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1.0 INTRODUCTION 
 
This report presents a statistical evaluation of metals results for the Training Area T-38, Former 
Technical Escort Reaction Area, Parcel 186(6) (the Site) within McClellan, Anniston, Alabama 
(McClellan).  The statistical evaluation consisted of a multi-tiered approach (Tier 1, Tier 2 and 
Tier 3) to identify metals that may be present at elevated concentrations as a result of site-related 
activities.  Statistical evaluations were performed for the groundwater, surface water and seeps, 
sediment, surface and depositional soil, and subsurface soil data sets.  In the first step of the 
comparison, the maximum detected concentration (MDC) of each element was compared to two 
times the arithmetic mean of the background data (background screening value) reported by 
Science Applications International Corporation (SAIC, 1998).  Any metal that had a MDC 
greater than the background screening value was carried forward through the Tier 2 evaluation, 
which included the Wilcoxon Rank Sum Test and comparison to the corresponding background 
upper tolerance limit value (UTL) (also known as the Hot Measurement Test).  Analytical results 
for metals failing the Tier 2 evaluation were carried through the Tier 3 evaluation.  The Tier 3 
evaluation is a graphical assessment of relative concentrations of elements typically associated in 
soil.  The Tier 3 evaluation served as the final evaluation to identify metals having anomalously 
elevated concentrations.  Additional description of the multi-tiered statistical processes is 
provided in the following sections. 
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2.0 COMPARISON METHODOLOGY 
 
This section describes the statistical techniques that were employed in the site-to-background 
comparisons. 

2.1 Statistical Procedures 
Contamination can be caused by a variety of processes that yield different spatial distributions of 
elevated contaminant concentrations.  Slight but pervasive contamination can occur from non-
point-source releases, and can result in slight increases in contaminant concentrations in a large 
percentage of samples.  Localized, or “hot-spot,” contamination can result in elevated 
concentrations in a small percentage of the total number of site samples.  No single two-sample 
statistical comparison test is sensitive to both of these modes of contamination.  For this reason, 
the use of several simultaneous tests is recommended for a valid and complete comparison of site 
versus background distributions (U.S. Environmental Protection Agency [EPA], 1989, 1992, and 
1994; Navy, 2002). 
 
Analytes that fail the Tier 1 and Tier 2 comparisons are subject to Tier 3 evaluation to determine 
if the elevated concentrations are due to natural processes or if they represent potential 
contamination. 

2.1.1 Tier 1 
 
In the Tier 1 step of the background screening process, the MDC of the site data set is compared 
to the background screening value of two times the background mean (SAIC, 1998).  Elements 
for which the site MDC does not exceed the background screening value (BSV) are considered 
to be present at background concentrations, and are not considered site-related chemicals.  
Elements for which the site MDC exceeds the BSV undergo further evaluation (Tier 2). 

2.1.2 Tier 2 
 
Tier 2 consists of two complementary statistical tests: a) the Wilcoxon Rank Sum Test (WRS) 
and b) the hot measurement test.  These statistical tests are described in the following 
subsections.  Metals that fail either of these statistical tests are subjected to the Tier 3 evaluation.  
 
2.1.2.1 Wilcoxon Rank Sum Test 
 
The nonparametric WRS test is designed to detect a difference between the medians of two data 
sets, and has been recommended for use in site-to-background comparisons to identify slight but 
pervasive contamination (EPA, 2000; Navy, 2002).  The WRS test is performed when the site 
and background data sets each contain less than 50 percent nondetects (i.e., measurements 
reported as not detected below the laboratory reporting limit).  The WRS test is not performed on 
data sets containing 50 percent or more nondetects.  The medians of such data sets are unknown, 
and hence the test results would not yield reliable results. 
 
The WRS test compares two data sets of size n and m (n > m), and tests the null hypothesis that 
the samples are drawn from populations with distributions having the same medians.  To perform 
the test, the two sets of observations are pooled and arranged in order from smallest to largest.  
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Each observation is assigned a rank; that is, the smallest is ranked 1, the next largest is ranked 2, 
and so on up to the largest observation, which is ranked (n + m).  If ties occur between or within 
samples, each one is assigned the mid-rank.  Next, the sum of the ranks of smaller data set m is 
calculated.  Then the test statistic Z is determined,  
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Where: 
 
 W = Sum of the ranks of the smaller data set 
 m = Number of data points in smaller group 
 n  = Number of data points in larger group. 
 
P-Levels 
The test statistic Z is used to find the two-sided significance.  For instance, if the test statistic 
yields a probability of a Type I error (p-level) less than 0.2, then there is a statistically significant 
difference between the medians at the 80 percent confidence level.  A Type I error involves 
rejecting the null hypothesis when it is true.  If the p-level is greater than 0.2, then there is no 
reasonable justification to reject the null hypothesis at the 80 percent confidence level.  It can 
therefore be concluded that the medians of the two data sets are similar, and it can be assumed to 
be drawn from the same population. 
 
If the p-level is less than 0.2, then the medians of the two distributions are significantly different 
at the 80 percent confidence level.  This can occur if the site data are shifted higher or lower than 
the background data.  If the site data are shifted higher relative to background, then 
contamination may be indicated, and the analyte in question will be carried on for Tier 3 
geochemical evaluation; however, if the site data are shifted lower relative to background, then 
contamination is not indicated.  If the p-level is greater than 0.2, then pervasive site 
contamination is not suspected.   
 
Box Plots 
The box plot comparison is a graphical method recommended by the EPA to visualize and 
compare two or more sets of data (EPA, 1989 and 1992).  These plots provide a summary view 
of the entire data set, including the overall location and degree of symmetry.  Box plots provide a 
means to visually contrast and compare the distributional characteristics of observed values and 
are particularly useful when comparing many groups of data.  Box plots display the median, 25th 
percentile, 75th percentile, and values far removed from the rest.  The solid line drawn within the 
box indicates the median.  The ends of the box indicate the 25th and 75th percentiles 
(interquartile range).  The ‘whiskers’, extending from both ends of the box, indicate the highest 
and lowest values.  Nondetect results are set equal to one-half of the reporting limit for plotting 
purposes. 
 
For each analyte, box plots of site and background data are placed side by side to visually 
compare the distributions and qualitatively determine whether the data sets are similar or distinct.  
Accordingly, the box plots are a necessary adjunct to the WRS test.  As described previously, the 
WRS test may indicate that the medians of the site and background data sets are significantly 
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different.  Examination of the box plots identifies whether that difference is caused by site data 
that are shifted higher or lower relative to background.   
 
For this investigation, the p-levels and box plots were generated using the statistical analysis 
software STATGRAPHICS Plus®. 
 
2.1.2.2 Hot Measurement Test    
 
The hot measurement test consists of comparing each site measurement to a concentration value 
that is representative of the upper limit of the background distribution (EPA, 1994).  This test is 
performed in instances where the maximum site sample value is a nondetect or the percentage of 
nondetect sample values exceeds 50 percent.  For this test, a site sample with a concentration 
above the background screening value would, ideally, have a low probability of being a member 
of the background population, and would be an indicator of contamination.  It is important to 
select such a background screening value carefully so that the probability of falsely identifying 
site samples as contaminated or uncontaminated is minimized. 
 
The 95th upper tolerance limit (95th UTL) is recommended as a screening value for normally or 
lognormally distributed analytes and the 95th percentile is recommended as a screening value for 
nonparametrically distributed analytes (EPA, 1989, 1992, and 1994).  Site samples with 
concentrations above these values are not necessarily contaminated, but should be considered 
suspect.  To perform the test, each analyte’s site MDC is compared to the background 95th UTL 
or 95th percentile, in accordance with the type of background distribution.  If the site MDC 
exceeds the 95th UTL or 95th percentile as appropriate, then that analyte will undergo a Tier 3 
evaluation.   
 

2.1.3 Tier 3  
 
If an analyte fails either of the Tier 2 statistical tests described above, then the Tier 3 
geochemical evaluation is performed to identify if the elevated concentrations are caused by 
natural processes or elevated due to contamination.  Naturally occurring trace element 
concentrations in environmental media commonly exceed screening criteria.  Trace element 
distributions in uncontaminated soil tend to have very large ranges (two to three orders of 
magnitude are not uncommon), and are highly right-skewed, resembling lognormal distributions.  
These trace elements are naturally associated with specific soil-forming minerals, and the 
preferential enrichment of a sample with these minerals will result in elevated trace element 
concentrations.  It is thus important to be able to identify these naturally high concentrations and 
distinguish them from potential contamination. 
 
The geochemical evaluation takes into account relative proportions of metals in soils.  The 
method seeks to examine the suspect metal concentration relative to concentration of certain soil 
minerals that are thought to explain the presence of metals.  Geochemical association analysis is 
usually based on the association of suspected contaminant trace metals (i.e., metals that failed the 
Tier 2 evaluations) with non-contaminant (reference) metals.  Reference metals represent the 
minerals to which trace metals may be adsorbed.  Knowledge of natural geochemical conditions 
and relationships in the media is required to select suitable reference metals.  The relationship 
between two suspected contaminant trace metals may also be used to evaluate known trace metal 
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correlations (Navy, 2003).  The geochemical evaluation techniques that were employed in the 
site-to-background comparison for the Site are described below. 
 
2.1.3.1 Geochemical Assessment 
 
Geochemical processes transport and redistribute naturally occurring metals in the geologic 
environment.  Therefore, geochemical knowledge is essential to understand the origins of natural 
background chemicals in groundwater, soils, and sediments, and is particularly useful to 
differentiate between background metals and metals that may be associated with a chemical 
release (Navy, 2003).  The geochemical principles for each medium are discussed below. 
 
Groundwater, Surface Water and Seeps 
Elevated concentrations of metal constituents in groundwater and surface water may be due to 
naturally high dissolved concentrations, the presence of suspended particulates in the samples, 
reductive dissolution, or contamination resulting from site-related activites.  More than 90 
percent of the dissolved solids in groundwater are composed of the following major ions: 
calcium, magnesium, potassium, and sodium (cations); and sulfate, chloride, bicarbonate, and 
carbonate (anions).  Under natural conditions, metal concentrations are commonly controlled 
through adsorption on suspended particulates.  The most common suspended particulates in 
groundwater are clay minerals and iron oxides (Navy, 2004).   
 
Aluminum is a primary component of clay minerals and is a good reference metal because it is 
not sensitive to redox conditions and has low solubility over the neutral pH range (6 to 8).  
Aluminum does become soluble at pH conditions < 4 and > 9.  Measured concentrations of 
aluminum greater than approximately 1 milligram per liter (mg/L) indicate the presence of 
suspended clay minerals; the higher the aluminum concentration, the greater the mass of 
suspended clay minerals in the sample (Shaw, 2005).  Samples containing trace metals adsorbed 
on suspended clay particulates should show a positive linear correlation with aluminum on the 
regression plots. 
 
Iron oxides have low solubilities under neutral pH conditions.  However, iron is redox sensitive 
and its dissolved concentrations will increase under reducing conditions.  Iron concentrations 
greater than 1 mg/L under neutral pH and moderate to oxidizing conditions indicate the presence 
of suspended iron oxides.  Manganese can be used as a reference metal if there is enough 
manganese present in the soil to form discrete manganese oxides.  Manganese is similar to iron 
in that it is soluble under reducing conditions and has low solubility under oxidizing conditions.  
However, soluble Mn+2 will appear prior to Fe+2 upon progressive lowering of the redox 
potential (ORP) in groundwater (Strumm, et al., 1970).  Therefore, manganese can be a more 
sensitive indicator of local redox depressions than iron.  Samples containing trace metals 
adsorbed on suspended iron oxides (or manganese oxides) should show a positive linear 
correlation with iron (or manganese) on the regression plots. 
 
The effects of suspended particulates can be assessed by evaluating metals vs turbidity 
correlations, metal vs total suspended solids (TSS) correlations, and the comparison of filtered vs 
unfiltered samples.  Evaluations of turbidity and TSS measurements can aid in confirming 
conclusions drawn from the evaluation of trace metal vs reference metal correlations.  However, 
turbidity and TSS measurements are qualitative and cannot distinguish between suspended clay 
minerals, iron oxides, manganese oxides, or natural organic material.  Comparisons of filtered 
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versus unfiltered splits of samples are highly informative and permit the identification of metals 
that are present as suspended particulates versus those that are in solution.  A positive linear 
correlation on the regression plots may indicate that elevated metal concentrations in site 
samples are associated with suspended particulates and is naturally occurring. 
 
Iron and manganese in groundwater are subject to reductive dissolution effects.  The presence of 
hydrocarbon fuels or chlorinated solvents (which can cause reducing conditions by anaerobic 
microbial degradation of the organics) can drive the dissolution of iron and manganese oxides 
when the redox potential drops below a threshold value.  Dissolution of these oxides can 
mobilize the trace elements that were adsorbed to them.  Low redox conditions can be identified 
by local depressions in ORP or dissolved oxygen (DO) measurements, or the presence of 
reducing gases such as hydrogen, methane, ethane, or ethene.  Reducing conditions may also be 
indicated by the presence of chlorinated solvents cis-1,2-dichloroethene or vinyl chloride 
(reductive products of trichloroethene or tetrachloroethene).  Evidence for reductive dissolution 
includes correlation between elevated trace metals vs lower redox conditions and low 
aluminum/iron ratios.  Iron and aluminum are usually highly correlated in oxic groundwater 
because they are both insoluble and are present as suspended particulates at a fairly constant 
ratio.  Reducing conditions will cause a lower aluminum/iron ratio because iron becomes soluble 
under reducing conditions when aluminum does not.  Because manganese has similar redox 
behavior as iron, low aluminum/manganese ratios may also be evidence for reductive 
dissolution.  
 
Calcium and magnesium are major dissolved constituents in groundwater and surface water, 
derived from the weathering of carbonate and silicate minerals.  Their concentrations often 
correlate in uncontaminated samples. 
 
Soil and Sediment 
The metals that occur naturally in soils and sediments originate in the rocks that form the earth’s 
crust.  The types and concentrations of soil and sediment background metals depend primarily on 
the composition of the parent rocks and their component minerals from which they were derived.  
Ten chemical elements (oxygen, silicon, aluminum, iron, calcium, sodium, potassium, 
magnesium, titanium, and phosphorus) account for more than 99% of the mass of the earth’s 
crust.  Elements classified as heavy metals (including antimony, arsenic, cadmium, chromium, 
cobalt, copper, lead, manganese, mercury, molybdenum, nickel, selenium, silver, tin, thallium, 
vanadium, and zinc) most commonly occur as trace constituents of the principal rock-forming 
minerals.  However, heavy metals may be highly concentrated in ore minerals such as galena 
(lead) and cinnabar (mercury).  Different types of rocks can have very different average metals 
concentrations and ranges (Navy, 2003).  
 
Rocks are classified as igneous, sedimentary, or metamorphic.  Sedimentary rocks account for 
approximately 75 percent of the rocks exposed on the earth’s surface, and therefore, are the most 
common parent rocks for soil formation.  Sedimentary rocks are formed by lithification 
(consolidation into rock) of sediments.  These sediments can include fragments of igneous rocks 
and resistant primary minerals, secondary minerals such as clays, or chemical precipitates such 
as calcium carbonate.  Erosion of previously formed sedimentary rocks is also a very important 
source of new sediments.  The physical and chemical redistribution that occurs during 
sedimentary processes can concentrate elements within rocks composed of only one mineral, or 
simple assemblages of minerals.  For example, aluminum is concentrated in bauxite; iron is 

Q:\03.094.007 (Ft McClellan FY04 Projects)\14 T-38\RFI\Draft RFI Report\Appendices\Appendix E\T-38 RFI_Appendix E.doc E-6 



Training Area T-38, Former Technical Escort Reaction Area, Parcel 186(6) 
Appendix E 

concentrated in sedimentary oxides, carbonates, and silicates; calcium is concentrated in 
limestone and gypsum; and high concentrations of sodium and potassium occur in evaporates 
(sediments deposited when salts precipitate from surface waters).  Physical processes can lead to 
separation of minerals based on density (i.e., sorting by gravity) and resistance to dissolution and 
disintegration.  Chemical processes including precipitation and sorption are important causes of 
mineral segregation in sedimentary rocks.  Preferential precipitation due to differences in 
solubility and redox conditions may segregate minerals and chemical elements in layered 
sedimentary rocks.  For example, manganese is precipitated in sedimentary environments under 
oxidizing conditions.  Vanadium may be precipitated under reducing conditions, because it tends 
to be less soluble in its lower oxidation state (Navy, 2003). 
 
Metal concentrations in sedimentary rocks depend on the mineralogy of the sediments, the metal 
concentrations in the water in which the sediments were deposited, and the sorptive properties of 
the mineral grains.  Sandstones consist primarily of quartz grains and usually have very low 
metal concentrations because trace metals do not readily substitute for silicon atoms in the 
crystal matrix and the sand grains have very low sorptive capacities.  Fine-grained sedimentary 
rocks tend to be enriched in metals due to adsorption of cations to clay and fine-grained organic 
matter.  For example, shale (the sedimentary rock that forms when clay is lithified) tends to have 
relatively high concentrations of heavy metals.  Black shales, which contain both clay and 
organic particles, tend to have even higher concentrations of heavy metals due to the additional 
sorptive capacity provided by the organic matter.  Sedimentary rocks containing organic matter 
tend to be enriched in heavy metals including arsenic, cobalt, copper, nickel, molybdenum, and 
vanadium.  Soils and sediments formed by weathering and erosion of these sedimentary rocks 
also will have elevated metal concentrations (Navy, 2002 and 2003). 
 
Soils and sediments are formed by the gradual breakdown of the rocks that form the earth’s crust 
through physical and chemical weathering processes.  Physical weathering refers to the 
mechanical disintegration of rock by natural forces.  Chemical weathering, the most important 
process in soil and sediment formation, mobilizes the chemical elements that make up rock-
forming minerals.  Chemical weathering reactions include dissolution, hydration, oxidation, and 
acid titration, all of which occur in the presence of water.  Acid titration dissolves and mobilizes 
metallic cations within minerals and replaces them with hydrogen ions supplied by natural 
carbonic and organic acids in water flowing over and through the rock.  The removal of metallic 
cations alter the primary rock-forming minerals, forming secondary minerals that are depleted in 
metals.  Because aluminum is relatively stable compared to the other metals within the primary 
minerals, cation replacement tends to convert the primary minerals to aluminosilicates (e.g., clay 
minerals).  Metals removed from the primary minerals are transported in solution until they 
precipitate as metal oxides and hydroxides, or are adsorbed onto the surface of clay and organic 
particles (Navy, 2003). 
 
Soil is composed of four basic components: inorganic (i.e., mineral) material derived from the 
parent rock, organic material, air and water.  Sediments consist of three basic components: 
inorganic material (which includes remnants of the original parent rock and secondary minerals 
formed through weathering), organic material, and porewater (the water fraction that fills the 
pore space between sediment grains).  The inorganic fraction typically makes up the greatest 
portion of the overall soil and sediment mass and includes remnants of the original parent rock 
and secondary minerals formed through weathering.  Mineral grain sizes in most soils and 
sediments are predominantly in the sand, silt, and clay ranges.  The organic fraction of soil and 
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sediment is composed of plants and animals (including microorganisms) that cycle chemical 
nutrients within the soil and sediment, the waste products released from plants and animals, and 
their dead remains.  For sediments, the water fraction fills the pore space between sediment 
grains and dissolved chemicals are transported through the pore spaces between the sediment 
grains; dissolved oxygen and carbon dioxide are used by sediment organisms and affect redox 
conditions and pH within the sediment deposits.  For soils, the water fraction fills the pore spaces 
between the minerals and organic compounds in the soil; and the air fraction fills pore space not 
occupied by water.  Oxygen and carbon dioxide are used by soil organisms and affect redox 
conditions and pH within the soil (Navy, 2002 and 2003).  
 
Chemical properties of soil and soil water, and sediment particles and the surrounding aqueous 
phase strongly influence the distribution of metals in soil and sediment, as described below 
(Navy, 2002 and 2003): 
• Low pH (acidic) conditions tend to dissolve and mobilize metals, whereas high pH (basic) 

conditions favor metal precipitation, resulting in increased metals concentrations in the soil 
and sediment.  The pH also affects the electric charge on the surface of mineral particles.  
Within the normal pH range (6 to 8), clay particles have a strongly negative net surface 
charge, and therefore, attract positively charged metal ions. 

• Redox conditions in the soil and in the aqueous phase of sediments affect the solubility and 
transport of metals. Under reducing conditions, most metallic ions tend to remain in solution, 
and therefore, are relatively mobile. Under oxidizing conditions, metallic ions are oxidized 
(i.e., they lose electrons) and tend to combine with nonmetallic ions (e.g., oxygen); these 
combined ions often form compounds that precipitate out of solution. 

• Ionic strength affects the tendency of metals to precipitate out of solution.  A solution with 
high ionic strength has a high concentration of dissolved salts.  Salts dissociate into ions in 
solution.  The major cations formed when common salts dissociate are potassium, sodium, 
and calcium.  The major anions are chloride, sulfate, carbonate, and bicarbonate.  If the ionic 
strength of pore water is high (e.g., seawater), metallic ions will tend to remain in solution.  If 
the ionic strength of pore water is low (e.g., fresh water), metals will tend to precipitate out 
of solution resulting in higher concentrations in the soil and sediment.  

• Soils and sediments with high total organic carbon (TOC) (organic material) will tend to 
have higher metal concentrations due to higher sorptive capacity. 

• Metals with high solubilities will tend to remain mobile in the aqueous phase, whereas low-
solubility metals will accumulate in sediments as they precipitate out of solution and sorb to 
fine-grained sediment particles. 

 
Concentrations of naturally occurring metals are closely related to soil mineralogy and particle 
size.  Extremely fine-grained soil particles, including clay minerals and organic matter, have 
greater sorption capacity (ability to attract ions) than large particles such as sand.  Therefore, 
metal concentrations in soil tend to be inversely proportional to grain size.  The rate and extent of 
adsorption increases as the surface area of the sorptive medium increases.  Therefore, fine-
grained media (e.g., clays), which have higher surface area/mass ratios, have relatively greater 
sorption capacities than coarse-grained media (e.g., sand) that have low surface area/mass ratios.  
In addition to large surface area/mass ratios, clays and organic colloids tend to be highly charged 
relative to their surface areas.  Therefore, soils with high concentrations of clay minerals or 
organic colloids are likely to have relatively high metal concentrations.  Silts tend to have 
moderate sorption capacity and metal concentrations, whereas sands and gravels have low 
sorption capacity and relatively low metal concentrations (Navy, 2002). 
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Vegetation also can affect the distribution of background metals in soil.  Some metals, including 
silver, arsenic, cadmium, copper, mercury, lead, antimony, and zinc, can be significantly 
concentrated in surface soils due to uptake by plants and adsorption by organic matter.  
Differences in vegetation density on the Site can be useful to identify geochemical relationships 
for background analysis. 
 
Soil background metals usually occur in groups.  In rocks of the same type, certain groups of 
analytes are often highly correlated; i.e., their concentration ratios tend to be relatively constant.  
In addition, although their concentrations may vary considerably among different rock types, 
certain elements still tend to be correlated. For example, nickel/chromium concentration ratios 
tend to be relatively constant among rocks classified as granite, shale, clay, and basalt.  
Elemental correlation (such as nickel and chromium) is common for many pairs and groups of 
metals, and therefore, provides a useful tool for background analysis.  If correlation exists, 
background ranges of metals can be defined based on the relatively constant ratios of one metal 
to another.  If a metal is found at an elevated concentration that does not fit the background ratio, 
a chemical release may be suspected (Navy, 2002).   
 
The electronic structure and chemical properties of the metals, as reflected in the periodic table, 
can be useful to predict the distribution and association of metals in geologic materials.  Metals 
with the ability to substitute for each other in the crystalline structure of minerals are commonly 
associated in the geological environment.  This substitution is governed by the ionic charge, 
ionic radius, and electronegativity of the major element and the trace element replacing it (Navy, 
2002). 
 
Suitable reference metals can be identified only after carefully evaluating the relationship 
between a potential reference metal and a suspected contaminant.  The selection of reference 
metals may also depend on the geologic characteristics of the site. 
 
Aluminum, iron, calcium, and magnesium are major components of the minerals that form the 
rocks of the earth’s crust, and therefore, are major constituents of most soils and sediments.  
Unless a release is suspected at a site, concentrations of these metals will most likely be within 
the background range (Navy, 2002 and 2003). 
 
Aluminum is a good reference metal for background analysis in soils and sediments because 
concentrations of certain metals in natural (uncontaminated) soils and sediments are often 
directly proportional to aluminum concentrations.  In addition, aluminum is the most abundant 
naturally occurring metal, is highly refractory (i.e., resistant to weathering), and its 
concentrations are generally not influenced by chemical releases.  Because clay minerals have a 
strong affinity for metallic cations, metal concentrations in soils and sediments that contain large 
quantities of clay often tend to be a function of aluminum concentrations (Navy, 2003). 
 
Reference metals other than aluminum can also be used for background analysis.  In some 
environments, iron can be used as a reference metal.  Weathering of rocks with high iron 
concentrations (e.g., basalts) results in the formation of stable clay minerals and iron oxides that 
also tend to adsorb other metals.  However, iron is more reactive than aluminum and tends to be 
remobilized in reducing environments.  Iron and aluminum in soil tend to concentrate in the finer 
grain size fractions as oxide and clay minerals, respectively.  Concentrations of iron and 
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aluminum may vary from sample to sample based on grain size, but they are usually present at a 
fixed ratio.  Site-related activities may result in iron contamination from rust or machinery.  Site 
samples that exhibit anomalously high iron/aluminum ratios may indicate iron contamination, 
therefore, iron would not be a suitable reference metal.  The evaluation of iron vs aluminum can 
aid in determining whether there is iron contamination at the site.  If a strong correlation between 
iron and aluminum is observed, iron may be a suitable reference metal (Navy, 2002 and 2003). 
 
The concentrations of aluminum, iron, and manganese serve as qualitative indicators of the 
amounts of clay, iron oxide, and manganese oxide minerals in soil samples.  Anions (such as 
arsenic, selenium, and vanadium) have an affinity to adsorb on iron oxides, which tends to 
maintain a net positive surface charge.  Divalent cations (such as barium, cadmium, lead, and 
zinc) have an affinity to adsorb on clay minerals, which tends to maintain a net negative surface 
charge.  Manganese oxides have an affinity for divalent cations (such as barium, cobalt, and 
lead).  In instances where manganese oxides are present, manganese may also be used as a 
reference metal.  Some trace metals have very strong affinities for a particular type of mineral, 
whereas other metals (e.g. chromium) will partition themselves between several minerals.  Some 
metals are more selective than others with respect to adsorption on specific mineral surfaces 
dependent on conditions such as pH, redox conditions, and concentrations of competing metals 
(Shaw, 2005). 
 
Calcium and magnesium are primary constituents in limestone and dolomite, which are 
composed of calcium carbonate and calcium/magnesium carbonate minerals, respectively.  
Positive correlations between calcium and magnesium are thus commonly observed in 
uncontaminated soils.  
 
Site History 
The site-specific history and geology of the Site can assist in establishing what analyte 
associations to expect when conducting the geochemical association analysis.  The fenced area at 
the crest of Reservoir Ridge, within Parcel 186(6), was used for training technical escort 
personnel in chemical munition handling techniques.  This area was also used for storage of toxic 
agents and munitions, and decontaminants.  Artillery shell tapping (phosgene-filled mortar 
rounds), CWM transfer training, and filling of aerial smoke tanks were also conducted at the 
Site.  Decontamination agents that may have been used in the area are inorganic or organic 
materials that contained chlorine for use as an oxidizing or chlorinating agent.  Inorganic 
materials included bleach, calcium hypochlorite, and chlorine gas. 
 
Rocks comprising Reservoir Ridge and Training Area T-38 include Shady Dolomite, 
Floyd/Athens Shale, Little Oak and Newala Limestone, and the Chilhowee Group.  The Shady 
Dolomite at the Site consists of chert and dolomite pebbles and a lesser amount of sand and 
sandstone.  Rocks of the Shady Dolomite typically consist of hard, fractured, light gray dolomite 
with some pyrite and, occasionally, fractured, pale greenish yellow or purple brown shale.  The 
Chilhowee Group shows an increase to high occurrence of gravel, sand, sandstone, and quartzite.  
The Chilhowee Group bedrock consists of very hard, fractured light gray quartzite.  The 
Floyd/Athens shale typically consists of moderately hard, fissile, highly to intensely fractured, 
gray to black shale with contorted calcite veins.  The Little Oak/Newala Limestone consists of 
hard fractured, gray dolomitic limestone with occasional intervals of gray calcareous shale. 
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2.1.3.2 Statistical Tests 
 
The Tier 3 geochemical evaluation consisted of two types of tests used in conjunction to aid in 
identifying metal contaminants.  These tests are described as follows. 
 
