
Technical Memorandum 

To: Jeffrey Dhont, Superfund Project Manager, U.S. Environmental Protection Agency Region 9 

From: Tetra Tech, Inc. 

Date: August 12, 2022 

Subject: Refined Background Threshold Value (BTV) Calculations for Arsenic at the Iron King-
Humboldt Smelter Superfund Site, Dewey-Humboldt, Arizona 

SEMS-RM DOCID # 100029513

[ "11:] TETRA TECH 



BTV Calculations for Arsenic at IKHS 

Contract No. W912P718D0001, Task 3.1 2 

1. PURPOSE AND OBJECTIVES

Under Contract W912P718D0001, the U.S. Environmental Protection Agency (USEPA) tasked 
Tetra Tech, Inc. (Tetra Tech) with re-evaluating background levels of arsenic concentrations in 
undisturbed soils near the Iron King Humboldt Smelter (IKHS) Superfund site (the site) in 
Dewey-Humboldt, Arizona. In Appendix E to the Remedial Investigation report (RI) regarding 
the site (CH2M 2016), CH2M, Inc. applied a statistical strategy and approach to calculate a 
background threshold value (BTV) of 112 mg/kg arsenic for the site. Tetra Tech has recalculated 
the BTV using subpopulations for the background data and statistical approaches not used in the 
original analysis. Based on the new analyses, Tetra Tech has recommended a revision to the 
original BTV derived by CH2M. 

A BTV is an estimate of the upper limit of the background environmental concentration of a 
contaminant of interest (USEPA 2015). Under the Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA) process, BTVs support risk assessment and 
development of remediation objectives. Arsenic BTVs based on soil measurements can be used 
to inform future cleanup decisions for the area impacted by arsenic contamination from IKHS. 

The purpose of this technical memorandum is to recalculate the arsenic background via more 
sophisticated statistical approaches to support a decision whether or not to modify the 
background value of arsenic in soils derived in the RI. The goal is to recommend a BTV for 
arsenic based on statistical analysis. This technical memorandum provides estimates of BTVs for 
arsenic in soil around IKHS based on existing soil data and data obtained from (1) laboratory 
analysis of soil samples collected around the site, and (2) samples analyzed in the field by use of 
an X-ray fluorescence (XRF) spectrometer.  

This technical memorandum seeks to achieve the following objectives: 
• Describe approaches to calculate soil arsenic BTVs by application of multiple statistical

models to calculate upper tolerance limits (UTLs).

• Present arsenic BTV calculations following several alternative approaches, including
standard methods with ProUCL/Minitab, cluster analysis with ProUCL/Minitab, and
weighted bootstrap models (including nonparametric weighted bootstrap models) in R
statistical programming.

• Provide different scenarios for calculating BTVs using groupings of soil types and
surface water drainage to compare options for selecting an appropriate arsenic BTV for
soil cleanup near IKHS.
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2. SITE LOCATION AND DESCRIPTION

IKHS is adjacent to the town of Dewey-Humboldt in Yavapai County, Arizona. The site consists 
of the Iron King Mine and the Humboldt Smelter. The Iron King Mine was active from the 1890s 
through 1968 (CH2M Hill 2016). Ores produced from the Iron King Mine included lead, zinc, 
copper, silver, and gold. The Humboldt Smelter conducted operations from 1876 to 1968, 
including three smelters and one smaller mine. Operations included processing of copper and 
additional recovery of gold, silver, zinc, and aluminum from ores. 

Major site features at and near the IKHS site, including drainages near the site and the town of 
Dewey-Humboldt, appear on Figure 1. An area of potential site impact (APSI) has been 
identified around IKHS to delineate the approximate extent of contamination related to site 
operations as a part of the RI effort (CH2M Hill 2016). This boundary is distinguished from the 
potential effects zone (PEZ) of contamination, which was evaluated during a cultural resources 
survey prior to the RI (Archaeological Consulting Services, Ltd. 2008). The area including the 
combined APSI and PEZ represents the background boundary, outside of which assumedly has 
not been affected by contamination from IKHS.  

An important regional feature is the Agua Fria River, adjacent to Dewey-Humboldt and flowing 
through the IKHS site boundary. Two major intermittent surface water drainages, Chaparral 
Gulch and Galena Gulch, are south of the town and flow through the APSI. Both drainages 
discharge into the Agua Fria River and have facilitated transport of contamination from IKHS 
outside of the background boundary. 
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Figure 1. Drainages and Site Features
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2.1 SITE GEOLOGY AND SOIL CLASSIFICATIONS 

Figure 2 shows the underlying geology of the potential impacted area of interest around IKHS. 
Major geologic features of the region include Precambrian metamorphic rocks covered by 
Tertiary volcanic and sedimentary rocks from the Hickey Formation (CH2M Hill 2016). Further, 
quaternary alluvial deposits consisting of Hickey Formation materials are present along the Agua 
Fria River and active drainages, including Chaparral Gulch and Galena Gulch.  

Tetra Tech reviewed the Web Soil Survey to determine the soils mapped by the U.S. Department 
of Agriculture, Natural Resources Conservation Service (USDA NRCS) for the IKHS site 
(USDA 2022). Table 1 lists the major soils mapped for an approximate 10,000-acre potential 
impacted area of interest surrounding and including the IKHS site. Soil mapping units were 
combined by soil series (Balon, Lonti, Alluvial, Moano) to provide manageable soil groupings. 
Because of similar characteristics, Lynx Soils (Ly) and Alluvial Land (Sa) were grouped 
together. For the purposes of this technical memorandum, this grouping is referred to as Alluvial. 
In Attachment B are Web Soil Survey output and official NRCS soil series descriptions of the 
major soils that occur at the IKHS site. Figure 3 is a map of the soil units identified for the 
potential impacted area of interest. 

Table 1. Soil Classifications 

Soil Grouping Soil Unit 
Labels 

Extent of Impacted 
Area (%) Slopes Source of Parent Material and 

Formation 

Balon Soils BgD 28.4 2 to 25 
Formed in mixed alluvium dominantly 
from schist, granite, basalt, and related 

rocks. 

Lonti Soils LkD, LmB, 
LnC 17.8 2 to 25 Formed in old gravelly alluvium from 

mixed sources on alluvial fans. 
Lynx Soils and 
Alluvial Land Ly, Sa 15.4 0 to 8 Formed on flood plains and alluvial fans 

from mixed alluvium. 

Moano Soils MgD, MkF, 
MoD 32.9 8 to 60 Formed in residuum from phyllite and 

schist. 
Springerville-

Cabezon SnD 3.9 0 to 10 Formed in alluvium from tuff, volcanic 
breccia, and basalt. 

Others n/a 2 n/a n/a 
Notes: 
BgD Balon gravelly sandy clay loam, 5 to 30 percent slopes 
LkD Lonti gravelly sandy loam, 15 to 30 percent slopes 
LmB Lonti gravelly loam, 0 to 8 percent slopes 
LnC Lonti cobbly loam, 0 to 15 percent slopes 
Ly Lynx soils 
MgD Moano gravelly loam, 0 to 30 percent slopes 
MkF Moano very rocky loam, 15 to 60 percent slopes 
MoD Moano extremely rocky loam, 15 to 30 percent slopes 
Sa Sandy and Gravelly alluvial land 
SnD Springerville-Cabezon complex, 3 to 30 percent slopes 
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Springerville 

The Springerville-Cabezon Series soils are deep soils found south of the Humboldt Smelter. 
Springerville soils formed in alluvium from tuff, volcanic breccia, and basalt. Springerville soils 
are not represented outside the APSI, and no residences currently are built on these soils.  

Lonti 

Lonti Series soils are very deep soils but are mapped on nearly level plains and fans only on the east 
side of the Aqua Fria River. These soils developed in old gravelly alluvium from mixed sources. 

Balon 

Balon Series soils are very deep (> 6 feet) soils found on the fan terraces of the Aqua Fria River 
Valley. These soils are mapped on both the east and west side terraces but are most extensive 
west of the Aqua Fria River. Most of the Humboldt townsite is built on Balon Series soils.   

Moano 

Moano Series soils are found in the higher hills and mountain slopes east and west of the IKHS 
site. These very shallow soils developed in residuum (bedrock) materials and are typically less 
than 2 feet to hard schist bedrock. 

Alluvial Land 

The Lynx Series soils are found on flood plains and alluvial fans, and have characteristics similar 
to the soil mapping unit labeled sandy and gravelly alluvial land (Sa) found northeast of the site. 
These soils are deep and formed in mixed alluvium. 

