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PREFACE

MACTEC Engineening and Consulting, Inc. (f/k/a Law Engineering and Environmental Services, Inc)

has prepared this Annual Groundwater Report - October 2002 for Operable Unit '7 under Contract

DACA87-02-D-0007, Task Order 0001, to the U.S. Army Engineering and Support Center, Huntsville

(CEHNC). This Annual Report documents the groundwater sampling and analysis activities conducted at

the Defense Supply Center Richmond (DSCR) in Chesterfield County, Virginia during October 2002. In

addition, the Annual Report provides a compilation of the October 2001, March/April 2002, July 2002,

and October 2002 analytical results in order to evaluate trends and to assess the current nature and extent.

Ms. Angela McMath is the Program Manager for DSCR. Ms Robin Futch is the Project Manager for

Task Order 0001 Ms Taura Nichols is the primary author of this document. Dr. lames Wallace is the

Program Principal.

The efforts of Mr. T.E. Shirley (Project Manager) from CEHNC and Mr. Steve Edlavitch from DSCR are

greatly appreciated.

Robin S. Futch, P G. lames R Wallace, Sc.D , P E.

Project Manager Program Principal

Program Manager
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EXECUTIVE SUMMARY

MACTEC Engineering and Consulting, Inc (f/k/a Law Engineering and Environmental Services, Inc

[LAW]), has prepared the Operable Unit 7 Annual Groundwater Report - October 2002 under Contract

No DACASJ-02-D-0007, Task Order 0001, to the United States Army Engineering and Support Center

Huntsville (CEHNC). This annual groundwater report summarizes the September/October 2001.

March/April 2002. July 2002, and the October 2002 sampling and analytical results for Operable Unit

(OU) 7 of the Defense Supply Center Richmond (135CR) located in Chesterfield County, Virginia

OU 7 includes contaminated groundwater within and downgradient of the Fire Training Area (FTA) near

the sotithern boundary of the DSCR Soils associated with the ETA are 00 4 Kingsland Creek forms~

the southern boundary of DS5CR approximately 600-feet south of the ETA. Previously, the FTAs were

used for fire training exercises where obsolete and unserviceable waste chemicals were burned from the

mid-1I960s until the late-1I970s Several sampling and analysis programs have been performed at the FTA

to evaluate the nature, magnitude. and extent of groundwater contamination

Field activities for the fourth quarterly sampling event were performned in October 2002 in general

accordance with procedures outlined in the "Final Sampling and Analysis Plan Revision I" (LAW, 1992)

and the "Final Quarterly Groundwater Sampling Plan for 05CR" (LAW. 2002a)

Twenty-seven monitoring wells were sampled at OU 7 during the fourth quarterly groundwater sampling

event in October 2002. The groundwater samples were analyzed for volatile organic compounds (VOCs),

metals, and monitored natural attenuation (MNA) parameters Analytical results indicated that

concentrations of' VOCs were consistent with previously detected concentrations and continue to exhibit a

decreasing trend in the uipper and lower water bearing units (WBUs) and the fractured bedrock

Chlorinated solvent constituents weie detected both in the upper and lower WBU monitoring wells at

OU 7. During the October 2002 sampling event, the constituents of primary concern, tetrachloroethene

(PCE). trichloroethene (TCE), cis-l1,2-dichloroethene (D3CR). trans- 1,2-DCE, vinyl chloride (VC). 1, 1, I-

trichloroethane (TCA). l,lI-dichloroethane (DCA), and l,lI-DCE. were detected withi n the upper W BU.

20701 06 ES- I
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Results from the October 2002 sampling event for the upper WBU were compared to historical OU 7

data These comparisons indicate that concentrations of PCE, TCE. trans-1.2-DCE, lll-TCA. 1.1-

DCE, and lIl-DCA were within the range of. and generally lower than, previously recorded

concentrations The reduction of the parent products (PCE. TCE. lll-TCA) and the presence of

daughter products (cis~l-2-DCE, trans-l.2-DCE, lIl-DCA, VC) provides evidence that natural

degradation is occurring at OU 7

Mann-Kendall trend evaluations were performed for each well to assess the significance of trends

observed The results from the Mann-Kendall evaluations indicated a statistically sig-nificant decreasing

trend for PCE within the upper WBU In addition, selected wells within the upper WBU possessed

statistically decreasing trends for TCE, cis-1,2-DCE, trans-1,2-DCE, VC, 1,l,l-TCA. lIl-DCA, and 1,J-

DCE2 The results from the Mann-Kendall statistics, in conjunction with the time series graphs plotted for

selected wells, indicate an overall reduction of contamination within the upper WBU.

For the lower WBIJ, the detected constituents of primary concern include PCE, TCE, cis-1,2-IJCE, and

VC. The constituents trans-l1,2-DCE, l,l1,lI-TCA. l, I-DCE, and 1, I-DCA were not detected during the

October 2002 sampling event The results from this sampling event were compared to historical 013 7

data These comparisons indicated that concentrations of PCE. TCE. l,l1,lI-TCA. l, I-DCE. and 1.1I-DCA

were within the range of the historical data

Mann-Kendall trend evaluations were performed for each well within the lower WBU to assess the

significance of trends observed The results from the Mann-Kendall evaluation do not indicate

statistically siunificant (increasing or decreasing) trends for VOCs in the lower WBU

Only one well (MWFTA-20) located in the fractured bedrock is currently sampled as part of the quarterly

monitoring program. The primary constituents detected during the October 2002 sampling event for

MWFTA-20 incltide TCE. cis-l,2-DCE, VC, 1.J-DCA, and l~l-DCE. The results from the October 2002

sampling event for the fractured bedrock were compared to historical 013 7 data. These comparisons

indicated] that concentrations of PCE, TCE, cis-1.2-DiCE. l.1,l-TCA. l,l-DCE, and lIl-DCA in October

2002 were within the rangoe of. and generally less than, the historical data Historically. tranzs-l.2-DCE

has been detected twice in MWFTFA-20 at low concentrations (<5-microgoramis per liter [gg/L]); however,

it was not detected in this well during the October 2002 sampling event
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Comparisons of average concentrations for 1992 and 2002 also indicated a reduction in PCE, TCE. 1, I .1-

TCA. I,.I-DCE. 1l I-DCA and an increasing concentration of VC in the fractured bedrock However, the

results from the Mann-Kendall trend evaluation performed for MWFrA-20 do not indicate a statistically

significant (decreasing or increasing) trend for the selected VOCs within this well

20701 .06 ES-3
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1.0 INTRODUCTION

1.0.0.1 MACTEC Engineering and Consulting. Inc (MACTEC) (f/k/a Law Engineering and

Environmental Services, Inc. [LAW]), conducted the fourth quarterly groundwater sampling activities

during October 2002 at the Defense Supply Center Richmond (05CR) (Figure I-I) in Chesterfield

County, Virginia, as pant of a quarterly groundwater monitoring program currently ongoing at DSCR.

Groundwater monitoring wells at Operable Units (COUs) 6. 7, 8, and the Post Exchange (PX) Gasoline

Station were sampled in accordance with the procedures outlined in the "Final Sampling and Analysis

Plan Revision I" (LAW. 1992) and the "Final Quarterly Groundwater Sampling Plan for 05CR" (LAW.

2002a). This Annual Groundwater Report summarizes the September/October 2001. March/April 2002.

July 2002, and October 2002 sampling and analysis results. MACTEC prepared this report under

Contract No DACA87-02-D-0007, Task Order 0001, to the United States Army Engineering and Support

Center Huntsville (CEHNC)

1.1 PURPOSE AND OBJECTIVES

1.1.0.1 Groundwater samples were collected in October 2001, March/April 2002, July 2002, and

October 2002 as pant of a quarterly groundwater monitoring, pro~gram currently onggoing at DSCR. This

Annual Groundwater Report has been prepared to document the results of groundwater elevation

measurements and groundwater sampling and analysis activities conducted at OU 7 in October 2002 and

to summarize the previous year's (October 2001, March/April 2002, July 2002) groundwater sampling

activities Due to funding issues, groundwater samples were not collected during the first quarter of 2002.

1.1.0.2 The purpose of the monitoring program at 00 7 is to monitor the groundwater contaminmant

plume(s) and to collect additional data to document natural attenuation as a potential component of the

final remedy and exit strategy for the site A list of the groundwater monitoring wells sampled at 00 7

during these sampling events is included as Table 1-1. monitoring well locations are depicted on the OU 7

site map (Figure 1-2)

1.1.0.3 The objectives of the groundwater sampling pro~gramat 00 7 include the following

*Collect analytical data to document MNA as a component of an effective remedy and
exit strategy

2070! 06 I-I
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* Continue to monitor the current nature and extent of the groundwater contaminant
plume(s).

* Collect groundwater elevation data to monitor groundwater flow

1.2 BACKGROUND

1.2.0.1 DSCR. one of three supply centers of the Defense Logistics Agency (DLA). is located at 8000

Jefferson Davis Highway, I I miles south of Richmond, Virginia, in Chesterfield County (Figure I-1)

DSCR was originally constructed in 1941 as two separate facilities, the Richmond General Depot and

Richmond Holding and Reconsigonment Point From 1962 to 1995, the facility was designated as the

Defense General Supply Center (DGSC) In 1995 the name was changed to the Defense Supply Center

Richmond DSCR is the lead center for aviation within the DLA A summary of the environmental

restoration program milestones for DSCR is provided in Table 1-2.

1.2.1 Site Description - OU 7

1.2.1.1 The Fire Training Area (ETA) ts located near the southern boundary of DSCR and is shown on

Figure 1-1. The contaminated soils located at the FTA are designated as OU 4 and have been identified

as three separate sources located in the northern portion of the ETA The groundwater, located beneath

and downgradient from these identified sources, is designated as OU 7 OU 4 was previously used for

fire training exercises where obsolete and unserviceable waste chemicals were burned from the mid-

1960s until the late-1I970s (LAW, 1994)

1.2.1.2 Three separate unlined pits were used for fire training purposes. Flammable liquid chemicals and

petroleum products were dumped into the pits, ignited. and then extinguished during the training. Oils,

solvents, pesticides. and herbicides may have been used for fuel. (LAW. 1996a)

1.2.1.3 Pit 1, which was used from the mid-1970s to 1979. was located in the eastern portion of 011 7.

Pit 2, located in the centrtl portion of 0OU 7 and west of Pit I, was used from the late-1960s until it was

replaced by Pit I in the 1970s. Pit 3. a suspected pit used for fire training activities, is present in 1969

aerial photographs and was located In the western portion of OUl 7 Based on aerial photogrdphs, the fuel

oil storage (FOS) tank, used to store fuel oil, was partially constructed over Pit 3 in 1975 In 1978, the

FOS tank released approximately 10.600 gallons of No 4 fuel oil to the surtace as a result of a cracked

valve Heavy rain at the time of the spill caused the oil to overflow its containment bermi and flow across

20701 06 1-2
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the site, ultimately discharging to Kingasland Creek This area, southwest of the FTA, has been designated

as 00 13 (a/kla Polycyclic Aromatic Hydrocarbon [PAH] Area) (LAW, 1996a).

1.2.2 Previous Environmental Studies

1.2.2.1 Previous environmental studies conducted at 00 7 identified groundwater contaminant plumes

primarily consisting of volatile organic compounds (VOCs) in the upper and lower water bearing units

(WBUs) The plumes extend from the ETA to the southeast. These plumes. consisting of parent

compounds, tetrachloroethene (PCE), trichloroethene (TCE), and LI.l,-trichloroethane (TCA). are

considered to be associated with fire training activities at each of the three burn pits In addition. VOC

contamination has been identified within the fractured bedrock at the [TA, but due to the limited number

of wells screened within the fractured bedrock, an evaluation of plume locations and boundaries in this

medium cannot be made

1.2.2.2 Multiple organizations have conducted studies at OU 7. These agencies include the Chemical

Systems Laboratory (CSL) at the United States Army Toxic and Hazardous Materials Agency, the United. ~States Army Environmental Hygiene Agency (USAEHA), Dames and Moore (D&M), Parsons

Engineenng-Science, Inc., LAW, and, Currently, MACTEC. The studies previously conducted at 00 7

and the related findings are summarized in Table 1-3

1.2.2.3 From 2000 to 2001, LAW conducted sampling events to verify the presence or absence of

persistent sources. During this time, direct push technology (DPE) sampling techniques were used to aid

in providing a profile of the groundwater conditions in the upper WBU In 2002, these data were

evaluated to aid in the evaluation of the nature and extent as presented in the Sumnmary of Findings Report

(MACTEC, 2003a) During this evaluation, three separate plumes were identified downgradient from

Pits 1. 2, and, 3, and/or the former FOS tank in the upper WBU at 00 7. Each plume exhibited different

VOC parent/dauighter product distributions Due to the current placement of monitoring wells within 00

7, only the plumes down~gradient fromt the Pit I and the Pit 3 area continue to be evaluated

1.2.3 Scheduled Environmental Activities

1.2.3.1 As part of the DSCR Draft Supplemental Feasibility Study (FS) Work Plan (WP) (MACTEC,

2003b). ;additional field activities are scheduled for 00 7 The proposed field activities include the
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collection of soil and groundwater to refine the facility-wide and OU 7-specific conceptual site model

(CSM) and developing realistic remedial action objectives (RAOs) The pnimary objectives for OU 7

presented in the WP include.

I Evaluate subsurface conditions to determine if features of the bedrock surface potentially
affect the distribution and migration of contaminants.

2 Characterize source area(s) to determine appropriate remedial action for the prevention of
continued leaching to groundwater

3 Characterize plume boundaries to evaluate and define potential off-site migration
pathways for contaminated groundwater

4 Characterize the hydraulic interaction between groundwater and surface water in
Kingsland Creek.

5. Clarify pre-remedy geochemical conditions in soil and groundwater in OU 7 that are
significant in remedy screening, selection, design, and implementation

1.2.3.2 Currently, activities are scheduled to be conducted at 011 7 during the latter pant of 2003. In

addition, groundwater at 0OU 7 continues to be evaluated under the ongoing quarterly monitoring

program.

1.3 REPORT ORGANIZATION

1.3.0.1 The 0117 Annual Groundwater Report is organized as follows Section 1.0 descnibes the purpose

and objectives of the Annual Report, presents the facility site description, and summarizes the historical

investigations at 011 7, Section 2 0 provides a summary of the CSM including the hydrological.

geological, hydrogeological. and geochemical conditions at 011 7; Section 3 0 provides a summary of the

groundwater monitoring program including a summary of results for the October 2002 sampling

activities, Section 4.0 provides a summary of the nature and extent of groundwater contamination at OU

7, Section 5 0 provides a summary of the conclusions; and Section 6 0 provides the references. Tables,

figures, and appendices immediately follow Section 6 0
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2.0 CONCEPTUAL SITE MODEL

2.0.0.1 The CSM presented in this section considers a broad range of physical. chemical, temporal.

and spatial variables that affect the distribution and fate of contaminants. At a minimum, an adequate

hydrogeologic CSM should provide a descniption of the regional and local climate and geology of the area

as well as site-specific information to facilitate an understanding of the overall project goals. These goals

include- 1) identification of additional data requirements; 2) obtaining the additional data needed, 3) use

of the data to generate a model suitable to support remedy evaluation and establishment of specific

performance requirements for restoration planning activities. Site-specific information that supports the

CSM also includes

* Identification of principal hydroggeologic units

* The hydraulic properties of the different hydrogeologic units

* The evaluations and configurations of the potentiometnic and lithologic/bedrock
surfaces(s)

* Surface drainage configurations and hydrologic boundaries

* Surface water and groundwater interactions

• Sources of contaminants

• Direction(s) and rate(s) of contaminant migration

* Biogeochemical processes affecting contaminant fate

2.0.0.2 Available data collected during previous site characterization investigations, treatability

studies, and recent monitoring events were compiled and evaluated to develop the current CSM

Published literature regarding the physiography. climate, geology, and hydrology of east-central Virginia

was also reviewed for the purpose of developing this CSM The historical databases compiled by the

United States Geological Stirvey (USGS) and data from a number of consulting engineering firms and

contractors were incorpordted into the CSM The current CSM reflects available environmental

investigations and iemnedy-performance data available for DSCR

2.1 FOCUS OF THE CSM

2.1.0.1 The CSM presented herein focuses on the mechanisms of deposition, fate, and transport of'

site-related consti tuLents of concern in the environment at and near 011 7 Development of the CSM was
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based on descniptions of the soil, groundwater, surface water, and atmospheric systems at the site, and the

relationships among these systems, both spatially and temporally. The systems described in the CSM

provide an understanding of the local processes that control the behavior of constituents of concern in the

environment and will facilitate the selection of efficient and effective remedial methods to protect human

health and the environment

2.1.0.2 The CSM serves as the basis for the performance "model" which will be used for the

remedial alternatives evaluation and selection process. The CSM will also be used to support an analysis

Of exposure pathways that will be conducted to define remedial decision criteria and endpoints.

2.2 REGIONAL ENVIRONMENTAL SETTING

2.2.0.1 The regional characteristics of the environmental setting in the vicinity of DSCR that are

directly relevant to the CSM and additional data requirements are discussed in the subsection.

2.2.1t Regional Physiography, Geology and Hydrogeology

2.2.1.1 DSCR is located in Chesterfield County. Virginia, approximately two miles east of the Fall

Line in the Atlantic Coastal Plain Physiographic Province (Powell et al. 1990) DSCR lies in the western

margin of the coastal plain, termed the "Fall Zone" (McFarland, 1997). which separates the Atlantic

Coastal Plain Physiographic Province from the Piedmont Physiographic Province west of the Fall Line

(McFarland, 1997) The Fall Line is a geomorphic and hydrologic feature marking the boundary between

the resistant crystalline rocks of the Piedmont to the west and the generally unconsolidated sediments of

the coastal plain to the east (Appendix A, Figures A-1, A-2, and A-3). The Atlantic Coastal Plain

Physiographic Province, east of DSCR, is characterized by level to gently rolling terrain, broad stream

valleys, and extensive wetlands overlying an eastward-thickening wedge of unconsolidated sediments.

The Piedmont Physiographic Province, west of the DSCR. is characterized by rolling terrain underlain by

igneous, and metamnorphic rock on which have developed residual soils that range from 0- to 100-feet in

thickness, the Piedmont also includes fault-bound structural basins that contain sedimentary and igneous

rock (Mills et ali, 1987) In addition, Quaternary alluvial deposits are localized in stream valleys.

2.2.1.2 The Fall Zone comprises a belt several miles in width encompassing the complex margin

between the elevated Piedmont and the lower-lying, more level coastal plain The topography of the Fall
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Zone is dominated by the valleys of the major rivers, which are incised into coastal plain sediments. The

coastal plain to the east of the Fall Zone is an undulating lowland ranging in width from fewer than 20

miles to more than 100 miles and lying between the Appalachian Mountain system to the west and the

shores of the Atlantic Ocean to the east (Walker and Coleman, 1987). Land surface elevations of the

coastal plain in the vicinity of DSCR range from approximately 50- to 100-feet. referenced to the

National Geodetic Vertical Datum (NGVD) of 1929 (equivalent to mean sea level [msl]) The Piedmont

rises to elevations of several hundred feet NGVD within approximately ten miles to the west and

northwest of DSCR.

2.2.1.3 The bedrock in the Piedmont of east-central Virginia is the Petersburg Granite At the Fall

Line, the surface of the bedrock dips eastward beneath a thickening wedge of largely unconsolidated

sediments of the coastal plain (Appendix A, Figures A-I through A-3). These sediments originated from

erosion of the Petersburg Granite, having been reworked through successive erosional and depositional

periods brought about by a series of marine transgressions and regressions resulting from changes in sea

level (Meng and Harsh, 1988) The thickness of sediments in central Virginia ranges from zero at the Fall

Line to more than 6,000-feet along the Atlantic coast (McFarland, 1997).

2.2.1.4 These eastward-dipping stratified sediments are largely undeformed and were dposited in

fluvial. deltaic, and marine depositional environments At the base of the sequence lies a thick series of

fiuvial and deltaic deposits of Cretaceous age medium to coarse-grained quartz sand with gravel, silt, and

clay These deposits are regionally assigned to the Potomac formation (Meng and Harsh, 1988) This

formation is overlain by a much thinner sequence of marine Tertiary deposits. classified as the Aquia and

Calvert Formations (from oldest to youngest). Above these formations is found a veneer of flat-lying

surficial Tertiary and Quaternary deposits of the Yorktown and Eastover Formations (Figures A- I and A-

2)

2.2.1.5 Meng and Harsh (1988) classified the sequence of sediments in the coastal plain into a

hydrogeologic framework of WBlls, or "aquifers", and confining units (Figure A-2) Permeable

sediments, in the zone of saturation, are generally WBI~s. while significantly less-permeable sediments

that restrict grouindwater movement are considered confining units The term "aquifer" is often reserved

for WBlls from which "usable" quantities of groundwater can be withdrawn.
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2.2.1.6 Within Chesterfield County. the pnincipal aquifers, from uppermost to deepest. (Appendix A.

Figures A-2 and A-3) are reported to be the Yorktown-Eastover aquifer and the Aquia aquifer (separated

by the Calvert confining unit), both Tertiary marine strata, and the middle Potomac aquifer, a mostly

Cretaceous age fluvial and deltaic deposit (Powell et at., 1990). However, McFarland (1999) suggested

that the western limits of the Yorktown-Eastover, the Aquia. and the upper and lower Potomac aquifers

may be some distance to the east of DSCR, so these units may not be present in the vicinity of DSCR and

Chesterfield County. as interpreted by Powell et a! (1990). Additionally, groundwater in the Piedmont.

located in the western pant of Chesterfield County. is largely present in bedrock fractures and in pores in

weathered bedrock ("saprolite") overlying Petersburg Granite bedrock. Groundwater also occurs in

saprolite and bedrock fractures beneath the coastal plain sedimentary deposits at 05CR.

2.2.1.7 Due to the present uncertainty about the classification of the aquifers in the vicinity of DSCR

and the heterogeneous nature of the sediments that comprise these aquifers, making their cataloging in the

field difficult if not impracticable, they have been grouped into two distinct WBUs These WBUs are the

upper WBU, previously classified as the Yorktown-Eastover aquifer, and the lower WBU, previously

classified as the Aquia and the Potomac aquifers These WBUs are separated by a largely clay confining

layer, previously classified as the Calvert confining unit (Appendix A, Figure A-2).

2.2.2 Surface Water and Wetlands

2.2.2.1 Streams in the vicinity of DSCR are tributanies to the James River, which ultimately

discharges to the Chesapeake Bay Streams within the vicinity of 05CR include a tributary to Falling

Creek located along the western property boundary in the northern portion of DSCR, No Name Creek

originating on DSCR property and flowing to the east of the facility, and King-sland Creek located along

the southern property boundary (Figure 2-1 )

2.2.2.2 Corridors of environmentally sensitive lands that lie along or near the banks of streams,

rivers, and other waterways that ultimately discharge into the Chesapeake Bay have been designated as

resource protection areas (RPAs) uinder Virginia's Chesapeake Bay Preservation Act of 1988 In

response to the Act. Chesterfield County enacted the Chesapeake Bay Preservation Ordinance in 1990 to

protect environmentally sensitive lands known as Chesapeake Bay Preservation Areas. RPAs are the

most sensitive of these areas in Chesterfield County and include wetlands adjacent to perennial[ streams

plus 100-feet buffer zones on the lindward sides Of such wetlands This Act affords special protection to
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these RPAs and prohibits certain types of activities (e g.. excavation, filling, and grading) within these

zones Potential wetlands, defined on the basis of plant communities and hydrologic conditions and listed

in the National Wetlands Inventory (NWI), are associated with every stream in the vicinity of DSCR

(Appendix A, Figure A-4)

2.2.3 Climate

2.2.3.1 East-central Virginia lies within the modified continental climatic zone, which is

characterized by pronounced seasonal vaniability in temperature and precipitation (National Climatic Data

Center [NCDC], 2000). The region usually experiences warm summers and relatively mild winters, with

a mean annual temperature in the range of 55 degrees Fahrenheit (0F) to 600 F Average monthly

temperatures in the vicinity of Richmond range from 780F in July to the 360F in January. Prolonged

periods of extreme cold or extreme warm weather are unusual

2.2.3.2 The amount of precipitation in the area is variable with the greatest amounts generally

occurring in July and August. Mean annual precipitation for the 64-year period of record at the

Richmond Airport is approximately 43.2 inches (NCDC, 2000)

2.2.3.3 The mean annual pan evaporation rate for the region is approximately 40 inches, and the

greatest rates of evaporation occur in July and Augu~st The prevailing wind direction in the vicinity of

DSCR is southeasterly. Wind speeds generally are moderate, except during intense summer storms when

localized high-speed gusts may occur.

2.2.4 Recharge/Discharge Relationships

2.2.4.1 Groundwater in the Coastal Plain and Fall Zone is recharged primarily by infiltration of

precipitation and percolation to the groundwater table (McFarland, 1999) Most precipitation in naturally

vegaetated landscapes of the Coastal Plain and Fall Zone infiltrates the ground surface, although

occasionally the infiltration capacity of the soil is exceeded and surface runoff is produced (McFarland,

1997) Part of the water that infiltrates the ground surface is returned to the atmosphere by

evapotranspiration, the remainder either moves as interflow through the vadose zone to discharge directly

into a Surface water body, percolates through the vadose zone to the water table to recharge the

tippermost. unconfined WBU. or is stored in the vadose zone as soil moisture
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2.2.4.2 The recharge zone for the Costal Plain aquifers is located in the Fall Zone Groundwater in

the confined aquifers moves eastward toward the ocean or locally toward discharge zones along major

rivers where these major nivers have cut to the depths of the confined aquifers Where the confined

aquifer is in hydraulic communication with such a riyer, the confined groundwater may discharge into the

river, or be recharged by the niver, depending on the potentiometric surface of the aquifer relative to the

river stage If the potentiometric surface of the aquifer is above the river stage, the aquifer will discharge

into the river, and the niver is termed a gaining river in this reach. When the potentiomnetric surface of the

aquifer is below the river stage, the river will discharge into the aquifer, or recharge the aquifer, and over

this reach, the river is termed a losing river. These hydraulic interactions between groundwater systems

and surface water bodies are more pronounced in the Fall Zone due to the shallow nature of the WBUs

and the resulting incision of stream channels into the WBUs and confining units (McFarland, 1999).

2.2.4.3 Calculation of volumetnic rates of groundwater movement indicate that approximately IC-

inches per year (inlyr) of the total precipitation delivered to the ground surface arrives at the surficial

WBtJ as recharge to groundwater in much of the Fall Zone (McFarland, 1999) Of that recharge, more

than 9 in/yr discharges locally to nivers and streams, and less than I in/yr provides recharge to the

regional confined groundwater system.

2.2.4.4 Knowledge of the volumetric rate of groundwater movement is integral to the development of

an understanding of the mechanisms of chemical release and transport in the subsurface Although

regional calculations are adequate for initial consideration of potential remedial design options, it will be

important to define the local water budget to guide final remedy selection and implementation.

Calculation of the local volumetric rates of groundwater movement is required to develop the final

remedy. Currently, an evaluation of site-specific infiltration characteristics is being proposed as part of

the Supplemental FS field effort

2.3 LOCAL ENVIRONMENTAL SETTING

2.3.0.1 This subsection describes local characteristics of the environmental setting at the DSCR

facility that combined with the regional characteristics, further refine the CSM and identifies additional

data requirements
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2.3.1 Surface Water Hydrology

2.3.1.1 The land surface at DSCR has been extensively altered by historical grading and filling

operations and is essentially flat, with a slight downward grade from the west to northeast and southeast.

Elevations range from about 140-feet above msl along the western boundary of DSCR to about 100-feet

msl in the southeastern part of the facility

2.3.1.2 Surface drainage generally is toward the James River, east of the facility. The southern one-

third of the installation, on which OU 7 is located, drains toward Kingsland Creek, which forms the

southern boundary of DSCR The surface mun-off collected from the PX Gasoline Station. southwest

warehouses, and OU 7 areas are collected and directed to the DSCR storm-sewer system and finally into

Kingsland Creek. The delineated watershed areas at DSCR are illustrated in Figure 2-I1.

2.3.2 Storm Water Drainage

2.3.2.1t DSCR is served by an extensive storm-sewer system, consisting of catch basins, storm drains.

outfalls, and subsurface conveyance piping at depths ranging from approximately 3-feet to 14-feet below

ground service (bgs) In the southern part of the facility within the ETA (CU 4). storm water mun-off is

directed into surface drainage ditches via storm-sewer lines that transect the FTA, and it is then

discharged to Kingsland Creek south of the ETA The location of the storm sewer lines are shown on

Figure 2-2. Kingsland Creek forms the southern boundary of DSCR and discharges into the James River

approximately one mile east of the facility

2.3.3 Soils - OU 7

2.3.3.1 Soils on the facility proper are classified as "Made Land," defined as areas where soil

material consists of anthropogenic fill or where soil has been removed or reworked. Fill material

apparently has been placed over extensive areas in the southern pant of DSCR bordering King-sland Creek,

in the central eastern part of the facility near the NGA, and in areas bordering No Name Creek. Based on

aerial photoggraphy prior to DSCR construction and a 1943 topographic map (which was based upon a

survey conducted in 1938). these filled areas were topographically low areas at the time the facility was

constructed The ground surface elevation changes at 05CR from 1938 to 1994 are presented in

Figure 2-3.
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2.3.3.2 The native soils generally are silty to sandy oarns, with some clay and occasional gravels,

which formed by weathering of coastal plain sediments or by weathering of granite and gneiss of the

Piedmont. The surface layer generally is a sandy to clayey loam, ranging in color from gray and pale

brown to yellowish red The subsoil and substratum are sandy clay with some gravel and generally are

strongly to extremely acidic (USDA, 1978).

2.3.4 Direct Recharge of Precipitation to Groundwater

2.3.4.1 Possible sources of recharge to groundwater at OU 7 include recharge from precipitation.

recharge from other sources (e g , storm sewers or sanitary sewers) at DSCR, and movement of

groundwater into OU 7 from recharge areas or other sources upgradient of DSCR Since direct recharge

from precipitation is probably the pnimary source of groundwater at OU 7, water levels measured in

monitoring wells in OU 7 should be related to the amount of precipitation occurring at the site, with

periods of increased precipitation corresponding with periods of rising groundwater levels and Peniods of

decreased precipitation corresponding with penods of declining groundwater levels. Additional data are

needed to quantify the amount of direct recharge to groundwater occurning at DSCR and fully

characterize ongoing chemical release mechanisms. This information is important for the establishment

of remedial endpoints and decision critenia for soil OUs as well as to identify specific criteria for remedial

components designed to interrupt soil-to-groundwater chemical mobilization processes.

2.3.4.2 As mentioned above, storm sewers may also supply recharge to the groundwater table in the

upper WBU The full impact of these submerged water-bearing structures on groundwater flow has not

been well established. Additionally, the potential for these engineered structures to act as preferential

contaminant migration pathways (e.g-., facilitating subsurface transport, introducing additional chemical

mass to the groundwater system) needs to be clarified to provide the basis for selection of an appropriate

remedy

2.3.5 Hydrologic Budget for DSCR

2.3.5.1 A hydrologic budget study has not been completed for OU 7 However, as part of earlier

efforts to characterize groundwater conditions ar DSCR, the USGS estimated the vertical niovement of

garoundwater downward from the upper WBU at the Area 50 landfill, through the confining layer into the

10 ~~lower WBU beneath the landfill, and calculated that approximately 2 95 million gallons of water per year
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(equivalent to 394.000-cubic feet per year [ft3!/yr]) moved into the lower WBU through the landfill. The

USGS also estimated the horizontal movement of groundwater through the lower WBU beneath the Area

50 landfill and calculated that approximately 15 million gallons of water per year (equivalent to 2 million

ft3/yr) moved through the lower WBU and out of the vicinity of the landfill (Powell et al. 1990). While

this information is useful, it represents only a partial hydrologic budget for a small part of DSCR and is

not site-specific for 00 7. Therefore, additional evaluation of the hydrologic budget in the vicinity of 00

7 would be useful for a more localized assessment

2.3.5.2 A complete hydrologic budget for DSCR must consider the sources of water moving into

(inflow) and out of (outflow) of the facility. Surface water mun-off into the southwest corner of the Open

Storage Area (00 It, precipitation onto the land surface, imported water (municipal water from

Chesterfield County delivered to the installation via a water main), and movement of groundwater onto

DSCR from upgradient areas are the primary sources of water moving onto the installation. Surface

runoff (into No Name Creek. Kingsland Creek, and into storm drains), evapotranspiration, point- and non-

point source discharge of groundwater to storm drains, and movement of groundwater to downgradient

areas past the eastern facility boundary are the pnimary means by which water moves off the installation.

These sources of groundwater recharge and discharge, as well as the general groundwater flow regime,

are presented as a graphical interpretation of the CSN4 for 0117 in Figure 2-4.

2.3.6 Local ilydrogeology

2.3.6.1 To characterize the subsurface conditions at 00 7, geologic logs of boreholes from previous

investigations were reviewed. To understand the subsurface deposits at 00 7, four hydrostratigraphic

cross-sections were constructed based on the information contained in the geological logs and are

presented and discussed in this section The locations of the hydrostratigraphic cross-section transects

throug~h 00 7 are illustrated on Figure 2-5 The hydrogeologic cross-sections are provided in Figures 2-

6. 2-7, 2-8, and 2-9.

2.3.6.2 In general. it appears that the subsurface stratigraphy at DSCR has been interpreted

inconsistently through the varying drilling, programs that have been conducted. Nonetheless, the

subsurface stratigraphy at DSCR can be divided into three distinctive hydrog-eological zones, an upper

WB0, a confining layer, and a lower WBU.
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2.3.6.3 The upper WBIJ at 011 7. as described on the hydrostratigraphic cross-sections. consists of

25- to 35-feet of interlayered unconsolidated deposits of clays, silts, sands, and gravels As previously

discussed, some of these materials are of anthropogenic origin and the contacts with the native soils are

not clear Visual observations of outcrops in the 011 7 area tend to indicate that most of the north-east

quadrant consists of fill material from the ground surface to almost 10-feet bgs. As described in

subsequent sections of this CSM. the depth to groundwater at 011 7 ranges from 5-feet bgs to 20-feet bgs.

This suggests that, in select areas, the fill within the OU 7 area may be in direct contact with the water

table Based on visual observations, the fill materials at 011 7 consist mostly of loose sand, gravel, and

construction debris (e.g concrete slabs, woods, etc) Percolation in this type of fill material tends to be

higher than in the native soils Subsequently, chemicals of potential concern (COPs) are expected to

migrate faster, both vertically and horizontally, in such deposits. This is important in terms of

understanding migratory pathways for chemicals, as well as identifying remedial components appropniate

for addressing groundwater protection needs

2.3.6.4 As shown on the cross sections, a persistent layer of coarse sand and gravel is present tn the

base of the upper WBU Although the sand and gravel content vary across 011 7, this layer is the most

conductive layer in the upper WBU. A similar conductive layer was identified in the upper portion of the

upper WBU (Figure 2-7) This layer is located in the north central portion of 011 7 and extends from

approximately 9-feet bgs to a depth of approximaiely 12-feet bgs and appears to dip to the south. The

origin of this layer (anthropogenic or native) could not be determined from the boring logs; however, it

appears to be located at the base of potential fill matenial These two coarse-grained layers are potential

preferential pathways for the migration of chemicals in the upper WBU.

2.3.6.5 The cross-sections indicate that a prevalent fine-grained low permeability layer composed of

clay with varied content of silts and sands is present in the subsurface across the 011 7 area. This unit

ranges in thickness from four feet in the vicinity of MWI 12-2- to 15-feet in the vicinity of MWFTA-29B.

This stratigraphic unit most likely corresponds with the Calvert Formation (Powell et cit., 1990). For

purposes of this CSM this stratigraphic unit will be considered the confining layer A preliminary review

of the boring logs for the boreholes installed at 011 7 indicates the confining layer is not present in all

locations The presence and/or absence of this fine-grained confining unit is important in terms of

understanding the nature and degree of hydrogeochemical communication between the upper and lower

WBI~s and the vertical transport of chemicals into the lower WBU: therefore, a more detailed review of

the boring logs was condticted The review indicated that the confining layer probably is not absent but
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appears to be absent due to logging inconsistencies Such inconsistencies include, but are not limited to.

soil samples collected at irregular intervals, borings terminated before intercepting the confining layer,

and failure to identify the actual confining- layer.

2.3.6.6 This confining layer is underlain by a medium to coarse-grained layer of sands and gravels

with thin, discontinuous clay interbedding. This unit ranges in thickness from 10-feet in thickness at

MWFTA-20 to more than 15-feet thick at MWFTA-17. These deposits have been interpreted as the

Potomac Formation, as described for the Fall Zone region (Powell etcal, 1990). However, due to

uncertainty about the age of near-surface sediments at DSCR. the deposits underlying the relatively

continuous fine-grained stratum will be referred to as the "lower WBU"

2.3.6.7 The unconsolidated sediments comprising the lower WBU overlie granitic bedrock (i.e

Petersburg Granite). Saprolite grades vertically downward to the upper surface of the bedrock (Powell et

at., 1990) The saprolite varies in thickness, but in some areas may exceed 30-feet in thickness (e g.. in

the vicinity of monitoring well cluster DMW-IOA/BIE). Competent bedrock, descnibed as granite, has

been encountered at depths ranging from 53- to 69-feet bgs at OU 7. A limited number of borings have

been advanced to competent bedrock at 013 7. The limited information that is available suggests a

general north-to-south slope of the bedrock surface The degree to which the bedrock surface may control

or influence the migration of chemical contamination is unknown.

2.3.7 Hydrostratigraphy

2.3.7.1 Groundwater is first encountered during drilling at relatively shallow depths, generally less

than 12-feet bg-s at 013 7 Groundwater may be encountered in the silts and clays of the upper WBLJ

although it occurs more commonly in the coarse-grained (sand and gravel) intervals of the upper WBU

under unconfined (i e.. water-table) conditions The heterogeneous nature of deposits comprising the

upper WBUJ suggests that movement of groundwater in the saturated zone within the upper WBU occurs

primarily in the coarse-grained materials. This is an important observation, both in terms of

understanding the basis for ggeochemnical conditions observed in the upper WBU and for identifying

potential] mechanisms to control or influence groundwater movement and control the migration of

chemicals
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2.3.7.2 Boreholes advanced into the lower WBU at OU 7 always encounter groundwater Two

saturated zones have been identified in the lower WBU. The first zone is located beneath the base of the

confining layer and the second zone occurs in the saprolite-bedrock interphase. Groundwater elevations

in monitoring wells constructed in the lower WBU are usually within the confining layer or at its basal

contact with the lower unit- This indicates that the relatively continuous fine-grained stratum of the

confining layer at OU 7 probably functions as a confining or semi-confining layer

2.3.7.3 Visual examination of the soil samples collected within the confining layer indicate that the

confining layer was dry. This further supports the interpretation that the fine grained stratum may act as

confining or semi-confininga layer

2.3.7.4 In summary, the primary hydrogeologic units at OU 7. stratigraphically from highest to

lowest, are referred to in the current CSM as the "upper WBU." the "confining layer." and the "lower

WBU." The confining layer separates the upper and lower WBU. The upper WBU consists of fill

materials and native soils with varied content of sand and gravel. The lower WBU consists of native

matenial with varying content of sand and gravel, in-place weathered bedrock (saprolite), and fractured

bedrock.

2.3.7.5 Although the groundwater potentiometric surface in the upper portion of the granitic bedrock

and the overlying saprolite appears to be different from the one at the upper portion of the lower WBU,

the number of monitoring wells installed into the bedrock unit is not sufficient to form the basis for

conclusions regarding the hydrologic characteristics of this material.

2.3.8 Monitoring Well Screened Interval

2.3.8.1 Fifty one monitoring wells are installed at OU 7, 38 are screened in the upper WBU, nine are

screened in the upper portion of the lower WBU. and four are installed in the inter-phase of the lower

WBU and bedrock A summary of the monitoring wells and the associated constniction details are

presented in Table 2-1 In general, monitoring wells installed in the upper WBU were completed asType

II (sinule cased) monitoring wells and lower WBU monitoring wells were completed as Type III (double

cased) monitoring wells with the outer casing terminated within the confining layer However, there are

some exceptions with lower WBU wells completed as Type If These wells are Currently under

evaluation for future abandonment
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2.3.9 Groundwater Elevations, Gradients, and Flow Directions

2.3.9.1 The groundwater table in the upper WBU at CU 7 typically is encountered at depths ranging from

about 5- to 20-feet bgs. The potentiometric surface of groundwater in the lower WBU is encountered at

depths ranging from about IS- to 27-feet bgs The saturated thickness of the upper WBU ranges from

greater than 35-feet in the vicinity of monitoning well MWFOS-l/MWI 12-3 near the northern boundary

of CU 7 (Figure 1-2) to less than 25-feet at some locations along Kingasland Creek The entire lower

WBU is saturated under confining conditions The saturated thickness of the lower WBU ranges from 10

to 40-feet in thickness. According to boring lo~gs, bedrock appears to dip to the east southeast at OU 7.

2.3.9.2 Water-level measurements obtained at CU 7 in October 2001, April 2002, and July 2002 for

the upper WBU and lower WBU have been plotted and contoured on a site map (Appendix A, Figures A-

5 through A- 10) Water level measurements collected at CU 7 in October 2002 for the upper and lower

WBUs have been plotted and contoured on a site map (Figures 2-10 and 2-I I, respectively). Table 2-2

summarizes histonical 0OU 7 water level elevations. The potentiomnetric maps indicate that the water table

in the upper WBU generally slopes from northwest to southeast across OU '7 in the direction of Kingsland

Creek, although local variation on the rates and direction of groundwater movement has been observed in

the configuration of the water table in the vicinity of Kingsland Creek.

2.3.9.3 The hydraulic gradient for the upper WBU was calculated using October 2002 groundwater

elevation data Based on that groundwater elevation data, two areas of distinctive hydraulic gradient were

calculated. A gentle hydraulic gradient was calculated in the north-west portion of CU 7 with a hydraulic

gradient of approximate 0 004-feet per foot (ft/ft) (when calculated between monitoring wells MWFOS-lI

and DMW-26A) and an area of steeper hydraulic gradient on the south-east portion of CU 7 with an

approximate hydraulic gradient of 0 022 ft/ft (when calculated between monitoring wells DMW-19A and

DMW-22A). From these hydraulic gradient calculations, it appears that the hydraulic gradient becomes

steeper as it approaches Kingsland Creek This change in hydraulic gradient may be related to changes in

subsurface conditions such as changes in hydraulic conductivity (due to clay content, etc) Although

there is a gradient difference between the north-west and the south-east area at CU 7. the predominant

groundwater flow direction remains towards the south-east.

2.3.9.4 The direction of groundwater movement in the upper WBU, as indicated by the configuration

of the porenriometric surtlice in CU 7. is towards Kingsland Creek (Figure 2-10). Kuingland Creek
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* ~~appears to be hydraulically connected to the upper WBU and, therefore, directly influences the

groundwater flow direction in this unit The configuration of the water table near the creek also indicates

that Kingsland Creek is usually a gaining stream

2.3.9.5 Compared to the upper WBU at OU 7, fewer groundwater potentiometric elevation

measurements are available for the lower WBU (Table 2-2). Based on the October 2002 groundwater

elevation data, the groundwater flow direction in the lower WBU is generally toward the east (Figure 2-

II1). The groundwater flow direction and hydraulic gradient were determined after separating the

monitoring wells screened in the upper portion of the lower WBU from the monitoring wells screened in

the lower portion of the lower WBU and plotting the resulting groundwater potentiometric surfaces on a

site map. After plotting the potentiornetric surface of the upper portion of the lower WBU. it was

apparent that groundwater in this unit flows in an easterly direction and in the lower portion of the lower

WBU groundwater flow appears to flow in a southeast direction Figure 2-10 presents the potentiomnetric

surface contour map for the upper portion of the lower WBU for the October 2002 sampling event. A

potentiometric surface map for the monitoning wells screened in the lower portion of the lower WBIJ

(MWFTA-28B and MWFTA-29B) was not produced because the number of monitoring wells installed

was not sufficient for reliable conclusions to be drawn regarding the actual groundwater conditions.

2.3.9.6 The hydraulic gradient between MWFTA-4 and PWFTA-2 was calculated to be

approximately 0 009 ft/ft toward the east. Kingsland Creek is hydraulically separated from the lower

WBU and, therefore, does not directly influence the groundwater flow direction in this unit.

2.3.9.7 A number of groundwater monitoring wells at 013 7 have been completed as monitoring well

pairs, with one member of the pair completed in the upper WBU and the other member installed nearby

and completed in the lower WBIJ (eg - PWFTA-1 and PWFTA-2) Comparison of groundwater

elevations measured at the same time in members of monitoring well pairs or clusters can provide insight

into the functioning of the hydrologic system and the degree of communication locally between the upper

and lower WBI~s

2.3.9.8 Comparison of groundwater levels measured in members of monitoring well pairs during the

same measurement event indicated that groundwater levels in the upper WBU invariably are higher than

groundwater levels in the lower unit at the same location. Figure 2-12 present the comparisons of

monitoring wells DMW-22A, MWFTA-20. and PWFTA-2 The downward orientation of the vertical
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hydraulic gradients indicates that if there are areas where the tipper and lower WBUs are in hydraulic

communication (e g., in areas where the confining layer has been breached or is absent), groundwater

would move from the upper WBIJ into the lower WBU. Such conditions could influence the fate and

transport of constituents that may need to be addressed by remedy planning activities

2.3.9.9 The magnitude of vertical hydraulic gradients is spatially variable at OU 7 Downward

gradients (greater than I ft/ft) were observed at all the monitoring wells pairs (e g. DMW-29A and DMW-

29B and PWFTA-l and PWrFTA-2)

2.3.9.10 As previously mentioned, three groundwater monitoring wells were installed in the lower

portion of the lower WBU Two of the monitoning wells were installed in the saprolite-bedrock interface

(MWFTA-28B and MWFrA-29B) and the third one in the fractured bedrock (MWFTA-20) In order to

evaluate the vertical hydraulic gradients between groundwater levels in the lower WBU and bedrock,

groundwater levels measured in the bedrock monitoring well (MWIFTA-20) should be compared to

groundwater levels measured in a monitoring well installed at the base of the lower WBU (MWFTA-28B

or MWFTA-29B). However, these monitoring wells are not close enough to MWFIA-20 to calculate a

vertical gradient between the lower WBU and the bedrock. Nevertheless, if we compare a monitoring

well located in the upper portion of the lower WBU and adjacent to bedrock monitoring well (PWFrA-2)

with the bedrock monitoring well (MWFrA-20) the calculated vertical hydraulic gradients between the

bedrock and the lower WBU is directed vertically downward indicating that at these locations,

groundwater moves from the lower WBU and into the bedrock. Because of the few monitoring wells

completed in bedrock at the base of the lower WBU, it is uncertain whether the vertical gradient at

MWFrA-2 represents a general relationship between the lower WBU and the bedrock

2.3.10 Hydraulic Conductivity and Velocity of Groundwater Movement

2.3.10.1 The hydraulic properties of the subsurface materials in the tipper and lower WBUs at DSCR

have been evaluated at 011 7 on several occasions by conducting pumping tests (Engineering Science

[ES]. 1993) and positive and negaitive displacement (slug) test (D&M. 1989a and 1989b; LAW, 1996a).

In 1993. ES conducted a pumping test of the uipper and lower WBUs at OU 7 during the Remedial

Investigation (RI) activities (ES. 1993) Evaluation of the test data produced estimates of transmissivity

(i e., the capaicity of the WBUs at 011 7 to transmit water) and storativity (i.e., the capacity of the WBU to

store water) Data lroni previous aquifer testing evaluations are provided in Appendix A
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2.3.10.2 Based on the information presented in the RI (ES, 1993). the minimum and maximum

transmissivity calculated for the upper WBUJ during the pumping portion of the test ranged between

20 76-square feet per day (ft2/day) (PWFTA-l) and 538.56 ft2/day (MWFTA-3) and, during the recovery

portion, transmissivity values ranging between 10.59 ft2/day (PWF1TA-l) and 1.010 7 ft2 day (MWFTA-

3) were calculated

2.3.10.3 The recovery data of the pumping test performed in the lower WBU yielded a transmissivity

value of approximate 0 20 ft2/day. Because the conditions of the aquifer test at other areas within OU 7

have been questioned, the ranges presented for the transmissivity values are considered approximate (ES.

1993).

2.3.10.4 Hydraulic conductivity was calculated based on the calculated transmissivity divided by the

saturated thickness (as measured by the length of saturated screened interval). The hydraulic conductivity

values varied from 1.31]-feet per day (ft/day) to 46.35 ft/day during the pumping portion of the pumping

test and from 0 67 ft/day to 86.98 ft/day duning the recovery portion of the pumping test in the upper

WBU Calculated hydraulic conductivity values for the lower WBU ranged from 0.03 ft/day to 0.01

ft/day (ES, 1993).

2.3.10.5 The hydraulic conductivity values resulting from the slug test conducted in the upper WBU

generally are in good agreement with the lower values of the range of values for hydraulic conductivity

estimated from the results of the pumping tests at OU 7 These values range from approximately 0.4

ft/day (MWFTA-l) to approximately 6.6 ft/day (MWFTA-7). Hydraulic conductivity values calculated

for the lower WBU are in good agreement with the range of values estimated from the results of the

pumping test These slug test values ranged from approximately 0 009 ft/day to 0.87 ft/day. Values for

hydraulic conductivity of the confining layer, determined from the results of laboratory permeability tests.

were much lower, ranging from 0.0003 ft/day to 0 005 ft/day

2.3.10.6 The velocity ot groundwater movement through a saturated medium (i.e., the particle

velocity, or average linear velocity that a molecule of groundwater would attain) can be estimated using a

modification of Darcy's Law (Freeze and Cherry. 1979). As previously mentioned, two areas of

distinctive hydraulic gradient were observed at OUl 7, therefore, it is expected that groundwater moves at

a different linear velocity in each area According to the water levels obtained during October 2002, the

groundwater gradient on the gentle hydraulic gradient area in the northwest portion of the site was 0 004
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ft/ft and the steeper hydraulic gradient near Kingsland Creek was 0 03 ft/ft for the upper WBU at OU 7

(Section 2 5 9). The hydraulic conductivity of materials in the upper WBU at OU 7 ranged from

approximately 0.4 to 6 6 ft/day. Using these values and an approximate value of 0.25 for effective

porosity (Wolff, 1982), the average linear velocity of groundwater movement in the gentle hydraulic

gradient area is estimated to range from about 0.0064 ft/day to about 0. 106 ft/day (equivalent to a range of

about 2 3- to 38 7-feet per year [ft/yr]) and for the steeper hydraulic gradient area the average linear

velocity ranged from 0 048 to 0 79 ft/day (equivalent to a range of about 17.5 to 288 ft/yr). The average

linear velocity of groundwater movement in the lower WBU at OU 7 generally is lower than the range of

groundwater velocities in the upper unit, ranging from about 0 000011 ft/day to about 0.0002 ft/day

(equivalent to a range of about 0.004 to 0 066 ft/yr)

2.4 GROUNDWATER GEOCHEMICAL CONDITIONS

2.4.0.1 The cations calcium, magnesium, sodium, and potassium and the anions carbonate,

bicarbonate, chloride, sulfate, and nitrate can be naturally-occurrnng constituents dissolved in groundwater

and are known as "major" inorganic constituents (Hem, 1989) Natural groundwater has specific

compositional characteristics related to the mineralogy of the WBU(s) and the conditions that control the

dissolution of the minerals as groundwater moves through it. Evaluation of the major constituent

geochemistry of groundwater can provide information regarding the origin and evolution of the

constituents and can be used to compare the characteristics of waters in different locations and/or in

differing hydrogeological environments (Hounslow, 1995).