Regression (Scatter) Plots 
The Tier 3 evaluation is performed by first constructing scatter plots of two metals showing 
statistical associations or correlations.  The scatter plot provides a graphic representation of the 
characteristics and strength of the relationship between two metals.  In order to establish a 
reliable and defensible estimate of the background concentration range, a strong geochemical 
relationship between two metals should be identified.  The evaluation includes the generation of 
plots in which detected concentrations of the suspected contaminant metal are plotted on the y-
axis, and the corresponding detected concentrations of the reference metal are plotted on the x-
axis.  The method can be used with as few as three data points (i.e., three concentration values 
for each of two metals) (Navy, 2002), however, to obtain a more robust statistical evaluation a 
minimum of four points were used for this investigation.  Plots with p-values less than 0.01 
indicate a statistically significant relationship between the two metals at the 99% confidence 
level.  Correlation exists between the two metals plotted if the data tend to occur along or near a 
straight line.  Linear regressions were used to plot the best-fit straight line through the data.  
Prediction limits plotted alongside the linear regression are useful for identifying elevated metal 
concentrations that may be site related.  A 95 percent prediction limit is the range within which 
the y-value (suspected contaminant metal) that corresponds to a given x-value (reference metal) 
is predicted to fall 95 percent of the time.  The slope of a best-fit line through the samples is 
equal to the average metal/metal ratio.  If the metal concentrations plot on the same linear trend, 
then it is most probable that the observed concentrations are natural.  If an individual site sample 
concentration plots above the trend displayed by the uncontaminated samples, then there is 
evidence that the sample has an excess metal contribution.   
 
Because metal concentrations in natural rocks, soils, and sediments generally tend to be 
lognormally distributed (Navy, 2003), the linear regression plots were constructed with respect to 
a log scale.  A log scale regression plot tends to make outliers (i.e., data points that do not fit the 
background population distribution) more visible.  For this investigation, the scatter plots were 
generated using the statistical analysis software STATGRAPHICS Plus®. 
 
The scatter plots were first assessed by ascertaining whether the two metals had a statistically 
significant relationship.  The scatter plots were then examined and interpreted by looking at the 
overall pattern of the relationship and for any deviations (i.e., outliers) from the pattern.  The 
overall pattern can be described in terms of form (e.g. linear relationship), direction (e.g. slope of 
the best-fit line through the data), and strength (e.g., degree of correlation).  The data points that 
fit the overall pattern are likely to represent natural concentrations of the suspected contaminant 
metal, whereas the outliers are part of a separate population and are likely to represent 
contamination.  The highest concentration that fits the linear relationship represents the estimated 
upper bound of the background concentration range; i.e., the estimated upper bound of the 
background range is the concentration value associated with the highest data point within the 
95% prediction interval. Data points outside the 95% prediction interval and with concentrations 
greater than the maximum concentrations inside the 95% prediction interval are considered 
outliers. Data points outside the 95% prediction interval but with concentrations equal to or less 
than the maximum concentrations inside the 95% prediction interval are not considered outliers.  
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The strength of the relationship is shown by the correlation coefficient and by looking at the 
linear relationship.  A linear relationship is considered strong if the data points lie close to the 
regression line, whereas, the relationship is considered weak if they are widely scattered about 
the line.  The correlation coefficient is used primarily to quantify the strength of the relationship.  
The correlation coefficients for each metal pair were tabulated to determine which metal pairs 
showed the highest correlation.  If there is a strong correlation between two metals (i.e. greater 
than or equal to 0.5), the relationship may be evaluated for the geochemical association 
background analysis (Navy, 2003). 
 
Regression plots between suspected contaminant metal concentrations and reference metal 
concentrations are constructed first.  A strong correlation between a suspected contaminant metal 
and a reference metal is a strong indication that the suspected contaminant metal is present at 
background levels.  It may be necessary to construct two or more scatter plots using different 
reference metals to identify a strong relationship that can be used to estimate the background 
range of the suspected contaminant metal.  Regression plots between suspected contaminant 
metals are then conducted.  If two suspected contaminant metals are associated, the geochemical 
factors that may result in their association in the natural environment is evaluated.  High metal 
concentrations that do not fit an observed strong relationship are likely to represent 
contamination (Navy, 2002).   
 
Site-to-Background Comparison Ratio Plots 
Site samples with a trace metal present as a contaminant will exhibit anomalously high trace-
versus (vs)-reference metal ratios compared to background trace-vs-reference metal ratios.  
However, these elevated ratios may not always be apparent in correlation plots.  Therefore, ratio 
plots, that display trace metal concentrations for site and background samples on the y-axis and 
the trace/reference metal ratios on the x-axis, are used in conjunction with the correlation 
(regression) plots to aid in identifying metal contaminants.  Ratio plots assist in identifying 
samples with anomalously high ratios relative to the background.   
 
Theoretically, the result of the ratio calculation would be the same in the samples, causing the 
background data to plot as a narrow vertical line.  Any data that plotted to the right of the narrow 
vertical line would be considered as having an enriched ratio, indicative of site-related 
contamination.  Data plotted to the left of the vertical line would indicate consistency with the 
background (i.e., natural conditions).  However, it is more common for the data to plot as a broad 
cluster, not as a narrow line.  Therefore, the vertical line was drawn through the highest 
background sample result, consistent with the approach used by Shaw Environmental (EPA, 
2005).  Site samples that fell to the right of the vertical line drawn through the maximum ratio in 
the background data were recognized as site-related.  Site samples that fell to the left of the 
vertical line drawn through the maximum ratio in the background data were recognized as 
naturally occurring. 
 
The ratio plots were used in conjunction with the correlation (regression) plots to aid in 
identifying metal contaminants.  Site samples that plotted above the trend on the regression plots 
and to the right of the vertical line on the ratio plots for the same trace to reference metal 
comparisons were considered to be contaminants at the Site.   
 

Q:\03.094.007 (Ft McClellan FY04 Projects)\14 T-38\RFI\Draft RFI Report\Appendices\Appendix E\T-38 RFI_Appendix E.doc E-12 



Training Area T-38, Former Technical Escort Reaction Area, Parcel 186(6) 
Appendix E 

3.0 RESULTS OF THE TIER 1 AND TIER 2 EVALUATIONS 
 
This section presents the results of the site-to-background comparisons for 23 metals in the 
groundwater, surface water and seeps, sediment, surface soil, and subsurface soil at the Site.     

3.1 Groundwater 
Twenty-three metals were evaluated in the groundwater data set.  The historical analytical results 
for the metals detected in the groundwater samples at the Site are presented in Table E3-1.   
Table E3-2 presents a summary of the Tier 1 and Tier 2 evaluations results.   

3.1.1 Tier 1 Evaluation Results for Groundwater 
The MDCs for arsenic, cadmium, copper, silver, vanadium and zinc were either not detected or 
below their respective background screening values (BSVs). Accordingly, these metals pass the 
Tier 1 evaluation and were not carried forward to the Tier 2 evaluation.  The remaining 17 metals 
were carried forward to the Tier 2 evaluations.    

3.1.2 Tier 2 Evaluation Results for Groundwater 
Table E3-2 summarizes the groundwater statistical site to background comparison results.  The 
box plots for groundwater (Figures E1-1 to E1-3) are provided in Attachment E1.  The following 
text summarizes results of statistical evaluations performed for the Tier 2 evaluation.  
 
Aluminum 
Aluminum is considered to be an essential macronutrient with minimal human or ecological 
toxicity.  Most organisms have mechanisms designed to regulate nutrient fluxes within their 
systems; therefore, these nutrients are generally only toxic at very high concentrations.  Essential 
macronutrients were considered to be site-related only if they were present in site samples at 
concentrations greater than ten times the BSV.  Because aluminum was below ten times the 
BSV, it was not carried forward to the Tier 2 or Tier 3 evaluations. 
 
Antimony 
WRS Test:  The WRS test was not performed because the site and background data sets 
contained more than 50% percent nondetects.   
 
Hot Measurement Test:  The site MDC for antimony (0.0601 mg/L) exceeded the background 
95th percentile (0.005 mg/L). 
 
Conclusion:  Because antimony in groundwater failed the hot measurement test, it was carried 
forward to the Tier 3 evaluation. 
 
Barium 
WRS Test:  The p-level of 0.007 indicates a statistically significant difference exists between the 
site median and background at the 80 percent confidence level.  The box plot showed the site 
MDC was greater than the maximum background value, and the site median was slightly greater 
than the background median (Figure E1-1). 
 
Hot Measurement Test:  The site MDC for barium (1.05 mg/L) exceeded the background 95th 
percentile (0.426 mg/L). 
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Conclusion:  Because barium in groundwater failed the WRS and hot measurement tests, it was 
carried forward to the Tier 3 evaluation. 
 
Beryllium 
WRS Test:  The WRS test was not performed because the site and background data sets 
contained more than 50% percent nondetects. 
 
Hot Measurement Test:  The site MDC for beryllium (0.00413 mg/L) exceeded the background 
95th percentile (0.0024 mg/L). 
 
Conclusion:  Because beryllium in groundwater failed the hot measurement test, it was carried 
forward to the Tier 3 evaluation. 
 
Calcium 
Calcium is considered to be an essential macronutrient with minimal human or ecological 
toxicity.  Most organisms have mechanisms designed to regulate nutrient fluxes within their 
systems; therefore, these nutrients are generally only toxic at very high concentrations.  Essential 
macronutrients were considered to be site-related only if they were present in site samples at 
concentrations greater than ten times the BSV.  Because calcium was below ten times the BSV, it 
was not carried forward to the Tier 2 or Tier 3 evaluations. 
 
Chromium 
WRS Test:  The WRS test was not performed because the site and background data sets 
contained more than 50% percent nondetects. 
 
Hot Measurement Test:  The site MDC for chromium (0.0595 mg/L) exceeded the background 
95th percentile (0.0084 mg/L). 
 
Conclusion:  Because chromium in groundwater failed the hot measurement test, it was carried 
forward to the Tier 3 evaluation. 
 
Cobalt 
WRS Test:  The WRS test was not performed because the site and background data sets 
contained more than 50% percent nondetects. 
 
Hot Measurement Test:  The site MDC for cobalt (0.048 mg/L) exceeded the background 95th 
percentile (0.0144 mg/L). 
 
Conclusion:  Because cobalt in groundwater failed the hot measurement test, it was carried 
forward to the Tier 3 evaluation. 
 
Iron 
Iron is considered to be an essential macronutrient with minimal human or ecological toxicity.  
Most organisms have mechanisms designed to regulate nutrient fluxes within their systems; 
therefore, these nutrients are generally only toxic at very high concentrations.  Essential 
macronutrients were considered to be site-related only if they were present in site samples at 
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concentrations greater than ten times the BSV.  Because iron was below ten times the BSV, it 
was not carried forward to the Tier 2 or Tier 3 evaluations. 
 
Lead 
WRS Test:  The WRS test was not performed because the site and background data sets 
contained more than 50% percent nondetects. 
 
Hot Measurement Test:  The site MDC for lead (0.0153 mg/L) was below the background 95th 
percentile (0.0217 mg/L). 
 
Conclusion:  Because lead in groundwater passed the hot measurement test, it was not carried 
forward to the Tier 3 evaluation. 
 
Magnesium 
Magnesium is considered to be an essential macronutrient with minimal human or ecological 
toxicity.  Most organisms have mechanisms designed to regulate nutrient fluxes within their 
systems; therefore, these nutrients are generally only toxic at very high concentrations.  Essential 
macronutrients were considered to be site-related only if they were present in site samples at 
concentrations greater than ten times the BSV.  Because magnesium was below ten times the 
BSV, it was not carried forward to the Tier 2 or Tier 3 evaluations. 
 
Manganese 
WRS Test:  The p-level of 0.047 indicates a statistically significant difference exists between the 
site median and background at the 80 percent confidence level.  The box plot showed the site 
median was slightly greater than the background median, and the site MDC was slightly lower 
than the maximum background value (Figure E1-2). 
 
Hot Measurement Test:  The site MDC for manganese (5.37 mg/L) exceeded the background 
95th percentile (0.803 mg/L). 
 
Conclusion:  Because manganese in groundwater failed the WRS and hot measurement tests, it 
was carried forward to the Tier 3 evaluation. 
 
Mercury 
WRS Test:  The WRS test was not performed because the site and background data sets 
contained more than 50% percent nondetects. 
 
Hot Measurement Test:  The site MDC for mercury (0.000435 mg/L) exceeded the background 
95th percentile (0.0002 mg/L). 
 
Conclusion:  Because mercury in groundwater failed the hot measurement test, it was carried 
forward to the Tier 3 evaluation. 
 
Nickel 
WRS Test:  The WRS test was not performed because the site and background data sets 
contained more than 50% percent nondetects. 
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Hot Measurement Test:  The site MDC for nickel (0.124 mg/L) exceeded the background 95th 
percentile (0.0163 mg/L). 
 
Conclusion:  Because nickel in groundwater failed the hot measurement test, it was carried 
forward to the Tier 3 evaluation. 
 
Potassium 
WRS Test:  The p-level of 2.798E-7 indicates a statistically significant difference exists between 
the site median and background at the 80 percent confidence level.  The box plot showed the site 
MDC and median were greater than the corresponding background values (Figure E1-3). 
 
Hot Measurement Test:  The site MDC for potassium (347 mg/L) exceeded the background 95th 
percentile (10.1 mg/L). 
 
Conclusion:  Because potassium in groundwater failed the WRS and hot measurement tests, it 
was carried forward to the Tier 3 evaluation. 
 
Selenium 
WRS Test:  The WRS test was not performed because the site and background data sets 
contained more than 50% percent nondetects. 
 
Hot Measurement Test:  The site MDC for selenium (0.00574 mg/L) was below the background 
95th percentile (0.00941 mg/L). 
 
Conclusion:  Because selenium in groundwater passed the hot measurement test, it was not 
carried forward to the Tier 3 evaluation. 
 
Sodium 
Sodium is considered to be an essential macronutrient with minimal human or ecological 
toxicity.  Most organisms have mechanisms designed to regulate nutrient fluxes within their 
systems; therefore, these nutrients are generally only toxic at very high concentrations.  Essential 
macronutrients were considered to be site-related only if they were present in site samples at 
concentrations greater than ten times the BSV.  Because sodium was below ten times the BSV, it 
was not carried forward to the Tier 2 or Tier 3 evaluations. 
 
Thallium 
WRS Test:  The WRS test was not performed because the site and background data sets 
contained more than 50% percent nondetects. 
 
Hot Measurement Test:  The site MDC for thallium (0.00802 mg/L) exceeded the background 
95th percentile (0.005 mg/L). 
 
Conclusion:  Because thallium in groundwater failed the hot measurement test, it was carried 
forward to the Tier 3 evaluation. 
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3.2 Surface Water and Seeps 
Twenty-three metals were evaluated in the surface water and seeps data set.  The historical 
analytical results for the metals detected in the surface water and seep samples at the Site are 
presented in Table E3-3.  Table E3-4 presents a summary of the Tier 1 and Tier 2 evaluations 
results.  

3.2.1 Tier 1 Evaluation Results for Surface Water and Seeps 
The MDCs for aluminum, antimony, arsenic, cadmium, cobalt, copper, iron, lead, magnesium, 
manganese, mercury, nickel, potassium, selenium, silver, sodium, vanadium and zinc were either 
not detected or below their respective BSVs.  Accordingly these metals pass the Tier 1 
evaluation and were not carried forward to the Tier 2 evaluation.  The remaining five metals 
were carried forward to the Tier 2 evaluations.    

3.2.2 Tier 2 Evaluation Results for Surface Water and Seeps 
Table E3-4 summarizes the surface water statistical site to background comparison results.  The 
box plot (Figure E2-1) for surface water is provided in Attachment E2.  The following text 
summarizes results of statistical evaluations performed for the Tier 2 evaluation.  
 
Barium 
WRS Test:  The p-level of 0.206 indicates good agreement between the site and background 
distributions.  The box plot showed the site median was only slightly greater than the background 
median, and the site MDC was lower than the maximum background value (Figure E2-1). 
 
Hot Measurement Test:  The site MDC for barium (0.0892 mg/L) was below the background 95th 
percentile (0.108 mg/L). 
 
Conclusion:  Because barium in surface water and seeps passed the WRS and hot measurement 
tests, it was not carried forward to the Tier 3 evaluation. 
 
Beryllium 
WRS Test:  The WRS test was not performed because the site and background data sets 
contained more than 50% percent nondetects. 
 
Hot Measurement Test:  The site MDC for beryllium (0.00216 mg/L) exceeded the background 
95th percentile (0.000343 mg/L). 
 
Conclusion:  Because beryllium in surface water and seeps failed the hot measurement test, it 
was carried forward to the Tier 3 evaluation. 
 
Calcium 
Calcium is considered to be an essential macronutrient with minimal human or ecological 
toxicity.  Most organisms have mechanisms designed to regulate nutrient fluxes within their 
systems; therefore, these nutrients are generally only toxic at very high concentrations.  Essential 
macronutrients were considered to be site-related only if they were present in site samples at 
concentrations greater than ten times the BSV.  Because calcium was below ten times the BSV, it 
was not carried forward to the Tier 2 or Tier 3 evaluations. 
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Chromium 
WRS Test:  The WRS test was not performed because the site and background data sets 
contained more than 50% percent nondetects. 
 
Hot Measurement Test:  The site MDC for chromium (0.0908 mg/L) exceeded the background 
95th percentile (0.0084 mg/L). 
 
Conclusion:  Because chromium in surface water and seeps failed the hot measurement test, it 
was carried forward to the Tier 3 evaluation. 
 
Thallium 
WRS Test:  The WRS test was not performed because the site and background data sets 
contained more than 50% percent nondetects. 
 
Hot Measurement Test:  The site MDC for thallium (0.00586 mg/L) exceeded the background 
95th percentile (0.001 mg/L). 
 
Conclusion:  Because thallium in surface water and seeps failed the hot measurement test, it was 
carried forward to the Tier 3 evaluation. 
 

3.3 Sediment 
Twenty-three metals were evaluated in the sediment data set.  The historical analytical results for 
the metals detected in the sediment samples at the Site are presented in Table E3-5.  Table E3-6 
presents a summary of the Tier 1 and Tier 2 evaluations results for sediment.  

3.3.1 Tier 1 Evaluation Results for Sediment 
The MDCs for antimony, arsenic, barium, cadmium, chromium, cobalt, copper, iron, lead, 
magnesium, mercury, nickel, potassium, selenium, silver, sodium, thallium, and vanadium were 
either not detected or below their respective BSVs.  Accordingly, these metals pass the Tier 1 
evaluation and were not carried forward to the Tier 2 evaluation.  The remaining five metals 
were carried forward to the Tier 2 evaluation. 

3.3.2 Tier 2 Evaluation Results for Sediment 
Table E3-6 summarizes the sediment statistical site to background comparison results.  Box plots 
(Figures E3-1 to E3-3) for sediment are provided in Attachment E3.  The following text 
summarizes the results of the Tier 2 evaluations. 
 
Aluminum 
Aluminum is considered to be an essential macronutrient with minimal human or ecological 
toxicity.  Most organisms have mechanisms designed to regulate nutrient fluxes within their 
systems; therefore, these nutrients are generally only toxic at very high concentrations.  Essential 
macronutrients were considered to be site-related only if they were present in site samples at 
concentrations greater than ten times the BSV.  Because aluminum was below ten times the 
BSV, it was not carried forward to the Tier 2 or Tier 3 evaluations. 
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Beryllium 
WRS Test:  The p-level of 0.010 indicates a statistically significant difference exists between the 
site median and background at the 80 percent confidence level.  The box plot showed the site 
median was greater than the background median, and the site MDC was equivalent to the 
maximum background value (Figure E3-1). 
 
Hot Measurement Test:  The site MDC for beryllium (1.25 mg/kg) exceeded the background 95th 
percentile (1.07 mg/kg). 
 
Conclusion:  Because beryllium in sediment failed the WRS and hot measurement tests, and the 
site median concentration was greater than the median background concentration, it was carried 
forward to the Tier 3 evaluation. 
 
Calcium 
Calcium is considered to be an essential macronutrient with minimal human or ecological 
toxicity.  Most organisms have mechanisms designed to regulate nutrient fluxes within their 
systems; therefore, these nutrients are generally only toxic at very high concentrations.  Essential 
macronutrients were considered to be site-related only if they were present in site samples at 
concentrations greater than ten times the BSV.  Because calcium was below ten times the BSV, it 
was not carried forward to the Tier 2 or Tier 3 evaluations. 
 
Manganese 
WRS Test:  The p-level of 0.301 indicates good agreement between the site and background 
distributions.  The box plot showed the site median was slightly greater than the background 
median, and the site MDC was lower than the maximum background value (Figure E3-2). 
 
Hot Measurement Test:  The site MDC for manganese (1060 mg/kg) exceeded the background 
95th percentile (1006 mg/kg). 
 
Conclusion:  Because manganese in sediment failed the hot measurement test, it was carried 
forward to the Tier 3 evaluation. 
 
Zinc 
WRS Test:  The p-level of 0.673 indicates good agreement between the site and background 
distributions.  The box plot showed the site median was only slightly greater than the 
corresponding background median, and the site MDC was lower than the maximum background 
value (Figure E3-3). 
 
Hot Measurement Test:  The site MDC for zinc (86.5 mg/kg) was below the background 95th 
percentile (119 mg/kg). 
 
Conclusion:  Because zinc in sediment passed the WRS and hot measurement tests, it was not 
carried forward to the Tier 3 evaluation. 
 

3.4 Surface and Depositional Soil 
Twenty-three metals were evaluated in the surface and depositional soil data set.  The historical 
analytical results for the metals detected in the surface and depositional soil samples at the Site 
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are presented in Table E3-7.  Table E3-8 presents a summary of the Tier 1 and Tier 2 evaluations 
results for surface and depositional soil.   

3.4.1 Tier 1 Evaluation Results for Surface and Depositional Soil 
The MDCs for silver, sodium, and thallium were either not detected or below their respective 
BSVs.  Accordingly, these metals pass the Tier 1 evaluation and were not carried forward to the 
Tier 2 evaluation.  The remaining 20 metals were carried forward to the Tier 2 evaluation. 

3.4.2 Tier 2 Evaluation Results for Surface and Depositional Soil 
Table E3-8 summarizes the surface soil statistical site to background comparison results.  Box 
plots (Figures E4-1 to E4-13) for surface and depositional soil are provided in Attachment E4.  
The following text summarizes the results of the Tier 2 evaluations. 
 
Aluminum 
Aluminum is considered to be an essential macronutrient with minimal human or ecological 
toxicity.  Most organisms have mechanisms designed to regulate nutrient fluxes within their 
systems; therefore, these nutrients are generally only toxic at very high concentrations.  Essential 
macronutrients were considered to be site-related only if they were present in site samples at 
concentrations greater than ten times the BSV.  Because aluminum was below ten times the 
BSV, it was not carried forward to the Tier 2 or Tier 3 evaluations. 
 
Antimony 
WRS Test Plot:  The WRS test was not performed because the site data set contained more than 
50% percent nondetects. 
 
Hot Measurement Test:  The site MDC for antimony (8.98 mg/kg) exceeded the background 95th 
percentile (0.999 mg/kg). 
 
Conclusion:  Because antimony in surface and depositional soil failed the hot measurement test, 
it was carried forward to the Tier 3 evaluation. 
 
Arsenic 
WRS Test:  The p-level of 0.049 indicates a statistically significant difference exists between the 
site median and background at the 80 percent confidence level.  The box plot showed the site 
median was slightly greater than the corresponding background median, and the site MDC was 
below the maximum background value (Figure E4-1). 
 
Hot Measurement Test:  The site MDC for arsenic (14.4 mg/kg) was below the background 95th 
percentile (25.7 mg/kg). 
 
Conclusion:  Because arsenic in surface and depositional soil failed the WRS test and the site 
median concentration was greater than the median background concentration, it was carried 
forward to the Tier 3 evaluation. 
 
Barium 
WRS Test:  The p-level of 1.154E-06 indicates a statistically significant difference exists 
between the site median and background at the 80 percent confidence level.  The box plot 
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showed the site median was greater than the corresponding background median, and the site 
MDC was below the maximum background value (Figure E4-2). 
 
Hot Measurement Test:  The site MDC for barium (237 mg/kg) exceeded the background 95th 
percentile (196 mg/kg). 
 
Conclusion:  Because barium in surface and depositional soil failed the WRS and hot 
measurement tests, it was carried forward to the Tier 3 evaluation. 
 
Beryllium 
WRS Test:  The p-level of 1.40E-09 indicates a statistically significant difference exists between 
the site median and background at the 80 percent confidence level.  The box plot showed the site 
MDC and median were greater than the corresponding background values (Figure E4-3). 
 
Hot Measurement Test:  The site MDC for beryllium (1.64 mg/kg) exceeded the background 95th 
percentile (1.19 mg/kg). 
 
Conclusion:  Because beryllium in surface and depositional soil failed the WRS and hot 
measurement tests, it was carried forward to the Tier 3 evaluation. 
 
Cadmium 
WRS Test:  The WRS test was not performed because the site data set contained more than 50% 
percent nondetects. 
 
Hot Measurement Test:  The site MDC for cadmium (3 mg/kg) exceeded the background 95th 
percentile (0.133 mg/kg). 
 
Conclusion:  Because cadmium in surface and depositional soil failed the hot measurement test, 
it was carried forward to the Tier 3 evaluation. 
 
Calcium 
WRS Test:  The p-level of 0.00044 indicates a statistically significant difference exists between 
the site median and background at the 80 percent confidence level.  The box plot showed the site 
median was slightly greater than the corresponding background median, and the site MDC was 
slightly below the maximum background value (Figure E4-4). 
 
Hot Measurement Test:  The site MDC for calcium (73,100 mg/kg) exceeded the background 
95th percentile (3470 mg/kg). 
 
Conclusion:  Because calcium in surface and depositional soil failed the WRS and hot 
measurement tests, it was carried forward to the Tier 3 evaluation. 
 
Chromium 
WRS Test:  The p-level of 2.77E-05 indicates a statistically significant difference exists between 
the site median and background at the 80 percent confidence level.  The box plot showed the site 
MDC and median were greater than the corresponding background values (Figure E4-5). 
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Hot Measurement Test:  The site MDC for chromium (142 mg/kg) exceeded the background 95th 
percentile (64.7 mg/kg). 
 
Conclusion:  Because chromium in surface and depositional soil failed the WRS and hot 
measurement tests, it was carried forward to the Tier 3 evaluation. 
 
Cobalt 
WRS Test:  The p-level of 0.000208 indicates a statistically significant difference exists between 
the site median and background at the 80 percent confidence level.  The box plot showed the site 
median was greater than the corresponding background median, and the site MDC was below the 
maximum background value (Figure E4-6). 
 
Hot Measurement Test:  The site MDC for cobalt (21.3 mg/kg) was below the background 95th 
percentile (33 mg/kg). 
 
Conclusion:  Because cobalt in surface and depositional soil failed the WRS test, it was carried 
forward to the Tier 3 evaluation. 
 
Copper 
WRS Test:  The p-level of 3.104E-08 indicates a statistically significant difference exists 
between the site median and background at the 80 percent confidence level.  The box plot 
showed the site MDC and median were greater than the corresponding background values 
(Figure E4-7). 
 
Hot Measurement Test:  The site MDC for copper (35.6 mg/kg) exceeded the background 95th 
percentile (22.5 mg/kg). 
 
Conclusion:  Because copper in surface and depositional soil failed the WRS and hot 
measurement tests, it was carried forward to the Tier 3 evaluation. 
 
Iron 
Iron is considered to be an essential macronutrient with minimal human or ecological toxicity.  
Most organisms have mechanisms designed to regulate nutrient fluxes within their systems; 
therefore, these nutrients are generally only toxic at very high concentrations.  Essential 
macronutrients were considered to be site-related only if they were present in site samples at 
concentrations greater than ten times the BSV.  Because iron was below ten times the BSV, it 
was not carried forward to the Tier 2 or Tier 3 evaluations. 
 
Lead 
WRS Test:  The p-level of 0.00578 indicates a statistically significant difference exists between 
the site median and background at the 80 percent confidence level.  The box plot showed the site 
MDC and median were greater than the corresponding background values (Figure E4-8). 
 
Hot Measurement Test:  The site MDC for lead (189 mg/kg) exceeded the background 95th 
percentile (59.7 mg/kg). 
 
