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EXECUTIVE SUMMARY 

This report summarizes the soil investigations conducted by the Corps of 
Engineers at three former small arms training ranges, as part of the Remedial 
Investigation (RI) studies at Fort Lewis, Washington (Figure 1). The three ranges include 
the Evergreen Infiltration Range, the Miller Hill Pistol Range, and the Skeet Range. This 
investigation provides preliminary information on the soil quality at these sites.  

The objectives of the sampling included confirming the presence of 
contamination; delineating the vertical and horizontal extent of lead contamination; 
determining if lead can be used as a driver to define extent at ranges; conducting a 
demonstration of method applicability (DMA) to determine usability of field-based 
technology for soil lead sampling; and refining the conceptual site model based on field 
results. 

Results from the demonstration of method applicability study indicated that XRF 
field technology was adequate and appropriate for this site investigation. The linear 
regression correlation coefficient factor (r2) for the data set was 0.96, well above the 0.75 
required by the Sampling and Analysis Plan (SAP) Addendums associated with these 
sites. 

The results from this investigation indicated that soils at the former Evergreen 
Infiltration Range, the former Skeet Range, and the former Miller Hill Pistol Range have 
been impacted by past operational practices. Elevated concentrations of lead were 
detected in soil above the Washington State Department of Ecology (Ecology) Model 
Toxic Control Act (MTCA) Method A cleanup levels at each of the closed ranges. In 
addition, elevated concentrations of cPAHs above the MTCA Method A/B cleanup levels 
were detected at the former Skeet Range. Sufficient data was gathered to provide a 
reasonable estimate of horizontal extent and depth of contamination for use in the 
feasibility study at all three sites. 

Laboratory analysis of collaborative soil samples confirmed that lead is the 
primary contaminant as other metals were not above MTCA levels when lead was not 
above criteria; therefore lead can be used as the driver to define extent at the ranges with 
the exception of PAHs at the former skeet range. Antimony was the most frequent 
contaminant after lead above MTCA, with copper being detected in one soil sample from 
the evergreen infiltration range and one sample with arsenic above MTCA criteria at the 
former skeet range.  

Based on the soil analytical results, five samples from each range were submitted 
for the Toxicity Characteristic Leaching Procedure (TCLP) analysis. These samples were 
selected as being representative of the types of contamination seen at each range. The 
results of this analysis varied with each site. For example, TCLP analysis conducted on 
five samples from the Evergreen Berm resulted in exceedance of the maximum 
concentration of contaminants for the Toxicity Characteristic of 5 mg/L. Based on these 
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results, it is likely that any soils from the Evergreen site exceeding the MTCA criteria of 
250 mg/kg would likely be considered hazardous waste. The TCLP analysis conducted 
on five samples from the Miller Hill site resulted in exceedance for only one sample, 
which had a XRF lead value of 6500 mg/kg. All other samples were below the Toxicity 
Characteristic criteria. TCLP analysis was conducted on five samples from the former 
skeet range; results did not exceed the maximum TLCP concentration of contaminants for 
any of the samples submitted from this range. 

Results from the investigation indicate that site activities have impacted the 
surface soils at the former ranges. Based on the refined conceptual site model, lead 
concentrations in soils pose a risk to potential human health and ecological receptors by 
direct contact, ingestion, root contact, or inhalation of dust. Remedial action is 
recommended to reduce this risk at all three sites. Discussion of remedial actions will be 
presented in the feasibility study. 
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1.0 INTRODUCTION 

Fort Lewis Public Works (PW) and the Washington State Department of Ecology 
(Ecology) entered into an Agreed Order (AO) (DE00HWTR-1122) in 2001. In the AO, 
Fort Lewis agreed to conduct a Remedial Investigation/Feasibility Study (RI/FS), and 
complete a Cleanup Action Plan for selected Solid Waste Management Units (SWMUs) 
and Areas of Concern (AOCs). This report is a summary of the Site Investigation 
conducted at the Evergreen former Infiltration Range (AOC 4-6.3), Miller Hill former 
Pistol Range (AOC 4-2.2), and the former Skeet Range (AOC 4-3) to examine if soils 
have been impacted by past activities.  

This work is being performed by the United States Army Corps of Engineers 
(USACE) Seattle District at the request of PW. The site investigation is based on the 
sampling approach outlined in the Ecology-approved Sampling and Analysis Plan 
Addendums dated August 2003 (USACE 2003a; 2003b).  

2.0 SITE DESCRIPTION AND USE 

Fort Lewis is a major military facility located approximately 6 miles south of 
Tacoma, Washington, in Pierce County. The facility consists of approximately 34, 875 
hectares of cantonment areas, natural prairies, lakes, wetlands, and forest. Weapons 
qualifications and field training has occurred at Fort Lewis since around the time the Fort 
was established. 

These three range sites described below were not included in the “1996” RCRA 
Facility Assessment (RFA). However, these sites were added to the AO Remedial 
Investigation Work Plan because existing evidence suggest that these sites are former 
ranges similar to other sites within AOC 4.  

Discontinued use of the former ranges discussed in this report has allowed nature 
to reclaim large portions of these former ranges. Most of these sites are overgrown with 
trees, grasses, and scrubs. A site map is shown in Figure 1. Site histories are presented 
below. 

2.1 Former Miller Hill Pistol Range 
The former Miller Hill Pistol Range is located near the intersection of Colorado 

and Jackson Avenues on Fort Lewis. This potential range may have been active as early 
as the 1920s shortly after Fort Lewis was established (1917). A 1929 Fort Lewis map 
identifies this area as a pistol range. Aerial photography from the 1940s shows 
indications of clearing and a possible berm (Figure 3). The suspected berm was identified 
along the roadway during a site visit. However, later historical maps do not indicate an 
active range and aerial photography indicated re-vegetation by 1951. There are no 
records pertaining to use or discontinued use of this range; however, growth of vegetation 
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on the range and historical analyses of aerial photography indicates this area likely has 
not been used since the late 1930s, if a range did exist in this area.  

For pistol ranges, most training is done with fixed or stationary targets at known 
distances, resulting in the formation of “bullet pockets’ on the face of the berm similar to 
Engineer Bluff and other former Miller Hill ranges. The high-impact energy of these 
high-speed rounds with the rounds accumulated in the bullet pockets results in significant 
fragmentation and ricochet. Ammunition associated with pistol training during this era 
was the 45-caliber cartridge. The primary constituents in the bullet slugs consist of 97% 
lead and < 2% antimony with trace amounts of antimony, arsenic, copper, tin, and zinc. 

No bullets or bullet fragments were discovered within the primary suspect berm, 
however live ammunition was found within the trench behind the berm. Additional metal 
debris found within the far ends of the trench suggests that this trench may have been 
utilized for dumping (see Photographs 8, 9, 10, and 11). 

2.2 Former Evergreen Infiltration Range 
The former Evergreen Infiltration Range is located approximately 0.25 miles 

north of the intersection of Evergreen Avenue and 4th Division Drive on Fort Lewis. This 
former range was identified from a 1951 aerial photograph (Figure 2). There are no 
records pertaining to discontinued use of this range; however, growth of vegetation on the 
range, observed during site visits, and historical analyses of aerial photography, indicates 
activity at this range was decreasing during 1955 and 1957. The range appears to be in 
disuse in photographs from 1965. Identified as an infiltration range, the impact berm was 
set back approximately 300 feet from the firing discharge area. The impact berm is a 
constructed earthen bank approximately 40 feet high. A concrete footing, used to hold the 
machine gun posts, was constructed approximately 300 feet from the front of the base of 
the berm. Bullet slugs and fragments are evident at the impact berm.  

In general, infiltration ranges provided opportunity for conditioning soldiers to 
move under live fire and under combat type situations. Fixed-position machine guns 
provided the live fire training. The ammunition associated with infiltration range training 
during this era was the 30-caliber cartridge. The primary constituents in the bullet slugs 
consist of 97% lead and < 2% antimony with trace amounts of copper. Potential 
contaminants of concern are lead, antimony, arsenic, copper, tin, and zinc. 

Site visits indicate that explosives may have been part of training at this range. 
Therefore, additional potential contaminants of concern are explosives residues (TNT, 
2,4-DNT, 2,6-DNT, RDX, HMX). Nine demolition sites were identified at this range (see 
Figure 8 and Photographs 4 and 5). From remains present at the range, each of the 
demolition sites was surrounded by a low fence of wood and chicken wire, approximately 
1 foot high and 20 feet by 20 feet on the sides. (Not all the fences remain.) Some of the 
pits have remains of command wires for detonating explosives during training. One of the 
original signs, stating “DEMO PIT NO. 8”, has survived. Barbed wired is also present, 
especially between ED1 and ED2. All of the demolition pits have some vegetation 
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growing within and around the craters. Several of the demolition craters have trees 
growing out of them (ED1, ED9, and ED7).  

2.3 Former Skeet Range 
In low-velocity shotgun shooting ranges, shotguns are used to shoot clay targets. 

The size and shape of the shot fall zone is a function of the layout of the site and results 
in a generally uniform distribution of shot no more than 770 feet from the shooting 
position and spanning about 95º to 150º, with the majority of the lead being deposited at a 
distance between 300 feet and 600 feet from the shooter (ITRC 2003; Battelle 1997). The 
pellets will typically be found within inches of the surface, unless tilling or digging has 
physically disturbed the area. Potential contamination from polycyclic aromatic 
hydrocarbons (PAHs) in the clay targets would most likely be found between 0 to 300 
feet from the shooter (ITRC 2003). Metals with PAHs from clay targets are the potential 
contaminants of concern at this type of inactive range. 

Historical analyses of Fort Lewis site maps and aerial photography indicate that 
the skeet range was built sometime around 1962, when it was first identified as a skeet 
range (Figure 4). By 1990 the western portion of the site was covered by paving from the 
NCO club, and by 2002 a baseball field had been built on the site. This site is currently an 
open grassy area with a poorly maintained baseball diamond, a covered picnic table, play 
area and RV parking sites. It is not known how often this area is used for recreational 
purposes.  

3.0 PROJECT OBJECTIVES 

The objectives of this site investigation include the following: 

• confirming the presence of contamination; 

• collecting data for XRF DMA; 

• delineating the vertical and horizontal extent of lead contamination; 

• determining the concentration of contaminant of concern; 

• determining if lead can be used as a driver to define extent at ranges; and 

• refining conceptual site model based on field results 

 

This information will be used in the Fort Lewis Remedial Investigation (RI) to 
determine whether additional characterization or remedial actions for the areas are 
warranted. 
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4.0 FIELD SAMPLING ACTIVITIES  

The Corps conducted soil sampling at the former ranges (Figure 1) during 
September 2003 and December 2 – 3, 2003, in accordance with the approved Sampling 
and Analysis Plan (SAP) Addendums (USACE 2003a). Rationale for additional sampling 
was delineated in an Ecology-approved memorandum presented in Appendix C (USACE 
2003b). 

4.1 Soil Sampling and Analysis 
Sampling was conducted in general accordance with the SAP Addendum. A small 

backhoe was used to assist in loosening the soil such that hand tools could be used to 
collect soil (except for the front face of the Evergreen berm samples, where only hand 
tools were used). Using stainless steel spoons, soil was placed into a number 10 sieve (< 
2 mm) to remove oversize fragments, rock, and organic debris. The screened soil was 
placed into a stainless steel bowl and homogenized, then placed into a gallon-sized plastic 
baggie for analysis via XRF. One soil sample was collected from the 0 to 1-foot, and 
from 1-foot to 2-foot depth intervals at the sampling locations (except for the Skeet range 
where the depth intervals were 0 to 0.5 foot, 1 to 2-foot, and at select sampling locations 
0 to 1 inch, 0 to 3 inch, and 0 to 6 inch below ground surface (bgs) to ascertain depth 
interval with the greatest concentration of lead to determine risk to recreational visitors).   

A systematic grid was used to delineate the vertical and horizontal extent of 
contamination if present at all sites. Starting at the areas most likely to be contaminated 
(e.g., impact berms), sample locations were stepped out laterally until lead XRF values 
were below the action level. Sample location density was initially determined using 
process knowledge of site usage and was modified as real-time data was collected. At the 
Evergreen and Miller Hill sites the initial grid spacing was set at 10-foot intervals, based 
upon the reasonable volume of soil that potentially could be excavated for remedial 
action. At the skeet range the initial sampling density was judgmentally determined based 
on the size of the area of concern (greater than 400,000 square feet) and the general 
uniform distribution of lead shot at skeet ranges. The initial sampling density was 
evaluated once real time data from XRF results was obtained for determining if increased 
sampling density was required. The 1-foot depth interval was based upon the reasonable 
depth of soil that could be removed by a backhoe.  

Collaborative samples were submitted for fixed laboratory analysis from the range 
within the “window of decision uncertainty” determined by the demonstration of method 
applicability (DMA). Metals to be analyzed by Method 6010/6020 included lead, 
antimony, arsenic, copper, tin, zinc and iron, contaminants mostly likely to be found at 
small arms firing ranges based on bullet composition.  

The overall data quality objectives for this work are to determine the correlation 
of the XRF and laboratory data, and to produce data of known and appropriate quality to 
support the selection of remedial actions for soil at the former range. Appropriate 
procedures and quality control (QC) checks were used so that known and acceptable 
levels of accuracy and precision are maintained for each data set. In order to assess field 
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variability of lead contamination between samples, co-located field duplicates were 
collected from 0.5 to 3 feet away from the primary sampling point.  The frequency of col-
located field duplicates was 10% during the DMA and 3% overall. To measure sample 
variability within the sample baggie, precision samples were selected and analyzed. Five 
to seven readings for lead were taken from various locations on the bag, if the sample 
was chosen as precision sample. Precision samples were selected from samples where 
lead was detected at one of the project’s action levels. The overall frequency of precision 
samples was 20%; the frequency of precision samples during the DMA was 50%. 

4.1.1 Demonstration of Method Applicability 

Before fieldwork at all other sites was started, a demonstration of method 
applicability (DMA) was conducted on the impact berm at the Former Evergreen 
Infiltration Range, in order to determine the usability of the XRF for lead soil sampling 
and to assure that a reasonable correlation can be substantiated between the proposed 
field-based sampling method and fixed lab analysis. Twenty samples locations were 
chosen from the impact zone, below the impact zone and the toe of the berm. At each 
sampling location selected, surface samples were collected with hand tools from two 
depth intervals, 0 to 12 inches and 12 to 24 inches (for a total of 40 samples).  

During the DMA collaborative samples were submitted to the fixed laboratory for 
all samples collected. The information obtained from the collaborative sample collection 
in the DMA was used to determine the frequency and types of collaborative samples for 
the remainder of the XRF sampling. The number of collaborative samples was guided by 
the need to manage decision uncertainty in defining the extent of contamination at the 
XRF detection limit of 45 mg/kg and the project action levels of 250 and 1000 mg/kg. 

For the entire characterization, including the DMA, the frequency of collaborative 
samples was determined by the following criteria:  

• the interval where field results are considered ambiguous; dependant upon 
metal concentration results and instrument sensitivity; and 

• how frequently field results are close to the project’s action level; a confident 
decision of “clean” or “dirty” may require more data. 

4.1.2 Evergreen Infiltration Range Impact Berm 

Following the DMA, additional samples were collected at the Evergreen 
Infiltration Range. The impact berm is roughly 40 feet in height, and is approximately 
300 feet long. The sample grid was initially spaced 10 feet apart lengthwise within the 
impact zone, below the impact zone (to evaluate the extent of the contamination down the 
slope), and at the toe of the berm to determine any impacts of potential sloughing. The 
impact zone, where contamination is believed to be the highest, is easily identified by the 
lack of vegetation. Figure 5 provides sample locations the final field sampling design.  

Potential contamination of the back face of the berm was considered, due to either 
the “tidily-wink” effect of high velocity bullets flipping over the top of the berm or the 
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possibility that the berm was constructed with contaminated materials. In order to 
establish the extent of contamination on the back face of the berm, additional samples 
were collected from this side of the berm. Areas sampled included at the toe of the berm, 
at the same height of the impact zone and the trench, located approximately 75 feet from 
the berm (Figure 6). Initially six sample locations from each area were collected 
(approximately 50 feet apart), with additional sample locations chosen as necessary to 
minimize uncertainty in defining the extent of contamination at the XRF detection limit 
of 45 mg/kg and the project action levels of 250 and 1000 mg/kg. Samples were collected 
from both the 0 to12 inch and 12 to 24 inch depth intervals.  A total of 64 collaborative 
samples were collected for fixed-lab analysis; 79 precision samples and 7 co-located field 
duplicates were also collected. 

Soil samples were also collected at each of the four firing point locations to 
determine if shells potentially impacted the surrounding soil. Samples from the 0 to 12 
inch depth interval were collected from each side of the concrete pads, composited and 
measured with XRF. Figure 7 presents the sample locations at the firing points. 
Collaborative samples for all four points were submitted for fixed-lab analysis. No field 
duplicates or precision samples were collected for the firing points. 