2.4.0.2 Analytical results for major inorganic constituents can be compared and interpreted using

point-value plots or graphical methods The standard style of trilinear plots was described first and used

by Piper Fetter ( 1994) describes the process of plotting an analysis on the Piper diagrams in this manner-

"A trilinear diagram can show the percentage composition of three ions. By grouping Na'
and K' together, the major cations can be displayed on one trilinear diagram Likewise, if
c0,3 2 and HCO,- are grouped, there are also three groups of major anions .. Analyses are
plotted on the basis of the percent of each cation or (anion)

Each apex of the triangle represents a 100% concentration of one of the three constituents If
a sample has two constituent groups present, then the point representinga each would be
plotted on the line between the apexes for these two groups If all three constituent groups
are present, the analyses would fall in the interior of the field The diamond-shaped field
between the two triangles is used to represent the composition of water with respect to both
canions and anions

20701.06 2-17



Annual Ground" arep Report - O~troer 2002 7 04 3 9
Opetable Urna 7
Defense Suppiv Center Ric/hmond

The cation point is projected onto the diamond-shaped field parallel to the side of the tniangle
labeled magnesium, and the anion point is similarly projected parallel to the side of the
trangle labeled sulfate The intersection of the two lines is plotted as a point on the diamond
shaped field."

2.4.0.3 In addition to the data points being plotted on the diagram. a circle whose radius reflects the

total dissolved solids (TDS) (as estimated from the concentration of the major cations and anions) is

plotted and centered on the respective data points.

2.4.0.4 Piper diagrams are useful for distinguishing water of different histories, and can be used to

identify trends in evolution of water chemistry. Groundwater samples obtained from a distinct water type

will typically share similar geochemistry and, therefore, will plot in a cluster on a trilinear diagram

Mixing of water from two different water types will plot as a straight line joining the clusters of data on

different areds of a diagram Piper diagrams for the upper and lower WBU groundwater at CU 7 are as

shown in Figures 2-13 and 2-14, respectively.

2.4.0.5 Upper WBU - Wells in the upper WBU of the 0U7 tend to have water of the mixed

cation/chloride to the mixed cation/sulfate water types. Exceptions to this include DMW-25A, which has

a unique sodiumn/bicarbonate water type, and MWFTA-1, which has a magnesium/ychionde-sulfate type.

In addition, wells across Kingsland Creek (MWFTA-S and MWFTA-1O) tend to have no predominant

cation or anion

2.4.0.6 Wells in the southern intenior of 0U7 tend to have higher total cation and anion

concentrations (higher TDS concentration). DMW-26A, DMW-25A, MWFTA-3, DMW-22A. DMW-

33A, and MWFTA- I all have greater TDS than the wells closer to the periphery of 01U7 An exception to

this trend is MWFOS-1. which has an intermediate TDS. Groundwater samples taken from these wells

have a negative log of the hydrogen ion concentration (pH-) from 3.43 (MWFTA-7) to 6 71 (DMW-26A)

with a median of 5.28.

2.4.0.7 Wells dlowngradient of the pits (as interpreted from the estimated potentiomnetric surface)

appear to have a much higher TDS In addition. DMW-25A and DMW-26A and to a lesser extent

N4WFrA-3 and DMW-22A have sodium as a major cation and chloride to bicarbonate as major anions.

The origin of the high TDS and distinct water types appears to be further upgradient fromt DWM-26A.
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2.4.0.8 The group of wells DMW-33A, DMW-22A, and MWFTA-3 on the north and South banks of

Kingsland Creek appear to form a related series MWFTA-3, the furthest upstream well, is a

sodium/chloride water type. DMW-22A, the next downstream well, is a mixed cation/chloride with

sodium and (magnesium + calcium) in almost equal amounts DMW-33A, the furthest downstream well,

is a (magnesium + calcium)/chloride water type. This series may represent successive mixings or

possibly an ion exchange series interacting with clays associated with the creek

2.4.0.9 Lower WBU - Wells in the lower WBU of 011 7 tend to have water of the calcium-

magnesiumi/bicarbonate-carbonate water type. MWFTA-28B is an exception, betng of the

magnesium/bicarbonate-chloride water type MWFTA-14 is the other exception, being of the

sodium/bicarbonate water type.

2.4.0.10 Wells in the lower WBU are strongly differentiated by pH. Groundwater collected from

these wells have a pH from 7.09 to 12 44 with a median of 10 89. There appear to be two distinct groups

of wells with high pHs In the westerngroup are wells MWFrA-16 and MWFTA-17, while the eastern

group is comprised of wells MWFrA-29B, MWFTA- 19, and, to alesser extent. MWFTA- 14 (pH =9.08).

The two remaining wells between the two groupings have pHs of 7.09 and 7.34. Since the form of the

major inorganic carbon anions (carbonate and bicarbonate) are controlled by pH. the anion water type for

wells predominated by carbon anions are carbonate for the high pH wells and bicarbonate for the lower

pH wells. The higher pH wells appear to align with the flow direction (west to east), as interpreted from

the estimated potentiometric surface of the lower WBU. The lower pH wells appear to align with a

parallel flow path, with some possible mixing occurring in MWFTA- 14. The cause of this high pH zone

is not currently known, but the origin may be further upgradient from MWFTA- 1 6

2.4.0.11 A review of existing stratigraphic detail within the upper and lower WBUs compared to water

types of the groundwater within the screened intervals shows no apparent patterns. From the distinctly

different water types and different levels of TDS and pH, it does not appear that mixing of water from the

upper WBU and lower WBLJ is occurring
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3.0 SUMMARY OF THE GROUNDWATER MONITORING PROGRAM

3.0.0.1 Groundwater samples were collected in October 2001, March/April 2002, July 2002. and October

2002 as part of the quarterly groundwater monitoring program currently ongoing at DSCR The results of

the October 2001, March/April 2002, and July 2002 sampling results for OU 7 are presented in the

October 2001 Technical Memorandum (LAW, 2002b), March/Apnl 2002 Technical Memorandum

(MACTEC, 2003c), and July 2002 Technical Memorandum (MACTEC, 2003d). respectively The

results for the October 2002 sampling event are presented as part of this Annual Groundwater Report in

relation to the results from the previous events. These groundwater sampling activities were performed in

general accordance with procedures outlined in the "Sampling Analysis Plan Revision I" (LAW, 1992)

and the "Final Quarterly Groundwater Sampling Plan" (LAW, 2002a)

3.0.0.2 Nineteen groundwater monitoning wells screened in the upper WBU. seven groundwater

monitoring wells screened in the lower WBU, and one groundwater monitoring well screened within the

fractured bedrock were selected for sampling during the October 2002 sampling event. In order to further

refine the data collection effort, modifications were made and documented to the original monitoring well

network initiated for the groundwater monitoning program in 2001. Changes were coordinated and

approved by CEHNC. Table 1-I provides a list of the wells sampled for the October 2001, March/Apnl

2002, July 2002. and October 2002 sampling events and provides a summary for the well network

modifications made in 2001 and 2002. Five of the nineteen wells in the upper WBU currently sampled

were not included in the original sampling program. These wells were added to the quarterly monitoring

program to enhance the representativeness of data collected from the monitoring well network at OU 7.

For the lower WBU, two wells (DMW-29B and PWFrA-2) were removed from the original sampling

program because the monitoring wells were suspected of being improperly installed.

3.0.0.3 Groundwater samples from each well sampled were analyzed for field parameters (temperature,

turbidity, oxidation reduction potential [ORPI, dissolved oxygen [DO]. pH, ferrous iron [Pet', and

specific conductance), total and dissolved metals, total and dissolved mercury, total and dissolved

thallium, and total VOCs. In addition, the groundwater samples were analyzed for natural attenuation

parameters (hydrogen, carbon dioxide [CO,], methane, ethane, ethene. chloride, sulfate, total sulfide,

nitrate, total alkalinity, and total organic carbon [TOC]) A summary of the analyses performed for each

of the sampling events is presented in Appendix B. Table B-I Laboratory analyses were performed by

Severn Trent Laboratories of North Canton. Ohio Field duplicate samples were sent to the United States
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Army Engineer Research and Development Center (CEERD) laboratory for quality assurance (QA). and

dissolved hydrogen gas samples were analyzed by Microseeps. Inc

3.0.0.4 Summary tables for the upper WBU, lower WBU. and the fractured bedrock are presented in

Tables 3-1 and 3-2 for select chlorinated VOCs (PCE, TCF. cis-1,2-dichloroethene [DCE]. trans-1.2-

DCE, vinyl chloride [VC]. 1,1,l-TCA, 1,1-dichloroethane [DCA], and 1.1-DCE) and Tables 3-3 and 3-4

for select metals (aluminum, arsenic [upper WBU, only], iron, and manganese). A summary of the Data

Quality Completeness of the October 2001 through October 2002 sampling events, the Data Quality

Evaluation (DQE) of the October 2002 sampling event; a summary of analytical results for the October

2001 through October 2002 sampling events; and a summary of qualified data for the October 2001

through October 2002 sampling events are provided in Appendix B, Appendix C, Appendix D, and

Appendix E, respectively. This section presents sampling results for selected chlorinated VOCs, selected

metals, and natural attenuation geochemical parameters for the October 2001, March/April 2002, July

2002. and October 2002 sampling events

3.1l OCTOBER 2002 GROUNDWATER ELEVATION DATA

3.1.0.1 Groundwater elevations were collected from selected wells at OU 7 during the October 2001,

April/March 2002. July 2002, and October 2002 sampling events. The groundwater elevation data are

summarized in Table 2-2

3.1.0.2 Water level measurements collected duning October 2002 indicated that the elevation of

potentiometric surface in the upper WBU at OU 7 ranged from 93.86-feet mnsl in AEHA-DG9 to 77.20-

feet msl in MWFTA-7. The potentiometric surface of the upper WBU and the direction of groundwater

flow for the October 2002 sampling event are shown in Figure 2-10. North of Kingsland Creek, the water

level elevations indicate that groundwater in the upper WBU generally flows to the southeast

3.1.0.3 Water level measurements collected during October 2002 indicated that the elevation of

potentionietric surface in the lower WBU at 0OU 7 ranged from 76 17-feet nisl in MWFTA-16 to 53.60-

feet msl in MWFTA-2913 The potentiomnetric surface of the lower WBU and the direction of

grouindwater flow for the October 2002 sampling event are shown in Figaure 2-Il1 Water level elevations

indicate that groundwater in the lower WBU generally flows to the east
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3.2 OCTOBER 2002 FIELD ANALYTICAL PARAMETERS

3.2.0.1 Field analytical data (pH, DO. ORP, turbidity, temperature, and specific conductance) were

collected from each well to verify stabilization of groundwater field parameters pnor to sample collection

Fe2l was measured in the field after stabilization was achieved. Stabilization of these field parameters is

required by CEHNC and the United States Environmental Protection Agency (USEPA) and procedures

are documented in the Sampling Analysis Plan (LAW, 1992) and the "Final Quarterly Groundwater

Sampling Plan" (LAW, 2002a). A review of the field notes indicated that stabilization was achieved for

each of the wells sampled at OU 7 during the October 2002 sampling event except for MWFTA-1. Due

to sampling equipment problems, MWFTA-t was sampled at an elevated turbidity (218 nephelometric

turbidity units [NTUs]) However, all other field parameters for this well stabilized prior to sampling

The final measured results for each field parameter and Fe? for each are included in Appendix C. Tables

C-I through C-3 for the upper WBU. lower WBU, and fractured bedrock, respectively Field sampling

reports for the October 2002 sampling event are provided in Appendix F.

3.3 SUMMARY OF ANALYTICAL RESULTS

3.3.0.1 The primary VOCs detected at OU 7 include PCE, TCE, czs-1.2-DCE, tranls-1,2-D3CE, VC,

l,l1, I-TCA, l, I-DCA. and l,lI-DCE The concentrations of these VOCs for the last four sampling events

are summarized in Tables 3-I and 3-2 for the upper and lower WBUs. respectively. Isoconcentration

maps for the upper and lower WBUs are provided in Figures 3-I through 3- 10. respectively. Background

concentrations or alternate concentration limits (ACLs) have not been established for DSCR; therefore,

for the purposes of data presentation only, the selected chlorinated VOC concentrations were referenced

to their respective maximum contaminant levels (MCLs) as provided by the National Primary Drinking

Water Regul[ations (USEPA. 2002) Detailed discussions of the results for each of the VOCs are provided

in Section 4.0.

3.3.0.2 The isoconcentration figures graphically present the data summarized in Table 3-I for the

upper WBU (Figure 3-1 through 3-7 for PCE. TCE, cis-1.2-DCE, VC, LI.l-TCA. lIl-DCA, and 1,1-

DCE. respectively) and Table 3-2 for the lower WBU (Figure 3-8 through 3-10 for TCE, cis-1,2-DCE,

and VC. respectively). These figures show the areal extent of each of the select chlorinated VOC plumes.
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3.3.0.3 For the upper WBU. two VOC plumes are apparent One plume is located downgradient from

Pit I and is centered on AEHA-DGIO (except civ-l 2-DCE and L~l-DCA, which are centered on DMW-

33A) for each of the quarters (October 2001 through October 2002). The VOC concentrations detected at

AEHA-DG I10 are generally an order of magnitude greater than surrounding wells.

3.3.0.4 The other plume is located downgracient from the former FOS tank/Pit 3 and is centered on

MWFTA-23 and MWFOS-3. Concentrations of TCE, cis-l,2-DCE, and VC detected in MWFTA-23 and

MWFOS-3 are generally an order of magnitude greater than surrounding wells. These two wells may

represent a continuing source area for these constituents.

3.3.0.5 For the lower WBU, Figures 3-8, 3-9, and 3-10 show that the VOC contamination is generally

centered in the vicinity of MWFTA-16. This well is located downgradient from the plume associated

with the former FOS tank/Pit 3 in the upper WBU. VOCs were not detected within monitoring well

MWFT7A-16 during the initial sampling event in October 1993. However, VOCs were detected during

the October 2000 sampling event (the second sampling event for this well). The VOCs within this well

are presumed to result from either improperly installed monitoning wells upgradient of MWFTA-16

and/or naturally occurring fractures within the confining layer.

3.3.0.6 Table 3-2 presents the selected chlorinated VOC results for the fractured bedrock TCE, cis-

1,2-DCE. VC. l,lI-DCA, and 1.lI-DCE were detected above their corresponding MCL. The areal extent

of contamination within the bedrock is currently unknown as MWFTA-20 is the only well sampled as

part of the quarterly monitoring program

3.3.0.7 In addition to the isoconcentration figures. pie graphs for the October 2002 sampling event

showing the distribution of the primary VOCs at each well shown were placed on the cross-sections

(Figures 2-6 and 2-9) to provide an indication of the vertical distribution of contamination The size of

the pie GRAPH shown on the figures corresponds to the total concentration of the primary VOCs As

shown on Figure 2-6 and 2-9, the concentrations of the primary VOCs are higher in the upper WBU than

in the lower WBU along the length of the cross-sections shown

3.3.0.8 Background concentrations or ACLs for metals have not been established for DSCR, therefore,

for the purposes of data presentation only. the total metals data were referenced to their corresponding

primary or secondary MCL (when available) Aluminum, arsenic, iron, and manganese were detected
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above the reference concentrations for each of the four sampling events for the upper WBU and

aluminum, iron, and manganese were detected above the reference concentration for the lower WBUs.

These results are summarized in Tables 3-3 and 3-4 for the upper and lower WBUs, respectively. The

summarized results for each of the metals detected are presented in Appendix C. Table C-I1, C-2, and C-3.

Discussions of the results for total aluminum, arsenic, iron, and manganese are provided in Section 4.0.

3.3.0.9 Figures showing the results of the total metal results for aluminum, arsenic, iron, and

manganese for both the upper and lower WHUs are provided in Figures 3-1lI and 3-12, respectively. The

metal posting figures indicate that arsenic, iron, and manganese are widespread within OU 7. with

maximum concentrations corresponding to locations with elevated VOC contamination However, a

correlation could not be made with aluminum as maximum concentrations were detected within

background wells or wells without elevated VOC concentrations.

3.4 MONITORED NATURAL ATTENUATION PARAMETERS

3.4.0.1 As part of the goals of the groundwater monitoring program to collect analytical data to support

the MNA program as a component of the final remedy for OU 7 and to assess the sustainability of

degradation of VOCs within the subsurface, key MNA parameters were evaluated in both the upper and

lower WBUs. To accomplish this goal, nineteen monitoring wells in the upper WBU and seven

monitoring wells in the lower WBU were analyzed for geochemical and biochemical indicator parameters

of natural attenuation (MNA parameters) for the October 2001 through October 2002 sampling events.

Results for selected MNA parameters (DO, nitrate, sulfate, CO2. hydrogen. alkalinity. TOG, 0RP, pH,

Fe 2+, and sulfide) are presented on Figure 3-13 and Figure 3-14 for the upper and lower WBU,

respectively. Each of the MINA parameters measured, including the other parameters (ethene, ethane,

methane, temperature, and chloride) not shown on the figures, are presented in Appendix C. Tables C-I1,

C-2. and C-3 Each parameter presented on Figure 3-13 and Figure 3-14 was selected to provide an

indication of the sustainability of natural attenuation at OU 7 Appendix 0 presents a discussion of the

relevance of the MNA parameters presented on Figures 3-13 and 3-14 and a brief summary of the results

of the October 2002 sampling event for each of the parameters shown on the figures Table G- I presents

an interpretation of the ranges for each parameter and the range used to assign a color to a parameter

result.

20701 06 3-5



7 04 4
Annual Gro,,,,cdwazep Report - 0(tober 2002
Operable Uani 7
Defense Sujpply Cen tep Richinond

3.4.0.2 The primary constituents of potential concern at 011 7 are the chlorinated VOCs. PCE. TCE.

and associated daughter products. cis-l,2-DCE and VC Reductive dechlorination is the primary

breakdown pathway for these VOCs. After DO is consumed within the groundwater. anaerobic

microorganisms typically use additional electron acceptors (as available) in the following order of

preference. nitrate, ferric iron oxyhydroxide, sulfate, and finally CO,. Rates for reductive dechlonnation

increase as oxidation-reduction conditions decrease. However, rates are limited to the availability of

electron donors (typically a carbon source) and electron acceptors. The MNA parameters evaluated.

along with the presence of cis-1.2-DCE and VC, provide an important line of evidence for the occurrence

and continuation of natural attenuation.
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4.0 NATURE AND EXTENT OF CONTAMINATION AND TREND EVALUATION

4.0.0.1 A quarterly groundwater monitoring program was initiated to evaluate groundwater

contaminant concentration trends and to evaluate MNA as a potential component of the final remedy for

OU 7. Four quarters of data have been collected and are presented in this Annual Groundwater Report to

evaluate the current nature and extent of the contamination at OU 7. In order to evaluate the data, a

statistical trend evaluation was performed using the Mann-Kendall statistical trend analysis on historical

data (1982 [when possible]) through 2002 for the purpose of evaluating selected VOC trends in

groundwater. In addition, time senies graphs were prepared for historical data for the purpose of

providing a visual aid in determining VOC trends. The following sections provide a summary of the

potential sources of contamination, summarizes the statistical trend analyses, and provides an assessment

of the current nature and extent of groundwater contamination at OU 7.

4.1 POTENTIAL SOURCES OF GROUNDWATER CONTAMINATION

4.1.0.1 Figure 1-2 shows the locations of the three fire training pits documented as previously utilized

at OU 7 These three pits are considered to be the pnimary source areas for the uipper WBU groundwater

contamination at OU 7 However, it is possible that other areas at OU 7 may be potential sources that

have not yet been defined completely VOCs are the primary constituents of concern; PCE, TCE, and

l1,l1 I-TCA and associated daughter products (cis-l1,2-DCE, trans-l,2-DCE, VC , l,lI-DCA. and l,lI-DCE)

account for the majority of the VOC contamination in the upper WBU. The distribution and

concentrations of the VOCs originating from each of these pits is variable Based on the current well

network at OU 7, two plumes located within the upper WBU and downgradient from two of the pits (Pit I

and Pit 3) can be described However, historic DPT data, combined with data from the monitoring well

network, indicate there are three distinguishable plumes with some co-mingling downgradient

4.1.0.2 Figure 1-2 show the locations of the existing lower WBU wells The source(s) for the

contamination within the lower WBU are currently unknown The VOCs located within the lower WBUJ

are suspected to be either from the natural migration of groundwater from the upper WBU to the lower

WBU via fractures within the confining layer or due to improperly installed wells, which may have

caused conduits through the confining layer.
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4.1.0.3 In addition to VOC contamination, elevated levels of aluminum, arsenic, iron, and manganese

have been detected in the upper WBU. In the lower WBU. elevated levels of aluminum, iron, and

manganese have been detected The elevated concentrations of metals within the upper and lower WBU

are generally located in areas that have elevated VOC concentrations, suggesting the inorganics have been

mobilized by changes in geochemnical processes associated with the chemicals that were burned within the

pits

4.2 STATISTICAL TREND ANALYSIS

4.2.0.1 Time series graphs were prepared and a statistical evaluation, utilizing the Mann-Kendall

statistical trend analysis, was performed on the historic data that has been collected at OU 7. The Mann-

Kendall statistics and the times series graphs were used to identify and evaluate the temporal trends for

each identified plume. The results of these trends were then used to support one of the first lines of

evidence of MNA, mass loss. Results from the Mann-Kendall statistical trend analysis and the time series

graphs were evaluated utilizing potentiornetric surface and isoconcentration contour maps to identify and

explain trends for wells located within and downgradient of identified source areas This evaluation

provides an assessment of the current and historical groundwater conditions at OU 7 for the purpose of

supporting conclusions about the extent of contamination and the effectiveness of MNA as a component

of the final remedial strategy for 0OU 7 groundwater. Appendix H provides a detailed discussion of the

Mann-Kendall trend test.

4.2.1 Trend analysis approach

4.2.1.1 The Mann-Kendall statistical analysis was performed and time series graphs were prepared for

select monitoring wells: upper WBU wells AEHA-DOG10. DMW-20A, DMW-22A, DMW-25A, DMW-

27A. DMW-33A, MWFOS-3, MWFrA-23, and MWFrA-3 (Figures 4-1 through 4-10, respectively);

lower WBU wells MWFrA- 16. MWFTA-l18, and MWFTA 1 9 (Figures 4-1lI through 4-13, respectively);

and one fractured bedrock well, MWFTA-20 (Figure 4-14). Time series graphs are provided for existing

data (not all wells evaluated within this assessment were installed in 1982) and the evaluations for each

well started where data was available

4.2.1.2 The trend evaluation focuses on VOCs. primarily PCE, TCE. cis-l.2-DCE, trains-l2-DCE,

I, ,I.I-TCA. 1 I -DCA, 1I.I-DCE. and VC. the constituents of concern within the groundwater at OU 7 In
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addition, althoug-h other VOC contaminants have been detected in the groundwater at OU 7. they are not

prevalent within the groundwater at OU 7. The contaminants evaluated within this assessment can be

considered indicators for the presence (or absence) of these VOCs and this detailed evaluation focuses on

wells located within or downgradient from identified plumes

4.2.2 Trend Analysis Evaluation

4.2.2.1 Table 4-1 provides a summary of the Mann-Kendall test results for the wells previously listed

This integrated approach was used since statistically significant trends can be masked with small

concentration changes within the plume and because the data may not reflect actual trends when

interpreting the overall plume extent. Trends determined by the Mann-Kendall test and not supported by

the time series graphs are identified on Table 4-1. In addition, the time series graphs may not reflect an

actual trend due to either variable data or because available data are too limited to qualify the trend

Consequently, the Mann-Kendall test, which was performed for all data for each individual well, does not

take into account large increases of contaminants moving through the well during migration of the plume

Evaluation of the time senies graphs provides evidence of increasing or decreasing trends that the Mann-

Kendall statistics did not support due to the reporting of low concentrations during the initial sampling

events or due to elevated reporting limits

4.2.2.2 A summary of the Mann-Kendall analyses performed for each well sampled is provided in

Table 4-1 and a more detailed discussion of the isoconcentration plume trends for the selected wells is

provided in the following sections. Tables 4-2 and 4-3 provides a summary of the Mann-Kendall test

results and provides a description of the VOC trends within select monitoring wells for the upper and

lower WBUs. Wells selected for evaluation are located within the identified plumes or located on plume

boundaries and have trends that may indicate plume migration or attenuation. The evaluation for each

well was based on rhe Mann-Kendall test results, the time series graphs, the groundwater flow directions,

and plume locations

4.3 EXTENT OF VOC CONTAMINATION

4.3.0.1 Tables 3-1 and 3-2 provide a summary of results for selected VOCs for the October 2001.

March/April 2002. July 2002, and October 2002 groundwater for the upper and lower WBUs (including

the fractured bedrock), respectively The temporal trends for the plumes located dlowngradient from Pit I
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and Pit 3 were evaluated utilizing the Mann-Kendall statistics and time series plots. The spatial trends for

the plumes located downg-radient from Pit I and Pit 3 were evaluated utilizing the isoconcentration

figures (Figures 3-1 through 3-10). The following sections provide a separate discussion for the temporal

and spatial trends for each source area (Pit I and Pit 3) currently evaluated. As previously stated, due to

the currently monitoring well network, the plume located downgradient from Pit 2 cannot be evaluated.

4.3.0.2 The plumes, consisting of parent compounds PCE, TCE, and 1,1,l-TCA, are associated with

fire training activities at each of the three burn pits. PCE, TCE, and 1~,1l-TCA are the primary

constituents of concern downgradient from Pit I while PCE and TCE are the primary VOCs

downgradient from Pit 3. This conclusion is based upon the presence of the parent compounds and their

associated daughter products downgradient from these source areas. In general, the presence of cis- 1.2-

DCE. trans, I1,2-DCE, and VC, daughter products of PCE and TCE, and 1, I -DCA, daughter product of

l, l, I-TCA, is considered to be due to biological degradation However, the presence of l,lI-DCE is an

indicator that abiotic degradation may be occurring.

4.3.0.3 The October 2002 VOC data have been compared to the October 2001, March/April 2002, and

July 2002 to evaluate short term trends of the PCE, TCE, l,l,l-TCA, and related daughter products.

Isoconcentration figures for the individual constituent plumes are provided in Figures 3-I through 3-7 for

the upper WBU and Figures 3-8 through 3-10 for the lower WBU Currently, site-specific groundwater

background concentrations or ACLs have not been established for the site, therefore, for presentation

purposes the concentrations presented on the plume maps are referenced to the corresponding MCLs

(USEPA, 2002)

4.3.0.4 A discussion of the overall nature and extent, both temporally and spatially, of the plumes

located downgradient from Pit I and Pit 3 is provided in following subsections For ease of reading, the

nature and extent evaluation of the upper and lower WBUs and the fractured bedrock for each source area

are separated within the subsections provided below.

4.3.1 Plume Evaluation - Pit t

4.3.1.1 VOCs - Elevated VOC concentrations detected downgaradhent from Pit I include PCE, TCE.

cts-1.2-DCE, VC. ll,1-TCA, ljl-DCA. and ll-DCE. The monitoring wells with elevated VOC

concentrations located downgracient from Pit I include AEHA-DGIO and DMW-33A. Wells on the
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plume boundary include DMW-22A, MWIFTA-3, DMW-25A, and DMW-35A (it should be noted that

due to the current monitoring well network, DMW-25A and MWFTA-3, although suspected to be

downgradient of the source area from Pit 2, are identified on the plume maps as associated with the

current VOC plumes located downgradient from Pit 1)

4.3.1.2 PCE - The areal extent of the elevated (>1,000-micrograms per liter [~Ig/L]) PCE

concentrations for the four quarters has fluctuated from each sampling event with the maximum

concentrations detected at AEHA-DGIO. The areal extent of the PCE concentrations (5 to 100 jtgIL)

appears to have remained relatively constant. However, currently, there are no monitoring wells located

downgaradient and to the east of DMW-33A. Because of this, the areal extent of PCE cannot be evaluated

in this area.

4.3.1.3 The Mann-Kendall trend analysis performed indicates a statistically significant decreasing

PCE trend for three (AEHA-DGO 1, DMW-22A, and DMW-25A) of the four wells located within or on

the boundary of the plume. An exception is the increasing trend reported for MWFrA-3. The upward

trend observed within this well may be due to the migration of PCE downgradient from Pat 2, the co-

mingling of the PCE plume downgradient from Pit I and Pit 2, and/or the expansion of the Pit I PCE

plume. Without additional data from wells upgradient from MWIFTA-3 and downgradient from DMW-

25A, the cause of this increasing PCE trend cannot be fully assessed. The Mann-Kendall results for all

other wells indicates that no significant trends are apparent

4.3.1.4 TCE - Elevated concentration of TCE are also centered on AEHA-DGIO. The

isoconcentration figure illustrates that TCE detected at concentrations greater than 10,000 pgfL have

decreased and are no longer apparent The areal extent for the overall TCE concentrations (5 to 100

pg/L) appears to have remained relatively constant

4.3.1.5 The Mann-Kendall trend analysis results indicate a statistically significant decreasing TCE

trend for three (AEHA-DG I0, DMW-22A, and DMW-25A) wells located within or on the boundary of

the plume All other wells downgradient from Pit I did not exhibit a statistically significant trend.

4.3.1.6 cis-1,2-DCE - The isoconcentration figure illustrates that the areal extent of the czs-1,2-DCE

concentrations located downgradient from Pit I has exhibited fluctuations. The maximum concentrations

of ct.s-I,2-DCE are centered on DM4W-33A Currently, monitoring wells are not located downgradient
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and to the east of DMW-33A Because of this, the area! extent of the czs-l,2-DCE concentrations cannot

be evaluated. However, the areal extent for the cis-l.2-DCE concentrations (5 to 100 pg/L) throughout

the plume has remained somewhat unchanged

4.3.1.7 The Mann-Kendall trend analysis indicates a statistically significant decreasing trend for one

boundary well (DMW-22A) and no statistically significant trend for all other wells evaluated within the

plume

4.3.1.8 VC - Elevated concentrations of VC are centered on DMW-33A Elevated reporting limits

were reported for VC for the July 2002 (<170 gg/L) and October 2002 (<130 PggL) sampling events and,

therefore, a current assessment of VC within DMW-33A cannot be completed. Consequently, a VC

plume centered on DMW-33A is not presented in the isoconcentration figure. Elevated reporting limits

for monitoring well AEHA-DOIO have also been provided; therefore, an evaluation of the presence of

VC upgradient from DMW-33A cannot be made

4.3.1.9 1,1,1-TCA - An evaluation of the l,lt-TCA isoconcentratton figure indicates the areal extent

of the elevated (>1,000 lig/L) 1,1.1 -TCA concentrations for the four quarters have fluctuated with each

sampling event with the maximum concentrations centered around AEHA-DGJO. However, the areal

extent of the 1.1,1 -TCA concentrations (200 to 1000 ig/L) appears to have remained relatively constant.

4.3.1.10 The Mann-Kendall trend analysis indicates a statistically significant decreasing trend for one

boundary well (DMW-22A) and no trend for all other wells evaluated within the plume

4.3.1.11 1,1,1-DCA - An evaluation of the I,l-DCA isoconcentration figure indicates that the areal

extent of the elevated (>1,000 [.tgfL) lI-DCA concentrations for the four quarters have decreased from

the October 2001 to October 2002 sampling events with the maximum l, I-DCA concentrations centered

around DMW-33A. However, the areal extent of Il~ I-DCA concentrations (I10 to I100 [tg/L) has remained

somewhat unchanged

4.3.1.12 The Mann-Kendall trend analysis indicates a statistically significant decreasing trend for one

boundary well (DMW-22A) and no trend for all other wells evaluated within the plume
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43.1.13 1,1,I-DCE - An evaluation of the l,l-DCE isoconcentration figure indicates the areal extent

of the elevated (>1,000 Vg/L) 1,I-DCE concentrations for the four quarters have decreased from each

sampling event with the maximum l,1-DCE concentrations centered around AEH-A-DGIO. However, the

areal extent of the l,1I-DCE concentrations (7 to 100 pgIL) has remained unchanged

4.3.1.14 The Mann-Kendall trend analysis indicates a statistically significant decreasing trend for one

boundary well (DMW-22A) and no trend for all other wells evaluated within the plume.

4.3.1.15 Summary - The predominant VOCs detected within the upper WBU at 013 7 include PCE,

TCE, l,1,1-TCA and associated daughter products (cis-1,2-DCE, VC, I,l-DCA. and l,l-DCE) as

discussed in earlier sections. As of October 2002, the plume downgradient from Pit I is comprised of

approximately 41% TCE, 18% PCE, 21% cis-1,2-DCE, 15% t,1,1-TCA, 1% l,l-DCA, 3% ll-DCE,

and 1% VC (calculations were conducted without taking into account the reporting limits and therefore,

VC may be biased low by approximately 3% with TCE biased high 2% and PCE biased high 1%).

4.3.1.16 The vertical VOC distribution for the VOCs downgradient from Pit I is shown in Figure 2-8.. ~~Monitoring wells AEHA-DGIO and DMW-33A contain similar VOC distributions, with DMW-33A

containing more daughter products. This indicates parent VOC compounds are degrading as they migrate

through the poorly graded sand and gravel layer. Monitoring well DMW-35A. located upgradient from

AEHA-DGIO and nearer to Pit 1. does not exhibit the same elevated concentrations as AEHA-DGIO.

This is due to the more porous gravel layers extending above a silty sand layer from Pit I to AEHA-

DGIO The migration of the contaminants from Pit I are more likely to travel through this gravel layer

TO AEHA-DG 10 than downward through the silty sand layer to DMW-33A

4.3.2 Plume Evaluation - Pit 3

4.3.2.1 VOCs - Elevated VOC concentrations detected downgracient fiomn Pit 3 include TCE. cis-1.2-

DCE, ttaws-1,2-DCE, and VC. The monitoring wells with elevated VOC concentrations located

downgaradient from Pit I include MWFTA-23 and MWFOS.3. Due to elevated reporting limits within

both of these wells, the areal extent of PCE. 1,1,1-TCA. ll-DCA. and lIl-DCE cannot be evaluated.

4.3.2.2 TCE - Maximum TCE concentrations, located downgradient from the former FOS tank or

*a Pit 3, are centered on MWFOS-3 For the area downg~radient from the FOS tank, a plume is not apparent
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on the October 2001 map This is due to elevated reporting limits in MWFOS-3 and MWFTA-23, a

monitoring well located downgradient from MWFOS-3. However, evaluation of the plume from April

2002 to October 2002 indicates that this plume has remained somewhat unchanged

4.3.2.3 In addition, the variability of TCE concentrations between MWFTA-23 and MWFOS-3 is

likely due to the location of the screened intervals within the upper WBU for each well. MWFTA-23,

which includes a 30-foot screen, is screened across the entire upper WBU in this area. MWvFOS-3 was

installed with a I10 foot screen, located at the upper part of the upper WBLJ.

4.3.2.4 The Mann-Kendall trend analysis performed does not detect a statistically significant trend at

MWFTA-23 or MWFOS-3.

4.3.2.5 cis-I,2-DCE - Maximum concentrations of cis-l,2-DCE are centered on MWFTA-23 with

elevated concentrations detected in MWFOS-3. The presence of the cis-1,2-DCE within MWFTA-23 and

MWFOS-3 is likely due to the natural attenuation of PCE and TCE within each of this wells. In addition,

czs-1,2-DCE has not been detected in DMW-27A, a monitoring well located downgradient from

MWFTA-23, indicating that this plume is not readily migrating.

4.3.2.6 The Mann-Kendall trend analysis performed does not detect a statistically significant trend for

either of these wells located within the plume downgradient from Pit 3.

4.3.2.7 trans-I,2-DCE - trans-1,2-D3CE is currently detected above reporting limits and the

corresponding MCL of 100 gg/L in one well, located downgradient from the former FOS tank/Pit 3. An

evaluation of the trans-l1,2-DCE concentrations within MWFTA-23 cannot be performed due to elevated

reporting limits within this well.

4.3.2.8 Due to the elevated reporting limits, a historical evaluation of the tralns-,2-1DCE

concentrations within MWFOS-3 or MWFTA-23 cannot be conducted.

4.3.2.9 VC - Elevated concentrations of VC are centered on MWFTA-23 with elevated concentrations

also being detected in MWFOS-3. The areal extent of the plume boundary located downgradient from the

former FOS tank has remained unchanged, indicating that this plume is not readily migrating. The

relatively fiat groundwater gradient in this area of 013 7 may be a factor that contributes to this condition
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4.3.2.10 The Mann-Kendall trend analysis performed for VC does not detect a statistically significant

trend for either of these wells located within the plume downgradient from Pit 3.

4.3.2.11 Summary - As of October 2002, the plume downgradient from the former FOS tank/Pit 3 is

comprised of approximately 85% cis-1,2-DCE, 10% TCE, 4% VC, with 1% for all other constituents

combined. However, calculations were conducted without taking into account the reporting limits and

therefore, PCE. l, l, I-TCA. l,lI-DCA, l,lI-DCE may be biased low by 2 percent and trans-l.,2-DCE may

be biased low by I percent with TCE biased high by 9 percent.

4.3.2.12 The vertical VOC distribution for the VOCs downgradient from Pit 3 is shown in Figure 2-6.

Monitoring wells MWFOS-3 and MWFTA-23 do not contain similar VOC distributions as seen in

monitoring wells AEHA-DGO10and DMW-33A. MWFTA-23 contains more VOC daughter products and

MWFOS-3 contains more VOC parent products The variation of VOC distributions between these two

wells, located so closely together, is likely due to the screen interval within each well. MWFTA-23 is

screened throughout most of the upper WBU and MWFOS-3 is screened within the top portion of the

upper WBU. The likely pathway for the contaminants is downward through the sand and gravel layer.

Monitoring wells located downgradient from these two wells do not have VOC concentrations above

reporting limits. This is likely due to these wells being screened within a less porous silty sand layer.

4.3.3 Other VOCs - Upper WBU

4.3.3.1 Additional VOCs detected at the site, as listed in Table F-I (Appendix F) and reported in the

groundwater samples collected during the October 2001, March/April 2002, July 2002, and October 2002

were I1.2,4-rrimethylbenzene. I1,2-dichlorobenzene, I1,3,5-trimethylbenzene. I1,3-dichlorobenzene, 1,4-

dichlorobenzene, acetone, benzene. carbon tetrachloride, chloroform. chloromethane, isopropylbenzene,

methylene chloride, and naphthalene.

4.3.4 VOCs Lower WBU

4.3.4.1 Elevated VOC concentrations have been detected downg~radient at one monitoring well,

MWFTA- 16, located downgradient from Pit 3 Due to elevated reporting limits within this well, the area]

extent of PCE and TCE cannot be evaluated The constituents trans- 1.2-DCE. 1. 1,1 -TCA, 1.1 -DCA, and

1,I -DCE have been historically, and are currently, not detected within the lower WBU
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4.3.4.2 TCE - In addition to VOCs being detected at MWFTA- 16, historically TCE has been detected

in monitoring well PWFTA-2. a well that is currently not sampled as part of the groundwater monitoring

program PWFTA-2 was removed from the monitoring program because the installation diagrams

indicated that the outer casing may have been improperly installed through the confining layer causing

potential leakage of upper WBU contaminants into the lower WBU Figure 3-8 is the TCE

isoconcentration figure for the lower WBU. The plume located on this map represents the TCE

contamination at PWEFA-2 for the October 2001 and April 2002 sampling events.

4.3.4.3 cis-1,2-DCE - Elevated concentrations of cis-l,2-D3CE have been detected at MWFTA-16.

Since the October 2001 sampling event, the cis-1,2-DCE concentrations have fluctuated slightly, but

remained generally consistent. The areal extent for this plume boundary (70 to 100 p.gfL) has remained

somewhat unchanged indicating the plume is not readily migrating downgradient The source of the

contamination within the lower WBU is currently not known but may have been caused by improperly

installed wells or fractures within the confining layer, which is approximately four feet thick in this area.

4.3.4.4 The Mann-Kendall analysis did not indicate a statistically significant trend for MWFTA-16;

however, one statistically significant decreasing trend was calculated by the Mann-Kendall test for

monitoring well MWFTA-19 However, the concentrations detected within this well are low (<2.1 pgIL),

and the trend analysis is not considered to be significant for this evaluation.

4.3.4.5 VC - Elevated VC concentrations have been detected at MWFTA- 16 The isoconcentration

figure illustrates that the areal extent of the plume located downgradient from the former FOS tank has

exhibited slight increases of VC concentrations. In addition, the areal extent for this plume boundary (2

to 100 [tgfL) has remained somewhat unchanged MWFTA-17, a monitoring well located downgradient

from MWFTA-16. historically has not had, and currently does not have, detectable VC concentrations.

4.3.4.6 The Mann-Kendall analysis performed did not indicate a statistically significant VC trend for

MWFTFA-16 However, an evaluation of the time series graphs do indicate an increasing trend because

VC has increased since the initial sampling event in October 1993 when a result of <2 jig/L was reported

in this well.
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4.3.5 Other VOCs - Lower WBU

4.3.5.1 Additional VOCs detected at the site, as listed in Table F-2 (Appendix F) and reported in the

groundwater samples collected duning the October 200 1, March/Apnl 2002, July 2002, and October 2002,

were I ,2-dichlorobenzene, 2-butanone, 2-hexanone, acetone, benzene, chlorobenzene. chioroethane,

chloroform, chloromethane, p-isopropyltoluene, methylene chloride. toluene. and naphthalene.

4.3.6 Summary of VOCs - Lower WBU

4.3.6.1 VOC contamination within the lower WBU at OU 7 is pnimarily located around MWFTA-16.

This well is located downgradient from the plume associated with the former FOS tank/Pit 3 in the upper

WBU VOCs were not detected within monitoring well MWFTA-16 during the initial sampling event in

October 1993. However, VOCs were detected during the October 2000 sampling event (the second

sampling event for this well) The contamination at this well is presumed to be caused by either

improperly installed monitoring wells upgradient of MWFrA-16 and/or naturally occumrng fractures

within the confining layer. The areal extent of the VOC plume at MWFTA- 16 is not readily expanding or

migrating downgradient. In addition, VOCs have not been detected at MWFTA- 17, a monitoring well

located immediately downgradient from MWFTA-16. MWFTA-16 and MWFTA-17 will continued to be

monitored as part of the monitoring program to evaluate the potential for migration within the lower

WBU.

4.3.6.2 The VOC distribution pies for wells located downgradient from Pit I is shown on Figure 2-6

As shown in the figure, the confining layer within this area is approximately 4-feet in thickness

MWFTA.16 is located downgradient from MWFTA-23, a monitoring well located in the upper WBU

with elevated VOC concentrations A potential source of contamination within the lower WBU

downgradient from Pit 3 is possibly due the mig-ration of contamination through fractures within the

confining layer.

4.3.7 VOCs Fractured Bedrock

4.3.7.1 MWFTA-20 is currently the only well existing in the fractured bedrock sampled as part of the

quarterly monitoring program and Figure 4-14 represents the time series graph. PCE,trans-1,2-DCE, and
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l,l,l-TCA are currently not detected above reporting limits The non-detection of these constituents is

consistent with historical data.

4.3.7.2 TCE, cis,-l.2-DCE, 1,l-DCA, and ll-DCE at MWFTA-20 are currently detected above the

corresponding reporting limits for the October 2001 through October 2002 sampling events. Mann-

Kendall analysis does not indicate a statistically significant trend for the contaminants evaluated.

However, an evaluation of the time series graph indicates increasing concentrations of VC. The

concentration of VC has increased from <2 ~Lg/L in October 1993 to 12 Jig/L in October 2002 An area]

evaluation of the plumne cannot be determined for MWFTA-20 because reference points are not available

The source of the contamination within the fractured bedrock is currently not detected but concentrations

may have resulted from improperly installed wells in the vicinity and/or upgradient or natural fractures

within the saprolite

4.4 METALS

4.4.0.1 Upper WBU - Total and dissolved metals were measured during the October 2001.. ~~March/April 2002, July 2002. and October 2002 sampling events. Summary tables for metals detected in

the upper WBU for each event are provided in Table 3-3. Currently, background metal concentrations or

ACLs have not been established for D5CR and the results from the metals analysis were compared to

primary or secondary MCLs. The metals exceeding these standards in the upper WBU include aluminum,

arsenic, iron, and manganese and are presented in Figure 3-11

4.4.0.2 Aluminum - The maximum aluminum concentrations detected during the October 2001 and

October 2002 sampling events were detected in monitoring wells DMW-13A (ranging from 794 jag!L to

1550 ptg/L), a monitoring well located upgradient from Pit 1, and MWFTA-7 (ranging from 730 pggL to

1340 1 [estimated, based on QC data]), a monitoning well located on the eastern boundary of 00 7.

DMW- I 3A and MWFTA-7 are not within an area of known VOC contamination and are upgradient and

side gradient to the identified VOC plumes Site-wide background concentrations have not been

established; however, these wells have higher concentrations of aluminum than in known areas of

contamination. Based on the locations of these elevated aluminum concentrations and without a site-wide

background concentration, an evaluation of the significance of the elevated aluminum concentrations

cannot be made
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4.4.0.3 Arsenic - The maximum arsenic concentrations detected during the October 2001 through

October 2002 sampling events were detected in monitoring well MWVL'A-23, located downgradient from

the former FOS tank/Pit 3, with concentrations ranging from 49 3 pgfL to 96 6 liglL. The areal extent of

the arsenic concentrations at MWFT7A-23 and in surrounding wells is similar to the areal extent of the

chlorinated solvent plume located in this area; this suggests that arsenic may have been mobilized by

changes in geochemical processes associated with chemicals used in Pit 3 for fire training exercises.

4.4.0.4 Elevated arsenic concentrations are also located at monitoring well AEHA-DG 10, located

downgradient from Pit 1, with concentrations ranging from 27.9 lag/L to S1I.tg/L In addition, the areal

extent of the arsenic concentrations within surrounding wells is similar to that of the chlorinated solvent

plume downgradient from Pit 1. However, the areal extent of the elevated arsenic concentrations does not

include DMW-33A. Arsenic concentrations decrease south of DMW-22A. suggesting that arsenic is

migrating at a slower rate than the chloninated solvents located within this area.

4.4.0.5 Elevated arsenic concentrations were also detected in MWFTA-1I, a monitoring well located

within OU 13 but originally installed to evaluate the groundwater downgradient from OU 7. The location

of the elevated arsenic concentrations within this area suggests that the elevated arsenic concentrations are

associated with the arsenic located upgradient and within OU 7 An arsenic source located within OU 1 3

has not been presently identified and arsenic concentrations from soil samples taken in OU 13 were

generally low. Elevated arsenic concentrations found within the soil at OU 13 were found in surface soils

and not subsurface soil An evaluation of the MNA parameters within this well indicates reducing

conditions. Because monitoring wells are currently not located immediately upgradient from MWFrA-l.

a determination of the extent of these elevated arsenic concentrations within this area cannot be made.

4.4.0.6 Iron - The maximum iron concentrations detected during the October 2001 through October

2002 sampling events were detected at monitoring well MWFrA-23, located downgradient from the

former F0S tank/Pit 3. with concentrations rang-ing- from 21,800 lag!L to 64,000 gg/L. Iron

concentrations detected in monitoring well MWFOS-3 were similar to the iron concentrations detected

within DMW-13A, a monitoring well located upgradient from Pit I. but higher than the iron

concentrations detected within N4WFOS-l., located upgradient from the former F0S tank/Pit 3 The areal

extent of the iron concentratuoios located within wells surrounding MWFrA-23 is somewhat similar to the

areal extent of the chlorinated solvent plume.
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4.4.0.7 Elevated iron concentrations were also detected at AEHA-DG 10, located downgradient from

Pit I, with concentrations ranging from 17,700 igg/L to 33,700 [gg/L. The iron concentrations detected in

monitoring wells located downgradient from AEH-A-DGIO were an order of magnitude lower than the

concentrations detected at AEHA-DOIO hut similar to the concentrations detected at wells located

upgradient from Pit 1, indicating that the areal extent of the iron concentrations is more localized around

AEHA-DG I10.

4.4.0.8 Manganese - The maximum manganese concentrations detected during the October 2001

through October 2002 sampling events were detected at monitoring well AEHA-DOGIO, located

downgradient from Pit I, with concentrations ranging from 658 gtg/L to 1,080 ig/L. The concentration of

manganese at wells located downgradient from AEHA-DGIO is similar to the concentrations within wells

located upgradient from Pit I, indicating the areal extent of the elevated manganese concentrations is

localized around AEHA-DG 10.

4.4.0.9 Elevated manganese concentrations were also detected in monitoring well MWFTA-23 located

downgradient from the former FOS tank/Pit 3, with concentrations ranging from 153 ptg/L to 519 jagfL.

The concentration of' manganese at wells located downgradient from MWFTA-23 is similar to the

concentrations in wells located upgradient from the former FOS tank/Pit 3, indicating the areal extent of

elevated manganese concentrations is localized around MWFTA-23.

4.4.0.10 Summary - With the exception of aluminum, the location of elevated metals concentrations

detected at the upper WBU appear to correlate with the VOC contamination downgradient from Pit I and

the former FOS tank/Pit 3. This observation is consistent with a modification of the existing redox

conditions in areas affected by VOCs If previously existing oxidizing conditions in the soils and WBU

media were to be converted to reducing conditions (as would be expected from the degradation of fuel

constituents), immobile metals might be mobilized. In particular, the dark reddish iron and black

manganese oxyhydroxide coating on mineral grains that naturally color the sediments could be

chemically reduced to their more-soluble, lower valence state. Since arsenic is reported to be strongly

absorbed to these same oxyhydroxides, the dissolution of these coatings could also liberate adsorbed

arsenic However, without site-wide backguround concentrations, the extent of the arsenic contamination

is unknown
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4.4.0.11 Lower WBLI - Summary tables for metals detected in the lower WBU for each event are

provided in Table 3-4 Currently, background metal concentrations have not been established for the

lower WBU at DSCR and the results from the metals analysis were compared to primary or secondary

MCLs The metals exceeding the primary and secondary MCL standards in the lower WBU include

aluminum, iron, and manganese and, are presented in Figure 3-12. In addition, few wells are available in

the lower WBU at OU 7 and, consequently, a complete evaluation of the current conditions within the

lower WBU cannot be performned.