2.1.1 

2.1.2 

2.1.3 

2.1.4 

2.1.5 
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Figure 2. Site Geology 
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Figure 3. Site Soil Types
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3. STATISTICAL APPROACHES AND METHODS FOR BTV
CALCULATIONS

The following section describes (1) development of a database of background arsenic samples 
pertaining to the immediate area surrounding IKHS outside the background boundary, 
(2) treatment of outliers in the background sample database, (3) approaches for calculating BTVs
with statistical software, and (4) scenarios used to group samples to calculate arsenic BTVs.

3.1 BACKGROUND SAMPLE DATABASE 

Under the CERCLA process, RI activities have occurred in several stages, including collection 
of background soil samples at locations near the site considered background areas. Background 
areas are designated as soils in the vicinity of the site not affected by mine- and smelter-related 
contamination from IKHS. USEPA and the Arizona Department of Environmental Quality 
(ADEQ) began scoping of background areas during the first CERCLA assessments of the site 
from 2002 to 2004. Arsenic data from one soil sample from the site inspection is included in the 
database developed for this analysis to calculate arsenic BTVs. This sample measured arsenic by 
laboratory analysis. EA Engineering, Science, and Technology, Inc. (EA) performed a 
supplemental RI in 2010 that included measurement of arsenic in bulk soil by laboratory 
analysis. As a part of this effort, nine samples were collected in areas estimated to be 
representative of background in the site vicinity. These background samples are included in the 
database.  

USEPA conducted surface soil sampling in 2012 and 2013 in an area of approximately 20 square 
miles around the IKHS site to evaluate background concentrations of contaminants associated 
with the site. This sampling effort as a part of the RI intended to characterize contamination with 
arsenic and other metals in non-residential areas impacted by the site and at locations not 
expected to be impacted by the site that had not been previously characterized during sampling 
by EA (USEPA 2012). The background arsenic analysis presented in this technical memorandum 
includes 259 soil samples measured for arsenic in 2012 and 2013 by USEPA. These samples 
were analyzed for arsenic via both laboratory analysis of bulk soil and in-field measurement of 
unsieved samples by use of an XRF spectrometer (CH2M Hill 2016). In the dataset for 
background analysis, 105 samples underwent XRF measurements, and 154 samples were 
analyzed at the laboratory via analytical methods described in the USEPA background study 
(USEPA 2012).  

In total, 269 background samples collected in the vicinity of IKHS have been reviewed for 
calculation of arsenic soil BTVs. Figure 4 shows locations of background samples included in 
the arsenic background sample database developed for this technical memorandum. The full 
background sample database of arsenic measurements, including sample groupings by soil unit 
and soil series, is in Attachment A.  
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Comparison of XRF Measurements and Bulk Soil Analytical 
Measurements 

Because the background database consists of data from samples collected during multiple 
sampling efforts and analyzed for soil arsenic via both XRF screening and bulk soil laboratory 
analysis, it is important to compare characteristics of the data obtained by application of each 
method. Field XRF screening and soil analysis at the laboratory are not immediately comparable 
(Crumbling 2021). XRF measurements are more representative of total metals present in a soil 
sample because they provide a direct measurement of soil constituents. Laboratory soil analytical 
methods, including measurement by inductively coupled plasma (ICP), rely on partial digestion 
of a soil sample to extract metals. Accordingly, laboratory analysis of soil via ICP is 
representative only of the soluble fraction of an analyte of interest. Soil analysis via ICP provides 
insight into the amount of a contaminant that is bioavailable for potential receptors under a risk 
assessment scenario. Both approaches provide valuable information about extents of 
contamination at a site.  

Comparability between XRF and ICP data sets should be established if XRF data are to be used 
to supplement or support ICP data. Comparing results obtained by applications of different 
methods of acquiring data also depends on calibration of the XRF instrument. XRF instruments 
are calibrated by the manufacturer. It cannot be assumed that XRF instruments will retain their 
calibration unless regular maintenance and quality control checks occur. The calibration status of 
an XRF spectrometer is determined by use of five or more certified reference materials (CRMs) 
that span the concentrations of interest to the project. Further, calibration of XRF instrumentation 
used in the future on these soils near the IKHS site must also be determined and compared with 
calibration of the XRF instruments originally used to collect data. The data from two different 
XRFs cannot be used interchangeably unless their calibrations are equivalent.  The background 
XRF measurements obtained by USEPA have also been independently evaluated to assess their 
usability. In 2013, comparability of XRF and ICP data sets for arsenic was evaluated by use of 
linear regression and the Wilcoxon Signed-Rank test. Both statistical evaluations found the 
arsenic XRF and ICP data sets to be comparable. The following linear regression equation was 
obtained for the XRF (XRF-As) and ICP (ICP-As) data sets: 

XRF-As = 0.9242(ICP-As) + 3.3 
Both the slope of 0.9242 and the y-intercept of 3.3 indicate a comparable relationship. The 
Wilcoxon Signed-Rank test between the XRF and ICP data set found no difference between the 
two data sets (p = 0.4247). 
Regarding the USEPA measurements taken in 2012 and 2013, five CRMs with concentrations 
ranging between 18 and 205 parts per million (ppm) were used, with calibration of the XRF 
spectrometer for arsenic measurements by linear regression determined to be: 

XRF-As = 0.8667(CRM-As) + 3.37. 
A slope of 0.8667 indicates that calibration of the XRF used to collect the data was biased low, 
which could have contributed to the comparability between this XRF instrument’s results and the 
corresponding ICP results. 

3.1.1 
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For the purposes of this technical memorandum, both field XRF and laboratory soil analytical 
measurements of arsenic are analyzed in the same dataset because of the limited number of 
samples collected outside the background boundary in the vicinity of IKHS. Section 4.8 
compares BTV calculations for the full dataset with the dataset classified by analytical method 
and discusses the comparison between XRF and soil analytical measurements. 

Table 2 lists summary statistics for the full background sample database for arsenic, calculated in 
Minitab. In addition, summary statistics are presented for the dataset classified by analytical 
method.  To evaluate if the XRF and soil analytical datasets are statistically similar, a two-
sample Student’s t-test was performed in ProUCL software. At a confidence level of 95%, there 
is not a significant difference between the means of background arsenic data for each analytical 
method.
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Table 2. Summary Statistics for Arsenic, IKHS Background Sample Database 

Total 
Count 

Arsenic (mg/kg) 
Outliers above 
1.5*IQR + Q3 

Extreme 
Outliers Mean Standard 

Deviation 
Coefficient 

of Variation Minimum Q1 Median Q3 Maximum Interquartile 
Range 1.5*IQR + Q3 

Full 
Dataset 269 49.34 156.46 317.09 3.4 16.5 30.12 52.48 2522.63 35.98 106.45 8 4 

Extreme 
Outliers 

Removed 
265 37.03 25.66 69.29 3.4 16.35 28.9 51.03 139 34.68 

XRF – 
Extreme 
Outliers 

Removed 

102 38.02 21.77 57.27 5.73 21.08 34.74 47.81 104.75 26.73 

Lab – 
Extreme 
Outliers 

Removed 

163 36.42 27.86 76.51 3.4 14.4 26.2 57.6 139 43.2 

Notes: 
IQR Interquartile range  

mg/kg 
Q1 

Milligrams per kilogra
First quartile 

Q3 Third quartile 

XRF X-ray fluorescence 
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Figure 4. Background Sample Locations
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3.2 IDENTIFICATION OF OUTLIERS IN BACKGROUND SAMPLES 

Prior to analysis of the background dataset of arsenic soil concentrations, extreme outliers were 
identified and removed from the dataset to improve estimates of BTVs. Outliers are defined in 
USEPA (2002) as measurements not representative of a sample population. These values are 
frequently much larger or much smaller in comparison to the population from which they are 
drawn. Outliers distort statistics if used in any calculations. For statistical analysis of 
environmental data, USEPA (2002) advises a preliminary review of a dataset including 
identification of potential outliers.  

Multiple approaches are available to evaluate outliers in environmental datasets.  USEPA 
guidance (2006, 2015) highlights potential outlier analysis, or the interquartile range (IQR) fence 
method, as an initial approach. To evaluate for potential outliers measuring higher than would be 
representative of the sample population, measurements in a dataset that exceed an upper limit 
defined as the value for the IQR multiplied by 1.5 and added to the third quartile of the dataset 
(75th percentile) are classified as outliers. Visually, by displaying all data points on a boxplot, 
these observations are outside the fences on boxplots (above the upper bar and below the lower 
bar) and are considered potential outliers.  

