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1.0 INTRODUCTION 

The United States Army Corps of Engineers (USACE) has tasked Shaw Environmental, 
Inc. (Shaw) to perform groundwater environmental sampling at Radford Army Ammunition 
Plant (RFAAP), located in Radford, Virginia (Figure 1-1).  The work reported in this document 
is being conducted to determine the current nature and extent of groundwater contamination in 
the RFAAP Eastern Horseshoe Area (HSA) (Figure 1-2) and to determine if any future 
investigation is warranted.  Work for this assignment is being performed under Contract No. 
DACA31-01-F0085.  The combined study area includes groundwater monitoring wells in 
Hazardous Waste Management Unit (HWMU) 16 and Solid Waste Management Units 
(SWMUs) 13, 28, 48, 49, 50, 51, and 59.  This area is located in the southeastern portion of the 
RFAAP HSA, east of the main bridge over the New River.  As illustrated on Figure 2-1, the 
HWMU/SWMUs are co-located, with SWMU 28 in the northern portion of the combined study 
area.  SWMU 51 consists of one trench, approximately 140 ft long by 23 ft wide, located 
immediately to the southwest of SWMU 28 and adjacent to SWMU 30 (Closed Asbestos Waste 
Site).  A barbed-wire fence surrounds SWMU 51.  HWMU 16 is located adjacent on the 
southeast border of SWMU 28.  SWMU 48 is located south of SWMU 51 and is approximately 
30 feet (ft) north of SWMU 50, 75 ft west of SWMU 59, and 200 ft northwest of SWMU 49.  
SWMU 13 and the New River are located approximately 120 ft below the bluff of SWMU 48.  
The land surface in the combined study area gently slopes from approximately 1,830 ft above 
mean sea level (msl) on the north side of SWMUs 48 and 59, to approximately 1,814 ft msl on 
the south of SWMU 50.  Based on topography, surface water runoff is expected to flow 
approximately 700 ft southwest to the New River. 

1.1 PREVIOUS INVESTIGATIONS 

Previous groundwater investigative activities in the HSA were conducted in conjunction 
with Installation permit requirements and included the analysis of inorganic and organic 
compounds chemicals of concern.  The chemicals of concern are classified as explosives, metals, 
semivolatile organic compounds, and volatile organic compounds.  The following discussion 
data set does not include the quarterly groundwater monitoring data collected in conjunction 
with the VPDES permit.  Results of the chemical data included sporadic hits with no real trends 
observed.  Previous groundwater investigations indicated the presence of 2,6-dinitrotoluene at 
SWMUs 28, 51, and 52; antimony at SWMUs 31, 39, and 54; barium for SWMUs 31 and 48; 
beryllium for SWMU 54; chromium at SWMUs 31 and 39; bis(2-ethylhexyl)phthalate at 
SWMUs 26, 28, 48, 51, and 52; compounds 1,1,2,2-tetrachloroethane, 1,1,2-trichloroethane, 1,1-
dichloroethane, and methylene chloride at SWMUs 28, 51, and 52; and carbon tetrachloride and 
trichloroethene at SWMUs 13 and 48.  A brief description of the previous groundwater 
investigations that have been conducted within the HSA are provided below. 

• A RCRA Facility Assessment (RFA) was conducted to assess water quality parameters of 
groundwater samples from monitoring wells in SWMUs 27, 29, and 53 (USEPA, 1987); 

• A Verification Investigation (VI) was performed in three portions of the HSA.  The 
investigation included installation and/or sampling of groundwater monitoring wells 
within SWMUs 26, 32, 39, 54, 57, and 74 (Dames & Moore, 1992); 
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• A RCRA Facility Investigation (RFI) was conducted in two portions of the HSA.  The 
investigation included installation of groundwater monitoring wells and analysis of the 
associated groundwater samples from SWMUs 13, 28, 51, and 52 (Dames & Moore, 
1992); 

• A Phase II VI was performed at three neighboring SWMUs (SWMUs 27, 29, and 53) and 
for SWMU 39.  The investigation included the collection and analysis of groundwater 
samples from these SWMUs and the installation and sampling of groundwater 
monitoring wells within SWMU 39 (Dames & Moore, 1994); 

• An RFI was conducted at SWMUs 31, 48, and 49.  The investigation included the 
installation of groundwater monitoring wells, analysis of the associated groundwater 
sample, and aquifer testing of selected wells (Parsons, 1996); 

• A supplemental RFI (dye tracing study) was conducted in the vicinity of SWMU 48.  A 
dye tracing study was performed as a result of data gaps identified in assessing 
groundwater flow at SWMU 48 and to provide better identification of groundwater 
discharge points from SWMU clusters (Parsons, 1996).  

• An RFI was conducted at SWMUs 31, 39, 48, and 49.  The investigation included 
sampling and analysis of groundwater samples (ICF KE, 1999). 

• An RFI study was conducted at SWMU 31.  The investigation included sampling and 
analysis of groundwater samples to assess potential contaminant migration (IT, 2002a). 

Several previous soil investigations have been conducted at the combined HSA study 
area.  In 1987, the USEPA conducted an RFA to evaluate potential hazardous waste or 
hazardous constituent releases and implement corrective actions, as necessary.  In 1992, Dames 
& Moore performed a VI which included surface and subsurface soil sampling and a soil gas 
survey to characterize the nature and extent of contamination of SWMUs 48, 49, 50, & 59 as 
well as RFI sampling to evaluate potential contamination resulting from site activities of SWMU 
51.  Also in 1992, Environmental Photographic Interpretation Center provided aerial 
photographic analysis of SWMU 51.  In 1996, Parsons Engineering Science conducted an RFI to 
further delineate the extent of contamination identified during the 1992 VI sampling of SWMUs 
48, 49, 50, & 59.  ICF Kaiser Engineers (ICF KE) also performed an RFI in 1998 to further 
refine the understanding of the nature and extent of contamination identified during the previous 
investigations.  In 2002, Argonne National Laboratory performed a geophysical survey of 
SWMU 51 to delineate both the lateral and vertical extent of the former trench.  IT Corporation 
performed a site characterization at the main manufacturing area for SWMUs 39, 48, 49, 50, 58, 
59, FLFA, and Building 4343 in 2002 to address data gaps that were identified from a desktop 
audit for each site.  These soil investigations pertinent to the eastern HSA are summarized in 
Table 1-1. 
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1.2 GROUNDWATER SUMMARY 

Within RFAAP, and particularly within the HSA, sinkholes and fractures, which may be 
associated with sinkhole development, are areas for groundwater recharge.  The western half of 
the HSA contains a number of sinkholes observed from the aerial photographs (circa 1937) and 
topographic maps, most of which have been covered due to site development.  The eastern half 
of the HSA contains a number of fracture traces and few sinkholes.  This eastern area is also the 
topographically highest point in the HSA.  The fracture traces in this area can be zones of high 
secondary porosity due to fissured and solutionally enhanced carbonate rock, allowing surface 
water to migrate very quickly into the subsurface.  Figure 1-2 illustrates the groundwater 
elevation contours in the bedrock aquifer for the eastern end of the HSA and gives an 
approximation as to where water is entering the HSA.  The contours show a radial pattern with 
the gradient moving away in every direction from the groundwater high point at well 28MW1 
toward the New River.  Recharge in the eastern HSA occurs through karst features in the region 
of the topographic highs near SWMUs 28, 51, and 30 and, to a smaller extent, through porous 
infiltration at lower elevations. 

The monitoring well information for the sampled eastern HSA may be found in Table 2-
1.  As part of continuing investigation, groundwater samples have been collected and analyzed in 
the eastern HSA to assess current nature and extent of any contaminant in the groundwater.  The 
remedial data is intended to supply current groundwater information for future actions at 
RFAAP. Complete results and comparisons of data gathered throughout the sampling program 
will be presented in a future investigation reports.  This document presents a summary of the 
data for use prior to further investigations. 
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Table 1-1 
Previous Soil Investigations Environmental Samples 

and Analyses at Horseshoe Area 

Media Sample ID Depth (ft bgs) Analyses 
SWMU 48 

1992 Verification Investigation, Dames & Moore 
Subsurface Soil 

48SB1 7.5-9.5 
TAL metals, VOCs, SVOCs, 
TCLP metals 

 
48SB1 13-15 

TAL metals, VOCs, SVOCs, 
TCLP metals 

 
48SB2 10-12 

TAL metals, VOCs, SVOCs, 
TCLP metals 

 
48SB2 20-22 

TAL metals, VOCs, SVOCs, 
TCLP metals 

1996 RCRA Facility Investigation, Parsons Engineering Science
Surface Soil 48SS1 0-1 TAL metals, VOCs, SVOCs, explosives, TPH 

 48SS2 0-1 TAL metals, VOCs, SVOCs, explosives, TPH 
 48SS3 0-1 TAL metals, VOCs, SVOCs, explosives, TPH 

Subsurface Soil 48SB4A11 10-11 VOCs, SVOCs, explosives, TPH 
 48SB4B21 20-21 VOCs, SVOCs, explosives, TPH, TOC 

1998 RCRA Facility Investigation, ICF Kaiser Engineers
Surface Soil 48SB6C 1-3 TAL metals, VOCs, SVOCs, PAHs, 

explosives 
 48SB6C2 1-3 VOCs (methanol preservation) 

Subsurface Soil 48SB6A 6-7 TAL metals, VOCs, SVOCs, PAHs, 
explosives 

 48SB6A2 6-7 VOCs (methanol preservation) 
 48SB6B 14-16 TAL metals, VOCs, SVOCs, PAHs, 

explosives 
 48SB6B2 14-16 VOCs (methanol preservation) 
 48SB7A 8-9 TAL metals, VOCs, SVOCs, PAHs, 

explosives 
 48SB7A2 8-9 VOCs (methanol preservation) 
 48SB7B 10-11 TAL metals, VOCs, SVOCs, PAHs, 

explosives 
 48TP1 6-6.5 TAL metals, VOCs, SVOCs, PAHs, 

explosives 
 48TP2 6-6.5 TAL metals, VOCs, SVOCs, PAHs, 

explosives 
 48TP3 6-6.5 TAL metals, VOCs, SVOCs, PAHs, 

explosives 
 48TP4 6-6.5 TAL metals, VOCs, SVOCs, PAHs, 

explosives 
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Table 1-1 
Previous Soil Investigations Environmental Samples 

and Analyses at Horseshoe Area, Continued 

Media Sample ID Depth (ft bgs) Analyses 
2002 Site Characterization, IT Corporation

Surface Soil 48SB08A 0-0.5 TCL VOCs, SVOCs, pesticides/PCBs, 
herbicides, PAHs, explosives, TAL metals, 
dioxins/furans, TOC, grain size, pH 

 48SB09A 0-0.5 Explosives, dioxins/furans 
 48SB10A 0-0.5 TCL VOCs, SVOCs, pesticides/PCBs, 

herbicides, PAHs, explosives, TAL metals, 
dioxins/furans 

Subsurface Soil 48SB08B 4–6 TCL VOCs, SVOCs, PCBs, PAHs, explosives, 
TAL metals, dioxins/furans 

 48SB08C 8–10 TCL VOCs, SVOCs, PCBs, PAHs, explosives, 
TAL metals, dioxins/furans, TOC, grain size, 
pH 

 48SB09B 4–6  Explosives, dioxins/furans 
 48SB09C 8–10  Explosives, dioxins/furans 
 48SB10B 4-6 TCL VOCs, SVOCs, PCBs, PAHs, explosives, 

TAL metals, dioxins/furans 
 48SB10C 8-10 TCL VOCs, SVOCs, PCBs, PAHs, explosives, 

TAL metals, dioxins/furans 
SWMU 49 

1992 Verification Investigation, Dames & Moore 
Subsurface Soil 

48SB3 10-12 
TAL metals, VOCs, SVOCs, 
TCLP metals 

1996 RCRA Facility Investigation, Parsons Engineering Science
Surface Soil 48SS4 0-1 TAL metals, SVOCs, TPH 

 48SS5 0-1 TAL metals, SVOCs, TPH 
 48SS6 0-1 TAL metals, SVOCs, TPH 

Subsurface Soil 48SB5A19 17-19 SVOCs, TPH 
 48SB4B37 35-37 SVOCs, TPH, TOC 
 48MW1A22 20-22 SVOCs, TPH 
 48MW1B54 52-54 SVOCs, TPH, TOC 
 48MW2A42 40-42 SVOCs, TPH 

Subsurface soil 48MW2B46 44-46 SVOCs, TPH, TOC 
(continued) 48MW3A22 20-22 SVOCs, TPH 

 48MW3B32 30-32 SVOCs, TPH, TOC 
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Table 1-1 
Previous Soil Investigations Environmental Samples 

and Analyses at Horseshoe Area, Continued 

Media Sample ID Depth (ft bgs) Analyses 
1998 RCRA Facility Investigation, ICF Kaiser Engineers
Subsurface Soil 49SB1A 8-10 TAL metals, VOCs, SVOCs, PAHs, 

explosives 
 49SB1B 18-24 TAL metals, VOCs, SVOCs, PAHs, 

explosives 
 49SB1B2 18-24 VOCs (methanol preservation) 
 49SB1C 28-32 TAL metals, VOCs, SVOCs, PAHs, 

explosives 
 49SB1C2 28-32 VOCs (methanol preservation) 
 49SB1D 38-40 TAL metals, VOCs, SVOCs, PAHs, 

explosives 
 49SB1D2 38-40 VOCs (methanol preservation) 
 49SB1E 48-50 TAL metals, VOCs, SVOCs, PAHs, 

explosives 
 49SB1F 58-60 TAL metals, VOCs, SVOCs, PAHs, 

explosives 
2002 Site Characterization, IT Corporation

Surface Soil 49SS01 0–0.5 TCL VOCs, SVOCs, pesticides/PCBs, 
herbicides, PAHs, explosives, TAL metals, 
dioxins/furans, TOC, grain size, pH 

 49SB02A 0–0.5 TCL VOCs, SVOCs, pesticides/PCBs, 
herbicides, PAHs, explosives, TAL metals, 
dioxins/furans 

Subsurface Soil 49SB02B 4–6 TCL PCBs, PAHs, TAL metals, dioxins/furans 
 49SB02C 8–10 TCL PCBs, PAHs, TAL metals, dioxins/furans 
 49SB02D 17-19 TCL PCBs, PAHs, TAL metals, 

dioxins/furans, TPH, TOC, grain size, pH 
SWMU 50 

1992 Verification Investigation, Dames & Moore 
Subsurface Soil 50SL1 0-5 VOCs, SVOCs, TCLP metals 

 50SL2 0-5 VOCs, SVOCs, TCLP metals 
2002 Site Characterization, IT Corporation

Surface Soil 50SS01 0–0.5 TCL VOCs, SVOCs, pesticides/PCBs, 
herbicides, PAHs, explosives, TAL metals, 
TOC, grain size, pH 