Samples were collected from the nine demolition sites within the Infiltration 
Range (Figure 8).  A set of seven surface samples was collected in a wheel pattern from 
the crater at each site, composited, and analyzed to determine if explosive residues are 
present. The top 6 inches of soil were excavated using a decontaminated hand trowel and 
placed in a decontaminated stainless steel bowl, homogenized and placed into a labeled 8 
oz clear wide mouth glass jar. A second set of composite samples were collected from the 
6 to 12 inch depth interval in the same manner and submitted for analysis. All samples 
were submitted, to a fixed laboratory, for analysis by EPA Method 8330. Four field 
duplicates were also collected.  

4.1.3 Miller Hill Pistol Range  

Initial soil samples were collected from what was thought to be the impact side of 
the suspected primary berm. Sample locations were initially placed in 10 foot intervals 
lengthwise along the berm face from 0 to 1 foot and 1 to 2 foot depth intervals. 
Additional sample locations were collected within the trench behind the main berm, in 
the area directly before the berm, and at the smaller berm close to the road (Figure 9) in 
order to establish boundaries of the lead contamination in this area; these locations were 
excavated to 1-foot depth bgs. There were four sample locations per area in a row 
(approximately 50 feet apart), with additional samples added as needed to minimize 
uncertainty in defining the extent of contamination at the XRF detection level of 45 
mg/kg and the project action levels of 250 and 1000 mg/kg. Additionally, two sample 
locations were placed at either end of the main berm to establish boundaries of 
contamination.   

To effectively cost evaluate depth of contamination at this site additional depth 
samples, 2 to 3 feet and 3 to 4 feet bgs, were collected at locations MH4, MH9, and 
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MH16. These locations were selected to establish depth of contamination likely expected 
from a concentration range of surface contamination.  

As the original sample locations were spaced 10 feet apart on the main berm, no co-
located field duplicates were collected. Three collaborative samples were collected for 
fixed-lab analysis and 10 samples were selected for precision analysis. 

4.1.4 Skeet Range 

A systematic grid was used to delineate the vertical and horizontal extent of 
contamination at AOC 4-3. Starting at the area directly behind the firing area, sample 
locations were stepped out laterally until XRF field-screened values were below criteria 
for lead. Sample locations were initially determined based on professional judgment 
using process knowledge of site usage and conceptual site models (IRTC 2003; Battelle 
1997; EPA 2002) and was modified as real-time data was collected (Figure 10).  

To determine vertical extent of contamination, samples were collected in 0 to 6 
inch intervals at every location with additional samples collected from 0 to 1 inch, 0 to 3 
inches, and 0 to 6 inches bgs from select sampling locations to ascertain depth interval 
with the greatest concentration of lead to determine risk to recreational visitors. The 
depth intervals were based upon the depth of soil determined to be a risk to recreational 
visitors and the reasonable depth that could be potentially removed by a backhoe. Enough 
soil volume was collected for all analytical purposes including split samples for ICP 
metals analysis, PAH, TCLP and archived samples. 

PAH contamination was determined by collecting homogenized split samples 
from sample locations mostly likely to have been impacted by fallen clay targets.  

Initial samples were chosen from sample locations ST10 to ST30. Five additional 
samples were collected in addition to the original samples in order to delineate the 
horizontal extent of PAH contamination. In addition, two sample locations, ST11 and 
ST16, were sampled from the 12 to 24 inch depth interval to determine the vertical extent 
of the PAH contamination. 

Additional samples were collected to fill in areas of uncertainty to define the 
extent of contamination determined from initial sampling at the project action levels of 
250 and 1000 mg/kg. Thirteen new locations were sampled, including from sample 
locations across the gravel road to the northwest of the former skeet range. New samples 
were collected from three depth intervals (0 to 1 inch, 0 to 3 inches, and 0 to 6 inches 
bgs). The locations were also sampled at the subsurface (12 to 24 inches). Additionally, 
sample locations ST32, ST35, and ST46 were revisited and resampled at the three depth 
intervals. These sample locations were selected to provide a range of lead concentrations 
to evaluate concentration gradients with depth.  

Co-located field duplicates were collected at sample locations ST34 and ST65. 
These samples were selected because they represent potential outliers in the 
contamination distribution patterns. These locations were examined to further determine 
influence of field variability on potential decisions. Thirteen collaborative samples were 
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collected for fixed-lab analysis, 19 samples were selected for precision analysis and a 
total of ten co-located field duplicates were also collected. 

 In order to determine if particle size should be considered when evaluating 
contaminant distribution, archived soil samples from the following sample locations (0 to 
6 inch depth interval) was sieved with a No. 60 sieve and reanalyzed with the XRF: 
ST33, ST35, ST36, ST37, ST38, ST44, ST45, ST46, ST48. These results were compared 
with the measurements obtained from the No. 10 sieved samples to determine if the finer 
soil fraction presented a greater risk to human health and the environment. 

5.0 SOIL ANALYSIS RESULTS 

This section presents a summary of the soil chemical analysis results.  An 
evaluation of potential impacts of site activities is also presented.  

5.1 Demonstration of Method Applicability (DMA) Results 
An evaluation of the results from the DMA is presented in Appendix B. 

5.2 Evergreen Infiltration Range Results 
Soils encountered were predominately a 2-foot-thick layer of gravel and cobbles 

underlain by sandy gravel. 

5.2.1 Metals Results 

Lead was detected at concentrations above the MTCA criterion of 250 mg/kg at 
the impact berm at the former infiltration range (Figures 11 to 14). These maps were used 
as a tool to assist in delineating vertical and horizontal contamination and should not be 
interpreted as representing areas requiring remediation. Bullet fragments were present to 
at least 2 feet deep within the impact zone.  

Front Side of Impact Berm 
Soil concentrations greater than 250 mg/kg are present across the front face of the 

berm with highest concentrations located at the impact zone. Lead concentrations greater 
than 250 mg/kg are present down slope along the toe of the berm in the 0 to 12 inch depth 
interval (Figure 11). Concentrations remain significantly higher in the middle of the 
impact zone in the 12 to 24 inch depth interval, with decreasing lead concentrations 
moving away from the impact zone (Figure 12). 

Back Side of Impact Berm 
Soil lead concentrations greater than 250 mg/kg are present in the 0 to 12 inch 

depth interval across the back face of the impact berm (Figure 13). Lead contamination is 
highly heterogeneous due to the “tidily-wink” nature of the contamination source. 
Highest concentrations are primarily in the 1-foot depth interval with significant decrease 
of lead concentration in the 2 foot depth interval (Figure 14). Some limited lead 
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contamination was encountered in samples collected within a trench approximately 75 
feet SE from the berm. 

5.2.2 Explosive Residues 

Explosive residues were not detected in any of the samples collected from the 
infiltration, including the four field duplicates (Table 5). 

5.2.3 TCLP Results 

The TCLP analysis was conducted on five samples from the Evergreen Berm with 
soil concentrations ranging from 37.5 to 62,500 mg/kg. Sample results are presented in 
Table 7. The TCLP results exceeded the maximum concentration of contaminants for the 
Toxicity Characteristic of 5 mg/L. Based on these results, it is likely that any soils 
exceeding the MTCA criteria of 250 mg/kg would likely be considered hazardous waste. 

5.2.4 Potential Impacts to Groundwater 

Although detected lead results were greater than 3,000 mg/kg, theses levels only 
extended approximately 2 feet into the berm, therefore, impact is not likely. Similar 
results were seen at Engineer Bluff and Miller Hill with no groundwater impact 
confirmed. 

5.3 Miller Hill Pistol Range Results 
Soils encountered were predominately a 4-foot-thick layer of gravel and cobbles 

underlain by sandy gravel. 

5.3.1 Metals Results 

Lead contamination was observed at concentration above 250 mg/kg in the 
majority of sampled berm (Figure 15 and 16), and extending to approximately 15 feet in 
front of the berm. Maximum observed concentration was 6500 mg/kg (sample location 
MH32 within the trench). In almost all cases, exceedances of 250 mg/kg were also 
observed in the 1 to 2 foot interval within the primary berm area. Samples collected to 4 
feet bgs at MH4, MH9 and MH16 indicate lead concentrations less than 250 mg/kg). 
Since no bullets were observed during sampling, it is not clear if the lead contamination 
is derived from use as a range or if the contamination was derived from the berm source 
material used (e.g., graded material from Miller Hill Main ranges) or from other possible 
past uses. Rusted scrap metal, including drum sections and two rounds live ammunition 
(30 caliber) was found within either end of the trench, suggesting possible past use as a 
garbage trench. Some small scrap metal was also encountered at sample location MH27. 
The highest lead concentrations encountered were located at the northwest end of the 
trench.  
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5.3.2 TCLP Results 

The TCLP analysis was conducted on five samples from the Miller Hill site with 
soil concentrations ranging from 45 to 6500 mg/kg. Sample results are presented in Table 
7. The TCLP results exceeded the maximum concentration of contaminants for the 
Toxicity Characteristic of 5 mg/L for only one sample (MH32S1), which had a XRF lead 
value of 6500 mg/kg. Other samples with XRF lead values as high as 706 mg/kg were 
below the Toxicity Characteristic criteria. 

5.3.4 Potential Impact to Groundwater 

Groundwater was not encountered at this site. Lead concentrations are seen to 
decrease with depth, and all detected soil concentrations were below the 3-phase action 
level of 3000 mg/kg with the exception of MH32. Therefore, additional delineation of 
contamination may be required to determine potential impact to groundwater. 

5.4 Skeet Range Results 
Soils encountered were predominately a 2-foot-thick layer of gravel and cobbles 

underlain by sandy gravel. 

5.4.1 Metals Results 

Initial sample results from the Skeet Range sampling indicate that the majority of 
lead contamination at this site is limited to an area roughly 450 feet away from the firing 
points, extending past the gravel road to the northwest (Figures 17 and 18).  The extent of 
lead contamination past the gravel road is not known and might be a result of grading. 
Isolated areas may have elevated lead levels greater than 2 feet in depth. Lead was 
detected in several samples at concentrations above the MTCA criterion of 250 mg/kg. 

Comparisons of lead concentration between samples sieved with No. 10 and No. 
60 did not indicate differences that suggest particle sizes smaller than No. 10 should be 
an additional consideration for risk (Table 8). 

5.4.2 PAHs Results 

PAHs were detected in several of the samples; Table 6 provides the cPAH TEF 
values for those sample locations.  In general exceedances of the MTCA Method A 
unrestricted land use cleanup level for cPAH TEF as benzo(a)pyrene were limited to an 
area roughly 100 feet from the shooting area (Figure 19). Two sample locations, ST11 
and ST16, were sampled from the 12 to 24 inch depth interval to determine the vertical 
extent of the PAH contamination (Table 6). 

5.4.3 TCLP Results 

The TCLP analysis was conducted on five samples from the former skeet range 
with soil concentrations ranging from 48.7 to 1970 mg/kg. Sample results are presented 
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in Table 7. TCLP results did not exceed the maximum concentration of contaminants for 
the Toxicity Characteristic of 5 mg/L for any of the samples submitted from this range.    

5.4.4 Potential Impact to Groundwater 

Groundwater was not encountered at this site. Lead concentrations are seen to 
decrease with depth, and all detected soil concentrations were below the 3-phase action 
level of 3000 mg/kg.  Therefore, additional delineation of contamination with depth for 
lead is not required to determine potential impact to groundwater. 

6.0 CONCEPTUAL SITE MODELS  

Conceptual site models (CSMs) were developed to provide a framework for a 
preliminary risk evaluation by identifying and organizing potential exposure pathways 
(sources, release mechanisms, transport media, exposure media, exposure routes, and 
receptors) and identifying those pathways that are complete and incomplete. The first part 
of the conceptual site model is to summarize the nature and extent of contamination and 
its migration potential at each of these sites. Then one risk-based human health and 
ecological CSM was developed for the former range sites since site conditions are 
similar. Both current and reasonably likely future land use conditions were considered.  

A summary of the nature and extent of contamination and its migration potential 
is presented below for each of the sites. 

6.1.1 Human Health Conceptual Site Model  
A human health CSM identifying exposure pathway has been developed for the 

sites (Figure 20). For soil, the potentially complete exposure pathways that have been 
identified at this site include: soil ingestion, direct contact, and inhalation of contaminants 
emitted as dust from soil. Since the lead concentrations are limited to the surface soils 
and have not impacted groundwater quality, the pathway of soil to groundwater was 
considered incomplete. 

6.1.2 Ecological Conceptual Site Model 
An ecological CSM identifying exposure pathways was developed for this site 

(Figure 20). The potentially complete exposure pathways that have been identified at this 
site include: soil ingestion and direct contact, and inhalation of contamination emitted as 
dust from soil. Root contact with soils has also been identified as a potentially complete 
pathway. None of the sites qualifies for a Terrestrial Ecological Evaluation (TEE) 
exclusion.  

7.0 RECOMMENDATIONS 

The results from the soil investigation indicate that site activities have impacted 
the surface soils at each of the ranges at depths of at least 2 feet below ground surface. 
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The metals concentrations in soil likely pose a risk to human health or the environment 
by either direct contact, inhalation of dust, or ingestion. Remedial action is recommended 
to reduce this risk. The feasibility study will address remedial action alternatives.  
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Table 1 – DMA Lead Soil Results 
 

 XRF Bag      XRF Cup Fixed-Lab Depth
Sample ID Value (mg/kg) Prec (±) Value (mg/kg) Prec (±) Value (mg/kg) (in)
      
EB31S-1   613 55 622 0-12
EB31S-2   45 53 150 12-24
EB32S-1   11600 290 12300 0-12
EB32S-2   2940 120 1750 12-24
EB33S-1   18200 500 21600 0-12
EB33S-2   3170 130 6770 12-24
EB34S-1 486 55 492 54 335 0-12
EB34S-2 71.4 38 148 43 133 12-24
EB35S-1 2620 140 2490 110 2610 0-12
EB35S-2 522 60 630 56 2410 12-24
EB36S-1 10100 440 13300 370 21500 0-12
EB36S-2 1450 91 2180 100 2870 12-24
EB37S-1   404 50 274 0-12
EB37S-2   45 53 23.4 12-24
EB38S-1   25400 720 31600 0-12
EB38S-2   6590 210 7960 12-24
EB39S-1   5830 180 6940 0-12
EB39S-2   600 57 1130 12-24
EB40S-1 834 70 918 67 746 0-12
EB40S-2 276 65 326 48 331 12-24
EB41S-1 1290 160 2060 95 1870 0-12
EB41S-2 813 99 738 60 768 12-24
EB42S-1 26700 1100 31600 930 37100 0-12
EB42S-2 5570 460 5680 190 7290 12-24
EB43S-1 973 130 762 62 639 0-12
EB43S-2 300 52 958 67 601 12-24
EB44S-1 671 97 1070 70 726 0-12
EB44S-2 708 97 732 61 941 12-24
EB45S-1   29300 890 33500 0-12
EB45S-2   7420 220 13900 12-24
EB46S-1 295 61 144 42 215 0-12
EB46S-2 45 93 62.2 38 61.5 12-24
EB47S-1   20500 570 24400 0-12
EB47S-2   650 57 1250 12-24
EB48S-1   41600 1300 50800 0-12
EB48S-2   19000 530 19400 12-24
EB50S-1   838 63 1040 0-12
EB50S-2   45 51 36.6 12-24
EB51S-1   38400 1200 62500 0-12
EB51S-2   8380 250 15600 12-24
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   Table 2 - Comparison of all Lab-Analyzed Metals at all Sites (in mg/kg) 
 
Parameter Antimony  Copper Iron Lead Tin  Zinc Arsenic
Method A/B 32(B)  2960(B) NA 250.0(A) 48000(B)  24000(B)    20(A)
Method B -  
Groundwater 
Protection 5.79  262 NA 3000 NA  5970 2.92
     
