158 = [l 13505 5 O 162.6 IXMEAN
MW 4 2 TR O 3s.0s S O 162.6 2XMEAN
MW 14 30 TR O 13505 S O 162.6 2XMEAN
MW19 179 TR~ O 13505 5 0O 162.6 2XMEAN
MW33 74 TR, [ 13505 S 0 £62.6 IXMEAN
MW3B 214 TR O 13508 5 0O 162.6 ZXMEAN
. MW3g 35 TR [J 13505 5 0 162.6 2XMEAN
MW4| 181 TR L1 13508 g 0 162.6 2XMEAN
MWS0 6 TR [ 13505 5 0 162.6 2XMEAN
MWS3 1.t TR O 1350s 5 0 162.6 2XMEAN
Maximuam: 258
Minimum: 1.1
Average: 9.82

Dl-n-BUTYLPFHTHALATE
MW05

MWa6
Mwos -
MWIl&
MW22
MW2E

OCo0oo0OQ
Oooooco
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Suation [D _____VALUE Q PRG (ug/kg) PRG Basis Background l Ba{is_
. MW29 1) O ]
MW30 4] L -
MW3s 11 O O
MW35 21 ] O
MW36 37 O O
MW37 2] O O
MWag 10 J L O
MW49 10 J O O
MW54 1) | 0
MW54 1) a 0
Maximum: 10
Minimum: 1
Average: A19
DIBROMOFLUOROMETHANE
MW02 105 = O 0
MW02 103 = O 0O
. MWO3 107 = O O
MWO4 96 = u 0O
MWOQS yg = U ]
MWO05 97 = [ .
MWO? 94 = O 0
MWOR 97 = O 0
MWO09 101 = O O
MWI0 101 = O 0O
MWI1 97 = W D
MWi2 99 = O 0
MWI13 104 = O .
MW14 103 = £ g
MWI3 _ 99 = O O
MW16 102 = O 0
MW19 102 = ] 1
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Station 1D V.A'LLUE Q PRG (up/kg) PRG Basis Backg‘r_aund Basis
. MW20 106 = 0 l ] T
MW2| 103 = O 0
MW22 95 = O 0
MW23 99 = O O
MW24 95 = O O
MW25 97 = O 0
MW26 06 = O 0
MW2Y 9% = O ]
MW30 101 = [J 0
MW31 101 = O 0
MW12 01 = L1 1
MW33 102 = O m
MW34 107 = O 0
MW34 106 = O 0
MW35 97 = O O
MW35 99 = 0 a
MW36 105 = a |
. MW37 105 = a 0
MW38 100 = O [
MW39 105 = 0 O
MW4D 97 = O O
MW41 94 = O O
MW42 101 = O 0
MW4d 102 = O O
MWa4 103 = O 0
MW45 102 = 0 O
MWA45 104 = O |
MW46 104 = | 0
Mw47 9 = a O
MW4E : 104 = m O
MW49 102 = O O
MWS0 103 = O 0]
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Station ID VALUE @ -E'RG (ug’kg) PRG Basis Background ;las:s
. MW51 - O O o
MWs52 R = O 0
MWS3 100 = O 0
MW354 99 = (] O
MWS3 105 = b 0
Maximum: 107
Minimum: 54
Average: 100.74
FLUORANTHENE
MW 13 37 O O
MW13 517 O ]
Maximum: 5
Minimom: 3
Average: 4.40
FLUORIDE
. MW32 0.08 = Cl &
MW37 008 = O 0
MWSS5 0.1 = O | |
Maximum: 0.1 |
Minimum: 0.08 |
Average: 0.09 I
|

HARDNESS {AS CACOY)

MW32 290 = O 0

MW3? 180 = O 0

MWS55 170 = O 0
Maximuem: 2H)
Minimum: 170
Avermge:  213.33
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Station [D 'v"-.;\...LUE Q PRG (ug’kg} PRG Basis Background Basis
. IRON
MW(2 1300 = L] 0 NA O 6728 2XMEAN
Mw03 694 = L 0 NA 0 6728 2XMEAN
MW04 706 = O 0 NA O] 6728 ZXMEAN
MW06 340 = | 0 NA 0 6728 2XMEAN
MWO7 610 = O 0 NA D 6728 ZXMEAN
MWOS 4170 = O 0 NA 'm 6728 2XMEAN
MW 289 = O 0 NA O 6728 IXMEAN
MWI0 591 = c 0 NA D 6728 2XMEAN
MWI13 10400 = ] 0 NA | 6728 2XMEAN
MW 14 568 = ] 0 NA O 6728 IXMEAN
MW14 558 = C] 0 NA O 6728 2XMEAN
MW15 2560 = O 0 NA O 6728 2XMEAN
MW16 430 = ] 0 NA O 6728 ZXMEAN
MWL9 18300 = O o NA 8728 ZXMEAN
MW20 7.1 TR O 0 NA O 6728 2XMEAN
. MW2] 139 = C 0 NA 0 6728 2XMEAN
MW22 806 = Ed 0 NA 0O 6728 IXMEAN
Mw24 738 = 0 0 NA O 6728 2XMEAN
MW25 220 = O 0 NA n 6728 2XMEAN
MW26 1180 = O 0 NA O 6728 2XMEAN
MW28 393 = O 0 NA m 6728 ZXMEAN
MW29 590 = O 0 NA O 6728 IXMEAN .
MW30 267 = O 0 NA 0 5728 2XMEAN
MW31 W4 = O 0 NA n 6728 2XMEAN
MW33 1640 = O 0 NA 0 6728 IXMEAN
MW36 3630 = O 0 NA ] 5728 2XMEAN
MW36 3690 = g 0 NA ] 6728 IXMEAN
MW37 4150 = O 0 NA [ 6728 IXMEAN |
MW33 - 501 = O 0 NA O 6728 2XMEAN |
MW3R 572 = O 0 NA 0 6728 2XMEAN
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__Sut?lion D VALUE Q PRG {ug/kg) PRG lErfls Background Basis
. MW3g 598 = O o NA = 6728 2XMEAN
MW39 550 = 0 0 NA | 6728 2XMEAN
MW45 2820 = O 0 NA O 6728 ZXMEAN
MW46 287 = O o NA O 6728 ZXMEAN
MW49 67 TR O 0 NA » 6728 2XMEAN
MW50 283 = O 0 Na 0 6728 2XMEAN
MW53 002 TR O 0 NA O 6728 2XMEAN
MW35 197 = u 0 NA 0 6728 2XMEAN
Maximum: 18300
Minimum: 20.2

Average: 1717.24

LEAD
MWI3 416 = 3 15 MCL 9.4 IXMEAN
MWI4 43 = O 1S MCL O] 9.4 2XMEAN
MW 4 44 = O 5 MCL O 9.4 ZXMEAN
MWIg 8 = D 5 MCL ] 9.4 ZXMEAN
. MW23 29TR O s MCL 0 9.4 IXMEAN
MW31§ 4 = O 15 MCL 0 9.4 IXMEAN
MW36 48 = Ll 5 MCL - 9.4 2XMEAN
MW33 3T O 15 MCL m 9.4 2XMEAN
MW39 La TR O 15 MCL O] 94 2XMEAN
MW39 3R O 15 MCL 0 9.4 2XMEAN
MW 14 TR 0O 15 MCL 0O 9.4 2XMEAN