4.4.0.12 The maximum concentrations of aluminum were detected in MWFTA-17 with concentrations

ranging from 4,520 jitgfL to 5,380 pag/L The maximum concentrations of iron were detected in MWFTA-

28B3, a monitoning well located south of Kangsland Creek, with concentration ranging from 2.270 ggfL to

3,130 .igfL MWFTA-16, which has elevated VOC concentrations, contains low level iron

concentrations The maximum manganese concentrations were detected in MWFTA-16, with

concentrations ranging from 12 4 JQ (estimated; value is between the detection limit and reporting limit)

l~ig/L to 324 ig/L With the exception of manganese, elevated metals concentrations within the lower

WBU do not appear to correlate with VOC contamination within the lower \VBU

4.4.0.13 Fractured Bedrock - Summary tables for metals detected in MWFTA-20. the one monitoring

well currently located within the fractured bedrock, is provided in Table 3-4. Currently, background

metal concentrations have not been established for the fractured bedrock at DSCR and the results from the

metals analysis were compared to primary or secondary MCLs. The metals exceeding the primary and

secondary MCL standards in the fractured bedrock include aluminum, iron, and manganese. In addition.

few wells screened within the fractured bedrock are present at OU 7 and consequently, a complete

evaluation of the current conditions within the fractured bedrock cannot be performed
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5.0 CONCLUSIONS

5.0.0.1 In October 2002, MACTEC conducted a groundwater sampling event for OU 7 at DSCR. The

following sections present conclusions developed as a result of the analysis of the groundwater

monitoring data.

5.0.0.2 Upper WBU - Groundwater in the upper WBU of OU 7 has been impacted by various VOCs

from past site activities Two separate plumes, containing VOCs (parent and daughter products), have

been delineated based on the results of this quarterly sampling event. The plumes, located downgradient

from Pit I and Pit 3 or the former FOS tank, appear to be moving in the direction of groundwater flow

towards Kingsland Creek Additionally, previous direct push data depict a third plume, this plume is

downgradient of Pit 2. The current well network is not positioned to effectively monitor the plume from

Pit 2.

5.0.0.3 Concentrations of VOCs appear to have decreased as a result of degradation and the analytical

data suggest that reductive dechlorination is occurrnng. The predominant VOCs detected within the upper

4 ~~WBU at 013 7 include PCE. TCE, l,1,lI-.TCA and associated daughter products (cis-l.,2-DCE. trans-l1,2-

DCE, VC, 1,1-DCA, and l.t-DCE4 as discussed in earlier sections. TCE made up the majority of

contamination within the Pit I contaminant plume and cis-l,2-DCE made up the majority of

contamination within the former FOS tank/Pit 3 contamination plume. In addition, the plume located

downgradient from Pit I also contains 1~,1l-TCA and associated daughter products. The presence of

PCE/TCE daughter products (cis-1,2-DCE. trans-1,2-DCE, and VC) and 1,1,1-TCA daughter products

(1.1I-DCA) provides direct evidence that natural degradation is occurring.

5.0.0.4 The geochemical indicators for natural attenuation measured within the upper and lower WBU

and the fractured bedrock at 0OU 7 generally indicate conditions that are favorable for sustaining natural

attenuation and supporting MNA as a final remedial alternative However, the low availability of

dissolved TOC in the groundwater may be limiting reaction rates

5.0.0.5 In general, a natural progression of degradation products can be seen downgradient within the

Pit I plume, with elevated concentrations of parent VOC compounds detected within AEHA-DGIO and

elevated concentrations of daughter products detected within DMW-33A. However, VOC concentrations

4J ~~located downguradient from DMW-33A needs to be assessed to ascertain potential migratory pathways
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5.0.0.6 Downgradient from Pit 3. czs-l,2-DCE makes up the majority of the contamination (within

MWFTA-23 and MWFOS-3); this provides direct evidence that natural degradation is occumrng. In

addition, an evaluation of wells located downgradaent from MWFI'A-23 and MWFOS-3 does not indicate

that the VOC plume is migrating.

5.0.0.7 Elevated arsenic, iron, and manganese concentrations have also been detected within the upper

WBU at OU 7 These elevated inorganic concentrations are detected within wells containing elevated

VOC concentrations suggesting the inorganics may be mobilized by changes in geochemnical processes

associated with the chemicals that were used within the pits.

5.0.0.8 Lower WBU - For the lower WBU, 1,1,l-TCA, 1,1-DCA, and 1,1-DCE have not been

detected. PCE, TCE, cis-1,2-DCE, and VIC have historically been detected sporadically and at low levels

(<10 pg). VOC contamination within the lower WBU at OU 7 is primarily located within MWFIA-l6.

This well is located downgradient from the contamination plume associated with the former FOS tank/Pit

3 in the upper WBU However, the areal extent of the VOC plume at MWFTA-16 does not appear to be

readily expanding or migrating downgradient In addition, VOCs have not been detected within

MWFTA-17, a monitooing welt located immediately downgradient from MWFTA-16. MWFTA-16 and

MWFTA-17 will continue to be monitored as pant of the monitoring program to evaluate the potential for

migration within the lower WBU.

5.0.0.9 In addition, the VOCs detected within PWFTA-2, a monitoring well no longer sampled as part

of the monitoning program due to suspected improper installation, were detected at low levels (>10 igg!L).

The VOC concentrations within this area are currently not under evaluation due to the current well

network for the lower WBU

5.0.0.10 Fractured Bedrock - TCE, cis,-1,2-DCE. 1.J-DCA, and 1.1-DCE within MWFTA-20 are

currently detected above their corresponding reporting limits for the October 2001 through October 2002

sampling events Mann-Kendall analysis does not indicate a statistically significant trend for the

contaminants evaluated. However, an evaluation of the time series graph indicates an increase

concentration for VC The concentration of VC has increased from <2 i.g/L in October 1993 to 12 lig/L

in October 2002. An area] evaluation of the plume cannot be determined for MWFTA-20 since other

fractured bedrock wells have not been installed. The source of the contamination within the fractured

bedrock IS Currently not known, this contamination may result from improperly installed wells
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TABLE I-I

HISTORICAL MONITORING WELLS SAMPLED
Annual Groundwater Report - October 2002

Operable Unit 7
Defense Supply Center Richmond

Richmond, Virginia

Screend WBU Oct-01 Monitoring Wells MarlApr-02 Monitoring july-02 Monitoring WVells Oct-02 Monitoring WVells
Screened WBIJ ~Sampled Wells Sampled Sampled Sampled

Upper AEHADG-10 AEFHADG-10 AEHIADG-10 AEHADG-10

Upper DMW-13A DMW-13A DMW-1I3A DMW-13A

Upper NS NS DMW-20A (a) DMW-20A

Upper DMW-22A DMW-22A DMW-22A DMW-22A

Upper DMW-25A DMW-25A DMW-25A DMW-25A

Upper DMW-26A DMW-26A DMW-26A DMW-26A

Upper DMW-27A DMW-27A DMW-27A DMW-27A

Upper DMW-33A DMW-33A DMW-33A DMW-33A

Upper DMW-35A DMW-35A DMW-35A DMW-35A

Upper MWFOS-l MWFOS-l MWFOS-l MWFOS-lI

Upper NS NS MWFOS-3 (b) MWFOS-3

Upper MWFTA-l MWFrA-tI MWFTA-l MWFTA-l

Upper MWFrA-3 MWFrA-3 MWFTA-3 MWFTA-3

Upper MWFTA-5 MWFTA-5 MWFTA-5 MWFTA-5

Upper MWFTA-7 MWFTA-7 MWFTA-7 MWFrA-7

Upper NS NS MWFTA-9 (c) MWFTA-9

Upper NS NS MWFTA-10(c) MWFTA-10

Upper MWFrA-23 MWFTA-23 MW~rA-23 MWFTA-23

Upper NS NS MW!I 12-2 (d) MWI 12-2

Lower DMW-29B DMW-29B DMW-29B (e) - NS NS

Lower MWFTA-14 MWFrA- 14 MWFIFA-14 MWFIA-14

Lower MWPTA-16 MWFTA-16 MWFTA-16 MWFrA-16

Lower MWFTfA-17 MWFTA-17 MWFTA-17 MWFTA-17

Loawer MWFTA-18 MWFrA- 1S MWFrA-18 MWFTA-18

Lower MWFTA-19 MWFTA-19 MWFTA-19 MWFTA-19

Lower MIWFrA-28B MWFrA-28B MWFTA-28B MWFTA-28B

Lower MWFTA-29B MWFTA-29B MWFTA-29B MWFTA-29R

Lower PWFTA-2 PWFTA-2 PWFrA-2 (I) - NS NS

Bedrock MWFTA-20 MWFHA-20 MWFTA-20 MWFTA-20

Notesv
(a) Added well DMW-20A to assess contamination pnior ro boundary well, MWFTA-7 per LAW memo dated June 27. 2002

(b) Added well MWFOS-3 to mionitor high concentrations and determine the potential presence of persistent sources per LAW mleeting on July

24. 2002
(c) Added wells MWFTA-9 and MWF-TA- 10 due to VDEQ recommendation dated July 17, 2002

(dt) Added Bldg I112 well. MW 1 12-2. to provide additional charactenzation to background conditions per LAW meeting on June 24 2002

(e) Deleted well DMW- 29B because single cased well in lower WBU - may be conduit for lower WBU contamination from upper WBU - per

LAW mieeting on June 24, 2002 and mremio dated June 27. 2002

i) Deleted welt PWFTrA-2 because installation diagrams indicate that the outer easing may be improperly installed through the confining layer

causing potential "leakage" of upper WBU contantinanis into the lower WBU per LAW meeting on June 24 2002 and memoic dated June 27,

2002

NS Not Sampled
PREPARED/DATE EMS 4/14/03
CHECKED/DATE CMB 4116103
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7 04 8 2

TABLE 2-2

HISTORICAL. "A ru9. LEVEL ELEVATIONS MEASUtRED
Anu.Al Groun.dwater, Report -October 210(2

Operable, Lo 7

Oct-01 Wale Levl,~ MariApr-02 Water Julv-lI2 Waler Level Oct-02 Water Level
Measringeint Elcoatmons Levl Eles Aima Llvlnr lvul

~%edl ID EBlrtin i feet al) (in fee~t .1w) tIn feet nwlt Ein fee n1t

AFI IA D3(9 Upper 104 2tNM NM 89 ott 93 86

ABIIA D(! It) Upper 98 13 84 56 86 38 ESTOP' 86 15

DMNW-1lA Uppix I 414 89 8; 96 74 88 74 91)8I
D3MW-I 'A Upper 9740D NM NM 85 24 88 44
I)MW-2)tA Upper 975S9 NM NM 81 8 8) 7S

IDMW-21A Upper 87853 N S NM St I 83''1

I)MW-22A Upper 8745 80 21 82 16 79 91 8 27

l)MIW-25A Upper 97 87 86 92 88 82 86 42 95 21
DMW-26A Upr 98 7 3 90 Itt IS) 12 89 5 90t 60)
9M1W 27A Upper IttI 24 90 44 90 94 898Si 91 Is

DNIW-2I4A tUppe 97 65 NNI NM 83 84 86 7 7

1DMW- t3A Upper 85 (t9 78 31 79 39 78 (06 79 61
DkIW- 35A Uppr KI 5t SI 86 70 98872 86 26 88 46
MWF-O5 I Upper 112 26 91 87 9270) NM 92 93

MWI CS 2 Upper 10)1 20 NM NM 89 66 91 64

MWIt)N- I Upper 1)19NM NM 8808 ( 91 57
MWH-U 4 Upper 1013 60 NM NM 9(146 92 35

MIWF-TA- I Upper 91 32 82837 84 24 82 61 82 92
IWFIT- Upper 86 83 81 54 83 18 81 33 RI387

MWVIA 5 Upper 8547 77 19 80312 76 62 79 37

MWFTA 6 Up,,r 85 48 NM NM 76 70 NM
MWFTA 7 U'ppe 86 72 76 A4 77 37 75 97 77 20
MWFrA-8 Upper 85 16 NM NM 75 07 NM
NMWETA I Upper 85 90 NM NM 78 12 82 60
MWFTA- 11 tjpper 86 29 NM NM 78 84 8 I 84
MWII7A- It Upper 101 10 NM NS0 81)7 I)))43

NIW~7A- 12 Upper 91208 NM NM 18289 84 59l
NIWITA 22 Upper 103 20 NM NM 90 10 91 60

NIWITA 23 Upper 10277 91t 57 9I 28 (Ott0 8) i I
NIWI7A 24I Upper 1030(6 NM NM 90 (IS 9) 57

N!W'17A-25 Uppe 102 107 NM NIM 89l)98 91 42
M1WFTA 26 UppESr 10)266 NM NM 90(19 91I 62
NIWE'I A 27 Upper Im ()1 N NI NM 89 81 91 14

PWI-rA- I Up,,r 86 SI' INM NM S0 Is 83 76
11MW219B Iowa )7 74 61 17 66 76 66 10 64 49

kIWITA 2A I ,wtr 92 t NM Xtt 88 8t 21 NM
%IWITA-4 I w 86 i7 NM 69893 67 51 66 92
MWETA I1I I Si~ 4 57 NIRM NM 65 95 INM

MWITA 14 I l-,,r Si 06 61 61 66214 66 5 65116
VIWI TA I LowerS877 NM NRI 68317 N M

IWI-TA 16 Ler I1t3 16 7 517 78 37 7 874 76 1 7

MWI~rA 1 7 I niNE1)115 73 9 3 77 27 77 84 75850
MWIPPA 18 I i1 9759l 68 83 73 12 72314 71 09

MWI-IA 19l Iowa, 84 45 58 93 64)13 64 69 63(X)
MWFI'A28B I Iwa. -SiI 56116 03 21 62 46 5894
N8WEIr 2A 1 I MEi. 819 58 07 55 01 OI

3
82 5361)0

PWI IA2 Iow 86)14 61851 66 44 (664)) 65tI4
mw) T-A 'I) IlLdi ck 87 0t 60134 65 43 65 9tt (4401
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TABLE 3-1

GROUNDWATER SAMPLING RESULTS FOR SELECT vocs
UPPER WATER BEARING UNIT

Annutl Groundwater Report - October 2002
Operable Unit 7

Defense Supply Center Richmond
Richmond, Virginia

(Units = pR/L) OCT-01 NARIAPR-02 JULY-02 OCT-02
Tetrachioroeth ene

AEHADG-10 3300 1200 2800 1900
DNIW-13A <I <I < I <I
DMW-20A NS NS < 1 3 <I
DMW-22A 2 4 4 3 3 2 1 9
DMW-25A 19 5 13 14
DMW-26A < 5 <I < I < I
DMW-27A < I <1 < I < I
DMW-33A 430 140 360 450
DMW-35A 9 7 15 7 8 6 1
MWII 2-2 NS NS < t < I
MWFOS-1 <I <I < I < I
MWFOS-3 NS NS < 330 < 330
MWFTA-1 <KS <I < I < I
MWFrA-10 NS NS < I K I
MW~-IA-23 < 5000 < 1200 < 5000 < 1200
MWF1'A-3 3 <3 3 37 9
mwPTA-5 < 1<KI K I < I

NIWFTrA-7 <I <I < I < I
MWFTA-9 iNS iNS < I < I

Trichloroethene
AEHADG- tO 14000 9000 5200 2800
DMW-13A <I <I < I < I
DMW-20A iNS NS 1 3 2 5
DMW-22A 10 20 12 10
DMW-25A 5 6 0 741JQ 4 <I
DlMW-26A <5 K<I < I O 8IJQ
DMW-27A <I K<I < I <I

DMlW-33A 3500 780 2000 2500
DNMW-35A 3 33 3 1 2
MWII12-2 NS NS <I <I
MWFOS-1 <I <I < I<I
MWFOS-3 NS iNS 8400 7600
MWF-TA- I < 5 <I < I <1I

M\VFTA-10 iNS iNS <I < I
MWFTA-23 < 5000 240 JQ 2500 JQ < l200
MWEI'A-3 8.4 16 JQ 22 9 I
NIWP-TA-5 < I <I < I <KI
NMWFrA-7 <I <I < I < I
NMWFTA-9 NS iNS <I <I

21)701 0(6 I'jiw I ol4
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TABLE 3-1

(;ROUNDWATER SANMPLING RESULTS FOR SELECT VOCs
UPPER WATER BEARING UNIT

Annual Groundwater Report - October 2002
Operable Unit 7

Defense Supply Center Richmond
Richmond, Virginia

(Units = p~gIL) ocr-oi NIAR/APR-02 JULY-02 OCT-02
cis-1,2-Dichloroethene

AEHADiG-10 880 1000 780 690
DMW-13A < 05 <c 05 < 0 5 < 05
I)MW-20A NS NS 40 21
DMW-22A 6 2 67 35 2
DMW-25A 8 8 1 2 6 <Os 
DMW-26A < 25 <05 < 05 0 381Q
DMW-27A < 05 < 05 < 0 5 < 05S
DMW-33A 2900 690 1800 1900
DMW-35A 1 7 9 1 0 55 < 05
MWI12-2 iNS NS < 05 < 05
MWFOS-1 < 05 <05 < 03 < 05
MWFOS-3 iNS iNS 11000 9800
MIWFTA-I < 25 0 64 043JQ 0 61
MWFTA-I0 iNS iNS < 05 < 05
MWFrA-23 190000 34000 140000 52000
NIWFTA-3 12 100 381I 56
NPWFTA-5 <05 <0 5 < 05 < 0 5
MWFTA-7 < 0 <0 5 < 0 5 <0 5
MWPTA-9 iNS iNS < 0 5 < 0 5

trans- 1,2-Dichloroethene
AEHAI)G-10 < 210 < 170 < 83 < 62
DMAW-13A < 05 < 05 < 05 K 0 5
DMW-20A iNS iNS < 066 < 0 5
DMW-22A < 05 <c 05 < 05 < 0 5
DMAW-25A < 05 < 05 < 05 <0 5
DMW-26A < 25 <0 5 < 05 < 05
DMW-27A < 05 < 05 < 05 < 05
DMW-33A 39JIQ 7 3 JQ < 42 < 33
DNMW-35A < 05 <0 5 < 05 <0 5
lW II12-2 NS NS < 05 < 05
MWFOS-l < 05 < 05 < 0 5 < 0 5
IvWFOS-3 iNS NS 160 JQ 140 IQ
NIWFrA-1 < 25 <0 5 < 05 <0 5
MWFTA-I0 NS iNS < 05 <0 5
MWFTA-23 < 2500 < 620 < 2900 < 620
MWVFA-3 0 221IQ 4 4 1 31 2 6
MWFrA-5 < 05 <0 5 < 0)5 <Os 
MWFT'A-7 <05 <K 05 < 05~ < 0 

NMIVrA-9 iNS iNS < 0 5 <0(5

20)70 1 06 lPage 2 ofi 4
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TABLE 3-1

GROUNDWATER SAMPLING RESULTS FOR SELECT VOCs
UPPER WATER BEARING UNIT

Annual Groundwater Report - October 2002
Operahle Unit 7

Derense Supply Center Richmond
Richmond, Virginia

(Units = ogL OCT-01 NIAR/APR-02 JULY-02 OCT-02
Vinyl Chloride

AEHADG-10 < 830 < 670 < 330 < 250
DMW-13A < 2 <2 <2 <2
DNIW-20A NS NS <2 7 < 2
DMW-22A 0 32 JQ <2 c<2 < 2
DMW-25A 06JQ <2 <2 <2
DNMW-26A < 10 < 2 c<2 < 2
DMW-27A 7 7 <2 4 3 <2
DMW-33A 33 IQ 7 7 JQ < 170 < 130
l)MW-35A < 2 <2 <2 <2
MWII 2-2 NS NS <2 <2
MWFOS-1 < 2 <2 <2 <2
MWFOS-3 NS NS 380 JQ 360 JQ
MWPTA-1 < 10 <2 <2 <2
MWPT'A-10 NS NS <2 <2
MWFTA-23 5400 JQ 2600 4000 JQ 2500
MWFrA-3 0 56 JQ 14 3 1] 4 1
M\VFTA-5 < 2 <2 <2 <
MW~rA-7 < 2 c<2 < 2 < 2
MWPTA-9 NS NS <2 22

1,1,1-Trichloroethane
AEHIADG-10 7300 5800 3000 1200
DMW-13A < I < I < I <I
DMW-20A NS NS < I 3 <i
DMW-22A < I <I < I <I

DMW-25A <I <I <I < I

DI)W-27A < I <I <I <I
DMW-33A 1200 160 660 680
I)MW-35A <I 0 89 JQ < I < I
MWII 2-2 NS NS <I < I
MWFOS-l <I <t <I <t
MWFOS%3 NS NS < 330 < 330
MWFTA-l < 5 <I <i <I
MWFrA-10 NS NS <I <I
M\VFrA-23 < 5000 < 1200 < 5000 c<1200
MWFTA3 <I <3 3 <II- <2
MWFTA-5 <I <I <I <I
NMWFTA-7 <I <I <I <I
NlVf1',A-9 NS NS < I < I

207011 1)6 Page I t 4
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TABLE 3-1

GROUNDWATER SAMPLING RESULTS FOR SELECT VOCs
UPPER WATER BEARING UNIT

Annual Groundwater Report - October 2002
Operable Unit 7

Defense Supply Center Richmond
Richmond, Virginia

(Units = pg/L) OCT-01 MAR/APR-02 JULY-02 OCT-02
1,1-Dichloroethane

AEHADG-10 86 JQ 98 JQ 68 JQ < 120
DNMW-13A <I <I <I <I
DMW-20A NS NS <c 3 <
I)MW-22A 0 7 JQ 0 88 JQ 05 JQ 0 48 JQ
DMW-25A <IF < I < I <I
DMW-26A < 5 c<I <I <I
DMW-27A < I < I < I < I
DMW-33A 170 51 100 110
DMW-35A <I 0 43 JQ <I <I
MWII12-2 NS NS <I <I
MWFOS-1 <I <I <I <I
MWFOS-3 NS NS < 330 < 330
MWFTA-1 < 5 0 78 JQ I 0 791JQ
MWFTA-10 NS NS K<I < I
IMWFTrA-23 < 5000 < 1200 < 5000 < 1200
MWFTA-3 0 271JQ I 3JQ 0 62 JQ 0 62 JQ
MWFrA-5 <I <I <I <I
MWFTA-7 <I <I <I <I
MWFTA-9 NS NS K<I <I

1,1-Dichloroethene
AEI-IADG-10 1100 570 270 140 J
DNMW-13A <I <I <I <I
DMW-20A NS NS <I 3 < I
DMW-22A 0 66 JQ 1 3 0 74 JQ 061 JQ
DMW-25A < I <I <I <I
DMW-26A < 5 <I K<I < I
DMIW-27A <<I <I <I
DMW-33A 450 1 62 230 280
DMW-35A < I 1U1 I 6 <I <I
MWII12-2 NS NS <I < I
tMWFOS-1 <I Ul < I < I < I
MWFOS-3 NS NS < 330 < 330
iMWFTrA-1 K) <I <I <I
,MWVIrA-10 NS NS K<I < I
MW17PA-23 < 5000 UJ <1200 K50 <OOK1200
NIWFTA-3 0-ISJQ <3 33 I2J O 69JQ
M~vWFIA-5 < I UJ < I <I K<I

NIWFTFA-7 <I <I <I <I
INIWIFTA-9) INS NS <I <I

] Estimated, ba'ed on QC daita
JQ Estlrmiied, value i, beiween iepoi (in), limiit and detection limit
pt gL MI o~grarrs per liter
NS, not %mnpled
III Llndetectd repoittd detectioni 1

,11 is irpreci*L
PREF'ARLIV)/AI FILN 5/ 9/0

'070)1 06 Page 4 ot -
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TABLE 3-2

GROUNDWATER SAMPLING RESULTS FOR SELECT VOCs
LOWER WATER BEARING UNIT

Annual Groundwater Report - October 2002
Operable Unit 7

Defense Supply Center Richmond
Richmond, Virginia

___________ OCT-01 MAR/APR-02 JULY-02 OCT-02

(Units = pjig/L)
Te trac hlo0roethen

MWFrA-14 < I < I < I < I

MWFrA-16 < 50 < 33 < 50 < 56
MWFrA-17 <I < I < I < 1

MW~FA-18 <I <1I < I<I
MWFrA-19 0 76 JQ I I I 1 2
MWFrA-28B < I < I < I < I

MWFTA-29B c<I < I < I < I
PWFTA-2 0.4 JQ 0 25 JQ NS NS
MvWFrA-20* <5 < 33 < 33 < 4

Trichloroethene
MWFTA-14 < I <1I <1I <I
MWFTrA-16 < 50 c 33 c 50 < 56
MWFrA-I17 <I < I < I < I
MWFTA-18 <I < I < I < I
MWFr'A-19 0 44 JQ 0 65 JQ 0 6 JQ 0 54 JQ
MWFTA-28B3 < I < I < I <I

MWFTA-29B < I <I < I UJ < I
PWFTA-2 5 5 6 6 NS NS

MWFrTA-20* 7 4 7 8 7 4 5 1
cis-1,2-Dichloroethene

MWFTA-14 < 05 < 0 5 < 05 <0 5
MWFTA-16 1200 1100 1100 1500
NMWFrA-17 <0 5 < 0.5 < 05 <0 5
MWFTA-[8 2 5 2.3 2 2 2

MWFTA-19 1 6 1 5 1 2 1 I
MWFTA-28B < 05 < 05 < 0 5 <0 5
MWF7TA-29B <0 5 < 05 < 05 <0 5
PWFT'A-2 5 5 4 6 NS NS
jMWFrA-20W ISO 130 ISO 1001
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TABLE 3-2

GROUNDWATER SAMPLING RESULTS FOR SELECT VOCs
LOWER WATER BEARING UNIT

Annual Groundwater Report - October 2002
Operable Unit 7

Defense Supply Center Richmond
Richmond, Virginia

___________OCT-01__MAR/APR-02 JULY-02 OCT-02
MU ilos = pgIL) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

trans-1,2-Dichloroethene
MWPTA-14 < 05 < 05 < 05 <0 5
MWFrA-16 < 25 < 17 < 25 < 28
MWFTA-17 <0 5 < 05 < 05 < 05
MWVIrA-18 <05 < 05 < 0 5 <0 5
MWFrA-19 < 05 < 05 < 05 <0 5
MWFTA-28B < 05 < 05 < 05 <0 5
MWFTA-29B < 05 < 05 < 05 <0 5
PWFTA-2 01X IQ 0 19 JQ NS NS
MWFrA-20* < 25 3 < 25 < 2

Vinyl Chloride
MWFTA-14 < 2 < 2 < 2 < 2
MWFrA-16 270 310 430 920
MWEIrA-17 < 2 < 2 < 2 < 2
MWFTA-1S < 2 < 2 < 2 < 2
MWFTA-19 < 2 < 2 < 2 < 2
MWFTA-283 <2 <2 <2 < 2
MWFrA-29B < 2 <2 < 2 < 2
PWFrA-2 05 JQ 0 44 JQ NS NS
MWFrA-20* 84 JQ 12 92 12

1,1,1-Trichloroethane
MWFTA-14 < I < I <I < I
MWFTA-16 < 50 <33 <50 <56
MWFrA-17 <I < I < I < I
MWFTA- 18 <I < I < I < I
PvWFrA-19 <I < I < I < I
MWFTA-2813 < I < I < I < I
MWFTA-29B < I < I < I < I
PWfT-A-2 < I < I NS NS
MWETA-20* < 5 0 53 JQ <5 < 4

20701 06 P'gc,, 2 ol 3
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TABLE 3-2

GROUNDWATER SAMPLING RESULTS FOR SELECT VOCs
LOWER WATER BEARING UNIT

Annual Groundwater Report - October 2002
Operable Unit 7

Defense Supply Center Richmond
Richmond, Virginia

____________ OCT-01 MAR/APR-02 JULY-02 OCT-02
(Units = pgIL)
MWFTA-14 1,1-Dichiloroethane
MWFTA-16 <1I < I < I <1I
MWFTA-17 < 50 < 33 < 50 < 56
MWFTA-18 <I <1I < I < I
MWFTA-19 <I < I < I < I
MWFrA-28B < I < I < I < I
MWFTA-29B < I < I < I < I
PWFTA-2 <I < I <1I <1I
MWFTA-20* 4 1 4 3 NS NS

_______ ______ 20 22 19 16

1,1-Dichloroethene
MWFTA-14 < I U) < I < I < I
MWFTA-16 < 50 UJ < 33 < 50 < 56
MWEFA-17 <I < I < I < I
MWFTA-1X <I < I <I < I
MWFETA-19 <I < I <I < I
MWFTFA-28B < I UJ < I < I <I
MWFTA-29B <I <I <I <I

PWFTA-2 2 2 2 4 NS NS
IMWFTA-20* 9 3 6 1 II 7 6 

Notes:
* ~~fractured bedrotk well

JQ Estimated, VaILUe is between reporting limit and detection limit
pg,/L micrograms per liter
NS not sampled
UJ undetected, Reported Detection Limit is imprecise

PREPARED/DATE TLN 5/19/03
CHECKED/DATE IAH 5/19/03
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TlABLE 3-3

GROUNDWATER SAMPLING RESULTS FOR SELECT TOTAL MNETALS
UPPER WATER BEARING UNIT

Annual Groundwater Report - October 2002
Operable Unit 7

Defense Supply Center Richmond
Richmond, Virginia

________________________ Oct-OX Mar/Apr-02 Jul-02 Oct- 02

(Units = pg/L)
Aluminum

AEHADG-10 272 85 3 JR 107 IQ 74 2 JQ
DMW-13A 1120 1520 1490 831
DMW-20A NS NS 239 145 JQ
DMW-22A < 200 < 200 60 1 JQ 78 7 JQ
DMW-25A 645 JQ 600 57 8 IQ 925
DMW-26A 196 JQ 140 JB 378 443
DMW-27A 325 390 619 435
DMW-33A < 200 32 3JQ SI JIQ 912JIQ
DMW-35A < 200 < 200 UJ Xl J Q < 200 UJ
MWII12-2 NS NS 218 6251IQ
MWFOS-l < 200 < 200 UJ 69 3 IQ < 200 UJ
MWFOS-3 NS NS 155 JQ 94 3 JQ
MVWFTA-1 329 JH 309 JH- 266 310
MWVIrA-10 NS NS 576 < 200
MWFrA-23 656 213 297 174JIQ
,MWFTA-3 478 277 268 246
MvWFTA-5 < 200 319 JQ 66 5 JQ < 200
MWFTA-7 1360 1 857 790 757
MWFTA-9 NS NS 125 JQ 60 1IJQ

Arsenic
AEI-IADG-l0 8I 27 9 47 6 39 6
DMW-13A < 5 < 5 < 5 < 5
DMIW-20A NS NS5 < 5 < 5
DNMW-22A 20 1 4 8 JQ 16 4 14 4
DMW-25A < 5 < 5 < 5 2 8JQ
DMW-26A <5 <5 6 9 26JIQ
DMW-27A KS5 < 5 < 5 < 5
DMW-33A < 5 < 5 < 5 < 5
DMW-35A < 5 < 5 < 5 < 5
MWII12-2 NS NS < 5 < 5
MWFOS-I < 5 < 5 < 5 < 5
iMWFOS-3 NS NS 26 7 27 4
MWFTA-l 42 5 39 9 3531 35 7
MIWFFA-10 NS INS 2 4 JQ 3 2 JB
iMvWETIA-23 96 6 49 3 94 3 77 2
NMWr'r'A-3 5! IX1 6 81 15 1
MWFrA-5 < 5 < 5<5< 
NMIWFA,-7 < 5 < 5 K< K)<

M!WETA-9 NS NS< <5

20701 06 Pl~wc I ot 2
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TABLE 3-3

GROUNDWATER SAMPLING RESULTS FOR SELECT TOTAL METALS
UPPER WATER BEARING UNIT

Annual Groundwater Report - October 2002
Operable Unit 7

Defense Supply Center Richmond
Richmond, Virginia

_________________________ Oct-01 Mar/Apr-02 Jul-02 Oct-02

(Units = pgIL)
Iron

AEHADG-10 33500 33700 23400 17700
DMW-13A 3380 3720 4090 2200
DMW-20A NS NS 2960 JQ 639
DNIW-22A 5420 328 1910 4070
DMW-25A 364 500 45 3 JQ 73 1
DMW-26A 12800 7830 18800 12500
DMW-27A 2990 3240 1960 4020
DMW-33A 6870 1060 5360 5240
DMW-35A 1610 1771JQ 1220 1460
MWI 12-2 NS NS 1810 1030
MWFOS-l 702 542 770 473
MWFOS-3 NS NS 3880 3850
MIWFTA-I 9920 9600 6780 7450
,MWFTA-10 NS NS 580 352
iMWFTA-23 64000 24300 37000 21800
MWFTA-3 1840 4200 1970 3290
rvlWFTA-5 1070 901 732 518
MWVFA-7 < 200 < 200 < 200 < 200
MWFTA-9 NS NS 345 226

Manganese
AEI-IADG-10 1080 1560 997 1 658
DMIW-13A 200 196 228 170
DNMW-20A NS NS 307 297
DNIW-22A 192 43 7 122 117
DM'VW-25A 467 8 1 JQ 183 11 4 ]Q
DMW-26A 107 172 103 70
DrMW-27A 16 1 JQ 26 1 10 9 JQ 20 3
DNIW-33A 1 39 63 5 153 146
DMW-35A 48 4 50 2 49 5 49 5
MWII12-2 NS NS 61 3 62 3
MvWFOS-1 60 8 46 I 49 1 44
NlWFOS-3 NS NS 65 4 65 5
MWP-TA-I 807 912 510 53!
MWTAl0NS NS 80 4 62 7
NIWFTA-23 519 1 52 428 198
MvWI-TA-3 43 7 106 52 6 78 4
MWFTA-5 46 8 47 2 48 7 50 5
NIWFTrA-7 40 5 24 2 67 8 3184

vIWI7 I'A-9 NS N'S 27 I 26 I

,Note',:
I I--tinotatd basedl onl QC daita
Ili Est iniatco. possibly biased high or false posi iviz based onl bhIai

corltarillIatIofl

IQ FI11snnCIated \Ilti is betwccn reportin~g linit and deteltion li-nit
liLI. inci ograins per liter PREPARLD/DATE TLN 5/l 9/03
N'S nlot sampled CH1ECKEI)/DATF. JA!II!/1
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7 04 9 2

TABLE 3-4

GROUNDWATER SAMPLING RESULTS FOR SELECT ITOTALNMETALS
LOWER WATER BEARING UNIT

Annual Groundwater Report - October 2002
Operable Unit 7

Defense Supply Center Richmond
Richmiond, Virginia

OCT-01 NIARIAPR-0. JULY-02 OCT-02

(Units = pgz/L) Aluminum
MVWFTA-I4 995 5i 2 JQ 75 JQ < 200

IWIFTA-16 704 JQ 626 JB 804 JQ 479
MWFrA-17 5250 5580 4520 4820
MWFTA-18 257 JB 107 JQ < 20001J < 200WU
IMWFTA-I9 673 691 878 837
MWFTA-2813 279 33 7 JQ [77 JQ < 200
NMWFTA-29B 1960 IN I1I10 ilH 1600 JH 1200 JH
PWFTA-2 19(001 1030 NS NS
MWFTA-20* 301 JR3 200 77 9 JQ < 200 UJ

Iron
MWFTA-I14 905 < 200 259 < 200
MWFTA-1 6 < 200 < 200 824JIQ 581
MWFTA-17 < 200 < 200 < 200 < 200
NIWFTA- I8 2910 1970 2430 1690
MWFrA- 19 < 200 200 < 200 < 200
MWF-TA,-28B 3130 2270 2590 2330
MIWFrA-29B [970 JH 508 604 IN 600
PWFTA-2 < 200 < 200 NS NS
NMWFfA-20* 520 19010Q 299 1 281

Manganese
MWFTA- 14 19 21Q I 7JQ 36 7 3 3JQ
MWF-rA- 16 12 4JQ 21 6 49 9 324
iMWFTA-17 < 20 < 20 < 20 < 20
MWFTA-18 III 84 105 77 3
MWIFTA-19 < 20 < 20 < 20 1318B
MWFTA-2813 175 222 237 209
NMWFrA-29B 71 3 15 3 l 2 4JQ l5 7JQ
PWFTA-2 1418B < 20 N s~
PMW~A-20* 139 713 1521J 96 I

Notes:

fractured bedrock well
I Estimated, based on QC data
III Estimatedl, possibly biased high or lalse positive based on blank Locnolatiiuon
ill E3sigmaed, possibly biased high based upon QC data

JQ Esuinnmed. Value is between reporting lioit and deieciion limit
p,,/L microlgramis per liter
NS not sampled PREPARED/DATL [LN 5/19/03

CHECKE[)/DATE ]AH 5/19/03
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TABLE 4-i

MANN-KENDALL TREND EVAI.UATION RESULTS
Annu.al Groundwater Repor -October 2002

Operable Unit 7
Derense Supply Center Richmond

Richamond, Virginia

Numberof Samples
Number or Samples; GreaterThno

___________ ________________ _____ _____ ~Le,, Than IO Equa t 1
#I of

WBU Loc.ation/Constituent n N~t S NMR Probability Z(calculated) Result/Note

Upper AEIIA-I)(GIII
POCE 9 0 -22 0 024 Decreasing
TCE 9 0 -24 0 01386 Decreasing
cit-I 2-OCE 6 0 -1 I________ No Trend
trans-I 2-DCn 7 6 
VO 7 6 _ _ _ _ _

I Il-TCA 9 0 -10 0 358 No Trend
l. I-DCA 9 2 -10 0 358 No rrend
It[-DCE 9 0 -20 0 044 N.o'rend

Uppcr DM\W- I3A_
PCE Io to10

__________ TOE ID 10o 
_____________ ts- I 2-DOE 5 5 I

trans-1I2-DCE 9 9 
____________ VO 10 10 I

____________ I II-TCA 10 10I

I I -DCA 10 10I
I I-DOE, ID 10 I

Uppe~r NIVV-21)A
POE 9 3 -22 0 024 Decreasing

____________ CE 9 0 -IS 0 06 N. Triiidt
cmI2-O)CE 4 0 -2 075 No Trend
iasI 2-DOE 3 3 -IS 0 032 No rrend

VO 9 9 I
I 1I-ICA 9 8

I I-I)OA 9 5 -22 0 024 IDecreasing
I -DOE 9 8 

Upper D)VV.22A
PCt: 12 0 -50 -3 3601 Decreasing
ICE 12 0 -47 -3 1613 Decreasing
,I, 2-DOCE 7 0 -17 0 108 )ceng

trisI2-DOE: II 6 -43 -3 3591 Decrea..ing
VO 12 S -38 -2 6474 IDecrtisng
I I -ECA 12 5 -46 -3 2143 Decr-'eing

I I -DCA 12 0 -62 -4 1829 Decreasing
I I-DOE 12 0 -57 -3 41 cr-sn

U,),,,r D)L\W-25A
[ICE I I 0 -39 -2 958 3 Decreasing
TOE I I I -35 ___________ -2 6469 IDecreasiog
LtS-I2-_DcIE 6 I -9 0 I 36 No I1rend
tras-I 2-I3OE I I 6 -25 -__________ 1 9706 No I rend
VO 12 10 A14 -2 4111 Dcc....t.,ng
I I [-I CA I? 9 -28 ___________ -I 9727 NiTrend

____________I MI-CA II 7 -20 ___________ -I 5797 N., Trend
I I4-DOE II 5 -21 -I 8064 No Tre....i

210701 06 ,I (i
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TABLE 4-1

MANN-KENDALL, TRENI) EVALUATION RESULTS
\nnual Groundwater Report -October 2002

Operable Unit 7
I)efense Supply Center Richmond

Richmond, Virginia

Number of Samuples
Number of Sample, Greater Than or

Le~ssThan IO Eqiual to Ifl
#of

WBU Locatio1ndCnnistituent NIDs S MIK Proibabilil, Zfcilcul.ted} Result/Note

Upper I)mv,.26k
PCE 0 9 
MCE 10 9 

cis- I2-DOLE 3 
iman I 2-DCF 9 8 

II I -TCA 1 I0 10
1.I-DCA IO JO1 
I -DCE 10 0 I

Upper DMW.27A
______ _____ PCE 10 9 __ _ _ _ _ _ _ _ _ _ _

______ _____ DCE 10 10I

____________ u-Il2-DCE 5 5 

____ ____ ____ trans-I 2-DCE 9 8I
VC 10 6 -21 0 072 No Trend

__________ I IlI-TCA 10 10I

__________ I I -DCA 10 10 

I -B_ C E 10 10 I__ _ __ _ _

Upper DNIWY-33A
___________PCC 9 0 -15 0 06 No Frend

5
b

TCE 9 -1[4 0 18 N. Trind
c's-I 2-DCE 7 0 I No Trendi
t~rnsI 2-I)CE S 4 14 0tiog No trend

vc ~~~9 4 1 6 0 12 No Trcnd
II I-17bA 9 0 -2 0 92 No, [ren.d

1 -DCA 9 0 -14 0 Is No Trendt
I -Dci: 9 0 -4 0 762 Nt. rend

Upper DIW)M-3A
PCE 8 0 -16 0 062 No Trtnd

TCE S 0 2 0 904 N.oIrend
cit-I 2-DCC 6 I 0 72 No rrand-

_______ ______ rant- I 2-BCE 7 7 

I I I-TC-X 8 6 
I -DCAx 8 7 

I1-D0CC 8 6 5 0 36 No I rtud"
Upper \IWFOS-II

____________ CE 7 7 

'ICC 7 6 
cm-I 2-DnCO 6 5 

______________ ro,,- I 2-L)CE 7 7 
VC 7 7 

_____________ I -lICA 7 7 

_______ _____ I-DCA 7 7 

l I-DCE, 7 7 
1J1,iicr ___ _ t__ _ _ _ _ _ _ _ _ _

PCF 7 
__________ T_ T E 7 Ii -a0 23i, N,, hInr d

I 2-DCC 6 0 -I I N,. I r ...d
tasI 2-D0(1 7 4I

VC 7 2 1 N.. [rind,

I I I-lCA 7 7 
I IDCX 7 7 
I l-ICI 7 72

20701 (1 ca 2 ol S
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TABLE 4-I

\IANN.KENI)ALL TREND EVALUATION RESULTS
Annual Groundwater Report -October 20)02

Operable Unit 7
Defense Supplyv Center Richnmond

Richmond. Virginia

Number of Samples
Number of Samples Greater Than or

Less Than IO Equal to 10

WBU Location/Constituent n ONDo' S MEK Probability L(calculated) Res.ul/Note

Upp r NIXVFI'Xk-I _ _ _ _ _ _ _ _

PCE 7 7 
TCE 7 7 
cis-I,2-DCF 5 I -6 0 214 No Trend
ri'lls-I 2-[)CE 7 7 

VC ~ 7 7 _

1,1,-ICA 7 7
llI-DCA 7 3 

il-BCE ~ ~~~~7 7 I
Upper NDYFTA-3

PCE 7 4 16 0 0054 Increa~,ng,
_____________FCE 7 0 9 0 238 No Trend

cis-I 2-DCE 6 0 9 0 136 No Trend
nans-I 2-DCE 7 0 II 0 136 __________ No Trend
VC 7 I 5 0S562 ________ N.Trend
I II-ICA 7 7 __ _ _ __ _ _ 

____________ I-DCA 7 I 7 0 191 _ _ _ _ _ _ _ _ NonTrendb
1,I-DCE 7 3 3 0 772 N. Trend

Upper NWFrA-5
PCE 7 7 I__ _ _ _ _ _ _

___________ TCE 7 7 

cis-1I2-DCE 6 6 
tran,-I 2-DCE 7 7 I

VC ~~7 7 __ _ __ 

Ill -rCA 7 7 I
1 I-DCA 7 7 
1I-DCE 7 7 

Upper MWFIA.7
PCIF 7 7 ___________

[CE 7 7 
c,-l I2-DCE 6 6 
ta.ns-I 2-B)CE. 7 7I
Vt) 7 7 

______ ______ 1,1 1-TCA 7 7 

1 J-D)CA 7 7 
I I-I)CE: 7 7 

Utpper NMWFTA-9
PCE 4 4 
FCE 4 4 1__ _ 

,s- I 2-DCE 3 3I
ituis-I 2-BCIE 4 4 __ _ _ _ __ _ _ _ 

VC 4 4 I
I II-TCA 4 4 
II-[I)CA 4 4 I
I _I-)CE 4 4 

Upper NIWFM-1A0 
____________ CE 4 4 

ICE 4 4 
,,,-I 2-BCL 3 3 
tirns-] I2[)C[ 4 4I
Vt) 4 4 

____________ 1 I -ICA 4 4I

I I-r)c\% 4 4 
-I4)CE I I 

21)701 'age 
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TABLE 4.1

NIANN-KENDALL TREND EVALUATION RESULTS
Annual Groundwaster Report -October 2002

Operable Unit 7
Defense Supply Center Richmond

Richmond, Virginia

Number of Samples
Number of Samples Greater Than or

____________ ~~~~~~~~~~~~~~Les Than 10 Equal to 10

WBU LocatuonIConmttuent 51 N~s S NIK Probablitly Z(calcutaled) ResulllNote

Upper NlWITA-23
____________PCE 5 9 -6 0 234 No Trend

ICE 5 32
_____________ 1.2-DCE 5 0 -6 0 234 No Trend

trans-I 2-1)CE 5 5 
____________ 5 I -S 0 084 No trend
____________ 1,1 l-TCA 5 52

Ll-DCA 5 52
___________ , lI - CE 9 52

Lower N]WFTA*14

PCE 6 6 
TCE 6 S 

c-I2-DCE 6 5 I
Irans- I 2-DCE 6 6 
VC 6 6 
1,j I-TCA 6 6 I
l I-DCA 6 6 ________ 

lI1-DCE 6 6 
Lower MWFIIA-16

PCE 7 7 2
[7CE 7 7 2
co- I2-DCE 7 0 2 0 386 No Trend
trsns-I 2-DCE 7 6 
VC 7 I IS 0 03 _________ No Trend
[,I I -TCA 7 7 
I [-[DCA 7 72
lI1-BCE 7 72