EB31S1 8.85 U U 45.6 16400 622.0 8.85 U 33.1 6.35
EB31S2 9.16 U 24.8 16700 150.0 9.16  30 4.1
EB32S1 207  309 16000 12300.0 13.6  63.6 5
EB32S2 34.9  66.6 15800 1750.0 9.77 U 35.8 3.56
EB33S1 287  454 14800 21600.0 5.09  85.3 4.65
EB33S2 87.7  139 16700 6770.0 8.58 U 66.2 3.59
EB34S1 9.85 U 40.9 14000 335.0 9.85 U 32.4 4.24
EB34S2 10 U 30.2 17000 133.0 10 U 30.9 4.52
EB35S1 46.4  91.4 16000 2610.0 10.1 U 35.2 3.54
EB35S2 31.9  46.6 16700 2410.0 9.56 U 33.5 3.99
EB36S1 369  358 16500 21500.0 20.9  59.3 6.69
EB36S2 58.4  76 15400 2870.0 9.56 U 31.2 3.83
EB37S1 9.3 U 33.9 14300 274.0 9.3 U 26.6 3.83
EB37S2 9.29 U 21.2 16400 23.4 9.29 U 26.9 3.01
EB38S1 634  916 18000 31600.0 47.7  110 10.8
EB38S2 192  242 17800 7960.0 7.01  58.1 5.68
EB39S1 149  155 19500 6940.0 7.22 J 48.1 5.27
EB39S2 29.7  47.2 16300 1130.0 9.15 U 29.8 3.39
EB40S1 8.18  56.3 15700 746.0 9.85 U 31.7 4.92
EB40S2 9.28 U 44.7 17600 331.0 9.28 U 32 4.13
EB41S1 42.1  78.4 15500 1870.0 9.34 U 37.1 4.37
EB41S2 16.4  39.3 16900 768.0 10.2 U 31.3 3.87
EB42S1 673  1330 18600 37100.0 40.5  176 10.8
EB42S2 140  233 15400 7290.0 7.76  70.2 4.61
EB43S1 8.89 U 57.7 14700 639.0 8.89 U 31 4.8
EB43S2 10.2 U 48.1 14100 601.0 10.2 U 30.2 4.43
EB44S1 18.4  39.8 15900 726.0 9.41 U 34.2 3.99
EB44S2 21.8  51.8 16800 941.0 10.2 U 30.3 3.67
EB45S1 727  997 16800 33500.0 34.8  139 11.5
EB45S2 213  273 15400 13900.0 10  57.4 4.42
EB46S1 10.1 U 35.5 15400 215.0 10.1 U 28.2 4.46
EB46S2 9.98 U 28.5 16300 61.5 9.98 U 30.1 3.97
EB47S1 427  25100 17100 24400.0 15.8  2560 9.33
EB47S2 23.8  217 16300 1250.0 9.55 U 33.9 4.24
EB48S1 831  985 16700 50800.0 44.2  146 10.7
EB48S2 269  527 17500 19400.0 6.11  109 6.79
EB50S1 16.1  107 16100 1040.0 8.78 U 32.2 3.95
EB50S2 9.25 U 69.6 16700 36.6 ND  28 3.41
EB51S1 879  804 15100 62500.0 42.2  117 15.3
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Parameter Antimony  Copper Iron Lead Tin  Zinc Arsenic
Method A/B 32(B)  2960(B) NA 250.0(A) 48000(B)  24000(B)    20(A)
Method B -  
Groundwater 
Protection 5.79  262 NA 3000 NA  5970 2.92
EB51S2 217  308 14800 15600.0 6.48  76.3 4.12
EB117SI ND  16.1 16300 20.3 ND  30.3 5.11
EB116SI ND  14.3 15200 9.1 ND  25 4.62
EB107SI ND  24.4 15500 202.0 ND         29.5 4.44
EB108SI ND  22.5 16500 197.0 ND  33.5 4.42
EB123SI ND  17.8 15400 48.2 ND  28.6 2.58
EF1-S1 ND  54 16500 19.2 ND  45.5 4.11
EF2-S1 ND  52.2 16300 17.4 ND  36.3 3.71
EF3-S1 ND  45.7 18800 17.8 ND  49.7 5.19
EF4-S1 ND  45.5 18500 20.9 ND  44.3 4.99
EB87-S1 ND  20.5 17900 42.6 ND  34.4 6.17
EB87-S2 ND  22.1 20100 12.2 ND  36.3 5.07
EB88-S1 ND  19.2 15700 34.0 ND  27.6 3.51
EB88-S2 ND  21.2 17100 4.8 ND  28.8 3.26
EB90-S1 ND  28.5 17300 92.6 ND  36.2 4.88
EB90-S2 ND  23.3 19800 43.4 ND  39.1 4.3
EB91-S1 ND  19.8 18000 47.0 ND  33.1 4.27
EB91-S2 ND  18.6 16800 35.7 ND  29.7 3.25
EB92-S1 ND  32 17600 75.2 ND  37.3 3.8
EB92-S2 ND  18.7 18200 9.8 ND  31.8 3.45
EB93-S2 ND  21.8 16400 18.3 ND  31.5 3.27
EB94-S1 ND  20 15800 22.2 ND  29.1 3.63
EB94-S2 ND  18.8 17200 14.9 ND  29.9 3.7
EB96-S1 ND  22.3 19600 37.5 ND  39.6 6.35
EB96-S2 ND  17 16500 15.1 ND  30.8 4.57
EB97-S1 ND  21.7 17300 30.8 ND  37 8.31
EB97-S2 ND  18 18800 24.5 ND  33.6 5.74
EB98-S1 ND  34.4 17800 78.1 ND  36.2 6.83
EB98-S2 ND  27.1 17800 36.5 ND  34.8 5.82
ST2SI ND  26.5 19100 14.1 ND  36 5.22
ST3SI ND  31.2 17800 283.0 ND  51.6 12.1
ST6SI ND  37.8 17900 206.0 ND  330 13.5
ST49SI ND  27.1 17100 258.0 ND  64 12.5
ST39SI ND  35.3 17600 134.0 ND  58.3 12.6
ST41SI ND  21.5 19400 48.7 ND  38 5.37
ST50SI ND  29 18000 74.5 ND  49.3 11.2
ST22SI ND  27.1 18700 155.0 ND  47.5 9.65
ST22SID ND  36.3 18100 444.0 ND  68.2 14.7
ST38SI 7.94  35.3 19500 436.0 ND  64.9 11.9
ST40SI ND  22.9 18300 113.0 ND  39.8 6.6
ST66SI ND  23.6 17300 165.0 ND  40.8 9.48
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Parameter Antimony  Copper Iron Lead Tin  Zinc Arsenic
Method A/B 32(B)  2960(B) NA 250.0(A) 48000(B)  24000(B)    20(A)
Method B -  
Groundwater 
Protection 5.79  262 NA 3000 NA  5970 2.92
ST64SI 5.97 J 34.3 17500 529.0 6.76 J 70 21.6
MH33SI ND  29.2 18200 78.1 ND  62.6 12.3
MH34SI ND  34.7 16500 105.0 ND  53.4 8.89
MH35SI ND  24.4 19400 13.1 ND  45.3 6.46
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Table 3 – Lead Exceedances > 250 (excluding Precision samples) 
 

Sample ID XRF Bag 
Lead Value 

(mg/kg) 

Precision (±) XRF Cup 
Lead Value 

(mg/kg) 

Precision (±) Fixed-Lab 
Lead 
Value 

(mg/kg) 

Depth 
Interval 

(in) 

EB2S1 352.4 46.6 0-12
EB3S1 12198.4 350 0-12
EB3S2 892.8 77.6 12-24
EB11S1 1600 82.6 0-12
EB11S2 1800 100 12-24
EB12S1 14694.4 460 0-12
EB12S2 4160 170 12-24
EB16S1 614.8 57.9 0-12
EB20S1  1149.6 73.5 0-12
EB21S1 50995.2 2000 0-12
EB21S2 36480 1300 12-24
EB22S1  266.8 45.9 0-12
EB25S1 266 49.4 0-12
EB28S1 630.8 58.6 0-12
EB30S1 2459.2 110 0-12
EB31S1  700 68 613 55 622 0-12
EB32S1   11600 290 12300 0-12
EB32S2   2940 120 1750 12-24
EB33S1  11700 560 18200 500 21600 0-12
EB33S2  1780 120 3170 130 6770 12-24
EB33S1D  911 97
EB33S2D  339 84
EB34S1  486 55 492 54 335 0-12
EB34S1D  345 49 346 49 0-12
EB35S1 2620 140 2490 110 2610 0-12
EB35S2 522 60 630 56 2410 12-24
EB36S1  10100 440 13300 370 21500 0-12
EB36S2  1450 91 2180 100 2870 12-24
EB37S1   404 50 274 0-12
EB38S1   25400 720 31600 0-12
EB38S2  6590 210 7960 12-24
EB39S1   5830 180 6940 0-12
EB39S2  600 57 1130 12-24
EB40S1  834 70 918 67 746 0-12
EB40S2  276 65 326 48 331 12-24
EB41S1  1290 160 2060 95 1870 0-12
EB41S2  813 99 738 60 768 12-24
EB42S1 26700 1100 31600 930 37100 0-12
EB42S2  5570 460 5680 190 7290 12-24
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Sample ID XRF Bag 
Lead Value 

(mg/kg) 

Precision (±) XRF Cup 
Lead Value 

(mg/kg) 

Precision (±) Fixed-Lab 
Lead 
Value 

(mg/kg) 

Depth 
Interval 

(in) 

EB43S1  973 130 762 62 639 0-12
EB43S2  300 52 958 67 601 12-24
EB44S1  671 97 1070 70 726 0-12
EB44S1D 1530 110 0-12
EB44S2 708 97 732 61 941 12-24
EB45S1    29300 890 33500 0-12
EB45S2   7420 220 13900 12-24
EB47S1   20500 570 24400 0-12
EB47S2   650 57 1250 12-24
EB48S1   41600 1300 50800 0-12
EB48S2   19000 530 19400 12-24
EB50S1   838 63 1040 0-12
EB51S1   38400 1200 62500 0-12
EB51S2   8380 250 15600 12-24
EB52S1 268.6 47.5 0-12
EB53S1 8915.2 260 0-12
EB53S2 573.6 55.5 12-24
EB54S1 33075.2 1000 0-12
EB54S2 15897.6 500 12-24
EB55S1  275.8 50.8 0-12
EB56S1 13696 450 0-12
EB57S1 43187.2 1400 0-12
EB57S2 3139.2 130 12-24
EB58S1 565.2 56.5 0-12
EB61S1  430.4 52 0-12
EB65S1 411.6 49.4 0-12
EB65S2  259.6 44.5 12-24
EB66S1 32896 1000 0-12
EB66S2 2960 120 12-24
EB74S1 1620 82.6 0-12
EB75S1 25792 960 0-12
EB75S2 5177.6 180 12-24
EB83S1 1140 71.4 0-12
EB84S1 365 52.4 0-12
EB85S1 3417.6 130 0-12
EB85S2 1960 92.2 12-24
EB99S1 1110 76 0-12
EB99S2 385 58 12-24
EB101S1 821 69 0-12
EB102S1 4020 160 0-12
EB103S1 929 92 0-12
EB103S2 725 89 12-24
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Sample ID XRF Bag 
Lead Value 

(mg/kg) 

Precision (±) XRF Cup 
Lead Value 

(mg/kg) 

Precision (±) Fixed-Lab 
Lead 
Value 

(mg/kg) 

Depth 
Interval 

(in) 

EB104S1 291 53 0-12
EB105S1 805 73 0-12
EB106S1 1490 99 0-12
EB109S1 538 55 0-12
EB110S1 1550 110 0-12
EB110S2 375 51 12-24
EB111S1 957 70 0-12
EB112S1 829 84 0-12
EB112S2 407 70 12-24
EB113S1 304 55 0-12
EB115S1 329 51 0-12
EB118S1 586 62 0-12
EB119S2 868 77 12-24
EB120S1 1080 73 0-12
EB121S1 1240 84 0-12
EB121S2 287 49 12-24
EB122S1 799 78 0-12
MH1S1 324 43 0-12
MH2S1 477 50 0-12
MH3S1 574 51 0-12
MH3S2 458 46 12-24
MH4S1 797 56 0-12
MH4S2 727 57 12-24
MH5S1 767 58 0-12
MH6S1 703 58 0-12
MH6S2 393 46 12-24
MH7S1 834 66 0-12
MH7S2 446 51 12-24
MH8S1 294 47 0-12
MH9S1 1780 90 0-12
MH9S2 934 68 12-24
MH10S1 1560 84 0-12
MH10S2 424 49 12-24
MH11S1 821 61 0-12
MH11S2 706 60 12-24
MH12S1 1160 72 0-12
MH12S2 788 58 12-24
MH13S1 519 55 0-12
MH16S1 255 45 0-12
MH17S1 269 41 0-12
MH19S1 291 42 0-12
MH20S1 1250 74 0-12
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Sample ID XRF Bag 
Lead Value 

(mg/kg) 

Precision (±) XRF Cup 
Lead Value 

(mg/kg) 

Precision (±) Fixed-Lab 
Lead 
Value 

(mg/kg) 

Depth 
Interval 

(in) 

MH21S1 275 55 0-12
MH23S1 321 52 0-12
MH27S1 1500 74 0-12
MH29S1 699 55 0-12
MH32S1 6500 260 0-12
MH36S1 1060 100 0-12
MH37S1 508 65 0-12
ST3S1 (0-6) 295 45 311 45 283 0 to 6
ST3S1 (6-12) 312 44 6 to 12
ST22DS1 446 45 471 48 444 0 to 6
ST25S1 623 61 0 to 6
ST32S1 1750 84 0 to 6
ST32S2 698 72 12 to 24
ST33S1 1180 64 0 to 6
ST34S1D (0-1) 902 57 0 to 1
ST34S1D (0-3) 639 61 0 to 3
ST34S1D (0-6) 347 50 0 to 6
ST35S1 978 58 0 to 6
ST35S1 (0-1) 1530 83 0 to 1
ST35S1 (0-3) 1080 70 0 to 3
ST35S1 (0-6) 528 54 0 to 6
ST36S1 375 41 0 to 6
ST36S1 (0-1) 603 57 0 to 1
ST37S1 918 60 0 to 6
ST38S1 401 45 409 46 436 0 to 6
ST43S2 373 61 12 to 24
ST44S1 1170 71 0 to 6
ST45S1 1010 67 0 to 6
ST45S2 262 60 12 to 24
ST46S1 1010 66 0 to 6
ST46S1 (0-1) 590 62 0 to 1
ST46S1 (0-3) 1000 70 0 to 3
ST47S1 669 54 0 to 6
ST49S1 123 37 314 43 258 0 to 6
ST62S1 534 72 0 to 6
ST64S1 409 61 552 56 529 0 to 6
ST64S2 325 52 12 to 24
ST65S1D (0-1) 978 76 0 to 1
ST65S1D (0-3) 261 47 0 to 3
ST67S1 886 74 0 to 6
ST83S1 (0-1) 1430 74 0 to 1
ST84S1 (0-3) 468 81 0 to 3
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Sample ID XRF Bag 
Lead Value 

(mg/kg) 

Precision (±) XRF Cup 
Lead Value 

(mg/kg) 

Precision (±) Fixed-Lab 
Lead 
Value 

(mg/kg) 

Depth 
Interval 

(in) 

ST84S1 (0-6) 259 45 0 to 6
ST85S1 (0-1) 1970 85 0 to 1
ST85S1 (0-3) 678 56 0 to 3
ST85S1 (0-6) 440 47 0 to 6
ST87S1 (0-1) 902 66 0 to 1
ST88S1 (0-1) 790 66 0 to 1
ST88S1 (0-3) 687 63 0 to 3
ST88S1 (0-6) 676 61 0 to 6
ST89S1 (0-1) 863 60 0 to 1
ST89S1 (0-3) 783 73 0 to 3
ST89S1 (0-6) 503 54 0 to 6
ST90S1 (0-1) 470 44 0 to 1
ST90S1 (0-3) 689 54 0 to 3
ST90S1 (0-6) 363 46 0 to 6
ST91S1 (0-1) 809 63 0 to 1
ST91S1 (0-3) 708 62 0 to 3
ST91S1 (0-6) 343 46 0 to 6
ST92S1 (0-1) 404 50 0 to 1
ST92S1 (0-6) 339 56 0 to 6
ST93S1 (0-1) 398 46 0 to 1
ST93S1 (0-3) 445 52 0 to 3
ST93S1 (0-6) 1280 82 0 to 6
ST94S1 (0-1) 505 66 0 to 1
ST94S1 (0-3) 642 60 0 to 3
ST95S1 (0-1) 477 49 0 to 1
ST95S1 (0-3) 431 49 0 to 3
ST95S1 (0-6) 310 39 0 to 6
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Table 4  – All Soil Lead Data (excluding Precision samples)  
 

Sample ID XRF Bag 
Lead Value 

(mg/kg) 

Precision (±) XRF Cup 
Lead Value 

(mg/kg) 

Precision (±) Fixed-Lab 
Lead 
Value 

(mg/kg) 

Depth 
Interval

(in) 