An additional method to evaluate outliers is to apply a judgmental approach to identify extreme 
outliers. Extreme outliers can be identified subjectively by multiple lines of evidence, including 
data visualization and comparative analysis of the highest measurements in a dataset with 
neighboring elevated measurements. 

The outliers for elevated arsenic concentrations are identified in Table 3. These four samples 
identified as extreme outliers yielded greater than three times the average of the full dataset 
including the four outliers of 269 samples listed in Table 2. Further, these outliers exceeded the 
IQR fence calculated for the full dataset of 269 samples. For the purposes of this analysis, only 
extreme outliers are removed from the dataset used to calculate arsenic BTVs for the site. This 
decision intends to account for the wide variation in background arsenic concentrations present 
at the site while managing extreme values unlikely to represent conditions in background areas 
near the site.  



BTV Calculations for Arsenic at IKHS 

Contract No. W912P718D0001, Task 3.1 15 

Table 3. Outliers Removed from Background Sample Database 

Sample 
Name Easting Northing Sample Date Analytical Method Arsenic 

(mg/kg) 
Soil 
Unit 

Direction 
from Agua 
Fria River 

Soil 
Series 

XRF-079 612720 1278894 1/11/2012 XRF 2522.6 LkD East Lonti 

BKG-497 608976 1276846 1/26/2012 Lab 421.0 BgD East Balon 

XRF-077 612445 1278577 1/11/2012 XRF 306.2 LkD East Lonti 

XRF-036 608641 1272594 1/10/2012 XRF 209.6 MkF East Moano 

Notes: 

BgD Balon gravelly sandy clay loam, 5 to 30 percent slopes 

LkD Lonti gravelly sandy loam, 15 to 30 percent slopes 

MkF Moano very rocky loam, 15 to 60 percent slopes 

mg/kg Milligrams per kilogram 

Lab Bulk soil sample analyzed in a lab setting 

XRF Sample measured in-field by XRF 
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3.3 STATISTICAL METHODS FOR BTV CALCULATIONS 

BTVs address statistical needs of soils background studies. Estimated site-specific or regional 
BTVs are used in background studies to (1) identify contaminants of potential concern at 
CERCLA sites, (2) identify site areas of concern, and (3) compare on-site contaminant 
concentrations to site-specific or regional background contaminant concentrations. BTVs are 
computed from upper limits of established datasets. These upper limits, such as UTLs, are used 
to estimate BTVs or not-to-exceed values (USEPA 1992, 2002, 2009). For the purposes of this 
study, the BTV is set to the 95 percent upper tolerance limit with 95 percent coverage (UTL95-
95) for any given dataset. A UTL is designed to place a reasonable upper bound on the
underlying background population. In this instance, the UTL technically represents a 95% upper
confidence limit on the true background 95th percentile.

ProUCL 

For this technical memorandum, USEPA’s (2015) ProUCL 5.1 was the primary statistical tool 
used for calculating statistical limits. The procedure for identifying the appropriate BTV in this 
background sample evaluation included an initial analysis in ProUCL. If a parametric 
distribution was confirmed in ProUCL 5.1, the parametric UTL95-95 was selected from the 
ProUCL 5.1 for normal, lognormal, or gamma distributions. The order of selection preference 
was normal > gamma > lognormal as recommended in USEPA (2015). 

An error was identified in the ProUCL 5.1 algorithm with respect to nonparametric tolerance 
limit calculations as summarized in a series of technical memorandums to USEPA (Tetra Tech 
unpublished[a], unpublished [b]). Accordingly, other statistical software is used to identify BTVs 
for datasets that do not fit a normal, lognormal, or gamma distribution as identified in ProUCL. 

Minitab 

Normal, lognormal, gamma, and nonparametric distributions were also evaluated in Minitab 21 
software to calculate BTVs (Minitab, LLC 2022). Distributions were identified via Individual 
Distribution Analysis for each sampling grouping. The appropriate distribution was selected by 
identifying the lowest Anderson-Darling value and highest p-value as goodness-of-fit 
parameters. Following distribution identification, the UTL95-95 was calculated for the proper 
distribution.  

Additional analysis of the background arsenic dataset for IKHS proceeded by identifying sample 
clusters and consolidating each cluster into a composite arsenic value. The goal of this approach 
was to reduce the weighting of similar arsenic values collected within a small surface area in 
calculating BTVs. Sixteen clusters were identified. Each cluster consisted of between five and 
12 samples. For each cluster, the number of samples included in the cluster was replaced with the 
average of the samples represented in the cluster. Locations of each sample cluster are shown on 
Figure 5. Because of the effect on the size of the sample population by replacing groups of 
samples with clusters, cluster analysis was performed only under Scenarios A and B, as 
described in Section 4.

3.3.1 

3.3.2 
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Figure 5. Cluster Analysis Background Sample Locations

c::::J Former Iron l<Ilg Mine Prnperty 

i,;_ ~ Former Humboldl Smelter Property 

C::I Clustered Sample Group 

Background Sample Location Arsenic 
Concentration 

<20ppm 

20-40 ppm 

40 - 60 ppm 

60-75 ppm 

75-90 ppm 

• 90 ppm 

ringerville-Cabezon oomplex. 3 to 30 percent 
pe& 

Composite Arsenic Conc&t1tralion {mgliig) 

uoo ,,soo 

Sa1elnFut 

Notes: 
lma,ge Source: USDA2015_ 
ppm Parts per million 

Figures 
Cluster Analysis Background Sample 
Locations 

Iran J(Jng Mine/ Humboldt Smelter Superfund Site 



BTV Calculations for Arsenic at IKHS 

Contract No. W912P718D0001, Task 3.1 18 

R 

Because of the irregular spatial pattern of the background measurements surrounding the Iron 
King remedial area, including relatively tight clustering of many of the soil samples, an 
alternative methodology for computing estimates of BTVs was developed and applied to the Iron 
King background data using R statistical programming. 

This alternative strategy was predicated on weighting the individual observations differentially, 
based on a Voronoi tessellation of the separate background areas when classified by soil group. 
A Voronoi tessellation parcels a given background region into a series of non-overlapping 
polygons, each containing one of the sample measurements, and defined so that every point 
within a polygon is closer in distance to the contained observation than to any other background 
sample located outside the polygon (Ripley 1981, Arlinghaus and Kerski 2014, Baddeley and 
others 2016). 

The net effect of a Voronoi tessellation is to construct smaller polygons for clustered samples 
and larger polygons for isolated or more sparsely distributed points. By assigning the area of 
each polygon to its contained observation as its statistical weight, the outcome is a differential, 
spatial weighting of the measurements in which each clustered value is down-weighted relative 
to the weights of non-clustered locations.  Thus, clusters located in higher concentration subareas 
(e.g., hotspots) are not given undue statistical weight relative to other portions of the background. 

With this spatial weighting scheme in hand, three different algorithms for computing BTVs were 
compared: (1) a standard, unweighted parametric (for reference); (2) a weighted bootstrap-t; and 
(3) a weighted nonparametric bootstrap. In each case, the outcome of the calculation was an
estimate of the UTL95-95.

Violin plots showing the distribution of each sample grouping explored in Section 4 and the 
BTVs as calculated in R using these three methods are available in Attachment C. The three 
methods applied to estimate the BTVs for each background grouping are described in the 
following three subsections:  

3.3.3.1 Unweighted Parametric UTL 

In the parametric case, an attempt is made to find a known statistical distribution or model that 
closely fits the observed background data. In some instances, the well-known normal distribution 
may provide a good match to the data, but in many others a mathematical transformation of the 
data may be needed to “normalize” the measurements. Once an adequate model is found and tested 
for goodness of fit, a standard equation is employed for computing a parametric UTL, based on 
calculating the sum of the mean of the data plus a multiple (κ) of the standard deviation (SD): 

UTL = mean + κ SD 

The value of the multiplier κ (also known as the tolerance factor) depends on the background 
sample size, and the chosen levels of confidence and coverage (i.e., the targeted upper percentile) 
for the UTL. If the data have been normalized via a transformation, the UTL equation is 

3.3.3 
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computed on the transformed data, then back-transformed to get an estimate in the original 
data scale. 