Conclusion:  Because lead in surface and depositional soil failed the WRS and hot measurement 
tests, it was carried forward to the Tier 3 evaluation. 
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Magnesium 
WRS Test:  The p-level of 0.012 indicates a statistically significant difference exists between the 
site median and background at the 80 percent confidence level.  The box plot showed the site 
MDC and median were greater than the corresponding background values (Figure E4-9). 
 
Hot Measurement Test:  The site MDC for magnesium (44,700 mg/kg) exceeded the background 
95th percentile (1965 mg/kg). 
 
Conclusion:  Because magnesium in surface and depositional soil failed the WRS and hot 
measurement tests, it was carried forward to the Tier 3 evaluation. 
 
Manganese 
WRS Test:  The p-level of 0.044 indicates a statistically significant difference exists between the 
site median and background at the 80 percent confidence level.  The box plot showed the site 
median was greater than the corresponding background median, and the site MDC was below the 
maximum background value (Figure E4-10). 
 
Hot Measurement Test:  The site MDC for manganese (2880 mg/kg) was below the background 
95th percentile (4732 mg/kg). 
 
Conclusion:  Because manganese in surface and depositional soil failed the WRS test, it was 
carried forward to the Tier 3 evaluation. 
 
Mercury 
WRS Test:  The WRS test was not performed because the background data set contained more 
than 50% percent nondetects. 
 
Hot Measurement Test:  The site MDC for mercury (0.379 mg/kg) exceeded the background 95th 
percentile (0.117 mg/kg). 
 
Conclusion:  Because mercury in surface and depositional soil failed the hot measurement test, it 
was carried forward to the Tier 3 evaluation. 
 
Nickel 
WRS Test:  The p-level of 2.46E-10 indicates a statistically significant difference exists between 
the site median and background at the 80 percent confidence level.  The box plot showed the site 
MDC and median were greater than the corresponding background values (Figure E4-11). 
 
Hot Measurement Test:  The site MDC for nickel (31.8 mg/kg) exceeded the background 95th 
percentile (13.7 mg/kg). 
 
Conclusion:  Because nickel in surface and depositional soil failed the WRS and hot 
measurement tests, it was carried forward to the Tier 3 evaluation. 
 
Potassium 
Potassium is considered to be an essential macronutrient with minimal human or ecological 
toxicity.  Most organisms have mechanisms designed to regulate nutrient fluxes within their 
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systems; therefore, these nutrients are generally only toxic at very high concentrations.  Essential 
macronutrients were considered to be site-related only if they were present in site samples at 
concentrations greater than ten times the BSV.  Because potassium was below ten times the 
BSV, it was not carried forward to the Tier 2 or Tier 3 evaluations. 
 
Selenium 
WRS Test:  The WRS test was not performed because the background data set contained more 
than 50% percent nondetects. 
 
Hot Measurement Test:  The site MDC for selenium (3.41 mg/kg) exceeded the background 95th 
percentile (0.288 mg/kg). 
 
Conclusion:  Because selenium in surface and depositional soil failed the hot measurement test, 
it was carried forward to the Tier 3 evaluation. 
 
Vanadium 
WRS Test:  The p-level of 0.000188 indicates a statistically significant difference exists between 
the site median and background at the 80 percent confidence level.  The box plot showed the site 
median was greater than the corresponding background median, and the site MDC was below the 
maximum background value (Figure E4-12). 
 
Hot Measurement Test:  The site MDC for vanadium (95.2 mg/kg) was below the background 
95th percentile (98.1 mg/kg). 
 
Conclusion:  Because vanadium in surface and depositional soil failed the WRS test, it was 
carried forward to the Tier 3 evaluation. 
 
Zinc 
WRS Test:  The p-level of 6.889E-08 indicates a statistically significant difference exists 
between the site median and background at the 80 percent confidence level.  The box plot 
showed the site MDC and median were greater than the corresponding background values 
(Figure E4-13). 
 
Hot Measurement Test:  The site MDC for zinc (229 mg/kg) exceeded the background 95th 
percentile (71.2 mg/kg). 
 
Conclusion:  Because zinc in surface and depositional soil failed the WRS and hot measurement 
tests, it was carried forward to the Tier 3 evaluation. 
 

3.5 Subsurface Soil 
Twenty-three metals were evaluated in the subsurface soil data set.  The historical analytical 
results for the metals detected in the subsurface soil samples at the Site are presented in Table 
E3-9.  Table E3-10 presents a summary of the Tier 1 and Tier 2 evaluations results for 
subsurface soil. 
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3.5.1 Tier 1 Evaluation Results for Subsurface Soil 
The MDCs for cadmium, silver, and sodium were either not detected or below their respective 
BSVs.  Accordingly these metals pass the Tier 1 evaluation and were not carried forward to the 
Tier 2 evaluation.  The remaining 20 metals were carried forward for Tier 2 evaluation. 

3.5.2 Tier 2 Evaluation Results for Subsurface Soil 
Table E3-10 summarizes the subsurface soil statistical site to background comparison results.  
Box plots (Figures E5-1 to E5-15) for subsurface soil are presented in Attachment E5.  The 
following text summarizes the results of the Tier 2 evaluations.  
 
Aluminum 
Aluminum is considered to be an essential macronutrient with minimal human or ecological 
toxicity.  Most organisms have mechanisms designed to regulate nutrient fluxes within their 
systems; therefore, these nutrients are generally only toxic at very high concentrations.  Essential 
macronutrients were considered to be site-related only if they were present in site samples at 
concentrations greater than ten times the BSV.  Because aluminum was below ten times the 
BSV, it was not carried forward to the Tier 2 or Tier 3 evaluations. 
 
Antimony 
WRS Test:  The WRS test was not performed because the site data set contained more than 50% 
percent nondetects. 
 
Hot Measurement Test:  The site MDC for antimony (9.44 mg/kg) exceeded the background 95th 
percentile (0.782 mg/kg). 
 
Conclusion:  Because antimony in subsurface soil failed the hot measurement test, it was carried 
forward to the Tier 3 evaluation. 
 
Arsenic 
WRS Test:  The p-level of 0.210 indicates good agreement between the site and background 
distributions.  The box plot showed the site median was slightly greater than the corresponding 
background median, and the site MDC was less than the background maximum value (Figure 
E5-1).  Because the p-level was greater than 0.2, the medians of the two data sets are similar and 
can be assumed to be drawn from the same population. 
 
Hot Measurement Test:  The site MDC for arsenic (23.8 mg/kg) was below the background 95th 
percentile (53.2 mg/kg). 
 
Conclusion:  Because arsenic in subsurface soil passed the WRS and hot measurement tests, it 
was not carried forward to the Tier 3 evaluation. 
 
Barium 
WRS Test:  The p-level of 5.91E-05 indicates a statistically significant difference exists between 
the site median and background at the 80 percent confidence level.  The box plot showed the site 
median was greater than the corresponding background median, and the site MDC was below the 
maximum background value (Figure E5-2). 
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Hot Measurement Test:  The site MDC for barium (1260 mg/kg) exceeded the background 95th 
percentile (176 mg/kg). 
 
Conclusion:  Because barium in subsurface soil failed the WRS and hot measurement tests, it 
was carried forward to the Tier 3 evaluation. 
 
Beryllium 
WRS Test:  The p-level of 5.42E-07 indicates a statistically significant difference exists between 
the site median and background at the 80 percent confidence level.  The box plot showed the site 
MDC and median were greater than the corresponding background values (Figure E5-3). 
 
Hot Measurement Test:  The site MDC for beryllium (4.13 mg/kg) exceeded the background 95th 
percentile (2.17 mg/kg). 
 
Conclusion:  Because beryllium in subsurface soil failed the WRS and hot measurement tests, it 
was carried forward to the Tier 3 evaluation. 
 
Calcium 
WRS Test:  The p-level of 0.141 indicates a statistically significant difference exists between the 
site median and background at the 80 percent confidence level.  The box plot showed the site 
MDC was greater than the corresponding maximum background value, and the site median was 
below the background median (Figure E5-4).  Although the p-level indicated a statistically 
significant difference between the site median and background at the 80 percent confidence 
level, because the site data is lower relative to the background, calcium in subsurface soil passes 
the WRS test. 
 
Hot Measurement Test:  The site MDC for calcium (32,500 mg/kg) exceeded the background 
95th percentile (1325 mg/kg). 
 
Conclusion:  Because calcium in subsurface soil failed the hot measurement test, it was carried 
forward to the Tier 3 evaluation. 
 
Chromium 
WRS Test:  The p-level of 1.35E-05 indicates a statistically significant difference exists between 
the site median and background at the 80 percent confidence level.  The box plot showed the site 
MDC and median were greater than the corresponding background values (Figure E5-5). 
 
Hot Measurement Test:  The site MDC for chromium (93.8 mg/kg) exceeded the background 
95th percentile (53 mg/kg). 
 
Conclusion:  Because chromium in subsurface soil failed the WRS and hot measurement tests, it 
was carried forward to the Tier 3 evaluation. 
 
Cobalt 
WRS Test:  The p-level of 0.0355 indicates a statistically significant difference exists between 
the site median and background at the 80 percent confidence level.  The box plot showed the site 
median was greater than the corresponding background median, and the site MDC was below the 
maximum background value (Figure E5-6). 
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Hot Measurement Test:  The site MDC for cobalt (73.6 mg/kg) exceeded the background 95th 
percentile (53.6 mg/kg). 
 
Conclusion:  Because cobalt in subsurface soil failed the WRS and hot measurement tests, it was 
carried forward to the Tier 3 evaluation. 
 
Copper 
WRS Test:  The p-level of 5.89E-07 indicates a statistically significant difference exists between 
the site median and background at the 80 percent confidence level.  The box plot showed the site 
median was greater than the corresponding background median, and the site MDC was below the 
maximum background value (Figure E5-7). 
 
Hot Measurement Test:  The site MDC for copper (47.4 mg/kg) exceeded the background 95th 
percentile (34.2 mg/kg). 
 
Conclusion:  Because copper in subsurface soil failed the WRS and hot measurement tests, it was 
carried forward to the Tier 3 evaluation. 
 
Iron 
Iron is considered to be an essential macronutrient with minimal human or ecological toxicity.  
Most organisms have mechanisms designed to regulate nutrient fluxes within their systems; 
therefore, these nutrients are generally only toxic at very high concentrations.  Essential 
macronutrients were considered to be site-related only if they were present in site samples at 
concentrations greater than ten times the BSV.  Because iron was below ten times the BSV, it 
was not carried forward to the Tier 2 or Tier 3 evaluations. 
 
Lead 
WRS Test:  The p-level of 1.82E-05 indicates a statistically significant difference exists between 
the site median and background at the 80 percent confidence level.  The box plot showed the site 
median was greater than the corresponding background median, and the site MDC was below the 
maximum background value (Figure E5-8). 
 
Hot Measurement Test:  The site MDC for lead (76.1 mg/kg) exceeded the background 95th 
percentile (60.7 mg/kg). 
 
Conclusion:  Because lead in subsurface soil failed the WRS and hot measurement tests, it was 
carried forward to the Tier 3 evaluation. 
 
Magnesium 
WRS Test:  The p-level of 4.095E-08 indicates a statistically significant difference exists 
between the site median and background at the 80 percent confidence level.  The box plot 
showed the site MDC and median were greater than the corresponding background values 
(Figure E5-9). 
 
Hot Measurement Test:  The site MDC for magnesium (16,700 mg/kg) exceeded the background 
95th percentile (1738 mg/kg). 
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Conclusion:  Because magnesium in subsurface soil failed the WRS and hot measurement tests, 
it was carried forward to the Tier 3 evaluation. 
 
Manganese 
WRS Test:  The p-level of 0.0895 indicates a statistically significant difference exists between 
the site median and background at the 80 percent confidence level.  The box plot showed the site 
median was greater than the corresponding background median, and the site MDC was slightly 
below the maximum background value (Figure E5-10). 
 
Hot Measurement Test:  The site MDC for manganese (18,800 mg/kg) was below the 
background 95th percentile (2451 mg/kg). 
 
Conclusion:  Because manganese in subsurface soil failed the WRS and hot measurement tests, it 
was carried forward to the Tier 3 evaluation. 
 
Mercury 
WRS Test:  The WRS test was not performed because the background data set contained more 
than 50% percent nondetects. 
 
Hot Measurement Test:  The site MDC for mercury (0.134 mg/kg) exceeded the background 95th 
percentile (0.093 mg/kg). 
 
Conclusion:  Because mercury in subsurface soil failed the hot measurement test, it was carried 
forward to the Tier 3 evaluation. 
 
Nickel 
WRS Test:  The p-level of 5.708E-05 indicates a statistically significant difference exists 
between the site median and background at the 80 percent confidence level.  The box plot 
showed the site MDC and median were greater than the corresponding background values 
(Figure E5-11). 
 
Hot Measurement Test:  The site MDC for nickel (52.8 mg/kg) exceeded the background 95th 
percentile (27.4 mg/kg). 
 
Conclusion:  Because nickel in subsurface soil failed the WRS and hot measurement tests, it was 
carried forward to the Tier 3 evaluation. 
 
Potassium 
WRS Test:  The p-level of 5.01E-10 indicates a statistically significant difference exists between 
the site median and background at the 80 percent confidence level.  The box plot showed the site 
MDC and median were greater than the corresponding background values (Figure E5-12). 
 
Hot Measurement Test:  The site MDC for potassium (9400 mg/kg) exceeded the background 
95th percentile (1418 mg/kg). 
 
Conclusion:  Because potassium in subsurface soil failed the WRS and hot measurement tests, it 
was carried forward to the Tier 3 evaluation. 
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Selenium 
WRS Test:  The WRS test was not performed because the site and background data sets 
contained more than 50% percent nondetects. 
 
Hot Measurement Test:  The site MDC for selenium (5.15 mg/kg) exceeded the background 95th 
percentile (0.578 mg/kg). 
 
Conclusion:  Because selenium in subsurface soil failed the hot measurement test, it was carried 
forward to the Tier 3 evaluation. 
 
Thallium 
WRS Test:  The p-level was below 0.2 indicating a statistically significant difference exists 
between the site median and background at the 80 percent confidence level.  The box plot 
showed the site median was greater than the corresponding background median, and the site 
MDC was below the maximum background value (Figure E5-13). 
 
Hot Measurement Test:  The site MDC for thallium (6.82 mg/kg) exceeded the background 95th 
percentile (0.246 mg/kg). 
 
Conclusion:  Because thallium in subsurface soil failed the WRS and hot measurement tests, it 
was carried forward to the Tier 3 evaluation. 
 
Vanadium 
WRS Test:  The p-level of 5.338E-05 indicates a statistically significant difference exists 
between the site median and background at the 80 percent confidence level.  The box plot 
showed the site MDC and median were greater than the corresponding background values 
(Figure E5-14). 
 
Hot Measurement Test:  The site MDC for vanadium (112 mg/kg) exceeded the background 95th 
percentile (90.1 mg/kg). 
 
Conclusion:  Because vanadium in subsurface soil failed the WRS and hot measurement tests, it 
was carried forward to the Tier 3 evaluation. 
 
Zinc 
WRS Test:  The p-level of 0.0167 indicates a statistically significant difference exists between 
the site median and background at the 80 percent confidence level.  The box plot showed the site 
MDC and median were greater than the corresponding background values (Figure E5-15). 
 
Hot Measurement Test:  The site MDC for zinc (142 mg/kg) exceeded the background 95th 
percentile (82.1 mg/kg). 
 
Conclusion:  Because zinc in subsurface soil failed the WRS and hot measurement tests, it was 
carried forward to the Tier 3 evaluation. 
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4.0 RESULTS OF THE TIER 3 EVALUATION 
 
This section provides the results of the Tier 3 evaluation of metals in groundwater, surface water 
and seeps, sediments, surface and depositional soil, and subsurface soil.  The Tier 3 evaluation 
was performed for a total of ten metals in groundwater, three metals in surface water and seeps, 
two metals in sediments, 17 metals in surface and depositional soil, and 17 metals in subsurface 
soil to identify whether the subject metals concentrations are naturally occurring or are site 
related.  Regression (scatter) and ratio plots were developed for each applicable metal-to-metal 
association.  Up to two representative plots for each subject metal are presented in Attachments 
E6 to E10 for groundwater, surface water and seeps, sediments, surface and depositional soil, 
and subsurface soil, respectively.  The following subsections discuss the results of the Tier 3 
evaluation by medium. 

4.1 Tier 3 Evaluation Results for Groundwater 
Regression and ratio plots developed for the Tier 3 evaluation of metals in groundwater are 
provided in Attachment E6.  Table E3-1 presents the historical metal detections in groundwater. 
Table E4-1 presents a summary of the correlation coefficients for the metal pairs evaluated by 
the geochemical regression analysis method for groundwater.  Table E4-2 presents a summary of 
the metal contaminants in groundwater at the Site, as identified by the Tier 3 evaluation.  
Discussion of the Tier 3 evaluation of metals in groundwater follows. 

4.1.1 Geochemical Assessment for Groundwater 
 
The geochemical assessment for groundwater at the Site is discussed as follows. 
 
4.1.1.1 Field Readings 
 
Table E3-1 presents the pH, DO, ORP, and turbidity measurements for the groundwater samples 
at the Site.  The pH measurements ranged from 5.13 to 11.8, with a median of 6.57 and mean of 
7.01, indicating near neutral conditions at most of the sample locations.  Four out of 34 samples 
had pH measurements above 9.  DO measurements ranged from 0 to 16.05, with a median of 
7.29 mg/L and mean of 7.06 mg/L.  ORP measurements ranged from -156 to 370, with a median 
of 226 mV and mean of 165 mV.  The DO and ORP measurements suggest generally oxidizing 
conditions at the Site, however, some sample locations with reducing conditions exist.  Turbidity 
measurements ranged from 0.8 to 632, with a median of 10.3 NTU and mean of 53.2 NTU.  Five 
samples contained a high mass of suspended particulates (104 to 632 NTU for samples CWM-
186-MW01, CWM-186-MW11, CWM-186-MW32, CWM-186-MW20, and CWM-186-MW25).  
The remaining 29 samples contained lower concentrations of suspended particulates (68.5 NTU 
or less). 
 
4.1.1.2 Reference Metals 
 
The principles involved in the selection of reference metals are described in Section 2.1.3.2.  
Aluminum was detected in 27 of the 34 groundwater samples.  Six of these groundwater samples 
had aluminum concentrations greater than 1 mg/L at neutral-pH measurements (between 4 and 
9), indicating the presence of suspended clay minerals at the Site.  Iron was detected in 33 of the 
34 groundwater samples.  Several of these groundwater samples had iron concentrations greater 
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than 1 mg/L at neutral-pH, and moderate to oxidizing groundwater conditions indicating the 
presence of iron oxides.  Field readings at the Site indicated moderate to oxidizing conditions at 
most locations, however, reducing conditions were indicated at some sample locations.  
Therefore, iron may be present either in particulate form or in solution in groundwater at the Site.   
 
A plot of aluminum vs iron can be used as a qualitative indicator of the amount of suspended 
particulates in the groundwater samples, as well as an indicator of the redox conditions at the 
Site.  Figure E6-1 presents the regression plot for aluminum vs iron in groundwater at the Site.  
A linear trend with a positive slope was observed, indicative of aluminum and iron being present 
in particulate form.  Generally, the site samples with higher aluminum concentrations exhibit 
proportionally higher iron concentrations and it is therefore concluded that aluminum and iron in 
groundwater at the Site are naturally occurring.  A linear trend with a positive slope was also 
observed in the regression plots for aluminum and iron vs turbidity.  Figure E6-2 presents the 
regression plot for aluminum vs turbidity.  This corroborates the conclusion drawn from the 
aluminum vs iron comparison (Figure E6-1) that the aluminum and iron concentrations in the site 
samples are generally associated with suspended particulates and are naturally occurring.  
Because clay and iron oxides have an affinity to adsorb trace metals, and because it was 
determined that aluminum and iron are naturally occurring at the Site, aluminum and iron were 
used as reference metals for the geochemical evaluation for groundwater at the Site. 
 
Manganese was detected in all 34 groundwater samples.  Because manganese failed the Tiers 1 
and 2 tests, it is a suspected contaminant metal in groundwater at the Site.  However, because 
manganese oxides have an affinity to adsorb trace metals, manganese was used as a reference 
metal for the geochemical evaluation for groundwater at the Site.  The Tier 3 evaluation for 
manganese in groundwater is discussed later in this section. 
 
Because of the presence of carbonate minerals at the Site (i.e. limestone and dolomite), calcium 
and magnesium were evaluated as potential reference metals.  Figure E6-3 presents the 
regression plot for calcium vs magnesium in groundwater at the Site.  The linear trend with a 
positive slope suggests that the calcium and magnesium concentrations are naturally occurring 
and may be used as reference metals in groundwater at the Site. 

4.1.2 Statistical Test Results for Groundwater 
 
The suspected groundwater contaminant metals (i.e., metals that failed the Tier 2 evaluation, see 
Table E3-1) were compared to the reference metals, aluminum, iron, manganese, calcium, and 
magnesium; and to other metals to evaluate trace metal correlations. 
 
Antimony  
Because antimony was detected in only two investigative site samples, regression plots could not 
be performed.  In addition, ratio plots could not be properly performed for antimony due to the 
low number of background detects.  Because of the lack of conclusive evidence that antimony 
was naturally occurring in the groundwater samples, the antimony detects for CWM-186-MW07 
and CWM-186-MW16 are considered contaminants at the Site.  
 
Barium 
Analytical results for barium had statistically significant relationships with arsenic, beryllium, 
calcium, cobalt, lead, nickel, and sodium.  Barium showed moderately strong correlations with 
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trace metals arsenic, beryllium, cobalt, and nickel.  Barium showed a relatively weak correlation 
with reference metal calcium and sodium; calcium and sodium are major ions commonly present 
as dissolved solids in groundwater (Navy, 2004).  Calcium was the only reference metal that had 
a statistically significant relationship with barium.  Figures E6-4 and E6-5 present the regression 
and ratio plots for barium vs calcium and lead, respectively.  The regression plot shows 
analytical results, the best-fit linear model and associated 95 percent prediction limits.  The 
analytical results plot closely to the best-fit linear model on the regression plot, with the 
exception of CWM-186-MW24 on the barium vs calcium regression plot.  The ratio plots display 
the barium concentrations of the site and background samples vs their corresponding 
barium/calcium and barium/lead ratios.  The ratio plots showed the barium concentrations were 
within the background range.  Therefore, it is concluded that barium is naturally occurring in 
groundwater at the Site. 
 
Beryllium 
Analytical results for beryllium had statistically significant relationships with barium and nickel.  
Figure E6-6 presents the regression and ratio plots for beryllium vs barium.  Figure E6-7 presents 
the regression plot for beryllium vs nickel (a ratio plot could not be performed for beryllium vs 
nickel because there were no background detects for nickel).  The analytical results plot closely 
to the best-fit linear model on the regression plots and the ratio plot for beryllium vs barium 
showed the beryllium concentrations were within the background range.  Therefore, it is 
concluded that beryllium is naturally occurring in groundwater at the Site. 
 
Chromium 
Analytical results for chromium detected in groundwater exhibited poor statistical relationships 
with the other metals detected in groundwater.  Ratio plots could not be properly performed 
because there were no chromium background detects.  Because of the lack of conclusive 
evidence that chromium was naturally occurring in the groundwater samples, the chromium 
concentrations for the site groundwater samples CWM-186-MW03, CWM-186-MW08, CWM-
186-MW23, CWM-186-MW24, CWM-186-MW29, and CWM-186-MW30 are considered 
contaminants in groundwater at the Site.  
 
Cobalt   
Analytical results for cobalt had statistically significant relationships with barium, lead, and 
nickel.  Cobalt showed relatively strong correlations with trace metals lead and nickel; and a 
moderately strong correlation with barium.  Figures E6-8 and E6-9 present the regression plots 
for cobalt vs lead and nickel, respectively.  The analytical results plot closely to the best-fit linear 
model.  Ratio plots could not be properly performed for cobalt due to the low number of 
background detections.  Based on this analysis it is concluded that cobalt is naturally occurring in 
groundwater at the Site.   
 
Manganese 
Analytical results for manganese had statistically significant relationships with aluminum, 
copper, iron, magnesium, and nickel.  Manganese showed moderately strong correlations with 
trace metals copper and nickel, and reference metal iron; and weak correlations with reference 
metals aluminum and magnesium.  Figures E6-10 and E6-11 present the regression and ratio 
plots for manganese vs aluminum and iron, respectively.  The analytical results plot closely to 
the best-fit linear model, with the exception of CWM-186-MW26 in the manganese vs iron 
regression plot.  The ratio plot for manganese vs iron indicates that the manganese concentration 
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in sample CWM-186-MW26 is above the background range.  Manganese in groundwater is 
subject to reductive dissolution effects.  The low redox measurements and low aluminum/iron 
ratio observed for sample CWM-186-MW26 (Table E3-1) indicate that reducing conditions exist 
at this sample location.  Given these observations, it is concluded that the elevated manganese 
concentration in groundwater sample CWM-186-MW26 is due to the reducing conditions at this 
location and not to site-related activities.  Therefore, it is concluded that manganese is naturally 
occurring in groundwater at the Site.     
 
Mercury 
Because mercury was detected in only one investigative site sample, regression plots could not 
be performed.  In addition, ratio plots could not be properly performed because there were no 
mercury background detections.  Because of the lack of conclusive evidence that mercury was 
naturally occurring in the groundwater samples, the mercury detect for CWM-186-MW01 is 
considered a contaminant at the Site. 
 
Nickel 
Analytical results for nickel had statistically significant relationships with barium, beryllium, 
cobalt, lead, and manganese.  Nickel showed relatively strong to moderately strong correlations 
with other trace metals barium, beryllium, cobalt, and lead; and a moderately strong correlation 
with reference metal manganese.  Figures E6-12 and E6-13 present the regression plots for 
nickel vs cobalt and manganese, respectively.  The analytical results plot closely to the best-fit 
linear model.  Ratio plots could not be properly performed for nickel due to the low number of 
background detections.  Based on this analysis it is concluded that nickel is naturally occurring in 
groundwater at the Site.   
 
Potassium 
Analytical results for potassium had statistically significant relationships with calcium and 
sodium.  Potassium, calcium and sodium are major ions commonly present as dissolved solids in 
groundwater (Navy, 2004).  Figures E6-14 and E6-15 present the regression and ratio plots for 
potassium vs calcium and sodium, respectively.  The analytical results plot closely to the best-fit 
linear model, with the exception of CWM-186-MW24 for the potassium vs calcium.  The ratio 
plots for potassium vs calcium and sodium indicate that the potassium concentrations in the site 
samples are within the background range.  Therefore, it is concluded that potassium is naturally 
occurring in groundwater at the Site. 
 
Thallium 
Analytical results for thallium detected in groundwater exhibited poor statistical relationships 
with the other metals detected in groundwater.  Ratio plots could not be properly performed due 
to the low number of thallium background detects.  Because of the lack of conclusive evidence 
that thallium was naturally occurring in the groundwater samples, the thallium concentration for 
site groundwater sample CWM-186-MW35 is considered a contaminant in groundwater at the 
Site. Thallium was also detected in groundwater samples CWM-186-MW03, CWM-186-MW05, 
CWM-186-MW14, and CWM-186-MW29.  However, the thallium results for these four samples 
were flagged with a “(B)” data validation qualifier (Table E3-1) indicating method or calibration 
blank contamination.  Therefore, the thallium results for CWM-186-MW03, CWM-186-MW05, 
CWM-186-MW14, and CWM-186-MW29 are not considered contaminants in groundwater.  
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4.2 Tier 3 Evaluation Results for Surface Water and Seeps 
 
Regression and ratio plots developed for the Tier 3 evaluation of metals in surface water and 
seeps are provided in Attachment E7.  Table E3-3 presents the historical metal detections in 
surface water and seeps.  Table E4-3 presents a summary of the metal contaminants in surface 
water and seeps at the Site, as identified by the Tier 3 evaluation.  Discussion of the Tier 3 
evaluation of metals in surface water and seeps follows. 

4.2.1 Geochemical Assessment for Surface Water and Seeps 
 
The geochemical assessment for surface water and seeps at the Site is discussed as follows. 
 
4.2.1.1 Field Readings 
 
The pH measurements for the groundwater samples at T-38 (Table E3-3) ranged from 4.8 to 6.1, 
with a median of 5.5 and mean of 5.4, indicating slightly acidic to near neutral conditions at the 
Site.  DO measurements ranged from 2.3 to 9.7, with a median of 7.6 mg/L and mean of 6.6 
mg/L.  ORP measurements ranged from 239 to 315, with a median of 267 mV and mean of 272 
mV.  The DO and ORP measurements suggest generally oxidizing conditions at the Site.  
Turbidity measurements ranged from 0 to 209, with a median of 3 NTU and mean of 30.6 NTU.  
One sample contained a high mass of suspended particulates (209 NTU for sample CWM-186-
SW/SD06).  The remaining seven samples contained lower concentrations of suspended 
particulates (20 NTU or less) (Table E3-3). 
 