Evergreen Range Berm 
EB0S1   165.7 41.8 0-12
EB1S1  231.4 45.9 0-12
EB1S1D 90.3 42.3 0-12
EB1S2  45 56.85 12-24
EB2S1 352.4 46.6 0-12
EB2S2  94.6 37.6 12-24
EB3S1 12198.4 350 0-12
EB3S2 892.8 77.6 12-24
EB4S1 138 46.4 0-12
EB4S2  45 54.3 12-24
EB7S1  45 59.4 0-12
EB7S2  45 54.45 12-24
EB10S1 73.9 39.2 0-12
EB10S2  45 53 12-24
EB11S1 1600 82.6 0-12
EB11S2 1800 100 12-24
EB12S1 14694.4 460 0-12
EB12S2 4160 170 12-24
EB13S1 77 40.1 0-12
EB13S2  45 52.8 12-24
EB16S1 614.8 57.9 0-12
EB16S2  232.2 47.7 12-24
EB19S1 183.9 43.5 0-12
EB19S2  45 53.25 12-24
EB20S1  1149.6 73.5 0-12
EB20S2 128 42.6 12-24
EB21S1 50995.2 2000 0-12
EB21S2 36480 1300 12-24
EB22S1  266.8 45.9 0-12
EB22S2  45 55.05 12-24
EB25S1 266 49.4 0-12
EB25S2  45 53.4 12-24
EB28S1 630.8 58.6 0-12
EB28S2  45 55.2 12-24
EB30S1 2459.2 110 0-12
EB31S1  700 68 613 55 622 0-12
EB31S2  45 98 45 53 150 12-24
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Sample ID XRF Bag 
Lead Value 

(mg/kg) 

Precision (±) XRF Cup 
Lead Value 

(mg/kg) 

Precision (±) Fixed-Lab 
Lead 
Value 

(mg/kg) 

Depth 
Interval

(in) 

EB32S1  11600 290 12300 0-12
EB32S2  2940 120 1750 12-24
EB33S1  11700 560 18200 500 21600 0-12
EB33S2  1780 120 3170 130 6770 12-24
EB33S1D  911 97
EB33S2D  339 84
EB34S1  486 55 492 54 335 0-12
EB34S1D  345 49 346 49 0-12
EB34S2  71.4 38 148 43 133 12-24
EB34S2D  45 55 12-24
EB35S1 2620 140 2490 110 2610 0-12
EB35S2 522 60 630 56 2410 12-24
EB36S1  10100 440 13300 370 21500 0-12
EB36S2  1450 91 2180 100 2870 12-24
EB37S1  404 50 274 0-12
EB37S2  45 53 23.4 12-24
EB38S1  25400 720 31600 0-12
EB38S2 6590 210 7960 12-24
EB39S1  5830 180 6940 0-12
EB39S2 600 57 1130 12-24
EB40S1  834 70 918 67 746 0-12
EB40S2  276 65 326 48 331 12-24
EB41S1  1290 160 2060 95 1870 0-12
EB41S2  813 99 738 60 768 12-24
EB42S1 26700 1100 31600 930 37100 0-12
EB42S2  5570 460 5680 190 7290 12-24
EB43S1  973 130 762 62 639 0-12
EB43S2  300 52 958 67 601 12-24
EB44S1  671 97 1070 70 726 0-12
EB44S1D 1530 110 0-12
EB44S2 708 97 732 61 941 12-24
EB44S2D  95.6 52 12-24
EB45S1   29300 890 33500 0-12
EB45S2  7420 220 13900 12-24
EB46S1  295 61 144 42 215 0-12
EB46S2  45 93 62.2 38 61.5 12-24
EB47S1  20500 570 24400 0-12
EB47S2  650 57 1250 12-24
EB48S1  41600 1300 50800 0-12
EB48S2  19000 530 19400 12-24
EB49S1 192.6 52.1 235 45 0-12
EB49S2 115.3 41.2 151 42 12-24
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Sample ID XRF Bag 
Lead Value 

(mg/kg) 

Precision (±) XRF Cup 
Lead Value 

(mg/kg) 

Precision (±) Fixed-Lab 
Lead 
Value 

(mg/kg) 

Depth 
Interval

(in) 

EB50S1  838 63 1040 0-12
EB50S2  45 51 36.6 12-24
EB51S1  38400 1200 62500 0-12
EB51S2  8380 250 15600 12-24
EB52S1 268.6 47.5 0-12
EB52S2  75 40.1 12-24
EB53S1 8915.2 260 0-12
EB53S2 573.6 55.5 12-24
EB54S1 33075.2 1000 0-12
EB54S2 15897.6 500 12-24
EB55S1  275.8 50.8 0-12
EB55S2 45 57.3 12-24
EB56S1 13696 450 0-12
EB56S2 164.6 41.2 12-24
EB57S1 43187.2 1400 0-12
EB57S2 3139.2 130 12-24
EB58S1 565.2 56.5 0-12
EB58S2  45 52.2 12-24
EB61S1  430.4 52 0-12
EB61S2  45 57.3 12-24
EB64S1 77.5 40.9 0-12
EB64S2  45 55.05 12-24
EB65S1 411.6 49.4 0-12
EB65S2  259.6 44.5 12-24
EB66S1 32896 1000 0-12
EB66S2 2960 120 12-24
EB67S1 80.9 42.1 0-12
EB67S2 45 52 12-24
EB70S1 129.9 41.5 0-12
EB70S2  45 54.3 12-24
EB73S1 104.2 39.6 0-12
EB73S2  45 55.8 12-24
EB74S1 1620 82.6 0-12
EB74S2  239.2 42 12-24
EB75S1 25792 960 0-12
EB75S2 5177.6 180 12-24
EB76S1  45 54 0-12
EB76S2  45 53.55 12-24
EB79S1  45 55.95 0-12
EB79S2  55.9 36.3 12-24
EB82S1  218.4 44.8 0-12
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Sample ID XRF Bag 
Lead Value 

(mg/kg) 

Precision (±) XRF Cup 
Lead Value 

(mg/kg) 

Precision (±) Fixed-Lab 
Lead 
Value 

(mg/kg) 

Depth 
Interval

(in) 

EB82S2 45 52.8 12-24
EB83S1 1140 71.4 0-12
EB83S2  98.7 34.7 12-24
EB84S1 365 52.4 0-12
EB84S2  45 69.45 12-24
EB85S1 3417.6 130 0-12
EB85S2 1960 92.2 12-24
EB86S1 153.6 40.4 0-12
EB86S2 181.1 46.9 12-24
EB87S1  45 55.5 98.5 37.5 42.6 0-12
EB87S2  45 62.25 45 51 12.2 12-24
EB88S1 45 87.75 45 57 34 0-12
EB88S2 45 78 45 56 4.77 12-24
EB90S1  90.7 54.9 119 40 92.6 0-12
EB90S2 45 60.15 86.8 38 43.4 12-24
EB91S1 45 65 45 56 47 0-12
EB91S2 45 77 45 56 35.7 12-24
EB92S1 45 85.8 69.1 40 75.2 0-12
EB92S2  45 58.05 45 55 9.8 12-24
EB93S1 70.6 43 0-12
EB93S2 45 80 45 55 18.3 12-24
EB94S1 45 68.55 45 54 22.2 0-12
EB94S2 45 81.15 45 56 14.9 12-24
EB96S1 45 56.1 45 53 37.5 0-12
EB96S2 45 66.15 45 53 15.1 12-24
EB97S1 45 56.25 45 52 30.8 0-12
EB97S2 45 54.6 45 53 24.5 12-24
EB98S1 45 69.9 68.4 37 78.1 0-12
EB98S2 45 75.3 63.8 36 36.5 12-24
EB99S1 1110 76 0-12
EB99S2 385 58 12-24
EB100S1 100 41 0-12
EB100S2 45 63 12-24
EB101S1 821 69 0-12
EB101S2 120 51 12-24
EB102S1 4020 160 0-12
EB102S2 99.7 41 12-24
EB103S1 929 92 0-12
EB103S2 725 89 12-24
EB104S1 291 53 0-12
EB104S2 67.9 44 12-24
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Sample ID XRF Bag 
Lead Value 

(mg/kg) 

Precision (±) XRF Cup 
Lead Value 

(mg/kg) 

Precision (±) Fixed-Lab 
Lead 
Value 

(mg/kg) 

Depth 
Interval

(in) 

EB105S1 805 73 0-12
EB105S2 45 81 12-24
EB106S1 1490 99 0-12
EB106S2 45 81 12-24
EB107S1 214 49 263 47 202 0-12
EB107S2 84.6 46 12-24
EB108S1 205 51 274 84 197 0-12
EB108S2 45 69 12-24
EB109S1 538 55 0-12
EB109S2 88.6 46 12-24
EB110S1 1550 110 0-12
EB110S2 375 51 12-24
EB111S1 957 70 0-12
EB111S2 161 47 12-24
EB112S1 829 84 0-12
EB112S2 407 70 12-24
EB113S1 304 55 0-12
EB113S2 73.6 45 12-24
EB114S1 159 53 0-12
EB114S2 94.4 45 12-24
EB115S1 329 51 0-12
EB115S2 68.2 45 12-24
EB116S1 45 71 45 60 20.3 0-12
EB116S2 45 65 12-24
EB117S1 45 67 45 57 13.1 0-12
EB117S2 45 77 12-24
EB118S1 586 62 0-12
EB118S2 45 60 12-24
EB119S1 197 56 0-12
EB119S2 868 77 12-24
EB120S1 1080 73 0-12
EB120S2 177 61 12-24
EB121S1 1240 84 0-12
EB121S2 287 49 12-24
EB122S1 799 78 0-12
EB122S2 45 100 12-24
EB123S1 45 66 45 56 48.2 0-12
EB123S2 45 75 12-24
Evergreen Range Firing Points 
EF1-S1 45 59 69.4 38 19.2 0-12
EF2-S1 45 52 45 55 17.4 0-12
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Sample ID XRF Bag 
Lead Value 

(mg/kg) 

Precision (±) XRF Cup 
Lead Value 

(mg/kg) 

Precision (±) Fixed-Lab 
Lead 
Value 

(mg/kg) 

Depth 
Interval

(in) 

EF3-S1 45 52 45 55 17.8 0-12
EF4-S1 45 55 45 55 20.9 0-12
Miller Hill Pistol Range 
MH1S1 324 43 0-12
MH1S2 229 41 0-12
MH2S1 477 50 0-12
MH2S2 182 37 12-24
MH3S1 574 51 0-12
MH3S2 458 46 12-24
MH4S1 797 56 0-12
MH4S2 727 57 12-24
MH4S3 45 60 24-36
MH4S4 158 38 36-48
MH5S1 767 58 0-12
MH5S2 221 41 12-24
MH6S1 703 58 0-12
MH6S2 393 46 12-24
MH7S1 834 66 0-12
MH7S2 446 51 12-24
MH8S1 294 47 0-12
MH8S2 219 42 12-24
MH9S1 1780 90 0-12
MH9S2 934 68 12-24
MH9S3 45 76 24-36
MH9S4 57.1 34 36-48
MH10S1 1560 84 0-12
MH10S2 424 49 12-24
MH11S1 821 61 0-12
MH11S2 706 60 12-24
MH12S1 1160 72 0-12
MH12S2 788 58 12-24
MH13S1 519 55 0-12
MH13S2 237 44 12-24
MH14S1 107 39 0-12
MH14S2 113 38 12-24
MH15S1 139 39 0-12
MH15S2 86.9 37 12-24
MH16S1 255 45 0-12
MH16S2 108 39 12-24
MH16S3 45 52 24-36
MH16S4 101 43 36-48
MH17S1 269 41 0-12
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Sample ID XRF Bag 
Lead Value 

(mg/kg) 

Precision (±) XRF Cup 
Lead Value 

(mg/kg) 

Precision (±) Fixed-Lab 
Lead 
Value 

(mg/kg) 

Depth 
Interval

(in) 

MH17S2 110 39 12-24
MH18S1 222 42 0-12
MH18S2 85.5 38 0-12
MH19S1 291 42 0-12
MH20S1 1250 74 0-12
MH21S1 275 55 0-12
MH22S1 71.5 29 0-12
MH23S1 321 52 0-12
MH24S1 206 39 0-12
MH25S1 124 39 0-12
MH26S1 45 47 0-12
MH27S1 1500 74 0-12
MH28S1 71.9 37 0-12
MH29S1 699 55 0-12
MH30S1 242 38 0-12
MH31S1 180 44 0-12
MH32S1 6500 260 0-12
MH33S1 73 31 71.6 28 78.1 0-12
MH34S1 96.9 58 96.1 29 105 0-12
MH35S1 45 46 45 46 13.1 0-12
MH36S1 1060 100 0-12
MH37S1 508 65 0-12
MH38S1 104 35 0-12
Former Skeet Range 
ST1S1 45 53 0 to 12
ST2S1 45 51 55 34 14.1 0 to 12
ST3S1 (0-6) 295 45 311 45 283 0 to 6
ST3S1 (6-12) 312 44 6 to 12
ST3S2 127 45 12 to 24
ST4S1 (0-6) 57.2 34 0 to 6
ST4S1 (6-12) 45 51 6 to 12
ST4S2 45 53 12 to 24
ST5S1 45 55 0 to 6
ST6S1 (0-6) 154 39 140 40 206 0 to 6
ST6S1 (6-12) 84.9 35 6 to 12
ST6S2 85.6 37 12 to 24
ST7S1 45 51 0 to 6
ST8S1 45 48 0 to 6
ST9S1 45 50 0 to 6
ST10S1 229 40 0 to 6
ST11S1 232 40 0 to 6
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Sample ID XRF Bag 
Lead Value 

(mg/kg) 

Precision (±) XRF Cup 
Lead Value 

(mg/kg) 

Precision (±) Fixed-Lab 
Lead 
Value 

(mg/kg) 

Depth 
Interval

(in) 

ST12S1 45 50 0 to 6
ST12DS1 45 48 0 to 6
ST13S1 51.6 34 0 to 6
ST15S1 58.2 34 0 to 6
ST16S1 179 39 0 to 6
ST17S1 82.5 34 0 to 6
ST18S1 45 51 0 to 6
ST19S1 228 40 0 to 6
ST20S1 54.6 32 0 to 6
ST21S1 143 35 0 to 6
ST22S1 246 41 192 39 155 0 to 6
ST22DS1 446 45 471 48 444 0 to 6
ST23S1 179 37 0 to 6
ST24S1 65.1 33 0 to 6
ST25S1 623 61 0 to 6
ST25S2 162 49 12 to 24
ST26S1 169 37 0 to 6
ST27S1 193 38 0 to 6
ST28S1 162 37 0 to 6
ST29S1 131 35 0 to 6
ST30S1 205 39 0 to 6
ST32S1 1750 84 0 to 6
ST32S2 698 72 12 to 24
ST33S1 1180 64 0 to 6
ST33S2 221 43 12 to 24
ST34S1 72.7 45 0 to 6
ST34S2 45 53 12 to 24
ST34S1D (0-1) 902 57 0 to 1
ST34S1D (0-3) 639 61 0 to 3
ST34S1D (0-6) 347 50 0 to 6
ST34S2D 76 37 12 to 24
ST35S1 978 58 0 to 6
ST35S2 54.2 33 12 to 24
ST35S1 (0-1) 1530 83 0 to 1
ST35S1 (0-3) 1080 70 0 to 3
ST35S1 (0-6) 528 54 0 to 6
ST36S1 375 41 0 to 6
ST36S2 62.4 35 12 to 24
ST36S1 (0-1) 603 57 0 to 1
ST36S1 (0-3) 190 36 0 to 3
ST36S1 (0-6) 161 37 0 to 6
ST37S1 918 60 0 to 6
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Sample ID XRF Bag 
Lead Value 

(mg/kg) 

Precision (±) XRF Cup 
Lead Value 

(mg/kg) 

Precision (±) Fixed-Lab 
Lead 
Value 

(mg/kg) 

Depth 
Interval

(in) 

ST37S2 116 39 12 to 24
ST38S1 401 45 409 46 436 0 to 6
ST38S2 144 42 12 to 24
ST39S1 149 39 178 42 134 0 to 6
ST40S1 159 40 164 40 113 0 to 6
ST41S1 53.3 35 45 52 48.7 0 to 6
ST42S1 (0-6) 45 40 0 to 6
ST42S1 (6-12) 126 36 6 to 12
ST43S1 109 34 0 to 6
ST43S2 373 61 12 to 24
ST44S1 1170 71 0 to 6
ST44S2 142 40 12 to 24
ST45S1 1010 67 0 to 6
ST45S2 262 60 12 to 24
ST46S1 1010 66 0 to 6
ST46S2 55.3 35 12 to 24
ST46S1 (0-1) 590 62 0 to 1
ST46S1 (0-3) 1000 70 0 to 3
ST46S1 (0-6) 79 40 0 to 6
ST46S2 74 35 12 to 24
ST47S1 669 54 0 to 6
ST47S2 101 39 12 to 24
ST48S1 242 41 0 to 6
ST49S1 123 37 314 43 258 0 to 6
ST50S1 45 55 82 38 74.5 0 to 6
ST51S1 45 51 0 to 6
ST51S2 45 65 12 to 24
ST52S1 50.9 32 0 to 6
ST52S2 45 54 12 to 24
ST53S1 104 45 0 to 6
ST53S2 45 71 12 to 24
ST55S1 45 53 0 to 6
ST55S2 45 54 12 to 24
ST56S1 45 62 0 to 6
ST56S2 83.2 46 12 to 24
ST58S1 63.6 40 0 to 6
ST58S2 77 35 12 to 24
ST59S1 112 46 0 to 6
ST59S2 156 54 12 to 24
ST61S1 45 51 0 to 6
ST61S2 45 58 12 to 24
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Sample ID XRF Bag 
Lead Value 