Maximuom: 41.6

Minimom: 1.3

Average: 6.85

MAGNESIUM
MWO02 18400 = O 0 NA 0 26045 2XMEAN
MWD3 12000 = O NA ] 26045 IXMEAN
MWo4 5520 = O NA O 26045 2XMEAN
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Station 1D __VALUE Q PRG {ughg) PRG Basis Background Basis
. MWDS _ 7980 = B 0 NA O 26045 2XMEAN
MWO6 17700 = gu 0 NA 0 26045 2XMEAN
MW7 8710 = O 0 NA O 26045 2XMEAN
MWOB 680D = 1 0 NA O 26045 IXMEAN
MW09 16100 = (] 0 NA 0 26045 IXMEAN
MW10 9420 = O 0 NA 0 26045 IXMEAN
MWI 1 6330 = O 0 NA 0 26045 IXMEAN
MW12 8220 = O 0 NA ] 26045 2XMEAN
MW13 7490 = O 0 NA 0 26045 IXMEAN
MW14 6980 = O 0 NA 3 26045 2XMEAN
MW14 076 = O 0 NA, 0 26045 2XMEAN
MWI15 5930 = O o NA 0 26045 2XMEAN
MW 16 15200 = O 0 NA ] 26045 DHMEAN
MW19 4980 TR [ o NA ] 26045 2XMEAN
MW20 7650 = Ol Q NA 0 26045 2XMEAN
MW2] 7440 = O 0 NA | 26045 2XMEAN
MWw22 11900 = O 0 NA O 26045 2ZXMEAN
. MWZ23 11000 = 0 D NA 0 26045 2XMEAN
MW24 630 TR OO 0 NA O 26045 IXMEAN
MW?25 9270 = £l 0 NA 0O 26045 IXMEAN
MW26 9330 = O 0 NA m 26045 2XMEAN
MW28 5500 = O 0 NA O 26045 IZXMEAN
MWw2g 12600 = O 0 NA m] 26045 ZXMEAN
MW?30 13600 = O a NA 0 26045 2XMEAN
MW3] 12900 = O 0 NA » 26045 2XMEAN
MW32 12200 = O 0 NA O 26045 2XMEAN
MW33 3880 TR L] 0 NA 0 26045 IXMEAN
MW3d 5550 = O 0 NA 0] 26045 2XMEAN
MW35 7460 = O 0 NA 0 26045 2XMEAN |
MW3s5 - 7420 = O 0 NA 0 26045 ZXMEAN |
MW36 5840 = O o NA a 26045 2XMEAN |
MW36 5940 = O 0 NA [ 26045 2XMEAN |
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Station [ \-'_ALI_}E Q FRG {ug/kgl PRG Basis Background Basis
. Mw37 13100 = O 0 NA 0 26045 2XMEAN
MW3B 5440 = (] 0 NA 0O 26045 ZXMEAN
MW38 5160 = O a NA m 26045 2XMEAN
MW3g 7880 = 0 0 NA 0 26045 ZXMEAN
MW39 B2ED = . 0 NA O 26045 2XMEAN
MW4S 13100 = O ¢ NA [ 26045 2XMEAN
MW46 8590 = O 0 NA 0 26045 ZXMEAN
MW47 10400 = D 0 NA ] 26045 2XMEAN
MWa3 BIB0 = & 0 NA .| 26045 2XMEAN
MW49 6400 = O 0 NA 0 26045 IXMEAN
MW350 72200 = O 0 NA 0 26045 2XMEAN
MWS3| 10000 = a 0 NA 3 26045 2XMEAN
MWS2 24500 = L] 0 NA O 26045 2XMEAN
MW53 16900 = O b NA O 26045 2XMEAN
MWS4 5400 = O 0 NA O 26045 2XMEAN
MWS55 4710 TR [ 0 NA 0 26045 2XMEAN
Maximum: 24500
. Minimum: M

Average: D20

MANGANESE

MW02 87 = 18.25 5 0 560 2XMEAN
MW03 1.9 TR L1 1825 5 0O 560 IXMEAN
MWod 27 TR LI 182 s O 560 2ZAMEAN
MWo5 20 TR O 182 S - 560 2XMEAN
MWOS 3060 = B 1825 S = 560 2XMEAN
MW7 I8 = 0 1825 s 0 560 2XMEAN
MW 528 = 18.25 5 n 560 2XMEAN
MWO9 1.8 TR O 1825 5 O 560 2XMEAN
MWIO _ 97 TR [ 1825 S 0 560 IXMEAN
MW 16 = O 182 S . 560 2XMEAN
MW12 gs TR O 1828 S O 560 IXMEAN
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Statton [D VALLUE Q PRG {ugkg) PRG Basis Background Basis

. MW13 w4 = B 1825 S - 560 2XMEAN
MW L4 88 = 18.25 s O 560 2XMEAN
MW 14 297 = B 1825 S g 560 2XMEAN
MW 15 154 = O 1825 S 0 560 2XMEAN
MW 16 IS8 = 18.25 S O 560 2XMEAN
MWI19 135 = 18.25 S . 560 2XMEAN
MW20 25 TR 0O 1835 5 m 560 2XMEAN
MW2] tz2 TR O 1825 5 O 560 IXMEAN
MW22 25 TR O 182 S O 550 2XMEAN
MW23 18 TR O 1825 S I 550 2XMEAN |
MW24 ss TR L1 18258 S 0 560 2XMEAN
MW25 w4 TR O 1825 5 .| 560 2XMEAN
MW326 186 = 18.25 5 [ 560 2XMEAN
MW28 a8 TR O 1825 5 O 560 ZXMEAN
MW29 29 TR O 1825 s 0 560 2XMEAN
MW30 099 TR I 1825 S 0 560 2XMEAN
MW3] 12 /R O ga3s S O 560 2XMEAN

. MW32 1860 = 18.25 S ' 560 IXMEAN
MW33 165 = O sz 5 J 560 2XMEAN
MW34 092 TR [ 1825 s - 560 2XMEAN
MW35 Ly TR O 1825 S | 560 2XMEAN
MW35 23 TR 0O 1825 8 0 560 2XMEAN
MW36 134 = BJ 1825 s 0 560 2XMEAN
MW36 135 = 18.25 5 0O 560 IXMEAN
MW)7 160 = 18.25 5 O 560 IXMEAN
MW38 138 TR 0O 1825 5 m 560 IXMEAN
MW3g 121 TR~ O 1325 5 = 560 ZXMEAN
MW3g 778 = 18.25 S 0O 560 ZXMEAN
MW319 78.5 = 1825 S 0 560 2XMEAN
MWds . 99 TR 0O 1825 8 0 560 IXMEAN
MW46 z3 TR O 1825 s 0 560 IXMEAN
MWa47 so TR O 1825 S | 560 2XMEAN
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Station [D YALUE PRC (ug.fk;] PRG Basis Background Basis
. MW48 oo TR O 1825 5 D 560 2XMEAN
MW4g 13tk O 1325 S O 560 2XMEAN
MWS0 163 = O 1z35 s O 560 2ZXMEAN
MWS| ooz TR O 1835 S O 560 IXMEAN
MW52 1.5 TR O 1825 S O 560 2XMEAN
MW53 96 TR [ 1825 5 O 560 2XMEAN
MW54 zTR O 182 5 m 560 2XMEAN
MWS5 s2 TR [ 1825 S 0 560 ZXMEAN
Maximum: 3060
Minimum: 0.21
Average: 122.64
MERCURY
MWO06 0.25 = O 1 S O 0
MW32 011 = I W 5 0 0
MW3i6 cazTR O 1 5 0 0
MW36 o3 TR O 5 0 0
. Maximum: 0.25
Minimum: 012
Averape; 0.18
METHANE
MWw22 22 = [ O
MW23 1.13 = O |
MW40 347 = O 0
MWA47 1.01 = a 0
Maximum: 347
Minimum: 1.0l
Average: 1.95 |