4.2.1.2 Reference Metals  
 
Field readings at the Site indicated moderate to oxidizing conditions.  A plot of aluminum vs iron 
can be used as a qualitative indicator of the amount of suspended particulates in the surface water 
and seep samples, as well as an indicator of the redox conditions at the Site.  Figure E7-1 
presents the regression plot for aluminum vs iron in surface water and seeps at the Site.  The 
linear trend with a positive slope suggests that the aluminum and iron concentrations are 
naturally occurring.  Manganese is similar to iron in that it also has low solubility under 
oxidizing conditions.  Because clay, iron oxides and manganese oxides have an affinity to adsorb 
trace metals, aluminum, iron, and manganese were used as reference metals in surface water at 
the Site. 
 
Because of the presence of carbonate minerals at the Site (i.e. limestone and dolomite), calcium 
and magnesium were evaluated as potential reference metals.  Figure E7-2 presents the 
regression plot for calcium vs magnesium in surface water and seeps at the Site.  The linear trend 
with a positive slope suggests that the calcium and magnesium concentrations are naturally 
occurring and may be used as reference metals in surface water at the Site. 

4.2.2 Statistical Test Results for Surface Water and Seeps 
 
The suspected surface water and seep contaminant metals (i.e., metals that failed the Tier 2 
evaluation, see Table E3-4) were compared to the reference metals aluminum, iron, manganese, 
calcium, and magnesium; and to other metals to evaluate trace metal correlations. 
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Beryllium  
Because beryllium was detected in only one investigative site sample, regression plots could not 
be performed.  Figures E7-3 and E7-4 present the ratio plots for beryllium vs aluminum and iron, 
respectively.  The ratio plot for beryllium vs aluminum indicates that the beryllium concentration 
is within the background range, however, the ratio plot for beryllium vs iron shows that the 
beryllium concentration for site sample CWM-186-SEEP03-RI is above the background.  
Therefore, the beryllium concentration for seep sample CWM-186-SEEP03-RI is considered a 
contaminant at the Site. 
 
Chromium 
Because chromium was detected in only one investigative site sample, regression plots could not 
be performed.  In addition, ratio plots could not be properly performed for chromium due to the 
low number of background detects.  Because of the lack of conclusive evidence that chromium 
was naturally occurring in the surface water and seep samples, the chromium concentration for 
surface water sample CWM-186-SW/SD06 is considered a contaminant at the Site. 
 
Thallium 
Because thallium was detected in only one investigative site sample, regression plots could not 
be performed.  In addition, ratio plots could not be properly performed for thallium due to the 
low number of background detects.  Because of the lack of conclusive evidence that thallium was 
naturally occurring in the surface water and seep samples, the thallium concentration for seep 
sample CWM-186-SEEP01-RI is considered a contaminant at the Site. 
 

4.3 Tier 3 Evaluation Results for Sediment 
 
Regression and ratio plots developed for the Tier 3 evaluation of metals in sediment are provided 
in Attachment E8.  Table E3-5 presents the historical metal detections in sediment.  Table E4-4 
presents a summary of the metal contaminants in sediment at the Site, as identified by the Tier 3 
evaluation.  Discussion of the Tier 3 evaluation of metals in sediment follows. 

4.3.1 Reference Metals for Sediment 
 
Iron and aluminum were the first and second, respectively, most abundant metals detected in the 
sediment samples at the Site.  Aluminum is a primary component of clays and iron is dominantly 
present as iron oxides.  Clays and iron oxides tend to exist as very fine particles, so both 
aluminum and iron are enriched in samples with finer grain sizes.  A plot of aluminum vs iron 
concentrations provides a qualitative indicator of the relative abundance of clay and iron oxide 
minerals in the site sediments.  Figure E8-1 presents the regression plot for aluminum vs iron in 
sediments at the Site. The regression plot showed a linear trend with a positive slope.  Because 
there were only four points available for the regression plot, a ratio plot of aluminum vs iron was 
evaluated to support the assessment of the regression plot.  The ratio plot showed that the site 
samples were within the background range.  Based on the regression and ratio plots, aluminum 
and iron concentrations in sediment at the Site were determined to be naturally occurring and 
were used as reference metals for the geochemical evaluation for sediment. 
 
Based on the soil and rock types at the Site (i.e., dolomite, shale, and limestone), calcium and 
magnesium were also used as reference metals for sediment.  Figure E8-2 presents the regression 
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and ratio plots for calcium vs magnesium in sediment at the Site.  The regression plot showed a 
linear trend with a positive slope and the ratio plot showed that the site samples are within the 
background range, suggesting that the calcium and magnesium concentrations are naturally 
occurring. 

4.3.2 Statistical Test Results for Sediment 
 
The suspected sediment contaminant metals (i.e., metals that failed the Tier 2 evaluation, see 
Table E3-6) were compared to the reference metals aluminum, iron, calcium, and magnesium; 
and to other metals to evaluate trace metal correlations. 
 
Beryllium 
Analytical results for beryllium detected in groundwater exhibited poor statistical relationships 
with the other metals detected in sediment, therefore, no regression plots are shown.  Figures E8-
3 and E8-4 present ratio plots for beryllium vs aluminum and iron, respectively.  The ratio plots 
show that the beryllium concentrations in the site samples are within the background range, with 
the exception of CWM-186-SW/SD01 and CWM-186- SW/SD02 in the beryllium vs iron plot.  
Therefore, the beryllium concentrations in samples CWM-186-SW/SD01 and CWM-186-
SW/SD02 are considered to be contaminants in sediment at the Site.   
 
Manganese 
Manganese showed a relatively strong correlation with barium only.  Manganese exhibited poor 
statistical relationships with the other metals detected in sediments.  Figure E8-5 presents the 
regression and ratio plots for manganese vs barium.  The ratio plot for manganese vs barium 
show that the barium concentrations in the site samples are within the background range.  Ratio 
plots for manganese vs reference metals aluminum, calcium, iron, and magnesium indicate that 
the manganese concentrations in the site samples are within the background range.  Figures E8-6 
and E8-7 present the ratio plots for manganese vs aluminum and iron, respectively.  Therefore, it 
is concluded that manganese is naturally occurring in sediment at the Site. 
 

4.4 Tier 3 Evaluation Results for Surface and Depositional Soil 
 
Regression and ratio plots developed for the Tier 3 evaluation of metals in surface and deposition 
soil are provided in Attachment E9.  Table E3-7 presents the historical metal detections in 
surface and deposition soil. Table E4-5 presents the correlation coefficients for the metal pairs 
evaluated by the geochemical regression analysis method for surface and deposition soil.  Table 
E4-6 presents a summary of the metal contaminants in surface and deposition soil at the Site, as 
identified by the Tier 3 evaluation.  Discussion of the Tier 3 evaluation of metals in surface and 
deposition soil follows. 

4.4.1 Reference Metals for Surface and Depositional Soil 
 
Aluminum and iron were the first and second most abundant metals detected in the site surface 
and deposition soil samples.  Aluminum is a primary component of clays and iron is dominantly 
present as iron oxides.  Clays and iron oxides tend to exist as very fine particles, so both 
aluminum and iron are enriched in samples with finer grain sizes.  A plot of aluminum vs iron 
concentrations provides a qualitative indicator of the relative abundance of clay and iron oxide 
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minerals in the site surface and deposition soil.  Figure E9-1 presents the regression plot for 
aluminum vs iron in surface and deposition soil at the Site.  The regression plot shows a linear 
trend with a positive slope; i.e., the site samples with the higher aluminum concentrations also 
contain proportionally higher iron content.  Therefore, aluminum and iron were used as reference 
metals for the geochemical evaluation for surface and depositional soil. 
 
The T-38 soil boring logs noted that yellowish orange, reddish brown, or brown clay or clay and 
silt are the predominant soil types in many of the sampled intervals.  The red color of the site 
soils is imparted by the iron oxides.  Black manganese nodules and staining were also noted in 
some sampled intervals.  Because manganese in surface soil at the Site failed the Tiers 1 and 2 
tests, it is a suspected contaminant metal.  However, because it was noted as being in the soil at 
the Site, manganese was used as a reference metal for the geochemical evaluation for surface 
soil.  The Tier 3 evaluation for manganese in surface soil is discussed below. 
 
The soil type at the Site is classified as Anniston Gravelly Clay Loam.  The soil type is 
characterized by strongly acid, deep, well-drained soils that developed in old local alluvium.  
Sandstone and quartzite gravel and cobbles are on the surface and throughout soil.  The rocks 
comprising the Site are dolomite, shale, and limestone.  Soils at the Site are derived in part from 
the weathering of limestone and dolomite, which are composed of calcium carbonate and 
calcium/magnesium carbonate minerals, respectively.  Because calcium and magnesium in 
surface soil at the Site failed the Tiers 1 and 2 tests, they are suspected contaminant metals.  
However, based on the soil and rock types at the Site calcium and magnesium were also used as 
reference metals for the geochemical evaluation of surface soil.  The Tier 3 evaluations for 
calcium and magnesium in surface soil are discussed below. 

4.4.2 Statistical Test Results for Surface and Depositional Soil 
 
The suspected surface and deposition soil contaminant metals (i.e., metals that failed the Tier 2 
evaluation, see Table E3-8) were compared to the reference metals aluminum, iron, manganese, 
calcium, and magnesium; and to other metals to evaluate trace metal correlations. 
 
Antimony 
Analytical results for antimony showed a statistically significant relationship with iron.  This is 
consistent with the natural geochemical association that antimony has a strong affinity to adsorb 
on iron oxides.  Figure E9-2 presents the regression and ratio plots for antimony vs iron.  The 
ratio plot indicates that the site antimony detects are above background.   However, the 
regression plot shows the analytical results plot near the best-fit linear model, indicating the 
antimony concentrations are part of the background range.  Historical information for the Site 
suggests the handling and storage of munitions on the Site.  This could result in the 
contamination of metals associated with munitions, such as antimony, copper, and lead.  If the 
antimony concentrations were due to site-related activities, strong correlations between antimony 
and copper or antimony and lead would be expected.  Because there were no statistically 
significant relationship observed between antimony vs copper and lead, it was concluded that 
antimony is naturally occurring in surface and depositional soil at the site. 
 
Arsenic 
Analytical results for arsenic had statistically significant relationships with aluminum, beryllium, 
chromium, cobalt, copper, iron, mercury, nickel, selenium, thallium, vanadium, and zinc.  
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Arsenic showed relatively strong to moderately strong correlations with several trace metals, a 
moderately strong correlation with aluminum, and a relatively strong correlation with iron.  
Figures E9-3 and E9-4 present the regression and ratio plots for arsenic vs aluminum and iron, 
respectively.  The analytical results plot near the best-fit linear model and the ratio plots indicate 
the arsenic concentrations in the investigative samples are within the background range.   
Therefore, arsenic is considered to be naturally occurring in surface and depositional soil at the 
Site. 
 
Barium 
Barium had statistically significant relationships with beryllium, cobalt, lead, and manganese.  
Barium has a strong affinity to manganese oxides, which are naturally occurring minerals in soil.  
Barium showed a moderately strong correlation with manganese, and with trace metals 
beryllium, cobalt, and lead.  Figures E9-5 and E9-6 presents the regression and ratio plots for 
barium vs lead and manganese, respectively.  The ratio plots indicated the barium concentrations 
in the investigative samples are within the background range, with the exception of CWM-186-
MW09 on the barium vs lead ratio plot.  However, because the regression plots showed the 
analytical results plotted near the best-fit linear model, barium is considered to be naturally 
occurring in surface and depositional soil at the Site. 
 
Beryllium 
Analytical results for beryllium had statistically significant relationships with aluminum, arsenic, 
barium, cobalt, iron, manganese, nickel, and vanadium.  Beryllium showed moderately strong 
correlations with reference metals aluminum and iron, and trace metals barium, cobalt, 
manganese, nickel, and vanadium.  Figures E9-7 and E9-8 present the regression and ratio plots 
for beryllium vs aluminum and iron, respectively.  The analytical results plot near the best-fit 
linear model, with the exception of CWM-186-DEP04.  The ratio plots for beryllium vs 
aluminum and iron indicate the beryllium concentrations in the investigative samples are within 
the background range.  Therefore, beryllium is considered to be naturally occurring in surface 
and depositional soil at the Site. 
 
Cadmium 
Because cadmium was detected in only one investigative site sample, regression plots could not 
be performed.  Figures E9-9 and E9-10 present the ratio plots for cadmium vs aluminum and 
iron, respectively.  The ratio plots show that the cadmium detect in surface soil sample CWM-
186-MW41 is above the background range.  Therefore, the cadmium concentration for surface 
soil sample CWM-186-MW41 is considered a contaminant at the Site. 
 
Calcium 
Calcium had a statistically significant relationship with magnesium, as expected based on the 
rock types and soil at the Site.  Figure E9-11 presents the regression and ratio plots for calcium 
vs magnesium.  The regression and ratio plots show the calcium concentrations in the 
investigative samples are within the background range.  Therefore, it was concluded that calcium 
is naturally occurring in surface and depositional soil at the Site. 
 
Chromium 
Analytical results for chromium had statistically significant relationships with aluminum, 
arsenic, iron, thallium, and vanadium.  Chromium showed moderately strong correlations with 
trace metals arsenic, thallium, and vanadium, and reference metals aluminum and iron.  Figures 
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E9-12 and E9-13 present the regression and ratio plots for chromium vs aluminum and iron, 
respectively.  The analytical results plot near the best-fit linear model and the chromium 
concentrations in the investigative samples were within the background range, with the exception 
of surface soil sample CWM-186-MW47.  The ratio plots show the chromium concentrations in 
the investigative samples are within the background range, with the exception of CWM-186-
MW47 on the chromium vs iron ratio plot.  Chromium was frequently detected in surface soil at 
the Site, however, the arithmetic mean concentration of samples from the Site (29 mg/kg) is less 
than the naturally occurring background concentration of chromium (37 mg/kg). Based on this 
and historical information for the Site, chromium is most likely not site-related and was not 
considered a contaminant in surface soil at the Site. 
 
Cobalt 
Analytical results for cobalt had statistically significant relationships with aluminum, arsenic, 
barium, beryllium, iron, manganese, nickel, and vanadium.  Cobalt showed moderately strong 
correlations with trace metals barium, beryllium, and nickel; relatively weak correlations with 
reference metals aluminum and iron; and a moderately strong correlation with reference metal 
manganese.  Figures E9-14 and E9-15 present the regression and ratio plots for cobalt vs 
aluminum and manganese, respectively.  The regression plot for cobalt vs aluminum showed the 
analytical results plot near the best-fit linear model and the cobalt concentrations in the 
investigative samples were within the background range.  The ratio plot for cobalt vs manganese 
indicated the cobalt concentrations in the investigative samples were within the background 
range, with the exception of CWM-186-MW55.  However, because the regression plot showed 
the analytical results plotted near the best-fit linear model, cobalt is considered to be naturally 
occurring in surface and depositional soil at the site. 
 
Copper 
Analytical results for copper had statistically significant relationships with aluminum, arsenic, 
iron, lead, mercury, nickel, potassium, vanadium, and zinc.  Copper showed moderately strong 
correlations with trace metals arsenic, nickel, potassium, and vanadium, and with reference 
metals aluminum and iron.  Figures E9-16 and E9-17 present the regression and ratio plots for 
copper vs aluminum and iron, respectively. The analytical results plot near the best-fit linear 
model, with the exception of surface soil sample CWM-186-MW48 on the copper vs aluminum 
regression plot.  The ratio plots for copper vs aluminum and iron indicated the copper 
concentrations in the investigative samples were within the background range.  Therefore, copper 
is considered to be naturally occurring in surface and depositional soil at the Site. 
 
Lead 
Analytical results for lead had statistically significant relationships with aluminum, barium, 
copper, manganese, mercury, and zinc.  Manganese oxides have a strong affinity to adsorb 
divalent cations such as lead.  Figures E9-18 and E9-19 present the regression and ratio plots for 
lead vs aluminum and manganese, respectively.  The analytical results plot near the best-fit linear 
model, with the exception of surface soil sample CWM-186-GP16.  The ratio plots indicate the 
lead concentrations for these surface soil samples are within the background range, with the 
exception of sample CWM-186-GP09 on the lead vs manganese ratio plot.  Because the ratio 
plots indicate the lead concentration for CWM-186-GP16 is part of the background, and because 
the regression plots indicate the lead concentration for CWM-186-GP09 is part of the 
background, lead is considered to be naturally occurring in surface and depositional soil at the 
Site.   
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Magnesium 
Magnesium had a statistically significant relationship with calcium, as expected based on the 
rock types and soil at the Site.  Figure E9-20 presents the regression and ratio plots for 
magnesium vs calcium.  The analytical results plot near the best-fit linear model, with the 
exception of surface soil sample CWM-186-MW08.  However, the ratio plot shows the 
magnesium concentration for CWM-186-MW08 is within the background range.  Therefore, it 
was concluded that magnesium is naturally occurring in surface and depositional soil at the Site. 
 
Manganese 
Analytical results for manganese had statistically significant relationships with barium, 
beryllium, cobalt, and nickel.  Manganese oxide minerals have a strong affinity to adsorb 
divalent trace metals such as barium and cobalt.  Figures E9-21 and E9-22 present the regression 
and ratio plots for manganese vs barium and manganese vs cobalt, respectively.  The analytical 
results plot near the best-fit linear model and the ratio plots indicate the manganese 
concentrations are within the background range.  Therefore, it was concluded that manganese is 
naturally occurring in surface and depositional soil at the Site. 
 
Mercury 
Analytical results for mercury had statistically significant relationships with aluminum, arsenic, 
copper, iron, lead, and zinc.  Mercury showed moderately strong correlations with aluminum, 
arsenic, and zinc; and relatively weak correlations with reference metal iron, and trace metals 
copper and lead.  Figures E9-23 and E9-24 present the regression and ratio plots for mercury vs 
aluminum and iron, respectively.  The analytical results plot near the best-fit linear model and 
the ratio plots indicate the manganese concentrations are within the background range, with the 
exception of surface soil sample CWM-186-GP16.  Therefore, the mercury concentration for 
surface soil sample CWM-186-GP16 is considered a contaminant at the Site.   
 
Nickel 
Analytical results for nickel had statistically significant relationships with aluminum, arsenic, 
beryllium, cobalt, copper, iron, manganese, vanadium, and zinc.  Nickel showed moderately 
strong correlations with reference metals aluminum and iron, and trace metals arsenic, beryllium, 
cobalt, copper, vanadium, and zinc.  Figures E9-25 and E9-26 present the regression and ratio 
plots for nickel vs aluminum and iron, respectively.  The ratio plots showed the nickel 
concentrations in the site samples were within the background range with the exception of a few 
samples for the nickel vs iron ratio plot.  However, because the nickel analytical results plot near 
the best-fit linear model on the regression plots, it was concluded that nickel is naturally 
occurring in surface and depositional soil at the Site. 
 
Selenium 
Analytical results for selenium had statistically significant relationships with aluminum, arsenic, 
iron, nickel, potassium, and vanadium.  Selenium showed moderately strong correlations with 
reference metals aluminum and iron, and trace metals arsenic, potassium, and vanadium.  Figures 
E9-27 and E9-28 present the regression plots for selenium vs aluminum and iron, respectively.  
The analytical results plot closely to the best-fit linear model, with the exception of CWM-186-
MW48 on the selenium vs aluminum regression plot.  Ratio plots could not be properly 
performed for selenium due to the low number of background detects.  Based on the selenium vs 
aluminum regression plot, the selenium concentration in surface soil sample CWM-186-MW48 
is considered a contaminant at the Site. 
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Vanadium 
Analytical results for vanadium had statistically significant relationships with aluminum, arsenic, 
beryllium, chromium, cobalt, copper, iron, nickel, selenium, and thallium.  Vanadium showed 
relatively strong correlations with reference metals aluminum and iron, and trace metal thallium.  
Figures E9-29 and E9-30 present the regression and ratio plots for vanadium vs aluminum and 
iron, respectively.  The analytical results plot closely to the best-fit linear model and the ratio 
plots showed the vanadium concentrations in the site samples were within the background range.  
Therefore, it was concluded that vanadium is naturally occurring in surface and depositional soil 
at the Site. 
 
Zinc 
Analytical results for zinc had statistically significant relationships with aluminum, arsenic, 
copper, iron, lead, mercury, and nickel.  Zinc showed moderately strong correlations with 
aluminum, arsenic, copper, iron, lead, mercury, and nickel.  Figures E9-31 and E9-32 present the 
regression and ratio plots for zinc vs aluminum and iron, respectively.  The analytical results plot 
near the best-fit linear model and the ratio plots indicate the zinc concentrations are within the 
background range, with the exception of surface soil sample CWM-186-GP16.  Therefore, the 
zinc concentration for surface soil sample CWM-186-GP16 is considered a contaminant at the 
Site.  
 

4.5 Tier 3 Evaluation Results for Subsurface Soil 
 
Regression and ratio plots developed for the Tier 3 evaluation of metals in subsurface soil are 
provided in Attachment E10.  Table E3-9 presents the historical metal detections in subsurface 
soil. Table E4-7 presents the correlation coefficients for the metal pairs evaluated by the 
geochemical regression analysis method for subsurface soil.  Table E4-8 presents a summary of 
the metal contaminants in subsurface soil at the Site, as identified by the Tier 3 evaluation.  
Discussion of the Tier 3 evaluation of metals in subsurface soil follows. 

4.5.1 Reference Metals for Subsurface Soil 
 
Iron and aluminum were the first and second, respectively, most abundant metals detected in the 
site subsurface soil samples.  Aluminum is a primary component of clays and iron is dominantly 
present as iron oxides.  Clays and iron oxides tend to exist as very fine particles, so both 
aluminum and iron are enriched in samples with finer grain sizes.  A plot of aluminum vs iron 
concentrations provides a qualitative indicator of the relative abundance of clay and iron oxide 
minerals in the site subsurface soil.  Figure E10-1 presents the regression plot for aluminum vs 
iron in subsurface soil at the Site.  The regression plot shows a linear trend with a positive slope; 
i.e., the site samples with the higher aluminum concentrations also contain proportionally higher 
iron content.  Therefore, aluminum and iron were used as reference metals for the geochemical 
evaluation for subsurface soil. 
 
Soil boring logs for the Site noted that yellowish orange, reddish brown, brown clay, or clay and 
silt are the predominant soil types in many of the sampled intervals.  The red color of the site 
soils is imparted by the iron oxides.  Black manganese nodules and staining were also noted in 
some sampled intervals.  Because manganese in subsurface soil at the Site failed the Tiers 1 and 
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2 tests, it is a suspected contaminant metal.  However, because it was noted as being in the soil at 
the Site, manganese was used as a reference metal for the geochemical evaluation for subsurface 
soil.  The Tier 3 evaluation for manganese in subsurface soil is discussed below. 
 
Soils at the Site are derived in part from the weathering of limestone and dolomite, which are 
composed of calcium carbonate and calcium/magnesium carbonate minerals, respectively.  
Because calcium and magnesium in subsurface soil at the Site failed the Tiers 1 and 2 tests, they 
are suspected contaminant metals.  However, based on the soil and rock types at the Site calcium 
and magnesium were also used as reference metals for the geochemical evaluation of subsurface 
soil.  The Tier 3 evaluations for calcium and magnesium in subsurface soil are discussed below. 

4.5.2 Statistical Test Results for Subsurface Soil 
 
The suspected subsurface soil contaminant metals (i.e., metals that failed the Tier 2 evaluation, 
see Table E3-10) were compared to the reference metals aluminum, iron, manganese, calcium, 
and magnesium; and to other metals to evaluate trace metal correlations. 
 
Antimony 
Analytical results for antimony showed a statistically significant relationship with iron.  This is 
consistent with the natural geochemical association that antimony has a strong affinity to adsorb 
on iron oxides.  Figure E10-2 presents the regression and ratio plots for antimony vs iron.  The 
ratio plot indicates that the site antimony detects are above background.   However, the 
regression plot shows the analytical results plot near the best-fit linear model, indicating the 
antimony concentrations are part of the background range.  Historical information for the site 
suggests the handling and storage of munitions on the site.  This could result in the 
contamination of metals associated with munitions, such as antimony, copper, and lead.  If the 
antimony concentrations were due to site-related activities, strong correlations between antimony 
and copper or antimony and lead would be expected.  Because there were no statistically 
significant relationships observed between antimony vs copper and lead, it was concluded that 
antimony is naturally occurring in subsurface soil at the site. 
 
Barium   
Barium had statistically significant relationships with beryllium, calcium, cobalt, lead, 
magnesium, manganese, mercury, nickel, selenium, thallium, and zinc.  Barium has a strong 
affinity to manganese oxides, which are naturally occurring minerals in soil.  Barium showed 
moderately strong correlations with reference metals manganese and magnesium, and with trace 
metals beryllium, cobalt, lead, nickel, and zinc.  Figures E10-3 and E10-4 present the regression 
and ratio plots for barium vs beryllium and manganese, respectively.  The ratio plots indicated 
the barium concentrations in the investigative samples are within the background range, with the 
exception of a couple samples on the barium vs manganese ratio plot.  However, because the 
regression plots showed the analytical results plotted near the best-fit linear model, barium is 
considered to be naturally occurring in subsurface soil at the Site. 
 
Beryllium   
Analytical results for beryllium had statistically significant relationships with barium, cobalt, 
copper, lead, magnesium, manganese, nickel, and zinc.  Beryllium showed moderately strong 
correlations with trace metals barium, cobalt, lead, nickel, and zinc; and relatively weak 
correlations with reference metals magnesium and manganese.  Figures E10-5 and E10-6 present 
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the regression and ratio plots for beryllium vs lead and manganese, respectively.  The analytical 
results plot near the best-fit linear model, with the exception of CWM-186-MW08; however, the 
ratio plots showed this sample concentration was within the background range.  Therefore, 
beryllium is considered to be naturally occurring in subsurface soil at the Site. 
 
Calcium  
Calcium had a statistically significant relationship with magnesium, as expected based on the 
rock types and soil at the Site.  Figure E10-7 presents the regression and ratio plots for calcium 
vs magnesium.  The regression plot shows the analytical results plot near the best-fit linear 
model, with the exception of CWM-186-GP05 and CWM-183-MW12.  However, the ratio plot 
shows the calcium concentrations for CWM-186-GP05 and CWM-183-MW12 are within the 
background range.  Therefore, calcium is considered to be naturally occurring in subsurface soil 
at the Site. 
 
Chromium 
Analytical results for chromium had statistically significant relationships (and showed 
moderately strong correlations) with aluminum, arsenic, iron, selenium, and vanadium.  Figures 
E10-8 and E10-9 present the regression and ratio plots for chromium vs aluminum and iron, 
respectively.  The ratio plots showed that the chromium concentrations in the site samples were 
within the background range, with the exception of one sample on the chromium vs aluminum 
ratio plot.  However, the analytical results plotted near the best-fit linear model on the regression 
plots.  Therefore, it was concluded that chromium is naturally occurring in subsurface soil at the 
Site. 
 
Cobalt 
Analytical results for cobalt had statistically significant relationships with barium, beryllium, 
calcium, copper, lead, manganese, mercury, nickel, thallium, and zinc.  Cobalt showed 
moderately strong correlations with trace metals barium, beryllium, nickel, and zinc, and 
reference metal manganese.  Figures E10-10 and E10-11 present the regression and ratio plots 
for cobalt vs manganese and nickel, respectively.  The ratio plots showed that the cobalt 
concentrations in the site samples were within the background range, with the exception of one 
sample on the cobalt vs manganese ratio plot.  However, the analytical results plotted near the 
best-fit linear model on the regression plots.  Therefore, it was concluded that cobalt is naturally 
occurring in subsurface soil at the Site. 
 
Copper 
Analytical results for copper had statistically significant relationships with aluminum, arsenic, 
beryllium, calcium, cobalt, iron, lead, magnesium, manganese, nickel, potassium, selenium, 
sodium, and zinc.  Copper is a divalent cation with an affinity to adsorb on the surfaces of iron 
oxides.  Copper showed moderately strong correlations with trace metals lead, nickel, selenium, 
and zinc, and reference metals iron and magnesium.  Figures E10-12 and E10-13 present the 
regression and ratio plots for copper vs iron and magnesium, respectively.  The ratio plots show 
that the copper concentrations in the site samples were within the background range, with the 
exception of one sample on the copper vs iron ratio plot.  However, the analytical results plotted 
near the best-fit linear model on the regression plots.  Therefore, it was concluded that copper is 
naturally occurring in subsurface soil at the Site. 
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Lead 
Analytical results for lead had statistically significant relationships with aluminum, arsenic, 
barium, beryllium, calcium, cobalt, copper, iron, magnesium, manganese, nickel, potassium, 
selenium, sodium, and zinc.  Lead showed moderately strong correlations with trace metals 
barium, beryllium, copper, nickel, selenium, and zinc, and reference metals iron, magnesium, 
and manganese.  Figures E10-14 and E10-15 present the regression and ratio plots for lead vs 
iron and manganese, respectively.  The analytical results plot near the best-fit linear model and 
the ratio plots show that the lead concentrations in the site samples were within the background 
range.  Therefore, lead is considered to be naturally occurring in subsurface soil at the Site. 
 