 50SS02 0–0.5 TCL VOCs, SVOCs, PCBs, PAHs, explosives, 
TAL metals 

 50SS03 0–0.5 TCL VOCs, SVOCs, pesticides/PCBs, 
herbicides, PAHs, explosives, TAL metals 

 50SB04A 0–0.5 TCL VOCs, SVOCs, PCBs, PAHs, explosives, 
TAL metals 

 50SB05A 0–0.5 TCL VOCs, SVOCs, PCBs, PAHs, explosives, 
TAL metals 
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Table 1-1 
Previous Soil Investigations Environmental Samples 

and Analyses at Horseshoe Area, Continued 

Media Sample ID Depth (ft bgs) Analyses 
Subsurface Soil 50SB04B 4–6 TCL VOCs, SVOCs, PCBs, PAHs, explosives, 

TAL metals 
 50SB04C 8–10 TCL VOCs, SVOCs, PCBs, PAHs, explosives, 

TAL metals 
 50SB05B 4–6 TCL VOCs, SVOCs, PCBs, PAHs, explosives, 

TAL metals 
 50SB05C 8–10 TCL VOCs, SVOCs, PCBs, PAHs, explosives, 

TAL metals 
 50SB04B 4–6 TCL VOCs, SVOCs, PCBs, PAHs, explosives, 

TAL metals 
 50SB04C 8–10 TCL VOCs, SVOCs, PCBs, PAHs, explosives, 

TAL metals 
SWMU 59 

1992 Verification Investigation, Dames & Moore 
Surface Soil 59SS1 0-1 TAL metals, SVOCs 

 59SS2 0-1 TAL metals, SVOCs 
2002 Site Characterization, IT Corporation

Surface Soil 59SS03 0–0.5 TCL VOCs, SVOCs, pesticides/PCBs, 
herbicides, PAHs, explosives, TAL metals, 
dioxins/furans, TOC, grain size, pH 

 59SS04 0–0.5 TAL metals 
 59SS05 0–0.5 TCL VOCs, SVOCs, pesticides/PCBs, 

herbicides, PAHs, explosives, TAL metals, 
dioxins/furans 

 59SB01A 0–0.5 TCL VOCs, SVOCs, pesticides/PCBs, 
herbicides, PAHs, explosives, TAL metals, 
dioxins/furans 

Subsurface Soil 59SB01B 4–6 TCL VOCs, SVOCs, PCBs, PAHs, explosives, 
TAL metals, dioxins/furans 

 59SB01C 8–10 TCL VOCs, SVOCs, PCBs, PAHs, explosives, 
TAL metals, dioxins/furans 
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2.0 FIELD METHODS 

The field activities consisted of sampling on-site monitoring wells and collecting water 
level measurements.  Investigative activities were conducted in accordance with the Field 
Sampling Plan for Groundwater Sampling in the Horseshoe Area (Shaw, 2006); in conjunction 
with the Master Work Plan (MWP) Master Health and Safety Plan (URS, 2003) and Work Plan 
Addendum (WPA) 012 (IT, 2002b).  A brief discussion of the completed field activities and the 
methods utilized are presented in this section. 

2.1 FIELD MEASUREMENTS 

Figure 2-1 shows the sampling locations for the April 2006 sampling event.  The 
monitoring well information for the sampled eastern HSA may be found in Table 2-1.  A 
MiniRAE2000 photoionization detector (PID) was used to screen the monitoring wells for VOCs 
during the collection of water level measurements (Section 2.2).  All PID readings measured 
during the water level survey were non-detected at 0.0 parts per million.  A multi-parameter 
probe was used to measure the temperature, specific conductivity, pH, oxidation reduction 
potential, dissolved oxygen, and turbidity of the water sampled.  When sampling RFAAP 
Horseshoe Area wells, the water parameter results were evaluated for stabilization to determine 
when a representative sample of the formation water could be acquired in accordance with low-
flow sampling procedures.  Stabilization is defined as three consecutive readings that are within 
the following criteria: 

- ±0.1 for pH; 

- ±3% for specific conductance; 

- ±10 mV for oxidation/reduction potential (Eh); and 

- ±10% for turbidity and dissolved oxygen.   

The water quality parameters, water level measurements, and PID readings were recorded 
on the well purging forms (Appendix A). 

2.2 WATER LEVEL MEASUREMENTS 

Groundwater level measurements were acquired from all sampled monitoring wells 
during the April 2006 sampling event.  The depth of the static water level was measured to the 
nearest 0.01 foot using an electric water level meter.  Water level measurements for all wells 
were taken prior to all sampling activities and noted in Table 2-1.  Water levels were also taken 
during all field measurements to measure any groundwater drop down during the purging 
process.  These results are further discussed in Section 4.1. 
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2.3 LABORATORY ANALYSIS 

The groundwater samples collected were shipped in sealed coolers on ice to Accutest 
Laboratories, Inc. in Orlando, Florida and were analyzed for target compound list (TCL) volatile 
organic compounds (VOCs), TCL semivolatile organic compounds (SVOCs), polynuclear 
aromatic hydrocarbons (PAHs), TCL pesticides and PCBs, target analyte list (TAL) metals, 
explosives, and dioxin furans analyses.  Generated investigative derived waste (IDW) was 
analyzed for chemical oxygen demand (COD) and pH.  The chemical analysis performed for 
each sample is noted in Table 2-2.  Chain of custody records (Appendix B) accompanied all 
sample shipments.  Samples were sent for chemical analysis in appropriate sample containers 
with USEPA prescribed preservation on ice at a temperature of 4ºC ± 2ºC. 

2.4 SAMPLE COLLECTION 

All monitoring wells, field QC samples, sample descriptions, and laboratory analysis 
collected during the sampling event are listed in Table 2-2.  Sampling locations are shown on 
Figure 2-1.  All samples scheduled for collection for the April 2006 sampling event were 
collected.  This included thirteen groundwater wells, two field duplicates, one rinse blank, and 
two trip blanks.  In some cases limited volume was collected due to poor purging wells; 
however, sufficient volumes were still available to perform the full suite of scoped chemical 
analyses.  The detected data values have been included in this report and may be found in Table 
4-1. 

Groundwater samples collected from the eastern HSA wells were acquired using the low-
flow groundwater sampling procedures with a QED SamplePro portable micropurge bladder 
pump.  For each sample, a clean piece of plastic sheeting was spread on the ground around the 
well to protect the sampling equipment.  Immediately after opening the well, headspace readings 
in the well and in the breathing zone immediately above the well were taken with a PID.  No 
VOCs were detected from any of the wells.  If VOCs were measured in the well, the well would 
have been allowed to ventilate for several minutes.  If the readings were continuous, then Level 
C protection will be worn while purging and sampling the well.  The depth to water was then 
measured with an electric water-level indicator.  

For purging the well and collecting the samples, new pieces of Teflon tubing were 
connected to the bladder pump and air inlet and placed within the well.  The pump was also 
supported with nylon rope and the tube inlet placed at the center of the well screen.  The bladder 
pump was then started at a low pumping rate (low-flow sampling of less than 0.500 L/min).  The 
pumping rate was then adjusted until it equals the groundwater recharge rate.  Where possible, 
groundwater was not drawn down below the top of the well screen.  In cases where the water 
table is within the screened interval, groundwater draw down was limited to 10% of the height of 
the water column. 
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While purging, an in-line flow-through cell was used to measure groundwater 
temperature, pH, dissolved oxygen, turbidity, and oxidation reduction potential.  These readings 
were used to determine if conditions in the well have had stabilized as well as the water level 
recorded to measure groundwater drop down.  Measurements were recorded for every 5 minutes.  
The water quality readings were recorded on the Well Purge Forms along with the time of the 
reading, the water level reading, pump setting, purge rate, depth to screen, description of water, 
and the cumulative volume extracted.  A Hydrolab instrument was used to determine the water 
quality parameters.  The groundwater was considered stable when draw down has reached an 
equilibrium level, and the total volume of water purged exceeds the water volume in the 
screened interval and the surrounding filter pack, and parameters stabilize to within ten percent 
over three consecutive readings. 

Sample bottles were labeled, custody-sealed, enclosed in a plastic bag, and placed in a 
cooler with ice in double bags to be maintained at 4°C ± 2°C immediately after sample collection 
and preservation.  Purge water was containerized in 55-gallon drums, sealed, and labeled to 
identify the drum contents for later disposition.  Disposable sampling equipment was discarded.   

Pumps and non-expendable equipment were decontaminated after each collected sample. 
The decontamination procedure for sampling equipment included the following: 1) Scrub the 
sampler pump to remove visible contamination using brushes (if necessary) with distilled (DI) 
water and non-phosphate detergent; 2) Rinse equipment with DI water; 3) Rinse equipment (i.e. 
water level indicator, pump) with reagent-grade nitric acid and methanol; 4) Rinse equipment 
with de-ionized ultra-filtered (DIUF) water; and 5) Place sampling equipment in supplied plastic 
tube. 
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Table 2-1 
Eastern Horseshoe Area Monitoring Well Information, April 2006 

Site ID Well ID Date 
Installed 

Screened 
Zone 

Elevation 
TOC (ft 

msl - 
NVGD, 
1929) 

Well 
Depth 
(ft bgs) 

Screened 
Interval    
(ft bgs) 

DTW     
(ft TOC)  

4/06 

Water 
Elev  (ft 

msl)      
4/06 

Water 
Elev  (ft 

msl)      
4/00 

Depth to 
Bedrock   
(ft bgs) 

SWMU 13 13MW1 8/20/91 Bedrock 1701.44 28 18-28 21.76 1679.68 1685.02 18 
 13MW2 8/29/91 Bedrock 1702.62 29 19-29 21.68 1680.94 1681.72 19 
HWMU 16 16-4 11/2/84 Bedrock 1836.76 80 45-80 52.91 1783.85 1783.00 37 
  C1 7/31/80 Bedrock 1840.14 70 55-70 50.78 1789.36 1788.52 48 
  C4 7/29/80 Bedrock 1824.57 70 55-70 53.88 1770.69 1770.19 46 
SWMU 28 28MW1 9/4/91 Bedrock 1827.18 63 43-63 29.05 1798.13 1797.24 26 
  28MW2 9/10/91 Bedrock 1821.56 83 68-83 62.56 1759.00 1758.66 55 
SWMU 48 48MW4 7/22/95 Bedrock 1832.60 94 74-94 80.41 1752.19 1751.72 NA 
SWMU 49 48MW1 12/19/94 Bedrock 1819.95 140 110-140 111.39 1708.56 1707.71 60 

 48MW2 1/7/95 Bedrock 1818.88 133.7 113.7-133.7 125.30 1693.58 1693.21 40 
  48MW3 1/8/95 Bedrock 1812.17 120 100-120 96.75 1715.42 1714.59 32 
SWMU 51 51MW1 9/24/91 Unconsol 1823.13 35 25-35 33.08 1790.05 1816.01 33 
  51MW2 9/9/81 Interface 1834.77 53 43-53 50.07 1784.70 1784.42 47 
NOTES:  TOC = top of casing; msl = mean sea level; bgs = below ground surface; NA = not available, Unconsol = well screened in unconsolidated sediments; 

Interface = well screened across unconsolidated-bedrock interface; DTW = depth to water. 
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Table 2-2 
Analytical Samples Collected for Groundwater Analysis, April 2006 

 
Sample 
Identification (ID) 

Description Chemical Analysis 

Groundwater Monitoring Wells Horseshoe Area

16-4 Groundwater Sample HWMU 16 TCL VOCs, TCL SVOCs, PAHs, TCL Pesticides 
& PCBs, TAL Metals, Dioxins & Furans 

C1 Groundwater Sample HWMU 16 TCL VOCs, TCL SVOCs, PAHs, TCL Pesticides 
& PCBs, TAL Metals, Dioxins & Furans 

C4 Groundwater Sample HWMU 16 TCL VOCs, TCL SVOCs, PAHs, TCL Pesticides 
& PCBs, TAL Metals, Dioxins & Furans 

13MW1 Groundwater Sample SWMU 13 TCL VOCs, TCL SVOCs, PAHs, TCL Pesticides 
& PCBs, TAL Metals, Dioxins & Furans 

13MW2 Groundwater Sample SWMU 13 TCL VOCs, TCL SVOCs, PAHs, TCL Pesticides 
& PCBs, TAL Metals, Dioxins & Furans 

28MW1 Groundwater Sample SWMU 28 TCL VOCs, TCL SVOCs, PAHs, TCL Pesticides 
& PCBs, TAL Metals, Dioxins & Furans 

28MW2 Groundwater Sample SWMU 28 TCL VOCs, TCL SVOCs, PAHs, TCL Pesticides 
& PCBs, TAL Metals, Dioxins & Furans 

48MW1 Groundwater Sample SWMU 48 TCL VOCs, TCL SVOCs, PAHs, TCL Pesticides 
& PCBs, TAL Metals, Dioxins & Furans 

48MW2 Groundwater Sample SWMU 48 TCL VOCs, TCL SVOCs, PAHs, TCL Pesticides 
& PCBs, TAL Metals, Dioxins & Furans 

48MW3 Groundwater Sample SWMU 48 TCL VOCs, TCL SVOCs, PAHs, TCL Pesticides 
& PCBs, TAL Metals, Dioxins & Furans 

48MW4 Groundwater Sample SWMU 48 TCL VOCs, TCL SVOCs, PAHs, TCL Pesticides 
& PCBs, TAL Metals, Dioxins & Furans 

51MW1 Groundwater Sample SWMU 51 TCL VOCs, TCL SVOCs, PAHs, TCL Pesticides 
& PCBs, TAL Metals, Dioxins & Furans 

51MW2 Groundwater Sample SWMU 51 TCL VOCs, TCL SVOCs, PAHs, TCL Pesticides 
& PCBs, TAL Metals, Dioxins & Furans 

Quality Control Samples 

041206R Rinse blank of Low Flow pump 
and tubing 

TCL VOCs, TCL SVOCs, PAHs, TCL Pesticides 
& PCBs, TAL Metals, Dioxins & Furans 

TM13MW1 Field Duplicate of 13MW1 TCL VOCs, TCL SVOCs, PAHs, TCL Pesticides 
& PCBs, TAL Metals, Dioxins & Furans 

TM48MW1 Field Duplicate of 48MW1 TCL VOCs, TCL SVOCs, PAHs, TCL Pesticides 
& PCBs, TAL Metals, Dioxins & Furans 

041006T Trip blank shipped April 10, 
2006 TCL VOCs 

041306T Trip blank shipped April 13, 
2006 TCL VOCs 

Investigative Derived Waste 
041306DW All Groundwater Wells COD & pH 

Notes:  Samples were analyzed using USEPA SW-846 Update IIIA methodology (April, 1998) and USEPA Methods for Chemical Analysis of 
Water   and Wastes (USEPA, 1983). 
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3.0 QUALITY ASSURANCE/QUALITY CONTROL AND DATA MANAGEMENT 

This section provides Quality Assurance (QA)/Quality Control (QC) information 
pertaining to the April 2006 sampling event.  Quality assurance is defined as the overall system 
for assuring the reliability of data produced.  The system integrates the quality planning, 
assessment, and improvement efforts of various groups in the organization to provide the 
independent QA program necessary to establish and maintain an effective system for collection 
and analysis of environmental samples and related activities.  The program also encompasses the 
generation of valid and complete data as well as its subsequent review, validation, and 
documentation. 