METHYL ETHYL KETONE {2-Butanone)
MWIC 2 ) I 0
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Station 1D YALUE Q fRG(q_gfkg] PRG Basis. Background Basis
. MW?25 sy O 0 o
Maximum: 4
Minimum: 2
Averuge: oo

METHYLENE CHLORIDE {Dichloromethane}

MWS54 21 L) O
Maximum: 2
Minimum: 2z
Avernge: 200
NICKEL
MWI3 41 TR O 134 S | 34 2ZXMEAN
MW14 TR O 134 3 - 31,4 2XMEAN
MWI9 itk O 134 5 O 3l4 IXMEAN
MW36 s TR B 134 s 314 2XMEAN
MW36 478 = B 134 5 314 2ZXMEAN
. MW3g nzmwr O 134 8 0 3.4 2ZXMEAN
MW3R 7aTR O 134 S 0 31.4 IXMEAN
Maximum: 47.8
Minimum: 1.1
Average: 16.96
NITROBENZENE-d5
MWOS 69 = O 1
MWOS 9 = O 0
MW06 103 = d 0O
MW0T 97 = 0 n|
MW{3 83 = 0 0
MWI13 80 = | .
MWI3 65 = 0| m|
MW 14 85 = £l 0
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Station l[; VALUE () PRG {ugfkp) PRG Basis Buckground-_" Basts
. MW16 57 = O 0
MW20 77 = C O
MW20 78 = O N0
MW21 62 = ] D
MW22 % = O 0O
MW23 73 = (| O
MW24 93 = | O
MW25 74 = O 0
MW28 52 = O 0
Mw29 80 = 0 0
MW30 82 = L] [
MW31 56 = O [
MW34 72 = O |
MW35 81 = O n
MW35 78 = O O
MW36 74 = n O]
MW37 61 = 0 .
. MW38 : 77 = u 0
MW39 69 = | 0
MWa4 76 = O =
MW45 75 = O O
MW46 89 = (] O
MW47 62 = O 0
MW4g 78 = a [
MW48 66 = O 0
MW49 79 = O ]
MW49 77 = O 0
MW50 77 = O O
MW5| M = O 0
MWS2 : 7 = O O
MWS3 74 = B O
MW54 59 = O a
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Station 1D VALUE PFRG (ug/kg) PRE}_BaSi.'i_ | BRackground Basis
. Mw34 6 = a 0o
MWS55 76 = J 0
Maximum: 103
Minimum: 82
Average: 74.43

NITROGEN, AMMONIA (AS N)

MWa40 17 = O 0l
Maximum: 1.7
Minimum: 1.7
Avernge: L.70

NITROGEN, NITRATE (AS N)

MW32 4.05 = O 0
MW355 29 = O ]
Moximumn: 4.05
Minimum: 2.9
. Averape: 348
NITROGEN, NITRATE-NITRITE
MWQ3 3.04 = EI ]
MWOS 181 = O 0
MW 10 26 = . 0
MW13 339 = O n
MW14 481 = L ]
MW2! 3.45 = W) 0
MW22 B4l = Od J
MW?23 1.B8 = O 0O
MW30 215 = a O
MW3] 281 = O OJ
MW32  ap4 = | 0
MW34 4.79 = O ]
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Station ID VALUE @ PRG (ughg) PRG Basis_ Backeround Basis
. MW35 _ 46 = O _ O
MW40 145 = [ D
MW47 207 = O 0
MWA48 507 = O O
Maximum: 41
Mintmum: 1.45
Average: 352
PHENANTHRENE
MW13 1 J O 0
MWI3 2] OJ ]
Maximum: 2
Minimoem: 1
Average; 1.50
PHENOL-d5
MWOS 58 = g 0O
. MWO6 32 = O O]
MW05 3= [l O
MWO7 17 = L |
MW(8 72 = O 0
MW 13 66 = | 0O
MW13 61 = m O]
MW 4 73 = O O
MWI16 3 = O O
MW20 7 = 1 0
MW20 77 = | ]
MW21 60 = O 0
MWz 0 = [ 0
MW23 _ 64 = 0 n
MW24 81 = L O
MW25 62 = O 0
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Station1)  VALUE Q  PRG(ughg) PRG Basis Background Basis
. Mwzs 3 = O 0
MW29 72 = | O
MW30 37 = O O
MW3| 2= O 0
MW34 66 = a O
MW35 60 = O 0
MW35 65 = O O
MW?36 26 = O 0
MW37 13 = . 0
MW33 67 = i 0
MW39 62 = U ]
MWd4d 64 = O [
MW45 64 = 0 O
MW46 68 = O |
MW47 58 = O 0
MW4R 57 = O 0O
MW4g 24 = O .
. MW49 M = [ =
MW49 & = L 0
MW50 68 = 0 O
MWS5| 69 = a .,
MW52 7t = (| ]
MWS3 64 = u 0
MW34 6l = O 0
MWS54 63 = O 0
MW53 7 = O O
Maximum: 81
Minimum: 3
Average: 5148
POTASSIUM
MW03 1zso TR [ 0 NA ] 34954 ZXMEAN
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Station ID VALUE ©Q PRG (ug/kg) PRG l:'la;ils Background h i;lasis
. MWO9 e TR O 0 NA O 34954 2XMEAN
MWI13 2620 TR (L D NA | 3495.4 IXMEAN
MW14 1480 TR [ D NA . 3495 .4 IXMEAN
MW14 1360 TR [ 0 NA 0 3495.4 ZXMEAN
MW16 1600 TR O o NA | 3495.4 2XMEAN
MWI9 3920 TR, O D NA = 3495.4 2XMEAN
MW22 teo TR~ [ 0 NA [ 3495.4 2XMEAN
MW23 1050 TR O 0 NA 0 3495.4 2XMEAN
MW24 915 TR (] 0 NA 0 3495.4 2XMEAN
MW25 i9s0 TR O 0 NA O 3495.4 2XMEAN
MW?26 1ss0 TR O 0 NA O 3495.4 IXMEAN
MW29 iziec TR O 0 NA O 3495.4 IXMEAN
MW30 1Izilo0 TR [ 0 NA 0 3495.4 2XMEAN
MW3L wse TR O 0 NA O 14954 2XMEAN
MW32 146 TR [ 0 NA O 34954 2XMEAN
M35 4760 TR O 0 NA  3495.4 2XMEAN
MW16 5170 = O 0 NA 3495.4 2XMEAN
. MW37 5470 = O 0 NA 3495.4 2XMEAN
MW39 1480 TR O 0 NA O 14954 2XMEAN
MW30 i9e TR ] 0 NA I 3495 4 IXMEAN
MW45 w0 TR [ 0 NA O 3495.4 2XMEAN
MW46 i33oTR O 0 NA 0 3495.4 IXMEAN
MWaB 1040 TR O 0 NA 0 3495.4 2XMEAN
MW4g 917 TR L] 0 NA O 3495.4 2XMEAN
MWS0 820 TR O 0 NA = 34954 2XMEAN |
MW52 3340 TR O 0 NA 0 3495.4 2XMEAN |
MW53 zs0 TR O 0 NA O 34954 ZXMEAN .
MW55 s68 T/R [ o NA 0O 34954 2XMEAN |
Maximum: 5470
Minimum: - Ba8
Averape: 1998.28
page 37 of 49