Magnesium 
Magnesium had a statistically significant relationship with calcium, as expected based on the 
rock types and soil at the Site.  Figure E10-16 presents the regression and ratio plots for 
magnesium vs calcium.  The ratio plot shows several magnesium concentrations were above the 
background range.  However, the regression plot shows the analytical results plot near the best-
fit linear model.  Therefore, magnesium is considered to be naturally occurring in subsurface soil 
at the Site. 
 
Manganese 
Analytical results for manganese had statistically significant relationships with arsenic, barium, 
beryllium, calcium, cobalt, copper, iron, lead, magnesium, mercury, nickel, selenium, thallium, 
and zinc.  Manganese showed moderately strong correlations with barium, cobalt, nickel, and 
zinc.  Manganese oxide minerals have a strong affinity to adsorb divalent trace metals such as 
barium and cobalt.  Figure E10-17 presents the regression and ratio plots for manganese vs 
cobalt.  The ratio plot for manganese vs cobalt indicate the manganese concentrations are within 
the background range, with the exception of two samples, however, the regression plot for 
manganese vs cobalt shows the analytical results plot near the best-fit linear model.  Manganese 
showed a relatively weak correlation with reference metal iron.  Figure E10-18 presents the 
regression and ratio plots for manganese vs iron.  The regression plot showed the analytical 
results plotted near the best-fit linear model, with the exception of CWM-186-GP05 (which was 
just slightly above the 95 percent prediction limit).  The ratio plot showed the manganese 
concentrations in the site samples were within the background range.  Therefore, manganese is 
considered to be naturally occurring in subsurface soil at the Site.   
 
Mercury 
Analytical results for mercury had statistically significant relationships with barium, cobalt, and 
manganese.  Figures E10-19 and E10-20 present the regression and ratio plots for mercury vs 
cobalt and manganese, respectively.  The analytical results plot near the best-fit linear model, 
with the exception of sample CWM-186-MW26.  However, the ratio plots showed that the 
mercury concentrations were within the background range.  Therefore, mercury is considered to 
be naturally occurring in subsurface soil at the Site. 
 
Nickel 
Analytical results for nickel had statistically significant relationships with aluminum, arsenic, 
barium, beryllium, calcium, cobalt, copper, iron, lead, magnesium, manganese, selenium, 
vanadium, and zinc.  Nickel showed relatively weak correlations with reference metals 
aluminum and iron, and moderately strong correlations with barium, beryllium, cobalt, copper, 
lead, magnesium, manganese, and zinc.  Figures E10-21 and E10-22 present the regression and 
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ratio plots for nickel vs aluminum and zinc, respectively.  The ratio plots showed the nickel 
concentrations in the site samples were within the background range, with the exception of a few 
samples for the nickel vs aluminum ratio plot.  However, the regression plots showed the 
analytical results plotted near the best-fit linear model indicating the concentrations were part of 
the background.  Therefore, nickel is considered to be naturally occurring in subsurface soil at 
the Site. 
 
Potassium 
Analytical results for potassium had statistically significant relationships with aluminum, copper, 
lead, and magnesium.  Figures E10-23 and E10-24 present the regression and ratio plots for 
potassium vs aluminum and magnesium, respectively.  The regression and ratio plots for 
potassium vs magnesium showed the analytical results plotted near the best-fit linear model and 
the potassium concentrations in the site samples were within the background range.  However, 
the regression and ratio plots for potassium vs aluminum showed the potassium concentrations 
for samples CWM-186-MW53 and CWM-186-MW45 were above the best-fit linear model and 
the background range.  Potassium is considered a macronutrient with minimal human or 
ecological toxicity, however, because their concentrations were greater than ten times the 
background screening value and above the background range on the regression and ratio plots, 
the potassium concentrations for subsurface soil samples CWM-186-MW53 and CWM-186-
MW45 are considered contaminants the Site. 
 
Selenium 
Analytical results for selenium had statistically significant relationships with aluminum, arsenic, 
barium, calcium, chromium, copper, iron, lead, magnesium, manganese, nickel, vanadium, and 
zinc.  Selenium showed moderately strong correlations with trace metals arsenic, chromium, 
copper, lead, nickel, vanadium, and zinc; and with reference metal aluminum.  Selenium showed 
a relatively strong correlation with reference metal iron.  Figures E10-25 and E10-26 present the 
regression plots for selenium vs aluminum and iron, respectively.  The analytical results plot near 
the best-fit linear model, with the exception of CWM-186-GP05 for the selenium vs aluminum 
regression plot.  Ratio plots could not be properly performed for selenium due to the low number 
of background detects.  Therefore, the selenium concentration for subsurface soil sample CWM-
186-GP05 is considered a contaminant at the Site. 
 
Thallium 
Analytical results for thallium had statistically significant relationships with arsenic, barium, 
calcium, cobalt, iron, manganese, and zinc.  Thallium showed moderately strong correlations 
with trace metal arsenic and relatively weak correlations with reference metals iron and 
manganese.  Figures E10-27 and E10-28 present the regression and ratio plots for thallium vs 
arsenic and iron, respectively.  The analytical results plot near the best-fit linear model, with the 
exception of CWM-186-GP05 for the thallium vs iron regression plot.  The ratio plots for 
thallium vs arsenic and iron indicate the thallium concentrations for the subsurface soil samples 
are within the background range.  Therefore, thallium is considered to be naturally occurring in 
subsurface soil at the Site.  
 
Vanadium 
Analytical results for vanadium had statistically significant relationships with aluminum, arsenic, 
chromium, iron, nickel, and selenium.  Vanadium had moderately strong correlations with 
reference metals aluminum and iron, and trace metals arsenic, chromium, and selenium.  Figures 
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E10-29 and E10-30 present the regression and ratio plots for vanadium vs aluminum and iron, 
respectively.  The analytical results plot near the best-fit linear model and were within the 
background range.  Therefore, vanadium is considered to be naturally occurring in subsurface 
soil at the Site. 
 
Zinc 
Analytical results for zinc had statistically significant relationships with aluminum, arsenic, 
barium, beryllium, calcium, cobalt, copper, iron, lead, magnesium, manganese, nickel, 
potassium, selenium, sodium, and thallium.  Figures E10-31 and E10-32 present the regression 
and ratio plots for zinc vs iron and nickel, respectively.  The ratio plots showed the zinc 
concentrations in the site samples were within the background range, with the exception of two 
samples for the zinc vs iron ratio plot.  However, the regression plots showed the analytical 
results plotted near the best-fit linear model.  Therefore, zinc is considered to be naturally 
occurring in subsurface soil at the Site. 
 

Q:\03.094.007 (Ft McClellan FY04 Projects)\14 T-38\RFI\Draft RFI Report\Appendices\Appendix E\T-38 RFI_Appendix E.doc E-46 



Training Area T-38, Former Technical Escort Reaction Area, Parcel 186(6) 
Appendix E 

5.0 REFERENCES 
 
Rosenbaum, S., 1954, “Tables for a Nonparametric Test of Location,” Annals of Mathematical 
Statistics, Vol. 24, pp. 146-150. 
 
Science Application International Corporation (SAIC), 1998, Final Background Metals Survey 
Report, Fort McClellan, Anniston, Alabama, prepared for U.S. Army Corps of Engineers, 
Mobile, Alabama, July.  
 
Shaw, 2005. Draft Remedial Investigation Report Training Area T-5 Sites, January. 
 
Strumm, Warner and Morgan, James, 1970. Aquatic Chemistry, An Introduction Emphasizing 
Chemical Equilibria in Natural Waters. 
 
U.S. Environmental Protection Agency (EPA), 1989,  Statistical Analysis of Groundwater 
Monitoring Data at RCRA Facilities, Interim Final Guidance, Office of Solid Waste, Waste 
Management Division, EPA/530/SW-89/026, July. 
 
EPA, 1992, Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities, Addendum 
to Interim Final Guidance, Environmental Statistics and Information Division, Office of Policy, 
Planning and Evaluation, EPA/530/R-93/003, July. 
 
EPA, 1994. Statistical Methods for Evaluating the Attainment of Cleanup Standards, 
Environmental Statistics and Information Division, Office of Policy, Planning, and Evaluation, 
EPA/230/R-94/004, June. 
 
EPA, 2000. Guidance of Data Quality Assessment: Practical Methods for Data Analysis, EPA 
QA/G-9, QA00 Update, Office of Environmental Information, EPA/600/R-96/084, July.  
 
EPA, 2005.  Memorandum: EPA Comments on the Draft Remedial Investigation Report for 
Training Area T-5 Sites, Parcels 180(7), 182(7), 511(7), 512(7), 514(7), and 516(7); Re-Cap of 
January 25, 2005 Meeting Hosted by EPA to Resolve Army and EPA Issues.  March. 
 
U.S. Navy (Navy), 2002. Guidance for Environmental Background Analysis, Volume 1: Soil, 
NFESC User’s Guide UG-2049-ENV, Naval Facilities Engineering Command, Washington, 
D.C., April.  
 
Navy, 2003. Guidance for Environmental Background Analysis, Volume II: Sediment, Naval 
Facilities Engineering Command, Washington, D.C., April. 
 
Navy, 2004. Guidance for Environmental Background Analysis, Volume III: Groundwater, 
Naval Facilities Engineering Command, Washington, D.C., April. 

Q:\03.094.007 (Ft McClellan FY04 Projects)\14 T-38\RFI\Draft RFI Report\Appendices\Appendix E\T-38 RFI_Appendix E.doc E-47 



 

TABLES 
 
 

 



Table E3-1:  Historical Metal Detections in Groundwater
Training Area T-38, Parcel 186(6)

McClellan, Anniston, Alabama

Well ID
Sample 

Date
DO 

(mg/L)
ORP 
(mV)

Turbidity 
(NTU) pH Aluminum Antimony Arsenic Barium Beryllium Calcium Chromium Cobalt

Metals (mg/L)
CWM-186-MW01 6/22/2001 10 370 106 5.54 0.334 < 0.1 0.00257 J (J) 0.0899 < 0.001 15.8 < 0.01 < 0.02
CWM-186-MW02 5/31/2001 7.28 286 3.8 6.87 0.0817 J (J) < 0.1 < 0.01 0.122 < 0.001 18.2 < 0.01 < 0.02
CWM-186-MW03 6/7/2001 9.46 104 5.1 11.6 2.78 < 0.06 0.0026 B (J) 0.054 B (J) 0.00052 B (J) 47.3 0.0043 B (J) 0.0044 B (J)
CWM-186-MW04 6/30/2001 6.32 309 1 5.14 < 0.2 < 0.1 < 0.01 0.0541 0.00102 (B) 0.595 J (B) < 0.01 0.0141 J (B)
CWM-186-MW05 6/21/2001 10.12 347 39 5.13 0.467 (J) < 0.06 < 0.01 0.0122 B (J) 0.00059 B (B) 1.12 B (J) < 0.01 0.0088 B (B)
CWM-186-MW07 5/15/2001 9.14 252 50.3 6.45 2.4 0.0601 J (J) < 0.01 0.0393 0.00081 J (B) 10.1 < 0.01 < 0.02
CWM-186-MW08 5/14/2001 16.05 NA 4.5 7.52 0.198 J (J) < 0.1 < 0.01 0.0501 < 0.001 26.5 0.0595 < 0.02
CWM-186-MW09 6/5/2001 8.25 311 47.7 6.25 0.243 < 0.06 < 0.01 0.0291 B (J) < 0.005 7.03 < 0.01 0.005 B (J)
CWM-186-MW10 6/25/2001 5.98 310 68.5 6.52 0.256 < 0.1 0.00316 J (J) 0.0334 < 0.001 15.2 < 0.01 < 0.02
CWM-186-MW11 5/10/2001 11.05 274 154 5.36 3.39 < 0.1 < 0.01 0.0283 0.00117 1.01 < 0.01 < 0.02
CWM-186-MW13 5/8/2001 1.25 -64 2.52 7 < 0.2 < 0.1 < 0.01 0.0306 < 0.001 46.6 < 0.01 < 0.02
CWM-186-MW14 6/7/2001 4.09 252 48 7.83 0.526 < 0.06 < 0.01 0.0447 B (J) 0.00074 B (J) 46.6 < 0.01 0.0048 B (J)
CWM-186-MW15 5/18/2001 15.31 -135 24.3 8.65 0.132 J (B) < 0.1 0.00571 J (J) 0.107 < 0.001 18.5 < 0.01 0.0173 J (B)
CWM-186-MW16 5/10/2001 11.38 199 10.2 6.06 0.0966 J (J) 0.0358 J (J) < 0.01 0.0251 < 0.001 8.05 < 0.01 < 0.02
CWM-186-MW18 5/22/2001 9.1 272 23.4 5.51 0.359 < 0.1 < 0.01 0.0442 < 0.001 26.9 < 0.01 < 0.02
CWM-186-MW19 5/17/2001 10.89 60 >1 7.49 0.596 < 0.1 < 0.01 0.142 < 0.001 53.4 < 0.01 < 0.02
CWM-186-MW20 5/23/2001 6.7 180 104 6.42 0.899 < 0.1 < 0.01 0.0391 < 0.001 35.7 < 0.01 < 0.02
CWM-186-MW21 5/16/2001 3.4 NA 7.1 7.8 0.317 < 0.1 0.00301 J (J) 0.0463 < 0.001 24.8 < 0.01 < 0.02
CWM-186-MW22 5/17/2001 0.75 295 2.4 7.62 0.173 J (J) < 0.1 < 0.01 0.12 < 0.001 24 < 0.01 < 0.02
CWM-186-MW23 5/31/2001 3.99 11 10.3 9.63 0.487 < 0.1 < 0.01 0.0342 < 0.001 7.52 0.0182 < 0.02
CWM-186-MW24 5/31/2001 7.3 14 15.3 11.8 0.111 J (J) < 0.1 < 0.01 1.05 < 0.001 71.6 0.00497 J (J) < 0.02
CWM-186-MW25 6/28/2001 9.66 283 632 6.59 2.13 < 0.1 0.00364 J (J) 0.127 < 0.001 34.6 < 0.01 < 0.02
CWM-186-MW26 1/18/2002 0 -9 1.6 5.76 < 0.2 < 0.1 < 0.01 0.296 < 0.01 3.43 < 0.02 0.048
CWM-186-MW28 5/25/2001 9.91 155 5.7 6.55 0.1 J (J) < 0.1 0.00383 J (J) 0.0993 < 0.001 44.9 < 0.01 < 0.02
CWM-186-MW29 6/19/2001 7.04 75 36.4 10.7 0.575 (J) < 0.06 < 0.01 0.035 B (J) 0.0016 B (B) 23 0.0046 B (J) 0.0067 B (B)
CWM-186-MW30 7/2/2001 10.02 119 62 6.81 1.62 < 0.1 0.0117 0.336 0.00413 (B) 69.3 0.0199 0.0185 J (B)
CWM-186-MW31 3/22/2002 9.98 255 39.2 5.52 2.24 < 0.1 < 0.01 0.0214 < 0.01 2.02 < 0.02 < 0.02
CWM-186-MW32 3/25/2002 7.19 256 230 5.57 3.19 < 0.1 0.00279 J (J) 0.0787 < 0.01 1.7 (B) < 0.02 0.0159 J (J)
CWM-186-MW33 3/14/2002 3.28 36 8.7 6.7 0.0615 J (J) < 0.1 < 0.01 0.125 < 0.01 19.4 (B) < 0.02 0.0148 J (J)
CWM-186-MW34 3/18/2002 0.85 -125 0.8 7.41 < 0.2 < 0.1 < 0.01 0.0338 < 0.01 28.9 < 0.02 < 0.02
CWM-186-MW35 3/11/2002 10.89 414 1 5.37 0.0964 J (J) < 0.1 < 0.01 0.0611 (J) < 0.01 2.37 (B) < 0.02 0.0305
CWM-186-MW36 3/12/2002 0.54 -156 2.4 7.27 < 0.2 < 0.1 < 0.01 0.472 (J) < 0.01 17.3 (B) < 0.02 < 0.02
CWM-186-MW37 3/20/2002 1.99 -20 7 6.35 0.58 < 0.1 < 0.01 0.428 < 0.01 6.52 < 0.02 0.0121 J (J)
CWM-186-MW38 3/13/2002 0.98 340 1.1 5.69 < 0.2 < 0.1 < 0.01 0.0422 < 0.01 2.43 (B) < 0.02 < 0.02
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Table E3-1:  Historical Metal Detections in Groundwater
Training Area T-38, Parcel 186(6)

McClellan, Anniston, Alabama

Well ID
Sample 

Date
Metals (mg/L)
CWM-186-MW01 6/22/2001
CWM-186-MW02 5/31/2001
CWM-186-MW03 6/7/2001
CWM-186-MW04 6/30/2001
CWM-186-MW05 6/21/2001
CWM-186-MW07 5/15/2001
CWM-186-MW08 5/14/2001
CWM-186-MW09 6/5/2001
CWM-186-MW10 6/25/2001
CWM-186-MW11 5/10/2001
CWM-186-MW13 5/8/2001
CWM-186-MW14 6/7/2001
CWM-186-MW15 5/18/2001
CWM-186-MW16 5/10/2001
CWM-186-MW18 5/22/2001
CWM-186-MW19 5/17/2001
CWM-186-MW20 5/23/2001
CWM-186-MW21 5/16/2001
CWM-186-MW22 5/17/2001
CWM-186-MW23 5/31/2001
CWM-186-MW24 5/31/2001
CWM-186-MW25 6/28/2001
CWM-186-MW26 1/18/2002
CWM-186-MW28 5/25/2001
CWM-186-MW29 6/19/2001
CWM-186-MW30 7/2/2001
CWM-186-MW31 3/22/2002
CWM-186-MW32 3/25/2002
CWM-186-MW33 3/14/2002
CWM-186-MW34 3/18/2002
CWM-186-MW35 3/11/2002
CWM-186-MW36 3/12/2002
CWM-186-MW37 3/20/2002
CWM-186-MW38 3/13/2002

Copper Iron Lead Magnesium Manganese Mercury Nickel Potassium Selenium Sodium

< 0.02 0.348 < 0.01 3.87 0.226 0.000435 J (J) < 0.02 < 5 < 0.01 1.93
< 0.02 0.0639 J (J) < 0.01 0.676 J (J) 0.0112 < 0.0005 < 0.02 2.39 J (J) < 0.01 2.59

< 0.025 1.5 < 0.003 0.12 B (B) 0.0456 < 0.0002 0.002 B (B) 8.54 < 0.005 6.58
< 0.02 < 0.2 < 0.01 0.185 J (B) 0.0774 < 0.0005 0.0112 J (B) 2.56 J (J) < 0.01 0.966 J (J)

< 0.025 0.754 0.0021 B (J) 0.591 B (J) 0.102 < 0.0002 0.0056 B (J) 1.35 B (J) < 0.005 1.05 B (B)
< 0.02 2.54 < 0.01 5.6 0.323 < 0.0005 < 0.02 3.15 J (J) < 0.01 0.881 J (J)
< 0.02 0.184 J (J) 0.00667 J (B) 1.51 0.0253 < 0.0005 < 0.02 112 0.00574 J (J) 29.1

< 0.025 0.121 < 0.003 1.1 B (J) 0.136 < 0.0002 < 0.04 2.08 B (J) < 0.005 9.2
< 0.02 0.357 < 0.01 4.34 0.104 < 0.0005 < 0.02 2.43 J (J) < 0.01 8.72
< 0.02 3.75 0.00233 J (B) 0.978 J (J) 0.12 < 0.0005 0.0104 J (J) 5.12 < 0.01 1.06
< 0.02 0.953 < 0.01 24.1 0.289 < 0.0005 < 0.02 7.88 < 0.01 24

< 0.025 1.18 < 0.003 26.5 1.11 < 0.0002 0.0028 B (B) 1.72 B (J) < 0.005 32
< 0.02 0.486 < 0.01 8.51 0.111 < 0.0005 < 0.02 75.9 < 0.01 70.4
< 0.02 0.141 J (J) < 0.01 4.18 0.0467 < 0.0005 < 0.02 < 5 < 0.01 0.971 J (J)
< 0.02 0.65 < 0.01 10.2 0.034 < 0.0005 < 0.02 3.68 J (B) < 0.01 2.29
< 0.02 1.12 0.0018 J (J) 15.7 0.206 < 0.0005 < 0.02 3.39 J (J) < 0.01 10
< 0.02 0.622 0.00214 J (J) 18 0.337 < 0.0005 < 0.02 4.04 J (B) 0.00354 J (J) 6.6
< 0.02 0.504 0.00149 J (J) 6.49 0.0348 < 0.0005 < 0.02 16.8 < 0.01 7.7

0.00332 J (B) 0.418 0.00845 J (B) 8.05 0.0879 < 0.0005 < 0.02 4.98 J (J) < 0.01 9.84
0.0048 J (J) 0.302 < 0.01 2.72 0.0491 < 0.0005 < 0.02 79.1 < 0.01 27.8

< 0.02 0.0561 J (J) < 0.01 1.6 0.0047 J (J) < 0.0005 < 0.02 347 < 0.01 80.7
< 0.02 2.19 0.0036 J (J) 9.78 0.284 < 0.0005 0.00969 J (J) 12.1 < 0.01 19.6
< 0.02 1.5 < 0.01 1.92 5.37 < 0.0005 0.124 0.967 J (J) < 0.01 13.5 (B)
< 0.02 0.448 < 0.01 20.7 0.347 < 0.0005 0.00973 J (J) < 5 0.00171 J (B) 31

< 0.025 1.69 < 0.003 1.84 B (J) 0.0476 < 0.0002 0.005 B (J) 9.85 (J) < 0.005 15
0.00729 J (B) 2.88 (J) 0.0153 4.98 0.731 < 0.0005 0.0341 (B) 10.5 0.00316 J (B) 19.6

< 0.02 2.07 0.00382 J (J) 1.17 0.393 < 0.0005 < 0.02 5.09 < 0.01 1.49
0.00738 J (J) 10.6 0.0101 0.982 J (B) 1.23 < 0.0005 0.0156 J (J) 2.5 J (B) < 0.01 11.2

< 0.02 0.522 J (J) 0.00561 J (J) 9.76 (B) 1.03 < 0.0005 < 0.02 6.64 (B) < 0.01 2.28 (B)
0.00501 J (J) 0.0574 J (J) < 0.01 13.3 0.0923 J (J) < 0.0005 < 0.02 2.06 J (J) < 0.01 2.85

< 0.02 0.0711 J (J) < 0.01 1.12 (B) 0.0618 J (J) < 0.0005 < 0.02 4.76 J (B) < 0.01 1.37 (B)
< 0.02 4.47 < 0.01 6.29 (B) 0.977 (J) < 0.0005 < 0.02 3.35 J (B) < 0.01 2.46 (B)
< 0.02 4.32 < 0.01 7.07 2.26 < 0.0005 < 0.02 9.02 < 0.01 3.96
< 0.02 0.0389 J (J) < 0.01 1.24 (B) 0.132 < 0.0005 < 0.02 6.85 (B) < 0.01 1.52 (B)
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Table E3-1:  Historical Metal Detections in Groundwater
Training Area T-38, Parcel 186(6)

McClellan, Anniston, Alabama

Well ID
Sample 

Date
Metals (mg/L)
CWM-186-MW01 6/22/2001
CWM-186-MW02 5/31/2001
CWM-186-MW03 6/7/2001
CWM-186-MW04 6/30/2001
CWM-186-MW05 6/21/2001
CWM-186-MW07 5/15/2001
CWM-186-MW08 5/14/2001
CWM-186-MW09 6/5/2001
CWM-186-MW10 6/25/2001
CWM-186-MW11 5/10/2001
CWM-186-MW13 5/8/2001
CWM-186-MW14 6/7/2001
CWM-186-MW15 5/18/2001
CWM-186-MW16 5/10/2001
CWM-186-MW18 5/22/2001
CWM-186-MW19 5/17/2001
CWM-186-MW20 5/23/2001
CWM-186-MW21 5/16/2001
CWM-186-MW22 5/17/2001
CWM-186-MW23 5/31/2001
CWM-186-MW24 5/31/2001
CWM-186-MW25 6/28/2001
CWM-186-MW26 1/18/2002
CWM-186-MW28 5/25/2001
CWM-186-MW29 6/19/2001
CWM-186-MW30 7/2/2001
CWM-186-MW31 3/22/2002
CWM-186-MW32 3/25/2002
CWM-186-MW33 3/14/2002
CWM-186-MW34 3/18/2002
CWM-186-MW35 3/11/2002
CWM-186-MW36 3/12/2002
CWM-186-MW37 3/20/2002
CWM-186-MW38 3/13/2002

Thallium Vanadium Zinc
Notes:

< 0.01 < 0.01 0.0108 J (B) < = The result was not detected at the concentration shown.
< 0.01 < 0.01 0.0192 J (J) mg/L = milligrams per liter

0.0078 B (B) 0.0149 B (J) 0.0151 B (B) mV = millivolts
< 0.01 < 0.01 0.0338 NTU = nephelometric turbidity units

0.0056 B (B) < 0.05 0.0245
< 0.01 0.00463 J (B) 0.014 J (J) Lab Flag:
< 0.01 < 0.01 0.00727 J (J) B = Result is greater than the method detection limit, but less than the reporting 
< 0.01 < 0.05 0.0108 B (B) limit (for metals only).
< 0.01 < 0.01 0.00789 J (J) J = Reported value is an estimated concentration. 
< 0.01 < 0.01 0.073 Validation Flag:
< 0.01 < 0.01 < 0.02 (B) = Contaminant was found in the associated laboratory method or calibration 

0.0059 B (B) < 0.05 0.0151 B (B) blank (5x rule was applied); result is considered to be non-detect.
< 0.01 < 0.01 0.00866 J (J) (J) = Reported value is an estimated concentration. 
< 0.01 < 0.01 < 0.02
< 0.01 < 0.01 0.01 J (J)
< 0.01 < 0.01 0.00919 J (J)
< 0.01 < 0.01 0.0661
< 0.01 < 0.01 < 0.02
< 0.01 < 0.01 0.0551
< 0.01 < 0.01 0.0647 (J)
< 0.01 < 0.01 < 0.02
< 0.01 < 0.01 0.0109 J (J)
< 0.01 < 0.02 < 0.1
< 0.01 < 0.01 0.00929 J (J)

0.0049 B (B) 0.0022 B (J) 0.0194 B (B)
< 0.01 0.0116 (B) 0.0307
< 0.01 < 0.02 0.0286 J (J)
< 0.01 0.00649 J (J) 0.0564 J (J)
< 0.01 < 0.02 < 0.1
< 0.01 < 0.02 < 0.1

0.00802 J (J) < 0.02 < 0.1
< 0.01 < 0.02 < 0.1
< 0.01 < 0.02 < 0.1
< 0.01 < 0.02 < 0.1
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Table E3-2:  Summary of Tiers 1 and 2 Evaluations for Groundwater
Training Area T-38, Parcel 186(6) 

McClellan, Anniston, Alabama

FOD Site 
Data

Bkg 
%NDs

Tier 1 
Evaluation

Wilcoxon Rank 
Sum Test

Hot Measurement 
Test

Perform Tier 3 
Test

Aluminum 27/34 38 Fail NA* NA* No*
Antimony 2/34 96 Fail NA Fail Yes
Arsenic 9/34 84 Pass NA NA NA
Barium 34/34 7 Fail Fail Fail Yes
Beryllium 3/34 71 Fail NA Fail Yes
Cadmium 0/34 66 Pass NA NA NA
Calcium 28/34 14 Fail NA* NA* No*
Chromium 6/34 100 Fail NA Fail Yes
Cobalt 10/34 95 Fail NA Fail Yes
Copper 5/34 82 Pass NA NA NA
Iron 33/34 21 Fail NA* NA* No*
Lead 12/34 60 Fail NA Pass No
Magnesium 27/34 16 Fail NA* NA* No*
Manganese 34/34 25 Fail Fail Fail Yes
Mercury 1/34 100 Fail NA Fail Yes
Nickel 8/34 100 Fail NA Fail Yes
Potassium 24/34 27 Fail Fail Fail Yes
Selenium 4/34 100 Fail NA Pass No
Silver 0/34 96 Pass NA NA NA
Sodium 29/34 7 Fail NA* NA* No*
Thallium 5/34 85 Fail NA Fail Yes
Vanadium 5/34 96 Pass NA NA NA
Zinc 22/34 54 Pass NA NA NA

Notes:
* = Macronutrient with maximum detected concentration < 10x background screening value.
Bkg = background
FOD = frequency of detection
NA = not applicable
ND = Non-detect
% = percent

Tier 2 Evaluation
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Table E3-3:  Historical Metal Detections in Surface Water and Seeps
Training Area T-38, Parcel 186(6)

McClellan, Anniston, Alabama

Metals (mg/L) Sample Date
DO 

(mg/L)
ORP 
(mV)

Turbidity 
(NTU) pH Aluminum Barium Beryllium Calcium Chromium

CWM-186-SEEP01-RI 5/21/01 8.73 267 0 5.83 < 0.2 0.0404 < 0.001 32.7 < 0.01
CWM-186-SEEP02-RI 5/21/01 9.53 258 0 5.83 < 0.2 0.0207 < 0.001 8.37 < 0.01
CWM-186-SEEP03-RI 5/22/01 5.17 239 0 5.12 2.24 0.0892 0.00216 10.7 < 0.01
CWM-186-SEEP04-RI 3/8/01 2.29 NA 6 4.78 0.121 J (J) 0.0511 < 0.001 0.504 J (J) < 0.01
CWM-186-SW/SD01 1/18/01 9.66 280 10 6.09 0.238 0.0218 < 0.001 3.56 < 0.01
CWM-186-SW/SD02 1/18/01 7.72 315 0 4.79 0.089 J (J) 0.0303 < 0.001 0.56 J (J) < 0.01
CWM-186-SW/SD03 3/7/01 2.35 NA 20 4.93 0.501 0.0311 < 0.001 0.666 J (J) < 0.01
CWM-186-SW/SD06 3/5/01 7.44 NA 209 5.81 1.24 0.0333 < 0.001 6.14 0.0908

Metals (mg/L) Sample Date Copper Iron Lead Magnesium Manganese Nickel Sodium Thallium Zinc
CWM-186-SEEP01-RI 5/21/01 < 0.02 < 0.2 < 0.01 9.77 < 0.01 < 0.02 2.06 0.00586 J (J) < 0.02
CWM-186-SEEP02-RI 5/21/01 < 0.02 0.031 J (J) < 0.01 4.37 < 0.01 < 0.02 0.771 J (J) < 0.01 < 0.02
CWM-186-SEEP03-RI 5/22/01 < 0.02 2.22 0.00348 J (B) 4.1 0.5 0.00978 J (J) 1.13 < 0.01 0.0321
CWM-186-SEEP04-RI 3/8/01 < 0.02 0.0434 J (J) < 0.01 0.666 J (J) 0.0159 < 0.02 0.908 J (J) < 0.01 < 0.02
CWM-186-SW/SD01 1/18/01 < 0.02 0.257 < 0.01 1.82 0.0213 < 0.02 1.16 < 0.01 < 0.02
CWM-186-SW/SD02 1/18/01 < 0.02 0.052 J (J) < 0.01 0.822 J (J) 0.0342 < 0.02 1.04 < 0.01 < 0.02
CWM-186-SW/SD03 3/7/01 < 0.02 0.449 < 0.01 0.749 J (J) 0.017 < 0.02 0.859 J (J) < 0.01 < 0.02
CWM-186-SW/SD06 3/5/01 0.0073 J (B) 2.35 0.00448 J (B) 2.16 0.0982 0.0204 1.67 < 0.01 0.0306

Notes:
< = The result was not detected at the concentration shown.
mg/L = milligrams per liter
NA = Not available or not recorded.
mV = millivolts
NTU = nephelometric turbidity units

Lab Flag:
J = Reported value is an estimated concentration. 