3.1 OVERVIEW OF QUALITY ASSURANCE PROGRAM 

All investigative activities including field work and data evaluation were conducted in 
accordance with the Field Sampling Plan for Groundwater Sampling in the Horseshoe Area 
(USACE, 2006), which was used in conjunction with the Master Work Plan (MWP) Master 
Health and Safety Plan (URS, 2003) and Work Plan Addendum (WPA) 012 (IT, 2002b).  In 
addition, the requirements of the USACE Shell for Analytical Chemistry Requirements 
(USACE, 2001) were used.  Data management, corrective actions, and QA reports are fully 
described in the MWP. 

3.2 REVIEW OF DOCUMENTATION 

Sampling activities were performed in compliance with standard operating procedures 
(SOPs) and each individual performing sampling was aware of the requisite protocols for 
collection of environmental samples.  Documentation required for this project was reviewed and 
deficiencies, if any, were identified.  Documentation required included the following: 

• Field Logbooks:  Hardback logbooks with numbered pages were used to log daily 
activities, and data collected during the course of field activities.  Designated 
logbooks were also used to record calibration records and equipment maintenance as 
they were performed.  Entries into field logbooks were evaluated for completeness 
and accuracy. 

• Groundwater Purge Forms:  During groundwater sampling, well purging data was 
recorded on the Groundwater Purge Form.  Information included date, time, water 
quality measurements, purge rate, volume of water extracted, and a description of 
water removed. 

• Chain-of-Custody:  Samples were collected and relinquished under stringent chain-
of-custody protocols as specified in the project MWP.  A review of Chain-of-Custody 
forms indicates that all information was correctly supplied. 

• Document Control:  Documents generated in support of project activities were input 
into the Document Control System.  A unique control number was assigned to each 
document prior to its being archived into the system.  Access into and out of the 
document control system was restricted to designated personnel. 
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3.3 ANALYTICAL SERVICES AND METHODOLOGY 

The analytical services for the project were provided by Accutest Laboratories, Inc. 
located in Orlando, FL.  The groundwater samples were analyzed for TCL VOCs, TCL SVOCs, 
PAHs, explosives, TCL pesticides and PCBs, TAL metals, and Dioxin Furans analyses.  The 
investigative derived waste sample was analyzed for COD and pH.  Chain of custody records 
(Appendix B) accompanied all sample shipments.  The laboratory used USEPA Third Edition, 
SW-846 Test Methods for Evaluating Solid Waste, Update IIIA (USEPA, 1998) and USEPA 
Methods for Chemical Analysis of Water and Wastes (MCAWW) (USEPA, 1983) methodology 
for the groundwater and investigative derived waste analyses.  Samples were sent for chemical 
analysis in appropriate sealed sample containers with USEPA prescribed preservation on ice and 
received at a temperature within 4ºC ± 2ºC.  The following sections present the USEPA methods 
that were performed for the samples for the 2006 groundwater effort. 

 
TCL VOCs.  Samples were analyzed for TCL VOCs using USEPA SW-846 Method 
5030B/8260B for aqueous samples using purge and trap technology.  An inert gas was 
bubbled through a 5 ml aqueous sample contained at ambient temperature.  The vapor 
was swept through a sorbent column where the purgeable compounds were trapped.  
After purging was completed for the aqueous samples, the sorbent column was heated 
and backflushed with the inert gas to desorb the purgeable compounds onto a gas 
chromatograph (GC) programmed to separate the purgeable compounds, which are then 
detected with a mass spectrometer (MS).  The GC/MS instrument was calibrated for a 
series of target analytes using chemical standards of known concentration and purity.  
Quantification of these target analytes was performed against specific internal standards 
as identified in the respective method.  Identification of these target analytes was based 
on a comparison of the analyte to the chemical standards used during calibration based on 
the analyte's retention time and mass spectra. 

TCL SVOCs.  Samples were analyzed for TCL SVOCs using USEPA SW-846 Method 
8270C.  Aqueous samples were extracted using a separatory funnel liquid-liquid 
extraction technique according to USEPA SW-846 Method 3510C.  The extract was 
injected into a GC programmed to separate the compounds, which are then detected with 
an MS.  The GC/MS instrument was calibrated for a series of target analytes using 
chemical standards of known concentration and purity.  Quantification of these target 
analytes was performed against specific internal standards as identified in the respective 
method.  Identification of these target analytes was based on a comparison of the analyte 
to the chemical standards used during calibration based on the analyte's retention time 
and mass spectra.  

PAHs.  Samples were analyzed for PAHs using USEPA SW-846 Method 8270C 
selective ion monitoring (SIM) procedures.  The use of USEPA SW-846 Method 8270C 
SIM was employed for PAH analysis to achieve lower quantitation and detection limits 
in order to meet screening criteria.  The remaining methodology is the same as for TCL 
SVOCs.   
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TCL Pesticides/PCBs.  Samples were analyzed for TCL pesticides and PCBs using 
USEPA SW-846 Methods 8081A and 8082, respectively.  Aqueous samples were 
extracted using a separatory funnel liquid-liquid extraction technique by USEPA SW-846 
Method 3510C.  The extract was injected into a GC programmed to separate the 
compounds, which are then detected with an electron capture detector (ECD).  Sulfur 
cleanups were employed to aid in the quantification based upon the matrix interferences.  
Sample concentrations are confirmed on dissimilar columns.  Identification of these 
target analytes was based on a comparison of the analyte to the chemical standards used 
during calibration based on the analyte's retention time using primary and secondary 
columns. 

TAL Metals.  TAL metals were analyzed using a combination of the following 
methodologies: inductively coupled plasma (ICP) and cold vapor atomic absorption 
(CVAA).  For aqueous samples, trace ICP metals were digested using USEPA SW-846 
Methods 3010A followed by method 6010B for analysis.  The ICP method involves the 
simultaneous or sequential multi-element assessment of trace elements in solution.  The 
basis of the method was the measurement of atomic emission by optical spectrometry.  
Samples are nebulized and the aerosol that was produced was transported to the plasma 
torch where excitation occurs.  Characteristic atomic-line emission spectra are produced 
by a radio-frequency ICP.  A background correction technique was utilized to 
compensate for variable background contribution for the assessment of trace elements. 

Mercury was analyzed using CVAA according to USEPA SW-846 Method 7470A for 
aqueous samples.  A sample aliquot was initially digested with nitric acid to free 
combined mercury.  The mercury was then reduced to its elemental state and aerated 
from the solution into a closed system.  The mercury vapor was passed through a cell 
positioned in the path of the mercury light source and the measured abundance was 
proportional to the concentration of mercury in the sample. 

Explosives.  Samples were analyzed for explosives using USEPA SW-846 Method 
8330A.  Aqueous samples of low concentration were extracted by a salting-out extraction 
procedure with acetonitrile and sodium chloride.  The small volume of acetonitrile that 
remains undissolved above the salt water was drawn off and transferred to a smaller 
volumetric flask.  It was back extracted by vigorous stirring with a specific volume of salt 
water.  After equilibration, the phases were allowed to separate and the small volume of 
acetonitrile residing in the narrow neck of the volumetric flask was removed.  The 
concentrated extracts were diluted with reagent grade water, and an aliquot was separated 
on a C-18 reverse phase column.  The wavelength was set at 254 nm and confirmed on a 
cyanide reverse column.  Identification of these target analytes was based on a 
comparison of the analyte to the chemical standards used during calibration based on the 
analyte's retention time using primary and secondary columns. 
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Nitroglycerine(NG)/PETN.  Samples were analyzed for NG and PETN using USEPA 
SW-846 Method 8332.  Aqueous samples were extracted according to USEPA SW-846 
Method 8330, using a double salting-out procedure with acetonitrile.  The extract is 
mixed with calcium chloride just prior to analysis.  The concentration was quantified 
using an isocratic HPLC system equipped with a column heater and UV detector.  
Sample concentrations were confirmed on dissimilar columns. 

Dioxins/furans.  Samples were analyzed for dioxin/furans using USEPA SW-846 
Method 8290.  The analytical method used high-resolution gas chromatography and high-
resolution mass spectrometry (HRGC/HRMS) on purified sample extracts.  This method 
is specific for the analysis of 2,3,7,8-tetrachlorinated dibenzofuran (2,3,7,8-TCDD), 
substituted penta-, hexa-, hepta- and octachlorinated dibenzo-p-dioxins and substituted 
penta-, hexa-, hepta- and octachlorinated dibenzofurans in water and solid samples.  The 
extracts were injected onto a HRGC programmed to separate the compounds, which are 
then detected with a HRMS as confirmation. 

COD.  COD was analyzed using USEPA MCAWW Method 410.1.  A sample was heated 
under acidic conditions at a slow, constant rate in an oven or block digestor in the 
presence of potassium dichromate at 150ºC for two hours.  The COD was then titrated 
with ferrous ammonium sulfate. 

pH.  Samples were analyzed for pH using USEPA SW-846 Method 9040C for aqueous 
samples.  A sample pH was directly measured electrometrically using either a glass 
electrode in combination with a reference potential or a combination electrode. 

3.4 DATA MANAGEMENT 

Analytical data packages were provided by the laboratory in a format similar to contract 
lab program for full data validation.  Related sampling information and chemical data necessary 
to complete the chemical data files were provided by the laboratory.  The electronic data format 
provided by the laboratory was in a specified RFAAP site-related format. 

 
3.5 DATA REDUCTION AND VALIDATION 

Data obtained were reviewed by the QA Manager to determine whether the project-
specific data quality objectives, as defined in the associated MWP, were met.  The laboratory 
data were validated for the groundwater samples by Shaw using a combination of USEPA-
SW846, Third Edition, Test Methods for Evaluating Solid Waste, Update IIIA (USEPA, 1998), 
USACE Requirements for the Preparation of Sampling and Analysis Plans, Shell Guidance for 
Analytical Chemistry Requirements EM 200-1-3 (USACE, 2001), laboratory SOP criteria, 
Master Work Plan (MWP) Master Health and Safety Plan (URS, 2003), and Work Plan 
Addendum (WPA) 012 (IT, 2002b) to provide the QC criteria.  The USEPA Region III 
Modification to the National Functional Guidelines for Organic Data Review, Multimedia, 
Multi-concentration (USEPA, 1994), USEPA Region III Modifications to the National 
Functional Guidelines for Inorganic Data Review (April, 1993), and USEPA Region III 
Dioxin/Furan Data Validation Guidance (March, 1999) were used in providing the validation 
qualifier schemes and further guidance in support for this project.  
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In meeting these specifications, various lab performance criteria were evaluated.  These 
evaluations included (as applicable) a review of the 1) sample preservation and holding times; 2) 
instrument performance checks; 3) calibration (initial and continuing); 4) field and laboratory 
blanks; 5) matrix spike and spike duplicate recoveries and RPDs; 6) field and lab sample 
duplicates; 7) surrogate spike recoveries; 8) laboratory control samples; 9) internal standards and 
retention times; and 10) quantitative verification.  Data associated with parameters in compliance 
with the QC specifications were not qualified.  Data associated with parameters that did not 
comply with QC specifications and directly impacted project data have been qualified in 
accordance with USEPA Region III specifications.  The quality of the data collected in support 
of the sampling activity was considered acceptable, unless qualified as rejected “R” during the 
validation process.  Samples qualified as estimated “J”, estimated with low bias “L”, or 
estimated with high bias “K” were considered acceptable as estimated.  Samples qualified “B” 
should be considered non-detect at the reporting level or at the level reported, whichever was 
greater.  Data validation reports are provided in Appendix C. 

3.6 DATA QUALITY OBJECTIVES 

Data Quality Objectives (DQOs) were developed concurrently with the work plan to 
ensure: 1) the reliability of field sampling, chemical analyses, and physical analyses; 2) the 
collection of sufficient data; 3) the quality of data generated was acceptable for its intended use; 
and, 4) valid assumptions could be inferred from the data.  Attainment of DQOs was assessed 
through evaluation of all data collected using the following data quality indicators: 

• Precision – a quantitative measure of the variability of a group of measurements in 
comparison to the average value; 

• Accuracy – the bias in a measurement system; 

• Representativeness – the degree to which the measured results accurately reflect the 
medium being sampled.  Representativeness will be assessed based on accuracy, 
precision, and completeness; 

• Completeness – the percentage of measurements which are judged to be useable; 

• Comparability – a qualitative parameter expressing the confidence with which one 
data set can be compared with another; and, 

• Sensitivity – describes the method detection, quantitation, and reporting limits.  It also 
may be expressed as the slope of the analytical curve (intensity verses concentration). 

Data quality was assessed through the evaluation of sampling activities and field 
measurements associated with the chemical analytical data in order to determine the reliability of 
the chemical analyses and the accuracy and precision of information acquired from the 
laboratories.  



  Section 3.0 
  Quality Assurance/Quality Control and Data Management 

DACA31-01-F0085   Radford Army Ammunition Plant 
June 2006  HWMU16 & SWMUs 13, 48, 49, 50, 51, & 59  
  April 2006 Sampling Event 
  Groundwater Data Summary Report 
  Internal Draft 
 3-6 

3.6.1 Precision 

Duplicates were collected to identify the cumulative precision of the sampling and 
analytical process, which includes the homogenization of samples.  Field precision was checked 
by obtaining duplicate samples for each parameter and each media on a site-wide basis at a 10% 
frequency.  Analytical precision for the laboratory and overall sampling precision were evaluated 
during validation process and data review by calculating and evaluating the relative percent 
difference (RPD) between the results of sample and its associated duplicate pair.  The RPD is 
calculated by the following equation: 

         |(XA - XB)| 
 RPD (%) =          XM * 100 

   
Where: 
XA and XB are duplicate analyses, and 
XM is the mean value of duplicate analyses (XA + XB)/2 

Laboratory precision criteria were derived from the USACE Shell guidance in 
conjunction with laboratory generated criteria.  The field duplicate criteria were established at 
RPD≤50%.  All positive results for TCL VOCs, TCL SVOCs, PAHs, explosives, TCL 
pesticides/PCBs, TAL metals, and dioxin furans in the original and duplicate samples that 
exceeded the precision criteria was considered quantitative estimates as indicated by a "J"  
validation qualifier code.  Further details may be found in the validation reports located in 
Appendix C. 