(mg/kg) 

Precision (±) XRF Cup 
Lead Value 

(mg/kg) 

Precision (±) Fixed-Lab 
Lead 
Value 

(mg/kg) 

Depth 
Interval

(in) 

ST62S1 534 72 0 to 6
ST62S2 157 45 12 to 24
ST63S1 184 53 0 to 6
ST63S2 172 40 12 to 24
ST64S1 409 61 552 56 529 0 to 6
ST64S2 325 52 12 to 24
ST65S1 93.5 37 0 to 6
ST65S2 96.1 38 12 to 24
ST65S1D (0-1) 978 76 0 to 1
ST65S1D (0-3) 261 47 0 to 3
ST65S1D (0-6) 67 43 0 to 6
ST65S2D 45 54 12 to 24
ST66S1 205 57 191 39 165 0 to 6
ST66S2 45 76 12 to 24
ST67S1 886 74 0 to 6
ST67S2 106 72 12 to 24
ST75S1 212 46 0 to 12
ST76S1 103 30 0 to 12
ST77COMP 53.7 34 0 to 12
ST83S1 (0-1) 1430 74 0 to 1
ST83S1 (0-3) 84 42 0 to 3
ST83S1 (0-6) 45 54 0 to 6
ST83S2 45 57 12 to 24
ST84S1 (0-1) 45 83 0 to 1
ST84S1 (0-3) 468 81 0 to 3
ST84S1 (0-6) 259 45 0 to 6
ST84S2 98 47 12 to 24
ST85S1 (0-1) 1970 85 0 to 1
ST85S1 (0-3) 678 56 0 to 3
ST85S1 (0-6) 440 47 0 to 6
ST85S2 45 49 12 to 24
ST86S1 (0-1) 210 43 0 to 1
ST86S1 (0-3) 68.5 34 0 to 3
ST86S1 (0-6) 45 61 0 to 6
ST86S2 45 72 12 to 24
ST87S1 (0-1) 902 66 0 to 1
ST87S1 (0-3) 141 43 0 to 3
ST87S1 (0-6) 195 39 0 to 6
ST87S2 84 44 12 to 24
ST88S1 (0-1) 790 66 0 to 1
ST88S1 (0-3) 687 63 0 to 3
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Sample ID XRF Bag 
Lead Value 

(mg/kg) 

Precision (±) XRF Cup 
Lead Value 

(mg/kg) 

Precision (±) Fixed-Lab 
Lead 
Value 

(mg/kg) 

Depth 
Interval

(in) 

ST88S1 (0-6) 676 61 0 to 6
ST88S2 78 38 12 to 24
ST89S1 (0-1) 863 60 0 to 1
ST89S1 (0-3) 783 73 0 to 3
ST89S1 (0-6) 503 54 0 to 6
ST89S2 45 87 12 to 24
ST90S1 (0-1) 470 44 0 to 1
ST90S1 (0-3) 689 54 0 to 3
ST90S1 (0-6) 363 46 0 to 6
ST90S2 45 64 12 to 24
ST91S1 (0-1) 809 63 0 to 1
ST91S1 (0-3) 708 62 0 to 3
ST91S1 (0-6) 343 46 0 to 6
ST91S2 45 78 12 to 24
ST92S1 (0-1) 404 50 0 to 1
ST92S1 (0-3) 213 59 0 to 3
ST92S1 (0-6) 339 56 0 to 6
ST92S2 45 56 12 to 24
ST93S1 (0-1) 398 46 0 to 1
ST93S1 (0-3) 445 52 0 to 3
ST93S1 (0-6) 1280 82 0 to 6
ST93S2 45 61 12 to 24
ST94S1 (0-1) 505 66 0 to 1
ST94S1 (0-3) 642 60 0 to 3
ST94S1 (0-6) 166 52 0 to 6
ST94S2 45 51 12 to 24
ST95S1 (0-1) 477 49 0 to 1
ST95S1 (0-3) 431 49 0 to 3
ST95S1 (0-6) 310 39 0 to 6
ST95S2 64 34 12 to 24
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Table 5 – Explosive Residues at the Evergreen Former Infiltration Range 
 

Compound  
2,4-Dinitro-

toluene HMX RDX 
1,3,5-Trinitro-

benzene 
1,3-Dinitro-

benzene Tetryl 
2,4,6-Trinitro-

toluene Nitro-benzene 
MTCA Method A/B 1600 NA 9.09 21400 8 NA NA 40 
Reporting Limit  0.049 0.049 0.049 0.049 0.049 0.049 0.049 
(Units) (%) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 
Sample ID         
ED1S1 102 ND ND ND ND ND ND ND 
ED1S2 100 ND ND ND ND ND ND ND 
ED2S1 99 ND ND ND ND ND ND ND 
ED2S2 101 ND ND ND ND ND ND ND 
ED3S1 102 ND ND ND ND ND ND ND 
ED3S2 102 ND ND ND ND ND ND ND 
ED4S1 103 ND ND ND ND ND ND ND 
ED4S2 99.7 ND ND ND ND ND ND ND 
ED5S1 101 ND ND ND ND ND ND ND 
ED5S2 101 ND ND ND ND ND ND ND 
ED6S1 103 ND ND ND ND ND ND ND 
ED6S2 104 ND ND ND ND ND ND ND 
ED7S1 102 ND ND ND ND ND ND ND 
ED7S2 102 ND ND ND ND ND ND ND 
ED8S1 101 ND ND ND ND ND ND ND 
ED8S2 103 ND ND ND ND ND ND ND 
ED9S1 102 ND ND ND ND ND ND ND 
ED9S2 103 ND ND ND ND ND ND ND 
ED10S1D 102 ND ND ND ND ND ND ND 
ED10S2D 103 ND ND ND ND ND ND ND 
ED11S1D 102 ND ND ND ND ND ND ND 
ED11S2D 102 ND ND ND ND ND ND ND 
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Compound  
2-Aminodinitro-

toluene 
4-Aminodinitro-

toluene 2,4-Dinitro-toluene 
2,6-Dinitro-

toluene 2-Nitro-toluene 
3-Nitro-
toluene 4-Nitro-toluene 

MTCA Method A/B 1600 NA 9.09 21400 8 NA NA 
Reporting Limit 0.049 0.049 0.049 0.049 0.099 0.099 0.099 
(Units) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 
Sample ID        
ED1S1 ND ND ND ND ND ND ND 
ED1S2 ND ND ND ND ND ND ND 
ED2S1 ND ND ND ND ND ND ND 
ED2S2 ND ND ND ND ND ND ND 
ED3S1 ND ND ND ND ND ND ND 
ED3S2 ND ND ND ND ND ND ND 
ED4S1 ND ND ND ND ND ND ND 
ED4S2 ND ND ND ND ND ND ND 
ED5S1 ND ND ND ND ND ND ND 
ED5S2 ND ND ND ND ND ND ND 
ED6S1 ND ND ND ND ND ND ND 
ED6S2 ND ND ND ND ND ND ND 
ED7S1 ND ND ND ND ND ND ND 
ED7S2 ND ND ND ND ND ND ND 
ED8S1 ND ND ND ND ND ND ND 
ED8S2 ND ND ND ND ND ND ND 
ED9S1 ND ND ND ND ND ND ND 
ED9S2 ND ND ND ND ND ND ND 
ED10S1D ND ND ND ND ND ND ND 
ED10S2D ND ND ND ND ND ND ND 
ED11S1D ND ND ND ND ND ND ND 
ED11S2D ND ND ND ND ND ND ND 
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Table 6 – PAH Concentrations at the Former Skeet Range 
 

 Sample ID ST10-S1 ST11-S1 ST12-S1 ST13-S1 ST14-S1 ST15-S1 ST16-S1 ST17-S1 ST18-S1
Compound MTCA B (mg/kg)  
  
Acenaphthene  97.9 0.07J 0.17 0.31 0.37 ND 0.2 2.8 ND ND
Acenaphthylene NA ND ND ND ND ND ND ND ND ND
Anthracene  2270 0.13 0.15 0.4 0.52 0.22J 0.24 2.8 ND ND
Benzo(a)anthracene 0.0859 2.1 3 4.1 3.8 2.9 2 34 0.32 0.15
Benzo(b)fluoranthene 0.295 3.4 4.3 6.6 5.9 4.7 3.3 56 0.56 0.21
Benzo(k)fluoranthene 0.295 1.8 3.2 2.4 3.2 2.7 1.8 32 0.37 0.15
Benzo(g,h,i)perylene NA 1.9 2.4 3.6 3.5 3 1.9 34 0.28 0.13
Benzo(a)pyrene 0.233 3 3.8 5.5 5.6 4.5 3 54 0.47 0.21
Chrysene 0.0956 2.5 3 4.5 4.6 3.4 2.4 39 0.38 0.19
Dibenzo(a,h)anthracene 0.429 0.74 1.3 1.4 1.3 1 0.7 12 0.11 ND
Dibenzofuran NA ND ND ND ND ND ND ND ND ND
Fluoranthene 631 2.7 3.2 4.8 4.6 4 2.5 47 0.37 0.22
Fluorene  101 ND ND 0.12J 0.2 ND 0.081 ND ND ND
Indeno(1,2,3-cd)pyrene 0.833 2.3 3.5 4.8 4.4 3.4 2.4 42 0.37 0.15
2-Methylnaphthalene 5(1) ND ND ND 0.11J ND ND ND ND ND
Naphthalene  1600 ND ND ND ND ND ND ND ND ND
Phenanthrene NA 0.76 0.69 2 2.4 1.2 1.1 15 ND 0.055J
Pyrene 655 2.8 3.2 5.3 5.4 4 2.7 46 0.33 0.23
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 Sample ID ST20-S1 ST22-S1 ST23-S1 ST24-S1 ST25-S1 ST27-S1 ST29-S1 ST30-S1 ST31-S1
Compound MTCA B (mg/kg)   
   
Acenaphthene  97.9 ND ND ND 0.065J ND ND ND ND 0.17J
Acenaphthylene NA ND ND ND ND ND ND ND ND ND
Anthracene  2270 ND ND ND ND ND ND ND ND ND
Benzo(a)anthracene 0.0859 0.1 0.17 0.58 1.4 0.082 0.19 ND 0.066J 4.1
Benzo(b)fluoranthene 0.295 0.15 0.32 0.99 2.3 0.14 0.36 ND 0.11 8.3
Benzo(k)fluoranthene 0.295 0.14 0.26 0.76 1.2 0.1 0.26 ND 0.1 4.2
Benzo(g,h,i)perylene NA 0.11 0.21 0.66 1.1 0.086 0.22 0.04J 0.11 5.2
Benzo(a)pyrene 0.233 0.16 0.32 0.98 1.9 0.12 0.29 0.046J 0.12 7.1
Chrysene 0.0956 0.13 0.21 0.69 1.5 0.098 0.23 ND 0.089 4.5
Dibenzo(a,h)anthracene 0.429 ND 0.067J 0.22 0.52 ND 0.067J ND ND 1.9
Dibenzofuran NA ND ND ND ND ND ND ND ND ND
Fluoranthene 631 0.12 0.18 0.64 1.3 0.1 0.23 0.035J 0.085 3.2
Fluorene  101 ND ND ND ND ND ND ND ND ND
Indeno(1,2,3-cd)pyrene 0.833 0.13 0.25 0.76 1.4 0.096 0.25 0.039J 0.11 6
2-Methylnaphthalene 5(1) ND ND ND ND ND ND ND ND ND
Naphthalene  1600 ND ND ND ND ND ND ND ND ND
Phenanthrene NA ND ND 0.12 0.13 ND ND ND ND 0.42
Pyrene 655 0.12 0.18 0.66 1.2 0.1 0.25 0.041J 0.096 3.3
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 Sample ID ST11S2 ST16S2 ST78S1 ST79S1 ST80S1 ST81S1 ST82S1
Compound MTCA B (mg/kg)  
  
Acenaphthene  97.9 0.041 0.15 ND 2 0.13 0.47 ND
Acenaphthylene NA ND ND ND ND ND ND ND
Anthracene  2270 0.062 0.14 ND 2.9 0.049 0.48 0.45
Benzo(a)anthracene 0.0859 1 2.8 0.062 46 0.5 9.2 11
Benzo(b)fluoranthene 0.295 1.1 3.5 0.09 52 0.65 11 22
Benzo(k)fluoranthene 0.295 1.4 3.2 0.079 60 0.66 12 19
Benzo(g,h,i)perylene NA 0.94 2.7 0.078 46 0.67 11 27
Benzo(a)pyrene 0.233 1.6 4 0.096 70 0.88 16 24
Chrysene 0.0956 1.5 3.8 0.089 62 0.59 13 16
Dibenzo(a,h)anthracene 0.429 0.32 0.95 0.025 13 0.18 3.1 4.9
Dibenzofuran NA ND ND ND 0.18 ND 0.032 ND
Fluoranthene 631 1.7 3.7 0.078 64 0.69 14 13
Fluorene  101 0.012 0.03 ND 0.52 0.015 0.12 ND
Indeno(1,2,3-cd)pyrene 0.833 0.85 2.5 0.071 41 0.59 9.4 20
2-Methylnaphthalene 5(1) ND 0.013J ND 0.19 ND 0.055 ND
Naphthalene  1600 ND 0.018 ND 0.19 ND 0.06 ND
Phenanthrene NA 0.4 0.8 0.022 15 0.23 3.1 1.9
Pyrene 655 2 4.3 0.096 76 0.7 15 17
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Table 7 – Analytical TCLP Results for Soil Lead Samples  
 
 

 

 
 
 
 
Table 8 – Lead Concentrations from the No. 60 Sieve size in the 0 to 6 inch depth interval 

at the Skeet Range  
 
 

  

Range Lab No. Sample  Date Sampled TCLP  
Lead  
(mg/L) 

ICP Soil  
Lead  
(mg/kg) 

XRF Soil 
Lead 
(mg/kg) 

       
Evergreen 118788-1 EB42S2 9/2/2003 487 37100 31600 
 118788-2  EB51S1 9/2/2003 1030 62500 38400 
 118788-3 EB46S1 9/2/2003 4.62 215 295 
 118788-4 EB39S2 9/2/2003 38.9 1130 600 
 118788-5 EB96S1 9/15/2003 0.301 37.5 45 
Miller Hill 118788-6 MH3S1 9/25/2003 0.492  574 
 118788-7 MH17S1 9/25/2003 0.395  269 
 118788-8 MH11S2 9/25/2003 3.35  706 
 118788-9 MH26S1 12/3/2003 ND  45 
 118788-10 MH32S1 12/3/2003 10.7  6500 
Skeet 118788-11 ST41S1 9/22/2003 ND 48.7 45 
 118788-12 ST47S1 9/22/2003 1.21  669 
 118788-13 ST35S1  12/2/2003 0.47  978 
 118788-14 ST84S1  12/2/2003 0.559  259 
 118788-15 ST85S1  12/2/2003 3.74  1970 

 
 

Sample ID 

 

Sampling 
Date 

No. 10 Sieve 
XRF Value 

(mg/kg)

Precision (±)

 
No. 60 Sieve Value 

(mg/kg) Precision (±)

   
ST33S1 9/22/2003 1180 64 1520 72
ST35S1 9/22/2003 978 58 642 51
ST36S1 9/22/2003 375 41 328 41
ST37S1 9/22/2003 918 60 1270 70
ST38S1 9/22/2003 401 45 477 46
ST44S1 9/22/2003 1170 71 1600 85
ST45S1 9/22/2003 1010 67 1270 78
ST46S1 9/22/2003 1010 66 1470 79
ST48S1 9/25/2003 242 41 295 40



DRAFT 

AO Range RI Report 43 14 March 2004 
Seattle District, USACE  Fort Lewis PW 

 
 
 
 
 

 
 

Figures 



DRAFT 

AO Range RI Report 44 14 March 2004 
Seattle District, USACE  Fort Lewis PW 

 
Page intentionally blank 

 



DRAFT 

AO Range RI Report 45 14 March 2004 
Seattle District, USACE  Fort Lewis PW 

 

 
Figure 1. Site Locations  
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Figure 2. 1951 Aerial Photograph of Evergreen former Infiltration Range (AOC 4-6.3) 
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Range Possible Berm  

 
 
 
Figure 3. 1942 Aerial Photograph of the Miller Hill Former Pistol Range (AOC 4-2.2) 
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1965

 
 
Figure 4. 1965 Aerial Photograph of the Former Skeet Range (AOC 4-3)
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Figure 5. Final Sampling Locations at Evergreen Infiltration Range (AOC 4-6.3) 
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Figure 6. Final Sampling Locations for the Back Face of the Impact Berm at the Evergreen Infiltration Range (AOC 4-6.3)
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Figure 7. Sampling Locations for the Firing Points in the Command Island at Evergreen 
Infiltration Range (drawing not to scale) 
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Figure 8.  Sampling Locations for Nine Demolition Sites at Evergreen Infiltration Range 
(drawing not to scale). The insert for ED1 is representative of the composited samples 
collected from each of the demolition sites.
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Figure 9. Final Sampling Locations for Impact Berm at Miller Hill
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Figure 10. Final Sampling Locations for AOC 4-3 former Skeet Range 
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Figure 11. Lead Concentration Results for the Evergreen Former Infiltration Range (0-12 inches) 
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Figure 12. Lead Concentration Results for the Evergreen Former Infiltration Range (12-24 inches) 
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Figure 13. Lead Concentration Results for the Back Face of the Evergreen Former Infiltration Range (0 –12 inches) 
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Figure 14. Lead Concentration Results for the Back Face of the Evergreen Former Infiltration Range (12-24 inches)
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Figure 15. Lead Concentrations for the Miller Hill Former Pistol Range (0-12 inches) 
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Figure 16. Lead Concentrations for the Miller Hill Former Pistol Range (12-24 inches)
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Figure 17. Lead Results for the Former Skeet Range (0-6 inches) 
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Figure 18. Lead Results for the Former Skeet Range (12-24 inches)
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Figure 19. PAH Results for the Former Skeet Range (0-6 inches) 
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Figure 20. Refined Conceptual Site Model for the former Ranges 
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Photograph 1. Berm at the Evergreen former Infiltration Range (impact zone visible as 
vegetation free area). 