Validation Flag:
(B) = Contaminant was found in the associated laboratory method or calibration blank (5x rule was applied); result is considered to be non-detect.
(J) = Reported value is an estimated concentration. 
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Table E3-4:  Summary of Tiers 1 and 2 Evaluations for Surface Water and Seeps
Training Area T-38, Parcel 186(6) 

McClellan, Anniston, Alabama

FOD Site 
Data

Bkg 
%NDs

Tier 1 
Evaluation

Wilcoxon Rank 
Sum Test

Hot Measurement 
Test

Perform Tier 3 
Test

Aluminum 6/8 15 Pass NA NA NA
Antimony 0/8 100 Pass NA NA NA
Arsenic 0/8 84.5 Pass NA NA NA
Barium 8/8 0 Fail Pass Pass No
Beryllium 1/8 82 Fail NA Fail Yes
Cadmium 0/8 83.3 Pass NA NA NA
Calcium 8/8 0 Fail NA* NA* No*
Chromium 1/8 98.3 Fail NA Fail Yes
Cobalt 0/8 100 Pass NA NA NA
Copper 0/8 83.7 Pass NA NA NA
Iron 7/8 5 Pass NA NA NA
Lead 0/8 47.5 Pass NA NA NA
Magnesium 8/8 0 Pass NA NA NA
Manganese 6/8 5 Pass NA NA NA
Mercury 0/8 100 Pass NA NA NA
Nickel 2/8 95 Pass NA NA NA
Potassium 0/8 8.3 Pass NA NA NA
Selenium 0/8 100 Pass NA NA NA
Silver 0/8 100 Pass NA NA NA
Sodium 8/8 0 Pass NA NA NA
Thallium 1/8 98.0 Fail NA Fail Yes
Vanadium 0/8 91.4 Pass NA NA NA
Zinc 2/8 89.8 Pass NA NA NA

Notes:
* = Macronutrient with maximum detected concentration < 10x background screening value.
Bkg = background
FOD = frequency of detection
NA = not applicable
ND = Non-detect
% = percent

Tier 2 Evaluation
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Table E3-5:  Historical Metal Detections in Sediments
Training Area T-38, Parcel 186(6)

McClellan, Anniston, Alabama

Metals (mg/kg) Sample Date Aluminum Arsenic Barium Beryllium Calcium Chromium Cobalt Copper Iron Lead
CWM-186-SW/SD01 1/18/01 5540 (J) 1.22 J (J) 69.5 1.25 J (J) 614 6.99 6.52 4.59 7530 11.8 (J)
CWM-186-SW/SD02 1/18/01 5050 (J) 0.627 J (J) 46.9 0.853 J (J) 90.2 J (J) 6.58 (J) 3.62 4.05 5510 10.4 (J)
CWM-186-SW/SD03 3/7/01 16100 4.43 90.1 0.748 J (J) 427 17.2 9.45 6.61 16600 21.7
CWM-186-SW/SD06 3/5/01 6870 2.11 62.9 1.15 J (J) 2110 28.1 10.7 13.7 14600 27

Metals (mg/kg) Sample Date Magnesium Manganese Mercury Nickel Potassium Selenium Sodium Vanadium Zinc
CWM-186-SW/SD01 1/18/01 336 583 (J) 0.033 J (J) 8.2 668 J (B) < 1.57 < 157 10.6 (J) 21.8 (J)
CWM-186-SW/SD02 1/18/01 486 205 (J) 0.043 J (J) 4.61 654 (B) < 1.31 < 131 9.15 (J) 11.1 (J)
CWM-186-SW/SD03 3/7/01 471 1060 0.035 J (J) 8.98 537 J (J) < 1.32 < 132 29.7 25.7
CWM-186-SW/SD06 3/5/01 876 183 < 0.172 11.9 675 J (J) 0.686 J (B) 40.8 J (J) 17.2 86.5

Notes:
< = The result was not detected at the concentration shown.
mg/kg = milligrams per kilogram

Lab Flag:
J = Reported value is an estimated concentration. 

Validation Flag:
(B) = Contaminant was found in the associated laboratory method or calibration blank (5x rule was applied); result is considered to be non-detect.
(J) = Reported value is an estimated concentration. 
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Table E3-6:  Summary of Tiers 1 and 2 Evaluations for Sediment
Training Area T-38, Parcel 186(6) 

McClellan, Anniston, Alabama

FOD Site 
Data

Bkg 
%NDs

Tier 1 
Evaluation

Wilcoxon Rank 
Sum Test

Hot Measurement 
Test

Perform Tier 3 
Test

Aluminum 4/4 0 Fail NA* NA* No*
Antimony 0/4 26.4 Pass NA NA NA
Arsenic 4/4 0 Pass NA NA NA
Barium 4/4 0 Pass NA NA NA
Beryllium 4/4 0 Fail Fail Fail Yes
Cadmium 0/4 27.1 Pass NA NA NA
Calcium 4/4 5.1 Fail NA* NA* No*
Chromium 4/4 0 Pass NA NA NA
Cobalt 4/4 6.9 Pass NA NA NA
Copper 4/4 1.8 Pass NA NA NA
Iron 4/4 0 Pass NA NA NA
Lead 4/4 3.6 Pass NA NA NA
Magnesium 4/4 0 Pass NA NA NA
Manganese 4/4 1.7 Fail Pass Fail Yes
Mercury 3/4 42.4 Pass NA NA NA
Nickel 4/4 33.9 Pass NA NA NA
Potassium 4/4 28.8 Pass NA NA NA
Selenium 0/4 93.2 Pass NA NA NA
Silver 0/4 44.1 Pass NA NA NA
Sodium 1/4 13.6 Pass NA NA NA
Thallium 0/4 0 Pass NA NA NA
Vanadium 4/4 0 Pass NA NA NA
Zinc 4/4 10.2 Fail Pass Pass No

Notes:
* = Macronutrient with maximum detected concentration < 10x background screening value.
Bkg = background
FOD = frequency of detection
NA = not applicable
ND = Non-detect
% = percent

Tier 2 Evaluation
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Table E3-7:  Historical Metal Detections in Surface and Depositional Soils
Training Area T-38, Parcel 186(6), McClellan, Anniston, Alabama

Metals (mg/kg) Sample Date Aluminum Antimony Arsenic Barium Beryllium Cadmium Calcium Chromium Cobalt Copper Iron Lead
CWM-186-DEP01 1/17/01 10300 (J) < 13.5 3.48 35.2 0.725 J (J) < 0.677 82.5 J (J) 18.9 6.85 22.7 34400 16.6 (J)
CWM-186-DEP03 3/7/01 20600 < 12.6 5.92 82.2 0.449 J (J) < 0.632 1170 23.4 6.82 7.11 24900 19.3
CWM-186-DEP04 3/8/01 7920 < 15 3.35 237 1.64 < 0.752 476 16.1 7.42 7.45 12000 30.4
CWM-186-GP01 10/16/02 22700 4.99 J (J) 7.8 132 1.16 < 1.15 25200 20 17 (J) 9.61 26400 29.4
CWM-186-GP02 11/12/02 64500 < 12 (UJ) 9.53 (J) 108 1.25 < 1.2 841 35.6 13.3 20.5 34100 24.5
CWM-186-GP03 11/13/02 56200 < 12.3 (UJ) 9.62 (J) 127 1.09 J (J) < 1.23 727 (J) 30.3 19.3 17.3 31900 36.2
CWM-186-GP04 11/7/02 40800 < 12 7.09 119 0.78 J (J) < 1.2 1200 28.8 15 13.9 24000 22.3
CWM-186-GP05 10/18/02 34500 < 11.8 (UJ) 13.3 206 1.09 J (J) < 1.18 25400 33.2 12.2 (J) 15.8 35900 25.1
CWM-186-GP06 10/30/02 17900 < 11.8 (UJ) 3.54 48.9 < 1.18 < 1.18 167 21.1 3.43 7.61 15300 7.89
CWM-186-GP07 11/6/02 15000 < 11.9 2.18 57.6 < 1.19 < 1.19 76.8 J (B) 11.1 3.14 5.32 7610 8.29
CWM-186-GP08 10/29/02 17000 < 12.1 (UJ) 3.19 93 0.535 J (J) < 1.21 467 16.3 8.86 6.53 9990 18.7
CWM-186-GP09 2/6/03 21300 < 11.7 5.98 49.8 < 1.17 < 1.17 951 (J) 32.7 1.75 J (J) 19.6 29500 15.5
CWM-186-GP10 11/11/02 48600 < 12.6 (UJ) 9.95 (J) 78.4 0.595 J (J) < 1.26 1280 44.4 6.7 20.5 33200 18.5
CWM-186-GP11 11/11/02 48000 5.97 J (J) 12.8 (J) 71.2 0.54 J (J) < 1.23 1310 80.7 5.39 21.1 47000 15.9
CWM-186-GP15 11/13/02 69500 < 12.6 (UJ) 11.4 (J) 64.4 1.08 J (J) < 1.26 388 (J) 35 7.07 20.3 39400 29.1
CWM-186-GP16 2/27/03 17600 6.18 J (B) 7.45 (J) 145 0.778 J (J) < 1.18 5570 20.8 5.17 23.2 16600 189
CWM-186-MW06 4/9/01 30300 8.98 J (J) 13.9 48.4 1.02 J (J) < 0.604 232 58.9 18.1 14.3 60700 16.8
CWM-186-MW07 4/4/01 7860 < 11.5 (UJ) 1.6 67.6 0.717 J (J) < 0.573 3590 (J) 5.8 (J) 5.28 5.73 5620 17.2
CWM-186-MW08 4/6/01 3520 < 11 (UJ) 2.06 29.7 0.157 J (J) < 0.55 73100 (J) 4.57 2.06 J (J) 3.51 4030 11.8
CWM-186-MW09 4/4/01 8650 < 12.4 (UJ) 1.7 130 0.281 J (J) < 0.618 583 (J) 6.39 (J) 2.41 J (B) 3.16 5210 10.3
CWM-186-MW10 4/4/01 7540 < 12.3 (UJ) 2.67 126 0.903 J (J) < 0.613 1070 (J) 12.5 (J) 17.3 8.6 8200 22.7
CWM-186-MW11 4/4/01 10200 < 12.5 (UJ) 3.14 131 0.784 J (J) < 0.623 741 (J) 11.6 (J) 11.9 7.57 10900 25.8
CWM-186-MW12 4/4/01 11000 4.81 J (B) 5.53 51.9 0.855 J (J) < 0.596 22800 (J) 18.3 (J) 1.79 J (B) 12.3 18300 8.56
CWM-186-MW13 4/4/01 10200 < 12.4 (UJ) 4.53 116 1.27 < 0.622 518 (J) 16.6 (J) 9.34 21.4 21900 31
CWM-186-MW25 4/6/01 14500 < 11.9 (UJ) 4.09 117 0.875 J (J) < 0.597 2300 (J) 19.1 10.6 7.56 20100 23.4
CWM-186-MW26 4/6/01 34800 < 11.9 (UJ) 5.36 65.3 0.621 J (J) < 0.597 684 (J) 23.5 9.74 8.68 21600 21.8
CWM-186-MW29 4/6/01 24800 < 12.5 (UJ) 5.87 185 1.22 J (J) < 0.624 1770 (J) 22.1 21.3 11.2 20700 37.8
CWM-186-MW31 1/29/02 48100 < 12.3 (UJ) 14.4 81.8 (J) 1.36 < 1.23 171 27.5 16.5 21.7 47700 42.2
CWM-186-MW32 1/29/02 52400 < 12.6 (UJ) 12.8 111 (J) 1.31 < 1.26 329 30.8 9.04 22.9 39400 25.8
CWM-186-MW39 11/26/02 46900 < 12.2 10.7 126 1.14 J (J) < 1.22 669 32.9 15.8 12.8 41000 39.9
CWM-186-MW40 11/22/02 63600 5.17 J (J) 10.7 103 1.3 < 1.25 924 29.9 (J) 16.9 19.1 36600 75.4 (J)
CWM-186-MW41 10/21/02 28900 < 12.6 (UJ) 7.87 217 1.31 3 1320 21.9 (J) 14.3 13 23500 50.9
CWM-186-MW42 10/22/02 40400 < 11.9 (UJ) 8.13 139 1.41 < 1.19 747 36.8 (J) 13.4 17 29800 25.1
CWM-186-MW45 10/16/02 15800 < 11.8 (UJ) 3.32 120 0.588 J (J) < 1.18 549 14.4 6.59 (J) 25.9 12400 67.8
CWM-186-MW46 11/21/02 19800 < 12.2 6.26 113 0.938 J (J) < 1.22 329 32.7 16.9 11.3 23800 22
CWM-186-MW47 11/11/02 13300 < 12 (UJ) 5.77 (J) 74.6 0.481 J (J) < 1.2 395 142 4.45 6.12 17800 19.4
CWM-186-MW48 11/18/02 24900 < 12.2 9.17 102 0.663 J (J) < 1.22 61.3 J (B) 52 3.54 35.6 51800 19.3
CWM-186-MW55 2/28/03 33200 < 11.9 4.84 (J) 68.7 0.808 J (J) < 1.19 542 30 7.92 11.3 25300 20.1
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Table E3-7:  Historical Metal Detections in Surface and Depositional Soils
Training Area T-38, Parcel 186(6), McClellan, Anniston, Alabama

Metals (mg/kg) Sample Date Magnesium Manganese Mercury Nickel Potassium Selenium Silver Sodium Thallium Vanadium Zinc
CWM-186-DEP01 1/17/01 1130 138 (J) < 0.135 11 1130 < 1.35 < 1.35 < 135 < 2.71 31.9 (J) 35.4 (J)
CWM-186-DEP03 3/7/01 522 645 0.08 J (J) 7.55 378 J (J) < 1.26 0.659 J (B) < 126 < 2.53 45.2 28
CWM-186-DEP04 3/8/01 880 1110 0.03 J (J) 11.3 1060 < 1.5 < 1.5 32.1 J (J) < 3.01 26.7 30.9
CWM-186-GP01 10/16/02 15000 2280 < 0.115 13.8 (J) 733 0.859 J (J) < 2.3 86.5 J (J) < 2.3 45.8 29.9
CWM-186-GP02 11/12/02 1450 643 < 0.12 31.8 1260 1.78 (B) < 2.4 52.8 J (J) < 2.4 71.4 58.5
CWM-186-GP03 11/13/02 1540 1660 0.146 27 1470 2.1 (B) < 2.45 46.4 J (J) < 2.45 66.3 48.8 (J)
CWM-186-GP04 11/7/02 1620 701 0.0706 J (J) 18.7 1200 1.21 (B) < 2.41 45 J (J) < 2.41 50.6 37.8
CWM-186-GP05 10/18/02 5210 967 0.081 J (J) 23 (J) 1180 1.7 < 2.37 44.6 J (J) < 2.37 61.5 59.5
CWM-186-GP06 10/30/02 775 72.5 (J) 0.0617 J (J) 7.58 506 J (J) 1.16 J (B) < 2.37 21.5 J (J) < 2.37 33.9 20.7 (J)
CWM-186-GP07 11/6/02 534 113 0.0316 J (J) 6.11 424 J (J) < 1.19 < 2.39 45.4 J (J) < 2.39 18.6 19
CWM-186-GP08 10/29/02 714 773 (J) < 0.121 10.3 591 J (J) 1.04 J (B) < 2.42 25.4 J (J) < 2.42 24.5 25.4 (J)
CWM-186-GP09 2/6/03 982 24.2 < 0.117 7.72 1240 0.738 J (J) < 2.34 88.3 J (B) < 2.34 46.4 16.6 (J)
CWM-186-GP10 11/11/02 1540 299 0.17 20.3 1200 1.39 (B) < 2.53 54 J (J) < 2.53 68.1 54.7
CWM-186-GP11 11/11/02 1740 237 0.203 20.8 1190 2.24 < 2.45 50.9 J (J) < 2.45 95.2 43.2
CWM-186-GP15 11/13/02 1280 582 0.126 J (J) 29.8 1170 1.75 (B) < 2.53 42.8 J (J) < 2.53 78.4 53.1 (J)
CWM-186-GP16 2/27/03 1840 356 0.379 14.7 (J) 1590 0.715 J (J) < 2.37 99.7 J (B) < 2.37 28.6 229
CWM-186-MW06 4/9/01 737 1120 0.039 J (J) 20.5 676 < 1.21 < 1.21 < 121 1.77 J (J) 82.1 46.1
CWM-186-MW07 4/4/01 2180 (J) 738 0.028 J (B) 5.55 301 J (J) < 1.15 < 1.15 < 115 < 2.29 9.58 (J) 18.7
CWM-186-MW08 4/6/01 44700 270 < 0.11 1.48 J (J) 358 J (B) < 1.1 < 1.1 53.9 J (J) < 2.2 7.86 13 (J)
CWM-186-MW09 4/4/01 371 (J) 373 < 0.124 1.82 J (J) 202 J (J) < 1.24 < 1.24 < 124 < 2.47 11.6 (J) 10.8
CWM-186-MW10 4/4/01 808 (J) 991 0.029 J (B) 12.1 617 < 1.23 < 1.23 < 123 < 2.45 14.4 (J) 19.6
CWM-186-MW11 4/4/01 832 (J) 1600 0.059 J (B) 7.6 739 < 1.25 < 1.25 < 125 < 2.49 16.8 (J) 28.7
CWM-186-MW12 4/4/01 4220 (J) 191 0.035 J (B) 3.88 1240 < 1.19 < 1.19 113 J (J) 0.673 J (J) 25.3 (J) 12.2
CWM-186-MW13 4/4/01 886 (J) 1030 0.046 J (B) 21.2 733 < 1.24 < 1.24 < 124 < 2.49 26.6 (J) 39.4
CWM-186-MW25 4/6/01 1260 1740 < 0.119 10.2 693 < 1.19 < 1.19 < 119 < 2.39 31.5 36.5 (J)
CWM-186-MW26 4/6/01 700 850 0.105 J (J) 11.8 815 < 1.19 < 1.19 < 119 0.675 J (J) 44.1 26.8 (J)
CWM-186-MW29 4/6/01 930 2150 < 0.125 17 910 < 1.25 < 1.25 < 125 0.825 J (J) 39.8 38.1 (J)
CWM-186-MW31 1/29/02 870 1460 0.099 J (J) 25.9 927 < 1.23 < 2.47 67.9 J (J) < 2.47 91.4 (J) 45.6
CWM-186-MW32 1/29/02 1010 664 0.0917 J (J) 29.4 933 < 1.26 < 2.52 68.8 J (J) < 2.52 73.7 (J) 51.5
CWM-186-MW39 11/26/02 853 1760 0.0859 J (J) 19.2 930 2.69 (B) < 2.44 38.7 J (B) < 2.44 85.2 31.1
CWM-186-MW40 11/22/02 1230 1330 0.0677 J (J) 28.2 1220 2.48 (B) < 2.5 96.5 J (J) < 2.5 72.5 46.4
CWM-186-MW41 10/21/02 824 2880 0.0907 J (J) 17.5 (J) 1350 1.6 < 2.52 41.1 J (J) < 2.52 42.3 41.7 (J)
CWM-186-MW42 10/22/02 1370 2070 0.0417 J (J) 24.5 (J) 1360 1.96 < 2.38 40.3 J (J) < 2.38 56.3 44.4 (J)
CWM-186-MW45 10/16/02 787 828 0.0309 J (J) 9 (J) 610 0.808 J (J) < 2.36 44.5 J (J) < 2.36 23.9 23.3
CWM-186-MW46 11/21/02 940 1400 0.0335 J (J) 13.8 (J) 731 1.89 (B) < 2.43 32.3 J (J) < 2.43 38.3 26.5 (J)
CWM-186-MW47 11/11/02 596 260 0.0351 J (J) 5.95 465 J (J) 0.799 J (B) < 2.4 36.2 J (J) < 2.4 38.6 19.2
CWM-186-MW48 11/18/02 2030 87.9 0.0455 J (J) 9.7 4440 3.41 < 2.45 38.9 J (B) 1.41 J (J) 68.8 18.1
CWM-186-MW55 2/28/03 2620 53.8 < 0.119 18.5 (J) 4440 < 1.19 < 2.38 65.7 J (B) < 2.38 37.4 63.3
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Table E3-7:  Historical Metal Detections in Surface and Depositional Soils
Training Area T-38, Parcel 186(6), McClellan, Anniston, Alabama

Notes:
< = The result was not detected at the concentration shown.
mg/kg = milligrams per kilogram

Lab Flag:
J = Reported value is an estimated concentration. 

Validation Flag:
(B) = Contaminant was found in the associated laboratory method or calibration blank (5x rule was applied); result is considered to be non-detect.
(J) = Reported value is an estimated concentration. 
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Table E3-8:  Summary of Tiers 1 and 2 Evaluations for Surface and Depositional Soil
Training Area T-38, Parcel 186(6) 

McClellan, Anniston, Alabama

FOD Site 
Data

Bkg 
%NDs

Tier 1 
Evaluation

Wilcoxon Rank 
Sum Test

Hot Measurement 
Test

Perform Tier 3 
Test

Aluminum 38/38 0 Fail NA* NA* No*
Antimony 4/38 30.4 Fail NA Fail Yes
Arsenic 38/38 0 Fail Fail Pass Yes
Barium 38/38 0 Fail Fail Fail Yes
Beryllium 35/38 0 Fail Fail Fail Yes
Cadmium 1/38 34.9 Fail NA Fail Yes
Calcium 36/38 6.1 Fail Fail Fail Yes
Chromium 38/38 1.5 Fail Fail Fail Yes
Cobalt 36/38 3.0 Fail Fail Pass Yes
Copper 38/38 1.5 Fail Fail Fail Yes
Iron 38/38 0 Fail NA* NA* No*
Lead 38/38 0 Fail Fail Fail Yes
Magnesium 38/38 0 Fail Fail Fail Yes
Manganese 38/38 0 Fail Fail Pass Yes
Mercury 23/38 68.2 Fail NA Fail Yes
Nickel 38/38 21.2 Fail Fail Fail Yes
Potassium 37/38 15.2 Fail NA* NA* No*
Selenium 20/38 98.5 Fail NA Fail Yes
Silver 0/38 42.4 Pass NA NA NA
Sodium 22/38 6.1 Pass NA NA NA
Thallium 5/38 19.4 Pass NA NA NA
Vanadium 38/38 0 Fail Fail Pass Yes
Zinc 38/38 9.1 Fail Fail Fail Yes

Notes:
* = Macronutrient with maximum detected concentration < 10x background screening value.
Bkg = background
FOD = frequency of detection
NA = not applicable
ND = Non-detect
% = percent

Tier 2 Evaluation
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Table E3-9:  Historical Metal Detections in Subsurface Soils
Training Area T-38, Parcel 186(6)