 
Two field duplicate pairs (13MW1 and TM13MW1; 48MW1 and TM48MW1) were 

analyzed for TCL VOCs, TCL SVOCs, PAHs, explosives, TCL pesticides/PCBs, TAL metals, 
and dioxin furans from the April 2006 sampling event.  For sample pair 13MW1 and 
TM13MW1, all criteria were met.  For sample pair 48MW1 and TM48MW1, manganese, zinc, 
1,2,3,4,6,7,8-HpCDD, 1,2,3,4,7,8-HxCDD, 1,2,3,7,8-PeCDD, 2,3,7,8-TCDF, and OCDD 
exceeded the field precision criteria and were considered quantitative estimates as indicated by a 
“J” validation qualifier code.  All other results in the original and duplicate samples were within 
criteria.  Further details may be found in the validation reports located in Appendix C.  

 
3.6.2 Accuracy 

Accuracy is the measure of bias in a system.  This section discusses sources of error or 
bias due to field or laboratory contamination.  Contamination was assessed by evaluating the 
results of method blanks, rinse blanks, and trip blanks.  In accordance with the USEPA data 
validation guidelines, the detected concentration in the sample was considered a "non-detect" if 
the field sample concentration was within 5 times the concentration of the associated field or 
laboratory blank (10 times for common contaminants such as methylene chloride, 2-butanone, 
acetone, phthalate esters, OCDD, and OCDF).  Analytical accuracy was assessed through the use 
of laboratory control samples (LCS), matrix spikes (MS) and spike duplicates (MSD) and was 
reviewed during the validation of data.  Analytical accuracy for the laboratory was evaluated 
during validation process and data review by calculating and evaluating the percent recovery for 
each analyte spiked with a known concentration. 
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Method and Calibration Blanks.  The method blank and calibration blank 
contamination assessment was performed to determine the impact of potential 
contaminant contributions originating from laboratory procedures.  Low level aluminum, 
antimony, beryllium, cobalt, copper, lead, iron, magnesium, manganese, potassium, 
sodium, thallium, and mercury were detected at estimated trace levels below the 
reporting limit levels (i.e. <MRL) in the associated calibration/method blanks.  This is 
resultant from the low method detection limit levels the laboratory reported to for metals 
analyses.  All samples with detections within the 5x/10x rule were qualified “B” and 
should be considered non-detect at the reporting level or at the level reported, whichever 
was greater.  For all other analytes, there were no detections in the method blank.  
Further details may be found in the validation reports located in Appendix C. 

Rinse Blanks.  The rinse blank contamination assessment was performed to determine 
the impact of potential contaminant contributions originating from non-point sources, 
such as field sampling equipment decontamination procedures.  Rinse blanks were 
collected by pouring DIUF water over sampling equipment or material.  The results of 
chemical analysis of the rinse blank were used to evaluate whether the decontamination 
procedure was adequately performed and whether there is cross-contamination of 
samples from the equipment itself.  The positive analytical detections for rinse blank 
sample collected in April 2006 are presented in Table 3-1.  One rinse blank sample 
(041206R) was collected for the bladder pump used for sampling and analyzed for TCL 
VOCs, TCL SVOCs, PAHs, explosives, TCL pesticides/PCBs, TAL metals, and dioxin 
furans.  Aluminum, beryllium, magnesium, manganese, acetone, chloroform, methyl 
ethyl ketone, methylene chloride, and toluene were detected at estimated low 
concentrations in the associated rinse blank.  The metals contamination is resultant from 
the low method detection limit levels the laboratory reported to for metals analyses and 
VOC contamination (acetone, chloroform, methyl ethyl ketone, and methylene chloride) 
are common laboratory contaminants.  All samples with detections within the 5x/10x rule 
were qualified “B” and should be considered non-detect at the reporting level or at the 
level reported, whichever was greater.  For all other analytes, there were no detections in 
the rinse blank.  Further details may be found in the validation reports located in 
Appendix C. 
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Trip Blanks.  Trip blanks are intended to identify contamination from exposure to 
atmospheric contaminants that may occur during various stages of the sampling process 
including: shipment of bottles on-site, storage of bottles on-site, collection of samples on-
site, storage of samples on-site, shipment of samples to the laboratory, and storage of 
samples in the laboratory.  Two trip blank samples (041006T and 041306T) were 
collected and analyzed for TCL VOCs. For each sample cooler containing VOC samples, 
a trip blank was placed in the cooler (at 4°C ±  2°C) and analyzed for TCL VOCs.  The 
positive analytical detections for trip blank samples collected in April 2006 are presented 
in Table 3-1.  Methylene chloride (a common laboratory contaminant) was detected at 
estimated low concentrations in both associated trip blanks.  All samples with detections 
within the 5x/10x rule were qualified “B” and should be considered non-detect at the 
reporting level or at the level reported, whichever was greater.  For all other analytes, 
there were no detections in the trip blanks.  Further details may be found in the validation 
reports located in Appendix C. 

Laboratory Control Sample.  The LCS was analyzed to assess general method 
performance by the ability of the laboratory to successfully recover the target analytes 
from a control matrix.  The LCS is similar in composition to the method blank.  For 
aqueous analyses, spiked analyte-free reagent water was used.  The LCS is spiked with 
all single-component target analytes before it is carried through the preparation, cleanup, 
and determinative procedures.  LCSs were performed at a rate of one per preparation 
batch per matrix.  When samples are not subjected to a separate preparatory procedure 
[i.e., purge and trap VOC analyses, or aqueous mercury analysis], the continuing 
calibration verification (CCV) may be used as the LCS, provided the CCV acceptance 
limits are used for evaluation.  All LCS samples were within specified criteria except for 
endrin aldehyde, benzoic acid, 4-nitrophenol, phenol, acetone, 2-hexanone, 1,1,2,2-
tetrachloroethane, and vinyl chloride for select samples.  Data was qualified estimated if 
required.  Further details may be found in the validation reports in Appendix C. 

Matrix Spikes. The MS and MSD were used to assess the performance of the method as 
applied to a particular project matrix.  A MS and MSD are an environmental sample to 
which known concentrations of certain target analytes have been added before sample 
manipulation from the preparation, cleanup, and determinative procedures have been 
implemented.  For all samples, the original field sample was mixed or shaken to ensure 
homogeneous fractions when allowed by the method.  MS were performed at a rate of 
one per preparation batch or 5% whichever was more frequent per matrix.  All MS and 
MSD samples were within specified criteria except for endrin aldehyde, bis(2-
chloroethyl)ether, bis(2-chloroisopropyl)ether, 1,2-dichlorobenzene, benzoic acid, 2,4-
dimethylphenol, phenol, hexachlorobutadiene, hexachlorocyclopentadiene, chloroethane, 
methyl bromide, methyl chloride, and vinyl chloride for select samples.  Data was 
qualified estimated if required.  Further details may be found in the validation reports in 
Appendix C. 
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3.6.3 Representativeness 

Representativeness is a measure of the degree to which the measured results accurately 
reflect the medium being sampled.  It is a qualitative parameter that is addressed through the 
proper design of the sampling program in terms of sample location, number of samples, and 
actual material collected as a “sample” of the whole. 

Sampling protocols have been developed to assure that samples collected are 
representative of the media.  Field handling protocols (e.g., storage, handling in the field, and 
shipping) have also been designed to protect the representativeness of the collected samples.  
Proper field documentation and QC inspections will be used to establish that protocols have been 
followed and that sample identification and integrity have been maintained.   

3.6.4 Completeness 

Completeness is a measure of the amount of information that must be collected during 
the field investigation to allow for successful achievement of the objectives.  An adequate 
amount and type of data must be collected for conclusions to be valid.  Missing data may reduce 
the precision of estimates or introduce bias, thus lowering the confidence level of the 
conclusions.  While completeness has been historically presented as a percentage of the data that 
is considered useable, this does not take into account critical sample locations or critical 
analytical parameters. 

The amount and type of data that may be lost due to sampling or analytical error cannot 
be predicted or evaluated in advance.  The importance of any lost or suspect data will be 
evaluated in terms of the sample location, analytical parameter, nature of the problem, decision 
to be made, and the consequence of an erroneous decision.  Critical locations or parameters for 
which data is determined to be inadequate will either be re-sampled and re-analyzed or the data 
will be appropriately qualified based on the decision of the Project Officer.  The analytical 
completeness goal percentage of useable data is set at 98 ± 2%.  The quality of the data collected 
in support of the sampling activity was considered acceptable, unless it was qualified as rejected 
“R” during the validation process.   

Sampling completeness was assessed through evaluation of the total number of samples 
proposed for collection in the work plan versus the actual number of samples collected and 
analyzed.  For the groundwater investigation, a total of thirteen groundwater wells, two field 
duplicates, one rinse blank, and two trip blanks were proposed and collected for a sampling 
completeness of 100%.   

Analytical completeness was assessed by comparing the number of useable data points 
collected to the total number of data points generated.  Based on 3156 overall sample data points, 
3156 out of 3156 data points were deemed to be useable generating an overall completeness of 
100%. 
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3.6.5 Comparability 

Comparability is the confidence with which one data set can be compared to another.  
Comparability will be controlled through the use of field and laboratory SOPs that have been 
developed to standardize the collection of measurements and samples and approved analytical 
technique with defined QC criteria.  USEPA-SW846, Third Edition, Test Methods for Evaluating 
Solid Waste, Update IIIA (USEPA, 1998) and USEPA Methods for Chemical Analysis of Water 
and Wastes (MCAWW) (USEPA, 1983) methodologies were used in providing laboratory 
analytical support for this project.  Laboratory SOPs were derived from these methods.  
Consistent and proper calibration of equipment throughout the field exercises, as described in the 
MWP and addenda, will assist in the comparability of measurements.  Field documentation and 
QA audits are used to establish that protocols for sampling and measurement follow appropriate 
SOPs. 

3.6.6 Sensitivity 

The method detection limit (MDL) is defined as the minimum concentration of a 
substance that can be detected and reported with 99% confidence that the analyte is greater than 
zero.  The MDLs incorporate sample preparation effects, and therefore are not derived directly 
from the instrument detection limit.  Since quantitation of a substance near the MDL becomes 
questionable, the method reporting limit (MRL) is determined for each analyte at lease twice the 
MDL level and is used as a threshold value.  Detections above the MDL but below the MRL 
were considered as estimated values and are flagged with a “J”.  The MDLs and MRLs are 
presented in Table 4-1.  The MDLs were evaluated against the USEPA Maximum Contaminant 
Levels (MCLs) and USEPA Region III Risk Based Concentrations (RBC) for tap water (tw-
RBC) since they represent the lowest concentration level of useable data for groundwater 
comparison.  Shading in the MDL and MRL columns in Table 4-1 indicates the MDL or MRL 
that exceeded a criterion.  The MDL for pentachlorophenol did not meet MCL levels; however, 
it is a routinely reported compound for the given TCL SVOC methodology.  All other MDLs 
were at or below MCLs and were sufficiently sensitive to detect compounds that meet or exceed 
MCLs.  The MDLs did not meet the USEPA Region III tap water RBC for compounds 1,1,2,2-
tetrachloroethane, 1,1,2-trichloroethane, 1,2-dichloroethane, 1,2-dichloropropane, benzene, 
bromodichloromethane, bromomethane, carbon tetrachloride, chloroform, tetrachloroethene, 
trichloroethene, vinyl chloride, benzo(a)pyrene, dibenz(a,h)anthracene, 1,4-dichlorobenzene, 
3,3'-dichlorobenzidine, bis(2-chloroethyl)ether, bis(chloroisopropyl)ether, hexachlorobenzene, 
hexachlorobutadiene, nitrobenzene, n-nitrosodi-n-propylamine, pentachlorophenol, aldrin, alpha-
BHC, dieldrin, heptachlor epoxide, heptachlor, toxaphene, PCB-1016, PCB-1221, PCB-1232, 
PCB-1242, PCB-1248, PCB-1254, PCB-1260, 2,3,7,8-TCDD, antimony, arsenic, and thallium.  
The majority of these compounds given their carcinogenic properties have very low RBC 
concentrations which are below the given sensitivities for the standard USEPA methodology.   

 



Table 3-1
Chemical Detections in Rinse and Trip Blank Samples, April 2006

Sample ID Sample Date Analyte Concentration 
(µg/L)

Lab Qualifier Validation 
Qualifier

Comments

Rinse Blank
041206R 04/12/06 Aluminum 72 J J Rinse blank for bladder pump. 

Beryllium 1.7 J J
Magnesium 11.5 J J
Manganese 0.26 J J
Acetone 21.0 J J
Chloroform 8.0
Methyl ethyl ketone 6.5
Methylene chloride 2.8 J J
Toluene 0.69 J J

Trip Blanks
041006T 04/10/06 Methylene Chloride 2.0 J J Trip bank accompanying shipments.
041306T 04/13/06 Methylene Chloride 1.7 J J

Notes:

Validation Qualifiers:
J = Indicates an estimated value for (1) estimated value due to QC non-conformance, or (2) estimating a concentration >MDL and <MRL. Reported value may not be accurate or precise.

µg/L = micrograms per liter = parts per billion

Laboratory Qualifiers:
J = The reported value was obtained from a reading <MRL and >MDL and is considered estimated.
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4.0 RESULTS 

4.1 REVIEW OF WATER LEVEL MEASUREMENT DATA 

Groundwater elevations measured from the April 2000 and April 2006 events are 
presented in Table 2-1.  The April 2000 data are presented in the table for comparison and were 
found to be similar (i.e. ± 1 foot) for the majority of the 2006 water level measurement data.  The 
April 2000 groundwater contour map for the eastern HSA is shown on Figure 1-2.  The April 
2006 groundwater contour map for the eastern HSA is shown on Figure 4-1.  The Eastern 
Horseshoe Area April 2006 Geological Cross Section is shown on Figure 4-2.  The plan view of 
this cross section (A A’) is depicted on Figure 2-1.  It is acknowledged that due to the karst 
nature of the aquifer, more than one flow regime could be present; however, the 2000 and 2006 
data indicate similar water levels.  The contour map shows a radial pattern with the gradient 
moving away in every direction from the groundwater elevation high point near well 28MW1 
toward the New River.  This groundwater trend is confirmed in Figure 4-2, which suggests that 
the groundwater is flowing toward the New River.  The geological cross section Recharge in the 
eastern HSA occurs through karst features in the region of the topographic highs near SWMUs 
28, 51, and 30 and, to a smaller extent, through porous infiltration at lower elevations, which is 
consistent with previous surveys.  

4.2 GROUNDWATER ANALYTICAL RESULTS 

The concentrations of TCL VOCs, TCL SVOCs, PAHs, explosives, TCL pesticides and 
PCBs, TAL metals, and Dioxin Furans detected in the groundwater samples collected during the 
April 2006 sampling events are shown in Table 4-1 and are briefly discussed below.  The data 
that exceeded regulatory criteria are presented on Figure 2-2.  Shading and black font indicates a 
MCL exceedence and a bold outline indicates a tap water RBC exceedence.  The “J” validation 
qualifier noted below with the results indicates an estimated value (1) due to QC non-
conformance, or (2) concentration >MDL and <MRL.  This data is considered useable for this 
report.  The “B” validation qualifier noted below with the results indicates contaminants were 
detected in the rinse and/or laboratory blanks and value was considered non-detect at the level 
found.  All data noted was reported in parts per billion as micrograms per liter (μg/L), except for 
dioxins and furans which was reported in parts per trillion as nanograms per liter (ng/L). 