 

 
Photograph 2. Back face of the berm at the Evergreen former Infiltration Range 
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Photograph 3. Large trench behind the berm at the Evergreen former Infiltration Range 
 
 

 
 

Photograph 4. Demolition Pit sign at the Evergreen former Infiltration Range 
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Photograph 5. Demolition Pit with trees and remains of fence at the Evergreen former 
Infiltration Range 
 

 
 

Photograph 6. One of the firing points at the Evergreen former Infiltration Range 
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Photograph 7.  Suspected berm at the Miller Hill former Pistol Range 
 

 
Photograph 8. Trench behind the suspected berm at the Miller Hill former Pistol Range 
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Photograph 9. Metal debris found in the trench at the Miller Hill former Pistol Range 
 
 
 
 

 
Photograph 10. Metal debris found in the trench at the Miller Hill former Pistol Range 
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Photograph 11.  Live ammunition found in the trench at the Miller Hill former Pistol Range 
 
 

 
 
Photograph 12. Bullets fragments recovered from the berm at the Evergreen former 
Infiltration Range 



Appendix A - DRAFT 

AO Range RI Report A-7 14 March 2004 
Seattle District, USACE  Fort Lewis PW 

 
Photograph 13. Field Laboratory Set-up for XRF and Soil Samples 
 

 
 

Photograph 14. Sieved sample 
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Photograph 15. Typical gravels encountered in soils at Fort Lewis 
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MEMORANDUM 
FORT LEWIS AGREED ORDER RI 
DEMONSTRATION OF METHOD APPLICABILITY 
SAMPLING AND ANALYSIS PLAN ADDENDUM 
FORMER SMALL ARMS RANGES  
 
1.0 INTRODUCTION 
 
This memorandum present the results of the Demonstration of Method Applicability 
conducted as part of the Fort Lewis Agreed Order Remedial Investigation Former Small 
Arms Ranges Sampling Plan Addendum. This memo has been updated with additional 
information, as requested by Ecology in the 25 September meeting. 
 
Sampling was conducted on the impact berm at the Evergreen former Infiltration Range 
and soil analyzed using both analytical laboratory and XRF methodologies, as presented 
below. Both sets of date were used to determine the correlation between the XRF and 
analytical laboratory results and appropriate XRF protocols for use in future rounds of 
sampling. A summary of the correlation, precision sample results and field duplicate 
comparison results are presented below. 
 
2.0 SUMMARY OF FIELD ACTIVITIES 
 
As part of the first round of sampling for this project, soil samples were collected from 20 
sample locations on three areas of the impact berm: the impact zone, below the impact 
zone and at the bottom of the berm. Figure 1 of Appendix A presents the sampling 
locations on the Evergreen impact berm. Two composite soil samples were collected at 
each location by compositing soils from similar depths from each of the holes. Sampling 
intervals were from 0 to 1 foot and from 1 foot to 2 feet at each sampling location. 
Fourteen samples were collected from the impact zone, 14 from below the impact zone, 
and 12 from the bottom of the berm.  
 
Each composite sample was sieved through a No. 10 sieve then placed into a gallon-sized 
plastic baggie and bag homogenized   A cup aliquot was collected from each sample and 
measured by XRF and submitted to Severn Trent Laboratories (STL) for analysis of lead, 
arsenic, copper, antimony, zinc, tin, and iron using EPA Method 6010/6020. 
 
In addition, four co-located field duplicate locations were sampled and analyzed by XRF 
to determine field variability during the DMA. Three additional field duplicates were 
collected during the following the site characterization sampling event. 
 
Sampling conditions encountered at the site included considerable tree growth at the 
bottom of the berm, loose upper layers of soil within the impact zone and the middle of 
the berm that sloughed continually, as well as numerous gravel from small pebbles to 
large cobbles, encountered from approximately 0.5 ft to 2 ft bgs.  
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3.0 EVALUATION OF LABORATORY vs. XRF DATA 
 
A summary of the XRF and laboratory results is presented below. There results were 
used to determine appropriate XRF methodologies for use in future sampling events for 
the former Small Arms Ranges RI project. 
 
3.1 Comparison of XRF to Laboratory Results 
 
The sample results from both the XRF and laboratory analyses for each sample were 
compared to evaluate the correlation between the two methodologies. Table 1 of 
Appendix C presents the XRF and fixed lab cup analyses results for lead collected during 
the DMA. Figures 2 and 3 of Appendix B present the correlation of laboratory data to the 
entire lead data set and the 0 to 1000 mg/kg data sub-set.  A summary of the correlations 
is presented below. 
 
3.1.1 Correlations 
 
As shown on Figure 2, the correlation between XRF and laboratory analyses lead results 
was linear. The correlation coefficient (r2) factor for the entire sample set was 0.97. The 
average ratio of laboratory to XRF lead results was 1.06, with a 99th UCL of 1.29 for this 
ratio. The correlation for the data sub-set of 0 to 1000 mg/kg, presented in Figure 3, was 
also linear with an r2 value of 0.82 and an average ration of laboratory to XRF lead 
results of 0.84 with a 99th UCL of 1.09.  
 
3.1.2 Correlations Near Detection Levels 
 
Per Ecology request, additional correlation samples were submitted for ICP analyses 
from samples below detection limit when measured by the XRF. This information was 
used to evaluate the accuracy of the XRF near the detection limit.  A summary of the 
results is presented in Table 3, Appendix C. Only one sample submitted had fixed 
laboratory concentrations above the reporting limit.  This information cannot be added to 
the correlation, since the XRF was all not detected. 
 
3.2 Laboratory Results for Other Metals 
 
Review of the laboratory analysis of the sample aliquots for metals presented in Table 2 
of Appendix C indicates that lead is the primary contaminate. Antimony and copper 
exceedances were detected only when lead was above 250 mg/kg. Arsenic, tin, and zinc 
had no exceedances. 
 
3.3 Recommendations for Data Comparison 
 
Based on the uncertainty of XRF values near the action level, collaborative sampling was 
conducted on XRF equivalent concentrations near the action level to verify appropriate 
remedial actions are selected.  Since the XRF and ICP measurements correlated with the 
exception of one sample, the XRF method detection level is deemed suitable for 
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screening near the potential action level of 50 mg/kg.  However, collaborative samples 
may be submitted for ICP analyses for XRF concentrations near detection limits 
depending on site conditions and potential remedial options. 
 
Based on the XRF and laboratory analytical data it is lead contamination will drive 
remedial actions for the Evergreen former infiltration range and the Miller Hill former 
pistol range. Therefore, it is recommended that collaborative analysis be limited for lead 
for theses ranges, as needed.  
 
As a different type of ammunition was used at the Skeet Range it is recommended that 
initial collaborative analysis include all metals (antimony, copper, iron, lead, tin, zinc and 
arsenic) until is it determined whether lead is the primary contaminate at this site. 
 
4.0 XRF DATA 
 
Precision samples and co-located field duplicates were collected and XRF analyzed in 
order to determine within sample variability and field variability. Each precision sample 
was analyzed seven times by XRF. An RSD was determined for each precision sample. 
 
Four co-located field duplicates were chosen for comparison with the primary samples. 
An RPD was determined for the field duplicates and primary samples. 
 
4.1 Precision Samples 
 
Results for the precision samples are presented in Table 4 in Appendix C (updated to 
include new data from Evergreen Range). Thirty eight percent of the RSD values are 
greater than 20% recommended in the SAP Addendum. Within sample variability may 
affect decision when sample results are near the action levels.  
 
4.2 Co-located Field Duplicates 
 
Results of the field duplicated are presented in Table 5 in Appendix C (updated to include 
new data). Five out of seven RPD values exceed 50%. Within field variability may affect 
decision when sample results are near the action levels. 
 
5.0 RECOMMENDATION FOR XRF SAMPLING STRATEGY REVISIONS 
 
Based on the review of the sampling data collected from the first round of sampling 
(September 2, 2003), the following modifications to protocols have been recommended 
for future sampling rounds.  Additional modifications may be determined during 
subsequent rounds of sampling. 
 
To focus on reducing uncertainty near the action levels: 
 
1. Analyze precision samples when primary result is near the action levels relevant to 
decision making based on distribution data (below detection to 100 mg/kg; 200 to 300 
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mg/kg; and 900 to 1200 mg/kg).  When focusing on potential remedial boundaries, if the 
precision sample average within matrix variability falls within the uncertainty region 
surrounding the action levels, then:   
 
2. Collect and measure a XRF cup sample from the precision sample for comparison with 
the precision sample. If within matrix variability is appreciably different, evaluate the 
need for co-located field duplicate 2 feet from primary sample based on decision 
uncertainty. 
  
3. Collect collaborative samples for fixed laboratory analysis on as needed basis focusing 
on XRF samples measured near the detection limit.   
 
4. Evaluate options for collecting samples from the 2 to 3 foot depth interval at the site.
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APPENDIX A 
DMA SOIL SAMPLING 
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Figure 1. Sampling Grid For DMA at Impact Berm at the Evergreen Infiltration Range (AOC 4-6).
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XRF and Fixed-Lab Data Correlation at Evergreen
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Figure 2. XRF Correlation to Fixed Laboratory Analyses (updated to include all data from the Evergreen Berm) 
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XRF Correlation with Fixed-Lab (0 to 1000 mg/kg)
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Figure 3. XRF Correlation within the 0 to 1000 mg/kg data subset (updated to include new data)
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APPENDIX C 

DATA SUMMARY TABLES 
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Table 1. DMA XRF Primary Samples and Collaborative Lab Analyses Data 
 

Sample ID 
XRF  

(mg/kg) 
Fixed-lab 
(mg/kg) 

 
Depth 

In Inches 

 
Location on Berm

EB31S-1 613 622 0-12 Bottom 
EB31S-2 45 150 12-24 Bottom 
EB32S-1 11600 12300 0-12 Middle 
EB32S-2 2940 1750 12-24 Middle 
EB33S-1 18200 21600 0-12 Impact  
EB33S-2 3170 6770 12-24 Impact 
EB34S-1 492 335 0-12 Bottom 
EB34S-2 148 133 12-24 Bottom 
EB35S-1 2490 2610 0-12 Middle 
EB35S-2 630 2410 12-24 Middle 
EB36S-1 13300 21500 0-12 Impact 
EB36S-2 2180 2870 12-24 Impact 
EB37S-1 404 274 0-12 Bottom 
EB37S-2 45 23.4 12-24 Bottom 
EB38S-1 25400 31600 0-12 Middle 
EB38S-2 6590 7960 12-24 Middle 
EB39S-1 5830 6940 0-12 Impact 
EB39S-2 600 1130 12-24 Impact 
EB40S-1 918 746 0-12 Bottom 
EB40S-2 326 331 12-24 Bottom 
EB41S-1 2060 1870 0-12 Middle 
EB41S-2 738 768 12-24 Middle 
EB42S-1 31600 37100 0-12 Impact 
EB42S-2 5680 7290 12-24 Impact 
EB43S-1 762 639 0-12 Bottom 
EB43S-2 958 601 12-24 Bottom 
EB44S-1 1070 726 0-12 Middle 
EB44S-2 732 941 12-24 Middle 
EB45S-1 29300 33500 0-12 Impact 
EB45S-2 7420 13900 12-24 Impact 
EB46S-1 144 215 0-12 Bottom 
EB46S-2 62.2 61.5 12-24 Bottom 
EB47S-1 20500 24400 0-12 Middle 
EB47S-2 650 1250 12-24 Middle 
EB48S-1 41600 50800 0-12 Impact 
EB48S-2 19000 19400 12-24 Impact 
EB50S-1 838 1040 0-12 Middle 
EB50S-2 45 36.6 12-24 Middle 
EB51S-1 38400 62500 0-12 Impact 
EB51S-2 8380 15600 12-24 Impact 
  
Note: A bold value indicated a reading below the detection level. 
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Table 2. Fixed Laboratory ICP Analyses Results for DMA 
 
Parameter Antimony  Copper Iron Lead Tin Zinc Arsenic
Method A/B 32  2960 na 250 48000 24000 20
EB31S1 8.85 U U 45.6 16400 622 8.85 U 33.1 6.35
EB31S2 9.16 U 24.8 16700 150 9.16 30 4.1
EB32S1 207  309 16000 12300 13.6 63.6 5
EB32S2 34.9  66.6 15800 1750 9.77 U 35.8 3.56
EB33S1 287  454 14800 21600 5.09 85.3 4.65
EB33S2 87.7  139 16700 6770 8.58 U 66.2 3.59
EB34S1 9.85 U 40.9 14000 335 9.85 U 32.4 4.24
EB34S2 10 U 30.2 17000 133 10 U 30.9 4.52
EB35S1 46.4  91.4 16000 2610 10.1 U 35.2 3.54
EB35S2 31.9  46.6 16700 2410 9.56 U 33.5 3.99
EB36S1 369  358 16500 21500 20.9 59.3 6.69
EB36S2 58.4  76 15400 2870 9.56 U 31.2 3.83
EB37S1 9.3 U 33.9 14300 274 9.3 U 26.6 3.83
EB37S2 9.29 U 21.2 16400 23.4 9.29 U 26.9 3.01
EB38S1 634  916 18000 31600 47.7 110 10.8
EB38S2 192  242 17800 7960 7.01 58.1 5.68
EB39S1 149  155 19500 6940 7.22 J 48.1 5.27
EB39S2 29.7  47.2 16300 1130 9.15 U 29.8 3.39
EB40S1 8.18  56.3 15700 746 9.85 U 31.7 4.92
EB40S2 9.28 U 44.7 17600 331 9.28 U 32 4.13
EB41S1 42.1  78.4 15500 1870 9.34 U 37.1 4.37
EB41S2 16.4  39.3 16900 768 10.2 U 31.3 3.87
EB42S1 673  1330 18600 37100 40.5 176 10.8
EB42S2 140  233 15400 7290 7.76 70.2 4.61
EB43S1 8.89 U 57.7 14700 639 8.89 U 31 4.8
EB43S2 10.2 U 48.1 14100 601 10.2 U 30.2 4.43
EB44S1 18.4  39.8 15900 726 9.41 U 34.2 3.99
EB44S2 21.8  51.8 16800 941 10.2 U 30.3 3.67
EB45S1 727  997 16800 33500 34.8 139 11.5
EB45S2 213  273 15400 13900 10 57.4 4.42
EB46S1 10.1 U 35.5 15400 215 10.1 U 28.2 4.46
EB46S2 9.98 U 28.5 16300 61.5 9.98 U 30.1 3.97
EB47S1 427  25100 17100 24400 15.8 2560 9.33
EB47S2 23.8  217 16300 1250 9.55 U 33.9 4.24
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Parameter Antimony  Copper Iron Lead Tin Zinc Arsenic
Method A/B 32  2960 na 250 48000 24000 20
EB48S2 269  527 17500 19400 6.11 109 6.79
EB50S1 16.1  107 16100 1040 8.78 U 32.2 3.95
EB50S2 9.25 U 69.6 16700 36.6 ND 28 3.41
EB51S1 879  804 15100 62500 42.2 117 15.3
EB51S2 217  308 14800 15600 6.48 76.3 4.12
 
 
Table 3. XRF Non-detects and Fixed-Lab Analyses for Evergreen Berm  
 
Sample ID XRF Cup 

Value 
(mg/kg) 

Prec (±) Fixed-Lab 
Value

(mg/kg)

Depth (in) 