McClellan, Anniston, Alabama

Metals (mg/kg) Sample Date Aluminum Antimony Arsenic Barium Beryllium Calcium
CWM-186-GP01 (11-13 feet) 10/16/02 22100 < 12.4 (UJ) 6.13 79.7 1.68 1900
CWM-186-GP02 (10-12 feet) 11/12/02 39800 < 12.3 (UJ) 17.1 (J) 58.7 1.18 J (J) 132
CWM-186-GP03 (10-11.2 feet) 11/13/02 29200 < 11.9 (UJ) 12.9 (J) 27.5 0.405 J (J) 68.4 J (B)
CWM-186-GP04 (10-12 feet) 11/7/02 4770 (J) < 11.5 11 5.32 (J) < 1.15 55.3 J (B)
CWM-186-GP05 (10-11.5 feet) 10/18/02 14200 < 12.3 (UJ) 23.8 1260 3.71 32500
CWM-186-GP06 (10-12 feet) 10/30/02 9340 < 12.1 (UJ) 3.38 71.4 0.651 J (J) 49.7 J (B)
CWM-186-GP07 (4-5 feet) 11/7/02 9160 < 12.1 7.44 82.3 < 1.21 99.9 J (J)
CWM-186-GP08 (10-12 feet) 10/29/02 26800 < 12.1 (UJ) 8.65 42.5 < 1.21 146
CWM-186-GP09 (4-6 feet) 2/6/03 26200 < 12.3 11.7 39.1 < 1.23 187 (J)
CWM-186-GP10 (10-12 feet) 11/12/02 7870 < 11.3 (UJ) 5.16 (J) 11.5 < 1.13 139
CWM-186-GP11 (10-12 feet) 11/13/02 6880 < 11.5 (UJ) 2.61 (J) 8.88 < 1.15 17.4 J (B)
CWM-186-GP12 (10-12 feet) 11/11/02 44000 < 12.3 (UJ) 12.2 (J) 44.9 0.663 J (J) 208
CWM-186-GP13 (10-12 feet) 10/17/02 39900 < 12.2 (UJ) 17 40.2 0.617 J (J) 112 J (J)
CWM-186-GP14 (6-8 feet) 11/14/02 49500 < 12.3 (UJ) 11.8 (J) 54.2 0.674 J (J) 1250 (J)
CWM-186-GP15 (10-12 feet) 11/13/02 52700 5.08 J (J) 12.7 (J) 76.8 0.992 J (J) 729 (J)
CWM-186-GP16 (10-12 feet) 2/27/03 30700 6.17 J (B) 5.34 (J) 86.7 1.02 J (J) 1370
CWM-186-MW06 (10-12 feet) 4/9/01 15800 < 12.1 5.46 52.4 1.45 91.3 J (J)
CWM-186-MW07 (2-4 feet) 4/4/01 6110 3.86 J (B) 2.3 61.9 0.602 J (J) 2510 (J)
CWM-186-MW08 (11-12 feet) 4/6/01 10800 4.76 J (J) 5.76 211 4.13 327 (J)
CWM-186-MW09 (2-4 feet) 4/4/01 11500 < 11.7 (UJ) 2.98 105 0.225 J (J) 141 (J)
CWM-186-MW10 (2-4 feet) 4/4/01 13300 < 13.1 (UJ) 1.27 J (J) 34.2 0.313 J (J) 22.7 J (B)
CWM-186-MW11 (4-6 feet) 4/4/01 17200 8.08 J (B) 7.81 152 0.86 J (J) 243 (J)
CWM-186-MW12 (3-5 feet) 4/4/01 9080 4.48 J (B) 6.12 31.1 0.465 J (J) 7300 (J)
CWM-186-MW13 (4-6 feet) 4/4/01 19100 7.05 J (B) 6.32 177 1.67 670 (J)
CWM-186-MW25 (7-8 feet) 4/6/01 8700 8.3 J (J) 4.2 51.8 1.86 104 J (J)
CWM-186-MW26 (3-4 feet) 4/6/01 44600 < 12.2 (UJ) 9.31 33.9 0.411 J (J) 323 (J)
CWM-186-MW29 (4-5 feet) 4/6/01 35400 9.44 J (J) 15 74 0.9 J (J) 376 (J)
CWM-186-MW31 (8-9 feet) 1/29/02 27700 < 12.3 (UJ) 16.7 35.4 (J) 0.697 J (J) 90.5 J (J)
CWM-186-MW31 (53-55 feet) 2/19/02 3710 < 12.4 2.21 757 1.56 91.7 J (J)
CWM-186-MW31 (84-86 feet) 2/19/02 7410 < 12.4 21.8 141 2.78 133
CWM-186-MW32 (11-12 feet) 1/29/02 34800 < 12.4 (UJ) 18.5 46.6 (J) 0.778 J (J) 338
CWM-186-MW32 (57-59 feet) 2/12/02 3460 < 12.9 0.612 J (J) 104 0.56 J (J) 102 J (J)
CWM-186-MW32 (88-89 feet) 2/13/02 4590 < 12.6 1.99 240 1.61 105 J (J)
CWM-186-MW39 (10-11.2 feet) 11/26/02 32500 < 12.1 9.97 38 0.433 J (J) 193
CWM-186-MW40 (10-11.5 feet) 11/22/02 27300 < 12.1 10.4 20.9 < 1.21 79.7 J (J)
CWM-186-MW41 (10-11.8 feet) 10/21/02 40400 < 12.3 (UJ) 17 36 0.586 J (J) 331
CWM-186-MW42 (10-12 feet) 10/22/02 28900 < 12 (UJ) 10.1 29.9 0.43 J (J) 195
CWM-186-MW43 (10-11 feet) 12/4/02 4930 < 11.2 3.88 7.91 < 1.12 92.4 J (B)
CWM-186-MW44 (10-11 feet) 12/5/02 15500 7.03 J (J) 8.54 (J) 99 0.605 J (J) 102 J (B)
CWM-186-MW45 (11-13 feet) 10/16/02 17500 < 12.7 (UJ) 4.28 538 2.2 73.1 J (J)
CWM-186-MW46 (10-12 feet) 11/21/02 29300 < 13.4 8.86 83.8 0.707 J (J) 39.9 J (B)
CWM-186-MW47 (10-11.5 feet) 11/21/02 14800 < 12.8 4.02 568 1.12 J (J) 74.1 J (J)
CWM-186-MW48 (12-13 feet) 11/18/02 32100 < 12.1 11.8 127 0.917 J (J) 71.9 J (B)
CWM-186-MW49 (10-11.5 feet) 11/6/02 21900 < 11.6 8.95 52.2 0.438 J (J) 111 J (J)
CWM-186-MW50 (9.5-10.8 feet) 11/4/02 2130 < 10.5 1.53 8.57 < 1.05 14.1 J (B)
CWM-186-MW51 (10-12 feet) 10/28/02 14400 < 12.6 (UJ) 1.92 59.3 0.71 J (J) 19.3 J (B)
CWM-186-MW52 (10-12 feet) 10/30/02 28200 < 12.6 (UJ) 10.2 70.3 0.711 J (J) 28.8 J (B)
CWM-186-MW53 (10-12 feet) 10/29/02 23500 < 12.9 (UJ) 0.562 J (J) 90.3 0.692 J (J) 42.7 J (B)
CWM-186-MW54 (3-4 feet) 2/10/03 29400 < 12.9 1.7 281 1.38 69.3 J (J)
CWM-186-MW55 (10-12 feet) 2/28/03 30300 < 12.5 3.93 (J) 81.9 2.03 746
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Table E3-9:  Historical Metal Detections in Subsurface Soils
Training Area T-38, Parcel 186(6)

McClellan, Anniston, Alabama

Metals (mg/kg) Sample Date Chromium Cobalt Copper Iron Lead Magnesium
CWM-186-GP01 (11-13 feet) 10/16/02 26.9 12.1 (J) 22.6 44500 25.7 1640
CWM-186-GP02 (10-12 feet) 11/12/02 78.8 12.2 24.9 64100 22.2 889
CWM-186-GP03 (10-11.2 feet) 11/13/02 86.3 3.94 18.3 60600 14 494
CWM-186-GP04 (10-12 feet) 11/7/02 48.8 1.31 J (J) 5.45 (J) 47800 7.24 (J) 49.9 J (B)
CWM-186-GP05 (10-11.5 feet) 10/18/02 36.6 73.6 (J) 33.5 74800 62.6 16700
CWM-186-GP06 (10-12 feet) 10/30/02 24.2 5.31 17.2 18900 14.6 758
CWM-186-GP07 (4-5 feet) 11/7/02 30.5 3.65 6.47 26600 33.1 170
CWM-186-GP08 (10-12 feet) 10/29/02 86.9 2.67 14.7 69100 16.5 1070
CWM-186-GP09 (4-6 feet) 2/6/03 55.6 2.49 19.9 48100 13.9 744
CWM-186-GP10 (10-12 feet) 11/12/02 21.3 < 2.27 6.82 24100 4.17 183
CWM-186-GP11 (10-12 feet) 11/13/02 14.8 (J) < 2.31 9.59 20600 (J) 3.3 105 J (J)
CWM-186-GP12 (10-12 feet) 11/11/02 43.4 6.58 22.3 45000 17.6 834
CWM-186-GP13 (10-12 feet) 10/17/02 55.8 5.4 (J) 18.7 56800 20.5 682
CWM-186-GP14 (6-8 feet) 11/14/02 61.8 4.82 25.4 44400 18.3 944
CWM-186-GP15 (10-12 feet) 11/13/02 53 11.7 19.2 44200 31.9 1350
CWM-186-GP16 (10-12 feet) 2/27/03 32.7 4.48 28.7 38400 36.2 2700
CWM-186-MW06 (10-12 feet) 4/9/01 13 7.71 19.2 41000 11 596
CWM-186-MW07 (2-4 feet) 4/4/01 10.6 (J) 7.27 4.26 9590 8.33 1680 (J)
CWM-186-MW08 (11-12 feet) 4/6/01 14.7 33.7 27.5 41100 39.4 963
CWM-186-MW09 (2-4 feet) 4/4/01 13.6 (J) 2.06 J (B) 3.96 10200 8.39 397 (J)
CWM-186-MW10 (2-4 feet) 4/4/01 9.12 (J) 2.24 J (B) 30.8 12500 8.97 1250 (J)
CWM-186-MW11 (4-6 feet) 4/4/01 20 (J) 10.2 17.7 32500 22.1 1910 (J)
CWM-186-MW12 (3-5 feet) 4/4/01 18.7 (J) 3.53 22.7 30800 13.7 957 (J)
CWM-186-MW13 (4-6 feet) 4/4/01 23.5 (J) 23.7 47.4 43800 24.5 6620 (J)
CWM-186-MW25 (7-8 feet) 4/6/01 14.1 6.93 16.5 32700 21.7 398
CWM-186-MW26 (3-4 feet) 4/6/01 42.2 3.43 10.3 38100 17.6 453
CWM-186-MW29 (4-5 feet) 4/6/01 93.8 5.19 23.8 62200 24.2 956
CWM-186-MW31 (8-9 feet) 1/29/02 56.2 5.45 21 55100 21.8 426
CWM-186-MW31 (53-55 feet) 2/19/02 3.99 17.2 13.6 19400 11.8 164
CWM-186-MW31 (84-86 feet) 2/19/02 3.75 44.3 44.8 79600 76.1 610
CWM-186-MW32 (11-12 feet) 1/29/02 46.6 6.33 24.3 56900 23.2 684
CWM-186-MW32 (57-59 feet) 2/12/02 4.66 44.9 11.5 10900 8.12 151
CWM-186-MW32 (88-89 feet) 2/13/02 5.99 35.5 18.3 24000 35.3 225
CWM-186-MW39 (10-11.2 feet) 11/26/02 49.9 5.24 16.8 49000 16.5 522
CWM-186-MW40 (10-11.5 feet) 11/22/02 49.9 3.7 16.4 47800 12.3 394
CWM-186-MW41 (10-11.8 feet) 10/21/02 44.1 (J) 6.27 20.4 53100 20.7 713
CWM-186-MW42 (10-12 feet) 10/22/02 27.5 (J) 5.14 18.1 38100 18 787
CWM-186-MW43 (10-11 feet) 12/4/02 31.3 < 2.24 5.45 33900 7.94 44.3 J (B)
CWM-186-MW44 (10-11 feet) 12/5/02 45 5.77 27 72000 15.9 477
CWM-186-MW45 (11-13 feet) 10/16/02 25.1 4.65 (J) 19.6 27600 28.8 3430
CWM-186-MW46 (10-12 feet) 11/21/02 49 5.7 19.5 67300 24.4 1440
CWM-186-MW47 (10-11.5 feet) 11/21/02 21.3 18.3 26 27000 22.7 1470
CWM-186-MW48 (12-13 feet) 11/18/02 66.2 4.92 36.3 53100 21.8 3230
CWM-186-MW49 (10-11.5 feet) 11/6/02 27.5 4.29 16.5 47300 18.9 (J) 517
CWM-186-MW50 (9.5-10.8 feet) 11/4/02 10.8 < 2.11 2.04 J (J) 9880 1.71 30 J (B)
CWM-186-MW51 (10-12 feet) 10/28/02 22.6 5.43 26.5 22600 16.4 2520
CWM-186-MW52 (10-12 feet) 10/30/02 60.3 3.06 47 77100 24.1 3240
CWM-186-MW53 (10-12 feet) 10/29/02 29.7 3.24 11 23900 11.9 4000
CWM-186-MW54 (3-4 feet) 2/10/03 17.1 1.93 J (J) 4.25 17600 54 1530
CWM-186-MW55 (10-12 feet) 2/28/03 39.2 7.31 25.8 28900 69.7 3560
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Table E3-9:  Historical Metal Detections in Subsurface Soils
Training Area T-38, Parcel 186(6)

McClellan, Anniston, Alabama

Metals (mg/kg) Sample Date Manganese Mercury Nickel Potassium Selenium Sodium
CWM-186-GP01 (11-13 feet) 10/16/02 448 0.0513 J (J) 30.8 (J) 1600 2 47.5 J (J)
CWM-186-GP02 (10-12 feet) 11/12/02 511 0.0683 J (J) 33.8 1410 2.85 52.7 J (J)
CWM-186-GP03 (10-11.2 feet) 11/13/02 241 0.0586 J (J) 12.9 746 2.65 < 119
CWM-186-GP04 (10-12 feet) 11/7/02 26.9 (J) 0.0339 J (J) 1.19 J (J) 214 J (J) 2.35 29.4 J (J)
CWM-186-GP05 (10-11.5 feet) 10/18/02 18800 0.104 J (J) 52.8 (J) 842 5.15 46.5 J (J)
CWM-186-GP06 (10-12 feet) 10/30/02 173 (J) < 0.121 17.3 1530 (J) 1.14 J (B) 23.8 J (J)
CWM-186-GP07 (4-5 feet) 11/7/02 425 0.0752 J (J) 2.93 215 J (J) 1.37 (B) 25 J (J)
CWM-186-GP08 (10-12 feet) 10/29/02 56.9 (J) 0.0971 J (J) 8.93 1690 (J) 4.04 24.6 J (J)
CWM-186-GP09 (4-6 feet) 2/6/03 29.1 0.106 J (J) 9.48 901 1.49 90.7 J (B)
CWM-186-GP10 (10-12 feet) 11/12/02 11.7 < 0.113 1.99 J (J) 322 J (J) 0.993 J (B) < 113
CWM-186-GP11 (10-12 feet) 11/13/02 2.86 (J) < 0.115 0.671 J (B) 502 J (J) 0.796 J (B) < 115
CWM-186-GP12 (10-12 feet) 11/11/02 547 0.0725 J (J) 25.2 951 2.02 55.8 J (J)
CWM-186-GP13 (10-12 feet) 10/17/02 592 0.115 J (J) 22.9 (J) 840 2.92 46 J (J)
CWM-186-GP14 (6-8 feet) 11/14/02 374 0.0667 J (J) 22.4 921 1.44 (B) 35.2 J (J)
CWM-186-GP15 (10-12 feet) 11/13/02 922 0.0915 J (J) 26.5 1490 2.36 39.4 J (J)
CWM-186-GP16 (10-12 feet) 2/27/03 127 0.0586 J (B) 16.6 (J) 5390 < 1.32 66.6 J (B)
CWM-186-MW06 (10-12 feet) 4/9/01 292 0.0452 J (J) 16.6 1070 < 1.21 26.2 J (J)
CWM-186-MW07 (2-4 feet) 4/4/01 670 < 0.11 5.37 399 J (J) < 1.1 < 110
CWM-186-MW08 (11-12 feet) 4/6/01 798 < 0.128 11.3 1310 < 1.28 < 128
CWM-186-MW09 (2-4 feet) 4/4/01 323 0.045 J (B) 3.18 277 J (J) < 1.17 < 117
CWM-186-MW10 (2-4 feet) 4/4/01 20.7 0.026 (B) 6.65 1500 < 1.31 < 131
CWM-186-MW11 (4-6 feet) 4/4/01 446 0.057 J (B) 10.5 2470 < 1.25 < 125
CWM-186-MW12 (3-5 feet) 4/4/01 77.7 < 0.122 5.62 660 < 1.22 40.7 J (J)
CWM-186-MW13 (4-6 feet) 4/4/01 1260 (J) 0.03 J (B) 48.6 535 J (J) < 1.18 48.2 J (J)
CWM-186-MW25 (7-8 feet) 4/6/01 190 0.058 J (J) 20.3 924 < 1.32 < 132
CWM-186-MW26 (3-4 feet) 4/6/01 238 0.134 9.85 537 J (B) < 1.22 < 122
CWM-186-MW29 (4-5 feet) 4/6/01 492 0.045 J (J) 24.2 1440 < 1.25 < 125
CWM-186-MW31 (8-9 feet) 1/29/02 768 < 0.123 16.8 593 J (J) < 1.23 43.4 J (J)
CWM-186-MW31 (53-55 feet) 2/19/02 4560 0.106 J (J) 15.2 388 J (J) < 1.24 41.9 J (J)
CWM-186-MW31 (84-86 feet) 2/19/02 2830 0.0569 J (J) 31.6 1520 < 1.24 41.3 J (J)
CWM-186-MW32 (11-12 feet) 1/29/02 1160 < 0.124 22.1 706 < 1.24 66.5 J (J)
CWM-186-MW32 (57-59 feet) 2/12/02 1160 0.104 J (B) 13.8 557 J (J) < 1.29 44.4 J (J)
CWM-186-MW32 (88-89 feet) 2/13/02 2690 0.0955 J (B) 24 617 J (J) < 1.26 38.5 J (J)
CWM-186-MW39 (10-11.2 feet) 11/26/02 281 0.0568 J (J) 13.1 644 2.88 37.6 J (B)
CWM-186-MW40 (10-11.5 feet) 11/22/02 362 0.0489 J (J) 14.4 555 J (B) 2.86 37.8 J (B)
CWM-186-MW41 (10-11.8 feet) 10/21/02 679 0.0567 J (J) 22.6 (J) 700 (B) 2.73 35.9 J (J)
CWM-186-MW42 (10-12 feet) 10/22/02 211 0.0349 J (J) 16.7 (J) 1120 1.79 25.6 J (J)
CWM-186-MW43 (10-11 feet) 12/4/02 40 0.0342 J (J) 1 J (J) 263 J (J) 1.91 (B) < 112
CWM-186-MW44 (10-11 feet) 12/5/02 55.1 0.0634 J (B) 11.9 1090 3.48 < 125
CWM-186-MW45 (11-13 feet) 10/16/02 194 < 0.127 14.5 (J) 7410 1.01 J (J) 48.6 J (J)
CWM-186-MW46 (10-12 feet) 11/21/02 441 < 0.134 15.2 (J) 2670 3.87 30.6 J (J)
CWM-186-MW47 (10-11.5 feet) 11/21/02 2330 < 0.128 22.3 3030 2.26 (B) 40.5 J (B)
CWM-186-MW48 (12-13 feet) 11/18/02 87.9 < 0.121 13.2 7200 3.51 50.3 J (B)
CWM-186-MW49 (10-11.5 feet) 11/6/02 433 (J) 0.0442 J (J) 8.07 1270 2.09 39.7 J (J)
CWM-186-MW50 (9.5-10.8 feet) 11/4/02 3.75 < 0.105 0.643 J (J) 161 J (B) 0.667 J (J) < 105
CWM-186-MW51 (10-12 feet) 10/28/02 263 (J) < 0.126 12.7 5500 (J) 1.48 (B) 22.9 J (J)
CWM-186-MW52 (10-12 feet) 10/30/02 62.7 (J) 0.0402 J (J) 10.9 6040 (J) 4.66 26.4 J (J)
CWM-186-MW53 (10-12 feet) 10/29/02 10.1 (J) < 0.129 11 9400 (J) 1.33 (B) 24.4 J (J)
CWM-186-MW54 (3-4 feet) 2/10/03 38.9 < 0.129 5.37 5000 < 1.29 37.3 J (J)
CWM-186-MW55 (10-12 feet) 2/28/03 123 < 0.125 26.3 (J) 4970 < 1.25 78.5 J (B)
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Table E3-9:  Historical Metal Detections in Subsurface Soils
Training Area T-38, Parcel 186(6)

McClellan, Anniston, Alabama

Metals (mg/kg) Sample Date Thallium Vanadium Zinc
CWM-186-GP01 (11-13 feet) 10/16/02 < 2.48 52.5 74.5
CWM-186-GP02 (10-12 feet) 11/12/02 < 2.46 108 56.5
CWM-186-GP03 (10-11.2 feet) 11/13/02 1.91 J (J) 107 19.9 (J)
CWM-186-GP04 (10-12 feet) 11/7/02 2.25 J (J) 73.5 < 1.15
CWM-186-GP05 (10-11.5 feet) 10/18/02 6.82 83.2 142
CWM-186-GP06 (10-12 feet) 10/30/02 < 2.43 26.1 30.2 (J)
CWM-186-GP07 (4-5 feet) 11/7/02 1.03 J (J) 52.2 6.52
CWM-186-GP08 (10-12 feet) 10/29/02 1.18 J (J) 104 12.2 (J)
CWM-186-GP09 (4-6 feet) 2/6/03 < 2.45 81.3 16.1 (J)
CWM-186-GP10 (10-12 feet) 11/12/02 < 2.27 34.1 8.34
CWM-186-GP11 (10-12 feet) 11/13/02 < 2.31 21.7 1.74 (J)
CWM-186-GP12 (10-12 feet) 11/11/02 < 2.46 81.4 39.4
CWM-186-GP13 (10-12 feet) 10/17/02 1.22 J (J) 102 31.6
CWM-186-GP14 (6-8 feet) 11/14/02 < 2.45 89.4 40.3 (J)
CWM-186-GP15 (10-12 feet) 11/13/02 < 2.47 84 48.9 (J)
CWM-186-GP16 (10-12 feet) 2/27/03 < 2.64 51.4 32.8
CWM-186-MW06 (10-12 feet) 4/9/01 1.01 J (J) 41.8 54.6
CWM-186-MW07 (2-4 feet) 4/4/01 < 2.21 13 (J) 9.5
CWM-186-MW08 (11-12 feet) 4/6/01 0.969 J (J) 34.1 25.6 (J)
CWM-186-MW09 (2-4 feet) 4/4/01 < 2.34 22 (J) 9.08
CWM-186-MW10 (2-4 feet) 4/4/01 < 2.61 12.3 (J) 11.7
CWM-186-MW11 (4-6 feet) 4/4/01 1.04 J (J) 29.7 (J) 35.6
CWM-186-MW12 (3-5 feet) 4/4/01 0.836 J (J) 32.1 (J) 18.6
CWM-186-MW13 (4-6 feet) 4/4/01 < 2.37 28.2 (J) 111
CWM-186-MW25 (7-8 feet) 4/6/01 1.05 J (J) 33.3 64.2 (J)
CWM-186-MW26 (3-4 feet) 4/6/01 1.24 J (J) 73.9 20.7 (J)
CWM-186-MW29 (4-5 feet) 4/6/01 1.4 J (J) 112 36.8 (J)
CWM-186-MW31 (8-9 feet) 1/29/02 < 2.47 93.7 (J) 32
CWM-186-MW31 (53-55 feet) 2/19/02 < 2.48 17.7 43.6
CWM-186-MW31 (84-86 feet) 2/19/02 < 2.47 12.6 74.9
CWM-186-MW32 (11-12 feet) 1/29/02 < 2.47 101 (J) 40.2
CWM-186-MW32 (57-59 feet) 2/12/02 < 2.58 12.3 29.7
CWM-186-MW32 (88-89 feet) 2/13/02 < 2.51 16 54.1
CWM-186-MW39 (10-11.2 feet) 11/26/02 0.81 J (J) 86.2 19.2
CWM-186-MW40 (10-11.5 feet) 11/22/02 0.878 J (J) 85.3 19.1
CWM-186-MW41 (10-11.8 feet) 10/21/02 < 2.47 95.1 43.6 (J)
CWM-186-MW42 (10-12 feet) 10/22/02 < 2.39 57.5 31.7 (J)
CWM-186-MW43 (10-11 feet) 12/4/02 < 2.24 40.8 1.73
CWM-186-MW44 (10-11 feet) 12/5/02 2.49 J (J) 80.1 22.5 (J)
CWM-186-MW45 (11-13 feet) 10/16/02 < 2.54 29.9 32.5
CWM-186-MW46 (10-12 feet) 11/21/02 1.91 J (J) 102 25.8 (J)
CWM-186-MW47 (10-11.5 feet) 11/21/02 < 2.55 40.3 38
CWM-186-MW48 (12-13 feet) 11/18/02 1.12 J (J) 68.5 25.7
CWM-186-MW49 (10-11.5 feet) 11/6/02 1.97 J (J) 65.8 15.9
CWM-186-MW50 (9.5-10.8 feet) 11/4/02 < 2.11 8.7 1.82
CWM-186-MW51 (10-12 feet) 10/28/02 < 2.52 23.1 23.1 (J)
CWM-186-MW52 (10-12 feet) 10/30/02 0.815 J (J) 81.1 16.5 (J)
CWM-186-MW53 (10-12 feet) 10/29/02 < 2.58 25.2 17.8 (J)
CWM-186-MW54 (3-4 feet) 2/10/03 < 2.57 18 12
CWM-186-MW55 (10-12 feet) 2/28/03 < 2.49 39.2 96.6
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Table E3-9:  Historical Metal Detections in Subsurface Soils
Training Area T-38, Parcel 186(6)

McClellan, Anniston, Alabama

Notes:
< = The result was not detected at the concentration shown.
mg/kg = milligrams per kilogram

Lab Flag:
J = Reported value is an estimated concentration. 