3.3.3.2 Weighted Bootstrap-t UTL 

The bootstrap is a modern resampling technique designed to enable statistical estimates of almost 
any sort, even if the underlying data are complex and may not fit a standard statistical 
distribution. At a general level, the bootstrap is computer-intensive, involving repeated 
resampling of the observed data with replacement to form a large series of bootstrap samples or 
replicates.  Each bootstrap replicate contains the same number of values as the original 
background sample. Importantly, however, bootstrap resampling purposely allows any given 
measurement to occur possibly multiple times within the same bootstrap replicate, while other 
values are left out. This key aspect of the method can seem counter-intuitive, but actually leads 
to accurate statistical estimates even when the underlying population is unknown. 

The bootstrap-t is a special case of the general bootstrap. It can be applied to unknown 
populations, but tends to work best when the underlying data are roughly symmetric (similar to 
the normal distribution), and not as well when the data are highly skewed. To avoid the problem 
of skewness, the bootstrap-t was applied only to data that were first normalized via a 
transformation. Under this framework, the same parametric equation for a UTL was used, but the 
multiplier (κ) was not selected from a statistical table. Instead, bootstrapping was used to 
compute a bootstrap multiplier. Then this bootstrap multiplier was combined with the mean and 
standard deviation of the background data to compute the estimated BTV. For calculation of the 
weighted bootstrap-t UTL, the statistical weights from the Voronoi tessellation were also 
employed in computing the bootstrap multiplier, so that the final estimate was not unduly 
influenced by the clustered background values. Further, the mean and standard deviation of the 
unweighted parametric case were replaced by a weighted mean and weighted standard deviation. 

3.3.3.3 Weighted Nonparametric Bootstrap UTL 

Unlike the bootstrap-t, the nonparametric bootstrap does not generally involve any model fitting 
or data transformation. Bootstrap replicates are formed by resampling with replacement from the 
original dataset. Then the statistic of interest is computed on each replicate. In this case, for a 
UTL95-95, the 95th percentile is calculated, leading to a long series of 95th percentile estimates 
(one per bootstrap replicate). Finally, since the UTL represents a 95% upper confidence limit on 
the 95th percentile, the 95th percentile of this bootstrap series is taken as the final UTL or BTV. 

To calculate a weighted bootstrap, each element of the series of bootstrap 95th percentiles was 
computed as a weighted percentile instead of an unweighted percentile. Consequently, 
background values with smaller Voronoi weights have less impact on the percentile outcome 
than measurements with larger weights. 



BTV Calculations for Arsenic at IKHS 

Contract No. W912P718D0001, Task 3.1 20 

3.4 SCENARIOS FOR BTV CALCULATIONS 

Seven scenarios are explored to calculate BTVs in this technical memorandum. Each scenario 
presents combinations of soil groupings and location relative to surface drainages near the site to 
compare effects of different groupings on arsenic BTVs.  

Because soils have developed on top of landforms over the last few thousands of years, the 
geologic formations are much older and precede present soils where arsenic contamination is of 
concern around IKHS. Samples are classified by major soil group for the scenarios identified in 
this analysis of background study results to best represent the soil targets for cleanup near the 
IKHS site. In addition, tailings from impoundment failures at IKHS have been released to 
Chapparal Gulch and have reconstituted alluvial soils near the Agua Fria River. This choice also 
accounts for consideration of wind-blown dust from IKHS as a potential source of soil 
contamination around the site. More variations in surface soil types exist than variations in 
regional geology within the potential impacted area of interest. Thus, samples are grouped by 
soil series for the purposes of this analysis.  

21 presents results of calculating arsenic BTVs by sample subgroupings under each scenario, and 
provides rationale for calculating BTVs from different sample groupings.
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4. BTV CALCULATIONS BY SCENARIO

The following section presents the results of arsenic BTV calculations using ProUCL, Minitab, and R software for seven distinct 
scenarios organized by soil group. In addition, a comparison of arsenic BTVs calculated with field XRF and laboratory analytical data 
is provided. 

4.1 SCENARIO A: ALL BACKGROUND SAMPLES 

Scenario A calculates the arsenic BTV using the full database of 265 samples. Four extreme outliers, identified in Table 2, have been 
removed from all analyses. The purpose of calculating a BTV from the full database of background soil samples collected in the 
vicinity of IKHS is to provide a regional context for arsenic background concentrations. Further, this scenario provides the largest 
number of samples possible for BTV calculations.  

Table 4 lists results of BTV calculations performed in ProUCL, Minitab, and R. Because ProUCL did not identify an appropriate 
distribution for the full dataset, Minitab and R BTVs are presented. The BTVs for the full dataset with extreme outliers removed range 
between 86.2 and 96.3 mg/kg. For the cluster analysis, the sample dataset with the 16 identified clusters consolidated to produce a 
smaller dataset of 128 samples yields a lower BTV of 86.2 mg/kg than is estimated by using the full dataset of 265 samples.  

Table 4. Arsenic BTV Calculation Results for Scenario A 

Sample Grouping 

ProUCL Minitab – Full Dataset Minitab – Cluster Analysis 
R – Weighted 

Bootstrap 
Model 

R – 
Nonparametric 

Weighted 
Bootstrap Model 

n BTV 
(mg/kg) Distribution n BTV 

(mg/kg) Distribution n BTV 
(mg/kg) Distribution n BTV 

(mg/kg) n BTV 
(mg/kg) 

All Background 
Samples 265 n/a Nonparametric 265 92.7 Nonparametric 128 86.2 Gamma 265 96.3 265 92.2 

Notes: 
BTV Background threshold value 
mg/kg Milligrams per kilogram 
n/a Not applicable 
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4.2 SCENARIO B: BACKGROUND SAMPLES CLASSIFIED BY SOIL GROUPING 

Scenario B calculates arsenic BTVs by major soil grouping excluding extreme outliers. The four soil groupings associated with the 
background samples collected in the impacted area around IKHS are Alluvial Land, Balon Soils, Lonti Soils, and Moano Soils. This 
approach to calculating BTVs provides clarity on effects of different soil types and associated background levels of arsenic. 

Table 5 lists results of BTV calculations performed in ProUCL, Minitab, and R for Scenario B. The population size widely varies 
between different soil groupings. As a result, the BTV calculation for Alluvial Land may be less representative of background 
conditions because only 23 samples are represented in this category. In contrast, the larger sample populations for Balon Soils, Lonti 
Soils, and Moano Soils likely provide a better estimate of the arsenic BTV for each soil grouping. Because the cluster analysis 
inherently reduces the sample size for each soil grouping, this approach may not be appropriate at this level of classification for 
calculating BTVs because of the small sample populations including consolidated clustered samples.  

Table 5. Arsenic BTV Calculation Results for Scenario B 

Sample 
Grouping 

ProUCL Minitab – Full Dataset Minitab – Cluster Analysis 
R – Weighted 

Bootstrap 
Model 

R – 
Nonparametric 

Weighted 
Bootstrap 

Model 

n BTV 
(mg/kg) Distribution n BTV 

(mg/kg) Distribution n BTV 
(mg/kg) Distribution n BTV 

(mg/kg) n BTV 
(mg/kg) 

Alluvial 23 114.9 Normal 23 90.0 Nonparametric 14 100.8 Normal 23 86.1 23 86.0 
Balon 76 n/a Nonparametric 76 110.9 Lognormal 46 104.8 Lognormal 76 92.1 76 93.0 
Lonti 69 n/a Nonparametric 69 103.9 Gamma 30 89.8 Nonparametric 69 94.3 69 95.4 

Moano 97 63.5 Lognormal 97 63.6 Lognormal 38 92.7 Lognormal 97 111.2 97 92.0 

Notes: 
BTV Background threshold value 
mg/kg Milligrams per kilogram 
n/a Not applicable 
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4.3 SCENARIO C: BACKGROUND SAMPLES RELATIVE TO AGUA FRIA RIVER 

Scenario C divides the full sample dataset with extreme outliers removed based on location east or west of the Agua Fria River. This 
classification may be useful for identifying BTVs to be used for cleaning up arsenic in soil around IKHS because different background 
levels of arsenic are found on either side of the river due to proximity to IKHS and effects of transport of contamination from the site. 
Accordingly, different BTVs for east and west of the river could be set as different cleanup goals. In this analysis, these classifications 
are also useful because of the larger sample sizes by grouping, which yield greater confidence in BTV calculations.  