291 148

Station ID VALUE Q  PRG (ug/kg) PRG Basis Background Basis
. PYRENE
MW 13 21 d O
MW13 4 ] | 0
Maximum: 4
Minimum: 2
Average: A0
SELENIUM
MW|2 22 TR O 10 NA m 5.8 2XMEAN
MW33 24 TR O3 10 NA O 58 ZXMEAN
Maximum: 24
Minimum: i
Average: 2.30
SODIUM .
MW02 18600 = O 0 NA 0 106650 IXMEAN
MWO3 18200 = O ) NA i 106650 IXMEAN
. MWo4 20400 = O 0 NA O 106650 2XMEAN
MWOS 28300 = O 0 NA | 106650 ZXMEAN
MW05 15700 = EI o NA 1 106650 2XMEAN
MW7 21100 = | o NA m 106650 ZXMEAN
MWOR 25700 = () 0 NA r 106650 2XMEAN
MW0Y 20300 = O 0 NA 0 106650 2IXMEAN
MWD 18600 = [ 0 NA 0 106650 2XMEAN
MW 18500 = 0 0 NA O 106650 AXMEAN
MWi2 16100 = O 0 NA | 106650 2XMEAN
MWI3 20700 = O 0 NA O 106650 2ZXMEAN
MW14 12400 = . 0 NA D 106650 2XMEAN
MW 14 12500 = O o NA 0O 106650 2XMEAN
MW15 £2100 = O 0 NA ] 106650 2XMEAN
MWI6 34100 = O 0 NA 0 106650 2XMEAN |
MW19 90 = O 0 NA O 106650 ZXMEAN |
page 38 af 49




291 149

Station [D VALUE Q  PRG(ughkg) PRG Basis Background  Basis

. MW20 15400 = O Q NA O 106650 2XMEAN
MW2I 16100 = O 0 NA m 106650 2XMEAN
MW22 33100 = O D NA O 106650 2XMEAN
MW23 14400 = Ll 0 NA O] 106650 2XMEAN
MW24 11800 = O 0 NA ] 106650 IXMEAN
MW25 19600 = O 0 NA O 106650 2XMEAN
MW26 28300 = o 0 NA O 106650 2XMEAN
MW25 13400 = O 0 NA | 106650 2ZXMEAN
MW29 29300 = O 0 NA O 106650 2XMEAN
MW30 21000 = O a NA 0 106650 2XMEAN
MW31 24700 = O 0 NA ] 106650 2XMEAN
MW32 23300 = O 0 NA | V06650 IXMEAN
MW33 17100 = O D NA . 106650 2XMEAN
MW14 9630 = O 0 NA n 106650 2XMEAN
MW35 16700 = O 0 NA | 106650 IXMEAN
MW35 16800 = O 0 NA 0 106650 2XMEAN
MW36 4ap0 TR O 0 NA 0 106650 ZXMEAN

. MW 16 470 R[] o NA J 106650 2XMEAN
MW37 6390 = G a NA | 106650 IXMEAN
MWw3g 12000 = O 0 NA 0 106650 2XMEAN
MW38 11700 = a D NA 0 L 06650 2XMEAN
MW39 20100 = O 0 NA 0 106650 2XMEAN
MW39 20900 = O 0 NA O 106650 2XMEAN
MW45 13100 = 1 0 NA O 106650 2XMEAN
MWi46 26300 = O 0 NA O 106650 2XMEAN
MW47 20800 = O 0 NA O 106650 2XMEAN
MW4B 2020 = a 0 NA 0 106650 2XMEAN
MWy 12100 = M 0 NA 0 106650 2XMEAN
MWS50 63600 = m 0 NA 0 LOGESO 2XMEAN
MWSs] . 16000 = O o NA M 106650 2XMEAN |
MW52 90400 = O 0 NA O 106650 2XMEAN |
MW53 32900 = O 0 NA 0 106650 2XMEAN
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YALUE © PRG (ug/kg) PRG Basis Backpronnd Hasis

Station ID
. Mwsa 15600 = 0 o NA 0 106650 2XMEAN
MW55 19000 = O B NA O 106650 IXMEAN
Maximom: 90400
Minimum: 4404

Average:  20556.86

SULFATE (AS 504)
MWO03 50.7 = O -
MWOS 410 = | »
MW 10 455 = O |
MWI13 387 = O |
Mwia4 438 = o 0
MW?2] 59 = 0 0
MW22 208 = a O
MW23 157 = O |
MW30 264 = O ]
MW3] 514 = O 0
. MW32 12.4 = | O
MW34 12.6 = O O
MW35 19.5 = O |
MW37 8.3 = | 0
MW40 418 = d 0
MW47 19.5 = O O |
MW4g8 139 = N O
MWSS 289 = [l d
Maximum: 51.4
Minimum: 5.9
Average: 2766
TERPHENYL-d14
MWOS 62 = a O
MW6 76 = O 0
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Station 1T} VALUE PRG (ugfkp) PRG Basis Background BaSIS__
. MWOS 00 = O m o
MWO7 92 = 0 O
MWOS 45 = ] O
MWI3 52 = D 0
MW 13 55 = D O
MW14 BT = B 0O
MW16 B2 = 3 0
MW20 73 = d 0O
MW20 75 = O 0
MW21 60 = LJ O
MwW22 66 = (| 0
MW23 67 = O 0
MW24 85 = O 0
MW25 7 = O O
MW28 83 = O ]
MW?2y 72 = O O
MW30 83 = O w
. MW31 72 = O 0
MW34 74 = O |
MW33 84 = . O
MWi5 85 = O 0
MW36 65 = O |
MW37 57 = O [
MW3g 65 = M| O
MW39 68 = O |
MW44 37 = O 0
MW45 76 = O O
MW46 80 = 0 O
MW47 54 = O 0 |
MWa48 : 7% = [ 0 |
MW43 88 = ] 0O |
MWwag 64 = O |
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_?tation 1D VAYLUE Q PR (ug.-"kg]l PR{; Basis Ba:kground Iin.sis
. MW49 51 = W] 0
MW50 75 = O |
MWS] 69 = B 0
MW52 66 = O m
MWS53 73 = = J
MWS5a 64 = O O
MW54 62 = d |
MWs55 N = C1 -
Maximum: 100
Minimum: »
Average: 72.19