4.2.1 VOC Results 

VOCs were detected in monitoring wells 28MW1, 48MW1, 48MW2, 48MW3, 48MW4, 
51MW1, C1, C4, and TM48MW1 as shown in Table 4-1.  Sample TM48MW1 is the field 
duplicate for well 48MW1.  The detected TCL VOCs included compounds 1,1,1-trichloroethane, 
1,1-dichloroethane, 1,1-dichloroethene, cis-1,2-dichloroethylene, tetrachloroethene, 
trichloroethene, acetone, carbon tetrachloride, chloroform, 2-butanone, chloroethane, and  
methylene chloride. The majority of the chlorinated solvents detected were found at SWMU 48 
wells.  Chloroform, methylene chloride, 2-butanone, and acetone are common laboratory 
contaminants and were detected in the rinse and/or laboratory blanks and considered non-detect 
at level found.  The data summaries follow.  All other TCL VOC compounds were non-detect for 
the Horseshoe Area April 2006 sampling event groundwater samples. 
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Trichloroethene exceeded the MCL of 5 μg/L and tap-RBC of 0.026 μg/L for samples 
48MW1 (5.5 μg/L), 48MW3 (7.4 μg/L), and TM48MW1 (5.5 μg/L; field duplicate for 
48MW1) and exceeded the tap-RBC for sample 48MW2 (3.0 μg/L).   

Tetrachloroethene exceeded the tap-RBC of 0.1 μg/L for samples 48MW1 (1.1J μg/L), 
48MW2 (1.1J μg/L), 48MW3 (0.54J μg/L), 48MW4 (0.66J μg/L), 51MW1 (0.93J μg/L), 
C4 (0.96J μg/L), and TM48MW1 (1.0J μg/L; field duplicate for 48MW1).  All detected 
samples were below current MCL of 5 μg/L for tetrachloroethene. 

Carbon tetrachloride exceeded the MCL of 5 μg/L and tap-RBC of 0.16 μg/L for 
samples 48MW2 (29.2 μg/L) and 48MW3 (51.2 μg/L). 

Chloroethane exceeded the tap-RBC of 3.6 μg/L for sample C1 (4.0 μg/L).  
Chloroethane was detected below the tap-RBC for sample 28MW1 (1.4J μg/L).  There is 
currently no MCL for chloroethane. 

1,1,1-Trichloroethane was found below the MCL of 200 μg/L and tap-RBC of 170 μg/L 
for samples 28MW1 (0.95J μg/L), 48MW1 (1.3J μg/L), C1 (1.3J μg/L), and TM48MW1 
(1.2J μg/L; field duplicate for 48MW1). 

1,1-Dichloroethane was found below the tap-RBC of 90 μg/L for samples 28MW1 (2.9 
μg/L), 48MW1 (1.3J μg/L), C1 (8.5 μg/L), and TM48MW1 (1.4J μg/L; field duplicate for 
48MW1).  There is currently no MCL for 1,1-dichloroethane. 

1,1-Dichloroethene was found below the MCL of 7 μg/L and tap-RBC of 35 μg/L for 
samples 28MW1 (0.88J μg/L), 48MW1 (0.55J μg/L), and TM48MW1 (0.56J μg/L; field 
duplicate for 48MW1). 

Cis-1,2-dichloroethene was found below the MCL of 70 μg/L for samples 48MW1 
(0.71J μg/L), and TM48MW1 (0.77J μg/L; field duplicate for 48MW1).  There is 
currently no tap-RBC for cis-1,2-dichloroethene; however, total 1,2-dichloroethene (5.5 
μg/L) has a tap-RBC.  All samples were less than tap-RBC for total 1,2-dichloroethene. 

Chloroform exceeded the tap-RBC of 3.6 μg/L for samples 48MW2 (5.9B μg/L) and 
48MW3 (5.5B μg/L); however, should be considered non-detect at that level for it was 
found in the field blank.  All chloroform detections were less than MCL of 80 μg/L. 

Methylene chloride exceeded the MCL of 5 μg/L and tap-RBC of 4.1 μg/L for sample 
C1 (8.0B μg/L); however, should be considered non-detect at that level for it was found 
in the laboratory and field blanks. 

Acetone was found below the tap-RBC of 550 μg/L for sample 48MW2 (61.5B μg/L); 
however, should be considered non-detect at that level for it was found in the field blank.  
There is currently no MCL for acetone. 

2-Butanone was found below the tap-RBC of 700 μg/L for sample 48MW2 (4.5B μg/L); 
however, should be considered non-detect at that level for it was found in the field blank.  
There is currently no MCL for 2-butanone. 
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4.2.2 PAH Results 

All groundwater samples were non-detect for PAHs for the Horseshoe Area April 2006 
sampling event.  

4.2.3 SVOC Results 

TCL SVOC bis(2-ethylhexyl)phthalate was detected for monitoring well C4 as shown in 
Table 4-1.  The data summary follows.  All other TCL SVOC compounds were non-detect for 
the Horseshoe Area April 2006 sampling event groundwater samples. 

Bis(2-ethylhexyl)phthalate was detected at the tap-RBC level of 4.8 μg/L for sample C4 
(4.8J μg/L).  Bis(2-ethylhexyl)phthalate was below the MCL of 6.0 μg/L. 

4.2.4 Pesticide Results 

TCL pesticides alpha-chlordane and heptachlor epoxide were detected for monitoring 
well 16-4 as shown in Table 4-1.  The data summaries follows.  All other TCL pesticide 
compounds were non-detect for the Horseshoe Area April 2006 sampling event groundwater 
samples. 

Alpha-chlordane exceeded the tap-RBC of 0.19 μg/L for sample 16-4 (0.21 μg/L).  
Alpha-chlordane was below the MCL of 2 μg/L. 

Heptachlor epoxide exceeded the tap-RBC of 0.0074 μg/L for sample 16-4 (0.015J 
μg/L).  Heptachlor epoxide was below the MCL of 0.2 μg/L. 

4.2.5 PCB Results 

All groundwater samples were non-detect for TCL PCBs for the Horseshoe Area April 
2006 sampling event.  

4.2.6 Explosive Results 

All groundwater samples were non-detect for explosive compounds for the Horseshoe 
Area April 2006 sampling event.  

4.2.7 Metal Results 

TAL metals were detected in all of the monitoring wells 13MW1, 13MW2, 16-4, 
28MW1, 28MW2, 48MW1, 48MW2, 48MW3, 48MW4, 51MW1, 51MW2, C1, C4, TM13MW1 
(field duplicate for 13MW1), and TM48MW1 (field duplicate for 48MW1) as shown in Table 4-
1.  The detected TAL metals included aluminum, antimony, arsenic, barium, beryllium, calcium, 
chromium, cobalt, copper, iron, lead, magnesium, manganese, nickel, potassium, selenium, 
sodium, vanadium, and zinc.  The majority of the metals detected were at trace levels and were 
found in the laboratory and/or rinse blanks and should be considered non-detect at the level 
found.  The metals contamination is resultant from the low method detection limit levels the 
laboratory reported at for metals analyses.  The metals data summaries follow.  All other TAL 
metals were non-detect for the Horseshoe Area April 2006 sampling event groundwater samples. 
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Aluminum exceeded the MCL of 50 μg/L for samples 13MW1 (360B μg/L), 13MW2 
(133B μg/L), 16-4 (236B μg/L), 28MW1 (88.6B μg/L), 28MW2 (109B μg/L), 48MW1 
(606 μg/L), 48MW2 (2630 μg/L), 48MW3 (82.6B μg/L), 48MW4 (113B μg/L), 51MW1 
(282B μg/L), 51MW2 (100B μg/L), C1 (57.0B μg/L), C4 (554 μg/L), TM13MW1 (435B 
μg/L), and TM48MW1 (452B μg/L); however, should be considered non-detect at that 
level for it was found in the field and laboratory blanks.  There is currently no tap-RBC 
for aluminum. 

Antimony exceeded the tap-RBC of 1.5 μg/L for samples 16-4 (3.2B μg/L), 28MW2 
(3.7B μg/L), 48MW3 (4.3B μg/L), 51MW1 (3.6B μg/L), C1 (2.6B μg/L), C4 (4.2B 
μg/L), TM13MW1 (3.7B μg/L); however, should be considered non-detect at that level 
for it was found in the laboratory blanks.  Antimony was found below the MCL of 6 μg/L 
for all detected samples. 

Arsenic exceeded the MCL of 10 μg/L and tap-RBC of 0.045 μg/L for sample C4 (53.9 
μg/L). 

Barium was found below the MCL of 2000 μg/L and tap-RBC of 730 μg/L for samples 
13MW1 (134J μg/L), 13MW2 (156J μg/L), 16-4 (149J μg/L), 28MW1 (455 μg/L), 
28MW2 (384 μg/L), 48MW1 (105J μg/L), 48MW2 (615 μg/L), 48MW3 (50.4J μg/L), 
48MW4 (167J μg/L), 51MW1 (45.3J μg/L), 51MW2 (40.8J μg/L), C1 (181J μg/L), C4 
(177J μg/L), TM13MW1 (136J μg/L), and TM48MW1 (92.6J μg/L). 

Beryllium was found below the MCL of 4 μg/L and tap-RBC of 7.3 μg/L for samples 
13MW1 (2.1B μg/L), 13MW2 (2.0B μg/L), 16-4 (2.0B μg/L), 28MW1 (2.1B μg/L), 
28MW2 (2.0B μg/L), 48MW1 (1.8B μg/L), 48MW2 (2.0B μg/L), 48MW3 (2.2B μg/L), 
48MW4 (2.1B μg/L), 51MW1 (2.0B μg/L), 51MW2 (2.1B μg/L), C1 (1.9B μg/L), C4 
(2.1B μg/L), TM13MW1 (2.1B μg/L), and TM48MW1 (2.0B μg/L); however, should be 
considered non-detect at that level for it was found in the field and laboratory blanks. 

Calcium was detected in samples 13MW1 (114000 μg/L), 13MW2 (94900 μg/L),16-4 
(36300 μg/L), 28MW1 (78200 μg/L), 28MW2 (40100 μg/L), 48MW1 (67400 μg/L), 
48MW2 (89700 μg/L), 48MW3 (102000 μg/L), 48MW4 (58600 μg/L), 51MW1 (18900 
μg/L), 51MW2 (53700 μg/L), C1 (105000 μg/L), C4 (34700 μg/L), TM13MW1 (117000 
μg/L), and TM48MW1 (69900 μg/L).  There is currently no MCL or tap-RBC for 
calcium. 

Chromium was found below the MCL of 100 μg/L and tap-RBC of 11 μg/L for samples 
13MW1 (2.8J μg/L), 13MW2 (3.2J μg/L), 16-4 (0.74J μg/L), 28MW2 (1.3J μg/L), 
48MW1 (1.7J μg/L), 48MW2 (6.4J μg/L), 48MW3 (1.0J μg/L), 48MW4 (0.86J μg/L), 
51MW1 (0.59J μg/L), 51MW2 (1.3J μg/L), C4 (2.0J μg/L), TM13MW1 (4.6J μg/L), and 
TM48MW1 (1.2J μg/L). 

Cobalt was detected in sample 48MW2 (1.3B μg/L); however, should be considered non-
detect at that level for it was found in the laboratory blanks.  There is currently no MCL 
or tap-RBC for cobalt. 
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Copper was found below the MCL of 1300 μg/L and tap-RBC of 150 μg/L for samples 
48MW2 (0.83B μg/L) and C4 (6.9B μg/L); however, should be considered non-detect at 
that level for it was found in the laboratory blanks. 

Iron exceeded the MCL of 300 μg/L for samples 48MW1 (617 μg/L), 51MW1 (547 
μg/L), TM13MW1 (376 μg/L), and TM48MW1 (387 μg/L).  Iron exceeded the tap-RBC 
of 1100 μg/L for samples 48MW2 (2960 μg/L) and C4 (4830 μg/L). Iron was found 
below the MCL and tap-RBC for samples 13MW1 (264J μg/L), 13MW2 (29.7B μg/L), 
16-4 (174J μg/L), 28MW2 (31.8B μg/L), 48MW3 (8.9B μg/L), 48MW4 (62.8B μg/L), 
51MW2 (42.2B μg/L); however, where qualified “B”, they should be considered non-
detect at that level for it was found in the laboratory blanks. 

Lead was found below the MCL of 15 μg/L for samples 13MW2 (1.6B μg/L), 16-4 (2.0B 
μg/L), 28MW2 (1.8B μg/L), 48MW1 (2.0B μg/L), 48MW2 (1.3B μg/L), 48MW3 (2.7B 
μg/L), 51MW1 (1.3B μg/L), and C4 (7.8B μg/L);  however, should be considered non-
detect at that level for it was found in the laboratory blanks.  There is currently no tap-
RBC for lead. 

Magnesium was detected in samples 13MW1 (34400 μg/L), 13MW2 (38800 μg/L), 16-4 
(22700 μg/L), 28MW1 (49800 μg/L), 28MW2 (20000 μg/L), 48MW1 (35300 μg/L), 
48MW2 (44800 μg/L), 48MW3 (42800 μg/L), 48MW4 (49600 μg/L), 51MW1 (7440 
μg/L), 51MW2 (15600 μg/L), C1 (38100 μg/L), C4 (20400 μg/L), TM13MW1 (35100 
μg/L), and TM48MW1 (35400 μg/L). 

Manganese exceeded the MCL of 50 μg/L for samples 48MW2 (50.7 μg/L) and 51MW1 
(60.6 μg/L). Manganese was detected in samples 13MW1 (5.4J μg/L), 13MW2 (1.3B 
μg/L), 16-4 (5.1J μg/L), 28MW1 (22.4 μg/L), 28MW2 (1.5B μg/L), 48MW1 (10.3J 
μg/L), 48MW3 (1.8B μg/L), 48MW4 (2.6B μg/L), 51MW2 (1.8B μg/L), C1 (7.1J μg/L), 
C4 (47.6 μg/L), TM13MW1 (6.6J μg/L), and TM48MW1 (5.6J μg/L); however, where 
qualified “B”, they should be considered non-detect at that level for it was found in the 
laboratory and field blanks. All of the manganese detections were below the tap-RBC of 
73 μg/L. 

Nickel was found below the tap-RBC of 73 μg/L for samples 48MW1 (1.2J μg/L), 
48MW2 (4.9J μg/L), 51MW1 (1.1J μg/L), and C4 (1.1J μg/L).  There is currently no 
MCL for nickel. 