Table 6 lists results of BTV calculations performed in ProUCL, Minitab, and R for Scenario C. The BTVs for the east side of the river 
range from 91.8 to 109.7 mg/kg arsenic, and the BTVs for the west side range from 52.6 to 123.3 mg/kg arsenic. The wide variation in 
calculations for the west side of the Agua Fria River may be attributed to application of spatial weighting to the BTV calculations 
performed in R and the effect of the smaller sample size for the west side grouping.  

Table 6. Arsenic BTV Calculation Results for Scenario C 

Sample Grouping 

ProUCL Minitab – Full Dataset 
R – Weighted 

Bootstrap 
Model 

R – 
Nonparametric 

Weighted 
Bootstrap Model 

n BTV 
(mg/kg) Distribution n BTV 

(mg/kg) Distribution n BTV 
(mg/kg) n BTV 

(mg/kg) 

East of Agua Fria 
River 170 109.7 Gamma 170 108.0 Nonparametric 170 94.3 170 91.8 

West of Agua Fria 
River 95 52.6 Lognormal 95 63.0 Nonparametric 95 123.3 95 91.6 

Notes: 
BTV Background threshold value 
mg/kg Milligrams per kilogram 
n/a Not applicable 
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4.4 SCENARIO D: BACKGROUND SAMPLES IN BALON AND MOANO SOIL GROUPINGS RELATIVE TO AGUA FRIA 
RIVER 

Similar to Scenario C, Scenario D classifies samples by locations relative to the Agua Fria River but also further classifies samples by 
soil grouping. Moano and Balon Soils are the two soil types most prevalent in the potential impacted area of interest around IKHS. 
The four resulting groupings of Balon East, Balon West, Moano East, and Moano West intend to represent the combined effect of soil 
type and location relative to surface water drainage on arsenic BTVs.  

Table 7 lists results of the arsenic BTV calculations in ProUCL, Minitab, and R for the Scenario D groupings. By sub-grouping, the 
BTV results across different approaches are very consistent, and the spatial weighting applied in the R analysis has less of an effect on 
the BTV result compared to standard methods for calculating BTVs in ProUCL and Minitab. However, the smaller sample sizes for 
each sub-grouping population reduce confidence in BTV calculations.  

Table 7. Arsenic BTV Calculation Results for Scenario D 

Sample 
Grouping 

ProUCL Minitab – Full Dataset 
R – Weighted 

Bootstrap 
Model 

R – 
Nonparametric 

Weighted 
Bootstrap Model 

n BTV 
(mg/kg) Distribution n BTV 

(mg/kg) Distribution n BTV 
(mg/kg) n BTV 

(mg/kg) 

Balon East 24 126.4 Normal 24 126.4 Normal 24 123.6 24 109.5 
Balon West 52 46.4 Lognormal 52 46.6 Lognormal 52 46.6 52 44.5 
Moano East 59 62.8 Lognormal 59 62.9 Lognormal 59 86.1 59 81.5 
Moano West 38 n/a Nonparametric 38 92.7 Nonparametric 38 92.5 38 92.5 

Notes: 
BTV Background threshold value 
mg/kg Milligrams per kilogram 
n/a Not applicable 
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4.5 SCENARIO E: BACKGROUND SAMPLES IN BALON, MOANO, AND ALLUVIAL SOIL GROUPINGS 

Scenario E consists of Balon Soils, Moano Soils, and Alluvial Land grouped together in one dataset with extreme outliers removed. 
These three soils are most representative of the soil types present within the APSI for which background samples outside the APSI 
are available. 

Table 8 lists results of the arsenic BTV calculations in ProUCL, Minitab, and R for Scenario E. The arsenic BTVs range from 91.5 to 
103.3 mg/kg.  

Table 8. Arsenic BTV Calculation Results for Scenario E 

Sample Grouping 

ProUCL Minitab – Full Dataset 
R – Weighted 

Bootstrap 
Model 

R –
Nonparametric 

Weighted 
Bootstrap Model 

n BTV 
(mg/kg) Distribution n BTV 

(mg/kg) Distribution n BTV 
(mg/kg) n BTV 

(mg/kg) 

Alluvial, Balon, and 
Moano 196 91.5 Lognormal 196 91.6 Lognormal 196 103.3 196 92.3 

Notes: 
BTV Background threshold value 
mg/kg Milligrams per kilogram 
n/a Not applicable 
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4.6 SCENARIO F: BACKGROUND SAMPLES IN BALON AND MOANO SOIL GROUPINGS 

Scenario F consists of Balon Soils and Moano Soils grouped together in one dataset with extreme outliers removed. The two soil types 
are the top two by percentage surface area inside the APSI and in the overall potential impacted area of interest around IKHS. 

Table 9 lists results of the arsenic BTV calculations in ProUCL, Minitab, and R for Scenario F. The arsenic BTVs range from 81.0 to 
105.4 mg/kg.  

Table 9. Arsenic BTV Calculation Results for Scenario F 

Sample 
Grouping 

ProUCL Minitab - Full Dataset 
R - Weighted 

Bootstrap 
Model 

R - 
Nonparametric 

Weighted 
Bootstrap 

Model 

n BTV 
(mg/kg) Distribution n BTV 

(mg/kg) Distribution n BTV 
(mg/kg) n BTV 

(mg/kg) 

Balon and Moano 173 81.0 Lognormal 173 81.1 Lognormal 173 105.4 173 93.1 
Notes: 
BTV Background threshold value 
mg/kg Milligrams per kilogram 
n/a Not applicable 
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4.7 SCENARIO G: BACKGROUND SAMPLES IN BALON AND LONTI SOIL GROUPINGS 

Scenario G includes only Balon Soils and Lonti Soils grouped together to calculate arsenic BTVs. These soil types are highly 
prevalent outside the APSI where residences are located around the IKHS site. 

Table 10 lists ProUCL, Minitab, and R arsenic BTV calculations results for Scenario G. The arsenic BTVs range from 90.8 to 
117.1 mg/kg arsenic. 

Table 10. Arsenic BTV Calculation Results for Scenario G 

Sample Grouping 
ProUCL Minitab – Full Dataset R – Weighted 

Bootstrap Model 

R – 
Nonparametric 

Weighted 
Bootstrap Model 

n BTV 
(mg/kg) Distribution n BTV 

(mg/kg) Distribution n BTV 
(mg/kg) n BTV 

(mg/kg) 
Balon and Lonti 145 116.9 Lognormal 145 117.1 Lognormal 145 90.8 145 91.3 

Notes: 
BTV Background threshold value 
mg/kg Milligrams per kilogram 
n/a Not applicable 

4.8 COMPARISON OF BTVS BY LABORATORY SOIL ANALYSIS AND FIELD XRF MEASUREMENTS 

For Scenarios A, E, F, and G, the BTV calculations in Minitab for the full dataset calculated above were compared with subgroupings 
of each scenario classified by analytical method used to measure arsenic in each sample. These BTV calculations were performed with 
the four extreme outliers identified in Section 3.2 removed for all sample groupings. Scenarios A, E, F, and G were selected for this 
comparison because sufficient sample sizes were available in each scenario to subcategorize each scenario by in-field analysis with 
XRF and laboratory analysis of bulk soil. 

Table 11 presents BTV calculations for Scenarios A, E, F, and G separated by analysis by field XRF or by laboratory methods, 
calculated using Minitab. For context, the BTV results for Scenarios A, E, F, and G calculated in Minitab using the combined dataset 
are also included. In general, the arsenic soil BTVs calculated from the datasets classified by analytical method are higher than the 
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BTV calculated for the full dataset for each scenario. The difference between BTVs calculated for these scenarios can be attributed to 
the smaller sample sizes for each grouping by analytical method. 

Table 11. Comparison of XRF and Lab BTVs for Scenarios A, E, F, and G 

Sample Grouping 

Minitab – Full Dataset Minitab – XRF Minitab – Lab 

n BTV 
(mg/kg) Distribution n BTV 

(mg/kg) Distribution 
% Difference 

from Full 
Dataset 

n BTV 
(mg/kg) Distribution 

% Difference 
from Full 
Dataset 

All Samples A 265 92.7 Nonparametric 102 101.3 Nonparametric 9% 163 108.0 Nonparametric 16% 

Alluvial, 
Balon, and 

Moano 
E 196 91.6 Lognormal 76 101.2 Lognormal 10% 120 110.0 Nonparametric 20% 

Balon and 
Moano F 173 81.1 Lognormal 67 99.6 Lognormal 23% 106 110.0 Nonparametric 36% 

Balon and 
Lonti G 145 117.1 Lognormal 66 92.4 Gamma -21% 79 139.0 Nonparametric 19% 

Notes: 

BTV Background threshold value 

mg/kg Milligrams per kilogram 

n/a Not applicable 

XRF X-ray fluorescence
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5. SUMMARY OF BTV CALCULATIONS BY SOIL CLASSIFICATION
AND GROUPING

A summary of BTVs calculated for each scenario with ProUCL, Minitab, and R using the full 
dataset of XRF measurements and laboratory soil analytical results is in Table 12.  