TETRACHLOROETHYLENE |Tetrachlorocthene or FCE}

MW03 38 = 0.83 C = 1 MAX_DET
MWo4 72 = 0.83 C 1 MAX_DET
MWOS5 65 = 0.83 C = I MAX_DET
MWO6 L) Bd o3 C [ MAX_DET
. Mwo? 78 = & o83 C i | MAX_DET
MWO0S 24 = 0.83 C R ] MAX_DET
MW 3] 0.83 c ) 1 MAX_DET
MWI0 00 = Bl e C 1 MAX_DET
MWI1 5) 0.33 C =] 1 MAX_DET
MW]2 511 B o3 c 1 MAX_DET
MW13 27 0.3 C A I MAX_DET
MW3| 76 = 083 C l MAX_DET
MW25 6 ] B o C 1 MAX_DET
MW26 14 = 0.83 C i MAX_DET
MW29 37 = 0.83 C ] MAX_DET
MWw3) 66 = & o083 C 1 MAX_DET
MW32 _ 1] 0.83 C 1 MAX_DET |
MW35 1] 0.83 o 1 MAX_DET |
MW35 2] X] .3 C 1 MAX_DET
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Station I VALUE Q  PRG (ug’kg) PRG Basis " Background Basis
. MW B I 0.83 c 1 MAX_DET
MW47 14 = ®  ass C | ! MAX_DET
MWws| 4 ) 0.83 C ] MAX_DET
MWS52 41 0.83 C = 1 MAX_DET
MW54 2] B o332 C = 1 MAX_DET
Maximum 100
Minimum 1
Averuge: 25.08
TOLUENE-DS
MWD2 [0§ = D 0
MWO2 104 = O 0
MWO3 107 = | n|
MW04 ws = - 0O |
MWo5 106 = O M
MW06 105 = | 0
MWO7 104 = O O
. MWOS o2 = O |
MW0S 105 = L 0
MWIO 108 - J 0
MW11 102 = O O
MW12 108 = | O
MW13 e = O |
MW 14 108 = O O
MW15 104 = O 0
MW16 103 = O ]
MWD 10 = (M| 0
MW20 10 = O 0
MW21 102 = O O
MW22 _ 106 = 0 0O
MW23 105 = O O
MW24 107 = O M
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Station ID VALUE ¢ PRG (ug/kg) PRG Basis Background Basis
. MW25 104 = o 0 |
MW26 105 = | O
MW29 105 = O 0
MW30 103 = O 1
MW3) 103 = 0 0
Mw3z 102 = W 0
MW33 106 = O O
MW34 106 = o O
MW34 107 = a 0O
MW35 104 = a 0
MW 35 167 = O |
MW36 104 = (| O
MW37 ' 103 = O 0
MW3§ 106 = O O
MW3Y 105 = O 0
MWag 104 = 0 O
MW4 1 104 = | O
. MW42 103 = L] ]
MWa4 I = O ]
MWda 106 = ] O
MW45 107 = O 0
MWa45s 106 = O 0
MWd6 106 = O 0
MWa47 106 = O 0
MWa4g 107 = U O
MW49 106 = O |
MW50 106 = O .
MWS| 107 = O |
Mws2 106 = 0 O
MWS53 106 = O |
MW34 107 = O 0
MWS55 106 = O O
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Station [D VALUE @ PRGughg) PRGBasis  Background  Basis
. Maximum: 110 o
Minimom: 112
Average: 105.44

TOTAL 1.2-DICHLOROETHENE

MWD06 150 = (| O
MWI0 51 O -
MWL R ] O O
MW12 200 = £ ]
MW12 B7 ) a 0
MW3] 280 = O 0
MW32 140 = O 0
MW35 51 ] -
MW35 6 J O O
MWa4 L) O |
MWda 1) O 0
MWa? 9 J O |
. MWs2 1] L 0
MW54 12 = O .
Muaximum: 250
alinimuom: 1
Average: 64.64
TOTAL DISSOLVED SOLIDS (RESIDUE, FILTERABLE)
MW32 S04 = O O
MW37 184 = O =
MWS55 208 = ] 0
Maximum: S04
Minimum: 184
Average: . 198.47
TOTAL ORGANIC CARBON '
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Slation [D VALUE ¢  PRG (ugfl-cg} PRG Basis Background Basis
. MWI13 6= 0O 0O
Mw22 2 = O ]
MW40 25 = O 0
Maximum; 25
Minimum: 1.6
Avernoge: 2.03

TRICHLOROETHYLENE {Trichloreethene or TCE}

MWO3 18 = B 347 C 1 MAX_DET
MW 3] O 387 C = ! MAX_DET
MW05 51 B 387 c 1 MAX_DET
MWO6 94 = 3.87 c 1 MAX_DET
MW07 = B 387 C ! MAX_DET
MWoR 12 = B 387 C = ! MAX_DET
MWO3 2] O 387 C = I MAX_DET
MW10 63 = Bd 387 C I MAX_DET
MW1] 10 = 3.87 C } MAX_DET
. MW 2 3200 = B 3s7 C 1 MAX_DET |
MWIS 6 1 3.87 C 1 MAX_DET |
Mwzl 16 = 387 C i MAX_DET
MW22 11 T 38y C 1 MAX_DET |
MW26 2] O 387 C I MAX_DET
MW29 17 = 3.87 c | MAX_DET
MW31 400 = B 337 C 1 MAX_DET
MW32 100 = B as7 o 1 MAX_DET
MW35 88 = B g7 c I MAX_DET
MW35 100 = 3.87 C ! MAX_DET
MW3B 1] O 337 c 1 MAX_DET
MW39 71 B 37 C 1 MAX_DET
MWa4a4 4 ) 3.87 C | ) MAX_DET
MWad 31 O 1s7 C | MAX_DET
MW47 6] B 1s7 C 1 MAX_DET