Validation Flag:
(B) = Contaminant was found in the associated laboratory method or calibration blank 

(5x rule was applied); result is considered to be non-detect.
(J) = Reported value is an estimated concentration. 
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Table E3-10:  Summary of Tiers 1 and 2 Evaluations for Subsurface Soil
Training Area T-38, Parcel 186(6) 

McClellan, Anniston, Alabama

FOD Site 
Data

Bkg 
%NDs

Tier 1 
Evaluation

Wilcoxon Rank 
Sum Test

Hot Measurement 
Test

Perform Tier 3 
Test

Aluminum 50/50 0 Fail NA* NA* No*
Antimony 5/50 27.8 Fail NA Fail Yes
Arsenic 50/50 5.5 Fail Pass Pass No
Barium 50/50 0 Fail Fail Fail Yes
Beryllium 41/50 4 Fail Fail Fail Yes
Cadmium 0/50 42.3 Pass NA NA NA
Calcium 37/50 32.7 Fail Pass Fail Yes
Chromium 50/50 1.8 Fail Fail Fail Yes
Cobalt 44/50 7.3 Fail Fail Fail Yes
Copper 50/50 0 Fail Fail Fail Yes
Iron 50/50 0 Fail NA* NA* No*
Lead 50/50 0 Fail Fail Fail Yes
Magnesium 47/50 7.2 Fail Fail Fail Yes
Manganese 50/50 1.8 Fail Fail Fail Yes
Mercury 28/50 52.7 Fail NA Fail Yes
Nickel 49/50 18.2 Fail Fail Fail Yes
Potassium 46/50 20 Fail Fail Fail Yes
Selenium 31/50 98.2 Fail NA Fail Yes
Silver 0/50 38.2 Pass NA NA NA
Sodium 29/50 1.8 Pass NA NA NA
Thallium 20/50 13.0 Fail Fail Fail Yes
Vanadium 50/50 0 Fail Fail Fail Yes
Zinc 49/50 21.8 Fail Fail Fail Yes

Notes:
* = Macronutrient with maximum detected concentration < 10x background screening value.
Bkg = background
FOD = frequency of detection
NA = not applicable
ND = Non-detect
% = percent

Tier 2 Evaluation
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Table E4-1:  Summary of Correlation Coefficients from Geochemical Regression Analysis for Groundwater
Training Area T-38, Parcel 186(6)

McClellan, Anniston, Alabama

Metal Al Sb As Ba Be Cd Ca Cr Co Cu Fe Pb Mg Mn Hg Ni K Se Ag Na Tl V Zn
Aluminum -- -- -- -- -- -- -- -- -- 0.826 -- -- -- -- -- -- -- -- -- -- -- --
Antimony NP NP NP NP NP NP NP NP NP NP NP NP NP NP NP NP NP NP NP NP NP NP
Arsenic -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Barium nss NP 0.807 0.750 NP 0.348 nss 0.579 nss nss 0.569 nss nss NP 0.710 nss nss NP 0.365 nss nss nss
Beryllium nss NP nss 0.750 NP nss nss nss nss nss NP nss nss NP 0.839 nss nss NP nss nss nss nss
Cadmium -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Calcium -- -- -- -- -- -- -- -- -- -- -- 0.592 -- -- -- -- -- -- -- -- -- --
Chromium nss NP NP NP NP NP nss NP NP nss nss nss nss NP NP nss NP NP nss NP NP nss
Cobalt nss NP nss 0.579 nss NP nss NP NP nss 0.972 nss nss NP 0.987 nss NP NP nss nss nss nss
Copper -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Iron 0.826 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Lead -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Magnesium -- -- -- -- -- -- 0.592 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Manganese 0.391 NP nss nss nss NP nss nss nss 0.829 0.636 nss 0.339 NP 0.687 nss nss NP nss nss nss nss
Mercury NP NP NP NP NP NP NP NP NP NP NP NP NP NP NP NP NP NP NP NP NP NP
Nickel nss NP nss 0.710 0.839 NP nss NP 0.987 NP nss 0.918 nss 0.687 NP nss NP NP nss nss nss nss
Potassium nss NP nss nss nss NP 0.349 nss nss nss nss nss nss nss NP nss NP NP 0.585 nss nss nss
Selenium -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Silver -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Sodium -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Thallium nss NP NP nss nss NP nss NP nss NP nss NP nss nss NP nss nss NP NP nss NP nss
Vanadium -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Zinc -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Notes:
NP = not performed due to low number of investigative sample detects
nss = not statistically significant
-- = not required for Tier 3 analysis

Correlation coefficients shown are from scatter plots with respect to a log scale. 
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Table E4-2:  Summary of Metal Contaminants in Groundwater
Training Area T-38, Parcel 186(6) 

McClellan, Anniston, Alabama

Analyte Metal Contaminants (mg/L)

Antimony CWM-186-MW07 = 0.0601 J (J)
CWM-186-MW16 = 0.0358 J (J)

Barium none
Beryllium none

Chromium

CWM-186-MW03 = 0.0043 B (J)
CWM-186-MW08 = 0.0595
CWM-186-MW23 = 0.0182
CWM-186-MW24 = 0.00497 J (J)
CWM-186-MW29 = 0.0046 B (J)
CWM-186-MW30 = 0.0199

Cobalt none
Manganese none
Mercury CWM-186-MW01 = 0.000435 J (J) 
Nickel none
Potassium none
Thallium CWM-186-MW35 = 0.00802 J (J) 

Notes:
mg/L = milligrams per liter

Lab Flag:
B = Result is greater than the method detection limit, but 

less than the reporting limit (for metals only).
J = Reported value is an estimated concentration. 
Validation Flag:
(J) = Reported value is an estimated concentration. 
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Table E4-3:  Summary of Metal Contaminants in Surface Water and Seeps
Training Area T-38, Parcel 186(6) 

McClellan, Anniston, Alabama

Analyte Metal Contaminants (mg/L)
Beryllium CWM-186-SEEP03-RI = 0.00216 mg/L
Chromium CWM-186-SW/SD06 = 0.0908 mg/L
Thallium CWM-186-SEEP01-RI = 0.00586 J (J) mg/L

Notes:
mg/L = milligrams per liter
J = Lab Flag: Analyte was positively identified; reported value is an estimated concentration. 
(J) = Validation Flag: The analyte was positively identified; the reported value is the estimated 

concentration of the constituent detected in the sample.
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Table E4-4:  Summary of Metal Contaminants in Sediment
Training Area T-38, Parcel 186(6) 

McClellan, Anniston, Alabama

Analyte Metal Contaminants (mg/kg)

Beryllium CWM-186-SW/SD01 = 1.25 J (J) 
CWM-186-SW/SD02 = 0.853 J (J)

Manganese none

Notes:
mg/kg = milligrams per kilogram
J = Lab Flag: Analyte was positively identified; reported value 

is an estimated concentration. 
(J) = Validation Flag: The analyte was positively identified; 

the reported value is the estimated concentration of the
constituent detected in the sample.
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Table E4-5:  Summary of Correlation Coefficients from Geochemical Regression Analysis for Surface and Depositional Soils
Training Area T-38, Parcel 186(6)

McClellan, Anniston, Alabama

Metal Al Sb As Ba Be Cd Ca Cr Co Cu Fe Pb Mg Mn Hg Ni K Se Ag Na Tl V Zn
Aluminum -- -- -- -- -- -- -- -- -- 0.799 -- -- -- -- -- -- -- -- -- -- -- --
Antimony nss nss nss nss NP nss nss nss nss 0.620 nss nss nss nss nss nss nss NP nss nss nss nss
Arsenic 0.847 nss nss 0.519 NP nss 0.783 0.443 0.712 0.917 nss nss nss 0.587 0.774 nss 0.621 NP nss 0.978 0.943 0.600
Barium nss nss nss 0.525 NP nss nss 0.543 nss nss 0.577 nss 0.637 nss nss nss nss NP nss nss nss nss
Beryllium 0.490 nss 0.519 0.525 NP nss nss 0.691 nss 0.552 nss nss 0.512 nss 0.784 nss nss NP nss nss 0.526 nss
Cadmium NP NP NP NP NP NP NP NP NP NP NP NP NP NP NP NP NP NP NP NP NP NP
Calcium nss nss nss nss nss NP nss nss nss nss nss 0.753 nss nss nss nss nss NP nss nss nss nss
Chromium 0.667 nss 0.783 nss nss NP nss nss nss 0.806 nss nss nss nss nss nss nss NP nss 0.972 0.834 nss
Cobalt 0.473 nss 0.443 0.543 0.691 NP nss nss nss 0.410 nss nss 0.788 nss 0.730 nss nss NP nss nss 0.432 nss
Copper 0.613 nss 0.712 nss nss NP nss nss nss 0.780 0.478 nss nss 0.450 0.715 0.717 nss NP nss nss 0.700 0.562
Iron 0.799 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Lead 0.315 nss nss 0.577 nss NP nss nss nss 0.478 nss nss 0.506 0.424 nss nss nss NP nss nss nss 0.683
Magnesium nss nss nss nss nss NP 0.753 nss nss nss nss nss nss nss nss nss nss NP nss nss nss nss
Manganese nss nss nss 0.637 0.512 NP nss nss 0.788 nss nss nss nss nss 0.376 nss nss NP nss nss nss nss
Mercury 0.619 nss 0.587 nss nss NP nss nss nss 0.450 0.468 0.424 nss nss nss nss nss NP nss nss nss 0.765
Nickel 0.812 nss 0.774 nss 0.784 NP nss nss 0.730 0.715 0.770 nss nss 0.376 nss nss nss NP nss nss 0.794 0.763
Potassium -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Selenium 0.657 nss 0.621 nss nss NP nss nss nss nss 0.739 nss nss nss nss 0.569 0.544 NP nss nss 0.747 nss
Silver NP NP NP NP NP NP NP NP NP NP NP NP NP NP NP NP NP NP NP NP NP NP
Sodium -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Thallium -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Vanadium 0.903 nss 0.943 nss 0.526 NP nss 0.834 0.432 0.700 0.953 nss nss nss nss 0.794 nss 0.747 NP nss nss
Zinc 0.573 nss 0.600 nss nss NP nss nss nss 0.562 0.521 0.683 nss nss 0.765 0.763 nss nss NP nss nss nss

Notes:
NP = not performed due to low number of investigative sample detects
nss = not statistically significant
-- = not required for Tier 3 analysis

Correlation coefficients shown are from scatter plots with respect to a log scale. 
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Table E4-6:  Summary of Metal Contaminants in 
Surface and Depositional Soil

Training Area T-38, Parcel 186(6) 
McClellan, Anniston, Alabama

Analyte Metal Contaminants (mg/kg)
Antimony none
Arsenic none
Barium none
Beryllium none
Cadmium CWM-186-MW41 = 3 
Calcium none
Chromium none
Cobalt none
Copper none
Lead none
Magnesium none
Manganese none
Mercury CWM-186-GP16 = 0.379 
Nickel none
Selenium CWM-186-MW48 = 3.41 
Silver none
Vanadium none
Zinc CWM-186-GP16 = 229 

Notes:
mg/kg = milligrams per kilogram
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Table E4-7:  Summary of Correlation Coefficients from Geochemical Regression Analysis for Subsurface Soils
Training Area T-38, Parcel 186(6)

McClellan, Anniston, Alabama

Metal Al Sb As Ba Be Cd Ca Cr Co Cu Fe Pb Mg Mn Hg Ni K Se Ag Na Tl V Zn
Aluminum -- -- -- -- -- -- -- -- -- 0.593 -- -- -- -- -- -- -- -- -- -- -- --
Antimony nss nss nss nss NP nss nss nss nss 0.606 nss nss nss nss nss nss NP NP nss nss nss nss
Arsenic -- -- -- -- NP -- -- -- -- -- -- -- -- -- -- -- -- NP -- -- -- --
Barium nss nss nss 0.660 NP 0.291 nss 0.612 nss nss 0.643 0.600 0.644 0.393 0.598 nss 0.336 NP nss 0.387 nss 0.600
Beryllium nss nss nss 0.660 NP nss nss 0.663 0.354 nss 0.717 0.342 0.421 nss 0.566 nss nss NP nss nss nss 0.695
Cadmium -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Calcium nss nss 0.350 0.291 nss NP nss 0.350 nss nss 0.412 0.441 0.464 nss 0.408 nss 0.360 NP nss 0.386 nss 0.466
Chromium 0.748 nss 0.627 nss nss NP nss nss nss 0.651 nss nss nss nss nss nss 0.736 NP nss nss 0.897 nss
Cobalt nss nss nss 0.612 0.663 NP 0.350 nss 0.403 nss 0.423 nss 0.805 0.316 0.653 nss nss NP nss 0.393 nss 0.697
Copper 0.485 nss 0.439 nss 0.354 NP 0.241 nss 0.403 0.623 0.600 0.628 0.425 nss 0.773 0.523 0.605 NP 0.317 nss nss 0.714
Iron 0.593 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Lead 0.476 nss 0.401 0.643 0.717 NP 0.412 nss 0.423 0.600 0.496 0.630 0.598 nss 0.723 0.522 0.619 NP 0.310 nss nss 0.709
Magnesium 0.567 nss nss 0.600 0.342 NP 0.441 nss nss 0.628 0.278 0.630 0.312 nss 0.666 0.734 0.453 NP nss nss nss 0.610
Manganese nss nss 0.351 0.644 0.421 NP 0.464 nss 0.805 0.425 0.264 0.598 0.312 0.408 0.723 nss 0.545 NP nss 0.445 nss 0.714
Mercury nss nss nss 0.393 nss NP nss nss 0.316 nss nss nss nss 0.408 nss nss nss NP nss nss nss nss
Nickel 0.546 nss 0.370 0.598 0.566 NP 0.408 nss 0.653 0.773 0.476 0.723 0.666 0.723 nss nss 0.538 NP nss nss 0.335 0.959
Potassium 0.481 nss nss nss nss NP nss nss nss 0.523 nss 0.522 0.734 nss nss nss nss NP nss nss nss 0.353
Selenium 0.528 NP 0.666 0.336 nss NP 0.360 0.736 nss 0.605 0.901 0.619 0.453 0.545 nss 0.538 nss NP nss nss 0.805 0.514
Silver -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Sodium -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Thallium nss nss 0.568 0.387 nss NP 0.386 nss 0.393 nss 0.487 nss nss 0.445 nss nss nss nss NP nss nss 0.492
Vanadium 0.741 nss 0.796 nss nss NP nss 0.897 nss nss 0.815 nss nss nss nss 0.335 nss 0.805 NP nss nss nss
Zinc 0.389 nss 0.364 0.600 0.695 NP 0.466 nss 0.697 0.714 0.439 0.709 0.610 0.714 nss 0.959 0.353 0.514 NP 0.386 0.492 nss

Notes:
NP = not performed due to low number of investigative sample detects
nss = not statistically significant
-- = not required for Tier 3 analysis

Correlation coefficients shown are from scatter plots with respect to a log scale. 
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Table E4-8:  Summary of Metal Contaminants in Subsurface Soil
Training Area T-38, Parcel 186(6) 

McClellan, Anniston, Alabama

Analyte Metal Contaminants (mg/kg)
Antimony none
Barium none
Beryllium none
Calcium none
Chromium none
Cobalt none
Copper none
Lead none
Magnesium none
Manganese none
Mercury none
Nickel none

Potassium CWM-196-MW45 = 7,410 
CWM-196-MW53 = 9,400 (J) 

Selenium CWM-186-GP05 = 5.15 
Thallium none
Vanadium none
Zinc none

Notes:
(J) = Validation Flag: Reported value is an estimated concentration. 
mg/kg = milligrams per kilogram
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Figure E1-2:  Box Plot Comparison for Manganese in Groundwater 
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Figure E1-3:  Box Plot Comparison for Potassium in Groundwater 
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T-38 RFI - Appendix E - Attachment E3 

E3-1 

 
 

Figure E3-1: Box Plot Comparison for 
Beryllium in Sediment 
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Figure E3-2: Box Plot Comparison for 
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Figure E3-3: Box Plot Comparison for Zinc 
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Figure E4-1:  Box Plot Comparison for 
Arsenic in Surface Soil 
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Figure E4-2:  Box Plot Comparison for 
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Figure E4-3:  Box Plot Comparison for 
Beryllium in Surface Soil 
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Figure E4-4:  Box Plot Comparison for Calcium in Surface Soil 
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Figure E4-5:  Box Plot Comparison for 
Chromium in Surface Soil 
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Figure E4-6:  Box Plot Comparison for 
Cobalt in Surface Soil 
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Figure E4-7:  Box Plot Comparison for 
Copper in Surface Soil 
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Figure E4-8:  Box Plot Comparison for Lead in Surface Soil 
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Figure E4-9:  Box Plot Comparison for Magnesium in Surface Soil 
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Figure E4-10:  Box Plot Comparison for Manganese in Surface Soil 
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Figure E4-11:  Box Plot Comparison for 
Nickel in Surface Soil 
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Figure E4-12:  Box Plot Comparison for 
Vanadium in Surface Soil 
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Figure E4-13:  Box Plot Comparison for 
Zinc in Surface Soil 
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Figure E5-1:  Box Plot Comparison for 
Arsenic in Subsurface Soil 
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Figure E5-2:  Box Plot Comparison for Barium in Subsurface Soil 
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Figure E5-3:  Box Plot Comparison for 
Beryllium in Subsurface Soil 
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Figure E5-4:  Box Plot Comparison for Calcium in Subsurface Soil 
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Figure E5-5:  Box Plot Comparison for 
Chromium in Subsurface Soil 
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Figure E5-6:  Box Plot Comparison for Cobalt in Subsurface Soil 
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Figure E5-7:  Box Plot Comparison for 
Copper in Subsurface Soil 
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Figure E5-8:  Box Plot Comparison for Lead in Subsurface Soil 
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Figure E5-9:  Box Plot Comparison for Magnesium in Subsurface Soil 
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Figure E5-10:  Box Plot Comparison for Manganese in Subsurface Soil 
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Figure E5-11:  Box Plot Comparison for 
Nickel in Subsurface Soil 
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Figure E5-12:  Box Plot Comparison for Potassium in Subsurface Soil 
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Figure E5-13:  Box Plot Comparison for Thallium in Subsurface Soil 
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Figure E5-14:  Box Plot Comparison for 
Vanadium in Subsurface Soil 
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Figure E5-15:  Box Plot Comparison for 
Zinc in Subsurface Soil 
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Figure E6-1:  Aluminum vs Iron Figure E6-2:  Aluminum vs Turbidity 
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Figure E6-3:  Calcium vs Magnesium  
  

Regression Plot: Correlation Coefficient = 0.59205  
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Figure E6-4:  Barium vs Calcium 
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Figure E6-5:  Barium vs Lead 
  

Regression Plot: Correlation Coefficient = 0.568784 Ratio Plot: 
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Figure E6-6:  Beryllium vs Barium 
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Figure E6-7:  Beryllium vs Nickel  
  

Regression Plot: Correlation Coefficient = 0.839186  
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Figure E6-8:  Cobalt vs Lead Figure E6-9:  Cobalt vs Nickel 
  

Regression Plot: Correlation Coefficient = 0.972609 Regression Plot: Correlation Coefficient = 0.987363 
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Figure E6-10:  Manganese vs Aluminum 
  

Regression Plot: Correlation Coefficient = 0.391093 Ratio Plot: 
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Figure E6-11:  Manganese vs Iron 
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Figure E6-12:  Nickel vs Cobalt Figure E6-13:  Nickel vs Manganese 
  

Regression Plot: Correlation Coefficient = 0.987363 Regression Plot: Correlation Coefficient = 0.686654 
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Figure E6-14:  Potassium vs Calcium 
  

Regression Plot: Correlation Coefficient = 0.348618 Ratio Plot: 
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Figure E6-15:  Potassium vs Sodium 
  

Regression Plot: Correlation Coefficient = 0.584558 Ratio Plot: 
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Regression and Ratio Plots for Surface Water 
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Figure E7-1:  Aluminum vs Iron Figure E7-2:  Calcium vs Magnesium 
  

Regression Plot: Correlation Coefficient = 0.974714 Regression Plot: Correlation Coefficient = 0.982756 
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Plot of Fitted Model
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Figure E7-3:  Beryllium vs Aluminum Figure E7-4:  Beryllium vs Iron 
  

Ratio Plot: Ratio Plot: 

T-38 SW/Seep Ratio - Beryllium vs Aluminum

0

0.0005

0.001

0.0015

0.002

0.0025

0.003

0.0035

0 0.0002 0.0004 0.0006 0.0008 0.001 0.0012

Be/Al

B
e Bkg ratio

Inv ratio

SEEP03

 

T-38 SW/Seep Ratio - Beryllium vs Iron

0

0.0005

0.001

0.0015

0.002

0.0025

0.003

0.0035

0 0.0002 0.0004 0.0006 0.0008 0.001 0.0012

Be/Fe

B
e Bkg ratio

Inv ratio

SEEP03

 
  

  
 



 

Attachment E8 
 

Regression and Ratio Plots for Sediment 
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Figure E8-1:  Aluminum vs Iron 
  

Regression Plot: Correlation Coefficient = 0.806703 Ratio Plot: 

Plot of Fitted Model
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Figure E8-2:  Calcium vs Magnesium 
  

Regression Plot: Correlation Coefficient = 0.508068 Ratio Plot: 

Plot of Fitted Model
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Figure E8-3:  Beryllium vs Aluminum Figure E8-4:  Beryllium vs Iron 
  

Ratio Plot: Ratio Plot: 
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Figure E8-5:  Manganese vs Barium 
  

Regression Plot: Correlation Coefficient = 0.858764 Ratio Plot: 

Plot of Fitted Model
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Figure E8-6:  Manganese vs Aluminum Figure E8-7:  Manganese vs Iron 
  

Ratio Plot: Ratio Plot: 
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Figure E9-1: Aluminum vs Iron  
  

Regression Plot: Correlation Coefficient = 0.799139  

Plot of Fitted Model
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Figure E9-2: Antimony vs Iron 

  
Regression Plot: Correlation Coefficient = 0.619643  Ratio Plot: 

Plot of Fitted Model
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Figure E9-3:  Arsenic vs Aluminum 
  

Regression Plot: Correlation Coefficient = 0.847066 Ratio Plot: 

Plot of Fitted Model
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Figure E9-4:  Arsenic vs Iron 
  

Regression Plot: Correlation Coefficient = 0.916525 Ratio Plot: 

Plot of Fitted Model
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Figure E9-5:  Barium vs Lead 
  

Regression Plot: Correlation Coefficient = 0.57728 Ratio Plot: 

Plot of Fitted Model
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Figure E9-6:  Barium vs Manganese 
  

Regression Plot: Correlation Coefficient = 0.637186 Ratio Plot: 

Plot of Fitted Model
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Figure E9-7:  Beryllium vs Aluminum 
  

Regression Plot: Correlation Coefficient = 0.48974 Ratio Plot: 

Plot of Fitted Model
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Figure E9-8:  Beryllium vs Iron 
  

Regression Plot: Correlation Coefficient = 0.552357 Ratio Plot: 

Plot of Fitted Model
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Figure E9-9: Cadmium vs Aluminum Figure E9-10: Cadmium vs Iron 
  

Ratio Plot: Ratio Plot: 
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Figure E9-11: Calcium vs Magnesium 
  

Regression Plot: Correlation Coefficient = 0.752608 Ratio Plot: 

Plot of Fitted Model
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Figure E9-12: Chromium vs Aluminum 
  

Regression Plot: Correlation Coefficient = 0.66743 Ratio Plot: 

Plot of Fitted Model

Aluminum log

C
hr

om
iu

m
 lo

g

3.5 3.8 4.1 4.4 4.7 5
0.6

1

1.4

1.8

2.2

 

T-38 Surface Soil Ratio - Chromium vs Aluminum

0

20

40

60

80

100

120

140

160

0 0.005 0.01 0.015 0.02
Cr/Al

C
r Bkg ratio

Inv ratio

 
  

Figure E9-13: Chromium vs Iron 
  

Regression Plot: Correlation Coefficient = 0.806488 Ratio Plot: 

Plot of Fitted Model
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Figure E9-14: Cobalt vs Aluminum 
  

Regression Plot: Correlation Coefficient = 0.472518 Ratio Plot: 

Plot of Fitted Model
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Figure E9-15: Cobalt vs Manganese 
  

Regression Plot: Correlation Coefficient = 0.788479 Ratio Plot: 

Plot of Fitted Model
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Figure E9-16: Copper vs Aluminum 
  

Regression Plot: Correlation Coefficient = 0.613466 Ratio Plot: 

Plot of Fitted Model
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Figure E9-17: Copper vs Iron 
  

Regression Plot: Correlation Coefficient = 0.779995 Ratio Plot: 

Plot of Fitted Model
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Figure E9-18: Lead vs Aluminum 
  

Regression Plot: Correlation Coefficient = 0.315268 Ratio Plot: 

Plot of Fitted Model
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Figure E9-19: Lead vs Manganese 
  

Regression Plot: Correlation Coefficient = 0.50614 Ratio Plot: 

Plot of Fitted Model
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Figure E9-20: Magnesium vs Calcium 
  

Regression Plot: Correlation Coefficient = 0.752608 Ratio Plot: 

Plot of Fitted Model
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Figure E9-21: Manganese vs Barium 
  

Regression Plot: Correlation Coefficient = 0.637186 Ratio Plot: 

Plot of Fitted Model
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Figure E9-22: Manganese vs Cobalt 
  

Regression Plot: Correlation Coefficient = 0.788479 Ratio Plot: 

Plot of Fitted Model
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Figure E9-23: Mercury vs Aluminum 
  

Regression Plot: Correlation Coefficient = 0.618516 Ratio Plot: 

Plot of Fitted Model
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Figure E9-24: Mercury vs Iron 
  

Regression Plot: Correlation Coefficient = 0.467747 Ratio Plot: 

Plot of Fitted Model
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Figure E9-25: Nickel vs Aluminum 
  

Regression Plot: Correlation Coefficient = 0.812488 Ratio Plot: 

Plot of Fitted Model
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Figure E9-26: Nickel vs Iron 
  

Regression Plot: Correlation Coefficient = 0.769848 Ratio Plot: 

Plot of Fitted Model
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Figure E9-27: Selenium vs Aluminum Figure E9-28: Selenium vs Iron 
  

Regression Plot: Correlation Coefficient = 0.656737 Regression Plot: Correlation Coefficient = 0.738662 
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Figure E9-29: Vanadium vs Aluminum 
  

Regression Plot: Correlation Coefficient = 0.90343 Ratio Plot: 
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Figure E9-30: Vanadium vs Iron 
  

Regression Plot: Correlation Coefficient = 0.953486 Ratio Plot: 

Plot of Fitted Model
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Figure E9-31: Zinc vs Aluminum 
  

Regression Plot: Correlation Coefficient = 0.572711 Ratio Plot: 

Plot of Fitted Model
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Figure E9-32: Zinc vs Iron 
  

Regression Plot: Correlation Coefficient = 0.52122 Ratio Plot: 

Plot of Fitted Model
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Regression and Ratio Plots for Subsurface Soil  
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Figure E10-1:  Aluminum vs Iron  
  

Regression Plot: Correlation Coefficient = 0.592711  
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Figure E10-2: Antimony vs Iron 

  
Regression Plot: Correlation Coefficient = 0.60644 Ratio Plot: 

Plot of Fitted Model
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Figure E10-3: Barium vs Beryllium 
  

Regression Plot: Correlation Coefficient = 0.659921 Ratio Plot: 

Plot of Fitted Model
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Figure E10-4: Barium vs Manganese 
  

Regression Plot: Correlation Coefficient = 0.644232 Ratio Plot: 

Plot of Fitted Model
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Figure E10-5: Beryllium vs Lead 
  

Regression Plot: Correlation Coefficient = 0.716653 Ratio Plot: 

Plot of Fitted Model
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Figure E10-6: Beryllium vs Manganese 
  

Regression Plot: Correlation Coefficient = 0.420887 Ratio Plot: 

Plot of Fitted Model
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Figure E10-7: Calcium vs Magnesium 
  

Regression Plot: Correlation Coefficient = 0.440701 Ratio Plot: 

Plot of Fitted Model
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Figure E10-8: Chromium vs Aluminum 
  

Regression Plot: Correlation Coefficient = 0.747905 Ratio Plot: 

Plot of Fitted Model
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Figure E10-9: Chromium vs Iron 
  

Regression Plot: Correlation Coefficient = 0.650963 Ratio Plot: 

Plot of Fitted Model
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Figure E10-10: Cobalt vs Manganese 
  

Regression Plot: Correlation Coefficient = 0.805448 Ratio Plot: 

Plot of Fitted Model
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Figure E10-11: Cobalt vs Nickel 
  

Regression Plot: Correlation Coefficient = 0.653091 Ratio Plot: 

Plot of Fitted Model
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Figure E10-12: Copper vs Iron 
  

Regression Plot: Correlation Coefficient = 0.623361 Ratio Plot: 

Plot of Fitted Model
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Figure E10-13: Copper vs Magnesium 
  

Regression Plot: Correlation Coefficient = 0.628406 Ratio Plot: 

Plot of Fitted Model
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Figure E10-14: Lead vs Iron 
  

Regression Plot: Correlation Coefficient = 0.495768 Ratio Plot: 

Plot of Fitted Model

Iron log

Le
ad

 lo
g

3.9 4.1 4.3 4.5 4.7 4.9 5.1
0

0.4

0.8

1.2

1.6

2

 

T-38 Subsurface Soil Ratio - Lead vs Iron

0

100

200

300

400

500

600

0 0.005 0.01 0.015
Pb/Fe

Pb
Bkg ratio
Inv ratio

 
  
  
  



Attachment E10                                                                                          T-38 Tier 3 Metals Statistical Evaluation - Subsurface Soil 

T-38 RFI - Appendix E        E10-8 

  

Figure E10-15: Lead vs Manganese 
  

Regression Plot: Correlation Coefficient = 0.598497 Ratio Plot: 

Plot of Fitted Model

Manganese log

Le
ad

 lo
g

0 1 2 3 4 5
0

0.4

0.8

1.2

1.6

2

 

T-38 Subsurface Soil Ratio - Lead vs Manganese

0
10
20
30
40
50
60
70
80

0 0.5 1 1.5 2
Pb/Mn

Pb

Bkg ratio
Inv ratio

 
  

Figure E10-16: Magnesium vs Calcium 
  

Regression Plot: Correlation Coefficient = 0.440701 Ratio Plot: 

Plot of Fitted Model
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Figure E10-17: Manganese vs Cobalt 
  

Regression Plot: Correlation Coefficient = 0.805448 Ratio Plot: 

Plot of Fitted Model
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Figure E10-18: Manganese vs Iron 
  

Regression Plot: Correlation Coefficient = 0.263694 Ratio Plot: 

Plot of Fitted Model
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Figure E10-19: Mercury vs Cobalt 
  

Regression Plot: Correlation Coefficient = 0.315771 Ratio Plot: 

Plot of Fitted Model
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Figure E10-20: Mercury vs Manganese 
  

Regression Plot: Correlation Coefficient = 0.408351 Ratio Plot: 

Plot of Fitted Model
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Figure E10-21: Nickel vs Aluminum 
  

Regression Plot: Correlation Coefficient = 0.546486 Ratio Plot: 

Plot of Fitted Model
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Figure E10-22: Nickel vs Zinc 
  

Regression Plot: Correlation Coefficient = 0.959215 Ratio Plot: 

Plot of Fitted Model
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Figure E10-23: Potassium vs Aluminum 
  

Regression Plot: Correlation Coefficient = 0.48088 Ratio Plot: 

Plot of Fitted Model
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Figure E10-24: Potassium vs Magnesium 
  

Regression Plot: Correlation Coefficient = 0.733612 Ratio Plot: 

Plot of Fitted Model
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Figure E10-25: Selenium vs Aluminum Figure E10-26: Selenium vs Iron 
  

Regression Plot: Correlation Coefficient = 0.52778 Regression Plot: Correlation Coefficient = 0.900727 
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Figure E10-27: Thallium vs Arsenic 
  

Regression Plot: Correlation Coefficient = 0.567874 Ratio Plot: 

Plot of Fitted Model
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Figure E10-28: Thallium vs Iron 
  

Regression Plot: Correlation Coefficient = 0.487326 Ratio Plot: 

Plot of Fitted Model
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Figure E10-29: Vanadium vs Aluminum 
  

Regression Plot: Correlation Coefficient = 0.740767 Ratio Plot: 

Plot of Fitted Model
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Figure E10-30: Vanadium vs Iron 
  

Regression Plot: Correlation Coefficient = 0.815175 Ratio Plot: 
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Figure E10-31: Zinc vs Iron 
  

Regression Plot: Correlation Coefficient = 0.439382 Ratio Plot: 

Plot of Fitted Model
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Figure E10-32: Zinc vs Nickel 
  

Regression Plot: Correlation Coefficient = 0.959215 Ratio Plot: 

Plot of Fitted Model
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