Table 12. Summary of Arsenic BTV Calculation Results by Scenario 

Scenario Sample 
Grouping 

Arsenic BTV (mg/kg) 

ProUCL Minitab – Full 
Dataset 

Minitab – 
Cluster 
Analysis 

R – 
Weighted 
Bootstrap 

Model 

R – Nonparametric 
Weighted Bootstrap 

Model 

A 
All 

Background 
Samples 

n/a 92.7 86.2 96.3 92.2 

B 

Alluvial 114.9 90.0 100.8 86.1 86.0 

Balon n/a 110.9 104.8 92.1 93.0 

Lonti n/a 103.9 89.8 94.3 95.4 

Moano 63.5 63.6 92.7 111.2 92.0 

C 

East of Agua 
Fria River 109.7 108.0 94.3 91.8 

West of Agua 
Fria River 52.6 63.0 123.3 91.6 

D 

Balon East 126.4 126.4 123.6 109.5 

Balon West 46.4 46.6 46.6 44.5 

Moano East 62.8 62.9 86.1 81.5 

Moano West n/a 92.7 92.5 92.5 

E 
Alluvial, 

Balon, and 
Moano 

91.5 91.6 103.3 92.3 

F Balon and 
Moano 81.0 81.1 105.4 93.1 

G Balon and 
Lonti 116.9 117.1 90.8 91.3 

Notes: 
BTV Background threshold value 
mg/kg Milligrams per kilogram 
n/a    Not applicable 
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6. CONCLUSIONS  AND RECOMMENDATIONS

Tetra Tech applied multiple statistical methods to calculate arsenic BTVs for soils in the vicinity 
of IKHS, including analyses of sample clusters, ProUCL, and Minitab for calculation of 
parametric and nonparametric UTL95-95 values as BTVs, and bootstrap models for spatial 
weighting to calculate parametric and nonparametric BTVs in R. Further, under eight scenarios 
(A through G), to understand effects of different geologic and hydrologic conditions on 
background soil arsenic, Tetra Tech combined different soil type groupings and surface water 
drainage to assign background sample results to groups.   

Tetra Tech recommends Scenario A for estimating the arsenic BTV for risk assessment and 
remedial operations near IKHS. This grouping includes all soil samples collected and XRF 
measurements acquired in undisturbed areas outside the IKHS background boundary between 
2004 and 2013. Because of the limited number of samples available from the background 
studies, Scenario A provides the best account of local variability in background soil arsenic 
measurements by soil type, and the largest pool of samples from which to estimate background 
concentrations. 

Arsenic BTVs for the full dataset of background soil samples, under Scenario A in Table 12, 
range between 86.2 and 96.3 mg/kg. These values are lower than the arsenic BTV established in 
the RI of 112 mg/kg. Tetra Tech recommends 92.2 mg/kg arsenic—the BTV calculated in R with 
the nonparametric weighted bootstrap UTL95-95—as the soil arsenic BTV for the area outside 
the IKHS background boundary. 

We selected the nonparametric weighted bootstrap model for calculating the UTL95-95 statistic 
based on its account of the spatial distribution of samples by application of Voronoi tessellation. 
Standard methods of calculating BTVs by use of ProUCL and Minitab do not account for 
weighting of sample measurements. Because this method retains all samples included in the 
dataset, it is a more rigorous analytical approach to cluster analysis than the manual cluster 
analysis via visual inspection of sample locations described in Section 3.3.2.  
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ATTACHMENT A 
IKHS BACKGROUND SOIL ARSENIC DATABASE

Sample Name Easting Northing Sample Date Analytical 
Method

Arsenic 
(mg/kg) Soil Unit Direction from 

Agua Fria River Soil Series

HS-47 596602.349 1265297.914 1/27/2004 Lab 63.0 MoD West Moano
OFS-200-6 607518.183 1271093.577 5/7/2010 Lab 32.1 MkF East Moano
OFS-200-4 607603.137 1270989.239 5/7/2010 Lab 31.4 MkF East Moano
OFS-200-9 607665.809 1271188.111 5/7/2010 Lab 26.0 MkF East Moano
OFS-200-3 607657.372 1270989.074 5/7/2010 Lab 22.4 MkF East Moano
OFS-200-5 607545.096 1271026.170 5/7/2010 Lab 22.1 MkF East Moano
OFS-200-8 607592.278 1271183.967 5/7/2010 Lab 21.8 MkF East Moano
OFS-200-7 607549.384 1271148.433 5/7/2010 Lab 20.8 MkF East Moano
OFS-200-1 607719.624 1271048.932 5/7/2010 Lab 16.6 MkF East Moano
OFS-200-2 607711.608 1270988.910 5/7/2010 Lab 12.7 MkF East Moano
XRF-036 608641.259 1272593.527 1/10/2012 XRF 209.6 MkF East Moano
XRF-039 611142.429 1272585.977 1/10/2012 XRF 87.6 MkF East Moano
XRF-038 609557.194 1272872.552 1/10/2012 XRF 65.1 LkD East Lonti
XRF-020 616439.027 1272822.292 1/10/2012 XRF 46.1 MkF East Moano
XRF-026 608615.067 1274386.163 1/10/2012 XRF 44.6 BgD East Balon
XRF-024 610909.913 1274369.655 1/10/2012 XRF 41.6 LkD East Lonti
XRF-025 609814.492 1274441.253 1/10/2012 XRF 40.8 BgD East Balon
XRF-008 614308.365 1273118.035 1/10/2012 XRF 38.3 MkF East Moano
XRF-012 615038.576 1272883.270 1/10/2012 XRF 35.0 MkF East Moano
XRF-003 611591.676 1274420.453 1/10/2012 XRF 34.3 LkD East Lonti
XRF-042 597930.988 1280492.426 1/10/2012 XRF 31.4 BgD West Balon
XRF-022 611175.683 1274456.524 1/10/2012 XRF 30.7 LkD East Lonti
XRF-016 615596.101 1273329.154 1/10/2012 XRF 30.1 MkF East Moano
XRF-044 596519.478 1281080.691 1/10/2012 XRF 30.0 MgD West Moano
XRF-004 612916.958 1274334.721 1/10/2012 XRF 28.1 MkF East Moano
XRF-045 595731.618 1281589.544 1/10/2012 XRF 26.5 MgD West Moano
XRF-010 614501.375 1273123.078 1/10/2012 XRF 21.9 MkF East Moano
XRF-018 616154.731 1272682.911 1/10/2012 XRF 21.1 MkF East Moano
XRF-009 614305.039 1273119.966 1/10/2012 XRF 20.3 MkF East Moano
XRF-043 597138.472 1280741.926 1/10/2012 XRF 19.2 MgD West Moano
XRF-011 615031.756 1272888.894 1/10/2012 XRF 15.9 MkF East Moano
XRF-007 614308.296 1273118.145 1/10/2012 XRF 15.7 MkF East Moano
XRF-053 601039.691 1279558.492 1/10/2012 XRF 14.3 BgD West Balon
XRF-006 613171.015 1273694.045 1/10/2012 XRF 13.4 MkF East Moano
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ATTACHMENT A 
IKHS BACKGROUND SOIL ARSENIC DATABASE