poge 46 af 49




291 157

VALUE PRG (ug/kg) PRG Basis Backpround Basis

Station ID
. MWS) 15 = 3.87 C 1 MAX_DET
MWS52 1] O 387 C [ MAX_DET
MW54 180 = B a7 o I MAX_DET
Maximum: A200
Minimum: 1
Average: 162.41
VANADIUM
MW02 22 TR [0 2555 3 | 6 2XMEAN
MWO3 078 TR [ 2555 5 0 6 2XMEAN
MWD4 068 TR B 2555 8 O 6 2XMEAN
MWD5 048 TR 0O 12555 5 [ 6 2ZXMEAN
MWO7 085 TR O 2535 s 3 6 2ZXMEAN
MWOg 61 TR [l 2555 S & 2XMEAN
MW09 077 TR O 2555 5 N 6 2XMEAN
MWD 098 TR DO 2555 S m 6 2XMEAN
MWII 056 TR [ 2555 5 O & 2XMEAN
. MW12 034 TR [ 2535 s 0 6 2XMEAN
MW13 122 TR [ 2535 5 & 2XMEAN
MW14 13 TR O 2555 5 [ 6 2XMEAN
MW14 093 TR [J 2555 5 O 6 2XMEAN |
MW15 32 TR D 2555 5 0 6 2XMEAN
MW 16 12 TR 0O 2555 S 0 6 2XMEAN
MW19 245 TR O 2555 s 6 2XMEAN
MW20 067 TR [ 2555 5 0 6 2XMEAN
MW2i 059 TR [ 2555 5 g & 2XMEAN
MW22 ces TR O 2535 5 0 6 2XMEAN
MW23 031 TR U 2535 5 - 6 IXMEAN
MWw24 g5 TR [ 2555 S O 6 2XMEAN
MW25 . 073 TR O 2555 S 0 6 2XMEAN
MW26 2 TR O 2555 S 0O 6 2XMEAN
MW28 063 TR  [J 2555 S 0 6 2XMEAN
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Station ID v:ig,UE Q@  PRG(uphkg) PRG Basis Background Basis
. MW29 1.2 TR O 2555 S O 6 2XMEAN
MW30 asz TR O 2555 5 O 6 2XMEAN
MW31 042 TR 0 2555 5 ] 6 2XMEAN
MW33 17 TR [ 2555 S 0 6 IXMEAN
MW34 047 TR [ 2555 § 3 & ZXMEAN
MW36 34 TR [ 2535 3 J 6 ZXMEAN
MW36 3Tk D 2535 5 | 6 IXMEAN
MW3s 072 TR 0 2553 5 0 6 IXMEAN
MW3s 078 TR [ 2555 s O 6 IXMEAN
MW39 as2 TR [0 2558 5 | 5 2XMEAN
MW39 049 TR [ 23555 S 0 6 ZXMEAN
Mw43 23 TR O 2555 s 0 6 ZXMEAN
MW46 o4 TR [ 2555 5 0O 6 2XMEAN
MW47 p47 TR 0 2555 S 0 6 IXMEAN
MW40 4t TR O 2555 S J & 2XMEAN
MW50 o5t TR O 2555 s 0 6 2XMEAN
MWS1 031 TR DO 2555 5 0 6 ZXMEAN
. MW3$2 043 TR [J 25355 5 0 5 IXMEAN
MWS3 047 TR [0 23535 S 1 6 2ZXMEAN
MWS5 o7z TR [0 2535 5 [ 6 2XMEAN
Maximum: 4.5
Minimum: 0.1
Average: 1.88
ZINC
MWO0? 202 = O  ioss 5 O a
MW09 too0 TR O 1085 8 | 0
MWI13 NA = O o095 S 0 0
MW14 3.7 = O 1095 S 0 0
MW 14 _ 4 = O  toss S ] 0
MWI9 219 = O o5 S O 0
MW20 62 TR O 1095 5 0 0
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SutionD  VALUE Q  PRG (ughkg) PRG Basis Background  Basis
. MW2| 62 = O 1095 S 0 0
MW23 68 TR 1 1093 5 0 0
MW325 45 TR 0O 1095 5 0 0
MW33 14 TR O 1098 5 ] 0
MW38 45.6 = O 1005 5 0 o
MW33 308 = O 1095 5 0 o
MW40 28.5 = O 1095 S O !
MW4] 158 TR O 1005 S O o
MWA4g a1 TR O 1095 5 | 0
MWwag 122 TR O 1oss S O 0
MWs0 168 TR O 1oss S | 0
MWSs2 s TR O 1095 5 0 0
MWws3 a TR L[] 1095 5 0 0
MW355 gg TR [ 1095 S O 0
Maximum: 914
Minimum: 3.5

. Average: 2284

JfTR = estimaied value.

PRG/Background Values are based on the lowest criteria established in the R/FS Workplan (CH2M
HILL, 1995).
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TABLE 32

FLUVIAL AQUIFER SUMMARY STATISTICS

DEFENSE DISTRIBUTION DEPOT - MEMPHIS, TENNESSEE

Standard-

Na. of No. of Minimum | Maximum Avarage
Analyle Analyses | Detections Valua Value Value Devlation
Inorganics
ALUMINUM 46, 30 79| 10200 647,251  1.841.21
50 8 1.7 5 1,85/ 0.5
50 3 1.4 7 209 12
45 45 312 5a.a| 103,09 90,1
50 4 .02 0.28 _D.0s 0.0
UM 50 25 0.1 1121 0.79 1.7
45 46 7580 55000] _ 22825 65] 166186
OMIUK. TOTAL a0 a2 1l f6 QI £ g4t 8.5
45 16 _Q.ﬁl 16.9 3.55 3.8
50 9 1 25.8) 3.5 4,7
4B, 36 3 18304
g0 9 1. 415 242 5
MAGNESIUM 46 45 3 24504 5.813.26 47911
MANGANESE 4B 45 .91 3060 130,401 5108
MERCURY S0 a 0.1 0.25 .11 0.0
NICKEL 50 5 0.3 47.8 2 a7 .8
POTASSIIM 45 26 _824 5470 1,450,229 1.1
| 8D 2 1.8 zal 1,65 0.1
45 46 4470
45 40 0.3
50 19 11
- NE 48] B 1
1.1.2.2- TETBACHLOROETHANE 404 B 2
5 NE 49| k) 4
1 1-DICHL.CAGETHAMNE 40{ 5 1
1.31-DICHL.CAOETHENE 49| o 1
SENZENE 40l 1 1
CARBON DNSULFIDE 491 1 1
[CARBON TETRACHLORIDE 401 ] 1
LOBROFORM 40] 13 1
DIBRQMOFLUDROMETHANE 49] D 94
ETRACHLOROETHYLENE(PCE. 49] 23 1
OTAL L2-DICHLOROETHENE 501 1 1
40| oo i
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Table 3-&
Percantages of Degradable VOCs of DDMT
Marchl %98 Sampling Event
Dofense Distribution Dapol - Memphils, Tannessas
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TABLE 3-&
Summary of Netural Attenuation Parameters
MARCH 1998 Sampling Event
BEFENSE DISTRIBUTION DEPOT-MEMPHIS, TENNESSEE
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13 o] 6.13 il ] 300 221 4 nc 13 nc nc ne ) ne n
1] b nc nc " I nc n i nt e 1R300 1.9 nc
x ph 586 15.0 B 43 206 4 e n nc [ e ol e e
s b .3z 186 10758 [AER] Ha L A 20 B0 3.7 ¥
Pl g .12 19.% i) 1383 1.6 152 i 204 1]
< ] [T1 113 931 234 n e e nc ne T340 n nc
38 ] I ] Fik] 1.7 1823 nc I nc n ne [1r7] n c
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Appendix A
Data Quality Evaluation Section
Sampling Effort - March 1998

The purpose of the dawa quality evaluation process is Lo assess the effect of 1he overall analytical process on the
ussbility of the data. The twe major categories of dala evaluation are laboratory performance and matrix
interferences. Evaluation af laboratory performance is 5 check for compliance with the method requirements;
either the labornlory did. or did not. analyze the samples within the limits of the analytical method., Evaluation
of mawrix interferences is more subile and involves the analysis of several areas of results including surrogae
spike recgveries, malrix spike recoveries. and duplicote sample resulls.

Introduction

A specific list of methods was developed for the analysis of these samples. Melhods included SWH46 method
8260 (Volaliles by GCMS), method 8270 {Semivolatiles by GC/MS), Method ERS Kerr (Methane, Ethane, and
Ethene by GC/FID), methed 6010, with the 7000series(menals), and selected General Chemisiry parameters.
Before the analytical resulis were released by the Inboratory, both the sample and QC datn were carefully
reviewed to verify sumple identity, instrument calibretion, detection limits, dilution faciors, numerical
computations, accuracy of transcriptions, and chemical imerpretaions. Additionally, the QT dma were reduced
and Lhe resuliing data were reviewed 1o ascertoin whether they were within the loboratory-defined limits for
accurncy and precision. Any ron-conforming data were discussed in the data package cover letter and cage
narmative.

All of 1he daln packnges were reviewed by the project chemists using the process outlined in the Environmental
Proteetion Agency {EPA) guidance dacument Funictional Guidelines for Evatuaring Data. The data review and
vilidation process is independent of the Inboratory's checks and focuses on the usability of the data to support
the project data interpretation and decision-making processes. Areas of review included holding time
complhiance. spiked sample resulis, method blank results, initial and continuing calibrations, laboratery coniral
samplcs, surrogate recoveries, and duplicate sample resulis. A data review worksheet was completed for eoch of
Lhese dota packages.