Lower %IWFI'A-17
____________ PCE 6 6 

rFC 6 6 I
______________ CS- I12-BCE 6 5I

tasI 2-l)CE: 6 6 
~~~~~V 6 6 

11I I-TCA 6 6 
I I-I)CA 6 6 1__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

1I-DCE 6 6 
Low. er MIWFrtA-i8

PCE 6 5 
rcC 6 5 

&r-I2-BCE ~ ~~6 0 -5 0 47 No Trend
cans-] I 2-CE 6 6 

VC ~ ~~~6 9 
LI1 I-EtA 6 6I
I -D)CA 6 5 
I I-[)CE 6 6 

Lower \IWEIA-19
PCC 6 I -3 0316 No Frinil
ItA. 6 0I

,,,-I 2-BCE 6 0 -13 0 0166 [)rerAi ...g'
cans- I 2C-DI 6 6I
Vt 6 6 

I I i-rCA 6 6 

l -DCA\ 6 i I 1-DCK (I 6 

25070 I 6 Of, I st 5
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TA BLE 4-1

\IANN-KENDALL TREND EVALUATION RESULTS
Annua l Groundwatter Report -October 2002

Operabl Unit 7
Defense Supply Center Richmiond

Richmonmd, Ntrginia

Number of Samples

Number of Samples Greater Than or
Less Than IO Equal lob1

#of

WIIU Lticat ... lConstituent a NI)s S NIK( Prohalitav Z(calculaed) Result/Note

Lower \tM-l'A-2813
PCE 5~ ~~~ a 

TCE 5 5 
cts-t 2-DCE. 5 5 I
trans-I 2-DeCE. 5 S

Vc ~~~ ~~5 5 
1Itt-FCA 5 5 
I 1-DCA 5 5 

_ _ _ _ _ _ _ _ 1 4-DC F 5 5 __ _ __ _ _

Lower %MWIFA-29t1
[ICE 5 5 
tCE 5 5 
cts-i,2-DCE 5 5 1
trans-Il,2-DCE 5 5 

VC ~ ~~~5 5 
ttt -FCA 5 5 

_________1 t~-DCA 5 5 
tlI-DCI_: 5 5 1

ledro.,k NMWFTA.2O
PCE 7 5 I No trend
TCE. 7 0 -II 0 136 N.oTrend
cis-1,2-DCE 7 0 -2 0 386 No Trend

trits 2-DCE. 7 9 02738 N. Trend
VC ~~ ~~~7 2 I 0 03 No Trend

1,1 I-TCA 7 5 -9 0 238 No trend
I1 I-DCA 7 0) -5 0 562 No Trend
11I-BCE 7 0 -5 0 562 No Trend

Nitles
n j~~~~ndicates Steo tts..al numhtr of samples

S calculated Mann-Kendaull (ME) statstic. tndtcales the stren.gth and the directon 01 the tered A poattte value nilficat-s
a. increasing trend andt a negatte value indicates a decreasing trnad

MIK Probability indicils the pro..babilty that a trend truly exists A lower MIK proability value india~tes a tigher probability that a trend
,xsts and MK probability less than. 005~ (95% coitfidence teveb area alssumed to he sgniicat It MIK probabilityc
005 lseit the directio..n of trend is deterined from S

zvcaltufaed e~astire ol likelihood o lotred If ,ib(Z(cak~ulated)) > I 9774 (95% cconfidence 1,vel ofat i wo-aled distribution)
exisitneec of i trend aLCpLaed
I rend does not appeatr to e suppasretd after eval,.uatio of the time seoris graphs or the concentr~atios l bfte consliltent

are tow~ and the apparent tered is not signicf~icatr this evalualt .n 
Manrt-tKeidatt statistcs evaluation perrfhormd usiig the otiL-tailed normal ditfimbtitio test du, to out of range data
reported for the two-tat lkd dtinirbtilon test

I ~~~~Results below the reportiitg limtasi
2 EIli' tesi riporlng lImi..ts trend can not be evaluated

PREPiAREDI)ll E [LItN 161221/20(13
C[ILCKEI)/IATL CNll) 06/24/2010

201701 (16 P.ag i of 



7 0 4 8

Is
LLJ

><

E'

lu 7

Lu
u

L)
LLI

> <

M
L)

>
7sa

<

:D
jz

0 0 0

r >
U

Q
L)

U U U O 0 U U <
5 5 ZD 5 Z:) - 5 o- 7 z z z z

>

zzzzzzzzzzzzzzzz

LLJ LIJ LLI
u < .. LLJ �dU < LuL) u

u L-I) ��U U > C u >
7



7 0 49 9

t -4

mC�
u

<

<
U

U ZL

L)

r
LI,
u u

LIJ P:

u

U
L)> u 0

U CD

w>
U

no
7z 0

U C) <
u <

O.:D > 0 U
U�u

LLI

72 2

M

zz z>

< E-
z7zzzz

Li
u <

Luwu
L) UCli I I-)>



0 0 _ ~ ~ 7 41 

- 0 -' (" ~fl - - -z -i C->

O En 0 E0- 
> 

z 4 
U] ~ aa- a.

o 0

u U o 0- " '2 5
> i a

> . E "
- 0 A 0 

u < ~~~~~0C

2I~~~~~~~~~~~~~

" a)- ,U 



7 04 101

-)2 to44~2 Z a

Z 0 ~ -~- Th C~'S - 3 

C ~ ~ ~ ~ 

nC) > ~ ~ E > U J
Cd'~- L- > , =. = .2-..

0 on= 0 E Z~~~~~~L L. D ~---5
Co0 ~ ~ ~ -- Cd- C C D

I C cnz z z iz ~

10 ~ d ~ ~ Cd C -

3 - L -'
w Cd ' 0LL d d - .. 

- T ,-



70 4 1 02

I- LU -~ ) .~4 C.

toZ L a C

- - -~ ~ a)b E

- U -=>: 0?~~~~~~~~~ 

0 1O C.~ -a 0

-j -au~~~~~ u~~ 

2 LU~~0 ~~~ cl~~~~~~
0 S~ ~~L

~~LUC)V E~~Z -~U-~n ~'-~0 -~ Cl- -

~ 0 N 0 V
z 0 z z z. 5 NzV

u L L < -
>IC - > ~ CL~



7 04 1 03

U z

0 0~~

L) 2 -

E5 C) -

F- ~ ~ ~ 

CS < L

GL) > ~ ~~C C



0 0 - -~~ 04 10 

a - CY

> C >

0. - tZ2 L

u u :- --

- S LU~~

~-a- ~ mu U Cl 0-0

~) C) U q

It r ~ ~ ~ ~ ~ ~ ~ ~ ~ ) 1 a 

c o~~~~~~~~~~~~~~~~~~~~~~~- a ~
>~~~~~~~~~~-0)V

- E - >- C

U ~~ -c~a)

> z H c~< H z z

..0a) tIC, kezzz0>

LQ LQC ) C

wCT r) -Ccl-. a-j -2

L)U ~ ~ ~ a 0~- a a) ~



704 1 0 5
u q
>

z

LQ LLI

u
a. LLI

0U u

'2E0
0Ur=- 7<;� -j �2 u

U

r > z z zzz z z z

ad

U

LTJ

> u u
u u u

7 -7

7v



70 4 1 06

-~ = CC C

a oM

u-0 ~ ~ ~ 2-

C C.) u~~C 2

mc>) J ) -

U <~~ C

.00<LI -r -C -< L

01 ~ C.) C) uu 

LL2 LLJ C! - C) C.) a
- Cu u 2u C

tp ~ ~ ~ ~ ~ S-~~ 



7 0 4 1 0 7

Z
<

<

u

u

-R

UrUZ)0 LLI
u

ujr > 7 <U

U

u E
=zzzzzzzz

LQL)
u

u
<

=--�Zz ZZZZ7

u

u
LU U
U r) <u <

LLJ �Q u u u
>

-�7
U

no

zi 7- Z Z



7 04 10 8



7 04 1 09

FIGURES































































70 4 14 0

FIGURES































70 4 1 55

A P642 A



70 4 15 6

APPENDIX A: HYDROLOGIC DATA



704 1 57

all?~ -•AJL> 4



7034 15 8

APPENDIX A FIGURES



7 0 4 1 5 9

>
z0 0 Z

z
0

-C U
UJ - ., , i

Z>
0ud -goa�z

z
z

z
zr,
> n z

Li, W W
04 W'at W

2

W
'fM <
tftft m
tttf� W

(D
W%,
AP; x >

C) pp;
< talk,

L <
.;!A; W 0 W

U) z z <U) 0 0 kept EL W
< Cliffs; z O

Z W z < W
z < 0 < clear Z)

CD <0 0 << U)
2 MtW

0 0 << file, U) C)
> < M. m

O Wu 0 W0 W
ppp�

tz

W cr
W

x
m 0

a:

W

0



704 16 0

ww

cow C in (DLJJZ~~~~~~~~~~w2 

H H -J ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ L 20

m !:
2 0 toY

0 2~~~~

LU N4

I~~~~s* 1=11 lb
0~~~~~~~~~~~~ 0

CD.

IL ~ -JCs

0~~~~~~~

z CL~~~z0

R I

z U ~ ~~~~~~~~~~~~ a.L

-J lii C~~~~~~~~~~tiC

zD

4 00

w E tr ~~ /C HC)

H 4 - 0- CD~~~~~~~~~D z

W I 0 4 W~~~~~~~~~~~ Z i
z / 0 .ft;~~~~~~~~ C~

$ a D Z~~~~~~
o (7 0 QFIFI

H C m 0~~~~~~~~

A?~~~~~~~~E
q~~~~~

C ~~~~~~~~~~~~~~

CD

0 0 o W~~~~~~ 

Lii~~~~~~~~~~~~~~~~~~~~~~~L

0 <0 0 0C w > 0 0 0
m ~Co)w Qi f

-4 ~~~~~~~~~~~~~~~~~~~~~0
Co0



704 1 6

U,~~
-aU

6 0 ~ ~~~ j >

CC C~~~~~~~~ 
Ito c~ ~ Wa

v0 4OC 

P- E0!0 z M> z2 W 

C ES EC !E d 0 

0~~~~~~~~~~~$ *o a 0

*~~~='0CV*~~~~~ E~~~2 ~~a 02 o 

~~~~E $~~~~~~~0 --L

o ~~~o~~aco o -

~~~~~~~~~~~~~~~ a )

et :

o~~~~ E Q
I - -~~~~~~~~~~c 

0 M~~~~~~~~~~ 

Ca 2~~~~~~~~~~~~

E 5~ ~ ~ ~ ~ ~~~~~ 
o ~ ~ ~~0a WW C

ov z

L) 0 0 a0 ) D I
0~~~~~ 
n -

C~~~~~~~~~~~~~~~~
0 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~2 

C~~~~~~~~~~~~~~~~

Er L)~~~~~~~~~~~~~~~~~U L

D ~ ~ ~ 2C

~~~~~~~~~ &~~~~~~~~~~~~~~ 

m 0~~~~~~~~~~~~~~~~ 

___ ______ C

z _ _ _ _ _ _ _ _ _ _ _ U

I L7L 
0 

0 - S2 a E ~ ~ ~ ~ <UN< _ -

o ~~~~~~~~~~~~~~~~0

Lu 0~~~~~~~~~~~~~~~~~~ 

0- 
CDU 0 U

















7 04 16 9

-Wfoo, xw~~/1



70 4 17 0

APPENDIX A TABLE



70 4 1 71

TABLE A-i

VALUES OF HYDRAULIC PARAMETERS
ESTIMATED FROM RESULTS OF AQUIFER TESTS

Annual Groundwater Report - October 2002
Operable Unit 7

Defense Supply Center Richmond
Richmond, Virginia

Transmissivity (ft2/daya)

Hydrogeologic Unit Range in OU 6 Range in OU 7 Range in 013 8

Upper Water-Bearing 10- 165 ()10 (7) 80 - 500 (3)(4)I

Confining Layer NA' NA 0 035 3

Lower Water-Bearing 68 - 115 (1 0 3 -25 (2) 110 - 275 (3)

Average Thickness of Unit (ftc)

Upper Water-Bearing 1 2 (1,3.5 1 6 (2).(6) (7) IS 5 3 (4)

Confining Layer 15 (l) (3),(5) 6 - IC (2) (6) (7) 18 4

Lower Water-Bearing 30 MI,3.M.5) 30 MO),(6(7) 15 -40 (3) (4)

Estimated Horizontal Hydraulic Conductivity (ftlday d)

Upper Water-Bearing 0 8- 14 ()0 22 -6 (7) (8) 6 3,4

Confining Layer NA NA 0 005 3

Lower Water-Bearing 2 3 -38 (8) 0 0005 - 097 C7 8 7 3 -18.3 (3)

Estimated Vertical Hydraulic Conductivity (ftlday)

Upper Water-Bearing NA 0 025 - 06 (7,1 NA

Confining Layer NA NA 0 00027 - 0 028 (3

Lower Water-Bearing NA 0 00005 - 0 097 Of9 0 73 - 1 83 (3

Storage Coefficient 

Upper Water-Bearing 0 0025 - 0013 (i) NA 001 - 040 (3,4

Confining Layer NA NA 0 00000002 (3

Lower Water-Bearing 0 0009 - 0071 (I 0 0046 (2) 0 00002 -0 00003 Of

Horizontal Hydraulic Gradient (ft/ftt )

Upper Water-Bearin~g 0 004 - 003

Confiningg Layer NA

Lower Warer-Beuring 0 009

1r2Aiy - qum te~( p~r (i iy
NA - pi.dir1cer Is Io DO rdlL I
fr - leet
li/(Iay - Ice[ per (Ilay
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TABLE A-I

VALUES OF HYDRAULIC PARAMETERS
ESTIMATED FROM RESULTS OF AQUIFER TESTS

Annual Groundwater Report - October 2002
Operable Unit 7

Defense Supply Center Richmond
Richmond, Virginia

Transmissivity (ft2lday')

Hydrogeologic Unit Range in OU 6 Range in OU 7 Range in OU S

Vertical Hydraulic Gradient (ftlftt )

Upper Water-Bearing /0 03 -2 6
Lower Water-Bearing

Confining Layer /Lower NA
Water-Bearing

Lower Water-Bearing /NA
Bedrock

Groundwater Velocity (ftidayt)

Upper Water-Bearing 0 006-4 - 0.79

Confining Layer NA

Lower Water-Bearing I 1x105 - 1.8xl10 4

Notes:

Sources of Information
(I) Law (2000)
(2) ES (1994)
(3) Powell et a] (1 990)
(4) Law (I996a)
(5) Dames & Moore, Inc (I 989a).
(6) Dames & Moore, Inc (I1989h)
(7) Law (2002).
(8) Hydraulic conductivity estimated as the quotient of transmissivity divided by saturated thickness of

transmissive unit
(9) Vertical hydraulic conductivity in each water-bearing unit assumed (LAW, 2002),0 b, oz~-icnh the valu of honzota

hydraulic conductivity in that unit

PREPARED/DATE MAV 07/31/03
CHECKED/DATE TLN 07/31/03

fr/li - tLU pet lee(

20701 06 2 ot 2
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APPENDIX A
PUMPING TEST RESULTS

SOURCE: ENGINEERING SCIENCE - 1993 - REMEDIAL INVESTIGATION FIELD
WORK - FIRE TRAINING AREA
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FIGURE D.6
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cc TEST ~~DATAET:

APIER1TYPE

I: / ~~~~~~~~~~~TEST DATA:
0 T~~~~~~EST WMAEDLL: tTES

a PT I-0.144 t/
a~~~

r = 0.01 4 ft 2/l

rc s 0.33 ft

I.~~ ~~~ ~ ~~~~~~ rI 0 0.83 ft

L
0.1 1. IS~1. 10. 1000. 1000.

flag (mW



7 04 1 79

PIFTA- 1 (Recovery) _______

DATA SET:
pwl r.

IL i/a9

It. AQUIFER TYPE:
ronfined

IL SOLUTION METHOD:
Thlei Recovery

9. ~~~~~~~~~~~~TEST DATE:

L ~~~~~~~~~~~~~~~~~15-OCt-93
TEST WELL:

1 . PWFTA-1

LB ESTIMATED PARAMIETERS:
* 1 *~~~~~~~~~~~~~~~ 0.007357 ft2/min

16 * 38.1

1 ~~~~~~~~~~~~~TEST DATA:
* 0~~~~~~~~~~~~~~~~~ =0o.40i1 ft3/min

L rc = 0.33 ft

rw 0.83 ft

L

1. 10. too. 1000. 10000. 13+15 13+06
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4I ~~~Engincring-Scicnce, Inc. C IT ent: DGSC

Project No.: 7B5710.07 Locatton: PTAi (Dull

DWM-21A (Pumping) ______

DATA SET:
21lap.

tO 11/14/93

AQUIFER TYPE:
Unconfined

SOLUTION METHOD:
L ~~~~~~~~~~~~~~~~Cooper-Jocob

0 ~~TEST DATE:

12-Oct-93 ... 15-Oct-93
TEST WELL:

1.5

A~~~~~~~~~~~~~-1

0~~~~~~~~~~~~~
U~~~~~~~~~~~

rc = 0.3307ft

rw * 0.83 ft
b = 12.67 ft

0.~~~~~~~~~~~IIIIIIHl
0.1 1. 10. 100. 1000. 10NN.

lime (tin
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C~~~~~~~~~~~C

00
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S E~~~ngineering-Science, im lint.DS

DWM-22A (Pumping) ______

DATA SET:
22wp.

LB -- ~ n ~ Ill 1111 II1111 Ii111 11/16/93

- ~AQUIFER TYPE:
Unconfi~ned

SOLUTION METHOD:
L ~~~~~~~~~~~~~~~~~Cooper-Jacob

TEST DATE:

1 0 TESTWELL

0 ~~~~ESTIMATED PARAMETERS:
1. ~~~~~~~~~~~~~~~T * 0.04375 1t2/min

r - 34.3 ft
rc * 0.33 ft

rw-0.83 ft
b - 20.02 ft

0.1 1. 10. 100. ~1000. 1low.
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* ~~Engleerin~g-Science. Inc.CIien:DS

DATA SET:
mfta3.

1. I II I I IIIII 1411/18/93

0.3 AQUIFER TYPE:
Unconfined
SOLUTION METHOD:

0.8 ~~~~~~~~~~~~~~~~Cooper-Jocob
TEST DATE:
12-oct-93... 15-Oct-93

TEST WELL:
Di0 PWF7A-1

OBS. WELL:
h0.5 rtWlA-3

IDA ~~~~~~~~~~~~ESTIMATED PARAMIETERS:
DA T * 0.374 1t2/rnin

5 * 0.0008526

TEST DATA:

0.2 Q olf/i
r - 232. ft

0 ~~~~~~~~~~re =0.33 ft

0.1 r'w *0.667 ft

I I I I I till I I -1-Jb = 11.62 ft

0.
iS. 100. ~~1000. iNOD0.

Time Wnl)
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DATA SET:
pw2e in.

L .l 11/18/93

0.9 ~~~~~~~~~~~~AQUIFER TYPE:
Confined

SOLUTION METHOD:
0.8 ~~~~~~~~~~~~~~~~Cooper et al.

TEST DATE:
0.7 ~~~~~~~~~~~~~~~~21-Oct-93

TEST WELL:
LI8 PWFTA-2

o ~~~~~~~~~~~~~OBS. WELL:
~0.

CA ~~~~~~~~~~~~EST IMATED PARAMIETERS:
T . 0.0002854 ft2/ruin

0.3 ~~~~~~~~~~~~~~S * 0.1452

TEST DATA:

0.i HD = 1.65 ft
rc 0.33 ft

rw = 0.83 ft

0.1 ~~1. 10. 100. 1000.
Time (Mtn)

4~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Ingineering-Science, Inc.CI en:DS

DATA SET:
pw2sout.

AQUIFER TYPE:

Confined

SOLUTION METHOD:

Cooper et ol.

TEST DATE:
0.7 25-Oct-93

TEST WELL:
PA PWFTA-2

065. WELL:

CA ~~~~~~~~~~~~~EST IMATED PARAMIETERS:
T * 0.00131 1t2/ain
S * 0.004477

TEST DATA:

0.2 ~~~~~~~~~~~~~~~~HO * 1.76 ft
rc * 0.33 ft
rw * 0.83 ft

0.1 1. 10~I. 100. 1000.
71me (min)
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APPENDIX A

MONITORING WELL DATA SUMMARY AND SLUG TEST RESULTS

SOURCE: LAW ENGINEERING AND ENVIRONMENTAL SERVICES - 1994 - DRAFT

FINAL REMEDIAL INVESTIGATION REPORT - FIRE TRAINING AREA
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SOURCE:

REMEDIAL INVESTIGATION
FIRE TRAINING AREA

DAMES & MOORE

MAY 1989
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APPENDIX B
SUMMARY DATA QUALITY COMPLETENESS
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APPENDIX B
DATA QUALITY COMPLETENESS SUMMARY - SEPTEMBER/OCTOBER 2001, APRIL 2002,

JULY 2002, AND OCTOBER 2002

B.0.0.0.1 Overall percent completeness for the data collection efforts and data quality objective (IJQO)

attainment for the groundwater collection efforts at Operable Unit (OU) 7 conducted in September/October

2001, April 2002, July 2002, and October 2002 ranged from 99 5 to 96.9 percent (%). A discussion of

compound and/or method completeness compared to project objectives, as well as effects of field conditions

on project objectives, is presented below. Table B-I presents a summary of the analyses performed for each

sampling event

B.1.1 Analytical Completeness

13.1.1.0.1 An analytical completeness goal of 90% was proposed for this project As previously stated, the

overall analytical completeness was achieved , however, some constituents did not meet the 90 % goal. The

following compounds exhibited percent completeness less than 90.

Compound -Specific Percent Completeness

Sept/Oct. 2001 April 2002 July 2002 October 2002

Volatile Compounds Volatile Compounds Volatile Compounds Volatile Compounds

Carbon disulfide 83% Acetone 0% Acetone 24.3% Acetone 80 95%

2-Butanione 52% 2-Butanone 73.0% 2-Butanone 83 33%

2-Hexanone 58% 2-Hexanone 24 3% 2-Hexanone 83 33%

Dissolved Gases

Ethane 74 3%

Ethene 74 3%

B3.1.1.0.2 The effect of data completeness below 90% for these compounds based on the project objectives

is negligible. Carbon disulfide was not detected in the samples. Acetone, 2-butanone, and 2-hexanone are

common laboratory contaminants Acetone was detected in some samples as well as in associated method

blanks and therefore, its presence in the samples is suspect 2-Butanone and 2-hexanione were either not

detected or below the practical quarnitation limit (PQL) in all the samples In addition, the data generated

for caibhon dioxide. 2-butanone and 2-hexanone does not adversely impact the overall risk assessment for the

site due to the lack of positive resul ts in excess of a risk-based concentration level Carbon disul tide, acetone.

20701 06 B-I
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2-butanone, and 2-hexanone are not constituents of potential concern (COPC) for OU 7. Ethane and ethene

results, in addition to several other parameters, are used to evaluate the water system's ability for natural

attenuation Because an evaluation of natural attenuation processes depends on several parameters, the

completeness of ethane and ethene results below 90% does not adversely impact the project objectives.

B.1.1.0.3 Thirteen groundwater samples from the lower water bearing unit (WBU) were collected in the

September/October 2001 field event and assayed for pH to confirm high pH (greater than 10) measurements

collected in the field duning the sampling effort. The pH measurements collected in the field were confirmed

by the laboratory analyses. Values of pH greater than 10 pH units are not typically found in natural

groundwater and may affect microbial activity and the valence state in which certain metals may exist in the

aquifer system. The basic pH values are not considered to significantly impact the project DQOs because the

data shows that natural attenuation is occumrng within the lower WBU at OU 7.

B.1.1.0.4 Two groundwater samples (MWFI'A-16 and MWFTA-20) were collected during the July and

October 2002 field events, both preserved and unpreserved for volatile organic compounds (VOCs), in order

to analyze the effects of the effervescence that occurs when the lower 'WBU samples are preserved with

hydrochlonic acid (HCI) Results were compared and found to be well within VOC limits for duplicate

analyses Although the results in the unpreserved samples were equal to or slightly greater than the results for

the preserved samples. there is no clear indication whether or not VOCs were lost dunng, the bubble

formation in samples preserved with HCL One more set of data is needed to accurately assess the

preservation of lower WBU samples. Project DQOs are not affected.

B. 1.2 Field Sampling Completeness

B.I.2.0.1 A total of 14 upper WBU, 10 lower WBU, and I bedrock well was proposed to be sampled

during the quarterly events to provide data to support a monitored natural attenuation (MNA) program as a

component of an effective remedy at each site (LAW, 2001). However, during the collection of samples

from and evaluation of monitoring wells at OU 7, changes to the quarterly events were implemented These

changes are presented below as follows

* Deleted monitoring well MWFTA-8 since monitoring well MWFT'A-7 is screened
within the same WBU and represents the same location as MWFTA-8

a Added well. DMW-20A, to obtain chemnical/delineate contamination prior to
boundary well, NMWFTA-7 per LAW Memo dated JUne 27, 2002

20701 06 B-2
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* Added well, MWFOS-3, to monitor high concentrations and determine the presence
of dense non-aqueous phase liquid (DNAPL) per LAW meeting on July 24, 2002

* Added wells, MWFTA-9 and MWFTA-lO, due to Virginia Department of
Environmental Quality (VDEQ) recommendation dated July 17, 2002

* Added Bldg. 112 well, MWI 12-2, to provide additional characterization to
background conditions per LAW meeting on June 24, 2002.

* Deleted well, DMW- 29B, because single cased well in lower WBRU - may be conduit
for lower WBU contamination from upper WBU - per LAW meeting on June 24,
2002 and memo dated June 27, 2002.

* Deleted well, PWFTA-2, because installation diagrams infer that the outer casing
may be improperly installed through the confining layer causing potential "leakage"
of upper WBU contaminants into the lower WBU per LAW meeting on June 24,
2002 and memo dated June 27, 2002.

B.1.2.0.2 Therefore, for added wells, DMW-20A,NMWFTA-9, MWFrA-10, MWI 12-2, and MWFOS-3,

only two quarters of analytical data have been collected In addition, the analytical data collected from

deleted wells, DMW-29B and PWFTA-2, may not be representative of conditions within the lower WBRU due

to improper well construction and the analytical data should be considered estimated. Water levels were

collected on each of the added wells, with the exception of MW 1 12-2, duning each quarterly sampling event

and complete potentiometric surface maps for the upper and lower WBI~s could be defined for each quarter.

However, there are not sufficient bedrock wells to determine either water quality conditions or the

potentiometric surface within fractured bedrock at OU 7. See Table A2-1 for details.

B.1.2.0.3 In some instances, field parameters or analytical parameters were not collected/not analyzed due

to inclement weather, insufficient volume of water, improper preservation, or sampling error. Ferrous iron

was not collected duning one of 4 quarters in groundwater samples collected from monitoning wells,

MWFTA-19 (April 2002), MWFT'A-28B (April 2002), MWFOS-3 (Apnil 2002), and DMW-20A (July

2002). Ferrous iron was not collected from monitoring wells MWFrA-19 (Apnil 2002), MWFOS-3 (Apnil

2002), and DMW-20A (July 2002) due to sampling oversight and from MWFTA-28B3 (April 2002) due to

insufficient volume of water Sulfide was not analyzed for the groundwater sample collected from

monitoning well DMW-27A in October 2001 due to improper preservation Both feirous iron and sulfide

results, in addition to several other parameters. are used to evaluate the water system's ability for natural

attenuation Because an evaluation of natural attenuation processes depends on several parameters, the

absence of one quarter of data do not adversely impact the project objectives
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LIST OF ACRONYMS

CCB continuing calibration blank

CCV continuing calibration verification

DQE data quality evaluation

DQO data quality objectives

DSCR Defense Supply Center Richmond

HCI hydrochloric acid

ICB initial calibration blank

ICy initial calibration venification

LAW Law Engineering and Environmental Services, Inc.

LCS laboratory control sample,

MACTEC MACTEC Engineering and Consulting, Inc.

MDL method detection limit

mg/L milligram per liter

MNA Monitored Natural Attenuation

Ms Matrix Spike

MSD Matrix Spike Duplicate

OU Operable Unit

PAH polycyclic aromatic hydrocarbon

PCB polychlorinated biphenyl

QA Quality Assurance

QC Quality Control

RPD relative percent difference

RL reporting limit

SAP Sampling and Analysis Plan

SDG sample delivery grouIp

SIM selective ion monitoring

SMF sporadic marginal failure

STL Severn Tient Laboratories, Inc

TOC Total Organic Carbon

USACE United States Army Corps of Engineers

USEPA United States Environmental Protection Ag~ency

VOC volatile orguanic Compound

WB U water bearing unit

mnicrogiarns per liter

%D ~~percent difference

%R ~~peicent recovery
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APPENDIX C - DATA QUALIT EVALUATION AND DATA SUMMARY TABLES

C.O INTRODUCTION

C.O.O.O.1 The following sections present the analytical laboratory used, the data quality objectives (DQOs)

for the project, results of the analyses of the quality control (QC) samples, tabular summanies of the

analytical data obtained, and a discussion of the quality of the analytical data for Operable Unit (OU) 7 (Fire

Training Area Groundwater) at the Defense Supply Center Richmond (DSCR) This data quality evaluation

(DQE) case narrative summanizes the data quality from the October 2002 quarterly groundwater sampling

event at OU 7.

C.O.O.O.2 The data validation was performed in general accordance with the Final Sampling and Analysis

Plan (SAP) (Law Engineering and Environmental Services, Inc. [LAW], 1992), United States Army Corps of

Engineers (USACE) Shell for Analytical Chemistry Requirements (USACE, App. I, February 2001), United

States Environmental Protection Agency (USEPA) and Region HII National Functional Guidelines for

Organic and Inorganic Data Review (USEPA, June 2001, October 1999, and February 1994, respectively),

and the appropniate analytical method iequirements as presented in Test Methods for Evaluating Solid Waste,

USEPA SW-846, Update III and subsequent revisions (USEPA, 1996).

C.1 ANALYTICAL LABORATORY

C.1.O.O.I Groundwater samples collected from monitoring wells in October 2002 were analyzed by

Severn Trent Laboratories, Inc., (STL) of North Canton, Ohio, for volatile organic compounds (VOCs),

polycyclic aromatic hydrocarbons (PAl-s), polychionnated biphenyls (PCBs). anions (chloride, nitrate, and

sulfate), alkalinity, sulfide, total and dissolved metals, and total organic carbon (TOC). Samples were also

sent to STL of Santa Ana, California for analysis of dissolved gases (carbon dioxide, methane, ethane, and

ethene) In addition, Microseeps of Pittsburgh, Pennsylvania analyzed select samples for dissolved hydrogen

C.I1.0.0.2 All samples collected were analyzed uising USEPA SW-846 methods VOCs were analyzed by

Method 826018. PA~s by selective ion monitoring (SIM) Method 8270C, PCBs by Method 8082, anions by

Method 3000A. alkalinity by 310 1, sulfide by 376 1, dissolved g-ases by Method RSK-175, total and

dlissolved mietals byNMethods 6008, 7470A, and 7841, and TOC byMethod 9060. Dissolved hydrogen was;

ainalyzed by Microseeps Method AM20GAX
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C.2 DATA QUALITY OBJECTIVES

C.2.O.O.1 Project-specific DQ~s are descnibed in Section 8 0 and presented on Figure 8-2 of the Quarterly

Groundwater Sampling Plan for OU 7 (LAW, 2002). Once the environmental data have been collected and

analyzed, the consultants assess the laboratory data for its usability as prescribed by project goals. The

criteria that measure the usability of environmental data as it relates to project objectives are data accuracy,

precision, and completeness. Evaluation of these criteria ultimately reveals the representativeness and bias, if

any, present in the sampling and analytical processes These criteria are explained in detail in Section 7 1.1 of

the Final SAP (LAW. 1992)

C.3 DATA QUALITY EVALUATION PROCEDURES

C.3.O.O.1 The procedures used by MACT'EC Engineering and Consulting, Inc. (MACThC) for data

evaluation and validation are described in the DQE standard operating procedures (LAW, 2001/2002). The

primary DQE was performed by MACTEC's staff or project chemist The DQE narrative and qualified

(flagged) data tables were reviewed by a senior chemist.

C.3.O.O.2 The laboratory data, field QC data, and field notes provide the information to evaluate the

analytical data for accuracy, precision, completeness, and representativeness with respect to the project-

specific DQOs. The data are first evaluated based on field notes taken during collection of the samples to

assess sampling conditions and sampling procedures or determine if changes to the planned procedures were

necessary. Secondly, each sample shipment sent to the laboratory is assessed for adherence to method

prescribed holding times, proper chain-of-custody documentation, correct usage of sample containers, and

sample integrity upon receipt by the laboratory

C.3.O.O.3 The laboratory's internal QC procedures for calibration, method validation, and performance

evaluation include appraisal of method prescribed tune (for gas chromatograph/mass spectrometer) and

calibration cnitenia, method blank analyses, laboratory control sample (LCS) analysis, matrix spike

(MS)/mnatrix spike duplicate (MSD) analyses, and assessment of surrogate and internal standard recovery

where applicable MACTEC'S evaluation of the laboratory data focuses on exceptions to the planned QC

activities, problems encountered, and the effectiveness of the methodologies used within the laboratory The

data are then evaluated overall with respect to the project DQOs. providing the completeness The following

sections present the evaluation procedures used for the analytical data with respect to the project-specific

DQOs
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C.3.I EVALUATION OF FIELD DATA QUALITY

C.3.t.O.1 QC and quality assurance (QA) samples were collected to assess the quality and

representativeness of the field sampling activities and the accuracy of analytical results from the primary

laboratory. Field QC and QA samples are required by the USACE protocols (USAGE, 2001) and were

specified for collection in the Quarterly Groundwater Sampling Plan for OU 7 (LAW, 2002) The QC and

QA samples collected and their use were presented in Appendix C (Data Quality Evaluation and Data

Summary) of the OU 7 Quarterly Groundwater Sampling Technical Memorandum (MACTEC, 2003).

C.3.2 EVALUATION OF LABORATORY DATA QUALITY

C.3.2.O.1 Laboratory data are evaluated to assess adherence to method prescnibed calibration and/or

continuing calibration criteria, method blank analysis results, analyte recovenies from LCS, MS/MSD

recoveries and relative percent differences (RPDs), surrogate recoveries and ultimately, completeness.

Except for completeness, these cniteria are used to evaluate the accuracy and precision of the data generated

by the laboratory Furthermore, the USAGE specified control limits for the major USEPA SW-846

methodologies are presented in the Shell document (USAGE, Appendix I, February 2001) and data were

evaluated based on those limits The analytical methods and the associated limits used for analysis of the

environmental samples collected during the October 2002 sampling event was included in the Shell

document

C.3.2.O.2 In general, control limits not addressed by the USAGE in the Shell document default to

laboratory generated limits. Laboratory-established control limits are based on the mean percent recovery

plus or minus three standard deviations of the mean using a miunimumn population of 20 recovery values.

Specific laboratory QC elements considered in the calculation of precision, accuracy, representativeness, and

completeness are presented in Appendix C (Data Quality Evaluation and Data Summary) of the OU 7

Quarterly Groundwater Sampling Technical Memorandum (MACTEC, 2003)

C.4 DATA QUALITY EVALUATION

C.4.0.O.1 The comprehensive analytical results for samples associated with this site are summarized in this

Appendix as Tables C-I through C-4 Analytical results are quantitated at the reporting limit (RL) but

evaluated down to the method detection limit (MDL) The MDL is defined as the minimum concentration

of a substance that can be medsUied and reported with 99 percent confidence that the value is above zero.

The RL is defined a; the lowest level that can be reliably achieved within specified limits of precision and
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accuracy during routine laboratory operating conditions as defined by SW-846. Data points reported at

concentrations above the MIDL, but less than the RL are considered estimated quantitative values and are

qualified as "JQ" RLs are adjusted by the sample weight/volume extracted and analyzed, moisture

content (soils and sediments only), and/or dilution, and therefore may be different for each sample.

C.4.0.O.2 The following sections provide summary discussions of data quality for the October 2002

sampling event for 013 7 at DSCR. Each section highlights the main points of data quality indicators and

identifies data points that require qualification Data qualification flags and their descriptions are presented in

the footnotes of Tables C- I through C-4

C.4.0.0.3 DQE forms were generated and used by MACTEC to document the evaluated data components.

These forms are arranged so that parameters affecting all samples are reviewed first, such as proper execution

of chain-of-custody, temperature of the samples upon receipt at the lab, appropniate sample

containers/preservatives, etc These original forms and the respectively flagaged data tables are filed with each

sample delivery group (SDG) after senior review.

C.4I GROUNDWATER -OCTOBER 2002

C.4.I.0.I A total of 27 groundwater and 5 duplicate samples (two for preservation technique) were

collected at OU 7 in October of 2002. Monitoning well sample locations were selected to obtain information

to determine if natural attenuation of chloninated solvents was occumrng and were assayed for VOCs, total

and dissolved metals, and monitored natural attenuation (MNA) parameters dissolved gases (including

hydrogen), anions, TOC, alkalinity, and sulfide. In addition, two upper water beaning unit (WBU)

groundwater samples (MWvFTA- I and MWFTA-3) and one duplicate sample (OU7DUP-2) were assayed for

PAHs and PCBs

C.4.1..2 The correct sample containers and preservatives were used for the analytical methods specified

on the chains-of-custody. Lower WBU samples were collected without hydrochlonic acid (HCI) preservation

due to the effervescing of the samples upon their addition to the preserved sample vial. Two of the samples

(MWFTA- 16 and MWFTA-20) were also collected with HCI preservation to assess the effects of the

preservation technique on VOC concentration The chains-of-custody were executed properly and all hold

times were met. Additionally, the conect methods were employed for both extraction/digestion and analysis

as outlined in tile work plan The appropriate Unlits, detection limits, and compounds wvere reported by the

lhiboimtoiy per thle July 2002 subcontract agzieement between NMACTEC and STL - North Canton
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C.4.l.1 Groundwater - Upper WBU

C.4.1.I.1 Nineteen groundwater and two duplicate samples were collected from the upper WBU at 011 7 in

October of 2002. Each of the monitoring welt sample locations from the upper WBU were assayed for

VOCs, total and dissolved metals, and MNA parameters. Two of the locations (MWFTA- I and MWFTA-3)

were additionally sampled and analyzed for PAI-s and PCBs

C.4.1.1.2 Volatile Organic Compounds (SW8260B) - The initial calibration tunes passed the QC

requirements outlined in the Shell document and the method. VOCs were calibrated using either the average

relative response factor and/or quadratic curve and were within specified limits In the initial calibration

verification (ICV) performed on 10/21/02, dichlorodifluoromethane exceeded the plus or minus 20 percent

criteria The results were qualified as estimated and flagged (UJ) in the following samples:

DMW-22A DMW-26A DMW-27A DMW-33A MWFOS-l
MWFOS-3 MWFTA-3 MWFITA-5 MWFTA-9 MWFTA- I 0
OU7DUP-2 TB-101502-l TB-101702-2 TB-102902-1I

C.4.I.1.3 The continuing calibration verification (CCV) standards associated with the OU 7 groundwater

samples were analyzed as appropriate and some compounds exceeded limits specified by the USAGE or the

method Qualifications were made based on percent difference (%D) observed in the CCVs analyzed on the

dates indicated below. Qualifications were assigned for high and low biased (J for detects and UJ for non-

detects) exceedances in the CCV, unless overridden by qualifications for other QC exceedances If the %D

observed for a compound exceeded plus or minus 40% or the compound exceeding %D criteria in the CCV

also exceeded percent recovery (%R) cniteria in the LCS, the associated results were qualified as unusable

(fla~gged R)

CCV Date Affected Compounds Associated Samples

10/22/02 Acetone DMW-26A DM'W-27A MWVFOS-l
Bromoform MWF`TA-3 OU7DUP-2 TB-101502-2
Dichlorodifluoromethane
Hexachlorobutadiene
Trichlorofluoroiiethane
2-Hexanone
2-B31.tanone

10/24/02 Acetone AEHADG-10 OU7DUP-1
Caibon disulfide
D ichlIorodi fluoromet hane

2(1701 016 C-5
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CCV Date AfetdCmonsAscaeSmps

10/30/02 Acetone TB- 10 1702-2
Dichlorodifl uoromethane
Hexachlorobutadiene
Naphthalene
n-Butylbenzene
I1,2.3-Trichlorobenzene
I1,2,4-Trichlorobenzene
2-Butanone
2-Hexanone

11/01/02 I1,2,3-Tnichlorobenzene DMW-33A MWFTA-5 MWFTA-9
I1,2,4-Trichlorobenzene MWFTA- 10 TB- 102902-l
Hexachlorobutadiene
Naphthalene
n-B utylbenzene
sec-Butylbenzene
Acetone (unusable)
2-Butanone (unusable)
2-Hexamone (unusable)

11/06/02 I1,2,3-Tfichlorobenzene DMW-22A
I1,2,4-Trichlorobenzene
2-Butanone
2-Hexanone
Hexachlorobutadiene
Naphthalene
n-Butylbenzene
Acetone (unusable)

C.4.1.I.4 The batch specific preparation blanks did not have analytes of interest greater than the RL The

following method blanks contained the indicated compounds at concentrations above the MDL but below the

RL. The associated OtJ 7 samples with concentrations less than or equal to ten times the blank concentration

were accordingly qualified as estimated with possible method blank contamination and flagged "JB', unless

overridden by qualifications for other QC exceedences.

Blank Date Compound Concentration Flagged Samples

10/22/02 Acetone 1 2 microgram DMW-26A
per liter (pg/L)

10/30/02 Acetone 1 4 jIg/L No flag - results non-detect

11/01/02 Methylene Chloride 0 35 pg/L TB- 102902-1

C.4.1.I.5 Batch specific LCSs were also analyzed and recoveries were acceptable, with the following

exceptions Qtialifications were assigned for either high biased (JH for positive results and UJ for non-

detects) or low biased (JL for positives or UL for non-detects) exceedances in the LCS. unless overnidden by
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qualifications for other QC exceedances. If the %R observed for a compound exceeded plus or minus 40% or

the compound exceeding %R centenia in the LCS also exceeded %D centeria in the CCV. the associated results

were qualified as unusable (flagged R). No qualification was necessary for LCS/LCSD failures that met

sporadic marginal failure (SMF) critenia

LCSILCSD Affected Compounds Associated Samples

11/01/02 Acetone (unusable) DMW-33A MWFITA-5
2-Butanone (unusable) MWIFTA-9 MWIETA-10
2-Hexanone (unusable) TB-102902-1
4-Methyl-2-pentanone (low)

C.4.1.1.6 MSIMSDs were specified and performned on groundwater sample MWIFTA-1I. Acetone and 2-

butanone recovenies were below QC limits, but no flags were necessary because the failures were within

SMF limits.

C.4.1.1.7 Two field duplicate pairs (AEHADO-10/OU7DUJP-1 and MWFTA-3/OU7DUP-2) were

collected and analyzed for VOCs RPD between the parent sample and the duplicate sample is outside of

specified limits (<30%) for 1.1-dichloroethene in AEH-ADG-10/OU7DUP-1 Both the parent and the

duplicate sample were qualified as estimated and flagged "J" The surrogates and internal standards added

to the samples by the laboratory were recovered within specified limits.

C.4.1.1.8 The trip blanks associated with the 011 7 samples were analyzed, but were not reported to contain

VOCs above the RL However, the tnip blanks contained methylene chlonide, bitt the associated samples

were either non-detect, greater than five times the blank value, or already flagged "JB" for method blank

contamination. No further flagging was necessary. An equipment blank (OU6EQB-1I: SDG #A2K070276)

was collected to assess possible contamination from using non-dedicated sampling equipment. Acetone,

methylene chlonide, and toluene were found in the equipment blank No flags were necessary because the

associated results were non-detect or greater than five times the blank value in the associated samples

C.4.I.1.9 The following samples were diluted to place the VOC results within the range of the calibration

curve, which resulted in elevated RLs.

Dilution Dilution Dilution
Sample Factor Sample Factor Sample Factor

AEHADG-10 125x DMW-33A 66 67x MWFOS-3 333 33x
MWFTA-3 Zx MWFTA-23(l) 1250x MWFrA-23(2) 1666 67x
OU7DUP-lI 125x OU7DUJP-2 2x

20701 06 C-7



7 04 2 19

C.4.1.1.1O Additionally, the following data points were reported at concentrations above the MDL, but less

than the RL and were qualified as estimated and flagged as "Q

Sample ID Affected Compounds

AEHADG- 10 Naphthalene, I, 1-Dichloroethene
DMW-20A Chloromethane
DMW-22A 1,1-Dichloroethane, 1, 1-Dichloroethene. 1 ,2-Dichlorobenzene
DMW-25A Acetone
DMW-26A cis-1I,2-Dichloroethene, Trichloroethene
DMW-33A Methyene chloride
DMW-35A Acetone
MWFOS-3 Methylene chlonide, trans-1,2-Dichloroethene, Vinyl chloonde
MWFTA-l 1,1I-Dichioroethane, Acetone
MWFTA-3 1,1-Dichloroethane, 1,1-Dichloroethene
MWFTrA-7 Acetone
MWFTA-23(2) Vinyl chloride
OU7DUP-1I Naphthalene
OU7DUJP-2 1,1I -Dichloroethene

C.4.1.1.11 Any value reported below the RI. but above the MDL that was previously flagged "J" is

subsequently overridden by the "JQ" qualifier.

C.4.1.I.12 Dissolved Gases (RSK-175) - The initial and continuing calibrations for each instrument used

for the analysis of dissolved gases met acceptable cniteria. Some of the laboratory batch preparation blanks

(Method Blanks) contained methane or carbon dioxide. The methane result in sample MWFT'A-5 was

qualified as estimated with possible method blank contamination and flagged "IB3". Batch LCSs for

dissolved gases were within acceptable limits, and MS/MSD spikes were not performed for dissolved gases.

C.4.1.I.13 The tnip blanks were analyzed and contained carbon dioxide and/or methane. Methane in

samples DMW-35A, DMW-13A, DMW-20A, and DMW-25A was less than five times the blank value and

qualified as estimated with possible method blank contamination and flagged "JB".

C.4.1.I.14 An equipment blank (OU6DQB- 1) was collected and analyzed with SDG # A2K070276 to assess

possible contamination from non-dedicated sampling equipment. Althoug-h carbon dioxide was detected in

the equipment blank, the result was flagged "JB" for method blank contamination No flagging of the data

for equipment blank contamination is necessary.
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C.4.1.1.15 Two field duplicate pairs (AEHADG-l0/OU7DUJP-1 and MWVFTA-3/OU7DUP-2) were

collected and analyzed for dissolved gases. RPD between the parent sample and the duplicate sample is

within specified limits (<20%)

C.4.1.1.16 Results were evaluated and reported down to the MDL Rlagging of dissolved gas results less

than the RL but greater than the MIDL (JQ) was necessary for ethane in MWVFTA-23 and methane in TB-

101602-1. Any value reported below the RL but above the MDL that was previously flagged "J" is

subsequently overridden by the "JQ" qualifier.

C.4.1.I.17 Polynuclear Aromatic Hydrocarbons (PAHs by SW8270C SIM) - Analysis for PAHs by

method 8270C SNM was performed for samples MWIFTA-l, MWFT'A-3 and OU7DUJP-2 The initial and

continuing calibration for each instmument used for the analysis of PAHs met acceptable criteria The

laboratory batch preparation blanks (method blanks) did not contain PA~s

C.4.1.1.18 The batch LCSs for PAHs were within QC limits MIS/MSD recovenies in spiked sample

MWFTA-1 were within specified limits

C.4.I.1.19 One field duplicate pair (M\VFrA-3/OU7DUJP-2) was collected and analyzed for PAHs RPD

between the parent sample and the duplicate sample was not calculated because there were no positive results

for PAl-s. The recovery of surrogate terphenyl-d14 was above the QC limit in sample OU7DUP-2. No

qualification was necessary, since the rest of the surrogates were within the QC limits, and there were no

positive results for PAHs

C.4.1.I.20 Results were evaluated and reported down to the MIDL Flagging of PAH results less than the RL

but greater than the MDL was required acenaphthene, anthracene. and fluorene for sample MWFTA-1. Any

value reported below the RL but above the MIDL that was previously flagged "J" is subsequently ovemrdden

by the "JQ" qualifier.

C.4.I.I.21 Polychlorinated Biphenyls (PCBs by SWSOS2) - Analysis for PCBs by method SW8082 was

performed for samples NIWFTA-l. MWFTA-3 and OU7DUP-2 The initial and continuing calibration for

each instrument used for the analysis of PCBs met acceptable criteria. The alternate source ICV was also

with QC limits The laboratory batch preparation blanks (method blanks) did not contain PCBs
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C.4.1.I.22 The batch LCSs for PCBs were within QC limits. MS/MSD recoveries for spiked sample

MWVI'A-lI were within QC limits.

C.4.1.1.23 One field duplicate pair (MW1FIA-3/OU7DUP-2) was collected and analyzed for PCBs RPD

between the parent sample and the duplicate sample was not calculated because there were no positive results

for PCBs. One surrogate (decachlorobiphenyl) recovered below the QC limit in sample MWFTA-l, but no

flags were necessary because the other surrogate (tetrachloro-meta-xylene) recovered within the QC limit

C.4.1.1.24 Results were evaluated and reported down to the MDL Flagging of PCB results less than the RL

but greater than the MDL was not required

C.4.1.1.25 Total and Dissolved Metals (SW6O1OB) - The initial calibration for each instrument used for

the analysis of dissolved and total metals met USACE cnitenia The alternate source IC!Vs were within IC

percent of their true value. The low-level calibration checks performed for metals analyses exceeded QC

criteria as indicated below. The associated non-detect results were qualified as estimated and flagged "UL"

for low jrecovenes and "UJ" for high recoveries.

Date Metal Flag Associated Samples

10123/02 Aluminum UJ AEHADG-10 (dissolved), DMW-35A (both),

MWFTOS-1I (both), OU7DUJP- I (dissolved)

Zinc UL DMW-20A (both), DMW-25A (both), DMW-26A (both),
DMW-27A (both), DMW-35A (both), MWI1 12-2 (both),
MW~FOS-lI (both), MWFOS-3 (both), MWFTA-lI (both)

1 1/12/02 Antimony UJ DMW-22A (both), DMW-33A (both), MVWFTA-5 (both),
MWIFTA-9 (both), MWFrA-l0O (both)

C.4.t.1.26 The CCVs were within 10 percent of their true value The laboratory batch preparation blanks

(Method Blanks) contained arsenic, calcium, copper, manganese, and/or potassium above the detection limit

The associated icSUlts less than five times the blank value were qualified as estimated and flagged 11B".

Therefore, the total copper results, for DMW-22A and DMW-33A, and the dissolved copper result for

MWFTA- 10 were qualified as estimated and flagged "JB"

C.4.I.1.27 The batch LCSs for dissolved and total metals were within USACE prescribed limits (SO-

120%R) The MS/MM) recoveries for total and dissolved metals in MWFTA-lI and total metals in MWFOS-

3 and MWFTA-9 w~cre wirthin QC limits
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C.4.1.1.28 Two field duplicate pairs (AEHADG-10/OU7DUP-l and MWFTA-3/OU7DUP-2) were

collected and analyzed for metals. The RPD between the parent and the duplicate sample results was

outside of control limits for total and dissolved vanadium in AEHADG-IO0OU7DUP-I and the results

were qualified as estimated and flagged "J" unless overridden by other QC critenia. There were no

dissolved results that exceeded the total results by more than the QC limit.

C.4.1.1.29 A senal dilution to assess new matnices was performed on samples MWETA-1, MWFTA-9. and

MWFOS-3 Recoveries were within 10 percent of their oniginal value with the exception of total potassium

in MWFOS-3. and potassium and manganese in MWFT'A-9. The associated results that were greater than 50

times the MDL (potassium in samples MWFOS-3 and MWFTA-9) were qualified as estimated and flag'ged

"J'X unless ovemrdden by other QC cnitena.

C.4.1.t.30 An equipment blank sample (OU6EQB-l) was collected and analyzed (SDG # A2K070276) to

assess potential contamination from non-dedicated sampling equipment Sample OU6EQB-I contained

reportable levels of total and/or dissolved arsenic, barium, cadmium, calcium, cobalt, iron, manganese, and

zinc The following results were less than five times the equipment blank value and qualified as estimated

arid flagged 3"

Metal Affected Samples

Arsenic MWFTA- I0 (total)
Cobalt MW~FOS-3 (both), MIWI 12-2 (both), MWFTA-9 (both), MWFTA-10 (dissolved)
Iron MWFTA-9 (dissolved), MWFTA-1O (dissolved)

C.4.1.I.31 Results were evaluated and reported down to the MDL Ra~gging of total and dissolved metals

results less than the RL but greater than the MDL (JQ) is descnibed below.

Sample ID Affected Metals

A-EHADG-10 Aluminum (total), Barium (both), Beryllium (both), Calcium (both), Cobalt (both), Nickel
(both). Potassium (both), Vanadium (both)

DMW-13A Barium (both). Beryllium (both), Cadmium (both), Calcium (both), Cobalt (both), Lead

(total). Magnesium (both), Nickel (both), Potassium (both)

DMW-20A A1.1luinm (both). Barium (both). Beryllium (both), Calcium (both). Magnesium (both),
Nickel (both), Potassium (both)

DMW-22A Alumniunu (both), Bdrmiu (both)

DMW-25A Arsenic (total), Barium (both), Cobalt (both). Chromium (both). Copper (both). Magnesium
(both), Manganese (both). Mlolybdenum (total). Nickel (both). Vanadium (both)

DMW-26A Arsenic (both). Barium1 (both). Calcium (both), Ma~gnesfium (both), Vanadium (both)
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Sample ID Affected Metals

DMW-27A Barium (both), Beryllium (both), Calcium (both), Cobalt (both), Magnesium (both).
Potassium (both), Vanadium (both)

DMW-33A Aluminum (both), Banium (both), Beryllium (both). Zinc (total)

DMW-35A Barium (both), Beryllium (both), Calcium (both), Magnesium (both), Nickel (both).
Potassium (both), Sodium (both)

MW I 12-2 Aluminum (both), Barium (both), Beryllium (both), Calcium (both), Magnesium (both).
Nickel (both), Sodium (both)

MWFOS-1 Banium (both), Beryllium (total), Molybdenum (both)

MWFOS-3 Aluminum (both), Barium (both), Calcium (both), Copper (both), Magnesium (both). Nickel
(total), Potassium (both)

MW~FTA-l Beryllium (both), Cobalt (both), Vanadium (both)

MWFTA-3 Aluminum (dissolved), Barium (both), Beryllium (both), Calcium (both), Cobalt (both),
Magnesium (both), Vanadium (both)

MWVIrA-5 Aluminum (dissolved), Barium (both), Calcium (both), Magnesium (both) Potassium (both)

MWFTA-7 Banium (both), Beryllium (both), Cadmirum (total), Calcium (both), Cobalt (both),
Chromium (dissolved), Copper (total) Lead (both), Magnesium (both), Potassium (both),
Sodium (both)

MWFTA-9 Aluminum (both). Barium (both), Calcium (both), Magnesitim (both). Molybdenum
(dissolved), Potassium (both)

MWFTA-10 Barium (both), Calcium (total), Magnesium (both), Potassium (both)

MWFTA-23 Aluminum (both), Beryllium (both). Calcium (both), Cobalt (both), Magnesium (both).
Nickel (both). Potassium (both), Sodium (both), Vanadium (both)

OU7DUP-1I Aluminum (total). Barium (both), Beryllium (both), Calcium (both), Cobalt (both). Nickel
(both), Potassium (both), Vanadium (both)

OU7DUP-2 Barium (both). Beryllium (both), Calcium (dissolved). Cobalt (dissolved), Magnesium

(both), Vanadium (dissolved)

C.4..1.32 Any value reported below the RL but above the MDL that was previously flagged '3" is

Subsequently ovemrdden by the "JQ" qualifier.