Potassium was detected in samples 13MW1 (1480J μg/L), 13MW2 (1190J μg/L), 16-4 
(1030J μg/L), 28MW1 (1530J μg/L), 28MW2 (1710J μg/L), 48MW1 (2020J μg/L), 
48MW2 (1690J μg/L), 48MW3 (1230J μg/L), 48MW4 (1600J μg/L), 51MW1 (1070J 
μg/L), 51MW2 (1220J μg/L), C1 (2720J μg/L), C4 (867J μg/L), TM13MW1 (1540J 
μg/L), and TM48MW1 (2060J μg/L). 

Selenium was found below the MCL of 50 μg/L and tap-RBC of 18 μg/L for samples 
13MW1 (5.5J μg/L), 28MW1 (4.9J μg/L), 48MW1 (3.2J μg/L), 48MW2 (2.4J μg/L), 
48MW3 (5.2J μg/L), C1 (2.8J μg/L), and TM13MW1 (7.2J μg/L).  
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Sodium was detected in samples 13MW1 (9310L μg/L), 13MW2 (81.0B μg/L), 16-4 
(385B μg/L), 28MW1 (2570B μg/L), 28MW2 (2170B μg/L), 48MW1 (13700 μg/L), 
48MW2 (311B μg/L), 48MW3 (1030B μg/L), 48MW4 (8230L μg/L), 51MW1 (256B 
μg/L), 51MW2 (713B μg/L), C1 (4250L μg/L), C4 (104B μg/L), TM13MW1 (10300 
μg/L), and TM48MW1 (14900 μg/L); however, where qualified “B”, they should be 
considered non-detect at that level for it was found in the laboratory and field blanks.  
There is currently no MCL or tap-RBC for sodium. 

Vanadium exceeded the tap-RBC of 3.7 μg/L for sample 48MW2 (6.3B μg/L); however, 
should be considered non-detect at that level for it was found in the laboratory blanks. 
Vanadium was found below the tap-RBC for samples 13MW1 (0.98B μg/L), 16-4 (0.70B 
μg/L), 28MW1 (0.64B μg/L), 48MW1 (1.3B μg/L), 48MW3 (0.91B μg/L), C1 (0.82B 
μg/L), C4 (1.8B μg/L), TM13MW1 (1.6B μg/L), and TM48MW1 (1.2B μg/L); however, 
should be considered non-detect at that level for it was found in the field and laboratory 
blanks.  There is currently no MCL for vanadium. 

Zinc was found below the MCL of 5000 μg/L and tap-RBC of 1100 μg/L for samples 
13MW1 (1.4J μg/L), 16-4 (0.91J μg/L), 28MW2 (4.8J μg/L), 48MW1 (3.0J μg/L), 
48MW2 (11.7J μg/L), 48MW4 (1.4J μg/L), 51MW1 (3.4J μg/L), 51MW2 (2.1J μg/L), C4 
(22.3 μg/L), TM13MW1 (1.5J μg/L), and TM48MW1 (1.7J μg/L). 

4.2.8 Dioxin Furan Results 

Dioxins and furans were detected in monitoring wells 48MW2, 48MW3, 51MW1, C4, 
TM48MW1 (field duplicate of 48MW1) as shown in Table 4-1.  The detected dioxins and furans 
included congeners 2,3,7,8-TCDF, 1,2,3,7,8-PeCDD, 1,2,3,4,7,8-HxCDD, 1,2,3,4,6,7,8-HpCDD, 
OCDD, TOTAL PeCDD, TOTAL HxCDD, TOTAL HpCDD, and TOTAL TCDF. The data 
summaries follow.  The dioxin furan data is reported in ng/L (parts per trillion).  All other dioxin 
and furan congeners were non-detect for the Horseshoe Area April 2006 sampling event 
groundwater samples. 

2,3,7,8-TCDF was detected in sample TM48MW1 (0.0128J ng/L).  There is currently no 
MCL or tap-RBC for 2,3,7,8-TCDF. 

1,2,3,7,8-PeCDD was detected in samples 48MW2 (0.0283J ng/L), 48MW3 (0.0112J 
ng/L), and TM48MW1 (0.0873J ng/L).  There is currently no MCL or tap-RBC for 
1,2,3,7,8-PeCDD. 

1,2,3,4,7,8-HxCDD exceeded the tap-RBC of 0.011 ng/L for sample TM48MW1 
(0.0215J ng/L) and was detected at the tap-RBC concentration for 48MW2 (0.0106J 
ng/L).  There is currently no MCL for 1,2,3,4,7,8-HxCDD. 

1,2,3,4,6,7,8-HpCDD was detected in samples 48MW2 (0.0331J ng/L), 48MW3 
(0.0168J ng/L), and TM48MW1 (0.0857J ng/L).  There is currently no MCL or tap-RBC 
for 1,2,3,4,6,7,8-HpCDD. 

OCDD was detected in samples 51MW1 (0.0376J ng/L), C4 (0.0361J ng/L), and 
TM48MW1 (0.0180J ng/L).  There is currently no MCL or tap-RBC for OCDD. 
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TOTAL TCDF was detected in sample TM48MW1 (0.0128 ng/L).  There is currently no 
MCL or tap-RBC for TOTAL TCDF. 

TOTAL PeCDD was detected in samples 48MW2 (0.0283 ng/L), 48MW3 (0.0112 
ng/L), and TM48MW1 (0.0873J ng/L).  There is currently no MCL or tap-RBC for 
TOTAL PeCDD. 

TOTAL HxCDD exceeded the tap-RBC of 0.011 ng/L for sample TM48MW1 (0.0215 
ng/L) and was detected at the tap-RBC concentration for 48MW2 (0.0106J ng/L).  There 
is currently no MCL for TOTAL HxCDD. 

TOTAL HpCDD was detected in samples 48MW2 (0.0331 ng/L), 48MW3 (0.0168 
ng/L), and TM48MW1 (0.0857 ng/L).  There is currently no MCL or tap-RBC for 
TOTAL HpCDD. 



Table 4-1 Chemical Detections in Groundwater Samples, April 2006

Sample ID 13MW1 13MW2 16-4

Analyte Sample Date 4/12/06 4/12/06 4/10/06

Sample Depth 27-28 25-26 65-66

MCL tw-RBC Result Lab Q Val Q MDL MRL Result Lab Q Val Q MDL MRL Result Lab Q Val Q MDL MRL

VOCs (ug/L)
1,1,1-Trichloroethane 200 170 1 U 0.5 1 1 U 0.5 1 1 U 0.5 1
1,1-Dichloroethane na 90 1 U 0.5 1 1 U 0.5 1 1 U 0.5 1
1,1-Dichloroethene 7 35 1 U 0.5 1 1 U 0.5 1 1 U 0.5 1
2-Butanone na 700 5 U 2.5 5 5 U 2.5 5 5 U 2.5 5
Acetone na 550 25 U 5 25 25 U 5 25 25 U 5 25
Carbon tetrachloride 5 0.16 1 U 0.5 1 1 U 0.5 1 1 U 0.5 1
Chloroethane na 3.6 2 U 1 2 2 U 1 2 2 U 1 2
Chloroform 80 0.15 1 U 0.5 1 1 U 0.5 1 1 U 0.5 1
cis-1,2-Dichloroethene 70 5.5 1 U 0.5 1 1 U 0.5 1 1 U 0.5 1
Methylene chloride 5 4.1 5 U 1 5 5 U 1 5 5 U 1 5
Tetrachloroethene 5 0.1 1 U 0.5 1 1 U 0.5 1 1 U 0.5 1
Trichloroethene 5 0.026 1 U 0.5 1 1 U 0.5 1 1 U 0.5 1
PAHs (ug/L)
All groundwater samples were non-detect for PAHs.
SVOCs (ug/L)
bis(2-Ethylhexyl)phthalate 6 4.8 6.3 U 3.1 6.3 5.6 U 2.8 5.6 5.6 U 2.8 5.6
Pesticides (ug/L)
alpha-Chlordane 2 0.19 0.067 U 0.013 0.067 0.063 U 0.013 0.063 0.21 0.013 0.067
Heptachlor epoxide 0.2 0.0074 0.067 U 0.013 0.067 0.063 U 0.013 0.063 0.015 J J 0.013 0.067
PCBs (ug/L)
All groundwater samples were non-detect for PCBs.
Explosives (ug/L)
All groundwater samples were non-detect for explosives.
Metals (ug/L)
Aluminum 50 na 360 B 16 200 133 J B 16 200 236 B 16 200
Antimony 6 1.5 2.2 U 2.2 5 2.2 U 2.2 5 3.2 J B 2.2 5
Arsenic 10 0.045 2.9 U 2.9 10 2.9 U 2.9 10 2.9 U 2.9 10
Barium 2000 730 134 J J 0.5 200 156 J J 0.5 200 149 J J 0.5 200
Beryllium 4 7.3 2.1 J B 0.7 4 2 J B 0.7 4 2 J B 0.7 4
Calcium na na 114000 26 1000 94900 26 1000 36300 26 1000
Chromium 100 11 2.8 J J 0.5 10 3.2 J J 0.5 10 0.74 J J 0.5 10
Cobalt na na 0.4 U 0.4 50 0.4 U 0.4 50 0.4 U 0.4 50
Copper 1300 150 0.8 U 0.8 25 0.8 U 0.8 25 0.8 U 0.8 25
Iron 300 1100 264 J J 7.5 300 29.7 J B 7.5 300 174 J J 7.5 300
Lead 15 na 1.2 U 1.2 5 1.6 J B 1.2 5 2 J B 1.2 5
Magnesium na na 34400 5.8 5000 38800 5.8 5000 22700 5.8 5000
Manganese 50 73 5.4 J J 0.2 15 1.3 J B 0.2 15 5.1 J J 0.2 15
Nickel na 73 1.1 U 1.1 40 1.1 U 1.1 40 1.1 U 1.1 40
Potassium na na 1480 J J 36 5000 1190 J J 36 5000 1030 J J 36 5000
Selenium 50 18 5.5 J J 2.4 10 2.4 U 2.4 10 2.4 U 2.4 10
Sodium na na 9310 L 77 5000 81 J B 77 5000 385 J B 77 5000
Vanadium na 3.7 0.98 J B 0.6 50 0.6 U 0.6 50 0.7 J B 0.6 50
Zinc 5000 1100 1.4 J J 0.8 20 0.8 U 0.8 20 0.91 J J 0.8 20
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Table 4-1 Chemical Detections in Groundwater Samples, April 2006

Sample ID 13MW1 13MW2 16-4
Analyte Sample Date 4/12/06 4/12/06 4/10/06

Sample Depth 27-28 25-26 65-66
MCL tw-RBC Result Lab Q Val Q MDL MRL Result Lab Q Val Q MDL MRL Result Lab Q Val Q MDL MRL

Dioxins/Furans (ng/L)
2,3,7,8-TCDF na na 0.00445 U 0.00445 0.00445 0.00443 U 0.00443 0.00443 0.00372 U 0.00372 0.00372
1,2,3,7,8-PECDD na na 0.0061 U 0.0061 0.0061 0.00654 U 0.00654 0.00654 0.0061 U 0.0061 0.0061
1,2,3,4,7,8-HXCDD na 0.011 0.0129 U 0.0129 0.0129 0.0104 U 0.0104 0.0104 0.00871 U 0.00871 0.00871
1,2,3,4,6,7,8-HPCDD na na 0.00836 U 0.00836 0.00836 0.0134 U 0.0134 0.0134 0.00915 U 0.00915 0.00915
OCDD na na 0.0264 U 0.0264 0.0264 0.0504 U 0.0504 0.0504 0.0348 U 0.0348 0.0348
TOTAL PECDD na na 0.0061 U 0.0061 0.0061 0.00654 U 0.00654 0.00654 0.0061 U 0.0061 0.0061
TOTAL HXCDD na 0.011 0.0131 U 0.0131 0.0131 0.0105 U 0.0105 0.0105 0.00882 U 0.00882 0.00882
TOTAL HPCDD na na 0.00836 U 0.00836 0.00836 0.0134 U 0.0134 0.0134 0.00915 U 0.00915 0.00915
TOTAL TCDF na na 0.00445 U 0.00445 0.00445 0.00443 U 0.00443 0.00443 0.00372 U 0.00372 0.00372

MCL source:  USEPA 2004 Edition of the Drinking Water Standard and Health Advisories (EPA 822-R-04-005), 
Winter 2004.
µg/L = micrograms per liter = parts per billion

Laboratory Qualifiers:

J = Indicates an estimated value (1) due to QC non-conformance, or (2) concentration >MDL and <MRL. Reported 
value may not be accurate or precise.
L = Analyte present. Reported value may be biased low due to QC non-conformance.
UL = Value is estimated bias low and not detected due to QC non-conformance. Reporting limit may be inaccurate or 
imprecise. Quantitation limit is probably higher.

UJ = Value is estimated and not detected due to QC non-conformance. Reporting limit may be inaccurate or 
imprecise.

U = Not detected.
A = J = The reported value is <MRL and >MDL and considered estimated.

Validation Qualifiers:
B = The analyte detected in the sample and the lab or field blank and considered non-detect. 

Notes:
Shading and black font indicates a MCL exceedence.
Bold outline indicates a tap water RBC exceedence.
Shading in the MDL/MRL columns indicates the MDL or MRL exceeded a criterion.
RBCs for non-carcinogenic compounds have been recalculated to an HI of 0.1.
RBCs for carcinogenic compounds are shown in red font.
The pyrene RBC was used for acenaphthylene, benzo(g,h,i)perylene and phenanthrene and are shown in blue.