Sampie resubis that weee ot within the acceptance limils were appended with 2 qualifying Mg, which consisis
of a single or double-letter abbrevintion that indicated a possible problem with the data. Alhhough the qualifying
Mags originate during the data review and validation processes, they are included in the data summary tables
deliverable so that the data will not be used indiscriminately. The following flags were used in this 1ex1:

. ) Undetected. Samples were analyzed for this analyte, but it was not detecied nbove
the method detection limit (MDL) or instrument detection limit (IDL).

. u Detection limit estimated. Samples were analyzed for this analyte, but the results
were qualified as not detected. The result is estimated.

. J Estimated. The analyle was preseni, but the reported value may not be accurate or
precise.

. R Rejected, The data are unusable. (NOTE: Amalyte/compound may or may nat be
present. )

Numerical sample resulis that were greater than the method detection limit but less than (he Reporing limit (RL})
were qualified with s )" for estimated, as required by the EPA Functional Guidefines 1o Evatuaring Data

Cualiry.

COMT1BROOEF 112830 23.02
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Once the data review and validalion processes were completed, the entire data set was reviewed for chemical
compound frequencies of detection. dilutien factars thal might affect data usability. and patterns of targel
compounds distribution. The data set was also evalumed to idennfy polential data limitations, uncertainties, or
both in the analytical results.

Holding Times

The holding times for each parameter were evaluated according o SW-8446 requirements. All helding tumes
were mel for the original extractions. However, six samples required re-exiractians due o low acid surrogate
recoveries. Somples MW454, MW4B4, and MW064 were re-extracted one dey put of holding times. Samples
GEQIRY and9801RS missed holding vime by Jour days, while sample S8Q1R3 was re-exiracted 16 days oul of
holding times.

Potential Field Sampling and Laboratory Contamination

Three types of field blank sumples were used 1o monitor pateniial contamination inireduced during field
sampling, sample handling, and shipping acuvities.

» Trip Blank: A sample of ASTM Type Il water prepared in the lcboratory prior 1o the sampling event. The
water is siored in VOC sample containers and is not opened in the field, and then ravels back (o the
laboratory with the oiher samples for VO analysis. This blank is used (o0 monitor the potemial fur sample
contamination during the sample conniner trip. One trip blank was included in each sample cooler that
contained samples for VOC analysis. A total of six tip blanks were collected for this sampling event.

+ Equipment Rinsate Blank: A somple of the organic-free weter used for the final rinse during eguipment
decomamination. This blank sample is collecied by rinsing a piece of equipment afier decontamination and
15 analyzed for the same analytical parameters as the corresponding saomples. An equipment blank monitors
potentizl contamination coused by incomplete cquipment decontamination. A towal of five equipment
blanks were collected for this sampling event.

=  Field (Ambieni) Blank: A sample of the water used to decontaminate equipmem and it is collected directly
from the decontamination water source. This blank moniters contnmination that may be introduced from
Lhe water used for decontamination. One field blank sample was collected [rom the source of
deconamination water and was anelyzed for the same parameters as the carresponding samples, Three
ficld blanks were collecied For this sampling event.

Laboratory method blanks were also analyzed. A laboratory method blank is a blank matrix, uswally ASTM
Lype Il water or Otrawa sand. that is weated as a sample in that it undergoes (he some analytical process as the
corresponding field samples. Method blanks are used to monitor laboraiory perfermance ond contamination
inroduced during the analylical procedurc. One method blank was analyzed for every twenty field samples, or
one per analytical baich, whichever was more frequent.

Accarding to the EPA Functiona! Guidelines. concentrations of common organic contarminants detected in
samples af less than [ times the maximum concentration in the blanks can be atiributed to field sampling and
laboretory contzmination rather than environmental contamination from site activities. The concentrations of
less common contaminants are muliplied By o facior of 5 rather than 10, as required by the Furetional
Guidelines,

The anly semivolatile arganic contaminanis detected in blank samples were bis {2-Ethylhexyl) phthalate (BEHP)
and di-n-butylphihalate. In the hlank sumples where di-n-butylphthalate was detected, the concentrations were
below the reponing limits. Bis (2-ethylhexyl) phthalate was reported in threes equipment blanks and one field
blank. The maximum concemration of the squipment blunks was 12 ug/L, and the fizld blank concentration was
13 ug/l.. Phthalates are used os plasticizers, the mos1 common of which is bis {2-ethylhexy]) phthatale, are ofien
tniroduced 1o samples during handling. The field parsonnel often transfer samples while wearing latex gloves,
The latex gloves arc coated with plasicizers such as BEHP and di-n-butylphthalate, to focilitae release of the
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gloves from the skin. Laboratory personne) also wear latex gloves during the extraction of samples. Therefore,
the BEHF and di-n-burylphthalae can moest likely be attributed to ficld sampling and laberaiory contamination.

. Samples reporied with these common contaminan detections below the 5 or 10 times rule, were flagged “U™ ag
undetecied.

The volatile organic conlaminants detected in blank samples were: eeetone, carbord disullide, chloroiorm.
methylene chloride, and trichlorgethylene. All of these organic contaminants were detected below the reporting
limits. Acetone and methylene chloride, are used as exiraction solvents in the Jaboratory, and are common
laboratory contaminants. Samples reperted with these common contaminant detections below the 5 ar 10 times
rule, were flagged “1U a5 undelecied. Carbon disulfide was detected in an eguipment blank, 98QIRS. 11 a
concentration of | ug/l.. Carbon disulfide was detected in only ane field sample, at a concemration of 1 ug/L.
This is al the same concentration as the equipment blank, therefore it can most likely be attributed o fizld
comaminotion. Chloroform was detected in two equipment blanks, 9800 1R1 and 38Q1R3, both at
concentrations of b ug/l. Trichloroethylene wes detected in one Tield blank, 98Q1A2, a1 a concentration of |
ug/L. Chloreform and trichloroethylens were also detected in several field samples, and at concentrations
higher than those deiected in the assaciated blank, These concentrations are more likely 10 be indicative of
énvironmental conditions rather than low-level contnmination.

When cvaluating any significant amount of data such as this, there may be instances tn which common
laboratory contaminants are reporied at low levels in sumples, but are not detected in any associated blank
samnples. Therefore, they ¢an not be gualified as “U, undeecied based upon blank evaluation. However, the
reported levels of these compolnds must be evaluated carefully te determine if they are truly indicative of
envircamental conditions, or low level comamination rom the (icld or laboratory. Also, care must be taken in
those inslances where ¢common laboratory coataminams are reported in samples that hove been diluted for
analysis. In this sc1 of data, 2-butanone was reported in two Gield samples. Acetone, 2-bulanane, 2-hexancne,
and 4-methyl-2-pentanone are often associated with equipment rinsate solvens, such as methanol, as solvent
contaminanis. Incompless drying of the rinsate salvent ¢an cavse carryover of these conlaminants, This is also o
common Jaboratory contaminant and may possibly be due to low level contamination. rather than environmenizl

. conditions.