C.4.I.I.33 Total and Dissolved Mercury (7470A) - The initial and continuing calibration for each

instrniment Used for the analysis of total and dissolved mercury met acceptable critenia The low-level check

standard recovered above QC limits for mercury after the analysis on 10/25/02 Associated total and

dissolved tesults in sample MWFTA- I weie qtidlmfmed as estrimated and flianed -i' The laboratory batch

preparation blanks (Method Blanks) did not contain mercury
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C.4.1.1.34 Batch LCSs for mercury were within acceptable limits The MS/MSD recoveries for total

mercury in sample MWFTA-9 were within QC limits. Recoveries of total and dissolved mercury in

spiked sample MWFTA-l and total mercury in MWFOS-3 were outside of the QC limit. The associated

results were qualified as estimated and flagged "UL".

C.4.1.I.35 An equipment blank sample (OU6EQB-l) was collected and analyzed (SDG # A2K070276)

to assess possible contamination from using non-dedicated sampling equipment. Mercury was non-detect

in the equipment blank

C.4.1.1.36 Two field duplicate pairs (AEHADG-10/OU7DUTP-1 and MWFTA-3/OU7DUP-2) were

collected and analyzed. The RPDs between the parent and the duplicate sample results were not

calculated since the results were non-detect. A serial dilution was performed to assess new matrices in

samples MWFTA-1, MWFTA-9, and MWFOS-3 and recovenies were within 10 percent of their original

value. Results were evaluated and reported down to the MDL Flagging of total and dissolved metals

results less than the RL but greater than the MDL (JQ) was not necessary.

C.4.1.1.37 Total and Dissolved Thalliumn (SW7841) - The initial and continuing calibration for each

instrument used for the analysis of total and dissolved thallium met acceptable critenia. The low level check

analyzed after the analysis of the project samples was outside of acceptable QC limits on 10/29/02 and

10/30/02 The associated non-detect total and dissolved results for MWFTA-3, MWFTA-7, and OU7DUP-2,

and the dissolved result for OU7DUTP-1I were qualified as estimated and flagged "UJ" Several non-detect

total and dissolved results associated with the low level check analyzed on 10/29/02 were subsequently

qualified as estimated and flagged "US", but were ovemrdden by "UTL" flags for low post digestion spike

recovenies (see section C.4.1.7.4. below).

C.4.1.1.38 The laboratory batch preparation blanks (Method Blanks) were non-detect for thalliumi. Batch

LCSs for thalliumn were within acceptable limits. The MS/MSD recoveries for total thallium in samples

MWFOS-3 and MWITTA-9 and total and dissolved thallium in sample MWFTA-lI were within QC limits

C.4.l.l.39 Two field duplicate pairs (AEHADG-10/OU7DUP-1 and MWFTA-3/OU7DUP-2) were

collected and analyzed RPD between the parent sample and the duplicate sample coLuld not be calculated

because thlium was not detected in these samples.
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C.4.1.1.40 An equipment blank sample (OU6EQB-l) was collected and analyzed (SDG # A2K070276)

to assess possible contamination from using non-dedicated sampling equipment Thallium was non-

detect in the equipment blank

B.4.1.1.41 A post digestion spike was performed on the samples analyzed by graphite furnace to confirm

matrix effects. Recoveries were low for AEHADG-10 (both), DMW-26A, (both), DMW-20A (both).

MWFTA-l (both), MWIFTA-3 (both), MWFTA-7 (total), OUJ7DUP-l (total), and OU7DUP-2 (both) and

results were subsequently qualified as estimated for possible matrix effects and flagged "UL". A serial

dilution was performed to assess new matnices in samples MW'FTA-1 and MWFTA-9 and recoveries

were within 10 percent of their original value. Results were evaluated and reported down to the MDL.

Flagging of thallium results less than the RL but greater than the MDL (JQ) was not necessary

C.4.1.1.42 Anions (300.OA) - The initial and continuing calibration for each instrument used for the analysis

of chloiode, nitrate, and sulfate met acceptable centenia. The laboratory batch preparation blanks (Method

Blanks) analyzed on 10/17/02 contained nitrate at 0.11 milligrams per liter (mgIL) The associated result in

sample MWI 12-2 was qualified as estimated with possible method blank contamination and flagged "JB"

Subsequent initial calibration blanks (ICBs)/continuing calibration blanks (CCBs) contained chlonide, nitrate,

and/or sulfate The nitrate results were qualified as estimated and flagged "JB" for MWI 12-2 and "JH" for

DMW- 13A. Batch LCSs for anions were within acceptable limits The MS/MSD recovenies of chlonide in

MWYFTA-lI were outside of acceptable limits for chlonide. The associated result was qualified as estimated

and flagged '""

C.4.I.1.43 Two field duplicate pairs (AEHADG-10/OU7DUP-1 and MWFTA-3/OU7DUP-2) were

collected and analyzed. RPD between the parent sample and the duplicate sample is within specified limits

(<20%).

C.4.1.1.44 An equipment blank sample (OU6EQB-1) was collected and analyzed (SDG #A2K070276) to

assess possible contamination from using non-dedicated sampling equipment. The equipment blank

contained chionde at 2 2 mg/L and sulfate at 15.9 mug/L The chloride and sultate results in samples

MWfTA-9, MWFTA-10. and MWFOS-3 and the sulfate result in sample MWI 12-2 may be qualified as

estimated and flagged "JBW' for possible equipment blank contamination. However, review of previous

quarterly data and comparison to other groundwater samples indicate that these results are representative

Therefore, no qualification of the data due to equipment blank contamination was necessary
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C.4.1.I.45 Results were evaluated and reported down to the MDL Ragging of anion results less than the

RL but greater than the MDL (JQ) is described below

Sample ID Affected Analvtes Sample ID) Affected Analytes

DMW-26A Nitrate MWFTA-1 Sulfate
DMW-27A Nitrate MWFTA-7 Nitrate
DMW-33A Nitrate

C.4.1.1.46 Any value reported below the RL but above the MDL that was previously flagged "J" is

subsequently ovemrdden by the "JQ" qualifier.

C.4.1.1.47 Total Organic Carbon (9060) - The initial and continuing calibration for each instmument used

for the analysis of TOG met acceptable critena The laboratory batch preparation blanks (Method Blanks)

did not contain TOG Subsequent ICBs/CCBs contained TOG, and the results less than five times the

associated blank value (AEHADG-10, DMW-13A, DMW-20A, DMW-33A, MWFOS-l, and OU7DUP-1)

were qualified as estimated with possible high bias and flagged "JH". Batch LCSs for TOG were within

acceptable limits. The MS/MSDs recoveries of spiked sample MWfFTA- I were within acceptable QC limits.

C.4.1.1.48 Two field duplicate pairs (AEHADG-IO/OU7DUP-1 and MWFTA-3/OU7DUP-2) were

collected and analyzed. RPD between the parent sample and the duplicate sample is within specified limits

(<20%).

C.4.1.1.49 The trip blanks associated with the OU 7 samples did not contain TOG An equipment blank

(OU6EQB-1) was collected and analyzed (SDG# A2K070276) to assess possible contamination from

non-dedicated sampling equipment, and TOG was detected at 3 mgfL MWFOS-3 contained less than

five times the equipment blank value and was qualified as estimated with possible high bias and flagged

"JH" Sample DMW-20A was qualified as estimated and flagged "JB" since the result was less than the

equipment blank value

C.4.I.I.50 Results were evaluated and reported down to the MDL FlaggOing of TOG results less than the RL

but greater than the MDL was not necessary

C.4.1.I.51 Alkalinity (310.1) - The titration standardization performed for the analysis of alkalinity met

acceptable criteria, as did the ii itial calibration and calibration check The laboratory batch preparation

blanks (Method Blainks) contained :tlkah Inity The aissociated results less than five times the method blank
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value (AEFIADG-lO, DMW-33A, DMW-35A, MWVFrA-9, MWFTOS-l, MWFTOS-3, MWI12-2, and

OU7DUP-l) were qualified as estimated with possible high bias and flagged "JH" Associated results less

than the blank value (DMW-27A and DMW-20A) were qualified as estimated with possible method blank

contamination and flagged "JB"

C.4.1.L.52 Batch LCSs for alkalinity were within acceptable limits The MSIMSD recovenies for sample

MWFTA-lI were within QC limits.

C.4.1.1.53 Two field duplicate pairs (AEHADG-l0/OU'7DUP-l and MWFTA-3/OIJ7DUP-2) were

collected and analyzed. PPD between the parent sample and the duplicate sample is within specified

limits (<20%)

C.4.1.I.54 An equipment blank sample (OU6EQB-1) was collected and analyzed (SDG #A2K070276) to

assess possible contamination from using non-dedicated sampling equipment. The equipment blank was

non-detect for alkalinity Results were evaluated and reported down to the MDL. Flagging of alkalinity

results less than the RL but greater than the MDL was not necessary

C.4.I.I.55 Sulfide (376.1) - The titration standardization perforimed for the analysis of sulfide met

acceptable cnitenia. The laboratory batch preparation blanks (Method Blanks) contained sulfide at 0.49 and

0 65 mg/L. Associated results less than five times the blank value (DMW-20A, DMW-25A, MWvFOS-3, and

MWFTA-1) were qualified as estimated with possible high bias and flagged 'JH". Associated results less

than the blank value (OMW-13A and OU7DUP-1) were qualified as estimated with possible method blank

contamination and flagged "JB".

C.4.1.I.56 Batch LCSs for sulfide were within acceptable limits The MS/MSD recovenies for spiked sample

MWFETA- I were within acceptable laboratory limits

C.4.I.I.57 Two field duplicate pairs (AEHADG-10/OIJ7DUP-l and MWVFTA-3/OU7DUP-2) were

collected and analyzed. RPD between the parent sample and the duplicate sample was not calculated

because thle results were either below the RL or non-detect.

C.4.1.1.58 An equipment blank sample (OU6EQB-l) was collected and analyzed (SOC #A2K070276) to

assess possible contamination from usingg non-dedicated sampling equipment The equipment blank

con timed stitfide at 0 32 nig/L. therefore, the associated results for saimples DMW-20A, MWFTA-9 and
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MWFTA-10 may be estimated due to possible equipment blank contamination and flagged "JH"

However, review of previous quarterly data and comparison to other groundwater samples indicate that

the sulfide results reported for these samples are representative, Therefore, no qualification of the data

due to equipment blank contamination was necessary

C.4.I.1.59 Results were evaluated and reported down to the MDL. Rlagging of sulfide results less than the

RL but greater than the MDL (JQ) was necessary for samples DMW-22A, DMW-33A, MWFTA-3,

MWFTA-5, MWFTA-9. MWFTA-l0. and OU7DUP-2. Any value reported below the RL but above the

MDL that was previously flagged "J' is subsequently overridden by the "JQ" qualifier

C.4.1.1.60 Dissolved Hydrogen (AM200A) - Initial and continuing calibration standards and

instrument/method blanks were within method-stated control limits LCS results were also within laboratory-

established limits. MS/MSD samples were not required for hydrogen analysis

C.4.t.1.61 Two field duplicate pairs (AEHADG-10/OU7DUP-1, MWVFTA-3/OU7DUP-2) were collected

from the upper WBU and analyzed. RPD between the parent and duplicate samples were within QC limits

Results were evaluated and reported down to the MDL. Flagging of hydrogen results less than the RL but

greater than the MDL was not necessary

C.4.1.2 Groundwater - Lower WBU And Fractured Bedrock Wells

C.4.I.2.1 Seven groundwater and two duplicate samples were collected from the lower WYBU at 013 7 in

October of 2002. In addition, bedrock well MWFTA-20 and a duplicate sample were collected at 0OU 7 in

October of 2002 Each of the monitoring well sample locations were assayed for VOCs, total and dissolved

metals, andIVMNA paramneters Samples MWFTA-16P and MWFTA-20P were collected preserved with HCI

and were analyzed for VOCs only to investigate the effects of HCI preservation on the VOC concentrations

in samples from the lower WB U.

C.4.l.2.2 Volatile Organic Compounds (SW826011) - The initial calibration tunes passed the QC

requirements outlined in the Shell document and the method. VOCs were calibrated using either the average

relative response factor and/or quadratic curve and were within specified limits. In the [CV perfonined on

10/21/02, dichlorodifluoromnethane exceeded the plus or minus 20 percent criteria The results were qualified

as estimated and flaggued (UJ) in the following- sanmples

N4WFTA-14 MIWFTA-16 MWFTA-16P MWFTA-17 MVWFTA-ly MWEI'A-20
MWFTA-20P MiwFrA-28B MWFTA-29B3 OU7DUP-3 TB-101502-1 TB-101702-2. ~TB- 102902-1
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C.4.1.2.3 The CCV standards associated with the OU 7 groundwater samples were analyzed as appropniate

and some compounds exceeded limits specified by the USAGE or the method. Qualifications were made

based on %D observed in the CCVs analyzed on the dates indicated below Qualifications were assigned for

high and low biased (J for detects and (13 for non-detects) exceedlances in the CCV, unless overridden by

qualifications for other QC exceedances If the %D observed for a compound exceeded plus or minus 40%

or the compound exceeding %D cnitenia in the CCV also exceeded %R crutena in the LCS, the associated

results were qualified as unusable (flagged R).

CCV Date Affected Compounds Associated Samples

10/22/02 Acetone MW~rA- 16, MWFTA-1I6P, MWFTA- 17
Bromoforrm MWFTA- 19, MWF'TA-20, MWFT'A-20P
Dichiorod ifluoromethane MWFrA-29B, OU7DUP-3, TB- 1 01 502-2
Flexach lorobutadiene
Tnchlorofluoromethane
2-Hexanone
2-Butanone

10/24/02 Acetone MWFTA-23
Carbon disulfide
Dichlorodifluoromethane

10/30/02 Acetone TB-101702-2
Dichlorodifluoromethane
H-exachlorobutadiene
Naphth'alene
ii-BLutylbenzene
I1,2,3-Trichlorobenzene
1,2,4-Trichlorobenzene
2-B utarone
2-Hexanone

11/01/02 I1,2,3-Trichlorobenzene MWFTrA- 14, MWFFA-28B. TB- 102902-1
I1.2,4-Trichlorobenzene
Hexachlorobutaciene
Naphthalene
n-Butylbenzene
sec- BLtylbenzene
Acetone (unusable)
2-lButanone (Lunusable)
2-H-exanone (unusable)

C.4.I.2.4 The batch specific preparation blanks did not have analytes of interest greater than the RL The

following method blanks contained the indicated compounds at concentrations above the MDL but below the

RL Tue assoLMCi~d OU 7 samples with concentrations less than Or e(qUal to ten timies the blank concentration
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were accordingly qualified as estimated with possible method blank contamination and flagged "JB3". unless

ovemrdden by qualifications for other QC exceedences.

Blank Date Compound Concentration Flagged Samples

10/22/02 Acetone 1.2 jgg/L MWvFrA-17
10/30/02 Acetone 1.4 gg/L No flag - results non-detect
11/01/02 Methylene Chlonide 0 35 pag/L TB-102902-1

C.4.1.2.5 Batch specific LCSs were also analyzed and recoveries were acceptable, with the following

exceptions Qualifications were assigned for either high biased (JH for positive results and UJ for non-

detects) or low biased (IL for positives or UL for non-detects) exceediances in the LCS, unless overridden by

qualifications for other QC exceedances. If the %R observed for a compound exceeded plus or mainus 40% or

the compound exceeding %R cnitenia in the LCS also exceeded %D cnitenia in the CCV, the associated results

were qualified as unusable (flagged R) No qualification was necessary for LCS/LCSD failures that met

SMF cnitenia.

LCS/LCSD Affected Compounds Associated Samples

11/01/02 Acetone (unusable) MWFrA- 14, MWIFTA-28B3, TB- 102902-l
2-Butanone (unusable)
2-Hexanone (unusable)
4-Methyl-2-pentanone (low)

C.4.1.2.6 MSIMSDs were specified and performed on groundwater sample MWFT7A-29B

Tnichloroethene and 1,1.2,2-tetrachloroethane recovenies were above and below QC limits respectively The

tnichloroethene result did not require qualification, since the sample result was non-detect The 1, 1,2,2-

tetrachloroethane result was qualified as estimated and flagged "UL" for sample MWFTA-29B

C.4.1L2.7 One field duplicate pair (MWFTA-20/OU7DUP-3) was collected and analyzed RPD between

the parent sample and the duplicate sample is within specified limits (<30%) In addition, unpreserved

aliqUOts of samples MWFrA-16 (MWFrA-16P) and MWFrA-20 (MWFTA-20P) were collected to

evaluate the effects of preservative on the lower WBU water The RPD between the preserved and

unpreserved samples were within QC criteria The surrogates and internal standards added to the samples

by the laboratory were recovered within specified limits

C.4.I.2.8 The tnipblaniks associated with the OU 7samples weiceanalyzed. bu~twere not reported to containi

VOCs above the RL However; the trip blanks contained niethylene chloride. but the associated samplesg

Were either non-detect, gireater thanr f \e mi' es the blank val ie, or already flaggled ''IB' for method blank
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contamination. No further flagging was necessary An equipment blank (OIJ6EQB- 1: SDG #A2K070276)

was collected to assess possible contamination from using non-dedicated sampling equipment. Acetone,

methylene chlonide, and toluene were found in the equipment blank No flags were necessary because the

associated results were non-detect or greater than five times the blank value in the associated samples

C.4.1.2.8 The following samples were diluted to place the VOC results within the range of the calibration

curve, which resulted in elevated RLs.

Dilution Dilution Dilution
Sample Factor Sample Factor Sample Factor

MWFTA-16 55 56x MVWFTA-16P 62 5x MWFTA-20 4x
MYVr`A-20P 4x OU7DUP-3 4x

C.4.1.2.9 Additionally, the following data points were reported at concentrations above the MDL, but less

than the RL and were qualified as estimated and flagged as "JQ"

Sample ID Affected Compounds

MVWFTA-17 Acetone
MWFL'A- 19 Trnchloroethene
MWFFA-28B Naphthalene

C.4.1.2.1O Any value reported below the RL but above the MDL that was previously flagged "J" is

subsequently overnidden by the "JQ" qualifier

C.4.1.2.11 Dissolved Gases (RSK-175) - The initial and continuing calibrations for each instrument used

for the analysis of dissolved gases met acceptable cnitena. Some of the laboratory batch preparation blanks

(Method Blanks) contained methane or carbon dioxide. The carbon dioxide result in samples MWFT7A-20

and OU7D)UP-3 were qualified as estimated with possible method blank contamination and flagged "JB"

The methane result in sample MVWFTA-14 was also qualified as estimated with possible method blank

contamination and flaggaed "JB" Batch LCSs for dissolved gases were within acceptable limits, and

MSIMSD spikes were not performed for dissolved gases.

C.4.l.2.12 One field duplicate pair (MWFT'A-20/OU7DUP-3) was collected and analyzed for dissolved

gases RPD between the pazentssample and the duplicate sample is within specified limlits (<20%)
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C.4.1.2.13 The trip blanks were analyzed and contained carbon dioxide and/or methane The carbon dioxide

result for sample MWFTA-14 was less than five times the blank value and was qualified as estimated with

possible method blank contamination and flagged 'IB".

C.4.1.2.14 An equipment blank (OU6EQB-l) was collected and analyzed (SDG # A2K070276) to assess

possible contamination from non-dedicated sampling equipment Although carbon dioxide was detected

in the equipment blank, the result was flagged "JB" for method blank contamination No flagaging of the

data for equipment blank contamination is necessary

C.4.1.2.t5 Results were evaluated and reported down to the MDL. Rlagging of dissolved gas results less

than the RL but greater than the MDL (IQ) was necessary for ethane in MWFI'A-29B and methane in TB-

101602-1. Any value reported below the RL but above the MDL that was previously flagged "J" is

subsequently ovemrdden by the "JQ" qualifier.

C.4.1.2.16 Total and Dissolved Metals (SW6OlO0B) - The initial calibration for each instrument used for the

analysis of dissolved and total metals met USACE critenia The alternate source ICVs were within 10 percent

of their true value The low-level calibration checks performed for metals analyses exceeded QC cniteria as

indicated below The associated non-detect results were qualified as estimated and flagged "LJL" for low

recoveries and "UJ" for high recovenies

Date Metal Flag Associated Samples

10123/02 Aluminum UJ MWFTA- 18 (both)
10/23/02 Zinc UL MV/FTA- 1 6 (both), MWFTA-l 7 (both), MWFPTA- IS8 (dissolved)

10/30/02 Aluminum UJ MWFTA-20 (both). OU7DUP-3 (both)

11/12/02 Antimony UJ MWFTA- 14 (total), MWFTA-28 B (both)

C.4.1.2.17 The CCVs were within 10 percent of their true value The laboratory batch preparation blanks

(Method Blanks) contained arsenic, calcium, copper, manganese, and/or potassium above the detection limit

The associated results less than five times the blank value were qualified as estimated and flagged "JB".

Metal AssociateSals

Arsenic MWFTA- 19 (both). tMWFTA-20 (total), MWFTA-29B (total)
Copper MWFTA-l14 (both)
Manganese MWFTA- 19 (total)
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C.4.1.2.18 The batch LCSs for dissolved and total metals were within USAGE prescnibed limits (SO-

120%R). The MSIMSD recoveries for MWF1PA-29B were outside of QC limits for total aluminum. The

associated result for sample MWFTA-29B was qualified as estimated and flagged "JH".

C.4.1.2.19 One field duplicate pair (MWFTA-20/OU7DUP-3) was collected and analyzed for metals

The RPD between the parent and the duplicate sample results was within QC limits. The dissolved

potassium and sodium results for sample MWFTA-16 and the dissolved arsenic result for sample MWFTA-

14 exceeded the total results by more than the QC limit, and were qualified as estimated and flagged '""

('iUL" for total arsenic in MWFTA- 14)

C.4.1.2.20 A post digestion spike was performed on sample MW;FTA-29B (total) to confirm matrix effects

and recovenies were within USAGE limits A serial dilution to assess new matrices was performed on sample

MWFTWA-2913. Recoveries were within 10 percent of their onginall value with the exception of aluminum

and iron. However, the associated results were less than 50 times the MDL, and no qualification was

necessary

C.4.1.2.21 An equipment blank sample (OU6EQB-1) was collected and analyzed (SDG # A2K070276) to

assess potential contamination from non-dedicated sampling equipment. Sample OU6EQB- I contained

reportable levels of total and/or dissolved arsenic, banum, cadmium, calcium, cobalt, iron, manganese, and

zinc. There were no results less than five times the blank values.

C.4.l.2.22 Results were evaluated and reported down to the MDL Flagging of total and dissolved metals

results less than the RL but greater than the MDL (QQ) is descenbed below

Sample [D Affected Metals

MWFTA-14 Barium (both), Magnesium (both), Molybdenum (both)

MWFTA-16 Aluminum (dissolved), Arsenic (dissolved), Copper (total). Magnesium
(dissolved). Vanadium (both)

MWFTA-17 Barium (both), Vanadium (both)
MWFTA-18 Barium (both), Magnesium (dissolved). Nickel (total), Zinc (total)

MWFTA-19 Banum (both), Magnesium (total). Vanadium (both)
MWFTA-20 Barium111 (both). Iron (dissolved). Magnesi~um (both). Vanadium (dissolved)

MWFTA-2813 Bariumn (both)
MWFTA-29B Barium (both), Chromium (total). Copper (total), Magnesiumn (total). Manganese

(total), Molybdenum (both), Nickel (both), Vanadium (both)

OU7DUP-3 BariUm (both), Iron (total). Malgnesium (both)
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C.4.1.2.23 Any value reported below the RI but above the MDL that was previously flagged "J' is

subsequently overridden by the "JQ" qualifier.

C.4.I.2.24 Total and Dissolved Mercury (7470A) - The initial and continuing calibration for each

instrument used for the analysis of total and dissolved mercury met acceptable cniteria. The low-level check

standard recovered above QC lImits for mercury after the analysis on 10/25/02. There were no associated

lower WBU samples. The laboratory batch preparation blanks (Method Blanks) did not contain mercury.

C.4.1.2.25 Batch LCSs for mercury were within acceptable limits The MS/MSD recoveries for total and

dissolved mercury in spiked sample MWFITA-29B were within QC limits

C.4.I.2.26 One field duplicate pair (MWFT7A-20/OU7DUP-3) was collected and analyzed. The RPDs

between the parent and the duplicate sample results were not calculated since the results were non-detect.

A serial dilution was performed to assess new matnices in sample MWFTA-29B and recoveries were

within 10 percent of their original value 

C.4.1.2.27 An equipment blank sample (OU6EQB-1) was collected and analyzed (SDG # A2K070276)

to assess possible contamination from using non-dedicated sampling equipment Mercury was non-detect

in the equipment blank. Results were evaluated and reported down to the MDL. Fla~gging of total and

dissolved metals results less than the RL but greater than the MDL was not necessary.

C.4.1.2.28 Total and Dissolved Thallium (SW7841) - The initial and continuing calibration for each

instniment used for the analysis of total and dissolved thallium met acceptable cniteria. The low level check

analyzed after the analysis of the project samples was outside of acceptable QC limits on 10/29/02 and

10/30/02. The associated non-detect total and dissolved results (MWFrA-19, MWFTA-20, MVWFTA-29B,

and OU7DIJP-3) were qualified as estimated and flagged "UJ" Several non-detect total and dissolved results

associated with the low-level check analyzed on 10/29/02 were subsequently qualified as estimated and

flagg~ed "UJ". but were ovemrdden by "UL" flags for low post digestion spike recoveries (see section

C.4.2.5.4. below)

C.4.1.2.29 The laboiatory hatch preparation blanks (Method Blanks) weie non-detect for thallium Batch

LCSs tor thallium were within acceptable limits The MS/MSD recoveries for total thalliurm in sample

MWFTA-29B weie below QC limits, therefore the total thalliumi result for IMWFTA-29B was qtialified

as estimated and tflae'zecl "UL'
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C.4.1.2.30 One field duplicate pair (MWFTA-20/OU7DUP-3) was collected and analyzed RPD between

the parent sample and the duplicate sample could not be calculated because thallium was not detected in these

samples.

C.4.1.2.31 An equipment blank sample (OIJ6EQB-1) was collected and analyzed (SDG # A2K070276)

to assess possible contamination from using non-dedicated sampling equipment. Thallium was non-

detect in the equipment blank

C.4.1.2.32 A post digestion spike was performed on the samples analyzed by graphite furnace to confirm

matrix effects. Recoveries were low for MWPTA-14 (dissolved), MWIFTA-16 (dissolved), MWFrA-19

(both), and MWIFTA-20 (dissolved) and results were subsequently qualified as estimated for possible

matrix effects and flaggaed "UL". A serial dilution was performed to assess new matrices in sample~

MWFTA-19 and recoveries were within 10 percent of their original value. Results were evaluated and

reported down to the MDL. Flagging of thallium results less than the RL but greater than the MDL (JQ)

was not necessary

C.4.1.2.33 Anions (300.OA) - The initial and continuing calibration for each instrument used for the analysis

of chloride, nitrate, and sulfate met acceptable criteria The laboratory batch preparation blanks (Method

Blanks) analyzed on 1 0/17/02 contained nitrate at 0.11I mgfL There were no associated lower WBU results

less than five times the blank value. Subsequent ICBs/CCBs contained chlonide, nitrate, and/or sulfate.

There were no associated lower WBU sample results less than five times the blank Value. Batch LCSs for

anions were within acceptable limits The MS/MSD recoveries for the spiked sample MWVFTA-29B were

within QC limits

C.4.1.2.34 One Field duplicate pair (MWvFIA-20/OU7DUJP-3) was collected and analyzed. RPD between

the parent sample and the duplicate sample is within specified limits (<20%).

C.4.I.2.35 An equipment blank sample (OU6EQB-l) was collected and analyzed (SDG #A2K070276) to

assess possible contamination from using non-dedicated sampling equipment The equipment blank

contained chloride at 2 2 mg/L and sulfate at 15 9 mg./L However, there were no lower WBU samples

less than five times the blank value

C.4.1.2.36 ReSUlts were evaluated and reported down to the MDL Fla'gging of anion results less than the

RL but greater than thie NIDL (JQ) was necessary for nitrate in sample MWIFTA- 14 Any value reported
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below the RL but above the MDL that was previously flagged 'J" is subsequently ovemrdden by the "JQ"

qualifier

C.4.1.2.37 Total Organic Carbon (9060) - The initial and continuing calibration for each instrument used

for the analysis of TOC met acceptable cnitenia. The laboratory batch preparation blanks (Method Blanks)

did not contain TOG Subsequent JCBs/CCBs contained TOG, and the results less than five times the

associated blank value (MWFrA-l6 and MWPI'A-19) were qualified as estimated with possible high bias

and flagaged "JH". Batch LCSs for TOG were within acceptable limits The MS/MSDs recovenies of spiked

sample MWYFTA-29B were within acceptable QC limits.

C.4..2.38 One field duplicate pair (MWFrA-20/OU7DUP-3) was collected and analyzed. RPD between

the parent sample and the duplicate sample is within specified limits (<20%).

C.4.1.2.39 The tnip blanks associated with the OU 7 samples did not contain TOG. An equipment blank

(OU6EQB-l) was collected and analyzed (SDO# A2K070276) to assess possible contamination from

non-dedicated sampling equipment, and TOG was detected at 3 mg/L. There were no associated lower

WBU samples less than five times the blank value, therefore, no qualification was necessary

C.4.1.2.40 Results were evaluated and reported down to the MDL. Flagging of TOG results less than the RL

but greater than the MDL was necessary for sample MWVFTA-14. Any value reported below the RL but

above the MDL that was previously flagged "J" is subsequently ovemrdden by the "JQ" qualifier

C.4.1.2.41 Alkalinity (310.1) - The titration standardization performed for the analysis of alkalinity met

acceptable cnitenia, as did the initial calibration and calibration check. The laboratory batch preparation

blanks (Method Blanks) contained alkalinity There were no associated results less than five times the

method blank value.

C.4.1.2.42 Batch LCSs for alkalinity were within acceptable limits The MSIMSD recoveries tor sample

MWFTA-29B were below QC limits, and the result for MWFrA-29B was qualified as estimated and flagged

JL"

C.4.I.2.43 One field duplicate pair (MWFTA-2OAIOU7DUP-3) was collected and analyzed RPD

between the parent sample and the duplicate, sample is within specified limits (<20%).
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C.4.1.2.44 An equipment blank sample (OU6EQB-1) was collected and analyzed (SDG #A2K070276) to

assess possible contamination from using non-dedicated sampling equipment. The equipment blank was

non-detect for alkalinity Results were evaluated and reported down to the MDL. Flag~ging of alkalinity

results less than the RL but greater than the MDL was not necessary.

C.4.1.2.45 Sulfide (376.1) - The titration standardization performed for the analysis of sulfide met

acceptable centenia. The laboratory batch preparation blanks (Method Blanks) contained sulfide at 0 49 and

0 65 mgfL. Associated results less than five times the blank value (MWFTA-18) were qualified as estimated

with possible high bias and flagged "JH". Associated results less than the blank value (MWVFrA-16, and

MVWFTA-17) were qualified as estimated with possible method blank contamination and flagged "IB3"

C.4.1.2.46 Batch LCSs for sulfide were within acceptable limits The MS/MSD recovenies for spiked sample

MVWFTA-29B were within acceptable laboratory limits.

C.4.1.2.47 One field duplicate pair (MWRI'FA-20/O1-7DUTP-3) was collected and analyzed. RPD between

the parent sample and the duplicate sample was not calculated because the results were either below the

RL or non-detect.

C.4.1.2.48 An equipment blank sample (OU6EQB-1) was collected and analyzed (SDG #A2K070276) to

assess possible contamination from using non-dedicated sampling equipment The equipment blank

contained sulfide at 0 32 mg/L, however, there were no associated results less than five times the blank

value.

C.4.1.2.49 Results were evaluated and reported down to the MDL Flagging of sulfide results less than the

RL but greater than the MDL (JO) was necessary for samples MWFrA-20. MWFTA-29B, and OU7DUTP-3

Any value reported below the RE but above the MDL that was previously flagged "J" is subsequently

overridden by the "JQ" qudlifier

C.4.I.2.5O Dissolved Hydrogen (AM2OGA) - Initial and continuing calibration standards and

instmument/method blanks were within method-stated control limits LCS results were also within laboratory-

established limits. MS/MSD samples were not required for hydrogen analysis Holding times were met for

the samples submitted to Microseeps for analysis.
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C.4.1.2.51 One field duplicate pair (MWFTA-20/OU7DUP-3) was collected from the lower WBU arid

analyzed. RPD between the parent and duplicate samples were Within QC limits.

C.5 DATA QUALITY EVALUATION SUMMARY

C.5.O.O.1 Except as previously noted, the data quality indicators were within the USAGE prescnibed QC

limits and requires only the qualifications described. Overall percent completeness for the data collection

efforts and DQO attainment is 99 5 A discussion of compound and/or method completeness compared to

project objectives, as well as affects of field conditions on project objectives, is presented below

C.5.O.O.2 The following compounds exhibited percent completeness less than 90

Compround % Complete Compound % Complete Comnpound %Complete
Acetone 80 95% 2-Hexanone 83 33% 2-Butanone 83 33%

C.5.O.0.3 The affect of data completeness below 90% for these compounds based on the project objectives

is negligible Acetone, 2-butanone, and 2-hexanone are common laboratory contaminants Acetone was

detected in some samples as well as in associated method blanks and therefore, its presence in the samples is

suspect 2-Butanone, and 2-hexanone were not detected in the samples In addition, the data generated for 2-

butanone and 2-hexanone does not adversely impact the overall risk assessment for the site due to the tack of

positive results in excess of a nisk-based concentration level. Acetone, 2-butanone, and 2-hexanone are not

constituents of concern for 0U7

C.5.O.O.4 Two samples in this SDG (MWFTA-16 and MWVFTA-20) were collected both preserved and

unpreserved for VOCs in order to analyze the effects of the effervescence that occurs when the lower WBU

samples are preserved with HCI. Results were compared and found to be well within VOC limits for

duplicate analyses The RPD between the samples and the preserved samples were less than 14.3%

Although the results in the unpreserved samples were equal to or slightly greater than the results for the

preserved samples. there is no clear indication whether or not VOCs are lost during the bubble formation in

samples preserved with HICI. More daita is needed to accurately assess the preservation of lower WBU

samples Project DQOs are not affected
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TABLE C-3

DATA SUMMARY TABLE FOR GROUNDWATER
FRACTURED BEDROCK - OCTOBER 2002
Annual Groundwater Report - October 2002

Operable Unit 7
Defense Supply Center Richmond

Richmond, Virginia

Sample Duplicate
Sample ID: Reporting (a) MWFT'A-20 MWFTA-20

Sample Date: Limit 1011712002 10/17/2002

FIELD PARAMETER:
Dissolved Oxysen - E360 I mull,
Dissolved Oxygen Dl1 3 5 3 5

Ferrous Iron - A350OD crafL
Ferous Iron 0 1 4 4

Oxidation Reduction Potential -A2580A mV
Oxidation Reduction Potential -- I is

pHl -£E150.1 tai Units
pH -- 9 41 9 41

Specific Conductance -El120.1 mS/cm
Specific Conductance 0 001 0 215 0 215

Temperature -E70.1 dee C
Temperature 0 1 IS IS

Turbidity - EISO.1 NTU
Turbidity I 10 10

FIXED BASE LABORATORY ANALYSIS:
Anions - MCAWW 300.3A malL
Chloride 1 3 7 3 8

Nitrate as N 0 1 <01I <01I

Sulfate I 44 4 5

Dissolved Cases - RSK SOP-175 rm/L,
Carbon dioxide 0 001 0 12 III 0 13 JR

Ethane 0 002 <0 002 <0 002

Ethiene 0 001 0 01 00Oil

Methane 0 001 0 027 0 031

Hydroven hy Microseeps -AM120GAX riM
Hydrogen 0 03 2 7 2 8

Mercury - 5W846 7470A4 (Diisslved) mi/lL
Mercury I <1 <1

Mercury -SW846 7470A (Total) mi/L
Mercury I <1 <1

Metals -SW846 601011 (Dissolved) nu/L
Aluomirnu 200 <200 IJJ <200 UI

Antimony 5 <5 <5
Arsenic 5 <5 <5

Barium 200 68 2 .IQ 65 3 IQ

Beryllium 10 <10 <10

Cadmium 2 <2 <2

Calcium 5000 14900 14300
Chromium I0 <10 <10

Cobalt 30 <30 <30

Coppem I10 <10 <10

Iron 200 103I 97 IJQ
Leaid I <3 <3
Nlagmtesm em 5000 4780 JQ 4640 ]Q
Manganese 20 97 5 91 7

20701 06 Face I o 
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TABLE C-3

DATA SUMMARY TABLE FOR GROUNDWATER
FRACTURED BEDROCK - OCTOBER 2002
Annual Groundwater Report - October 2002

Operable Unit 7
Defense Supply Center Richmond

Richmond, Virginia

Sample Duplicate
Sample ID: Reporting (a) MWFlTA-20 MWFTrA-20

Sample Date: Limit 10/17/2002 10/17/2002

Molybdenum 40 <40 <40
Nickel lOG <100 <100
Potassium 5000 7040 6870
Selenium 5 <5 <
Silver 10 <10 <10
Sodium 5000 10500 10100
Vanadium 50 0 69 IQ <50
Zinc 20 <20 <20

Metals - SW846 6010B (TotlaD us/f.
Aluminum 200 <20003J <20001J
Antimony 5 <5 <5
Arsenic 5 221IB <5
Banum 200 65 8 JQ 68 2 JQ
Beryllium 10 <10 <10
Cadmium 2 <2 <2
Calcium 5000 14200 15100
Chromium 10 <10 <10
Cobalt 30 <30 <30
Copper 10 <10 <10
Iron 200 281 259
Lead 3 <3 <3
Magnesium 5000 4540 IQ 4400 JQ
Manganese 20 96 1 91 8
Molybdenum 40 <40 <40
Nickel 100 <100 <100
Potassium 5000 6830 7180
Selenium 5 <5 <5
Silver t0 <10 <10
Sodium 5000 10200 10400
Vanadium 50 <50 <50
Zinc 20 <20 <20

Thallium - SW846 7841 (Dissolved) uz/L
Thallitum 2 <2UIII <20U1

Thallium . SW846 7841 (Total) ue/I.
Thallium 2 <203) <201J

Total Alkahnitx -MVCAWW 310.1 msi/I.
Total Alkalinity 5 74 74

Total Ortnnic Carbon -SW846 9060 melL
Total Organic Carbon I < I < I

Total Sulfide .MCAWW 376.1 m2lL
Total Sulfide I 0 46 IQ 03 JQ

Volatile Oreanmc Compounds -5W846 8260B us/L
1, 1, 1 2-Teirachloroethane I <4 <4
1, 1, I -TriChloroethane I <4 <4
1, 1,2,2-Tetrachlorocehane I <4 <4
1,1 ,2-Trnchlorcethane I <4 <4
i, 1-Dichloroietharne I IS 1 6
1,1I -Dichloroethene I 7 5 7 6
1Il-D.,,hloropropeiie I <4 <4
I 2.3-Trichlorob,,zei~e I <4s <4
I 2 3-i Fchluropropane I <4 <4

20701 06 P'ce?2 ol 
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TABLE C-3

DATA SUMMARY TABLE FOR GROUNDWATER
FRACTURED BEDROCK -OCTOBER 2002
Annual Groundwater Report - October 2002

Operable Unit 7
Defease Supply Center Richmond

Richmond, Virginia

Sample Duplicate
Sample ID: Reporting (a) MWFTA-20 MWFTA-20

Sample Date: Limit 10/17/2002 10/17/2002

I 2,4-Tnchlorobenzene I <4 <4

1.2A-Tnmethylbenzene I <4 <4
I1,2-Dibronno-3-chloropropan~e 2 <8 <8

l,2-Dibromoethaiie I <4 <4

1,2-Dichlorobenzene <4 <4

I1,2.Dichloroethane 1 <4 <4

1,2-Dzchloropropane i <4 <4

1l3.5-Trniethylbenzene I <4 <4

I1,3-Dichloroberizene I <4 <4

I 3-Dichloropropane I <4 <4

I1,4-Dteblorobenzcne I <4 <4

2,2-Dichloropropane I <4 <4
2-Butanone to <40111 <40OUJ

2-Chlorotoluene I <4 <4
2-Hexanone IC <40111 <40111

4-Chlorotoluene I <4 <4

4-Methyl-2-pentanone 10 <40 <40

Acetone 10 <40111 <40111

Benzene 1 <4 <4

Bromobetnzene I <4 <4

Bromochlorometbane 1 <4 <4

Bromodichloromethane I <4 <4

Bromoforni I <4111 <4111

Bromomethane 2 <8 <8

Carbon disulfide I <4 <4

Carbon tetrachlonide I <4 <4

Chlorobenzene I <4 <4

Chloroethane 2 <8 <8

Chloroform I <4 <4

Chloromethane 2 <8 <8

cis-I 2-Dichloroeihene 0 5 92 100

cit-I 3-Dtchloropropene I <4 <4

Dib)Troochlorometharne I <4 <4

Dibromotmethane I <4 <4

Dichlorodifluoromethatie 2 <8111 <8 UJ

Ethylbenzene I <4 <4
H-exaehiorobuiadietne I <4 UJ <4 U1

Isopropylbenzcne 1 <4 <4

m-Xylene & p-Xylene 1 <4 <4

Methylene chloride I <4 <4

n-Butylbenzene I <4 <4

n-Propylbenzene I <4 <4

Naphthalene I <4 <4
o-Xylene 0 5 <2 <2

p-Isopropyltoluene I <4 <4

sec-Butylbenzene I <4 <4

Styrene I <4 <4

ten-tB utylbenzene I <4 <4

Tetrachloroiethene I <4 <4

[oluene I <4 <4

trans-I ,2-Dtchloiroeihncn 0 5 <2 <2

trdns-I 13-Dtchloropropene I <4 <4

Trichloroethene I 4 8 SI

Trichlot fluorotnethane 2 <8111 <8111

Vinyl chloride 2 1 2 1 2

Xylenes (total) I <4 <4

Sitrrtgi Ie - % -

207011 06 Pagc 3 ot S
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TABLE C-3

DATA SUMMARY TABLE FOR GROUNDWATER
FRACTURED BEDROCK -OCTOBER 2002

Annual Groundwater Report - October 2002
Operable Unit 7

Defense Supply Center Richmond
Richmond, Virginia

Sample Duplicate
Sample ID: Reporting (a) MWFTA-20 MWFTA-20

Sample Dale: Limit 1011712002 1011712002

I1.2-Dichlorcetbare-d4 91 94

4-Bromofluorobenzene -- 88 90

Dibromofluormmethane -- 97 99

Toluene-dS -- 92 96

Volatile Oreanic Compounds - SW846 8260B. UNPRES uelL
1.1.1,2-Tetrachloroethane 1 <4 NA

l,1,1-Tnchloroethane 1 <4 NA

1. 12,2-Tetrachloroethane 1 <4 NA

1,] ,2-Tnchloroethane I <4 NA

I, I-Dichloroethane I 1 3 NA
1.l-Dichloroethene I 6 6 NA

LI-Diclhloropropene 1 <4 NA
I1,2,3-Trnchlorobenizene I <4 NA

I 2,3-Trnchloroproparne I <4 NA

I1,2.4-Tnchlorobenzene I <4 NA

I1,2,4-Trnnethyllbenzene 1 <4 NA

I1.2.Dibronno-3-chloropropafle 2 <8 NA

1,2-Dibronnoethane I <4 NA
I1,2-Dichlorobenzene I <4 NA
1,2-Diechloroethane I <4 NA

1.2-Dielhloropropane 1 <4 NA

t,3,5-Tnmethylbenzene 1 <4 NA

1,3-Dicblorobenzene 1 <4 NA

1,3-Dichloropropane 1 <4 NA

1I4.4Dichlorobenzene 1 <4 NA

2,2-Dichloropropane I <4 NA

2-Butanone I10 <40 UJ NA

2-Chlorotoluene i <4 NA
2-Hexanone 10 <401U1 NA

4-Chlorotoluene 1 <4 NA
4-Methyl-2-peniafone 10 <40 NA

Acetone 10 <40 IUJ NA

Benzene 1 <4 NA

Bronnobenzene 1 <4 NA

Bronnochloromnethane 1 <4 NA

Bromodichloromethw'e 1 <4 NA

Bronnoform 1 <4 UJ NA

Bronnorethane 2 <8 NA

Carbon disulfide 1 <4 NA

Carbon etachloride i 4 NA
Chlorobenzrene I <4 NA

Chloroethane 2 <8 NA

Chloroform 1 <4 NA

Chloromethane 2 <8 NA

cis-I 2-Dichloroethene 0 5 87 NA

cas-l 3-Dichloropropene <4 NA

Dibromnohloromnethane I <4 NA

Dibromnomethane I <4 NA
Dich lorodi fiuorormeffhane 2 <8 UJ NA

Ethylbenzene I <4 NA
Hexachblorobo tidi ne I <4 UJ NA

Isopro pylbenzente I <4 NA

rn-Xylene & p-Xylene I <4 NA

Meihylene chlor ide I <4 NA
n-Buatyl benzene I <4 NA

n -Propylberizene I <4 NA
Naphthalene I <4 NA

20701 06 Pyge 4 ot 5
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TABLE C-3

DATA SUMMARY TABLE FOR GROUNDWATER
FRACTURED BEDROCK - OCTOBER 2002
Annual Groundwater Report -October 2002

Operable Unit 7
Defense Supply Center Richmond

Richmond, Virginia

Sample Duplicate
Sample ID: Reporting (a) MWFl7A-20 MWFTA-20

Sample Date: Limit 10/17/2002 10/17/2002

o-Xylene 0 5 <2 NA

p-Isopropyttluene I <4 NA

sec-Butylbenzene I <4 NA

Styrene I <4 NA

tert-Butylbenzene I <4 NA

Tetrachiloroetherne I <4 NA

Toluene I <4 NA

trans-1.2-Dichloroethene 0 5 <2 NA

transl. 13-Dichlnompropene I <4 NA

Tntchlorocthene I 4 2 NA

Tnichlorofluoromethane 2 <8SUJ NA

Vinyl chloride 2 1 1 NA

Xylenes (total) 1 <4 NA

Surrogate -
I ,2-Dichloroethane-d4 -91 NA

4-Bromofluorobenzene - 87 NA

Dnibrmmfluoromethane -- 94 NA

Toluene-dSl-- 90 NA

Notes.
C Ceilius
JR Estimated, possibly biased high or false positive based on blank contaminaflon
JQ Estimated, Value is between reporting limit and detection limit
mV millivolt
mgIL milligrams per liter
mS/cm milliSeimens per centimeter
pgIL micrograms per liter
NA Not Analyzed
nM nanoMoles
NTU nephelometnic turbidity unit
pH- negative log of thehydrogen ion concentration
UJ undetected, Reported Detection Limit is imprecise
UlL Undetected. Data biased low - Reported Detection Limit is higher than indicated
iii Reporting limits presented are the best that can be achieved under normal operating procedures with the method-required

sample volume extracted and analyzed Sample reporting limnts may vary due to sample volume/sample weight extracted

and/or sample dilutions

PREPARED/DATE JAHl 5/18103
CHECKED/DATE, TV 5118/03

20701 06 prigc S or>
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TABLE C-4

DATA SUMMARY TABLE FOR GROUNDWATER
CONTROL SAMPLES

Annual Groundwater Report -October 2002
Operable Unit 7

Defense Supply Center Richmond
Richmond, Virginia

Trip Blank Trip Blank Trip Blank Trip Blank

Sample ID Reporting (a) TB-101502-2 TB-10l602-1 TB-IO]702-2 TB-102902-I
Sample Date Limit 10/15/2002 10/16/2002 10/1712002 10/2912002

Dhisolved Cases -RSK SOP-175 ms/L
Carbon dioxide 0 001 0 2 0 63 1I 0 89
Ethane 0 002 <0 002 <0 002 <0 002 <0 002
Efhene 0 001 <0 001I <0 001I <0 00!I <0 001I
Methane 0 001 <0 001 0 00069 JQ <0 001 <0 001

Totnl Orpanic Carbon -SW846 9060 nme/L
Total Organic Carbon I <I <1 <I <1

Volatile Orranic Compounds -SW846 8260R ug/L
l,l,l1,2-Tetrachloroethane I <1I < I < I < I
1I1,-Tniehloroethane I <1I < I < I < I
*, 1,2,2-Teirachloroethane I <1 < I <1 <FI

l,l1,2-Tnchloroethane I < I <cI <1 < I
ll I-Dechlorocthane I < I <1I < I < I
Il-~Dichlorocthene I < I < I < I < I
!,l-Dichloroopropene I < I < I < I <1I
1,2,3-Tnchlorobenzcrne I < I < I <1 UJ <I UJ

1,2,3-Trichloropropane I <I <1 <1 <1
1,2,4-Trchlorobenzene I <1 <1 <1 UJ <1 UJ

1,2,4-Tnmethylbenzene I <I <1 <1 <1
1,2-Dibromo-3-chloropropane 2 <2 <2 <2 <2
1,2-Dibromoetbane I <I <1 <1 <I
1,2-Dichlorobenzene I <1 <1 <1 <1
1,2.Dichloroethiane I <1 <1 <1 <I
1,2-Dichloropropane I <1 <1 <1 <1
1.3,5-Trimethylberizene I <1 <1 <1 <1
1,3-Dichlorobenizene I <1 c1 <1 <1
1,3-Dichloropropane I <1 <1 <1 <1
1,4-Dichlorobenizene I <1 <1 <1 <1
2,2-DichloropTopane I <1 <1 <1 <1
2-Butanone TO <I0OUJ <10 <10OVI <101
2-Chlorotoluene I <I <1 <1 <1
2-H-exatnone to <10 UJ <10 <10 UJ -<1R

4-Chlorotoluene I <1 <I <I <1

4-Methyl-2-pentanone 10 <10 <10 <10 <10UIL
Acetone 10 <10OUi <10 <lO UJ <10R
Benzene I <1 <1 <1 <1