Sample Name Easting Northing Sample Date Analytical 
Method

Arsenic 
(mg/kg) Soil Unit Direction from 

Agua Fria River Soil Series

XRF-013 615630.488 1272841.361 1/10/2012 XRF 11.6 MkF East Moano
XRF-048 598485.582 1279946.887 1/10/2012 XRF 11.0 BgD West Balon
XRF-005 612919.353 1274318.531 1/10/2012 XRF 5.7 MkF East Moano
XRF-079 612720.332 1278894.020 1/11/2012 XRF 2522.6 LkD East Lonti
XRF-077 612444.881 1278577.191 1/11/2012 XRF 306.2 LkD East Lonti
XRF-075 611587.539 1278397.411 1/11/2012 XRF 104.7 LkD East Lonti
XRF-072 609764.449 1278270.537 1/11/2012 XRF 89.8 LkD East Lonti
XRF-109 610432.991 1282953.781 1/11/2012 XRF 85.8 Sa East Alluvial
XRF-082 610358.813 1278398.743 1/11/2012 XRF 79.8 LkD East Lonti
XRF-058 608382.402 1274980.476 1/11/2012 XRF 71.1 BgD East Balon
XRF-069 607228.535 1277880.093 1/11/2012 XRF 68.6 BgD East Balon
XRF-059 608542.842 1275691.095 1/11/2012 XRF 67.6 BgD East Balon
XRF-071 608553.658 1278453.827 1/11/2012 XRF 64.0 LkD East Lonti
XRF-054 608496.367 1274231.241 1/11/2012 XRF 63.5 BgD East Balon
XRF-110 610485.765 1281425.905 1/11/2012 XRF 60.8 LkD East Lonti
XRF-100 605074.648 1284765.934 1/11/2012 XRF 59.7 LmB East Lonti
XRF-063 607213.810 1276894.120 1/11/2012 Lab 56.0 Ly East Alluvial
XRF-074 612428.071 1278363.736 1/11/2012 XRF 55.2 LkD East Lonti
XRF-061 607214.876 1275921.600 1/11/2012 XRF 55.1 BgD East Balon
XRF-093 607256.494 1280390.854 1/11/2012 XRF 50.9 Sa East Alluvial
XRF-088 612158.251 1280542.570 1/11/2012 XRF 47.5 LkD East Lonti
XRF-090 607251.382 1279680.118 1/11/2012 XRF 46.6 Sa East Alluvial
XRF-060 608014.348 1275790.351 1/11/2012 XRF 44.8 BgD East Balon
XRF-112 608979.439 1281215.129 1/11/2012 XRF 43.4 Sa East Alluvial
XRF-066 608430.754 1276214.713 1/11/2012 XRF 43.2 BgD East Balon
XRF-096 608612.842 1282457.363 1/11/2012 XRF 43.0 LnC East Lonti
XRF-092 606416.224 1278981.426 1/11/2012 XRF 42.9 Ly East Alluvial
XRF-081 612746.640 1278892.895 1/11/2012 XRF 41.5 LkD East Lonti
XRF-086 610457.049 1280068.178 1/11/2012 XRF 39.7 LkD East Lonti
XRF-106 610290.458 1283492.241 1/11/2012 XRF 39.7 LnC East Lonti
XRF-094 606620.033 1281758.051 1/11/2012 XRF 39.4 LmB East Lonti
XRF-098 608539.433 1283532.285 1/11/2012 XRF 38.5 LmB East Lonti
XRF-108 610428.597 1282975.014 1/11/2012 XRF 35.7 Sa East Alluvial
XRF-114 613383.308 1280181.161 1/11/2012 XRF 34.5 MkF East Moano
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XRF-099 608533.618 1283539.014 1/11/2012 XRF 34.1 LmB East Lonti
XRF-065 610087.444 1276403.111 1/11/2012 XRF 31.6 BgD East Balon
XRF-102 611141.447 1285973.748 1/11/2012 XRF 30.7 LnC East Lonti
XRF-115 612086.378 1281820.308 1/11/2012 XRF 28.1 LkD East Lonti
XRF-103 611122.691 1285934.813 1/11/2012 XRF 27.1 LnC East Lonti
XRF-104 612007.254 1284991.037 1/11/2012 XRF 24.3 MkF East Moano
XRF-101 606029.984 1286183.571 1/11/2012 XRF 24.0 LmB East Lonti
BKG-418 599386.562 1284921.328 1/21/2012 Lab 22.4 BgD West Balon
BKG-419 599387.329 1284984.451 1/21/2012 Lab 20.6 BgD West Balon
BKG-415 599336.900 1284945.365 1/21/2012 Lab 20.2 BgD West Balon
BKG-411 599259.290 1284978.684 1/21/2012 Lab 19.9 BgD West Balon
BKG-416 599304.985 1284944.082 1/21/2012 Lab 18.6 BgD West Balon
BKG-412 599283.364 1284988.245 1/21/2012 Lab 18.4 BgD West Balon
BKG-417 599329.462 1284926.637 1/21/2012 Lab 17.9 BgD West Balon
BKG-414 599342.802 1284996.261 1/21/2012 Lab 16.4 BgD West Balon
BKG-413 599310.329 1284978.766 1/21/2012 Lab 14.4 BgD West Balon
BKG-420 599365.216 1285018.349 1/21/2012 Lab 13.8 BgD West Balon
BKG-653 610896.431 1285864.947 1/22/2012 Lab 63.2 LnC East Lonti
BKG-652 610984.040 1285930.025 1/22/2012 Lab 26.6 LnC East Lonti
BKG-651 611112.104 1285972.871 1/22/2012 Lab 26.5 LnC East Lonti
BKG-612 597161.864 1281609.721 1/22/2012 Lab 11.9 MgD West Moano
BKG-611 597109.193 1281636.152 1/22/2012 Lab 11.0 MgD West Moano
BKG-613 597284.026 1281541.716 1/22/2012 Lab 10.3 MgD West Moano
BKG-559 612760.500 1274466.846 1/23/2012 Lab 21.2 MkF East Moano
BKG-552 612876.100 1274494.123 1/23/2012 Lab 17.7 MkF East Moano
BKG-551 612891.160 1274461.538 1/23/2012 Lab 16.2 MkF East Moano
BKG-554 612816.195 1274477.278 1/23/2012 Lab 14.3 MkF East Moano
BKG-555 612798.712 1274426.319 1/23/2012 Lab 13.4 MkF East Moano
BKG-558 612763.033 1274392.704 1/23/2012 Lab 12.5 MkF East Moano
BKG-560 612785.698 1274488.667 1/23/2012 Lab 12.3 MkF East Moano
BKG-556 612752.486 1274426.126 1/23/2012 Lab 11.2 MkF East Moano
BKG-553 612800.702 1274518.774 1/23/2012 Lab 10.4 MkF East Moano
BKG-557 612779.025 1274508.079 1/23/2012 Lab 8.6 MkF East Moano
BKG-468 605989.038 1282507.623 1/24/2012 Lab 74.2 LmB East Lonti
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BKG-461 606129.626 1282750.437 1/24/2012 Lab 69.4 LmB East Lonti
BKG-469 605954.233 1282452.018 1/24/2012 Lab 68.6 LmB East Lonti
BKG-467 605962.870 1282559.858 1/24/2012 Lab 67.5 LmB East Lonti
BKG-466 606033.048 1282587.713 1/24/2012 Lab 67.5 LmB East Lonti
BKG-462 606073.553 1282724.987 1/24/2012 Lab 62.6 LmB East Lonti
BKG-464 606007.164 1282678.077 1/24/2012 Lab 62.5 LmB East Lonti
BKG-463 606033.377 1282714.673 1/24/2012 Lab 60.7 LmB East Lonti
BKG-465 606016.765 1282631.676 1/24/2012 Lab 57.7 LmB East Lonti
BKG-470 605981.102 1282404.477 1/24/2012 Lab 57.0 LmB East Lonti
BKG-436 600538.310 1281791.067 1/24/2012 Lab 24.3 BgD West Balon
BKG-432 600643.124 1281900.845 1/24/2012 Lab 23.9 BgD West Balon
BKG-438 600431.988 1281766.637 1/24/2012 Lab 23.5 BgD West Balon
BKG-434 600610.884 1281831.008 1/24/2012 Lab 17.0 BgD West Balon
BKG-435 600669.622 1281766.532 1/24/2012 Lab 16.6 BgD West Balon
BKG-431 600684.692 1281861.911 1/24/2012 Lab 15.1 BgD West Balon
BKG-621 603679.665 1283770.820 1/24/2012 Lab 14.5 Ly West Alluvial
BKG-437 600477.432 1281832.455 1/24/2012 Lab 13.9 BgD West Balon
BKG-433 600598.920 1281889.884 1/24/2012 Lab 13.2 BgD West Balon
BKG-623 603599.587 1283887.452 1/24/2012 Lab 13.2 Ly West Alluvial
BKG-622 603631.506 1283818.697 1/24/2012 Lab 13.0 Ly West Alluvial
BKG-439 600381.310 1281826.401 1/24/2012 Lab 8.6 BgD West Balon
BKG-440 600366.046 1281767.456 1/24/2012 Lab 7.9 BgD West Balon
BKG-497 608975.843 1276845.868 1/26/2012 Lab 421.0 BgD East Balon
BKG-548 611491.057 1278254.682 1/26/2012 Lab 139.0 LkD East Lonti
BKG-498 609041.929 1276899.826 1/26/2012 Lab 122.0 BgD East Balon
BKG-494 609091.543 1277032.994 1/26/2012 Lab 110.0 BgD East Balon
BKG-542 611205.884 1278280.684 1/26/2012 Lab 108.0 LkD East Lonti
BKG-499 609093.141 1276900.267 1/26/2012 Lab 94.3 BgD East Balon
BKG-500 609084.823 1276956.099 1/26/2012 Lab 91.7 BgD East Balon
BKG-496 608942.974 1276863.838 1/26/2012 Lab 88.4 BgD East Balon
BKG-550 611360.762 1278301.752 1/26/2012 Lab 87.3 LkD East Lonti
BKG-547 611437.863 1278300.617 1/26/2012 Lab 86.1 LkD East Lonti
BKG-492 609037.006 1276979.414 1/26/2012 Lab 85.5 BgD East Balon
BKG-493 608973.788 1276912.262 1/26/2012 Lab 84.8 BgD East Balon