EB31S2  45 53 150 12-24 
EB37S2  45 53 23.4 12-24 
EB50S2  45 51 36.6 12-24 
EB87S2 45 51 12.2 12-24 
EB88S1 45 57 34 0-12 
EB88S2 45 56 4.77 12-24 
EB91S1 45 56 47 0-12 
EB91S2 45 56 35.7 12-24 
EB92S2 45 55 9.8 12-24 
EB93S2 45 55 18.3 12-24 
EB94S1 45 54 22.2 0-12 
EB94S2 45 56 14.9 12-24 
EB96S1 45 53 37.5 0-12 
EB96S2 45 53 15.1 12-24 
EB97S1 45 52 30.8 0-12 
EB97S2 45 53 24.5 12-24 



Appendix B - DRAFT 

AO Range RI Report B-14 14 March 2004 
Seattle District, USACE  Fort Lewis PW 

Table 4. Precision Sample XRF Results (in mg/kg) and RSD (includes all data from Evergreen Berm) 
 
  XRF XRF XRF XRF XRF XRF XRF       
Sample ID Value 1 Value 2 Value 3 Value 4 Value 5 Value 6 Value 7 Mean SD RSD  Location 
EB1S1  290 269.2 150.1 158.5 418 191.7 256.2 248 93 38 Toe 
EB1S1D 79.8 261.4 169.9 182.4 144.9 199.5 270.6 187 66 35 Toe 
EB1S2  45 45 45 45 45 45 114 55 26 48 Toe 
EB2S2  136.4 68.1 76.5 56.5 76.9 149.2 120.4 98 37 38 Middle 
EB4S2  45 45 45 45 45 45 45 45 0 0 Toe 
EB7S1  109.3 45 77.5 98 86.2 72.8 68.6 80 21 26 Toe 
EB7S2  45 45 45 71.2 45 45 45 49 10 20 Toe 
EB10S1 61.2 45 79.5 45 71.1 45 45 56 15 26 Toe 
EB10S2  45 45 45 45 45 45 45 45 0 0 Toe 
EB13S1 45 45 45 45 45 45 45 45 0 0 Toe 
EB13S2  45 45 45 45 45 45 45 45 0 0 Toe 
EB16S2  172.6 144.5 186.5 104.4 163.4 159.8 169.2 157 27 17 Toe 
EB19S2  45 72.6 45 74.7 45 45 45 53 14 26 Toe 
EB20S1  1040 1080 971.2 1040 1020 1089.6 1140 1054 54 5 Middle 
EB22S1  233.2 301 401.8 382.6 308.4 390 422 348 69 20 Toe 
EB22S2  45 45 45 45 45 45 45 45 0 0 Toe 
EB25S1 234.4 238.6 316 222 216 284.6 197.7 244 42 17 Toe 
EB25S2  45 45 45 45 45 45 45 45 0 0 Toe 
EB28S2  45 45 45 45 45 45 45 45 0 0 Toe 
EB31S1  700 526 598 599 407 454 477 537 101 19 Toe 
EB31S2  45 45 45 45 45 57 45 47 5 10 Toe 
EB33S1  11700 13800 12800 13800 15100 15900 18400 14500 2208 15 Toe 
EB33S2  1780 2190 2380 2550 2670 2400 2290 2323 287 12 Toe 
EB33S1D  911 892 1120 1480 1430 1690 1930 1350 394 29 Middle 
EB33S2D  339 572 355 560 532 287 556 457 124 27 Middle 
EB34S1  486 455 436 278 331 500 496 426 87 21 Impact 
EB34S1D  345 318 421 316 314 255 371 334 52 16 Impact 
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EB34S2  71.4 141 132 122 109 54.2 80.6 101 33 33 Toe 
EB34S2D  45 68.7 45 45 45 45 45 48 9 19 Toe 
EB35S1 2620 2080 4740 2020 2040 1630 2920 2579 1044 40 Middle 
EB35S2 522 576 556 509 488 557 636 549 49 9 Middle 
EB36S1  10100 10400 9140 11600 8930 9960 9890 10003 878 9 Impact 
EB36S2  1450 770 1070 1290 1570 1560 1380 1299 290 22 Impact 
EB40S1  834 604 571 546 684 621 568 633 100 16 Toe 
EB40S2  276 148 288 185 299 219 202 231 58 25 Toe 
EB41S1  1290 1390 1300 1630 1210 1310 1670 1400 179 13 Middle 
EB41S2  813 575 683 765 514 496 491 620 134 22 Middle 
EB42S1 26700 25700 26500 27500 28000 26200 28300 26986 967 4 Middle 
EB42S2  5570 5600 5720 5460 6870 4210 5250 5526 781 14 Middle 
EB43S1  973 608 700 573 1040 695 651 749 183 24 Toe 
EB43S2  300 331 294 271 333 405 364 328 46 14 Toe 
EB44S1  671 538 450 905 683 696 769 673 148 22 Toe 
EB44S1D 1530 1490 1370 1080 1310 1590 1180 1364 188 14 Toe 
EB44S2 708 772 577 736 606 734 781 702 80 11 Toe 
EB44S2D  95.6 257 120 189 134 159 82.1 148 60 41 Toe 
EB46S1  295 233 278 349 233 251 220 266 45 17 Toe 
EB46S2  45 45 89.8 45 98.2 45 75.2 63 24 38 Toe 
EB52S1 238.2 221 224.2 260.2 358.6 247.4 193.8 249 53 21 Toe 
EB52S2  45 45 102.1 74.5 45 134.3 129.4 82 40 49 Toe 
EB55S1  302.4 218.4 239.2 367 298.4 500.8 241 310 98 32 Middle 
EB55S2 45 45 45 45 45 45 45 45 0 0 Toe 
EB58S2  45 82.2 45 111.1 102.9 45 45 68 30 44 Toe 
EB61S1  405 363.8 426 398.2 244.8 398.2 318.8 365 63 17 Toe 
EB61S2  45 45 45 45 45 45 45 45 0 0 Middle 
EB64S2  45 45 45 45 45 45 45 45 0 0 Toe 
EB65S2  265.6 250.2 324.6 293.8 281.8 236.8 276.6 276 29 10 Toe 
EB67S1 108.2 45 110 82 45 45 112.5 78 33 42 Toe 
EB70S2  45 45 45 45 45 45 45 45 0 0 Toe 



Appendix B - DRAFT 

AO Range RI Report B-16 14 March 2004 
Seattle District, USACE  Fort Lewis PW 

EB73S2  45 45 45 45 45 45 45 45 0 0 Toe 
EB74S2  192.1 197.7 214.6 201.9 273.2 287.4 217.2 226 38 17 Middle 
EB76S1  45 45 70.2 59.2 45 45 45 51 10 20 Impact 
EB76S2  45 45 45 45 45 45 45 45 0 0 Side of Berm 
EB79S1  45 92.3 76.6 116.1 61.3 98.7 55 78 26 33 Side of Berm 
EB79S2  45 45 45 45 45 45 45 45 0 0 In front of Berm
EB82S1  199 194.4 250 196.4 191.2 158.8 165.5 194 30 15 In front of Berm
EB83S2  121.9 146.1 112.8 106.5 111.3 166.4 145.3 130 23 17 In front of Berm
EB84S2  45 97.9 45 45 45 45 45 53 20 38 In front of Berm

EB87S1  45 71.3 45 64.3 56.8 45 54.1 55 10 19
 NE arm of 
Berm 

EB87S2  45 45 45 45 45 45 45 45 0 0
 NE arm of 
Berm 

EB90S1  45 115.2 83.7 144.8 99.1 105.1 45 91 37 40  In front of Berm
EB92S1 83.6 85.7 78.4 78.4 180.2 87.8 108.7 100 37 37  In front of Berm
EB92S2  45 45 45 45 60.8 45 45 47 6 13  In front of Berm
EB94S1 45 45 45 45 45 45 45 45 0 0   In front of Berm
 

Note: A bold value indicated a reading below the detection level.
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Table 5. Primary Sample and Field Duplicate Comparison (updated to include all data from Evergreen Berm) 

 
  XRF XRF XRF XRF XRF XRF XRF   Primary/Dup     
Sample ID Value 1 Value 2 Value 3 Value 4 Value 5 Value 6 Value 7 Mean Mean SD RPD 
EB33S1  11700 13800 12800 13800 15100 15900 18400 14500 7925 2208 165.92
EB33S1D  911 892 1120 1480 1430 1690 1930 1350  394   
              
EB33S2  1780 2190 2380 2550 2670 2400 2290 2323 1390 287 134.21
EB33S2D  339 572 355 560 532 287 556 457  124   
              
EB34S-1 486 455 436 278 331 500 496 426 380 87 24.13 
EB34S-1D 345 318 421 316 314 255 371 334  52   
              
EB34S-2 71.4 141 132 122 109 54.2 80.6 101 75 33 70.84 
EB34S-2D 45 68.7 45 45 45 45 45 48  9   
              
EB44S-1 671 538 450 905 683 696 769 673 1019 148 67.84 
EB44S-1D 1530 1490 1370 1080 1310 1590 1180 1364  188   
              
EB44S-2 708 772 577 736 606 734 781 702 425 80 130.31
EB44S-2D 95.6 257 120 189 134 159 82.1 148  60   
              
EB1S-1 290 134 150.1 158.5 418 191.7 256.2 228 208 101 19.36 
EB1S-1D 79.8 269.2 169.9 182.4 144.9 199.5 270.6 188   68   

 
Note: A bold value indicated a reading below the detection level. 
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CENWS-EC-TB-ET                          23 October 2003  

Memorandum for: Rich Wilson, Fort Lewis Public Works 

From: Gwyn Puckett, CENWS-EC-TB-ET 
 
Subject: Soil Sampling – Path Forward at Former Ranges 
 
 
This memorandum describes additional soil sampling to be performed at the former pistol 
range at Miller Hill, the berm at the former infiltration range on Evergreen Avenue and 
the former skeet range at Fort Lewis, Washington based on review of the initial sampling 
data. It is estimated that the additional sampling will take three days to complete. A 
backhoe will be required to assist in collecting the samples to help expedite the 
fieldwork. 
 
Miller Hill Former Pistol Range 
 
Lead contamination was observed at concentration above 250 mg/kg in the majority of 
sampled berm (Figure 1). Maximum observed concentration was 1780 mg/kg. In almost 
all cases, exceedences of 250 mg/kg were also observed in the 1-2 foot interval. Since no 
bullets were observed during sampling, it is not clear if the lead contamination is derived 
from use as a range or if the contamination was derived from the berm source material 
used (e.g. graded material from Miller Hill Main ranges). 
 
In order to establish boundaries of the lead contamination in this area, additional sample 
locations will be placed within the trench behind the main berm, in the area directly 
before the berm, and at the smaller “berm” close to the road (Figure1). Initially, there will 
be four sample location per area in a row (approximately 50 feet apart), filling in with 
additional samples as needed to minimize uncertainty. Additionally, two sample locations 
will be placed at either end of main berm to establish boundaries of contamination. All 
locations will be excavated to 1-foot depth below ground surface (bgs). This translates 
into, initially, 14 locations with one sample per location. 
 
To cost effectively evaluate depth of contamination at this small range, additional depth 
samples (1-2 feet bgs or deeper as needed) will be collected at locations MH4, MH9, and 
MH16. These locations were selected to establish depth of contamination likely expected 
from a concentration range of surface contamination. This information will then be used 
to assume a reasonable estimate of depth of contamination for use in the Feasibility 
Study. 
 
As the original sample locations were spaced 10 feet apart on the main berm, no co-
located duplicates will be collected. 
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To determine potential field variability, three of the previously collected samples (MH 1, 
8, and 17) will be analyzed as precision samples. These samples were selected because 
the initial results were near 250 mg/kg; therefore, these locations will be examined 
further to determine influence of field variability on potential decisions. 
 
Evergreen Former Infiltration Range 
 
As previously presented, lead contamination was detected throughout the majority of the 
Evergreen Infiltration Range berm. Based on our statistical evaluation of the data from 
the impact side of the berm, no additional sampling is needed for evaluating cleanup 
alternatives.  However, the sample collected from the backside of the berm indicated lead 
contamination might also be present on this unused portion of the berm. 
 
In order to establish  the extent of contamination on the backside of the berm, additional 
samples will be collected from this side of the berm. Areas to be sampled include the 
trench (toe of the berm) and at the same height of the impact zone. Initially six sample 
locations from each area will be collected (approximately 50 ft. apart), filling in with 
additional samples as necessary to minimize uncertainty. Samples will be collected from 
both the 0” to12” and 12” to 24” depth intervals. This translates into initially 12 
locations, two samples per location, for a total of 24 additional samples. If contamination 
is found and additional samples are required, an additional row of sample will be 
collected for an initial maximum of 18 sample locations, two samples per location, for a 
total of 36 additional samples. 
 
If both levels of this side of the berm indicate contamination is present, this information 
will be used to assume soil volumes for the Feasibility Study. If the trench samples do not 
contain lead concentrations above 250 mg/kg, an additional row of sample midway 
between the trench and the upper row of samples will be collected to refine soil volume 
assumptions. 
 
Former Skeet Range 
 
Initial sample results from the Skeet range sampling indicate that the majority of lead 
contamination at this site is limited to an area roughly 450 feet away from the firing 
points, extending to the gravel road to northwest in some areas (Figure 2).  
 
Additional samples need to be collected to fill in areas of uncertainty of the extent of 
contamination. Thirteen new locations will be sampled, including from sample locations 
across the gravel road (if possible without encountering utilities) to the northwest of the 
former skeet range. New samples will be collected from three depth intervals (0-1, 0-3, 
and 0-6 inches bgs; Figure 4). If the surface samples areas contaminated, the location will 
also be sampled at the subsurface (12 to 24 inches). Additionally, sample locations ST32, 
ST35, and ST46 will be revisited and resampled at the three depth intervals. These 
sample locations were selected to provide a range of lead concentrations to evaluate 
concentration gradients with depth. 
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Co-located field duplicates will be collected at sample locations ST34 and ST65. These 
samples were selected because they represent potential outliers in the contamination 
distribution patterns. These locations will be examined further to determine influence of 
field variability on potential decisions. In order to determine if particle size should be 
considered, prior to the new field sampling, archived soil samples from the following 
sample locations (0 to 6 in. depth interval) will be sieved with a No. 60 sieve and 
reanalyzed with the XRF: ST33, ST35, ST36, ST37, ST38, ST44, ST45, ST46, ST48 
(Figure 4). 
 
Although initial sampling data indicates lead contamination extends to the 2-foot interval 
at four of the sampled locations, we do not recommend additional sampling past this 
interval for the purposes of refining soil volumes for the Feasibility study.  Based on the 
dispersed lead contamination pattern and isolated exceedences with depth, we 
recommend assuming contamination extends to one foot for the FS. Uncertainty of depth 
of contamination could then be addressed during remediation. As an example of this, 
refinement of actual depth of contamination could be delineated during a removal action 
by collecting confirmation samples following removal.  
 
Existing data indicates impact to groundwater from lead is not likely. Lead 
concentrations are seen to decrease with depth, and all detected soil concentrations are 
below the 3-phase action level of 3000 mg/kg.  Therefore, additional delineation of 
contamination with depth for lead is not required to determine potential impact to 
groundwater. 
 
PAHs were detected in several of the samples delivered to the laboratory; Figure 3 
provides the cPAH TEF values for these sample locations.  In general exceedances of the 
MTCA Method A unrestricted land use cleanup level for cPAH TEF as benzo(a)pyrene 
were limited to an area roughly 100 feet from the shooting area.  Five additional samples 
will be collected in order to delineate the horizontal extent of PAH contamination (Figure 
3). In addition, two sample locations, ST11 and ST16, will be sampled from the 12” to 
24” depth interval to determine the vertical extent of the PAH contamination. 
 
Reporting 
 
The information from this next round of sampling will be provided to Fort Lewis Public 
Works for review as a technical memorandum similar to previous site investigation report 
formats. It is anticipated that this report will be provided for review roughly 6 weeks 
from completion of field activities. 
 
 
 
cc:  Kym Takasaki 
       Kira Lynch 
       File 
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Figure 1. New sample locations at the Former Pistol Range at Miller Hill 
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Figure 2. New Sample Locations for Lead at the Former Skeet Range 
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Figure 3. Additional Samples for PAHs at the Former Skeet Range 
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Figure 4. Additional Samples at the Former Skeet Range 
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APPENDIX D  
DATA QUALITY REVIEW  
 
In total, 566 soil samples, including 130 collaborative, field, and laboratory duplicates 
were collected for the Fort Lewis Agreed Order Remedial Investigation/Feasibility Study 
during September and December 2003.  Prepped (dried and/or sieved) aliquots of each 
sample were screened using a field portable NITON Series 300 x-ray fluorescence (XRF) 
spectrometer.  Fixed-laboratory samples were submitted to Severn Trent Laboratories of 
Tacoma, Washington, for analysis of total metals (EPA Method 6010/6020) and 
explosive residues (EPA Method 8330) and to Analytical Resources, Incorporated of 
Seattle, Washington for PAHs for soils (EPA Method 8270C). 