Bromobetizenie I <I <I <1 <1

Bromtochloromethane I <I <1 <1 <1
Bromodichloromethane I <cI -< <1 <1

Bron-oform Id< UJ l <1 <I
Bromomethane 2 <2 <2 <2 <2

Carbon disulfide I <1 <1 <1 <I
Carbon tetrachioride I <1 <I <1 I
Chlorobenizene I <1 <1 <I <1

Chloroethane 2 <2 <2 <2 <2
Chloroform I <1 <1 <1 <I
Chloiomrehimae 2 <2 <2 <2 <2
cis-i 2-Dichloroethene 0 5 <0 5 <0 5 <0 5 <0 5
cis- I 3-Dichloropropene I <1 <I <1 <1
Dibromochlotoniethane I <I <I <1 <1
Dibromoinethane I <I <1 <1 <1
Dichlorodiffintiromethane 2 <2 UJ <2 <2 UJI <2 U31

Ethyllhenzene I -<I <I <1 <1
H~i-xchlo,ob,,idtene I <I Ui <I <1 UJ <I
Isopt opyl1be117ene I <1 <1 <I <I
nm-Xylene & p-Xylicr I <1 <I <I <1
Nlethvlene chiot dol 1 3 I 331 I 26 10
nt-13 tylberizene I <1 <1 < I III ii 

20701 06 Pa"C I o1 2
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TABLE C-4

DATA SUMMARY TABLE FOR GROUNDWATER
CONTROL SAMPLES

Annual Groundwater Report October 2002
Operable Unit 7

Defense Supply Center Richmond
Richmond, Virginia

Tnip Blank Tnip Blank Tnip Blank Taip Blank

Sample ID) Reporting (a) TB-101502-2 TB-101602-1 TB-101702-2 TB-102902-1

Sample Date Limit 10/15/2002 10/16/2002 10/17/2002 10/29/2002

n-Propylbenizene I <I <I <1 <1
Naphthalene I <I <1 <1 UJ1 <I11L1

o-Xylene 05 <0 5 <0 5 <0 5 <0 5

p-lsopropylioluene I <1 <1 <1 <I

sec-Butylbenzene I <1 <1 <1 <I IiJ

Styrene I <1 <1 <1 <1

tert-Butylbenzene I <1 <1 <1 <1

Tetrachloroethene I <1 <I <1 <1

Toluene I <1 <1 <I <1

trans-I 12-Dichloroethene 0 5 <0 5 <0 5 <0 5 <0 5

irans-l1,3-Dichloropropene I < I <I < I < I

Tnichloroethene I <I < I < I < I
Tnchlorofluoromethane 2 <2 UI <2 <2 <2

Vinyl chlonide 2 <2 <2 <2 <2

Xylenes (total) I <1 < I < I < I

Surrogate -
1,2-Dichlorcethane-,14 -- 94 85 96 89

4-Bromofluorobenzene -- 88 88 83 82
Dibromofluoromethane -99 95 105 100

Toluene-d8 -- 93 92 93 92

Notes;:
P monitoring well is located within the plume
NP monitoaing well is not located within the plume

PG monitoaing well is located on the plume boundary

NA not applicable
I Mann-Kendall results indicate a statistically significant increasing trend

D Mann-Kendall results indicate a statistically significant decreasing trend

Pg/L micrograms per Inter
MCL maximum contaminant level (MCL for PCE and TCE is 5 p gIL, MCL for cis -1,2-DCE is 70 p g/L, MCL for

trans -12-DCE is IlO0p g/L, MCL for Il, ,I -TCA is 200 pg/L; MCL for 1I.I-DCE is 7 pg/L. and no MCL is
published for 1, I-DCA)

PREPARED/DATE JAH 5/18/03

CHECKED/DATE JAV 5/18/03

20701 06 Page 2 o[ 2
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APPENDIX 0
SUMMARY OF CONSTITUENTS DETECTED FOR THE

OCTOBER 2001 THROUGH OCTOBER 2002 SAMPLING EVENTS
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APPENDIX E
SUMMARY OF QUALIFIED DATA FOR THE

OCTOBER 2001 THROUGH OCTOBER 2002 SAMPLING EVENTS
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TABLE E-3

SUMMARY OF QUALIFIED DATA * SEPTEMBERJOCTOBER 200!
FRACTUJRED BEDROCK

Annual G.udwte Re~port .Otober,, 2002
Operable Unit7

Defns Supply Center Rbchnsod

SapeID Report ing i~fA
Sample Date Linu.t (a) IWYZM0i

FIELD PARAkMETER

Dissolsad Oxacen E360.1 mefL
Disslvd Oxygen 0 1 3 2

Ferrou Ir-on AJ500D ofe/
Ferous Iron 01 <(II

Ooidation Redulction Potential . A25SOA us"
OHidto Redcio Pt ciol -I 48

pH - E 150.1 oH Units
pH

5
10 4

Soeirtic conductaonce. w EI~ inS/cnt
Specfic Conducanc o000 0157

Temoerattire- E170.' dee C
Temopertr 08 17 7

Turbidlt, -E18O.1 NTU
Turidt I 4

FiXED BASE I ABORATORY ANALYStS
Antios -NCAWW 300.3A onn/L
Chloride I 3 
Nitate 0 1 a L
Stifale I 4 8

Dislvhed Gases 11RK SOP-175 ort,,B
Carbon dioxd 0 008 0089 In)
Ethaneo 0002 d) 002
Fthene 0 001 0 0054
Methane 0 001 0 013

Dhisolved livd,,iwn by Mirrisreos AM12OGA nMi
Hysirogen 0 03 6i1

nit F PA 150O linits
pH Mi (lqi)96

Total Atllnilnit, . %ICAWW 310A. Mr/i
Ton At iini 5 72

Tonll Oceanic Carbon . 5W846 9M6i unti
Trial Organic Carbon I c

Totni Sititide . MCAWW 376.1 n/i.
Total Stifidekc

ecmr......SW846 747iiA iiiste) nianI

Mlemry'r . 55V846 747tIA (Total) un/I

Moitals SWR4S ililOltiR sntc)u
Aluminumt 200 <200
Ao'.iinity i 28 JQ

Bariumo 200 72 JQ
lhryllhim t0 <tO
catdntitnit 2 <
Calioit 5000 168100
Ch,,o.,fm 10 <(0

Cohltl 70 <30

Ciippc ill <'0

t...t 2001 <200

Strt tiui i Soml) 22111 JQ
Ntaig~itie 20 29

Sils- II' <'0

I in~~~~~~~~~~~~~~~' 
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TABLE E-3

SUMMARY OF QUALIFIED DATA*- SEF'TEMBERJOCTOBER 2001
FRACTURED BEDROCK

Annual Ground.wae Repo"t Octobe 20012
Operalt Unit 7

DfneSupply Cente RcM on.d

Sampe ID Reportig MJWFTA-20
Sample Dat Limit (a I0Wl200

metls.- SW8M 6010B (Total 9&/

Alum.num 20 301 lB

Barium ~~~~ ~~~~~~~~~~~~~~~~~~~~~200 795 IQ

Berytaui 10 <'0

Cadmrnn 2 <2
Calcium ~~~~~ ~~~~~~~~~~~~~~~~~500 17100
Chomium ~~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~10 <10

Cobalt 30 <30

Coppr 10 <IC
Iron 200 520

Lead 3 <
M.S..,..m 5000 4950 JO
Mangans 20 139
Molybdenum 40 <40

Pota."..00 9980

silve 10 <tO

Sodium 5000 11400
V.anadu 50 12 10

Zin 20 <20

Thllu . W846 7841 ft~sooged1i,, tta

Thatnum 2 <2

Thallm g W846 7841 (Total) iLt

That1una 2 <

Volatile Ormanir Cmomnoida- SW84 8260B Ui/I

I -Ti hoeetai5 
1, i 2.2-Telrahloroeah.n 1 c

I l-Dichloroclbane I~ ~~~~~~~~~~~~~~~~~~~~~~~ 20

I-lJ~~~~~~~~chloroethtne I~~~~~~~~~~~~~~~~ 93

I l-Dichloruprupcnt ~~~~~~~~~~~~~~~~~~~~~~~I '

I 2 4-Triehorotnzrn I <
1,2,4 Trnehlbrr <5
1.2 Dibrom 3 chloroprop 2 <1(1
1.2 Dlbro.moh.nL I <

I12 Diclmloobeztn I <
I12-Dx.hloolmhane I <

I 2-1)3W,chceproa I 5

I H,o.5rieth bnct0 <50L
t..Dchloromentet I 

2 Buahola 10 <50 U

2AClootluneI <9'~

- Heaunoac 10 <SOUL~~~~~~~~~~~~~~~~'1

4~N~ Clilrolouin I c

4-Meihyl 2-pellanone 10 ~ ~~~~~~~~~~~~~~~~~~~~~ <SO0

flCmhen~e,. I <9611

Bromotnim I <9~~~~~~~~~~~~~~~~~~~~""I



TABLE E3 704 348
SUMMARY OF QUALIFIED DATA . SEPTEhIBERJOCTOBER 2061

FRACTURED BEDROCK

Annual Gmoundwater Repot. October 2062
Operable JUlf7

Defens Supply Center R,,l,.ud
Ficdmond. Virginia

Sample ID Reportig NIWFA-20
SmlDae Limilt (a) 10/2/200

Chlonoatothatme 2 <IO UL

ciii 3-Dachlo..opnoNee tI

Ethyltenren 1 ci
HexachlorWohudtte I

it Xylene & p-Xykne I c
meihylere chuond I

NaphiateneI <
o-Xyken 0 5 25
p Iso.pryltoluen I c

ie-fiiylbeno ne1

tert-Butylbenen c

Toluene I II1IQ

tr.-I 2-Dschloroethee 0 5 25
trans I3-Dichlonpropen I ci

Tnuclslorofluoroneathare ~ ~ ~~~~~~~~~~~~~~~~~~~~~~2 claWU

Vinl chlo,,de 2 841IQ

Xylene (total) I ci

L2-Dwhloroethan-d4 -- 93
4-BnomtfluiirObeltft.. -- 89

Dthromofluonomethane ~~ ~ ~~~~~~~~~~~~~~~~~~~~~~-- 94

Toluene-dg -- 98

iEsimatd, kesd on QC data
III stunated. possbly biasd ,ugh for i

poiiebated ot blak c.ontaminaton
Bi Latmiard, posnibly biasd Nuh bise upon QC data
it, Estiate~d possbly biased low basd upon QC data
JQ Lmoniated. Valu s etween eportig bou

NA Not Anitytd
R Unuable
U) Uteectd, Reportd Detectio Lartita arunprees
UL Utdeaectd, D..i biasd low -Reported

teton Lmi is higher than idicated

Rpituog tt preentd are the heat hat c. a, he achevd undenorma o perating
procedure wih fth mtod-requird saple v..ole .x.ra... dandanalyd Sirupke repotin
loaas ay ar due to ample vcls/wtght ttactdand/r sample dilition

PREPARLVDMAT RMR,61WJl0
COIECKED/ATL £AH&3510

2107111 W,
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TABLE E-6

SUMMARY OF QUALIFIED DATA -APRIL 2002
FRACTURED BEDROCK

Annual Groundwater Report - October 2002
Operable Unit 7

Defense Supply Center Richmond
Richmond, Virginia

Sample
Sample ID: Reporting M~qlA-20

Sample Date: Limit (a) 4/7/2002

FIELD PARAMETER:
Dissolved Oxygen -E360.1 met/L
Dissolved Oxygen 0 1 3 7

Ferrous Iron - A3500D nme/t
Ferrous Iron 01 <01I

Oxidation Reduction Potential -A258OA my
Oxidation Reduction Potential -- 104

pH - EISO.1 nil Units
pH -10 64

Specific Conductance - E120.1 mS/cm
Specific Conductance 0 001 0 147

Temperature -FF70.1 deog C
Temperature 01 156

Turbidity - ElSO.I NTU
Turbidity I <1

FIXED BASE LABORATORY ANALYSIS:
Anions - MCAXVW 300.3A ,ng/L
Chionide 1 34
Nitrate 01 <01I
Sulfate I 49

Dissolved Cases - RSK SOP-175 max/L
Carbon dioxide 0 001 0 32 JB
Ethane (1002 0 00032 JQ
Ethene 0 001 0 0091
Methane 0 001 0 023

Dissolved Hvdrogen by Microseens AM20GAX nM
Hydrogen 0 03 SI

Total Alkalinity -MCAVWW 310.1 my/L
Total Alkalinity 5 68

Total Organic Carbon -SW846 9060 mglL
Total Organic Carbon I 05 JQ

'Irotal Sulf'ide -MCAWW 3761I mOIL
Total Sulfide I <1

20701 06 P'age I of 4
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TABLE E-6

SUMMARY OF QUALIFIED DATA - APR11. 2602
FRACTURED BEDROCK

Annual Groundwater Report -October 2002
Operable Unit 7

Defense Supply Center Richmond
Richmond, Virginia

Sample
Sample ID: Reporting MVWFIA-20

Sample Date: Limit (a) 4/7/2002

Mercury -SW846 7470A (Dissolved) og/L
Mercury I <1 U

Mercury -SW846 7470A (Total) uglL
Mercury I <1IUJ

Metals - SW846 6010B (Disolved) ugIL
Aluminum 200 <200
Antimony 5 <5
Arsenic 5 <5
Barium 200 74 9 JQ
Beryllium 10 <10
Cadmium 2 035 JB
Calcium 5ooo 14600
Chromium 10 <10
Cobalt 30 <30
Copper 10 <10
Iron 200 156 JQ
Lead 3 <3
Magnesium 5ooo 4380 JQ
Manganese 20 56 4
Molybdenum 40 <40
Nickel ioo <100
Potassium 5000 8210
Selenium 5 <5
Silver 10 <10
Sodium 5000 11700
Vanadium 50 <50
Zinc 20 <20

Metals -SW846 6010B (Total) uaffL
Aluminum 200 <200
Antimony 5<5
Arsenic 5 <5
Banum 200 79 SQ
Beryllium io <10
Cadmium 2 <2
Calcium sooo 15100
Chromium io <10
Cobalt 30 <30
Copper It) <10
Iron 200 190 JQ
Lead 3 <3
Magnesium .50(10 4520 JQ
Manganese 20 71 3
Molybdenum 40 <40
Nickel co0 <lO0
Potassium 5000 8370
Selenium 5 <5
Silver 10 <I0
Sodium 5000 11700
Vanadium 50 <50
Zinc 20 <20

FItlii~urii -SW8S46 7841 (L),~snIled) ua/L
1 halliun, <2 UL

Trhanniim - SV846 7841 (frotil) ot/L.
T~~~~ill [:10 - e2U~~~~~~~~~~~~~~~~~LI

20701 06 Pae2 of 4
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TABLE E-6

SUMMARY OF QUALIFIED DATA - APRIL 2002
FRACTURED BEDROCK

Annual Groundwater Report - October 2002
Operable Unit 7

Defense Supply Center Richmond
Richmond, Virginia

Sample
Sample ED: Reporting MWFrA-20

Sample Date: Limit (a) 4fl12002

Volatile Organic Compounds - SW846 82608 uc/L
1,1 .1,2-Tetrachloroethane 1 <33
1,1 .1-Tnchloroethane I 0 533JQ
1, 1.2,2-Tetrachlorcethane I <3 3
1,1 ,2-Tnchloroctlhanc I <33
1,1-Dichloroethane 1 22
,IJ-Dichloroethene 1 6 1

1.1-Dichloropropene I <3 3
I1,2,3-Tnichlorobenzene I <33
I1,2,3-Trichloropropane 1 <33
1,2.4-Tnchlorobenzene I <33
I1.2.4-Tnimerhylbenizerne 1 <33
1,.2-Dibromo-3-chloropropane 2 <67
1,2-Dibromoethane 1 <33
1 2-Dichlorobcnizene 1 <3 3
1,.2-Dichlomothane I <3 3
I1.2-Dichloropropane 1 <33
1,3,5-Tnriechylbenzene 1 <33
I1.3-Dzchlorobenzene 1 <33
I1,3-Dichloropropanec 1 <33
1,4-Dichlorobenzene 1 <33
2,2-Dichloropropane I <33
2-Buianone to <33 UJ
2-Chlorotoluene 1 <33
2-Hexonone 10 <331U1
4-Chiorotoluene I <3 3
4-Methyl-2-pentanone 10 <33
Acetone t0 <33 R
Benzene I <3 3
B romnobenizene I <3 3
Bronmochloroinethane 1 <3 3
Bronmodichloromethane I <33
Bromoform <3 3
Brornomethane 2 <6 7131
Carbon disulfide 1 <3 3
Carbon tetrachionde 1 <3 3
Chlorobenzene 1 <3 3
Chloroethane 2 <6 7
Chl.orform 1 <3 3
Chloromethane 2 <6 7
cts- I1,2-Dichloroethene 0 5 130
cis-l .3-Dichloropropene I <3 3
Dibromochloromethane 1 <3 3
Dibromrnoelhane 1 <3 3
Diehlorodifluoromelhane 2 <67
Ethylbenzene 1 <33
Hexachlorobutadiene I <3 3
Isopropylbenzene I <33
nm-Xylene & p-Xylenc I <3 3
Meihytene chlotnde 1 <33
n-Butylbenzene <3 3
ni-Propylbeniene I <33
Naphlthalene <3 3UJ
o-Xvene 0 5 <1 7
p-lsopi opylioWlucre I <3 3

20701 016 'ag~e 3 of 4 
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TABLE E-6

SUMMARY OF QUALIFIED DATA - APRIL 2002
FRACTURED BEDROCK

Annual Groundwater Report - October 2002
Operable Unit 7

Defense Supply Center Richmond
Richmond, Virginia

Sample
Sample ID: Reporting MWFTA-20

Sample Date: Limit (a) 4/7/2002

sec-Bulylbenzene I <3 3
Styrene I <33
tert-Buiylbenzene I <3 3
Ten-achloroethene I <3 3
Toluene 1 <3 3
trans-I 2-Dichlorocihene 0 5 3
trans-I1.3-Dichloropropene 1 <3 3
Tnichloroethene I 7 8
Tnchiorofluoromethane 2 <6 7
Vinyl chlonde 2 12
Xylenes (total) I <3 3

Surrogate. -
I1,2-Dichloroethiane-d14 -- 125
4-Brornofluorobernzene -- 77
Dibromofluoromethane -- 122
Toluene-d8 -- 95

Notei:
I Estimated, based on QC data
lB Estimated, possibly biased high or false

posinive based on blank contamination
JH Estimated, possibly biased high based upon QC data
JL Estimated, possibly biased low based upon QC data
JQ Estimated, Value is between reporting limit

and detection limit
NA Nor Analyzed
R Unusable
HiJ Undetected. Reported Detection Limit is imprecise
UL Undetected, Data biased low -Reported

Detection Limit is higher than indicated
Reporting limits presented aim the best that can be achieved under normal operating
procedures with the method-required sample volume extracted and analyzed Sample reporting
limits niny vary due to sample volume/weight extracted and/or sample dilutions

PREPARED/DATE RMB 6104/03
CHECKED/DATE JAHl 6/05/03

2070 1 06 Paige4' ot 4
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TABLE E-970 39

SUMMARY OF QUALIFIED DATA -JULY 2002
FRACTURED BEDROCK

Annual Gmund.wae Repor -October 2002

Operable Unit 7
DrNse. Supply Center Rirhimmd

Sample ID Reportin MWFTA-20 MWFTA-20
Sample Date LIind a 7/3/002 7/302002

FIELD PARAMETER.
Dieolved Oxvren -E3611 vLipI
Deasoved Oxygen 01 3 8 38

Ferrous Iron- A3500D rnp/L

Oxidation Reducion Poential -A2580A nv
OxadI..o Reduclio PoVtenia -38 -38

IH -R15.1t nfUnIts
pH . 8 77 8 77

Specific Conductance - £128. 0 mS/c
Specifi Coduwlr00 0 156 03158

Ternorpl,nI -F170 I den C
Te.Nipealar 02 23 2 23 2

Turbladit, -EiSO.1 NTUI
Tiirbidlty I 6 6

FIXED BASE LABORATORY ANALYSIS:
Anton, . MCAWVW 300 3A sa.
Chlorde I 4JH 37 M
lumm 01 <01 <03
Sulfat I 45 45

Diolve~d GCases- RSK SOP-175 nBp/
Carbon dioxide 0 00 <07 <017
Ethr 0 002 <0002 <0002
Etk.n 0o0l 0 003 00032
Methane 000! 00088 00098

Flydroen hi Mieroeep- AMI20GAX rIM

Hydrogen 0 03 2 22

Tolal Alklinily -MCAWVW 3101 I s/

Total Alkal1.it 5 SI 79

Total Omanle Carbon -5XV4 9060 nwI.
Tolal Organic CIobon I <I <

Total Sulfide -MCAWVW 376 In1/I
Tota SIM&c I 097JQ <I

Nmere" rv-W846 7470A (Ot1olvd) pI.L

Mercmirv SNV846 7470A iTola1l 2a/I

Meiruty I -I <

Metals- SW846 6OI1iB (Blosnivei ppIL

Malunto 200 <200 UJ 905 3Q
AJmllOpy 5 <5 <5

Barium ~~~~~~~~~~~~ ~~~~~~~~~~~~21) 66 1 JQ 6789 JQ
Berylium 10 <10 <10
Cadmium 2 <2 <2
Calia, S000 10100 12400
chr..,.a. 10 <10 <10
Loball 30 <30 <30
CoPper 1) <10 1

lion ~~~~ ~~~~~ ~ ~~~~~~~~~~~~~~~200 285 3 157 JQ
tt0Id I <3 3

Magimsrm 5(101)~~~~~~~~~~~~~~~~~~~~O 6905) 56911
20 172 J 132 3

Mo)> 64.. tiltS ~~~ ~~~~~~~~~~~~~~~~~410 ciii <10
NiiWe 101) <100 <1111

P l in. 510/I 610 68611
Sekasnini ~ ~ ~~~~~~~~~~~~~~~~~~~~~~5 <5 <s

2107)1110I lw.. I Iii
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TABLE E-9

SUMMARY OF QUALIFIED DATA -JULY 2002
FRACTURED BEDROCK

Annal. runwae Repor -Octobe 2002
Operble Unit 7

Defens Supply Center Rochmond
Richooond, Vlrginia

Sample Duplicte
Sample ID Reportig MWITA.20 MWFTA.20

Sample Date Limit (a) ~~7/30/2002 7/3012002

Aluminum ~~~~ ~~~~~~~ ~ ~~~~~~~~~~~~~~~200 77 9 IQ2 <200 11

Arsenic ~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~5 •5 5
Barium ~~~~ ~~~~~~ ~~~~~~~~~~~~~~~~~~200 68 IQ 77 5 JQ2

CadmoIum 2 <2 2

Calcium 5000 11600 I 17900I
cloonvui 10 <ID <10

Cobalt 30 <30 <313

Copper 10 <30 <ID

iron 200 299 1 44a IQ

Lea~d 3 <3 <3
magnsium 5000 6100J 2900 IQ2

Manganes 20 152J 6581I
Molybdenam 40 <40 <40

N.W 100 <100 <100

Polassium 5000 6670 8060

Silve 30 <30 <10

Sodium 5000 10200 11500

Vanadium 50 •50 CSO

Z.Ic 20 <20 20 8

Thamam. 2 <211 <2 U1

Thallium' . SW8I46 7841 (Total) IL
Thalsm 2 <211 UJ211L

VajjgjcOjnpRCFwnd, -SWIAM 8260B un/I.

3, l-TI1.hlorueth.I' I •<33

1,1 2 2-Telrachltoet~hsn i <s <33
1,1,2-Trichltroethae I <5 <33

1,1 Dihh,.lhrulbnoI 1 9 19

LI D.MIchlruiltu I I i 9 3

1,i Dachloropropn I <5 <3 3
1.2 3-Tnmchllorohcnzen I •5 <3 3

I 2,3.T,.ich...uprpane I < 3 3
I ,24.Tniehlurutmncene ~ ~ ~~~~~~~~~~~~~~~~~~~~~I C 3 3
I ,2,4-Truncihyltcnzese I~ ~~~~~~~~~~~~~~~~~~~~~~ <5 •3 3

I 2-Dibrons 3-ch.lcr ptoan~ 2 <'0 <6 7

a 2-Dibr.omoehan I C<3 3

1 2-D&Ichloohe.en I 0 33
I12 Dicl.Iurcian I <51II •3 3

I 2.DichloroptoprIe I <3 3
I 3 S-Trixnethyllmnzet I < 3 3

1.3 1 clrcezo I <5 3 3
1,3 D~ihlaroptopane I •5 •3 3

I 4 Dihuoezn 5 <33

2.2 Diehiort.proin I33
2 liutanone 0 <511 c33R

C2 rooneeI C 33
2 1-keinone 10 <Sl)ft •33R

4-Chl.rutolurne I 5 <3 3
4.MiŽth,1-2 peniano t0 CS)) <33

Aceton W( <50 • <33 R

ilensene ~ ~ ~~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~I • 3 3
Bromotarnzcne ~ ~ ~~ ~ ~~~~~~~~~~~~~~~~~~~~~~~I •5 ~ <33

i~Cn,~lo ,hlk11Wcat I <I uj33I

Irmdclilo, romcIhsflt I < 33
Bromolorm I~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I•5 ~ 
Droinom~~~~~~~~~~~~~~~rliane ~~~~~~~~~~~2 <IIIu 67 U

Carbon disullide I ~ ~~ ~ ~~~~~~~~~~~~~~~~~~~~~ <51( 7<LI

Carbon .i..hiii.I <jl•31

'117111 I',,l R, 2,,14 I < c~
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TABLE E-9

SUMMARY OF QUALIFIED DATA.- JULY 2002
FRACTURED BEDROCK

Annu.Al Grond.wae Repor -Octobe 2(102

Operble Unit 7

Sample I Reportin MWFTA*20 MWFTA-20

Sample Dat Limit (a) 7/3/002 WJO/002

m-Xy~rw & p-Xytere 5 <3 3

Mctbylene clslone I 33 JD I I EQ

nBu~tylezneI. 33
n.Propytbenzent I <5 <~~~~~~~~~~~~~~~~~~~3 3

Naphth&.a I .5 <3 3 U

o.Xykr 0 5 <2 5 <17

P-.Ispr.pyltO~wmi I < 3 3

se-Bueylhr..n I < 3 3

Styn I 5 <3 3

wnerttiuyfbntn I. <5 <3 3

Tolurne ~ ~~~~~~~~~~~~~~~~~~~~~~~~I <<3 3

rats-I .2-Dichloroeihent ~~~ ~~~~ ~~~~~~0 5 <2 5 <1 7

trans l.3-Dehloropropenr ~ ~~~~~~~~~~~~~I <<33
Tonchioroelbent ~ ~~~~~~~~~~~~~~~~~i 7 4 58

Tnchl ... flui~ronlthtt 2 <IO Ul c6 7 U
Vinyl chlode 2 6JIQ 9 2

Xylere (total) I -CS 3 3

Surgae
I,2,Dichloroelbane-d4 -. ~~~ ~ ~~~~~~~~~107 108

4.Brontolluorobet~~~~~~~~~ttte -. 1~~~~2 82

Dibr.oinofuortnebte- 9 105

Toloert-dJ- 91 93

Volatile Oragnic Comnound -SW846 82603, INPRES up/I.

1,1,1 2.Tciracbltroelltarie ~ ~~~~~~~~~~~~~I <NA

I~~~lI-Tictiloroethanr I~~~~~~~~~~~~~~ <5 NA

1,1 2 2-Tetrachlorotha I <5 NA
l~~~t.2.Tnchioroethaatr ~~~~~~~~~~~~~~~I <5 NA
I~~~l-Dichloroethant I~~~~~~~~~~~~~~~~ 20 NA

II.Dichloroe~~~~~~~~~~~~~~ltrne ~~~~~I I I NA

I. l-t~~~~~~ichlorrpropetle I~~~~~~~~~~~ <5 NA

I 2 -TcorbnteI <5NA

12,1-Trtctiplorprr.i I CSNA

1,2 4-rclroezn <5 NA

I 2 4-Trunlhylbezen I <5 NA

I 2-D.Dirot-3 Chloropropai 2 <10 NA
I 2-Dibrotloelhanc ~ ~~~~~~~~~~~~~~~~~I <5NA
I 2-Drchlorohenyeae ~ ~~~~~~~~~~~~~~~~~I <5NA

I 2-I),chlororlhatr ~~~~~~~ ~~~~~~~~~~~I <501i NA

1,2 hlrprpn I <5 NA

I.35-Trfllhyihat.lt I Is NA

13 DibooneeI <s NA

1,3 DichloroPlproa I -5 NA

1,4 DuIlrbncrI Is NA

2 2.Dxchorpropax I CSNA

2 Dolano ID <500U' NA

2 ChooouteI <5 NA

2 Heaoe0 <5C R NA

4 Chlorotolucoc I <5 NA

4-Melhyl-2-N~.pnal ID <50 NA

Aelnet ID <5C R NA

Denzeite I~ ~~ ~ ~~~~~~~~~~~~~~~~~~~ <5 NA

Diontobenaenr ~ ~~~~~~~~~~~~~~~~~~~~I <5 NA

Brortxochloromelhane ~ ~~~~ ~ ~~~~~~~~~~~I -5NA

B' omd~chiorotrlhane I <S NA

Brnrnolortn ~ ~~~ ~ ~~~~~~~~~~~~~~~~~I <S NA

Dromomeihane ~ ~~~~~~~~~~~~~~~~~~~~2 <30 NA

Carbon disuhide I -c~ ~ ~~~~~~~~~~~~~~~ NA

Carbon etrarhlor~~~~~~~~~~~~de I <5UJ~~~II NA
Lb ocr' l~~~~~~~~~~nzcrc I ~~~~~~~ <~ NA

Chlmorthan 2 <10 NA

Chlototorm~ I <SN 

Chlor,nr~.,haeI 2 <IOUJ NA

,.a-I 2 IDSeihal, ochet IS 101 NA

cVI3 Urchlot tbpritp. I <5 NA

l~~~ihromochioromcthdtc I~~~~~~~~~~~~~~ <5 NA
tir)' tttttomct hioc ~ ~~~ ~ ~~~~~~~~~~~~I <5 NA

11w hlo,,td iboro melharc ~~~~~~~~~~~~ ~~~2 -<II Ui] NA

Lilt) Ikiict I <SNA

F karL hit' ohi~~~~~~~~~~~tadicltc ~~~~~I CSNA

S~~~~p'O Pb &It AK I~~~~~~~~~~~~~~~~~ <S NA

I, <akjt & i-Xvliic ~ ~~~ ~ ~~~~~~~~~~~~~I Ca NA

Ir~~~~~itcqhlt'jrdc L~~~~~~~~~~~~~~ 12 W NA

a Itinvik i~~~~~~~~~~~~~~~~~cnw ~~~~I <s NA

is opsik II hI. ~ ~~~~~~~~~~~~~~~~~~I <iNA

N,'p hilt krr. ~ ~~~~~~~~~~~~~~~~~~~I <a NA

2'I701 iW- Vrw- I 1 I



704 ~398
TABLE E-9

SUMMARY OF QUALIFIED DATA JULY 2002
FRACTURED BEDROCK

Annual~ Groudwater Report Octber 2002
Operable Uni 7

Derens Supply Cente ihmo.d
Richmod, Vrii

Sample ID- Reportig MWFTA-20 MWFlTA.20
Sample Date Limit(a) 7/30/2002 7Thjt2002

-Xykae 0 5 <5 NA

p-Iiopropylloloen I CSNA
-Butylbenztlie ~ ~~~~~~~~~~~I Is NA

Sltrera I <5 NA

wer-Bu~ty.en.n I CSNA

Tet.Wracloothe I <s NA
Toluene I <5NA
trasI2-alrsehn 05 <25 NA

trans-I 3.Uichloropropene I~ ~~~~~~ <5 NA

Trshloroelher I 71 NA
Trschlrrofluo~~~~~~oinethase ~~~2 <lOWU NA
Vinyl chloride ~~~~~~~ ~~~~~2 861Q NA

Xylene (total) I CS NA

Surrgate -
1.2 Darhlrneban d4 -- 106 NA

4-laromofluorebenzese ~~~ ~~ ~ ~~-- 84 NA
Dibh o..oflarrmeihan -- 105 NA

Tolseit d8 95 NA

I llt~asaid, basd onQC data
la Esli.atd, possibly biasd high or fals

posiiv basd on blark contamntion
/14 Esiuatd. possibly biasd high base upon QC dat.
JL EalntedI. possbly biasd low asd span QC dat
It) Esinte~d. Value a bew..n rportag lniM

anddeetolit
NA Not Anayzd
R Unusable
ID Undteced. Repoitd Detectio Limt . iPre.s
Cll ijadtectd, Data biasd low -Repotd

Detection Lim is higher than idiate

Reprtig lmis peseledar th bithat ca.b ahivdunenomlpraia
prcdre ih th method-reurd satpic volana exrate ad anayzd Sm eotn

usama ,ay doe to emple voum/wihtcsrad indlor saple dftslio

PREPARED/DATI, HMBA/f0410l
CHECKL.D/DATF jAllA/0501Q

201701 [Id P, .1I
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TABLE E.12

SUMMARY OF QUALIFIED DATA - OCTOBER 2002
FRACINURD BEDROCK

Annua Cm.andvater Repor .Octobe 200
Operble UW11 7

Deftes Supply Cneter Richmod

Sample ID Reporting MWFTA-20 NMWFTA.20
Sample Date Lout () 10117r200)2 10/17/2002

FIIELD PARAMETER
Dissolved 0xymen -E360. me/I
Disslvd Oxygen 0 1 3 5 3 5

Ferrus Irn- A350D t1u/
Fee...an Iron 0'1 4 4

Oxidaftio euto Potentia -A2580A my
Oxidation Reductin Powtenia -- IS IS

p
11

-- 9 41 9 41

Soecitir Ce,,d~actaoc- E120.1 mScm
SpccConductace 0 001 0 215 0 215

T oeauE-£170.1 dee ,

Turblditv -ElM. STUW
Turbidity I 10 10

FOXED BASE LABORATORY ANALYSIS-
Anions. MCAWW 300, PA qi.
Chlolrade I 3 7 318
N~tieal a N 0 1 <Vt <I
Sulfat,, 4 4 4 5

Illseilv Cases -RSKC SOP-175 Ume/
Carbon dioxde, 0001 0 12 10 0 13 J
Cihan 0002 <0002 <002
Eiben 0 001 0 01 0 Oil
Mtha,, 0 001 0 027 0 031

ly~drore by , eoen -AM200AX o,!
Hydrogen 0 03 2 7 21

Total A~lkalinit,' MCAWW 3110.1 ,,/1.

Tota Alkalathy 5 74 74

Total Oceanic Carbon,- SW84S960 m,,L
0

Totl Orgaea Carbon I <I '

Tolal Sufinde -MCAWW 376.1 ,rI.
Tota Sulfide, I 046 SQ 0310Q

Nlcrc'trv- SW846 74741A (IDissolye ar/I
Mercuy I ,I <

NMecr. 5 W846 7470A (Toatal) ~/
Mercury I <1 I

MeaS- W84 6011IK (1lls'ol cd) uti.,
Attmitum ~~~~ ~~~~~~~ ~ ~~~~~~~~~~~200 <200 Li <200 UJ
Asriiml'ny S ~ ~~~~~~~~~~~~~~~~~~~~~~ <5 <s

Arsars. ~ ~ ~~~~~~~~~~~~~~~~~~~~~5 <5 <5
ilartom 2011~~~~~~~~~~~~~~~~~~~~~I 6 22IQ 65 1IQ

Bery~the 10 <I <tO'1
Cadmium~ 2 <2 <2

Calcium $1100 14900 WIN01
Chromiem. I I <ID <ill
Cobalt 31 <30 <30

tree 2011~~~~~~~~~~~~~~~~~~~~~~~I I9, IQ 97 1 JQ

Mugrssaint 50011~~~~~~~~~~~~~~~~~S( 47 01 IQ 464 SQ
Mangaseoc ~~~ ~~~~~~~~~~~~~~~~~~~~20 97 5 91 7
Molybdenum ~~~ ~~~~~~~~~~~~~~~~~~~40 <10 <40

lot/sue 0 $00~~~~~~~~ ~ ~~~~~~~~~~~~~11 71140 6511

Sr do, Sl0ll1l 10<1 W1110

V~~~~~iliadpram ~~~~~~~~~~~~~~~~~~ill 11 611 Il) <SI)

211, <21) <"

2117111 WI, P',~ I WlI
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TABLE E.12

SUMMARY OF QUALIFIED DATA . OCTOBER 2002
FRACTURED) BEDROCK

Annual Groudwae Report. October 2002
Operble UnIt 7

Defrost Supply Coder MIchmnd

Richmond, V1rgini

Sample DupliIate
SampleR) Reporting MWYITA.20 NMWFTA-20

Sample Date Limit (ml 10/17nW02 10/7,2002

Metal .SWSA 60108 (Total) III&
Aluminu 200 <200 LU <200 Ui

Asitulioy 5 <5 <5

Asiem 5 2 210
Ba..um 200 65 8 IQ 68210Q

Cadmium 2 <2<
Calcium 5000 14200 15100

ChromIumd LU <10 <'0
Cohali 30 <30 <30

Copper 10 <10 <10
Iron ~~~~ ~~~ ~ ~~~~~~~~~~~~~~~~~200 28 1 259

Ma.nSium 5000 454 JQ 4400 JQ
Mananse20 96 1 918

Molybdenum 40 <40 <40
Nekel '00 <100 <100

Polamium 5000 6830 7180

Seleniu 5 <5 5

sdcr 10 <10 <10

Sodium 5000 10200 10400

Vana~dIum 50 <50 <50
Zinc ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~20 <20 <20

TnIu.SW846 7841 (DISSNedvd 'p/L
Thalliu 2 <231 UL 131

Millins SW84 741 (Th.al) iriS

Tdaldu 2 <213 UJ231I

Volatile Oronsic Comuo,,'nds - SW846 82608 u/L.

1,1,1 2-Tetril,0oroethanI I <4 <4

1.1,I-TrihorohIII.M I <4 <4
1, 12 2 TetacIhloroehane I <4 ,4

I. *2-Tnehlori~~~~~~~~~~~~~~eiharie I~~~~~~~ <4 <4
l~~~~l-fl~~~~~~~hloroethune ~~~~~~~~~~~~~I 15 16

I .Dichloroeibene I~ ~~~~~~~~~~~~~~~~~~~~~~ 7 5 7 6

Il-Dchloroprlgitrie I ~ ~~~~~~~~~~~~~~~~~~~~~ <4 <4
I ,2.3-Trichlorohctzeiie I~ ~~~~~~~~~~~~~~~~~~ <4 <4

i 2.3-Triehlorcpropan I <4 <4
I 2,4-Tn.LhlIIrobenIne I <4 <4

I 2 4T.Tr'ohyletzene I <4 <4

I12-Dibroruo-3 chlo,0rop.oIn 2 <I <8

I 2-D~ibromoeth.,n I <4 <4

I 2 Dich.oo0tiene I <4 <4

1,2 DehlcrochaiC I <4 <4

1.2 Dichloropropan < 4 <4
I 3,5-Trinieihylhenoeiie I~ ~~~~~~~~~~~~~~~~~ <4 <4
I 3-I~~~~~~~~tlslorokuzete I~~~~~~~~~~~~~~~ I4 <4

13 DEchloropropin I I4 <4

i 4 Dehooe1t <4 <4

2 2.DIcblroirpapne I <4 <4

2 Duaoe10 <4013UJ <40133

2 ClIlerotoluen I <4 <4
2-Hexanone 0~~~~~~~~~~~~~~~~~~~~~~~~t <40 UJ <401to

4 Meihyl 2 p itie10 <40 <40
As~~~~~~~~s.'tom. 1~~~~~~~~~~~~~~~~~I0 <40131 <40131

Bs.'nzene I ~ ~~~~~~~~~~~~~~~~~~~~~~~~~ <4 <4
Bromolictetne I ~ ~~~~~~~~~~~~~~~~~~~~~~ <4 <4

Bromos. hioromel hans.~~~~~~~~~~~~~~~~~~~ I~ *4 <4

Bromodrchloromethiuflti I ~ ~~~~~~~~~~~~~~~~~~ <4 <4

Cii tx,n disullW id 4

Chioru. n/u <4 <4

Chi.n W 01c <4 ,4

Ch Strains. liii's. ~ ~ ~~~~~~~~~~~~~~~~~~~~2 <8 <8

I Sib tlilt/lls tios[ <

\ it.i/ is. I <4 

,07111116 P~-lics~tluu~iutsisr. <2LW 4 I
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TABLE £,12

SUMMARY OF QUALIFIED DATA -OCTOBER 2002
FRACTURED BEDROCK

Annual Groundwae Reort- October 2002
Operabl UnIt 7

Ritun.Virginia

Sample ID Reporting MWFTA-20 MwWTTA-20
Sampl Dat Limt (a 10/742002 10/17/(200

Mehyhne <blond I <4 <4
n-Bolylbenzcit I~ ~~~~~~~~~~~~~~~~~~ <4 <4

n-Piopymetztflt I~ ~~~~~~~~~~~~~~~~~ <4 <4
Naphtbaleiie I~ ~~~~~~~~~~~~~~~~~~~ ~ 4 <4

o.Xylee 0 5 <2 <2

p-Iopoppy~tloliefl <4 <4

secBulylhenzenc <~~~~~~~~~~~~~~~~~1 4 <4

I <4 <4

Tetracbloroelitne I~ ~~~~~~~~~~~~~~~~ <4 <4

Toluet I <4 <4

tran-I 2D.)Dajloot,,et 0 5 <2 <

Irari-1,3-D~hlIilorprK.i I <4 <4

Trscborothcl I 41 8 I
T~N.chlwr ..ormthwcl 2 <IUJ <gill
Vinylchloride 2 12 12

Xyleiie (m~ll) I <4 <4

Surogt. -
l,.mhoreh 4 -- 91 94

Oibromofluoroaitthaj'e -- ~~ ~ ~~~~~~~97 99

Toluened8 -- 92 96

Volatile OrroNi Comnoids* SW546 82601B. tIPRES u,

1.1,1 ,2-Telracblorocthanc I~ ~~ ~ ~~~~~~~~ <4 NA
1.1,1 -Trichlorcelhant I~ ~~~~~~~~~~~~~ <4 NA

II 1.2.2-Telraclllorth.n I <4 NA
I 2-Trocbloroeliiane I~ ~~~~~~~~~~~~~ <4 NA

l~~~l-Dichlcroethaxit I~~~~~~~~~~~~~ 13 NA

I, I-t~~~~~~ichloroethent I~~~~~~~~~~ 6 6 NA

I l[tDic,1oroproper I <4 NA

I 2 3-nhoobrni <4 NA

1,2 3-nhoorpn1 <4 NA

1,2 4-rc1r~t~l <4 NA

I12,4T.Trmlhyme,,rne I <4 NA

I 2-Dibrom 3-chloroprpant 2 <i NA

l2-Dibromoetbant I~ ~~ ~ ~~~~~~~~~~~~~ c4 NA
l,2-Dr~~~~~~lloroi~~~~~~c~~zt12C ~~~~I c4 NA

I 2-Dichlmrothan I <4 NA

I 2-Dahbl.rroproa I <4 NA

1,3 5-Tnmlhyllentrt I <4 NA
l.3.Dehlcrotarnzcnr I~ ~~~~~~~~~~~~~~~ <4 NA

I 3-D.NlIcipropN. <4' NA

I 4-1 lon~nzn 4 NA

2 2.Dichloro.prpane I <4 NA

2-Bml~noe 10 <40111 NA

2 Chjorololuco I <4 NA

2-1-1ann iI) <40 111 NA

4-Chlorotoluc~c < 4 NA
4.Met~~~~~syI-2-pcr~~~~~~~~anone ~~~10 <40 NA
Acriole ~~~~~~~~~~ ~ ~~~~~~~~~~10 <40 IJl NA

Bcawne I <4 NA
Dmomohcii~~~~~~~~~~~~~~ene I~~~~~~ <4 NA
Bromoi. blort~~~~~~~~~~mclhaiic ~~~~~I < I NA
flioinodichli~~~~~~~~~romethale I~~~~~ <4 NA

Bromoloim I~~~~~~~ ~~~~~~~~~~~~~~ <411 NA

Bromornellifl ~ ~ ~~~~~~~~~~~~~~~~~2 <8 NA

C drhin 1oid& I <4 NA

Cartx in hIac lnde I <4 NA

Chhertx,crt. I c NA

Chllc olhri, 2 <8 NA

Chi m,~ 01 <4 NA

Chic mebn <6 NA

CI-I2-D~ihklc ochciie 0)5 87 NA
2 Dichlcilip' opene I ~ ~~~~~~~~~~~~~ <4 NA

DN cnicchloroimi~~~~~~~~~~~~ianC I~~~ <4 NA
l~~~ihronio'i~~~~~~~~~thana. I~~~~~~ <4 NA