RBC source:  USEPA Region III Risk Based Concentration Table, April 2006.

ng/L = nanograms per liter = parts per trillion
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Table 4-1 Chemical Detections in Groundwater Samples, April 2006

Sample ID

Analyte Sample Date

Sample Depth

MCL tw-RBC

VOCs (ug/L)
1,1,1-Trichloroethane 200 170
1,1-Dichloroethane na 90
1,1-Dichloroethene 7 35
2-Butanone na 700
Acetone na 550
Carbon tetrachloride 5 0.16
Chloroethane na 3.6
Chloroform 80 0.15
cis-1,2-Dichloroethene 70 5.5
Methylene chloride 5 4.1
Tetrachloroethene 5 0.1
Trichloroethene 5 0.026
PAHs (ug/L)
All groundwater samples were non-detect for PAHs.
SVOCs (ug/L)
bis(2-Ethylhexyl)phthalate 6 4.8
Pesticides (ug/L)
alpha-Chlordane 2 0.19
Heptachlor epoxide 0.2 0.0074
PCBs (ug/L)
All groundwater samples were non-detect for PCBs.
Explosives (ug/L)
All groundwater samples were non-detect for explosives.
Metals (ug/L)
Aluminum 50 na
Antimony 6 1.5
Arsenic 10 0.045
Barium 2000 730
Beryllium 4 7.3
Calcium na na
Chromium 100 11
Cobalt na na
Copper 1300 150
Iron 300 1100
Lead 15 na
Magnesium na na
Manganese 50 73
Nickel na 73
Potassium na na
Selenium 50 18
Sodium na na
Vanadium na 3.7
Zinc 5000 1100

28MW1 28MW2 48MW1

4/11/06 4/11/06 4/13/06

58-59 78-79 135-136

Result Lab Q Val Q MDL MRL Result Lab Q Val Q MDL MRL Result Lab Q Val Q MDL MRL

0.95 J J 0.5 1 1 U 0.5 1 1.3 J 0.5 1
2.9 0.5 1 1 U 0.5 1 1.3 J 0.5 1

0.88 J J 0.5 1 1 U 0.5 1 0.55 J J 0.5 1
5 U 2.5 5 5 U 2.5 5 5 U 2.5 5

25 U 5 25 25 U 5 25 25 U 5 25
1 U 0.5 1 1 U 0.5 1 1 U 0.5 1

1.4 J J 1 2 2 U 1 2 2 U 1 2
1 U 0.5 1 1 U 0.5 1 1 U 0.5 1
1 U 0.5 1 1 U 0.5 1 0.71 J J 0.5 1
5 U 1 5 5 U 1 5 5 U 1 5
1 U 0.5 1 1 U 0.5 1 1.1 J 0.5 1
1 U 0.5 1 1 U 0.5 1 5.5 0.5 1

6.3 U 3.1 6.3 5.6 U 2.8 5.6 5.6 U 2.8 5.6

0.063 U 0.013 0.063 0.063 U 0.013 0.063 0.062 U 0.012 0.062
0.063 U 0.013 0.063 0.063 U 0.013 0.063 0.062 U 0.012 0.062

88.6 J B 16 200 109 J B 16 200 606 16 200
2.2 U 2.2 5 3.7 J B 2.2 5 2.2 U 2.2 5
2.9 U 2.9 10 2.9 U 2.9 10 2.9 U 2.9 10
455 0.5 200 384 0.5 200 105 J J 0.5 200
2.1 J B 0.7 4 2 J B 0.7 4 1.8 J B 0.7 4

78200 26 1000 40100 26 1000 67400 26 1000
0.5 U 0.5 10 1.3 J J 0.5 10 1.7 J J 0.5 10
0.4 U 0.4 50 0.4 U 0.4 50 0.4 U 0.4 50
0.8 U 0.8 25 0.8 U 0.8 25 0.8 U 0.8 25
7.5 U 7.5 300 31.8 J B 7.5 300 617 7.5 300
1.2 U 1.2 5 1.8 J B 1.2 5 2 J B 1.2 5

49800 5.8 5000 20000 5.8 5000 35300 5.8 5000
22.4 0.2 15 1.5 J B 0.2 15 10.3 J J 0.2 15
1.1 U 1.1 40 1.1 U 1.1 40 1.2 J J 1.1 40

1530 J J 36 5000 1710 J J 36 5000 2020 J J 36 5000
4.9 J J 2.4 10 2.4 U 2.4 10 3.2 J J 2.4 10

2570 J B 77 5000 2170 J B 77 5000 13700 77 5000
0.64 J B 0.6 50 0.6 U 0.6 50 1.3 J B 0.6 50
0.8 U 0.8 20 4.8 J J 0.8 20 3 J J 0.8 20
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Table 4-1 Chemical Detections in Groundwater Samples, April 2006

Sample ID
Analyte Sample Date

Sample Depth
MCL tw-RBC

Dioxins/Furans (ng/L)
2,3,7,8-TCDF na na
1,2,3,7,8-PECDD na na
1,2,3,4,7,8-HXCDD na 0.011
1,2,3,4,6,7,8-HPCDD na na
OCDD na na
TOTAL PECDD na na
TOTAL HXCDD na 0.011
TOTAL HPCDD na na
TOTAL TCDF na na

MCL source:  USEPA 2004 Edition of the Drinking Water Standard and Health Advisories (EPA 822-R-04-005), 
Winter 2004.
µg/L = micrograms per liter = parts per billion

Laboratory Qualifiers:

J = Indicates an estimated value (1) due to QC non-conformance, or (2) concentration >MDL and <MRL. Reported 
value may not be accurate or precise.
L = Analyte present. Reported value may be biased low due to QC non-conformance.
UL = Value is estimated bias low and not detected due to QC non-conformance. Reporting limit may be inaccurate or 
imprecise. Quantitation limit is probably higher.

UJ = Value is estimated and not detected due to QC non-conformance. Reporting limit may be inaccurate or 
imprecise.

U = Not detected.
A = J = The reported value is <MRL and >MDL and considered estimated.

Validation Qualifiers:
B = The analyte detected in the sample and the lab or field blank and considered non-detect. 

Notes:
Shading and black font indicates a MCL exceedence.
Bold outline indicates a tap water RBC exceedence.
Shading in the MDL/MRL columns indicates the MDL or MRL exceeded a criterion.
RBCs for non-carcinogenic compounds have been recalculated to an HI of 0.1.
RBCs for carcinogenic compounds are shown in red font.
The pyrene RBC was used for acenaphthylene, benzo(g,h,i)perylene and phenanthrene and are shown in blue.

RBC source:  USEPA Region III Risk Based Concentration Table, April 2006.

ng/L = nanograms per liter = parts per trillion

28MW1 28MW2 48MW1
4/11/06 4/11/06 4/13/06
58-59 78-79 135-136

Result Lab Q Val Q MDL MRL Result Lab Q Val Q MDL MRL Result Lab Q Val Q MDL MRL

0.00447 U 0.00447 0.00447 0.00381 U 0.00381 0.00381 0.00727 U UJ 0.00727 0.00727
0.00683 U 0.00683 0.00683 0.0058 U 0.0058 0.0058 0.00528 U UJ 0.00528 0.00528
0.0142 U 0.0142 0.0142 0.0151 U 0.0151 0.0151 0.00876 U 0.00876 0.00876
0.0144 U 0.0144 0.0144 0.0131 U 0.0131 0.0131 0.0126 U UJ 0.0126 0.0126
0.0377 U 0.0377 0.0377 0.025 U 0.025 0.025 0.0213 U 0.0213 0.0213
0.00683 U 0.00683 0.00683 0.0058 U 0.0058 0.0058 0.00528 U 0.00528 0.00528
0.0144 U 0.0144 0.0144 0.0153 U 0.0153 0.0153 0.00887 U 0.00887 0.00887
0.0144 U 0.0144 0.0144 0.0131 U 0.0131 0.0131 0.0126 U 0.0126 0.0126
0.00447 U 0.00447 0.00447 0.00381 U 0.00381 0.00381 0.00727 U 0.00727 0.00727
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Table 4-1 Chemical Detections in Groundwater Samples, April 2006

Sample ID

Analyte Sample Date

Sample Depth

MCL tw-RBC

VOCs (ug/L)
1,1,1-Trichloroethane 200 170
1,1-Dichloroethane na 90
1,1-Dichloroethene 7 35
2-Butanone na 700
Acetone na 550
Carbon tetrachloride 5 0.16
Chloroethane na 3.6
Chloroform 80 0.15
cis-1,2-Dichloroethene 70 5.5
Methylene chloride 5 4.1
Tetrachloroethene 5 0.1
Trichloroethene 5 0.026
PAHs (ug/L)
All groundwater samples were non-detect for PAHs.
SVOCs (ug/L)
bis(2-Ethylhexyl)phthalate 6 4.8
Pesticides (ug/L)
alpha-Chlordane 2 0.19
Heptachlor epoxide 0.2 0.0074
PCBs (ug/L)
All groundwater samples were non-detect for PCBs.
Explosives (ug/L)
All groundwater samples were non-detect for explosives.
Metals (ug/L)
Aluminum 50 na
Antimony 6 1.5
Arsenic 10 0.045
Barium 2000 730
Beryllium 4 7.3
Calcium na na
Chromium 100 11
Cobalt na na
Copper 1300 150
Iron 300 1100
Lead 15 na
Magnesium na na
Manganese 50 73
Nickel na 73
Potassium na na
Selenium 50 18
Sodium na na
Vanadium na 3.7
Zinc 5000 1100

48MW2 48MW3 48MW4

4/13/06 4/13/06 4/11/06

132-133 115-116 90-91

Result Lab Q Val Q MDL MRL Result Lab Q Val Q MDL MRL Result Lab Q Val Q MDL MRL

1 U 0.5 1 1 U 0.5 1 1 U 0.5 1
1 U 0.5 1 1 U 0.5 1 1 U 0.5 1
1 U 0.5 1 1 U 0.5 1 1 U 0.5 1

4.5 J B 2.5 5 5 U 2.5 5 5 U 2.5 5
61.5 B 5 25 25 U 5 25 25 U 5 25
29.2 0.5 1 51.2 0.5 1 1 U 0.5 1

2 U 1 2 2 U 1 2 2 U 1 2
5.9 B 0.5 1 5.5 B 0.5 1 1 U 0.5 1
1 U 0.5 1 1 U 0.5 1 1 U 0.5 1
5 U 1 5 5 U 1 5 5 U 1 5

1.1 J 0.5 1 0.54 J J 0.5 1 0.66 J J 0.5 1
3 0.5 1 7.4 0.5 1 1 U 0.5 1

7.9 U 4 7.9 5.4 U UL 2.7 5.4 5.8 U 2.9 5.8

0.064 U 0.013 0.064 0.056 U 0.011 0.056 0.063 U 0.013 0.063
0.064 U 0.013 0.064 0.056 U 0.011 0.056 0.063 U 0.013 0.063

2630 16 200 82.6 J B 16 200 113 J B 16 200
2.2 U 2.2 5 4.3 J B 2.2 5 2.2 U 2.2 5
2.9 U 2.9 10 2.9 U 2.9 10 2.9 U 2.9 10
615 0.5 200 50.4 J J 0.5 200 167 J J 0.5 200

2 J B 0.7 4 2.2 J B 0.7 4 2.1 J B 0.7 4
89700 26 1000 102000 26 1000 58600 26 1000

6.4 J J 0.5 10 1 J J 0.5 10 0.86 J J 0.5 10
1.3 J B 0.4 50 0.4 U 0.4 50 0.4 U 0.4 50

0.83 J B 0.8 25 0.8 U 0.8 25 0.8 U 0.8 25
2960 7.5 300 8.9 J B 7.5 300 62.8 J B 7.5 300
1.3 J B 1.2 5 2.7 J B 1.2 5 1.2 U 1.2 5

44800 5.8 5000 42800 5.8 5000 49600 5.8 5000
50.7 0.2 15 1.8 J B 0.2 15 2.6 J B 0.2 15
4.9 J J 1.1 40 1.1 U 1.1 40 1.1 U 1.1 40

1690 J J 36 5000 1230 J J 36 5000 1600 J J 36 5000
2.4 J J 2.4 10 5.2 J J 2.4 10 2.4 U 2.4 10
311 J B 77 5000 1030 J B 77 5000 8230 L 77 5000
6.3 J B 0.6 50 0.91 J B 0.6 50 0.6 U 0.6 50

11.7 J J 0.8 20 0.8 U 0.8 20 1.4 J J 0.8 20
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Table 4-1 Chemical Detections in Groundwater Samples, April 2006

Sample ID
Analyte Sample Date

Sample Depth
MCL tw-RBC

Dioxins/Furans (ng/L)
2,3,7,8-TCDF na na
1,2,3,7,8-PECDD na na
1,2,3,4,7,8-HXCDD na 0.011
1,2,3,4,6,7,8-HPCDD na na
OCDD na na
TOTAL PECDD na na
TOTAL HXCDD na 0.011
TOTAL HPCDD na na
TOTAL TCDF na na

MCL source:  USEPA 2004 Edition of the Drinking Water Standard and Health Advisories (EPA 822-R-04-005), 
Winter 2004.
µg/L = micrograms per liter = parts per billion

Laboratory Qualifiers:

J = Indicates an estimated value (1) due to QC non-conformance, or (2) concentration >MDL and <MRL. Reported 
value may not be accurate or precise.
L = Analyte present. Reported value may be biased low due to QC non-conformance.
UL = Value is estimated bias low and not detected due to QC non-conformance. Reporting limit may be inaccurate or 
imprecise. Quantitation limit is probably higher.

UJ = Value is estimated and not detected due to QC non-conformance. Reporting limit may be inaccurate or 
imprecise.

U = Not detected.
A = J = The reported value is <MRL and >MDL and considered estimated.

Validation Qualifiers:
B = The analyte detected in the sample and the lab or field blank and considered non-detect. 

Notes:
Shading and black font indicates a MCL exceedence.
Bold outline indicates a tap water RBC exceedence.
Shading in the MDL/MRL columns indicates the MDL or MRL exceeded a criterion.
RBCs for non-carcinogenic compounds have been recalculated to an HI of 0.1.
RBCs for carcinogenic compounds are shown in red font.
The pyrene RBC was used for acenaphthylene, benzo(g,h,i)perylene and phenanthrene and are shown in blue.