The following criteria were evaluated in the data quality review process: 
� Holding times; 
� Method blanks; 
� Initial and continuing calibration; 
� ICP Interference Check results; 
� ICP Serial Dilution Results; 
� Laboratory control sample (LCS) recoveries; 
� Matrix spike (MS) recoveries; and 
� Laboratory and field duplicates relative percent differences (RPDs). 

Overall Data Quality 

The overall data quality objectives (DQOs), as set forth in the Sampling Plan Addenda 
(Corps, 2003), the RIWP, and the Corps Shell document (Corps, 2001) are met. The data 
for this project are acceptable for use as qualified.  XRF lead results near the reporting 
limit should be considered variable based on the precision sample and XRF duplicate 
RPDs for this compound.  The completeness for the associated data is 100%.  Detailed 
discussions are presented below.  

Data Quality Indicators 

Data quality indicators were used to quantitatively evaluate the data quality objectives.  
Detailed discussions are presented below. 

Precision 

Precision measures the reproducibility of measurements under a given set of conditions.  
Specifically, it is a quantitative measure of the variability of a group of measurements 
compared to their average values.   
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Field XRF Precision 

Precision Samples.  For XRF samples, precision was measured by collecting a precision 
sample at a frequency of 50% during the DMA and at a frequency of 20% for the rest of 
the characterization.  The precision sample was a project-specific sample that has been 
analyzed five to seven times in replicate.   
 
Thirty-six percent (39 out of 108) of the relative standard deviations (RSDs) for precision 
samples collected were above the specified 20 percent, indicating within sample 
variability (see Table D-1).  Of the 39 precision samples, 30 had sample means less than 
250 mg/kg, 6 had means above 250 mg/kg but below 1000 mg/kg, and 3 had means 
above 1000 mg/kg. Variability appears to be most common at concentrations less than 
250 mg/kg, however, as the precision samples were not randomly selected  this data set 
may be biased towards the lower concentrations. 

XRF Co-Located Field Duplicates.  Field precision was also measured by collecting 
XRF co-located field duplicate samples.  Field duplicate samples were collected as 
separate samples from co-located 2-3 feet from the original and treated as separate 
samples throughout the preparation process. 
 
Sixty-two percent (8 out of 13) of the RPDs for the co-located field duplicates were 
above 50% criteria set in the SAP Addendums (see Table D-2). Results were not 
qualified based on RPDs. 

Analytical Laboratory Precision 

Precision. Analytical precision is measured through LCS/LCSD and MS/MSD samples 
for organic analysis and through laboratory duplicate samples for inorganic analyses. 
Analytical precision is qualitatively expressed as the RPD between the LCS/LCSD, 
MS/MSD, or duplicated. Analytical precision measurements were carried out at a 
minimum frequency of one per laboratory analysis group or one in 20 samples, 
whichever was more frequent, per matrix analyzed. All LCS/LCSD and MS/MSD RPDs 
were within control limits for all sample delivery groups. 
 
Accuracy. Accuracy measures the closeness of the measured value to the true value.  In 
general, samples used to quantitate accuracy were within the range specified in the SAPs.   

Field XRF Accuracy 

To evaluate field accuracy, an XRF calibration check sample was initially run at the 
beginning and end of each day and one approximately every two hours.  The percent 
differences for the calibration samples were below 20 percent. All XRF blanks were 
below the detection limit. 
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Analytical Laboratory Accuracy 

Analytical accuracy of chemical test results is assessed by “spiking” samples with known 
standards (surrogates LCSs, or matrix spikes) and establishing the average recovery. 
Accuracy measurements on matrix spike (MS) samples were carried out at a minimum 
frequency of one in 20 project-specific samples per matrix analyzed.  Laboratory control 
samples (LCSs) were also carried out at a minimum frequency of one in 20 samples per 
matrix analyzed. Surrogate recoveries were determined for every sample analyzed for 
organics. LCS/LCSD and surrogate recoveries were within control limits for all sample 
delivery groups. 
 
Five of MS recoveries were above the control limits as a result of the high analyte 
concentration in the original sample [with the exception of Tin in sample 116603-01 (see 
Table below)]. No qualifiers were assigned, as the result was greater than four times the 
spike result. One tin MS result was also above acceptance limits. No qualifiers were 
assigned.  Matrix interferences were indicated based on acceptable recoveries of the 
associated blank spikes. All other quality control was within acceptance limits. 

Sample No. Analyte Sample 
Result 
(mg/kg) 

Spike 
Amount 
(mg/kg) 

MS Result 
(mg/kg) 

% Recovery 

116603-01 Iron 19000 4970 25550 127% 

116603-01 Tin 0 1130 2320 205% 

115861-01 Iron 14000 4480 21200 161% 

116312-01 Iron 17000 4030 23600 176% 

116312-13 Iron 18000 4690 26000 180% 

118788-01 Lead 490 5 547 1210 

 
The relative percent difference value for lead in the duplicate for sample 118431-01 
exceeded the quality control limits (36%). The sample was reanalyzed with similar 
results. As all other quality control was within acceptance limits in the sample delivery 
group, no samples were qualified. 
 
Recoveries of matrix spikes for PAHs in sample delivery group FW13 were not 
attainable due to high levels of target analytes in the original sample. Percent recovery of 
chrysene was above control limits in the matrix spike for sample delivery group GC18. 
As all other quality control was within acceptance limits, no samples were qualified. 
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Low-level mercury was present in the method blank associated with sample delivery 
group ZL970. As the reported value was above the MDL, but below the PQL, the data 
have been flagged. No other occurrence were encountered. 

 
Initial and Continuing Calibration.  Initial and continuing calibrations were performed 
at the appropriate frequency.  Acceptable recoveries were obtained for analytes of 
concern. 
 
Representativeness. Representativeness measures how closely the measured results 
reflect the actual concentration or distribution of the chemical compounds in the matrix 
sampled. The sampling plan design, sampling techniques, and sampling handling 
protocols (e.g., storage, preservation, and transportation) were developed to assure 
representative samples. All soil samples were properly preserved. 

Comparability. Comparability is a qualitative parameter expressing the confidence with 
which one data set can be compared with another. The use of standard techniques for 
both sample collection and laboratory analysis should make the data collected 
comparable to both internal and other data generated. 
Results from the demonstration of method applicability study were evaluated for 
adequacy and appropriateness of XRF field technology for comparison with fixed-
laboratory analyses. The linear regression correlation coefficient factor (r2) for the data 
set was 0.96, well above the 0.75 required by the SAP Addendums. Discussion of fixed-
laboratory analytical results and XRF comparison is presented in Appendix B. 

Completeness. Completeness is defined as the percentage of measurements made which 
are judged to be valid measurements.  Results were considered valid since all the 
precision, accuracy, and representativeness objectives were determined to have been met 
and reporting limits were sufficient for the intended uses of the data.  The completeness 
for the associated data is 100 percent. 
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   Table 2 – All XRF Precision Samples (Lead Concentrations in mg/kg) 
 

Sample ID 1 2 3 4 5 6 7 Mean SD RSD
 

EB1S1  290 269.2 150.1 158.5 418 191.7 256.2 247.7 93.1 38
EB1S1D 79.8 261.4 169.9 182.4 144.9 199.5 270.6 186.9 66.1 35
EB1S2  45 45 45 45 45 45 114 54.9 26.1 48
EB2S2  136.4 68.1 76.5 56.5 76.9 149.2 120.4 97.7 36.8 38
EB4S2  45 45 45 45 45 45 45 45 0.00 0
EB7S1  109.3 45 77.5 98 86.2 72.8 68.6 79.6 20.9 26
EB7S2  45 45 45 71.2 45 45 45 48.7 9.90 20
EB10S1 61.2 45 79.5 45 71.1 45 45 56 14.7 26
EB10S2  45 45 45 45 45 45 45 45 0.00 0
EB13S1 45 45 45 45 45 45 45 45 0.00 0
EB13S2  45 45 45 45 45 45 45 45 0.00 0
EB16S2  172.6 144.5 186.5 104.4 163.4 159.8 169.2 157 26.6 17
EB19S2  45 72.6 45 74.7 45 45 45 53 14 26
EB20S1  1040 1080 971.2 1040 1020 1089.6 1140 1054 54.4 5
EB22S1  233.2 301 401.8 382.6 308.4 390 422 348.4 68.7 20
EB22S2  45 45 45 45 45 45 45 45 0.0 0
EB25S1 234.4 238.6 316 222 216 284.6 197.7 244.2 41.6 17
EB25S2  45 45 45 45 45 45 45 45 0.0 0
EB28S2  45 45 45 45 45 45 45 45 0.0 0
EB31S1  700 526 598 599 407 454 477 537.3 101.4 19
EB31S2  45 45 45 45 45 57 45 46.7 4.5 10
EB33S1  11700 13800 12800 13800 15100 15900 18400 14500 2207.6 15
EB33S2  1780 2190 2380 2550 2670 2400 2290 2322.9 287.2 12
EB33S1D  911 892 1120 1480 1430 1690 1930 1350.4 393.8 29
EB33S2D  339 572 355 560 532 287 556 457.3 124.2 27
EB34S1  486 455 436 278 331 500 496 426.0 87.4 21
EB34S1D  345 318 421 316 314 255 371 334.29 52.1 16
EB34S2  71.4 141 132 122 109 54.2 80.6 101.46 33.0 33
EB34S2D  45 68.7 45 45 45 45 45 48.39 9 19
EB35S1 2620 2080 4740 2020 2040 1630 2920 2578.57 1044.1 41
EB35S2 522 576 556 509 488 557 636 549.14 49.1 9
EB36S1  10100 10400 9140 11600 8930 9960 9890 10002.86 878.3 9
EB36S2  1450 770 1070 1290 1570 1560 1380 1298.57 289.6 22
EB40S1  834 604 571 546 684 621 568 632.57 99.7 16
EB40S2  276 148 288 185 299 219 202 231.00 57.6 25
EB41S1  1290 1390 1300 1630 1210 1310 1670 1400.00 179 13
EB41S2  813 575 683 765 514 496 491 619.57 133.9 22
EB42S1 26700 25700 26500 27500 28000 26200 28300 26985.71 966.8 4
EB42S2  5570 5600 5720 5460 6870 4210 5250 5525.71 781.4 14
EB43S1  973 608 700 573 1040 695 651 748.57 182.9 24
EB43S2  300 331 294 271 333 405 364 328.29 45.6 14
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Sample ID 1 2 3 4 5 6 7 Mean SD RSD

 
EB44S1  671 538 450 905 683 696 769 673.14 148.1 22
EB44S1D 1530 1490 1370 1080 1310 1590 1180 1364.29 188 14
EB44S2 708 772 577 736 606 734 781 702.00 79.8 11
EB44S2D  95.6 257 120 189 134 159 82.1 148.10 60.2 41
EB46S1  295 233 278 349 233 251 220 265.57 45.5 17
EB46S2  45 45 89.8 45 98.2 45 75.2 63.31 23.8 38
EB52S1 238.2 221 224.2 260.2 358.6 247.4 193.8 249.06 52.8 21
EB52S2  45 45 102.1 74.5 45 134.3 129.4 82.19 39.9 49
EB55S1  302.4 218.4 239.2 367 298.4 500.8 241 309.60 98.3 32
EB55S2 45 45 45 45 45 45 45 45.00 0 0
EB58S2  45 82.2 45 111.1 102.9 45 45 68.03 30 44
EB61S1  405 363.8 426 398.2 244.8 398.2 318.8 364.97 63.4 17
EB61S2  45 45 45 45 45 45 45 45.00 0 0
EB64S2  45 45 45 45 45 45 45 45.00 0 0
EB65S2  265.6 250.2 324.6 293.8 281.8 236.8 276.6 275.63 28.9 11
EB67S1 108.2 45 110 82 45 45 112.5 78.24 32.7 42
EB67S2 45 45 45 45 45 45 45 45.00 0 0
EB70S2  45 45 45 45 45 45 45 45.00 0 0
EB73S2  45 45 45 45 45 45 45 45.00 0 0
EB74S2  192.1 197.7 214.6 201.9 273.2 287.4 217.2 226.30 38.2 17
EB76S1  45 45 70.2 59.2 45 45 45 50.63 10.1 20
EB76S2  45 45 45 45 45 45 45 45.00 0 0
EB79S1  55 92.3 76.6 116.1 61.3 98.7 45 77.86 25.8 33
EB79S2  45 45 45 45 45 45 45 45.00 0 0
EB82S1  199 194.4 250 196.4 191.2 158.8 165.5 193.61 29.5 15
EB83S2  121.9 146.1 112.8 106.5 111.3 166.4 145.3 130.04 22.7 17
EB84S2  45 97.9 45 45 45 45 45 52.6 20 38
EB87S1  54.1 71.3 45 64.3 56.8 45 45 54.5 10.4 19
EB87S2  45 45 45 45 45 45 45 45.0 0 0
EB90S1  45 115.2 83.7 144.8 99.1 105.1 45 91.1 36.6 40
EB92S1 83.6 85.7 78.4 78.4 180.2 87.8 108.7 100.4 36.7 36
EB92S2  45 45 45 45 60.8 45 45 47.3 6 13
EB94S1 45 45 45 45 45 45 45 45.0 0 0
EB107S1 226 217 188 280 216 225.4 33.7 15
EB108S1 267 206 233 239 281 245.2 29.5 12
EB113S1 343 351 318 304 281 319.4 28.6 9
EB115S1 158 261 215 162 229 205.0 44.4 22
EB119S1 130 138 142 251 210 174.2 53.6 31
MH1S1 193 259 253 275 243 214 183 231.4 35.1 15
MH1S2 257 246 246 262 245 220 207 240.4 19.8 8
MH8S1 511 494 374 357 324 412.0 84.8 21
MH8S2 295 269 261 301 265 278.2 18.4 7
MH17S1 376 348 280 418 342 352.8 50.6 14
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Sample ID 1 2 3 4 5 6 7 Mean SD RSD

 
MH17S2 120 192 92.8 146 162 142.6 38.1 27
MH24S1 181 157 194 216 204 190.4 22.7 12
MH25S1 123 127 125 74.2 94.4 91.3 98.8 104.8 20.4 20
MH30S1 244 280 294 296 268 276.4 21.4 8
MH31S1 215 184 234 213 218 212.8 18.1 9
ST2S1 45 45 45 45 45 45 45 45.0 0 0
ST3S1a 318 256 288 300 348 310 338 308.3 31.0 10
ST6S1a 117 183 98.9 127 130 174 136 138 30.2 22
ST22S1 130 134 145 182 148 182 123 149.1 24.0 16
ST22DS1 460 419 581 411 392 411 474 449.7 64.8 14
ST38S1 443 426 525 363 352 430 427 423.7 57.0 14
ST39S1 151 127 138 212 203 209 165 172.1 35.6 21
ST40S1 88.5 91.5 96.8 91.1 83.1 110 153 102.0 24.0 24
ST41S1 45 45 111 64.7 73.6 45 45 61.3 24.8 40
ST42S1a 83.4 45 65.6 82.5 68.4 100 45 70 20.4 29
ST42S1b 136 119 100 107 172 166 142 134.6 27.8 21
ST49S1 117 158 201 140 165 142 153 153.7 26 17
ST50S1 45 87 77 62.6 86.8 90.6 93.3 77.5 17.7 23
ST84(0-1) 45 45 45 45 45 45.0 0 0
ST84(0-3) 438 582 398 353 384 431.0 89.8 21
ST84S1 185 166 234 225 253 212.6 36 17
ST93S1(0-1) 191 263 242 220 250 233.2 28.3 12
ST93S1(0-3) 430 470 561 401 449 462.2 60.8 13
ST93S1(0-6) 1280 1330 1280 1260 1280 1286.0 26.1 2
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Table 4. Duplicates 
 
Sample ID XRF Value Mean          RPD 
    
EB33S1  11700 6306 171.10 
EB33S1D  911   
    
EB33S2  1780 1060 136.01 
EB33S2D  339   
    
EB34S-1 486 416 33.94 
EB34S-1D 345   
    
EB34S-2 71.4 58 45.36 
EB34S-2D 45   
    
EB44S-1 671 1101 78.06 
EB44S-1D 1530   
    
EB44S-2 708 402 152.41 
EB44S-2D 95.6   
    
EB1S-1 290 185 113.68 
EB1S-1D 79.8   
    
ST12S1 45 45 0.00 
ST12DS1 45   
    
ST22S1 246 346 57.80 
ST22DS1 446   
    
ST34S1 72.7 59 47.07 
ST34S1D 347  
   
ST34S2 45 61 51.24 
ST34S2D 76  
   
ST65S1 93.5 80 33.02 
ST65S1D 67  
   
ST65S2 96.1 71 72.43 
ST65S2D 45  
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