Dkh~~~orodifluoroI~~~~elhinL - <~~s UJ NA

r bv~~~~~~ien~~~~eriL I <~~~~~~~4 NA

[I ½iL11 Iiiici hirtdlhnL ~ ~~~~~~ ~ ~~~~~I <411] NA

sI.... LilI*fCi <4 NA

riNyIl,, & p N <lie I <I$ NA

N~~i~~iI~~~'Itiitt~~~~~i I iiitlt I~~~~~ <4 NA

ii hc, 'Kdn I NA

in I'np5LK il/tilt I ~ ~~ ~ ~~~~~~~~~~~~ <4 NA

Niplillniltirt ~ ~ ~~~~~~~~~~~~~~~~I <I NA

~~~tyklit II 1~~~~~~~~~~~~C

In ,.. ...lnl)Ilhi~l I i NA

211 71} I hI lit 14
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TABLE ELIZ

SUMNMARY OF QUALIFIED DATA -OCTOBER 2002

FRACTURED BEDROCK

Annul Groundwater Repor -October 2002
Operble Unit 7

Defe.. Supply Cneter Rlbn.od
Richmod, Virgini

Sample Dplce
Sample ID Repoean MIWFTA-20 MIWFTA-2Q

Spinl. ale Umi (a iO17/22 10/17/2002

ae-Buaylbenzel I <4 NA

Styser < 4 NA

wer-floylbens.i I <4 NA

Tetacblorotthc I <4 NA

To.e. I <4 NA

trn.-I .2-Dx.hlorothene 0 5 <2 NA

t.o- I 3-Dicla...oprpN. I <4 NA

Tnehloroethe I 4 2 NA

TnehWrfle.oonnthss 2 cS UJ NA

Vinyl chlocde 2 II1 NA

Xylenic (tota) I <4 NA

Surrogate -
i 2.Dacblorethase-d4 -- 91 NA

4-Broinofluorobanzeiie -- ~~~87 NA

Dibrornsllainrorncthsfie - ~~~94 NA

Toluene-d8 90 NA

iEamtuned based on QC data
ID Esiiinaed possbiby biasd high oas

positie basd on blakcnsonlo
11- Esnassted, posbly busd high based spo QC dt

JIL Eunasstd, possibly bdased low basd dpo QC darn
JQ Estimaed. Value in bsetwee reprtng m

and dtectnon lai

NA Non Antyzd
R Unusable
U) Undetecid. Reportd Deecion e i iPrcs..

UL Undeiected. Dana biasd hiss -Reporned
Detectio Lmni .slge h, n indicated

Reportng haul preseed ar thr bas tai can be ahieved under noa perating

proCedures .1ub she nenhod-rmje, ed saple volum eratdnd analyed Sample reprtng
amis may vary due to saple volun eiht etractd and/or saple ddalulot

PREPARED/DATE RB &0L4103
CIIECKED/DATE IAH NO5101

20701 (If i','. (S 
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APPENDIX F
OCTOBER 2002 FIELD SAMPLING REPORTS



704 425 _ _ _ _ _ _ _ _ _ _ _

JOB No. 12001-2-0701

FIELD SAMPLING JBNAME DSCR - MNA OUT
DATEJiddL TIME iicc

REPORT SAMPLING POINT. AE NO~& to(
DEPTH _ _ _ _ _ _ _ _ _ _ _

SAMPLE INFORMATION SAMPLE L.D NO.:Ae NcI
MATERIAL: 0 WATER CSOIL ElSLUDGE El OTHER (LIST)

TYPE: 0 GRAB ElCOMPOSITE C~ OTHER (LIST) _____________

HAZARDOUS?: El YES 0ENO El UNKNOWN

CONTAINER ER PRESERVATIVE/ COMMENTS
Vo ~ NMBRPREPARATION

VGAVA 40 ml HCI to pH<2, Cool to 40C VOC by W8260B

VGA VIAL ~40 ml3 HCI to pH<2, Cool to 40C Methane1 ethane, ethene
bRSK-175

VA VIL40m 2504 to pH2Co o40 TOC by 5W9060

VAVIL4 ml 2 Cool to 4' CO2 by RSK-175

Poly 500 ~~ml Znc& NaGH oolt Sulfide by E376.1

Poly 250 ml 1 Cool t4CAlkalinit b E30.

Poly ~~~250 ml 1Coto40N 3 , SO 4, Cl by E300.0

Poly 1~~ ~ ~ L 1 N 3 to pVj2 Coto4CTtmetals by 6O1OB,740A74

Poly 1~~ ~ L 1 HNO3 topH<2, Cool to 400 Dis.Metals by 6010B.740A71

VGA VIAL ~~20 ml 1None Hydrogen by AM2

COMMENTS (WELL PURGING VOLUME- SAMPLE APPEARANCE; ODOR, COLOR, ETC)

2- LL i P ai4

FIELD MEASUREMEN4TS

PARAMETER EQUIPMENT I.D RESULTS (UNITS) COMMENT

N/A N/A N/A NIA

COMMENTS. (WELL PURGING VOLUME. SAMPLE APPEARANCE; ODOR; COLOR, ETC.)

GENERAL INFORMATION WEATHER --c') AM AIR TEMPERATURE .

SAMPLES SHIPPED TO: STL-Northi Canton, Ohio / Microseeos - Pittsburg. PA

SPECIAL HANDLING, FedEx

MODE OF SHIPMENT ElCAR/TRUCK El BUS Z PLANE ElC COMMERCIAL VEHICLE

SAMPLE COLLECTED BY: 1, rJSAMPLING OBSERVED BY s t

TDISCREPANCIES&

Best Available COPY



704 426 _ _ _ _ _ _ _ _ _ _ _

JOB No 12001-2-0701

FIELD SAMPLING JOB NAME DSCR - MNA 0U7
REPORT ~~~~~~~~~~DATE wb~l-Z TIME i-c
REPORT ~~~~~~SAMPLING POINT: AE4/4IYf' 0

DEPTH M
SAMPLE INFORMATION SAMPLE I.D NO:-AVk(- C 

MATERIAL. 0WATER El SOIL El SLUDGE El OTHER (LIST)

TYPE: 0GRAB El COMPOSITE El OTHER (LIST)

HAZARDOUS'?: El YES O NO El UNKNOWN
CONTAINE PRESERVATIVE/ COMMENTS

NUMBER PREPARATION
TYPE ~VOLUME

VO VIL40 ml 3 HCI to pH<2, Cool to 40C VOCs by SW8260B

VOA VIAL ~~40 ml 3 HCI to pHc2, Cool to 40C Methane, ethane, ethene

VOA VIAL ~~40 ml 3 H2S0 4 to pH<2,C oo to 40C TCby RSW9060

VA VIL40 ml 2 Cool to 400C 2 bRS17

Poly 500 ml 1 ZnAc & NaOH Coto40 Sulfide byE7.

Poy 250 ml 1 Coolt40 Alkalinity by E1.

Poly 250 ml 1 olt 0 O,54, CI by E0.

Poly 1 L 1 HNO3 to P.<,Co o40Tt Metals by 601OB,7470A,7841

Poly I L 1 HNU 3 to pNc2,Cool to 4C Dis. Metals by 6010B.7470A,7841

COMMENTS- (WELL PURGING VOLUME. SAMPLE APPEARANCE, ODOR; COLOR, ETC.) IN

FIELD MEASUREMENTSI

PARAMETER EQUIPMENTI I.D RESULTS (UNITS) COMMENTS

N/A N/A N/A N/A

COMMENTS: (WELL PURGING VOLUME. SAMPLE APPEARANCE; ODOR; COLOR, ETC.)

GENERAL INFORMATION jWEATHER ____________ AIR TEMPERATURE rst

SAMPLES SHIPPED TOCEMRD - Omaha, Nebraska

SPECIAL HANDLING: FedEx

MODE OF SHIPMENT: El CAR/TRUCK El BUS 0 PLANE El COMMERCIAL VEHICLI

SAMPLE COLLECTED BY,~$ V-4 APIGOBEVDB _ _ _ _ _

DISCREPANCIES



704 2
JOB No. 1200;1-2-0701

FIELD SAMPLINGJO NAME DSR - MNA 0U7
DATE _jcfjs,~ t TIME ~2C

REPORT SAMPLING POINT 4EtbI
DEPTH _ _ _ _ _ _ _ _ _ _ _

SAMPLE INFOMTIN SAMPLE I D. NO. QCk- (AcP -)
MATERAL 0WATER El SOIL El1 SLUDGE El OTHER (LIST)

TYPE 0 GRAB El COMPOSITE E1 OTHER (LIST)

HAZARDOUS?: F] YES 0ONO El UNKNOWN
CNTAINER PRSERVATV/COMMENTS
T V ~~~~~NUMBRPREPARATIO

VOA VA40ml 3 HIto pH<2, Cool to 40C VOCsby S82GO

VAVIL4 ml C to pH<2, Cool to 40C Methane, ethane, ethene
bv RSK-175

VOA VIL40 m H2S0 to pH<2(,Cool to 40C TOG by SW906

VOA VIAL ~~40 ml 2Cool to 40C CO2 by RSK-175

Poly 50ml 1 ZnAc & NaOH, Cool to 4'C Sulfide by E7.

Poy 20ml 1 Coto4CAlkalinity by E1.

Poy20m0 olt 0 NO , S 4 Cl by E0.

Poy 1IL 1 HOtoH2,Coto4CTot Metals by 6O10B,747A84

Poly 1 L 1 N 3 t H2 olt 0 i etals by 6O10B.7470A,7841

VOA VIAL ~~20 ml i NnHydrogen by AM 20

COMMENTS- (WELL PURGING VOLUME. SAMPLE APPEARANCE, ODOR, COLOR, ETC)

FIELD MEASUEET

PRAMER EQUIPMEN 1. ESULTS (UNITS) COMMENTS

N/A N/A ~~~~~~~~~~N/AN/

COMMENTS (WELL PURGING VOLUIME' SAMPLE APPEARANCE, ODOR, COLOR, ETC.)

GENERALINFORMATION WETHR _______________AIR 
TEMPERATURE 9 

SAMPLES SHIPPED TO STL-Northi Canton, Ohio /Micses-PttbrA

SPECIAL HANDLING FedEx

MODE OF SHIPMENT', L CARJTRUCK LiBUS PLANE El COMMERCIAL VEHICLI

OA/QCI

SAMPLE COLLECTED BY: ,4ii U KJSAMPLING OBSERVED BY: /A~9n.,
DISCREPANCIES
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JOB No 12001-2-0701

FIELD SAMPLING JOB NAME DSCR -MNA OU7
DATE jo14[(L1 ~Z TIME f/06_

REPORT SAMPLING POINT.b dul M )-!314
DEPTH i6rx.J

SAMPLE INFORMATION SAMPLE I.D NO.: rL UV\ IJ - LB A
MATERIAL ' WATER El1 SOIL El SLUDGE El OTHER (LIST) _______

TYPE: 0GRAB El COMPOSITE ElOTHER (LIST) ______________

HAZARDOUS?. ElYES El NO ElUNKNOWN
CONTAINER PRSEVAIVE/ COMMENTS

TYPE ~~~~VOLUME N 

VA VIL40 ml3HIto pH<2 Cool to 40C VOCs by SW8260B

VA VIL40 ml 3HC to p <2 Cool to 40C Methane, ethane, ethene
by RSK-17

VOA VIL40 ml 3 H250 4 to P <2,Cool to 40C TOC by SW9060

VOA VIAL ~~40 ml 2Cool to 40C CO2 by RSK-175

Poly ~~~~500 ml 1 Znc&NOCo o4CSulfide by E376.1

Poly ~~~~250 ml 1 Coto4CAlkalinity by E310.1

Poly ~~~~250 ml 1 olt 0 OS 4 Ib300 C

Poly 1 L 1 HNO3 to pW2 olt 0 o Metals by 601oB,747A74

Poly 1 L 1 H-N0 3 to pHc2, Cool to 40C Dis Metals by 6O1OB,?470A.7841

VOA VIAL 20 ml 1 None Hydrogen by AM 20

COMIrENTSq WELL PURGING VOLUME- SAMPLE APPEARA~yE; ODOR: COLOR, ETC.)

rh,/ir inr ,Atc L&Ir

FIELD MEASUREMENTS

PARAMETER EQUIPMENT I.D RESULTS (UNITS) COMMENTS

NIA N/A N/A N/A

COMMENTS- (WELL PURGING VOLUME: SAMPLE APPEARANCE; ODOR; COLOR, ETC.)

GENERAL INFORMATION IWEATHER AIR TEMPERATURE Sc 'F

SAMPLES SHIPPED TO STL-North Canton, Ohio / Microseecs - Pittsburg. PA

SPECIAl. HANDLING FedEx

MODE OF SHIPMENT: ElCAR/TRUICK El BUS Z PLANE ElCOMMERCIAL VEHICLE

')AIQC 

SAMPLE COLLECTED BY A V- .. X SAMPLING OBSERVED BY: _________

DISCREPANCIES



Q4430

ci

E:
E

.0~~

CC 

Ct,~~~o

Dv

ci



7 04 43 1

JOB1 No. 12001-2-0701

FIELD SAMPLING JBNM0CR - MNA OU7
DATE ruaA. TIME 43QQ-

REPORT SAMPLING POINT. Z)M (, ŽA
DEPTH _ _ _ _ _ _ _ _ _ _ _

SAMPLE INOMTN SAMPLE I D. NO.: >bA4As- - ;OA

MATRAL WATER El SOIL El SLUDGE El OTHER (LIST)

TYPE: 0 GRAB F] COMPOSITE E3 OTHER (LIST)

HAZARDOUS": E3 YES 0ZNO ElUNKNOWN
CNTAINER PRESERVATV/CMET
TY LUME ~~UMERPREPARATIONMNT

VOAVA 40M ml3CI to pHc2, Cool to 40C VOCS bySW W260B

VOA VA40 ml HIto p <2, Cool to 40 !ehn, eth-ane,!et~hene
bv RSK-175

VOA VIL40 ml H2S 4 to pHc2,Cool to 40C TOG by SW9060

VOA VIAL ~~~40 ml 2 Cool to 40C CO2 by RSKI7

Poy 0 ml 1 ZnA & aOH, Cool to 40C Sulfide by E7 

Poy 250 ml 1 ool to 40C Alkalinity by E10.

Poly 250 ml 1 ool to 40C NO,4, Cl by E30.

Poly 1 L ~ ~~~~~1 HNO3 to PH<2, Cooto4CotMalby6oB70A81

Poy1L 1 HNO3 to PH<2, Cooto4CDsMalby61B70A81

VOA VA20ml 1 Noneu Hydrognb M2

COMMENTS. (WELL PURGING VOLUME: SAMPLE APPEARANCE; ODOR: COLOR, ETC.)

FIELO MESREMENTS 

PARMTREQUIPMENT I.. RSULTS (UNITS) COMMENT

N/A N/A N/ANA

COMMENTS. (WELL PURGING VOLUME- SAMPLE APPEARANCE; ODOR: COLOR, ETC)

CAMPLC SL-A&AtL-'t Cl~~~~o~t"I. PZ oLe)-L

GENERAL INOMTN WEATHER OVG A-Cst, 5~-L AIR TEMPERATURE 5½

SAMPLES SHPED TO STL-NorthCnoOi Mirees-Ptbuo PA

SPECIAL HANDLING. FedEx

MODE OF SHIPMENT: ElCAR/TRUCK F] BUS 0 PLANE El COMMERCIAL VEHICLI

-1A/QC

SAMPLE COLLECTED BY: ____________SAMPLING 
OBSERVED BY: _________

DISCREPANCIES
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JOB No. 12001-2-0701

FIELD SAMPLING JOB NAME DSCR - MNA 0U7
DATE iO01-ctl TIME 

REPORT SAMPLING POINT Z£vhw-al
DEPTH '[

SAMPLE INFOMTIN SMPLE ID.NO.: NtS-~/

MATRAL WATER E1 SOIL [l SLUDGE ElOTHER (LIST) _______

TYPE: GRAB El COMPOSITE [] OTHER (LIST)

HAZARDOUS?. EYES El NO F] UNKNOWN

CNTAINER PREEVTV'COMMENTS
TY ~ ~ ~ ~ ~ NMBRPREPARTO

VOA VIL40 ml 3 HCI to pH<2, Cool to 400 VOs by SW826OB

VOA VIL40 ml H CI to pH<2, Cool to 400 Methane, ethane, ethene
bRSK-175~

VA VIL40 ml H2S04 to PH<2Cool to 40C TOC by SW9O6O

VOVIL4 ml 2 Cool to 40C CO2 by RSK-175

Poly ~~~500 ml1Zc&NOHColt40 Sulfide by E376.

Poly 250 ~ml 1 Coolto4CAklnybyE11

Poly 250 ml 1 Cool to 400 NO~~~~~~3, SOC, CI by E300.0

Poly 1L 1 HOtop2,Coto4C otMetals by 6O1OB,7470A,7841

PoyIL1 HN0 3 to pHc2, Cool to 40C DOs. Metals by 6010B,7470A.714~1

VOA VA20mliNn 
Hydrogen by AM 20

COMMENTS: (WELL PURGING VOLUME: SAMPL~ APPEARANCE; ODOR; COLOR, ETC)

tiacr rvf 5//csr ~u ~-Ut5r

FIELD MEASUREMENTS

PARAMETER EQUIPMENT D RESLSNTS CMET

N/A N/A N/AN/

COMMENTS' (WELL PURGING VOLUME SAMPLE APPEARANCE; ODOR; COLOR, ETC.)

GENERAL INOMTN WEATHER Th6N ~ AIR TEMPERATURE qC

SAMPLES SHIPPED TO: STL -North Canton, OhN'Mcoeo itbr.P

SPECIAL HANDLING: FedlEx

MODE OF SHIPMENT: C]CARITRUCK ElBUS PLANE ElCOMMERCIAL VEHICL~

SAMPLE COLLECTED BY: &;', -<-i SAMPLING OBSERVED BY. L 

DISCREPANCIES,



434

E
E
0

o -~~~EO

0-

C
co

0

I-~~~I

0~~~

to~~~~~~~~~~~~~~Pl

E)

* a



704 435

JOB No. 12001-2-07~01 ~

FIELD SAMPLING JOB3 NAME 05CR - MNA OU7
DATE (O -\V• ~2- TIME

REPORT SAMPLING POINT. r~ •
DEPTH _ _ _ _ _ _ _ _ _ _ _

SAMPLE INFOMTIN SAMPLE 1.0. NO.: -'JAU.) - )5A

MATRA: 0WATER El SOIL C SLUDGE El OTHER (LIST)

TYPE: Z GRAB FC COMPOSITE fEl OTHER (LIST)

HAZARDOUS?. El YES 0ONO El UNKNOWN

CONTAINER PRESERVATV/COMMENTS
TY LU ~~~NMBRPREPARATIO

VA VILOml 3 HO to pH<2, Cool to 400 VOCsby SW26O

VOA VIL40 ml HOtop pH<2, Cool to 40 Mehae etane, ethene
bv RSK-175

VOA VIL40 ml H2504 to pHc2,Cool to 4' TOC by SW9060

VOA VIAL ~~40 ml 2ool to 40C CO2 byRK-5

Pol 500 ml 1 ZnAc &NaOH, Cool to 400 Sulfide byE7.

Poy 20ml 1ool to 40C Alkalinit byE1.

Poy 20ml Cool to 40C NO3, S 4, CIb 30.

Poly 1 HNO 3 to pH<2, Cool to 40C Tot Metals by 6010B,7470A.7841

Poly 1 HN0 3 to pH<2, Cool to 40C Dis Metals by BO1OB.7470A.7841

VOAVIA 20ml None Hydrogen by AM 20

COMMENTS: (WELL PURGING VOLUME. SAMPLE APPEARANCE; ODOR; COLOR, ETC)

FIELD MEASURMENTS 

PARAETER EQUIPMENT L.D. RSLSUITS) COMMENT

N/A ~~~~~~N/A N/A NIA

COMMENTS' (WELL PURGING VOLUME SAMPLE APPEARANCE; ODOR; COLOR, ETC.)

GENERALI IFRAIN W THER t.&o 4AIR TEMPERATURE c

SAMPLE SIPED TO STL-NorthCno.Oi/Mirees-Ptbu. PA

SPECIAL HANDLING FedEx

MODE OF SHIPMENT' E CARITRUCK El BUS 0 PLANE El COMMERCIAL VEHICLI

'AJQC

SAMPLE COLLECTED BY: ' 2 tt SAMPLING OBSERVED BY. _________

DISCREPANCIES'
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704 437

JBN12001-2-0701

FIELD SAMPLING JOB NAME DSCR -MNA 0U7

REPORT SAMPLING POINT. Th) U_)6

DEPTH _ _ _ _ _ _ _ _ _ _ _

SAMPLE INOMTN SAMPLE ID. NO.I ZM-AJ 4

MATERAL 0WATER El SOIL ElSLUDGE El1 OTHER (LIST) _______

TYPE: 0GRAB El COMPOSITE El OTHER (LIST)

HAZARDOUS?: El YES 0 NO El UNKNOWN

CNTAINER PRSRAIVE/ COMMENTS
T CLUME ~~~NUMBER PREPRTON

VA VIL40 ml 3HCI to pH<2 Cool to 4'C VOsbSW2B

VOA VIAL 40 ml M~~~~~~CI to pH<2 Cool to 40C Methane, ethane, ethene

VA VIL40 ml H2 S04 to PH<2'Cool to 0C TOC by SW9060

VOA VIAL 40 ml 2 Cool to 4~0 C CO, byRK-7

Poly 500 ml 1 ~~~~~~~ZnAc a NaO, Cool to 40CSufdbyE7.

Poly 250 ml 1 Cool to 4~~0 C AlaiiybyE0.

Poly ~~~250 m1Colt4CNOSCIby E0.

Poly 1JL 1 `HNO 3 to PH<2 Coto4CTtmetals by 60105,7470A,7841

Poly 1 HNO3 to Pr'c2, CooUl to 0 i.Mtl by 601 OB,7470A,7841

VOA VIAL 20 ml iNone Hyrgnb M 20

COMMENTS: (WELL PLRGING VOLUME: -SAMPLE APPEARANCE; ODOR; COLOR, ETC.)

u+4 1~Ž to.S Ce IU r e,~tcAAJcc~

FIELD MEASUREMENTS 

PRAMETER EQUIPMENT I.D. RSLSUISCMET

N/A N/A N/ANA

COMMENTS: (WELL PURGING VOLUME' SAMPLE APPEARANCE; ODOR; COLOR, ETC.)

GENERAL INFORMATION WEATHER Ov,4 ercs' AI TMERATURE ______

SAMPLES SHIPPED TO STL-North Canton, Ohio I Microseeps - Pittsburg, PA

SPECIAL HANDLING' FedEx

MODE OF SHIPMENT: El CARITRUCK Li BUS 0PLANE flCOMMERCIAL VEHICL

SAMPLE COLLECTED BY:_ _ _ _ _ _ SAMPLING OBSERVED BY: ____ _

DISCREPANCIES,
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704 439

JOB No 12001-2-0701

FIELD SAMPLING ~~~~JOB NAME DSCR - MNA 0U7
FIELD SAMPLING ~~~DATE I 1pbir2OZ TIME i320O

REPORT SAMPLING POINT: 2)V\-D 74
DEPTH _ _ _ _ _ _ _ _ _ _ _

SAMPLE INFORATION ISAMPLELID NO.: CA gcA
MATRA: 0WATER F] SOIL F] SLUDGE F] OTHER (LIST)

TYPE: GRAB F]1 COMPOSITE El OTHER (LIST)

HAZARDOUS?' El YES 0NO F] UNKNOWN

CONTAINER PRSERVATIE COMMENTS
TY L ~~~~NMBR RPARATIO

VOA VA40ml 3 HOI1 to pH<2, Cool to 40C VOCs by SW82GO

VOA VIAL 40 ml ~~~~~HCI to pH<2, Cool to 40C Methane, ethane, ethene

VOA VIL40 m H2 S to pH<2.CooI to 40C TOC by SW906

VOA VIAL~40ml 2 Coo to 4CCO 2 by RSK-175

Poy 0 ml Zn c& NaCH, Cool to 40C Sulfide by E376 1

Poly 20ml 1 Cool to 4C Alkalinity by E310.1

Poly 250ml 1 Colt 0 C NO3, SO4, CI by E300.0

Poly 1 L 1 HN0 3 to pH<2 Coo to 40C Tot metalsby61B70A84

Pol IL 1 HNO3 to pH-<2, Cool to 40C Dis. MetalsbyOOB47A74

VOA VIL2 liNn ydrognbM2

COMMENTS. (WELL PURGING VOLUME SAMPLE APPEARANCE: ODOR: COLOR. ETC)

FIELD MEASUREMENTS I

PARAMER EQUIPMENT I D. RSLSUITS)CMET

N/A ~~~~~N/A N/A N A

COMMENTS. (WELL PURGING VOLUME. SAMPLE APPEARANCE: ODOR; COLOR, ETC.)

GENERAL INFORMATION WEATHER AIR TEMPERATURE ________________________________

SAMPLES SHIPPED TO STL-Norl-h Canton. Ohio!/ Microseeps-Pitur.A

SPECIAL HANDLING FedEx

MODE OF SHIPMENT, El CAR/TRUCK F]BUS 0PLANE ElCOMMERCIAL VEHICL

I)AJOC

SAMPLE COLLECTED BY 5fCIA'P 
6 .,tu SAMPLING OBSERVED BY: _________

DISCREPANCIES,
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704 442
JOB No. 12001-2-0701

FIELD SAMPLING JOB NAME DSCR -MNA OU7~
DATE fli oZ10\ ... TIME

REPORT SAMPLING POINT:A

DEPTH jvvaJU.)

SAMPLE INFORMATION SAMPLE I.D. NO.: U-) 50A
MATERIAL. 0 WATER El SOIL ElSLUDGE ElOTHER (LIST)

TYPE: ED GRAB El COMPOSITE ElOTHER (LIST)

HAZARDOUS?. El YES 0ZNO ElUNKNOWN
CONTAINER NUBRPRESERVATIVE/ COMMENTS

TYPE VOLUME ~~NUBERPREPARATION

VOA VIAL 40 ml 3 HCl to pH<2, Cool to 4tC VOCs by SW8260B

VOA VIAL 40 ml ~~~~~~~~HC to pH<2, Cool to 40C Methane, ethane, ethene
VOA VIAL 40 ml 3 ~~~~~~~~~~byS-17

VOA VIAL 40 ml 3 H2S04 to pHc2,Cool to 400 TOC by SW9060

VOA VIAL 40 ml 2 Cool to 4CC CO2 by RSK-175

Poly 500 ml 1 ZnAc & NaOH, Cool to 400 Sulfide byE7.

Poly 250 ml 1 Cool to 40C Alkalinity byE30.

Poly 250 ml 1 Cool to 400 NO3, SOS, Cl by E0.

Poly 1 L 1 HN0 3 to pH<2, Cool to 40C Tot Metals by 601OB,7470A.7841

Poly ::: -1 L 1 HN0 3 to pH<2, Cool to 4CDIS metals by 6O1OB,7470A,7841

VOA VIAL 20 ml 1 None Hydrogen by AM 20

COMMENTS- (WELL PURGING VOLUME- SAMPLE APPEARANCE: ODOR; COLOR, ETC.)

FIEL MAUEMENTS I
PARAMETER L EQUIPMENT 1.0 RESULTS (UNITS) COMMENTS

N/A N/A N/A N/A

COMMENTS- (WELL PURGING VOLUME SAMPLE APPEARANCE, ODOR, COLOR, ETC.)
1~~~V 6rAZ 1 ~PA

GENERAL INFORMATION WEATHER fWKSJ AIR TEMPE~RATURE 'A6

SAMPLES SHIPPED TO STL-North Canton, Ohio/ Microseel~s - Pittsburg. PA

SPECIAL HANDLING: FedEx

MODE OF SHIPMENT: ElCAR/TRUCK IDBUS PLANE ElCOMMERCIAL VEHICLE

QA/OCI

SAMPLE COLLECTED BY: 'F-z 6~z%,x tM~t~ PLING OBSERVED BY,_______

DISCREPANCIES- I



704 443
JOB No. 12001-2-0701

FIELD SAMPLING ~~~~JOB NAME DSCR - MNA 0U7

DATE ic - ,- np TIME-IL-LL

REPORT SAMPLING POINT: DAD35

DEPTH _ _ _ _ _ _ _ _ _ _ _ _

SAMPLE INFORMAIN SAMPLE I.0. NO.: -7"M US -3A

MATERIAL: 0WATER El SOIL El SLUDGE r7 OTHER (LIST)_ ___

TYPE: 0GRAB [I COMPOSITE ElOTHER (LIST) _ __________

HAZARDOUS'?' El YES N NO ElUNKNOWN

CNTAINER VLMPREPERVATVE COMMENTS

VA VIL40 ml 3 HI top p< Cool to 400 VCs by SW8260B

VOA VIAL 40 ml MCI~~~~~~~ top H<2 Cool to 400 Methane, ethane, ethene
V 40 ml h,,~~~~~~~~~~~~~ RSKl-175

VO VIL40 ml H2SO4 to P c2,Cool to 40C TOC by SW9060

VOA VIAL ~~40m 2 Cool to 0C CO2 by RSK-175

Poly 500 ~~~m1Zc& NaOH Coto4C Sulfide by E376.1

Poly ~~~25 ml 1 Col o Alkalinity by E31 0 1

Poly 250~~ ml1Co0o40N 3 , SO,, CI by E300.0

Poy -1 L 1 N 3 t ~2 olt 0 o.Metals by 601OB.7470A.7841

Poly I L 1 HN0 3 to pH-<2, Cool to 400 Dts. Metals by 6O1OB,7470A,7841

VODA VIAL 20 ml iNone Hydrogen by AM 20

COMMENTS: (WELL PURGING VOLUME, SAMPLE APPEARANCE; ODOR; COLOR, ETC.)

FIELD MEASUREMENTS 

PARAMETER EQUIPMENT I.D. RESULTS(UNT COMMENTS

N/A N/A N/A N/A

COMMENTS. (WELL PURGING VOLUME- SAMPLE APPEARANCE; ODOR, COLOR, ETC.)

GENERAL INFORMATION WEATHER t!C.4AIRTEMPERATURE ______

SAMPLES SHIPPED TO STL-North Canton, Ohio / Microseeps - Pittsburo., PA

SPECIAL HANDLING, FedEx

MODE OF SHIPMENT: ElCAR/TRUCK El BUS 0PLANE ElCOMMERCIAL VEHICL E

%JOC

SAMPLE OLLECTE BY: /.J~ric&SAMPLING OBSERVED BY: __________
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7 04 4 45

JOB No 12001-2-0701

FIELD SAMPLING ~~~~JOB NAME 05CR - MNA 0U17
FIELD SAMPLING ~~~DATE AI .;,Jna TIMEJ,%.

REPORT ~~~~~~~SAMPLING POINT. tALC I Ila--2

DEPTH

SAMPLE INFORAIN SAMPLE I.D NO. -CflwUJ I I 2- 2-

MATRIL Z WATER El SOIL ElSLUDGE ElOTHER (LIST) _______

TYPE: 0 GRAB El COMPOSITE [3OTHER (LIST)

HAZARDOUS?: ElYES O NO ElUNKNOWN
CNTAINER PRESRATV/COMMENTS

V ~ ~ NMBRPREPARTO

VOA VIL40 ml 3 HCI to pc2 C ool to 40C VOs by SW8260

VOA VIAL ~~40 ml HGI to pH<2 Cool to 40C Methane, ethane, ethene
V ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ,,~~~~~~ RSKV-175

VOA VIL40 ml H2S0 4 to P<c2,Cool to 40 TOC by 5W906

VOA VIAL 40 ~ml Cool to 40C 002 b S-7

Poly 50ml ZnAc & NaOH, Cool to 400 Sulfide by E376.1

Poly ' 20ml Cool to 40C Alkalinit by E310.1

Poly 20ml Cool to 40C NO3, SOCbyE0.

Poly 1 L 1 HN0 3 to pH<c2, Cool to 400 Tot. MetalsbyBOB70A81

PCl HNO3 to P <2, Cool to 400 Dis Metals by 6010B,7470A.78141

VOA VA20miNone Hydrogen by AM 20

COMMENTS' (WELL PURGING VOLUME' SAMPLE APPEARANCE, ODOR; COLOR, ETC.)

FIELD MEAS~UREMENT~S 

PARAMETER EQUUIPMENTI 1.0.. RSULTS (UNITS) CommET

N/A N/A N/ANA

COMMENTS' (WELL PURGING VOLUME. SAMPLE APPEARANCE; ODOR; COLOR, ETC.)

GENERAL INFORM~ATION ~WEATHER CWQ ' t, AIR EMPEATUR

SAMPLES SHIPPED TO STL-North Canton, OhioI Microsep itbr.P

SPECIAL HANDLING. FedEx

MODE OF SHIPMENT: ElCARITRUCK ElBUS 0PLANE ElCOMMERCIAL VEHICL

QA/QC

SAMPLE. COLLECTE ' 
APIGOSRED BY: _________

DISCREPACE:-.k A 
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704 447
JOB No. 12001-2-0701

FIELD SAMPLING JOB NAME DSCR - MNA 0U7
DATE /O/15 /O0,;i TIME / LI /e

REPORT SAMPLING POINT- YAtWO05 -I

DEPTH _ _ _ _ _ _ _ _ _ _ _

SAMPLE INFOMTO AMPLE ID0 NO.. ( 3V5 

MATRA: 0WATER El1 SOIL El SLUDGE ElOTHER (LIST)

TYPE: 0GRAB ElCOMPOSITE COTHER (LIST)

HAZARDOUS?: F]YES 0NO 5UNKNOWN
CNTAINER PEEVTE/COMMENTS

VOLUMNUBERPREPARATO

VA VIL40 ml 3 HCI0 to pH<2 Coot to 40C VCs by SW8260B

VA VIL40 ml HCl to pH<2 Cool to 40C Methane, ethane, ethene

VA VIL40 ml H2S04 to P c2,Cool to 0C TOC by SW9060

VOA VIAL ~~40 ml 2 Cool to 40C C 2 bRS-75

Poly 500 ~~ml ZnAc & NaOH Coto4C SldebE36.1

Poly 250 ml~r 1 Coto4CAklnyby310.t

Poly 250 ~~ml 1 olt ~ OSS Ib300.0

Poy 1 L 1 HOtop2,Coto4CTtMetals by 6010B,7470A,7841

Pol 1 L 1 HN0 3 to pH<2, Cool to 400 Dis metals by 6O10B,7470A.7841

VOA VIL2 liNoneHyrgnbAM2

COMMENTS: (WELL PURGING VOLUME: SAMPLE APPEARANCE; ODOR, COLOR, ETC)

FIELD MEASUEET 

PARAMETR EQUIPMENT I.D. RESULT NT CommET

N/A N/A N/AI NA

COMMENTS- (WELL PURGING VOLUME SAMPLE APPEARANCE; ODOR, COLOR, ETC)

GENERAL INFORMATION WEATHER Ceo/ .AIRTEMPERATURE 
-

SAMPLES SHIPPED TO STL-North Canton. Ohio / Microsee s - Pitisburo. PA

SPECIAL HANDLING. FedEx

MODE OF SHIPMENT, E CAR/TRUCK F] BUS 0 PLANE El COMMERCIAL VEH-ICL

'A/CC

SAMPLE COLLECTED BY 6-C14- -D, A&L___SAPLIGOBERVEBY
DISCREPANCIES.,. Kcu APIGOSRE Y _________
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704 449
JOB No. 12001-2-0701

FIELD SAMPLING JOB NAME DSCR -MNA OU7
DATE jo/ic/cl- TIME 2

REPORT SAMPLING POINT: r'LkuJF-05 3

DEPTH _ _ _ _ _ _ _ _ _ _ _

SAMPLE INFORMATION ISAMPLE I.D. NO.: Ao90-
MATERIAL: 0WATER ElSOIL El SLUDGE Fl OTHER (LIST)

TYPE: 0GRAB QCOMPOSITE ElOTHER (LIST) _ _________

HAZARDOUS'? E] YES E NO F]UNKNOWN
CONTAINERVLE PREPERVATVE COMMENTS

VGA VIAL ~40 ml 3 HC to p <2,Cool to 40C VOCs by SW8260B

VGA VIAL ~~40 ml Hl to pH<2 Cool to 40C Methane, ethane, ethenebu RSK-175

VG VIL40 ml H2S0 4 to PH<2,Cool to 4C TOG by SW9060

VGA VIAL ~40ml 2 Colt4C CO 2 by RSK-175

Poly ~~500 m 1 Znc&NOCo o4C Sulfide by E376 

Poly 250~~~ mlI Coto4CAkalinity by E31.

Poly ~~~250ml 4 Coto4CN 3, SO4, CI by E300.0

Poly 1 ~~~L 1 HNO3 top<,Co o4CTtetals by 6O1OB,747OA,7841

PolyI L1 HO 3 t p11<2 Coo to4 Ds easb 00.470A,7841

VO VIL20 mliNn ydrogen by AM 20

COMMENTS' (WELL PURGING VOLUME. SAMPLE APPEARANCE; ODOR; COLOR, ETC)

fl1-flIN\L- Pi-P&C' L 't 2.5 C4S

FIELD MEASUREMENTS 

PARAMETER EQUIPMENT l.D RESLSUISCommET

N/A N/A N/A N/A

COMMENTS. (WELL PURGING VOLUME. SAMPLE APPEARANCE, ODOR; COLOR, ETC.)

GENERAL INFOMTIN WEATHER C,,aci2j AIR TEMPERATURE s'-t

SAMPLES SHIPPED TO: STL-North Canton. Ohio / Microseeps - Pittsburo, PA

SPECIAL HANDLING: FecdEx

MODE OF SHIPMENT El CARJTRUCK F] BUS 0 PLANE ElCOMMERCIAL VEHICLE

QA/OC 

SAMPLE COLLECTED BY. 11SAMPLING OBSERVED BY. _________

DISCREPANCIES.
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7 04 451
JOB No. 12001-2-0701

FIELD SAMPLING JOB NAME DSCIR -MNA OU7
DATE-I-49J0t TIME

REPORT SAMPLING POINT: CAUOPTAXS
DEPTH _ _ _ _ _ _ _ _ _ _ _

SAMPLE INFORMATION SAMPLE I D. NO: Yt--.FTA >_5
MATERIAL Z WATER Dl SOIL fl SLUDGE El OTHER (LIST)

TYPE: Z GRAB El COMPOSITE El1 OTHER (LIST)

HAZARDOUS?: El YES Z NO ElUNKNOWN
CONTAINER NUBRPRESERVATIVE/ CMET

VOLUME P REPA RAT ION
VOA VIAL 40 ml 3 HCI to pH<2, Cool to 40C VOCs by SW8260B

VGA VIL40 ml 3 HCI to pH<2, Cool to 40C Methane, ethane, ethene
by RSK-175

VA VIL40 ml 3 H2S04 to pH<2,CooI to 40C TOC by SW9060

VGA VIAL ~~40 ml 2 Coto4CCO 2 by RSK-1 75

Poly ~~~500 ml 1 Znc&NGCo o4C Sulfide by E376.1

Poly 250 ml 1 Cool to CAklntbyE10.1

Poy 250 ml 1 Cool to 40C NO 3, SO,, CI by E300.0

Poly 1 L 1 HN0 3 to pHc2, Cool to 40C Tot Metals by 601OB.7470A.7841

Poly I L 1 HN0 3 to pH<c2, Cool to 40C Dis Metals by 60108,7470A.7841

VO IL 20 ml 1 None Hydrogen by AM 20

COMMENTS- (WELL PURGING VOLUME. SAMPLE APPEARANCE; ODOR; COLOR, ETC.)

FIELD MEASUREMENTSI

PARAMETER EQUIPMENT L.D RESULTS (UNITS) COMNTS

N/A N/A N/A N/A

COMMENTS (WELL PURGING VOLUME- SAMPLE APPEARANCE, ODOR; COLOR, ETC)

Cl pm~ C'&v' "

GENERAL INFORMATION WEATHER ootycos AIRTEMPERATURE ZtyF

SAMPLES SHIPPED TO STL-North Canton, Ohio / Microseeps - Pittsburg. PA

SPECIAL HANDLING, FedEx

MODE OF SHIPMENT. El CAR/TRUCK EJ BUS Z PLANE jJCOMMERCIAL VEHICL

SAMPLE COLLECTED BY. 4A -SAMPLING OBSERVED BY: _________

DISCREPANCIES:
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704 453

JOB No. 120011-2-07011

FIELD SAMPLING ~~~~JOB NAME 05CR - MNA 0U7
DATE I (-iQ-o z TIME 14'/c)

REPORT SAMPLING POINT: CMtuJVTA- r

DEPT H _ _ _ _ _ _ _ _ _ _ _

SAMPLE INFORMATION SAMPLE I.D NO.: -JWA 

MATERIAL: 0WATER fl SOIL El SLUDGE El OTHER (LIST)

TYPE: 0GRAB El COMPOSITE El OTHER (LIST)

HAZARDOUS?: El YES 0 NO El UNKNOWN

nT~~~~CNTAINERNUMBER PREPRAION COMMENTS
TYPE VOUMEPE O 

VOA VIAL 40ml 3 HO top pH', Cool to 400 VOCS by 5W82B

VO IL 40ml 3H I to p<c2 Cool to 40C Methane, ethane, ethen
bv RSK-175

VO VA40ml 3 H2S0 to p2Coto oP O TOO by SW90G

VO VA40ml 2 Coto40CO 2 by RSK-175

Poly 500 ml 1 ZnAc & NaUH, Cool to 4-LC Sulfide by E376.1

Poly 20ml 1 Cool to 40C Alkalinity by E1

Poy 20ml I Cool to 40C NO 3, SO 4, Cl byE00

Poly 1L1 HNO3 to pH<2, Cool to 40C Tot Metals by 60108B,74?A74

Poly 1L1 HNO 3 to pl-12, Cool to 40C Dis Metals by 6010B,74?A74

VOA VIA 20 ml 1 None Hydrogen by AM 20

COMMENTS (WELL PURGING VOLUME. SAMPLE APPEARANCE; ODOR; COLOR, ETC.)

FIELD MEASUREMENTS 

PARAMETER EQUIPMENT I.D. RESULTS (UNITS) COMMENTS

N/A N/A N/A N/A s

COMMENTS: (WELL PURGING VOLUME. SAMPLE APPEARANCE, ODOR, COLOR, ETC.)

GENERAL INFORMATIN WEATHER C~0LO-(dJ( ]r ARTMETURE

SAMPLES SHIPPED TO: STL-North Canton, Ohio / Microseeps -PtsbrA

SPECIAL HANDLING FedEx

MODE OF SHIPMENT: El CARITRUCK El BUS 0D PLANE IJ COMMERCIAL VEHICLE

GA/CCI

SAMPLE COLLECTED BY' jL f loLw SAMPLING OBSERVED BY: __________

DISCREPANCIES.
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704 455
JOB No. 12001-2-0701

FIELD SAMPLING JOB NAME DSCIR - MNA OU7
DATEU•LO i....TIME t

REPORT SAMPLING POINT: duOD FTA- 7
DEPTH -k

SAMPLE INFORMATION SAMPLE I.D. NO.: (YL 7TA-7

MATERIAL: 0D WATER El SOIL MlSLUDGE El OTHER (LIST)

TYPE: 0 GRAB El COMPOSITE El OTHER (LIST) ___________

HAZARDOUS?: El YES 0NO El UNKNOWN

CNTAINER NUBRPRESRATV/COMMENTS
TYPE ~~~VOLUEPREPARATIO

VOA VIL40 ml 3 HC to p <2,Cool to 40C VOCs by SW8260

VOA VIAL 40 ml ~~~~~~~HCI to p <2 Cool to 400 Methane, ethane, ethene
VOA 40 ml hu~~~~~~~~~~~~~ RSK-175r

VOAVA 40 ml H2S0 Ito PH<2,Cool to 4C TOC by SW906

VOA VIAL ~~40 ml 2 Cool to 40 02 by RSK-17

Poly ~~~50 ml ZnAc & NaOH, Coo to4Slide by E376.1

Poly ~~250 ml 1 Coto4CAlkalint yE1.

Poly 250~~~ ml Colt 00N 3 O, CI by E300 0

Poly 1 L 1 HNO3 to p~cCo o4CTtMtl y61B77A7

Poly 1IL 1 HINO 3 to pH<2 Cool to 40CDs.Malby60877A84

VOA VIAL 20 mil iNoneHyrgnbAM2

COMMENTS. (WELL PURGING VOkUME. SAMPLE APPEARANCE; ODOR; COLOR, ETC.)

FIELD MEAUEET

N/A N/A ~~~~~~~~~~N/ANA

COMMENTS (WELL PURGING VOLUME. SAMPLE APPEARANCE; ODOR, COLOR, ETC)

GENERAL[NORATION IWEATHER v'Q C~t crz 1L AIR TEMPERATURE _ ____

SAMPLES SHIPPED TO STL-North Canton,Oho/Mcses-Ptsbr.A

SPECIAL HANDLING FedEx

MODE OF SHIPMENT- E CAR/TRUCK El Bus IQ PLANE El COMMERCIAL VEHICL

OA/QC 

SAMPLE COLLECTED BY. VS ¼QSAMPLING OBSERVED BY- 2 r~~

DISCREPANCIES-
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704 457

JOB3 No 12001-2-0701

FIELD SAMPLING ~~~~~JOB NAME. DSCR - MNA 0U7

FIELD SAMPLING ~~DATE \C-zO.-Z0 ~&2 TIME 2ŽL.
REPORT SAMPLING POINT. Mt.'nTxrA - tb

DEPTH _ _ _ _ _ _ _ _ _ _

SAMPLE INFORMAIN SAMPLE ID. NO.. (f~lu Fil-I

MATERIAL: Z WATER El SOIL Q SLUDGE El OTHER (LIST)

TYPE: 0 GRAB El COMPOSITE ElOTHER (LIST)

HAZARDOUS'? n YES 0 NO ElUNKNOWN
CNTAINER REERVATIE COMMENTS

VOLU UMERPRPARATIO

VA VIL40 ml 3 MC o pHc2, Cool to 40C VOCsby 5W82B

VGA VIAL ~~40 ml Hd~ to pH<2, Cool to 4C Mehae etane, ethene
VOA ~~~~~~~~~~~~~~~~bv RSK-175

VG VIL40 ml H2 S0 to pHc2,Cool to 4C TOO by SW906

VA VIL40 ml 2 Cool to 4CC 002 by RSK-1 75

Poly 50ml 1 ZnAc & NaGH, Cool to 4CC Sulfide by E376.1

Poly 250 ~~ml 1 Cool to 4CC Alkalinity by E31 0.1

Poly 20ml 1 Cool to 40C NO 3 , 5 4, Cby E300 0

Poly I L ~ ~~~~~~1 HNO 3 to pH2ColtC Tot Metals by 61B77A74

Poly 1L1 HNO3 to pHc2, Cool to 40C Dis Metals by 6010B,740A74

VGA VIAL 20 ~ml None Hydrogen byAM2

COMMENTS: (WELL PURGING VOLUME. SAMPLE APPEARANCE, ODOR: COLOR, ETC.)

FIELD MEASUEET

PARAMTER EQUIPMENT I D. RESULT UITS) COMMENTS

N/A ~~~~~~N/A N/A N/A

COMMENTS. (WELL PURGING VOLUME SAMPLE APPEARANCE; ODOR; COLOR, ETC.)

GENERAL INOMTO WEATHER r)vp z. AIR TEMPE~RATURE ______

SAMPLES SHIPPED TOSL-rhCatnOho/Mroes-Pttbo.A

SPECIAL HANDLING, FedEx

MODE OF SHIPMENT, El CAR/TRUCK E BUS PLANE E COMMERCIAL VEHICL

SAMPLE COLLECTED BY. - - :~SAMPLING OBSERVED BY,_________

DISCREPANCIES
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704 459

JOB No. 12001-2-0701

JOB NAME DSCR MNA -OU 7

FIELD SAMPLING DATE\O)2 TIME ?'~Q

REPORT SAMPLING POINT ffLn rt w9
(LOCATION)

DEPTH N/A

SAMPLE INFORMATION SAMPLE I.D0 NO: YV-

MATERIAL. 0WATER E3 SOIL ElSLUDGE EOTHER (LIST)

TYPE: SGRAB El COMPOSITE El OTHER (LIST)

HAZARDOUS?: ElYES ED NO ElUNKNOWN

CONTAINER NUBR PRESERVATIVE/ CMET

TYPE ~~VOLUME NUBRPREPARAT ION CMET

VOA VIAL ~~40 ml 3 Cool to 40C ... VOCs by SW8260B
Methane, Ethane &

VOA VIAL ~~40 ml 3 Coal to 40C Ethene by RSKI75

VOA VIAL ~~40 ml 3 H2S 04 toPH<2, Cool to TOC by SWYO6O
40C

Carbon Dioxide by
VA VIAL 40 ml 2 Cool to 40C RSK175

Poly 500 ml 1 Zn Acetate & NaOH; Sulfide by E376.1
Cool to4 0

Poy 250 ml I Coto4CAlkalinity by E310.1

Poly 250 ml 1 Cool to 40C NO3, SO', & C12 by E300

Poly 1 Liter 1 HN0 3 to pH<2; Cool to Total Metals by
40C 6010OB/7470A/7841

Ply 1 Liter 1 HN0 3 to pHc2; Cool to Dissolved Metals by
I40C 6010B/7470A/7841

VOA VIAL ~~20 ml 1 1None Hydrogen by AM 20

COMMENTS- (WELL PURGING VOLUME: SAMPLE APPEARANCE, ODOR; COLOR, ETC.)

Lower aquifer well - VOCs and dissolved gasses collected wlo HCI - 7 Day Hold Time!!!

TbT-thL )i& . L' 6-ALL~l-V : -74PLC CL..ChL, VX potL

FIELD MEASUREMENTS I
PARAMETER EQUIPMENT I.0 RESULTS (UNITS) COMMENTS

SEE ATTACHED TABLE

COMMENTS (WELL PURGING VOLUME SAMPLE APPEARANCE, ODOR, COLOR, ETC)

ibliw. euetx I &AtLLCDJ, $AAPLC CL-EA- Pico opoR

GENERAL INFORMATION IWEATHER rzs%, AIR TEMPERATURE5%.

SAMPLES SHIPPED TO STL - North Canton. OhIo/Mlcrospees - Pittsburgh. PA

SPECIAL HANDLING, FedEx

MODE OF SHIPMENT. El CAR/TRUCK FIJ BUS Z PLANE 5 COMMERCIAL VEt-

SAMPLE COLLECTED BY £& t SAMPLING OBSERVED BY _________

DISCREPANCIES
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7 04 46 1
JOB No. 12001-2-0701

JOB NAME DSCR MNA -OU 7

FIELD SAMPLING DATE ioAS6.o2- TIME l

REPORT SAMPLING POINT rhŽE•-Ai1L
(LOCAT ION)

DEPTH N/A

SAMPLE INFORMATION SAMPLE I.D. NO.: l~ 

MATERIAL' 0 WATER ElSOIL ElSLUDGE ElOTHER (LIST)

TYPE: 0GRAB ElCOMPOSITE [OTHER (LIST)

HAZARDOUIS?: El YES 0 NO ElUNKNOWN
CONTAINER NUMBER PRESERVATIVE! COMMENTS

TYPE VOLUME PREPARATION

VOA VIAL ~~40 ml 3 Cool to 40C VO.s.by SW826BO
Methane, Ethane &

VO VIL40 ml 3 Coal to 40C Ethne by RSK175

VO VIL40 ml H2S04 to pH2,Col o O by SW9060

VOA VIAL 40 ml 2 Cool to 4-C ~~~~~~Carbon Dioxide by
VOA VIAL 40 ml 2 Cool to 400 ~~RSK175

Poly 500 ml 1 Zn Acetate & NaOH, Sulfide by E376.1

Poly 250 ml 1 Cool to 40 Alkalinity by E310 1

Poly 250 ml 1 Cool to 40C NO3, SO4,&01byE0

Poly 1 Liter 1 HN 3 to P c2 Cool to Total Metasb
40C 6010B/747J84

Poly i Liter 1 HNO3 to P c2 COOl to Dissolved Metals by
40C 6010B/7470A/7841

VOA VIAL 20 ml 1 None Hydrogen by AM 20

COMMENTS: (WELL PURGING VOLUME' SAMPLE APPEARANCE; ODOR, COLOR, ETC.)

Lower aquifer well - VOCs and dissolved passes collected w/o HCI - 7 Day Hold Time!!l

FIELD MEASUREMENTS 

PARAMETER EQUIPMENT I.D RESULTS (UNITS) COMMENTS

SEE ATTACHED TABLE

COMMENTS' (WELL PURGING VOLUME SAMPLE APPEARANCE, ODOR; COLOR, ETC)

f L-Ay qoP- UAlT5IA % o~CPr Jb~ LL pcn)(2 ptnycjvL-

GENERAL INFOMTIN WEATHER CLJJAIR TEMPERATURE ~S 4 F

SAMPLES SHIPPED TO: STL - North Canton, Ohio/Microsee~s-Ptsug.P

SPECIAL HANDLING FedEx

MODE OF SHIPMENT: El CAR/TRUCK ElBUS PLANE Fl COMMERCIAL VEF

QA/QCI

SAMPLE COLLECTED BY IF-. V6 ~zSAMPLING OBSERVED BY NbR\STj 4

DISCREPANCIES



704 462
JOB No 12001-2-0701

FIELD SAMPLING ~~~~JOB NAME 05CR - MNA 0U7

DATE IO.S.OZ. TIME ~-O0

REPORT SAMPLING POINT: (vitOFr/ -14

DEPTH

SAMPE IFORATION SAMPLE 1.0 NO. CAWn-PTA -/16 2

MATERIAL: WATER El SOIL Dl SLUDGE ElOTHER (LIST)

TyPE GRAB El COMPOSITE El OTHER (LIST)

HAZARDOUST- E YES O NO ElUNKNOWN
CNTAINER PRSRAIVE/ COMMENTS

NUMBER PREPRTON
TYPE VO~LUME

VOA VIL40 ml 3 HCI to p<c2, Cool to 40C VOCs by SW8260B

OMMENTS. (WELL PURGING VOLUME. SAMPLE APPEARANCE, ODOR, COLOR, ETC.)

FIELD MEASUREM;ENTS 

PARAMETER E~QUIPMENT I D. RESULTS (UNIT COMMENTS

N/A ~~~~N/A N/A N/A

COMMENTS: (WELL PURGING VOLUME- SAMPLE APPEARANCE; ODOR: COLOR, ETC)

C~,*t4IL 01 jflAVI ~ *f~C , C~p(Z iP-t~ '~WiT NO O%..

GENERAL INFORMATION WEATHER CoJj)ggjAIRTEMPERATURE zzr

SAMPLES SHIPPED TO& STIL-North Canton. Ohio /Microsee s - Pittsburo PA

SPECIAL HANDLING FedEx

MODE OF SHIPMENT ElCARITRUCK ElBUS PLANE ElCOMMERCIAL VEHICLE

QA/QCC

SAMPLE COLLECTED BY' Eo~l . r -r2 SAMPLING OBSERVED BY: FW FZ 3&rm7

DISCREPANCIES:



704 463

E
0E

>1 u~~~~~1

00

4)~~~~~~~~~~~~~~~~~~~~~~ I

ot rwJ-o riCth

0 3 
-

0-

0- 0-~~~~~~~~~~~% 

p 0 ~~0 CL(

E B

iL V)~~~~~~~~~~~~~~~~~~~~~~V

V 0

0-

z O jJ

6 A~~~~~~~~~~~~~~V

C E)

22

0 
_

-Jr_ _



704 464
JOB No. 12001-2-0701 

JBNAME DSCR MNA -OU 7

FIELD SAMPLING DATEIpCO TIME

REPORT SAMPLING POINT MJOl2TIL
(LOCAT ION)

DEPTH N/A

SAMPLE INFORMATION SAMPLE ID0 NO -JE 4

MATERIAL,~ WATER El SOIL El SLUDGE El OTHER (LIST)

TYPE 0 GRAB El COMPOSITE El OTHER (LIST)

HAZARDOUS?. ElYES 0ZNO El UNKNOWN

CONTAINER NUBR PRESERVATIVE/ COMMENTS
T UME :~~~NMBR REPARATION

VO VIL40 ml 3 Cool to 40C VOCs by SW8260B
Methane, Ethane &

VOA VIAL ~~40 ml 3 Cool to 4CEthene b R5K175

VGA VIAL 40 ml ~~~~~~~H2S04 to PH<2, Cool to TCbyW90
40 ml 3 ~~~40CTObyS96

Carbon Dioxide by
VGA VIAL ~~40 ml 2 Colt 0 C RSK175

Poly 50~~~0 ml 1 Zn Aeat & NaGH, Sulfide by E376.1
Cool to 40CI

Poly 250 ~~ml 1 Cool to 4C Alkalinity by E310 I

Poly 25~~~0 ml 1 Cool to 40C NO3, SO4 , &C12 by E300

Poly 1Liter 1 HN 3 to pHc2; Cool to Total Metals by
40 C ~~~~601OB/7470A17841

Poly 1 Liter 1 N 3 t H<2, Cool to Dissolved Metals by
40 C ~~~~6010B/7470A/7841

VGA VIL20 ml 1 NnHydrogen by AM 20

COMMENTS. (WELL PURGING VOLUME. SAMPLE APPEARANCE; ODOR, COLOR, ETC)

Lower aq~uifer well - VOCs and dissolved gasses collected w/o HCI - 7 Day Hold Time!!

FIELD MEASUREMiENTS 

PARAMER EQUIPMENT I D. I RESULTS (UNITS) COMMENTS

SEE ATTACHED TABLE

COMMENTS- (WELL PURGING VOLUME SAMPLE APPEARANCE, ODOR, COLOR, ETC)

GENERAL INFORMATION WEATHER L-_____________AIR TEMPERATURE Ž

SAMPLES SHIPPED TO STL - North Canton. Ohio/Microseeos - Pittsburgh, PA

SPECIAL HANDLING: FedEx

MODE OF SHIPMENT. ElCAR/TRUCK F~ BUS Z PLANE El COMMERCIAL VEHICLE

OA/QC

SAMPLE COLLECTED BY 1- (t- i Iu SAMPLING OBSERVED BY. ________

DISCREPANCIES
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70' 46
JOB No. 12001-2-0701

JOB NAME 05CR MNA - OU 7

FIELD SAMPLING DATE 4/16//k/ TIME •SI36

REPORT SAMPLING POINT z'1t7zrtAu/A
(LOCATION)

IDEPTH N/A

SAMPLE INFORMATION SAMPLE I D. NO'- mflluSRT/ -A

MATERIAL, Z WATER ElSOIL El SLUDGE El OTHER (LIST)

TYPE: Z GRAB ElCOMPOSITE F]OTHER (LIST)

HAZARDOUS?' rEl YES 0NO ElUNKNOWN
CONTAINER MR PpRRESERVATIVE/ COMMENTS

NUMBE PRPARATION
TYPE VLUMEI

VOA VA40 ml3 Col to 4C VOCs by SW8260B
Methane, Ethane &

VOA VA40 ml oo to 4C Ethene by R5K1175

VOA VA40 ml H 2 0 to pH-<2, Cool to TOC by SW9060
40C

Carbon Dioxideb
VODA VIAL 40 ml 2 Coo to 4C RSK175

Poly 500 ml 1 Zn Acetate & NaOH; Sulfie by E7
Cool to 4'C

Poly 250 ml 1 Cool to 40C Alkalinity by E310.1

Poly 250 ml 1 Cool to 40C NO3, S04, & C12 by E00

Poly 1 Liter 1 HNO 3 to pHc2, Cool to Total -Metals b-y
y ~~~~~~~~~40C 6010B17470AJ7841-

Poly 1 Liter HN0 3 to pH<2; Cool to Dissolved Metals by
'y ~~~~~~~~~40C 6010B/7470A17841

L-VOFAuVIAL ~ 20 ml 1 None Hydrogen by AM 20

COMMENTS (WELL PURGING VOLUME: SAMPLE APPEARANCE, ODOR, COLOR, ETC)

Lower aquifer well - VOCs and dissolved passes collected wlo HCI - 7 Day Hold Time!!!

FIELD MEASUREMENTSUTS(NTS OMET

PARAMETER EQUIPMENT I D RSLSUISCMET

SEE ATTACHED TABLE

COMMENTS (WELL PURGING VOLUME. SAMPLE APPEARANCE, ODOR, COLOR, ETC)

GENERAL INFORMATION iWEATHER AIR TEMPERATURE _____________________________

SAMPLES SHIPPED TO' STL - North Canton. Ohio/Microseeos - Pittsburgh, PA

SPECIAL HANDLING FedEx

MODE OF SHIPMENT: El CAR/TRUCK ElBUS PLANE El COMMERCIAL VEHICLE

QA/QC I
SAMPLE COLLECTED BY i C -A1C.Yt SAMPLING OBSERVED BY _________

DISCREPANCIES
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704 468

JOB No. 12001-2-0701

JBNAME OSCR MNA -OU 7

FIELD SAMPLING DATE it) 111 I0Z TIME \SC

REPORT SAMPLING POINT FW 7-LA -9
~~~~~~- ~ ~ ~ ~ ~ ~ ~ l-4 (LOCATION)

z'bp\ -A 0- -!~1 
DEPTH N/A

SAMPLE INFORMATION SAMPLE I.D0 NO.