Several metals as listed in Table A-1, were detected in the Inboratory and field blanks. All of these metals, with
the exception of one iron value, were delcoved 2t concentrations above the Instrement Detection Limit (TDL), buy
less than the Contract Required Detection Limit {CRDL). Many of these are ubiquitous at low levels. Copper,
and iron are common elements used in the construction of stnks, faucets, laboratory venritation hoods, and many
other tools or equipment used an a day 10 day basis. Elements such as arsenic, barium, chromium, lead,
mercury, selenium, silver, thallium, and vanadium were reported just over the [DL. These values are indicatjve
of instrument noise or low level blank centamination. Generally, values within 2-5 times of the [DL usually
refteet instrument noise and should be considered false positives. The 5 times rule was applied to these elements
and samples with these elements reported at less than 5 times were qumlified as “U™, undetected.

ALUMINUM 50 200
wWQ B SWE0ID  |ANTIMONY = 4.86 &0
we IR {SwsD1D [aRSENIC UGIL 48 5
e LB iSWa01D BARIUM uEil 0.16 200
wa B SW010  [BERYLLIUM UGIL 0.08] 5
wa& B SWe010  ICADMILIM UG 0.2¢; 5
WE Fa SW&DI0  CALCIUM _ UG B7.4) 5000
= EB ISWDI0 [CHROMIUM, TOTAL =1 24! 10
wa __ !rB ISwedtd |CORALT UG 0.27i 50
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Mairix |Sampla |- Anolyticolif <@ - Porametar:: ' | Unils | Mcxbowem | Controct
' .| ype |. Mathod- |- - . T '-;-"_'A:.i.' ‘Detected | Reporting.
. I R R B R S Ml V] CRC Umit -
W EB_ SWAD10 MANGANESE UG 12 15!
We LB SWal 10 NICKEL UG/L 1.5 40
Wa__ IEB SWEOI0 SOOIUM |UG/L 328 5000
‘W& Fe SWE010 THALLIUM UG/ 29 10
wa A swallin INC R [ 783 20
Mairix Effects
Surrogate Spike Recovery

Surrogate spike compounds were added 1o each sample analyzed far organic parameters, including laboratory
blanks as weil as field environmental samples. Surrogate spike compounds are the struciural homelogues of
larget compounds and are therefore expected 10 behave in a similar manner during analysis. Surrogate spike
recoverics from laboratory blanks were used to evaluale laboratary performance because these blanks represent
an “ideal” sample mairix. Surrogate spike recoveries for field samples were used to evalume the potential (pr
mairix inicricrences.

The surrogate spike recoveries were within the laboratory specificd control limits for all field samples, except
for six samples. Samples MW494, MW484, MWO64, 980 R3, 98Q1R4, and 9BQIRS were re-exiracied due 10
low acid surrogate recoveries. The re-extraclions exhibited acid surrogate recoveries within accepiable recovery
limets for all samples except MW064 and MW4aBd, While the low acid surrogate recoveries may possibly
reflect some mainx effect in these 2 samples, overall, thege data indicate Lhat the matrix did not greatly influence
the final numerical result or the melbods,

. Matrix Spike / Matrix Spike Duplicate Precision and Accuracy

For the MS/MSD measurement, three aliquots of # single sample are onalyzed: one native sample and two
spiked with target analyles or compounds. Matrix accuracy is evaluated from the spike recoverics, while
precision is cvaiualed from comparisan of the percent recovertes af the MS and MSD. Matrix spike recoveries
greater than the upper acceplance limit resulied in associated detected values being qualified as estimated.
ME/MSD precision outside control limits resulied in associated data being fNagged as estimated. The Inborutory
analyzed three sets of MS/MSD samples for this sampling event.

Crpanic results wre nat qualified upon the results of MS/MSD samples alone. Evaluation is in conjunction with
surropale and internal standard resulis, While one set of MS/MSD samples for semivolatile analysis reflected 4
acid relative percent differences (RPD) greater than 20%, the absolute percent recoveries were within Izbormory
coatrol limits. All other accuracy and preciston results were well within the stated criteria, mdicating that the
specific sample matrix did not influence the overall analytical process or the final numerical sample resull.

All of the accuracy and precision criteria were met for the three sets of MS/MSD samples for the inorgznic
parameicrs. These data indicate that the specific sample mairix did not influence the overall analytical process
or the final numerical sample resuli.

Field Duplicate Sample Results

There were 13 field duplicate sats collecied during this feld effort. Both the native and duplicate samples were
analyzed for the same parameters. All preeision data, for both orpanic and inorganic analyses. were within the
method target acceptance ranges. These data indicate that the specific sample matrix did not influence the
overall analyiical process or the final numerical sample result.

OD%T15AD0FF 4 1136830 .23.02
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Sample Resulis for Metals Near the Instrument Detection Limit (TDL}

. The samples were analyzed for the Targer Analyie List {TAL) of metals, Concentrations of metals near the IDL
were reported for many of the target metals. The IDL is determined by multiplying by three, the standard
deviation obtained for ihe analysis of o standard soluiion {euach analyte in reagent water) on three
nonconsecutive days with seven consecutive replicates each day. The cuncentration of the standarg solution
should be 3x 10 5x the IDL. Sample results at, or near, the DL may be false positives caused by instrumem
neise or law-level background shifis rather than a trve analyte signal.

PARCCs

Precision—-is defined a3 the agreement between duplicate results, and was estimared by comparing duplicale
matrix spike recoverics and field duplicate sumple reselts. Sample results for the majority of the campounds
indicale thal sample matrix did not significantly interfere with the overall analytical process.

Accuracy--is o 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 for inorganic analyses each sample was spiked with & known reference marterial before di Eestion,
Each of these approaches provides o measure of the marix effects an the analytical accurary. Labormory
cantrol samples (LCS's) are usually DI waicr spiked with known quantities of a targel element, and thus
measure accuracy of the method without the influence from the mairx.

Representativeness—this criterin is 2 qualitative measure of the degree ta which sample data accurately and
precisely represent a characterisiie environmental condition. Represcntativeness is a subjective parameter and is
used (o evaluate the efficacy of the sampling plan design. Representativeness was demonsirated by providing
full descriptios in Lhe projeet scoping documents of the sumpling techniques and the rationale used for selecting
sampling locations.

. Completeness--is defined as the perceniage of measurements thal are judged 10 be vaiid campared Lo the to to1a]
number af measurements made.

Comparability--is another quatitative measure desigred ta express the vonfidence with which ane data set may
be compared 1o another. Factors that may affect comparability include: sample collection and handling
rechniques, sample matrix type, and analytical method. Comparability is limited by the other PARCC
parameters because daln sels can be compared with confidence only when precision and accuracy are known.
Data from this investigation are comparable with other data collected ar the site because only EFA methods were
used Lo unalyze the sample and Chevron modified EPA Leve! 1T QC data are availoble to suppart the qualiry of
1he data.

Summary and Conclusions

Conclusions of the data quality evaluation process includc:

*  The laborniory analyzed the sampies according 1o the EFA methods siated in the work plan as
demonsirated by acceptable methad performance, which was documenied in the data deliverable

*  Sample results for metals sbove the IDL but less than the RL may be auribuied 10 instrument noise
and/or low level contamination and not stle-relpied activitics

+  Sample results for target organic compaunds abave the MDL, but less than the CROL should be
considered as uncertain but indicative of the presence of thot compaund at an estimated concentration

DCAT198D0EF ? 1138302302
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«  Spike recoveries and duplicate sample resutts {(other than the detailed exceptions in the text} indicale
. that the specific sample matrix did not inlerfere with the analytical process

The project objectives or PARCCs were met, and the data can be used in the project decision-making process as
guatified by the daia quality evaluation process.
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