RBC source:  USEPA Region III Risk Based Concentration Table, April 2006.

ng/L = nanograms per liter = parts per trillion

48MW2 48MW3 48MW4
4/13/06 4/13/06 4/11/06
132-133 115-116 90-91

Result Lab Q Val Q MDL MRL Result Lab Q Val Q MDL MRL Result Lab Q Val Q MDL MRL

0.00772 U 0.00772 0.00772 0.00671 U 0.00671 0.00671 0.00334 U 0.00334 0.00334
0.0283 A J NA NA 0.0112 A J NA NA 0.00658 U 0.00658 0.00658
0.0106 A J NA NA 0.0123 U 0.0123 0.0123 0.0111 U 0.0111 0.0111
0.0331 A J NA NA 0.0168 A J NA NA 0.0156 U 0.0156 0.0156
0.0352 U 0.0352 0.0352 0.0242 U 0.0242 0.0242 0.0309 U 0.0309 0.0309
0.0283 NA NA 0.00112 NA NA 0.00658 U 0.00658 0.00658
0.0106 NA NA 0.0125 U 0.0125 0.0125 0.0112 U 0.0112 0.0112
0.0331 NA NA 0.0168 NA NA 0.0156 U 0.0156 0.0156
0.00772 U 0.00772 0.00772 0.00671 U 0.00671 0.00671 0.00334 U 0.00334 0.00334
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Table 4-1 Chemical Detections in Groundwater Samples, April 2006

Sample ID

Analyte Sample Date

Sample Depth

MCL tw-RBC

VOCs (ug/L)
1,1,1-Trichloroethane 200 170
1,1-Dichloroethane na 90
1,1-Dichloroethene 7 35
2-Butanone na 700
Acetone na 550
Carbon tetrachloride 5 0.16
Chloroethane na 3.6
Chloroform 80 0.15
cis-1,2-Dichloroethene 70 5.5
Methylene chloride 5 4.1
Tetrachloroethene 5 0.1
Trichloroethene 5 0.026
PAHs (ug/L)
All groundwater samples were non-detect for PAHs.
SVOCs (ug/L)
bis(2-Ethylhexyl)phthalate 6 4.8
Pesticides (ug/L)
alpha-Chlordane 2 0.19
Heptachlor epoxide 0.2 0.0074
PCBs (ug/L)
All groundwater samples were non-detect for PCBs.
Explosives (ug/L)
All groundwater samples were non-detect for explosives.
Metals (ug/L)
Aluminum 50 na
Antimony 6 1.5
Arsenic 10 0.045
Barium 2000 730
Beryllium 4 7.3
Calcium na na
Chromium 100 11
Cobalt na na
Copper 1300 150
Iron 300 1100
Lead 15 na
Magnesium na na
Manganese 50 73
Nickel na 73
Potassium na na
Selenium 50 18
Sodium na na
Vanadium na 3.7
Zinc 5000 1100

51MW1 51MW2 C1

4/11/06 4/10/06 4/12/06

34-35 52-53 69-70

Result Lab Q Val Q MDL MRL Result Lab Q Val Q MDL MRL Result Lab Q Val Q MDL MRL

1 U 0.5 1 1 U 0.5 1 1.3 J 0.5 1
1 U 0.5 1 1 U 0.5 1 8.5 0.5 1
1 U 0.5 1 1 U 0.5 1 1 U 0.5 1
5 U 2.5 5 5 U 2.5 5 5 U 2.5 5

25 U 5 25 25 U 5 25 25 U 5 25
1 U 0.5 1 1 U 0.5 1 1 U 0.5 1
2 U 1 2 2 U 1 2 4 1 2
1 U 0.5 1 1 U 0.5 1 1 U 0.5 1
1 U 0.5 1 1 U 0.5 1 1 U 0.5 1
5 U 1 5 5 U 1 5 8 B 1 5

0.93 J J 0.5 1 1 U 0.5 1 1 U 0.5 1
1 U 0.5 1 1 U 0.5 1 1 U 0.5 1

6.8 U 3.4 6.8 5.6 U 2.8 5.6 5.9 U 2.9 5.9

0.066 U 0.013 0.066 0.063 U 0.013 0.063 0.063 U 0.013 0.063
0.066 U 0.013 0.066 0.063 U 0.013 0.063 0.063 U 0.013 0.063

282 B 16 200 100 J B 16 200 57 J B 16 200
3.6 J B 2.2 5 2.2 U 2.2 5 2.6 J B 2.2 5
2.9 U 2.9 10 2.9 U 2.9 10 2.9 U 2.9 10

45.3 J J 0.5 200 40.8 J J 0.5 200 181 J J 0.5 200
2 J B 0.7 4 2.1 J B 0.7 4 1.9 J B 0.7 4

18900 26 1000 53700 26 1000 105000 26 1000
0.59 J J 0.5 10 1.3 J J 0.5 10 0.5 U 0.5 10
0.4 U 0.4 50 0.4 U 0.4 50 0.4 U 0.4 50
0.8 U 0.8 25 0.8 U 0.8 25 0.8 U 0.8 25
547 7.5 300 42.2 J B 7.5 300 7.5 U 7.5 300
1.3 J B 1.2 5 1.2 U 1.2 5 1.2 U 1.2 5

7440 5.8 5000 15600 5.8 5000 38100 5.8 5000
60.6 0.2 15 1.8 J B 0.2 15 7.1 J J 0.2 15
1.1 J J 1.1 40 1.1 U 1.1 40 1.1 U 1.1 40

1070 J J 36 5000 1220 J J 36 5000 2720 J J 36 5000
2.4 U 2.4 10 2.4 U 2.4 10 2.8 J J 2.4 10
256 J B 77 5000 713 J B 77 5000 4250 J L 77 5000
0.6 U 0.6 50 0.6 U 0.6 50 0.82 J B 0.6 50
3.4 J J 0.8 20 2.1 J J 0.8 20 0.8 U 0.8 20
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Table 4-1 Chemical Detections in Groundwater Samples, April 2006

Sample ID
Analyte Sample Date

Sample Depth
MCL tw-RBC

Dioxins/Furans (ng/L)
2,3,7,8-TCDF na na
1,2,3,7,8-PECDD na na
1,2,3,4,7,8-HXCDD na 0.011
1,2,3,4,6,7,8-HPCDD na na
OCDD na na
TOTAL PECDD na na
TOTAL HXCDD na 0.011
TOTAL HPCDD na na
TOTAL TCDF na na

MCL source:  USEPA 2004 Edition of the Drinking Water Standard and Health Advisories (EPA 822-R-04-005), 
Winter 2004.
µg/L = micrograms per liter = parts per billion

Laboratory Qualifiers:

J = Indicates an estimated value (1) due to QC non-conformance, or (2) concentration >MDL and <MRL. Reported 
value may not be accurate or precise.
L = Analyte present. Reported value may be biased low due to QC non-conformance.
UL = Value is estimated bias low and not detected due to QC non-conformance. Reporting limit may be inaccurate or 
imprecise. Quantitation limit is probably higher.

UJ = Value is estimated and not detected due to QC non-conformance. Reporting limit may be inaccurate or 
imprecise.

U = Not detected.
A = J = The reported value is <MRL and >MDL and considered estimated.

Validation Qualifiers:
B = The analyte detected in the sample and the lab or field blank and considered non-detect. 

Notes:
Shading and black font indicates a MCL exceedence.
Bold outline indicates a tap water RBC exceedence.
Shading in the MDL/MRL columns indicates the MDL or MRL exceeded a criterion.
RBCs for non-carcinogenic compounds have been recalculated to an HI of 0.1.
RBCs for carcinogenic compounds are shown in red font.
The pyrene RBC was used for acenaphthylene, benzo(g,h,i)perylene and phenanthrene and are shown in blue.

RBC source:  USEPA Region III Risk Based Concentration Table, April 2006.

ng/L = nanograms per liter = parts per trillion

51MW1 51MW2 C1
4/11/06 4/10/06 4/12/06
34-35 52-53 69-70

Result Lab Q Val Q MDL MRL Result Lab Q Val Q MDL MRL Result Lab Q Val Q MDL MRL

0.00329 U 0.00329 0.00329 0.00358 U 0.00358 0.00358 0.00348 U 0.00348 0.00348
0.0061 U 0.0061 0.0061 0.00651 U 0.00651 0.00651 0.00612 U 0.00612 0.00612
0.0089 U 0.0089 0.0089 0.0131 U 0.0131 0.0131 0.0107 U 0.0107 0.0107
0.00875 U 0.00875 0.00875 0.0103 U 0.0103 0.0103 0.0126 U 0.0126 0.0126
0.0376 A J NA NA 0.0208 U 0.0208 0.0208 0.0378 U 0.0378 0.0378
0.0061 U 0.0061 0.0061 0.00651 U 0.00651 0.00651 0.00612 U 0.00612 0.00612
0.00901 U 0.00901 0.00901 0.0132 U 0.0132 0.0132 0.0108 U 0.0108 0.0108
0.00875 U 0.00875 0.00875 0.0104 U 0.0104 0.0104 0.0126 U 0.0126 0.0126
0.00329 U 0.00329 0.00329 0.00358 U 0.00358 0.00358 0.00348 U 0.00348 0.00348
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Table 4-1 Chemical Detections in Groundwater Samples, April 2006

Sample ID

Analyte Sample Date

Sample Depth

MCL tw-RBC

VOCs (ug/L)
1,1,1-Trichloroethane 200 170
1,1-Dichloroethane na 90
1,1-Dichloroethene 7 35
2-Butanone na 700
Acetone na 550
Carbon tetrachloride 5 0.16
Chloroethane na 3.6
Chloroform 80 0.15
cis-1,2-Dichloroethene 70 5.5
Methylene chloride 5 4.1
Tetrachloroethene 5 0.1
Trichloroethene 5 0.026
PAHs (ug/L)
All groundwater samples were non-detect for PAHs.
SVOCs (ug/L)
bis(2-Ethylhexyl)phthalate 6 4.8
Pesticides (ug/L)
alpha-Chlordane 2 0.19
Heptachlor epoxide 0.2 0.0074
PCBs (ug/L)
All groundwater samples were non-detect for PCBs.
Explosives (ug/L)
All groundwater samples were non-detect for explosives.
Metals (ug/L)
Aluminum 50 na
Antimony 6 1.5
Arsenic 10 0.045
Barium 2000 730
Beryllium 4 7.3
Calcium na na
Chromium 100 11
Cobalt na na
Copper 1300 150
Iron 300 1100
Lead 15 na
Magnesium na na
Manganese 50 73
Nickel na 73
Potassium na na
Selenium 50 18
Sodium na na
Vanadium na 3.7
Zinc 5000 1100

C4 TM13MW1 TM48MW1

4/11/06 4/12/06 4/13/06

65-66 27-28 135-136

Result Lab Q Val Q MDL MRL Result Lab Q Val Q MDL MRL Result Lab Q Val Q MDL MRL

1 U 0.5 1 1 U 0.5 1 1.2 J 0.5 1
1 U 0.5 1 1 U 0.5 1 1.4 J 0.5 1
1 U 0.5 1 1 U 0.5 1 0.56 J J 0.5 1
5 U 2.5 5 5 U 2.5 5 5 U 2.5 5

25 U 5 25 25 U 5 25 25 U 5 25
1 U 0.5 1 1 U 0.5 1 1 U 0.5 1
2 U 1 2 2 U 1 2 2 U 1 2
1 U 0.5 1 1 U 0.5 1 1 U 0.5 1
1 U 0.5 1 1 U 0.5 1 0.77 J J 0.5 1
5 U 1 5 5 U 1 5 5 U 1 5

0.96 J J 0.5 1 1 U 0.5 1 1 J 0.5 1
1 U 0.5 1 1 U 0.5 1 5.5 0.5 1

4.8 J J 3.1 6.3 5.6 U 2.8 5.6 5.9 U 2.9 5.9

0.066 U 0.013 0.066 0.063 U 0.013 0.063 0.061 U 0.012 0.061
0.066 U 0.013 0.066 0.063 U 0.013 0.063 0.061 U 0.012 0.061

554 16 200 435 B 16 200 452 B 16 200
4.2 J B 2.2 5 3.7 J B 2.2 5 2.2 U 2.2 5

53.9 2.9 10 2.9 U 2.9 10 2.9 U 2.9 10
177 J J 0.5 200 136 J J 0.5 200 92.6 J J 0.5 200
2.1 J B 0.7 4 2.1 J B 0.7 4 2 J B 0.7 4

34700 26 1000 117000 26 1000 69900 26 1000
2 J J 0.5 10 4.6 J J 0.5 10 1.2 J J 0.5 10

0.4 U 0.4 50 0.4 U 0.4 50 0.4 U 0.4 50
6.9 J B 0.8 25 0.8 U 0.8 25 0.8 U 0.8 25

4830 7.5 300 376 7.5 300 387 7.5 300
7.8 B 1.2 5 1.2 U 1.2 5 1.2 U 1.2 5

20400 5.8 5000 35100 5.8 5000 35400 5.8 5000
47.6 0.2 15 6.6 J J 0.2 15 5.6 J J 0.2 15
1.1 J J 1.1 40 1.1 U 1.1 40 1.1 U 1.1 40
867 J J 36 5000 1540 J J 36 5000 2060 J J 36 5000
2.4 U 2.4 10 7.2 J J 2.4 10 2.4 U 2.4 10
104 J B 77 5000 10300 77 5000 14900 77 5000
1.8 J B 0.6 50 1.6 J B 0.6 50 1.2 J B 0.6 50

22.3 0.8 20 1.5 J J 0.8 20 1.7 J J 0.8 20
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Table 4-1 Chemical Detections in Groundwater Samples, April 2006

Sample ID
Analyte Sample Date

Sample Depth
MCL tw-RBC

Dioxins/Furans (ng/L)
2,3,7,8-TCDF na na
1,2,3,7,8-PECDD na na
1,2,3,4,7,8-HXCDD na 0.011
1,2,3,4,6,7,8-HPCDD na na
OCDD na na
TOTAL PECDD na na
TOTAL HXCDD na 0.011
TOTAL HPCDD na na
TOTAL TCDF na na

MCL source:  USEPA 2004 Edition of the Drinking Water Standard and Health Advisories (EPA 822-R-04-005), 
Winter 2004.
µg/L = micrograms per liter = parts per billion

Laboratory Qualifiers:

J = Indicates an estimated value (1) due to QC non-conformance, or (2) concentration >MDL and <MRL. Reported 
value may not be accurate or precise.
L = Analyte present. Reported value may be biased low due to QC non-conformance.
UL = Value is estimated bias low and not detected due to QC non-conformance. Reporting limit may be inaccurate or 
imprecise. Quantitation limit is probably higher.

UJ = Value is estimated and not detected due to QC non-conformance. Reporting limit may be inaccurate or 
imprecise.

U = Not detected.
A = J = The reported value is <MRL and >MDL and considered estimated.

Validation Qualifiers:
B = The analyte detected in the sample and the lab or field blank and considered non-detect. 

Notes:
Shading and black font indicates a MCL exceedence.
Bold outline indicates a tap water RBC exceedence.
Shading in the MDL/MRL columns indicates the MDL or MRL exceeded a criterion.
RBCs for non-carcinogenic compounds have been recalculated to an HI of 0.1.
RBCs for carcinogenic compounds are shown in red font.
The pyrene RBC was used for acenaphthylene, benzo(g,h,i)perylene and phenanthrene and are shown in blue.

RBC source:  USEPA Region III Risk Based Concentration Table, April 2006.

ng/L = nanograms per liter = parts per trillion

C4 TM13MW1 TM48MW1
4/11/06 4/12/06 4/13/06
65-66 27-28 135-136

Result Lab Q Val Q MDL MRL Result Lab Q Val Q MDL MRL Result Lab Q Val Q MDL MRL

0.00456 U 0.00456 0.00456 0.0039 U 0.0039 0.0039 0.0128 J NA NA
0.00697 U 0.00697 0.00697 0.00537 U 0.00537 0.00537 0.0873 J NA NA
0.0112 U 0.0112 0.0112 0.0107 U 0.0107 0.0107 0.0215 A J NA NA
0.00977 U 0.00977 0.00977 0.0138 U 0.0138 0.0138 0.0857 J NA NA
0.0361 A J NA NA 0.0286 U 0.0286 0.0286 0.018 A J NA NA
0.00697 U 0.00697 0.00697 0.00537 U 0.00537 0.00537 0.0873 NA NA
0.0114 U 0.0114 0.0114 0.0109 U 0.0109 0.0109 0.0215 NA NA
0.00977 U 0.00977 0.00977 0.0138 U 0.0138 0.0138 0.0857 NA NA
0.00456 U 0.00456 0.00456 0.0039 U 0.0039 0.0039 0.0128 NA NA
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Data Validation Reports 








































































































































































































































































































































































































































































































