MATERA: 0WATER ElSOIL ElSLUDGE ElOTHER (LIST)

TYPE: 0GRAB ElCOMPOSITE El OTHER (LIST)

HAZARDOUS?: ElYES Z NO EUNKNOWN
CONTAINER PREUMBERVATVE COMMENTS

VO VA40ml 3 Coo to CC.. VCs by SW8260B

ml 3 oo to C ~~~~~~ethane, Ethane &

VOAVA40m3 Colt4C Ethene bv RSKI75

VOA VIAL 40 ml H 2 S 4 to PH<2, Cool to TOO by SW9060
V 4-C ~~~~~~~~~~~~~~~~~~arbon Dioxide by

VOA VIL 0ml 2 oo to 4 RSK175

Poy 50ml 1 Zn Acetat& NaH Sulfide by E371
Cool to 400

Poy 20ml 1 Cool to 40 AlIkalinity by E1.

Poy 20ml 1 Cool to 40C NO3, SO4, & C12 by E300

Poly Liter HNO 3 topH<2; Cool to Total Metals by
40C 6010B17470A/7841

Poly Liter 1 HN0 3 topHc2; Cool to Dissolved Metals by
40C 6010B/7470A/7841

VOA VIAL 20mhNnydoe by AM 20(

COMMENTS (WELL PURGING VOLUME. SAMPLE APPEARANCE; ODOR, COLOR, ETC)

Lower aquifer well - VOCs and dissolved glasses collected w/o HCI - 7 Day Hold Time!.!!.

FIELD MEASUREMENTS

PARAMETER EQUIPMENT L.D RESULTS UNITS) COMMENTS

SEE ATTACHED TABLE

COMMENTS' (WELL PURGING VOLUME SAMPLE APPEARANCE, ODOR, COLOR, ETC)

r\o ,,pAic -rr

GENERAL INFORMATION j WEATHER ___________ 
AIR TEMPERATURE ______

SAMPLES SHIPPED TO STL - North Canton, Ohio/Microsees-Ptsug.P

SPECIAL HANDLING' FedEx

MODE OF SHIPMENT El CAR/TrRUCK El BUS0 PLANE E COMMERCIAL VEHICLE

QASIQCLMLNOBEVDB 
?rc-

SAMPLE COLLECTED BY ~iAMPLNG OBSRVED B

DISCREPANCIES
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704 70
JOB No. 12001-2-0701

JBNAME DSCR MNA -OU 7

FIELD SAMPLING DATE_-0dcZ TIME-L

REPORT SAMPLING POINTU2IQI SAL2
(LOCATION)

DEPTH N/A.

SAMPLE INFOMTIN SAMPLE L.0 NO.. LA&LOP7A-

MATRA. 0WATER El SOIL ElSLUDGE ElOTHER (LIST)

TYPE: 0GRAB El COMPOSITE Q OTHER (LIST)

HAZARDOUS?: ElYES O NO El UNKNOWN

CONTAINERR PRESRATV/COMMENTS
T ~ ~ ~ ~ ~ ~ NUBRPREPARATO

VOA VA40ml 3 Cool to 40C VOs by SW8260B
Methane, Ethane &

VOAVAL4m 3 Cool to~t Ethenebh RSK175

3 H250I to PH<2 Coo to O b W96
VOA VA40ml 4 O b W9C

M 00 C ~~~~~~~~~~~arbon Dioxide by
VG IAL 4ml2 Coto40RSK1 75

Pol 50 ml 1 Zn Aeate & aH Sulfide by E376.1
Cool to 40C

POy 20ml Cool to 40C Akalinity by E310.1

Poly 250 ml Cool to 40C NO 3, SO4, & C12 by 0

Poy 1 Liter 1 HN 3 to pH<2 Coolt Total Metals by
40C 6010B/7470A/7841

Poly 1 Liter HNO3 to p<2 Coo to DissolvedMeasb
40C 6010B/7470A74

VODA VIAL 20 ml 1 one Hydrogen by M2

COMMENTS' (WELL PURGING VOLUME SAMPLE APPEARANCE; ODOR, COLOR, ETC.)

Lower aquifer well - VOCs and dissolved gasses collected w/o HG! - 7 Day Hold Time!!!

FIELD MEASUREMENTS

PARAETREQUIPET10 EULTS UNITS) COMMENT

SEE ATTACHED TABLE

COMMENTS' (WELL PURGING VOLUME SAMPLE APPEARANCE, ODOR, COLOR, ETC.)

GENERAL INFORMATION WEATHER PLnx s AIR TEMPERATURE 5

SAMPLES SHIPPED TO: STL - North Canton, Ohio/Micros~eeps - Pittsburgh. PA

SPECIAL HANDLING' FedEx

MODE OF SHIPMENT El1 CAR/TRUCK E BUS0 PLANE E COMMERCIAL VEHICLE

SAMPLE COLLECTED BY: LISAMPLING OBSERVED BY. i

DISCREPANCIES.



7 04 47 1
JOB No. 12001-2-0701

FIELD SAMPLING JOB NAME DSCR - MNA 0U7
DATE iolinfoz TIME ise

REPORT SAMPLING POINT: 01 F-F wA-ac
DEPTH

SAMPLE INFORMATION SAMPLE I.D NO. yv tA-vFTrA- op
MATERIAL Z WATER 5 SOIL ElSLUDGE ElOTHER (LIST)

TYPE. 0 GRAB El COMPOSITE ElOTHER (LIST) ______________

HAZARDOUS'? E YES O NO [JUNKNOWN
CONTAINER PRESERVATIVE/ COMMENTS

T 0 LIME ~~NUMBER PREPARATION

VOA VIAL ~~40 ml 3 HOI to pH'<2 Cool to 40C VOCs by SW8260B

COMMENTS. (WELL PURGING VOLUIME' SAMPLE APPEARANCE, ODOR, COLOR, ETC)

FIELD MEAUEET

PARAMETER EQUIPMENT ID RESULTS (UNITS) COMMENTS

N/A N/A N/A N/A l

COMMENTS' (WELL PURGING VOLUME: SAMPLE APPEARANCE; ODOR, COLOR, ETC)

GENERAL INFORMATION WEATHER 0,w \S~ AIR TEMPERATURE ~

SAMPLES SHIPPED TO STL-North Canton. Ohio /Microseeps - Pittsburg. PA

SPECIAL HANDLING FedEx

MODE OF SHIPMENT El CAR/TRUCK El BUS 0 PLANE El COMMERCIAL VEHICLE

QAJOC I
SAMPLE COLLECTED BY, 41~LLV SAMPL INGOBSERVEDBYBY-

DISCREPANCIES



704 472
JOB No 12001-2-0701

JOB NAME 05CR MNA -OU 7

FIELD SAMPLING DATE ickiz' TIME icc

REPORT SAMPLING POINT i FTuPT;t0
(LOCATION)

DEPTH N/A

SAMPLE INFORM-ATION SAMPLE IL0 NO.:~~T 

MATERIAL: 0WATER C] SOIL ElSLUDGE F] OTHER (LIST)

TYPE: 0GRAB F]COMPOSITE F]OTHER (LIST)

HAZARDOUS?: E] YES 0NO F]UNKNOWN
CONTAINER NUMBER PRESERVATIVE/ COMMENTS

TYPE ~~~VOLUME PREPARATION-

VOA VIAL ~~40 ml 3 Coal to 40C VOCs by SW8260B

40 ml 3 Cool to 40C Methane, Ethane &
VOA VIAL ~~~~~~~~~~~~~Ethene by RSK175

VGA VIAL ~~40 ml 1 H 2SO4 to pH<2, Cool to TOC by SW9060

VOA VIAL 40 ml 2 Cool to 40C ~~~~~Carbon Dioxide by
VGA VIAL 40 ml 2 Cool to 40C ~~~~~IRSK175S

Pay 500 ml 1 Zn Acetate & NaOH, Sulfide by E376.1
Cool to 40C 

Poly 250 ml I Cool to 40C Alkalinity by E31 0.1

Poly ~~~250 ml 1 Colo4S O3,54 & C12 by E300

Poly ~~~~1 Liter 1 HN0 3 to pH<2; Cool to T otal metals by
Poly________I___4

0C 601 OB/7470A/7841

Poly 1 Liter 1 HN0 3 to pH<2; Cool to Dissolved Metals by
__________________ ~4CC 6010B17470A17841

COMMENTS (WELL PURGING VOLUME: SAMPLE APPEARANCE; ODOR; COLOR, ETC.)

Lower aquifer well - VOCs and dissolved gasses collected w/o HCI - 7 Day Hold Time!!

FIELD MEASUREMENTSI

PARAMETER EQUIPMENT ID REULTS (UNITS) COMMENTS

SEE ATT ACHED TABLE

COMMENTS. (WELL PURGING VOLUME SAMPLE APPEARANCE; ODOR, COLOR, ETC.)

GENERAL INFORMATION WEATHER 1m1t1A AIR TEMPERATURE _tLLO

SAMPLES SHIPPED TO' CEMRD - Omaha. Nebraska

SPECIAL HANDLING' FedEx

-MODE OF SHIPMENT. 2 CAR/TRUCK F] BUS 0 PLANE F]COMMERCIAL VEHICLE

QA/QC I I 

SAMPLE COLLECTED BY', +K LJi SAMPLING OBSERVED BY: 

DISCREPANCIES'



704 473
JOB No. 12001-2-0701

JBNAME DSCR MNA -OU 7

FIELD SAMPLING DATE --- Iv4,a TIME C

REPORT SAMPLING POINT eMI4EI~ZI~ 
(LOCATION)

DEPTH N/A

SAMPLE INFORMATION SAMPLED0. NO:- ulL uip- 3
MATERIAL S WATER 5SOIL 5 SLUDGE ElOTHER (LIST) _______

TYPE: GRAB ElCOMPOSITE P OTHER (LIST)

HAZARDOUST ElYES NO 5 UNKNOWN

CNTAINER PESEVTV]COMMENTSNUMBER PREPARATIO
TYPE VOLUME

VOAVAL4 ml 3 Cool to 4C VCs by SW28

VOA VIAL 40 ml 3 Cool to 40~ ~ ~~~C Methane, Ethane &
V A M 3 00 to ~~~~~~~~~~Ethene bv RSK175

VOA VIAL 40~~~ ml H2 5 4 to pH<2 Coolt TOC by SW9060
40C

VA VIL40 ml 2 Cool to 4'C R5175

Poy 500 ml 1 Zn Acetate & aH ufde by E7 

Pol 1 Liter HNO 3 to pH<, Cool to Total Metals by

Pol 1 Liter 1 HNO3 to pHC2 Cool to Dissolved Metals by
40C 601 OB17470A/7841

VA VIL20 ml 1 one Hyrgen by AM 20

COMMENTS: (WELL PURGING VOLUME: SAMPLE APPEARANCE; ODOR; COLOR, ETC.)

Lower aquifer well - VOCS and dissolved plasses collected wlo HCI - 7 Day Hold Timnel!..

FIELD MEASUREMENTS

PARAMETER EQIMENT I.0. RESULTS (UNIS) CommET

SEE ATTACHED TABLE

COMMENTS (WELL PURGING VOLUME SAMPLE APPEARANCE, ODOR, COLOR, ETC)

GENERAL INFORMATION WEATHER A( qAIR TEMPERATURE t

SAMPLES SHIPPED TO: STL - North Canton, Ohio/Microseeps - Pittsbug.P

SPECIAL HANDLING FedEx

MODE OF SHIPMENTr El CARJ'TRUCK E Bus ID PLANE COMMERCIAL VE- - E

"AQCI

SAMPLE COLLECTED BY. I.] SAMPLING OBSERVED By, A- t
DISCREPANCIES:
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704 475
JOB No 120011-2-07011

FIELD SAMPLING JOB NAME DSCR - MNA 0U7
DATE W'1L10. TIME %1NC9

REPORT SAMPLING POINT: rfluw FTA -;D?
DEPTH _ _ _ _ _ _ _ _ _ _ _

SAMPLE INFORMATION SAMPLE I.D NO. (Cr\uU F TA - 3

MATERIAL: 0 WATER El SOIL El SLUDGE FI OTHER (LIST)_ ___

TYPE: 0 GRAB Fl COMPOSITE El OTHER (LIST)

HAZARDOUS?: El YES ONO E3 UNKNOWN

CNTAINER PRESERVATIVE/ COMMENTS
NUMBER PREPARATION

TYPE VOL~~~UME I

VGAVA 40 ml 3 HCI to pH<2, Cool to 40C VOCs by SW8260B

VGA VIAL ~~40 ml 3HCI to pH-<2, Cool to 40C Methane, ethane, etheneby RSK-175

VA VIL40 ml H ~ 2S0 4 to pH<2,CooI to 40C TOO by SW9060

VGA VIAL ~~40 ml 2 Cool to 400 CO 2 by RSK-175

Poly ~~~500 ml 1 ZnAc & NaOH olt 0 Sulfide by E376.1

Poly ~~~250 ml 1 Coto4CAklnybyE31O0.1

Poly ~~~250 ml1Co0o4CN 3, SO4, CI by E300.0

Poly 1 L 1PrO topcCo o40Tt. Metais by 601OB,7470A.7841

Poly 1 L I HN0 3 to pHc2,Cool to 400 Dis.Metals by 60108,7470A,7841

VGA VIAL 20 mli I None Hydrogen by AM 20

COMMENTS (WELL PURGING VOLUME. SAMPLE APPEARANCE; ODOR; COLOR, ETC.)

FIEL MAUEMENTS 

PARAMETER EQUIPMENT I.D. RESULTS (UNITS) COMMENTS

N/A N/A N/A N/A

COMMENTS- (WELL PURGING VOLUME- SAMPLE APPEARANCE; ODOR, COLOR, ETC.)

GENERAL INFORMATION iWEATHER LLO.M(AIR TEMPERATURE Ab1

SAMPLES SHIPPED TO STL-North Canton. Ohio I Microseeos - Pittsburg. PA.

SPECIAL HANDLING- FedEx

MODE OF SHIPMENT: El CAR/TRUCK ElIBUS PLANE ElCOMMERCIAL VEHICLE

QAIQCI

SAMPLE COLLECTED BY- 'AA1L1LSAMPLING OBSERVED BY: _________

DISCREPANCIES-
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JOB No. 12001-2-0701

JOB NAME 05CR MNA - OU 7

FIELD SAMPLING DATE sA c2 TIME WnsŽe

REPORT ~~~~SAMPLING POINT &1WpT4~--
(LOCATION)

DEPTH N/A

SAMPLE INFORMATION SAMPLE 1.D NO..- 1MuJRTh-,P9

MATERIAL. 0 WATER E~ SOIL E SLUDGE FEl OTHER (LIST) _______

TYPE: CD GRAB ECOMPOSITE E~ OTHER (LIST)

HAZARDOUS?: ElYES NO ElUNKNOWN
CONTAINER NUBR PRESERVATIVE/ CMET

TYPE ~~VOLUME NUBRPREPARATION CMET

VGA VIAL ~~40 ml 3 Coal to 40C VOCs by SW8260B
Methane, Ethane &

VOA VIAL ~~40 ml 3 Coal to 40C Ethene by RSK175

VGA VIAL ~~40 ml 3 H2 504 to pH<2, Cool to TOC by SW9060
40C

VGA VIAL 40 ml 2 Cool to 40C Carbon Dioxide by
RSK175

Poly 500 ml 1 Zn Acetate & NaOH; Sulfide by E376.1
________________ ~C ool to 40 C _ _ _ _ _ _ _ _ _ _

Poly 250 ml 1 Cool to 40C Alkalinity by E310.1

Poly 250 ml 1 Cool to 40C NO3, SO4, & C12 by E300

Poly 1 Liter 1 HN0 3 to pH<2; Cool to Total Metals by
_________________ _________________4

0 C 601 OB/7470A/7841

Poly 1 Liter 1 HN0 3 to pH<2; Cool to Dissolved Metals by
_____ ____ ____ __ _ ____ ____ ____ _ __ ____ ____ 40C 601OB/7470A/7841

VOA VIAL 20 ml 1 None Hydrogen by AM 20

COMMENTS: (WELL PURGING VOLUME. SAMPLE APPEARANCE, ODOR; COLOR, ETC)

Lower aquifer well - VOCs and dissolved passes collected w/o HO! - 7 Day Hold Time!!!

YOc CAL- P)L'P-uGQ

FIELD MEASUREMENTSI

PAAMETER EQUIPMENT I 0. RESULTS (UNITS) COMMENTS

SEE ATTACHED TABLE

COMMENTS- (WELL PURGING VOLUME SAMPLE APPEARANCE; ODOR, COLOR. ETC.)

GENERAL INFOMTIN WEATHER R3i'AIR TEMPERATURE ¾c3

SAMPLES SHIPPED TO: STL - North Canton, Ohio/Microseeps - Pittsburgh. PA

SPECIAL HANDLING: FedEx

MODE OF SHIPMENT- El CAR/TRUCK El BUS M PLANE El COMMERCIAL VEH~

OA/QC ~I k IA
SAMPLE COLLECTED BY. _A, &,l SAMPLING OBSERVED BY /i& 'V
DISCREPANCIES: 1
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JOB3 No. 1200`1-2-0701

FIELD SAMPLING JOB NAME DSCR -MNA OU7
DATE 1p-17-02 TIME ,q

REPORT SAMPLING POINT: (IF~
DEPTH _ _ _ _ _ _ _ _ _ _

SAMPLE INFORMATION SAMPLE I 0 NO.: jfl4 - 2?

MATERIAL: 0 WATER El SOIL El SLUDGE FEl OTHER (LIST)

TYPE: 0 GRAB El COMPOSITE rEl OTHER (LIST) ____________

HAZARDOUS?. El YES 0 NO El UNKNOWN

CNTAINER PRESERVATIVE/ COMMENTS
VOL ~NUMERPREPARATION 

VOA VIL40 ml 9 Coo to 40C VOCs by SW8260

Cool to 40 Methane, ethane, ethene

VO VIL40 ml 3 b RSK-1175

VOA VIAL ~40 ml g H2 50 to pH<2,Cool to 4 C TOC by S96

VOA VIAL ~40ml 2 Col to 400 CO2 by RSK-17

Poly 500 ~~ml ZnAc & NaOH, Cool to4CSulfide by E371

Poly 250 ~~ml Cool to 40C Alkalinity by E310.1

Poly 250 ~~ml 3 Coo to40O 3, SO4, Cl by E0.

Poly 1 L 1 HNO 3 to prc2, Cool to 4C Tot Metals by 6010OB,740A74

Poly 1 L 1NOtopH<2, Cool to 4CDis Metals by 6O10B74A.784

VOA VIAL 20 ml 1 one Hydrogen by AM2

COMMENTS: (WELL PURGING VOLUME: SAMPLE APPEARANCE; ODOR; COLOR, ETC)

Lower aquifer well - VOCs and dissolved plasses collected wlo HCI - 7 Day Hold Time!"!

FIELD MEAUEMENTS I

PARAMETER EQUIPMENT l.D RESULTS NT COMMENT

N/A N/A N/A N/A

COMMENTS: (WELL PURGING VOLUME SAMPLE APPEARANCE, ODOR, COLOR, ETC)

GENERAL INFORMATION WEATHER C n 4 AIR TEMPERATURE COO_____

SAMPLES SHIPPED TO- STL-North Canton, Ohio/ Microseeps - Pittsburg. PA

SPECIAL HANDLING FedEx

MODE OF SHIPMENT [El CARJTRUCK El BUS 0Q PLANE El COMMERCIAL VEHICLE

OA/QCI

SAMPLE COLLECTED BY: lotVv5__, SAMPLING OBSERVED BY. ________

DISCREPANCIES. 1
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704 482
JOB No. 12001-2-0701

JOB NAME DSCR MNA - OU 7

FIELD SAMPLING DATEILL.TI ME4.~

REPORT SAMPLING POINT PALOFTAiI
(LOCATION)

DEPTH N/A

SAMPLE INFORMATION SAMPLE ILD NO. vV\ U9 PT A -

MATERIAL. 0WATER El SOIL El SLUDGE ElOTHER (LIST)

TYPE: 0GRAB El COMPOSITE El OTHER (LIST)

HAZARDOUS?: El YES 0NO El UNKNOWN

CONTAINER NUMBER PRESERVATIVE/ COMMENTS
TYPE ~~~~VOLUME ______ PREPARATION

VGA VIAL ~~~~40 ml 9 HCI to pH<2, Cool to 40C VOCs by SW8260B

40 ml 3 HCI to pH<) ronl to 40C, Methane, Ethane & Ethene by

VGA VIAL ~~~~40 ml 3 O op-<,Co o4C RK7

VOA VIAL 40 ml 2 Cool to 40C Carbon Dioxide by RSK175

Amber Glass 1 Liter 6 Cool to 400 PAI-s by 8270 SIM

Amber Glass I Liter 6 Cool to 40C FOBs by 8082

Poly 500 ml 3 Zn Acetate & NaGH; Cool Sulfide by E376.l
____ ____ ____ ____ __ _ ____ ____ ___ to 40 0

Poly 250 ml 3Cool to 40C Alkalinity by E3110.l

Poly 250 ml 3 Cool to 400 NO3, SO4, & 012 by E30

Poly 1~~~~~ Liter HN 3 t ~2 olt C otal Metals by
Poly 1 HN03 to pH<2, Cool to 40C ~~60108/f7470NI7841
Poly 1 Liter I 1 HNO3 to pH<2: Cool to 400 D~~issolved Metals by

Poly1 Lier IHN03t_ P <_ C ol t 4IC 6010B/747:0A17841

VGA VIAL 20 ml 1 None Hydrogen by AM 20

COMMENTS. (WELL PURGING VOLUME: SAMPL E APPEARANCE, ODOR; COLOR, ETC.)

$741 (c d b~c*e c&~~/vwi . I latI/!

FIELD MEASUREMENTS

PARAMETER EQUIPMENT I D RESULTS (UNITS)CMET

SEE ATTACHED TABLE

COMMENTS (WELL PURGING VOLUME SAMPLE APPEARANCE, ODOR, COLOR, ETC.)

7c~~e ye! kin": rco/or - C/ICa C,- •1IVftde or3Cie,

GENERAL INFORMATIOIN WEATHER (n - ,.&yti AIR TEMPERATURE

SAMPLES SHIPPED TO: STL - North Canton, Ohio/Microseeos. Pittsburgh. PA

SPECIAL HANDLING: FedEx

MODE OF SHIPMENT. El CAR/TRUCK ElBUS 09 PLANE flCOMMERCIAL VEH-

QA1QC

SAMPLE COLLECTED BY ~J. It. - SAMPLING OBSERVED BY: -

DISCREPANCIES.
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JOB No. 120011-2-07011

JBNAMED05CR MNA-OU 7

FIELD SAMPLING DATE ,/J72AŽ2;i TIME ~13

REPORT SAMPLING PQINT MW tEI.
(LOCATION)

DEPTH N/A

SAMPLE INFORMATION SAPE'0 O A WA F-f-A -r3

MATERIAL. 0WATER ElSOIL El SLUDGE ElOTHER (LIST) _______

TYPE: 0GRAB ElCOMPOSITE ElOTHER (LIST)

HAZARDOUS?. ElYES 0NO ElUNKNOWN
CONTAINER ER PRESERVATIVE COMMENTS

VO ~ NMBRPREPARATION

VA VIL40m 3 HCI to pH<2. Cool to 40C VOCs by SW2B
Methane, Ethane & Ethene by

VOAVA 40 ml 3 HCI to pH<2, Cool to 40C RSK175

VOAVA 40 ml 3 H2S04 to P<2 ColtD4TC by SW6

VOA VIAL 40 ml 2 Cool to 40C Carbon Dioxide yRKY

Amber Glass 1Liter 2 Cool to 4CPAI-s by 8270 I

Amber Gass 1Liter 2 Cool to 40CPsby82

Poly 50 ml 1 Zn* Actat & NaH 0Co Sulfide by E376.1

Poly 25 l1 Cool to 40 lalinity by E1.

Poy 250 ml 1 Cool to 4'C NO3, SO4, & C12 by E30

pol ~ ~ ~ 1Liter HN0 3 to pH-12, Cool to 4C T0o~tal4Meals8by

Dissolved Metals by1
Poly 1Liter 1 HN0 3 to pH<2; Coo to 4C 6010B17470AJ78411

VG IAL 20m oeHydrogen by AM 2

COMMENTS: (WELL PURGING VOLUME, SAMPLE APPEARANCE; ODOR; COLOR, ETC.)

iLL, floor -

FIELD MEASUREMENTS

PARAMETER EQUIPMENT 1.D. RESUTSUITS) COMMENTS

SEE ATTACHED TABLE

COMMENTS. (WELL PURGING VOLUME. SAMPLE APPEARANCE; ODOR; COLOR, ETC.)

G EN ERAL IN FORMATION WEATHER IWV445fL. 7 Clc,(iv5 ARTM ERAU~fA~
I r ^~~~~~~~~~ ~65 700 jF

SAMPLES SHIPPED TO STL - North Canton, Ohio/Microseeos, Pittsburgh. PA

SPECIAL HANDLING: FedEx

MODE OF SHIPMENT, El CARJTRUCK ElBUS 0PLANE ElCOMMERCIAL VEHICLE

CAIQO I ,. 

SAMPLE COLLECTED BY: C; (LA'-L SAMPLING OBSERVED BY: /1 L%(aa .t
DISCREPANCIES,



704 484

JOB NAME 05CR MNA -OU 7

FIELD SAMPLING DATE IC,~ 6a TIME /2

REPORT SAMPLING POINT t&LEAZU..
(LOCATION)

DEPTH N/A

,AMPLE INFORMATON SAMPLE 1.0 NO.: rv)PT- 0N

MATERIAL: 0 WATER El SOIL El SLUDGE ElOTHER (LIST)

TYPE: 0 GRAB El COMPOSITE F]OTHER (LIST)

HAZARDOUS?. El YES 0ONO ElUNKNOWN
CNTAINER PRSRVATIVE COMMENTS
T OLU ~~~~NUMBRPRPRATION

VOA VIL40 ml 3 HCI to p -<2, Coot to 40C VOs by SWB2SO
Methane, Ethane I Eene by

VA VIL40 ml 3 HCI top p<, Cool to 40C RSK175

VA VIL40 ml 3 H2S04 to PH<2, Cool to 40C O yS96

VGA VIAL 40 ~~ml 2 Cool to 40CCro'ixd by RSK175

Amber Gass 1 Ltr 2 Cool to 40CC Ab 8270 SIM

Amber Gass I tr 2 Cool to 40C Ps by 8082

Poly 50ml 1 Zn Acetate & aH Coo Sulfide by E376.
to 40C

Poly 20ml 1 Cool to 40 lalinity by E31.

Poy 5 ml I Cool to 4CN 3, SO,&1 2 by E0

I r ~~~~~~~~~~~~~~otal Metals by

Poly 1 Liter I HNO3 o pH<2, Cool to 40C 010817470A/7841
Dissolved Metals by

Poly 1 Ltr 1 N~op<;Co o4C 60l0B/7470AIr7841

COMMENTS: (WELL PURGING VOLUME: SAMPLE APPEARANCE, ODOR, COLOR, ETC.)

\ DcJ-er c'lcac, co~rcteCS - L 4 4)-in

FIELD MEASRMNTS

PARAMETER EQIMN .. RESULTS UNTS) COMMENT

SEE ATTACHED TABLE

COMMENTS (WELL PURGING VOLUME SAMPLE APPEARANCE; ODOR, COLOR, ETC)

GENERAL INFOMTIN WEATHERT>N hy row$.~-S~AIRTEMPERATURE"

SAMPLES SHIPPED TO: CEMRD -Omaha. Nebraska

SPECIAL HANDLING, FedEx

MODE OF SHIPMENT: El CAR/TRUCK E BUS CD PLANE ElICOMMERCIAL VEt-l'

OAIQC 
Il/

SAMPLE COLLECTED BY: ~,C 4.-1-. SAMPLING OBSERVED BY. laLL
DISCREPANCIES:
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JOB No. 12001-2-0701

JOB NAME DSCR MNA -OU 7

FIELD SAMPLING DATE pZLf 2... TIME I a0

REPORT SAMPLING P0INTsflQŽ.4tz3k
(LOCATION)

DEPTH N/A

SAMPLE INFORMATION SAMPLE ID. NO. folA tukP

IMAT AL Z WATER El SOIL El SLUDGE El OTHER (LIST)

TYPE. 0 GRAB El COMPOSITE El OTHER (LIST) _____________

HAZARDOUS?: El YES Z NO El UNKNOWN

ONTAINERNUMBR PRSRAIVE/ COMMENTS
niT~~~~~IN E~V~ PREPARATION

VA VIL40 ml 3 O o pI-<2. Cool to 400 VOCs by SW8260B
Methane, Ethane & Ethene b

VGA VIAL ~~~~40 ml 3 HOI to p <2, Cool to 4CC RSK175

VA VIL40 ml 3 -12S0 to p <2 , Cool to 4,C TOC by SW9060

VGA VIAL ~~~~40 ml 2 Cool to 400 Carbon Dioxide by RSK175~

Amber Gass 1 Liter 2 Cool to 400 PAHs by 8270 SIM

Amber Gass 1 Liter 2 Cool to 40C POB by88

Poly 500 ml 1 Zn Acetate & Na H, coo Sulfide by E37l
to 400

Pol 25 ml Cool to 400 AalmintbyE01

Poly 250 ml cool to 40 C NO3, 04, &C12 by E0

Total Metals by

Poly 1 Liter 1 HOto pH<2. Cool to 40C 6010B1747074

Poly ~~~1 Liter HNO3 to pH-<2, Cool to 400 Dissolved Metals by
Poly ~~~~~~~~~~~~~~~~6010B17470N7841

VOA VIAL 20 ml 1 one Hydrogen by AM 20

COMMENTSw (WELL PURGING VOLUME- SAMPLE APPEARANCE; ODOR; COLOR, ETC)

YAjr tr Cle ar r el les •jw c/-

FIELD MEASUREMET

PARAEE QIMN 10RSLSUISCOMMENTS

SEE ATTACHED TABLE

COMMENTS (WELL PURGING VOLUME SAMPLE APPEARANCE, ODOR, COLOR, ETC)

GENERAL INFOR:MATION~WIEATHERFkcLrflts0:~yJr 24 -_ocLi'n AIR TEMPERATURE ~44'

SAMPLES SHIPPED TO: STL - North Canton, Ohio/Microseeps. Pittsburgh. PA

SPECIAL HANDLING FedEx

MODE OF SHIPMENT: E CAR/TRUICK fl BUS0 PLANE El COMMERCIAL VEHICLE

QA/QCI

SAMPLE COLLECTED BY 0. SAMPLING OBSERVED BY 44M
DISCREPANCIES
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APPENDIX G
MONITORED NATURAL ATT1ENUATION PARAMETERS



704 489

APPENDIX G - MONITORED NATURAL ATTENUATION PARAMETERS

Dissolved Oxygen - DO is the most thermodynamically favored electron acceptor used by microbes for

the biodegradation of organic carbon, whether natural or anthropogenic. Anaerobic bactenia which

facilitate the reductive dechlorination of VOCs, generally cannot function at DO concentrations greater

than 0.5 milligramis per liter (mgIL) and, hence, rates for biotic reductive dechlorination will be greatly

reduced under these conditions. DO concentrations in the upper WBU for the October 2002 sampling

event ranged from less than 0.1 mg/L (MWFTA- 10) to 4.9 mg/L (MWFTA-3) with an average

concentration of 0.99 mg/L. However, of 19 monitoring well sampled, only four monitoring wells had a

DO concentration above 1 mg/L (MWFTA-1, MW;FTA-23, MWFTA-25A, and DMW-27A).

DO concentrations in the lower WBU for the October 2002 sampling event ranged from 1.5 mg/L

(MWFrA-28B) to 7.1 mgfL (MWFL'A-18). Measured DO concentrations in the upper WBU are

generally stable over the four sampling events for the wells measured in the upper WBU and are generally

favorable for continued natural attenuation. Lower WBU monitoring wells measured over the four

sampling events have DO concentrations that fluctuate and range from favorable to not-favorable for

MNA Generally, DO concentrations are favorable for sustaining reductive dechlorination in the upper

and range from favorable to not-favorable in the lower WHU at OU 7

The DO concentration detected in MWFTA-20 (fractured bedrock) for the October 2002 sampling event

was 3 5 mg/L, which is consistent with historically detected DO concentrations This falls under the

range of favorable to not-favorable for the fractured bedrock.

Nitrate - Nitrate may be used as an electron acceptor for anaerobic biodegradation of organic carbon via

denitrification. In order for reductive dechlorination to continue at rates supporting of MNA, nitrate

concentrations (measured as nitrate-nitrogen) in the contaminated portion of the aquifer should be less

than 1.0 mag/L as N Nitrate concentrations in the upper WBU for the October 2002 were less than I

mg/L except for DMW-13A which was 1.4 JB mg/L. The JB flag indicates that this data was qualified as

estimated and biased high and for the purposes for this report is considered not detected Nitrate

concentrations for the lower WBU during the October 2002, sampling event are less than 0 1 mg!L For

the fractured bedrock, nitrate has not been detected above the reporting limit Results for nitrate in

monitorimg wells sampled in the tipper and lower WBUs and the fractured bedrock (MWFTA-20 only) for

the four sampling events indicate that nitrate concentrations will not compete with the reductive

dechlorination pathway.

20701 06 G-I
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Sulfate - Sulfate may be used as an electron acceptor for anaerobic dechlorination of VOCs This process

is termed "sulfate reduction" and results in the production of sulfide. Concentrations of sulfate greater

than 20 mgfL may cause competitive exclusion of dechionnation. However, in many plumes with high

concentrations of sulfate, reductive dechlorination still occurs. According to analytical test results for the

October 2002 sampling event, sulfate concentrations ranged in the upper WBU from 0.53 JQ mg/I.

(MWFI'A-1) to 62.9 mg/L (MWvFOS-1) with an average concentration of 19.94 mng/L. For the lower

WvBU, sulfate concentrations measured during the October 2002 sampling event ranged from 1.2 mg/L in

MWFI'A-18 to 30.4 in MWFTA-29B. Sulfate concentrations for MWFIA-20 were 4.5 mng/L. Sulfate

concentrations over the four sampling events indicate that conditions are generally favorable for

continued natural attenuation in the upper and lower WBUs and the fractured bedrock.

Sulfate concentrations were generally higher in areas upgradient and side-gradient to the contaminant

plumes in the upper WBU. Generally, sulfate concentrations decreased along the plume flow path

indicating the sulfate reduction is occumng in groundwater of the upper WBU. This is illustrated with

MWFOS-I, MWFOS-3, DMW-27A, and MWFTA-1. MVWFOS-1 is the background well for the

contamination associated with the former FOS tank/Pit 3 and had the highest sulfate concentrations.

Along the flow path downgradient from the potential source areas, sulfate concentrations decrease to

below the reporting limits for the MarchlApnl 2002, July 2002, and October 2002 sampling events.

Carbon Dioxide - Carbon dioxide is a by-product of complete miuneralization of organic compounds and

can also serve as an electron acceptor during methanogenesis. Carbon dioxide concentrations measured

in the upper WBU during the October 2002 sampling event ranged from 24 mnglL (DMW-25A) to 450

mg/L in MWFITA-l. As with sulfate, carbon dioxide concentrations increased in wells downgradient

from source areas. Increases of carbon dioxide in areas where breakdown of VOCs is occurring indicate

that mineralization of organic compounds is occurring. For the lower WBU and fractured bedrock,

carbon dioxide concentrations were less than 0.17 mg/I. in each well measured except for MWFTA-18

(1 5 mg/L) and MWFFA-28B (IS8 mg/L).

Dissolve Hydrogen - Dissolved hydrogen was detected in groundwater samples from most wells sampled

during recent groundwater sampling events. Dissolved hydrogen concentrations ranging from I to I I

nanornoles (nM) are indicative of oxidation-reduction conditions that are favorable for reductive

dechlorination of VOCs. For the October 2002 sampling event, hydrogen concentrations range from 2.3

nM (MWFTA-l) to 19 nM (MWFTA-2 and DMW-33A) with an average concentration of 5 nM

Hydrogen concentrations in lower WBU monitoring wells ranged from 26 nM (MWFTA-lS and

20701 06 G02
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MWFTA-29B) to 27 nM (MWFTA-16) with an average concentration of 8.7 nM. Hydrogen

concentrations in the fractured bedrock (MWFITA-20) were 2.8 nM. Hydrogen concentrations for wells

measured in the upper and lower WBU and fractured bedrock are supportive of continuing MNA and are

favorable for continuing reductive dechlorination.

Alkalinity - Microbial activity leads to increased alkalinity concentration. Increases in alkalinity result

from the dissolution of rock, driven by the production of carbon dioxide produced by the metabolism of

microorganisms Alkalinity is important in the maintenance of groundwater pH because it buffers the

groundwater system against acids generated during aerobic and anaerobic biodegradation. Groundwater

in the upper WBU at OU 7 has alkalinity concentrations that ranged from 1 JH mg/L as calcium carbonate

(CaCO3) (MWFOS-l) to 190 mngfL as CaCO3 (MW;FTA-1) with alkalinity concentrations in groundwater

above 10 mng/L as CaCO 3 in 13 of the 19 monitoring well tested. In the lower WBU, alkalinity ranged

from 53 mg/L as CaCO3 (MVWFTA-I18) to 340 JL mg/L as CaCO3 (MW;FTA-29B). Alkalinity within the

fractured bedrock (MVWFTA-20) was 74 mgfL as CaCO3.

Oxidation-Reduction Potential - The oxidation-reduction potential (ORP) of groundwater is a measure

of electron activity and is an indicator of the relative tendency of a solution to accept or transfer

electrons. Oxidation-reduction reactions in groundwater containing organic compounds (natural or

anthropogenic) are usually biologically mediated; therefore, the ORP of a groundwater system depends

upon and influences rates of biodegradation. Knowledge of the ORP of groundwater also is important

because some biological processes operate only within a prescribed range of ORP conditions. 014'

measurements can be used to estimate the location of the contamiunant plume, especially in areas

undergoing anaerobic biodegradation Results from the October 2002 sampling event for the upper WBIJ

at OU 7 ranged between -158 (MWFITA-1) to 405 myV (MWFTA-7). For the lower WBU, ORP results

ranged from -149 (MWFrA-16) tol195 mV (MW;FA-14) The ORP result for MWFTA-20 was15rnV`

pH - The pH of groundwater has an effect on the presence and activity of microbial populations in

groundwater. This is especially true for methanogens Microbes capable of degrading VOCs and

petroleum hydrocarbon compounds generally prefer pH values varying from 6 to 8. During the October

2002 sampling event, the upper WBU at OU 7 had pH results that ranged from 3.43 (MWFIA-7) to 6.63

(DMW-25A) For the same sampling event, the lower WBU had pH results that ranged from 7.09

(MWFrA-28B) to 12 44 (MWFTA-29B). The pH for MWFTA-20 was 9 41 Values for pH correlated

well with carbon dioxide concentrations (increasing pH results in low carbon dioxide concentrations) in

the lower WBU
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* ~~Ferrous Iron - Femrc iron is used as an electron acceptor duning anaerobic biodegradation of organic

carbon During this process, iron (III) is reduced to iron (H1), which may be soluble in water. Iron (1I)

concentrations can thus be used as an indicator of anaerobic degradation of chlorinated solvents. Native

organic matter may also support reduction of iron (H1). Care must be taken when interpreting iron (II)

concentrations because they may be biased low by reprecipitation as iron sulfides or carbonates. Ferrous

iron concentrations for the upper WBU during the October 2002, sampling event ranged from less than

0.1 rnglL (AEH-ADG-10, MWFOS-l, MWFOS-3, DMW-20A, DMW-25A, and DMW-35A) to 3.4 mg/L

(MWFTA-5) with an average concentration of 2.1 mg/L. Nineteen monitoring wells were sampled, of

which, groundwater in 13 of the monitoring wells had ferrous iron concentrations above the reporting

limit (0.1 mg/L). Ferrous iron concentrations in the lower WBU for the October 2002, sampling event

ranged from less than 0.1 mg/L (MWFTA-14, MWVFI'A-16, MWFTA-17, and MWFTA-19) to 3 0 mgIL

(MWiFTA-l8) From the seven monitoring wells sampled, three (MWF'A-lS; 3.Omg/L, MWVFIA-28B;

0.5 mgfL and MWVFIA-29B; 1.0 mgfL) had ferrous iron concentrations above 0.1 mg/L. Ferrous iron

concentrations for MWFTA-20 were 4 mgfL.

Sulfide - Sulfide may be an indicator of sulfate reduction. In addition, as previously stated, re-

precipitation of iron sulfides may lead to anomalously low ferrous iron and sulfide concentrations.

Sulfide concentrations in the upper WBU for the October 2002, sampling event ranged from less than I

mgIL to approximately 6.9 mig/L (DMW-26A). Thirteen monitoring wells had detectable concentrations

and four monitoring wells had sulfide concentrations above I mgfL For the lower WBU during the

October 2002 sampling event, MWFTA-14 (1.4 mgIL) was the only well sampled with a sulfide

concentration greater than I mg/L. Sulfide was detected in MWFTA-20 at 0.3 JQ mg/L.

Total Organic Carbon - Organic carbon is required as an electron donor and drives the biodegradation

of organic contamination. Concentrations of TOC are generally low in both the upper and lower WBU

and the fractured bedrock at 0O3 7 with the exception of MWFTA-1 in the upper WBU Low organic

carbon concentrations limit the rates of biological degradation, however, the concentration of organic

carbon associated with the soils was not quantified as part of the groundwater sampling activities Low

organic carbon concentrations may be due to the utilization of dissolved organic matter in water from

increased biological activity
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TABLE G-1

MNA PARAMETERS AND COLOR INTERPRETATION
Annual Groundwater Report - October 2002

Operable Unit 6
Defense Supply Center Richmond

Richmond, Virginia

MNACocnrtn
Parameter Threshold Interpretation/Analysis Color

DO* <05m/ Te'ductive dechblorination is possible Green

>5 mg/L Reductive dechlorination is not possible Blue

NO3 <1 mg/L Reductive pathway is possible (nitrate does not compete) Green

>1 mg/L Nitrate competes with reductive pathway Blue

SO4 <20 migfL At higher concentrations, sulfate will compete with Green

reductive pathway _____________

CO2** >2xbackground Ultimate oxidative daughter product Green

H >1 nM Reductive pathway is possible, VC may accumulate Green

<1 nM VC is oxidized Blue

ALK** >2xbackground Results from interaction between CO 2 and WBU Green

minerals _ _ _ _ _ _ _ _ _ _ _ _ _ _

TOC >20 mg/L Carbon and energy source; drives dechlorination Green

ORP* < o-10mV Reductive pathway is likely Green

>50 mnV Reductive dechlorination is not likely Blue

pH 5 < pH < 9 Optimal range for reductive pathway to be possible Green

5 > pH >9 Outside optimal range for reductive pathway Blue

Fe +2 ~ >1 mg/L Reductive pathway is possible Green

Sulfide >1 mg/L Reductive pathway possible Green

Chloride >2xbackground Daughter product of organic chlorine NA

Temperature >20 0C Accelerates biochemical process NA

Methane <0 5 mg/L VC oxidizes NA

>0 5 mg/L Ultimate reductive daughter product, VC accumulates

Notes:
MNA - Monitored Natural Attenuation
AVG Average
NA - Not applicable. constituent not included on MNA posting figures

-Ranges for the result are presented, if the result falls between the ranges a color of orange was assigned indicating that conditions are favorable

for natural attenuation
*-A background monitoring location for OU 7 is not available, therefore, concentrations detected at DMW-l3A (an upgradient well) for the

upper WBU and (a side gradient well) for the lower WBU was used

Green - Condition is supporting of natural attenuatton
Blue - Condition is not supporting for natural attenuation
Adapted from ITRC. 1999 Natiral Attenuation of Chlorinated Solvents in Groundwater Pnincipals and Practices

DO - Dissolved Oxygen
NO, - Nitrate
SO, -Sulfate
C0 2- Carbon dioxide
H - Dissolved hydrogen gas
ALK - Alkalinity
TOC - Total organic cat bon
ORP - Oxidation reduction poteniial
pH- - negative log of the hydrogen ion concentrallon
Fe<2 - Ferrous Iron

PREPARED/DATE MET 071l3t2003
CHECKED/DATE TLN 07/14/2003
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APPENDIX H - STATISTICAL METHODOLOGY
MANN-KENDALL TREND TEST

When analyzing a data set for trends, the method first described by H. B Mann in 1945 and later

popularized by M. G. Kendall in 1975 has several advantages. First, it is a method that makes no

assumptions about the distribution of the underlying population from which the samples were taken.

Second, since it is a rank-order test, which depends only on the relative rankings of data and not their

absolute values, it can accommodate censored data (data reported as "below detection limit" (BDL) with a

specific detection limit). The Mann-Kendall test is commonly applied as a non-parametric test for zero-

slope for a linear regression of the data set with time.

The basis of the Mann-Kendall test is a comparison of the number of increasing and decreasing

differences among all the data points. Intuitively, if there is no trend in a data set, taking all possible

differences between pairs of data points, one would expect approximately as many positive differences as

there are negative (as many pairs would "go up" as "go down"). If there are significantly more "ups" than

"downs" (or the opposite), one would have to conclude that the assumption of "no trend" is in error and,

in fact, a trend does exist.

Just how many constitute a "significant difference" is dependent on how many data points are in the set,

how much certainty of a trend is required (alpha), and how many of the data points have the same value

("ties") The result of the procedure is an S statistic that is compared to a table of probabilities of a value

for S for a particular number of data points (n). One such table is table A-IS in Gilbert (1987). If the

listed probability of the calculated S value exceeds the pre-deterrmuned (1- alpha/2 - two tailed

distribution for increasing or decreasing trends) value, then the assumption of zero slope for the

regression is accepted and "no trend" is assumed. If the listed probability of the calculated value is less

than the pre-determmned (I - alpha) value, then the existence of a slope is indicated

To generate the calculated S value, the number of "down" pairs is subtracted from the number of "up"

pairs. This gives the signed S value that can be compared to published tables. An alternate procedure can

be used if there are at least n>l0 data points (and preferably n>40, depending on the number of ties)

which transforms the calculated S value into an approximate standard Z score (that is possibly adjusted

for ties) and compared to readily available Z-score iables. This approximation method allows the test to

be nin for values of n for which no published tables exist. The exact S value comparison is preferred

when table values are available and should always be used when n < 10.
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