Page 4 of 9



ATTACHMENT A 
IKHS BACKGROUND SOIL ARSENIC DATABASE

Sample Name Easting Northing Sample Date Analytical 
Method

Arsenic 
(mg/kg) Soil Unit Direction from 

Agua Fria River Soil Series

BKG-491 609039.678 1277010.634 1/26/2012 Lab 81.4 BgD East Balon
BKG-546 611423.577 1278249.103 1/26/2012 Lab 78.4 LkD East Lonti
BKG-545 611320.505 1278185.351 1/26/2012 Lab 75.8 LkD East Lonti
BKG-543 611242.401 1278241.210 1/26/2012 Lab 75.6 LkD East Lonti
BKG-549 611529.124 1278208.473 1/26/2012 Lab 74.8 LkD East Lonti
BKG-544 611241.547 1278168.860 1/26/2012 Lab 73.8 LkD East Lonti
BKG-495 609014.911 1276942.444 1/26/2012 Lab 72.7 BgD East Balon
BKG-541 611280.860 1278323.348 1/26/2012 Lab 69.4 LkD East Lonti
BKG-481 609152.349 1283485.482 1/26/2012 Lab 35.9 LnC East Lonti
BKG-482 609048.193 1283620.317 1/26/2012 Lab 32.6 LnC East Lonti
BKG-486 608807.169 1283539.564 1/26/2012 Lab 31.1 LnC East Lonti
BKG-483 608947.179 1283565.270 1/26/2012 Lab 27.5 LnC East Lonti
BKG-485 608834.996 1283571.337 1/26/2012 Lab 27.3 LnC East Lonti
BKG-487 608776.655 1283583.122 1/26/2012 Lab 26.4 LnC East Lonti
BKG-484 608883.676 1283533.459 1/26/2012 Lab 26.2 LnC East Lonti
BKG-490 608661.274 1283563.379 1/26/2012 Lab 26.0 LnC East Lonti
BKG-489 608706.759 1283535.191 1/26/2012 Lab 25.6 LnC East Lonti
BKG-488 608733.453 1283596.803 1/26/2012 Lab 24.6 LnC East Lonti
XRF-067 608449.834 1276867.815 1/31/2012 XRF 101.3 BgD East Balon
XRF-056 608397.537 1275038.418 1/31/2012 XRF 69.7 BgD East Balon
XRF-084 608573.431 1279759.629 1/31/2012 XRF 49.4 LkD East Lonti
XRF-047 594235.633 1282402.149 1/31/2012 XRF 37.6 MgD West Moano
XRF-064 608674.270 1276362.133 1/31/2012 XRF 35.2 BgD East Balon
XRF-041 598496.277 1280046.663 1/31/2012 XRF 19.3 BgD West Balon
XRF-050 599875.650 1285014.082 1/31/2012 XRF 13.6 BgD West Balon
XRF-046 595387.467 1281959.334 1/31/2012 XRF 10.0 MgD West Moano
XRF-051 600602.962 1285241.203 1/31/2012 XRF 7.7 Ly West Alluvial
XRF-211 594939.606 1270888.944 4/17/2012 XRF 92.7 MgD West Moano
XRF-243 610778.029 1271596.142 4/18/2012 XRF 64.5 MkF East Moano
XRF-247 608899.470 1269603.808 4/18/2012 XRF 53.1 MkF East Moano
XRF-241 609837.053 1273428.331 4/18/2012 XRF 51.9 BgD East Balon
XRF-251 608452.696 1273445.912 4/18/2012 XRF 51.1 MkF East Moano
XRF-239 609832.288 1274159.809 4/18/2012 XRF 45.8 BgD East Balon
XRF-249 608823.952 1273067.047 4/18/2012 XRF 34.1 LkD East Lonti
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XRF-245 609676.309 1271137.963 4/18/2012 Lab 25.0 MkF East Moano
XRF-309 598853.816 1278742.153 4/19/2012 XRF 47.7 BgD West Balon
XRF-317 597292.837 1279552.357 4/19/2012 XRF 39.8 BgD West Balon
XRF-305 607477.665 1288393.145 4/19/2012 XRF 38.7 LmB East Lonti
XRF-315 598002.253 1279200.254 4/19/2012 XRF 24.3 BgD West Balon
XRF-297 604003.721 1278551.159 4/19/2012 XRF 23.6 BgD West Balon
XRF-303 603572.638 1286440.458 4/19/2012 XRF 22.3 Ly East Alluvial
XRF-307 601929.643 1279091.638 4/19/2012 XRF 19.4 BgD West Balon
XRF-341 591842.140 1278198.544 4/19/2012 XRF 18.4 MkF West Moano
XRF-321 593204.308 1279732.387 4/19/2012 XRF 16.9 BgD West Balon
XRF-301 602748.713 1284380.384 4/19/2012 XRF 14.9 Ly West Alluvial
XRF-319 594466.818 1279927.389 4/19/2012 XRF 14.4 BgD West Balon
XRF-337 592799.530 1281121.408 4/19/2012 XRF 14.0 BgD West Balon
XRF-299 603545.470 1280526.137 4/19/2012 XRF 14.0 BgD West Balon
XRF-339 591894.966 1278229.289 4/19/2012 XRF 8.8 MkF West Moano
BKG-511 611138.728 1268625.496 5/14/2012 Lab 51.6 MkF East Moano
BKG-513 611129.249 1268528.348 5/14/2012 Lab 30.5 MkF East Moano
BKG-514 611200.432 1268498.988 5/14/2012 Lab 27.2 MkF East Moano
BKG-512 611122.441 1268558.909 5/14/2012 Lab 18.2 MkF East Moano
BKG-518 611359.389 1268610.972 5/14/2012 Lab 15.8 MkF East Moano
BKG-515 611230.461 1268547.488 5/14/2012 Lab 15.5 MkF East Moano
BKG-516 611276.420 1268540.413 5/14/2012 Lab 14.7 MkF East Moano
BKG-517 611271.984 1268595.956 5/14/2012 Lab 14.5 MkF East Moano
BKG-520 611217.055 1268680.797 5/14/2012 Lab 11.9 MkF East Moano
BKG-519 611279.054 1268655.629 5/14/2012 Lab 11.3 MkF East Moano
BKG-584 607890.678 1287011.220 5/29/2012 Lab 90.0 Ly East Alluvial
BKG-582 607895.643 1287133.371 5/29/2012 Lab 87.1 Ly East Alluvial
BKG-590 607853.072 1286732.298 5/29/2012 Lab 86.2 Ly East Alluvial
BKG-588 607924.600 1286832.034 5/29/2012 Lab 82.2 Ly East Alluvial
BKG-581 607973.878 1287172.005 5/29/2012 Lab 73.1 Ly East Alluvial
BKG-583 607877.040 1287059.850 5/29/2012 Lab 67.3 Ly East Alluvial
BKG-586 607927.209 1286934.756 5/29/2012 Lab 66.9 Ly East Alluvial
BKG-589 607880.790 1286780.802 5/29/2012 Lab 65.6 Ly East Alluvial
BKG-585 607915.842 1286975.050 5/29/2012 Lab 63.6 Ly East Alluvial
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BKG-587 607922.479 1286890.347 5/29/2012 Lab 57.6 Ly East Alluvial
BKG-561 615761.173 1279135.164 5/29/2012 Lab 50.1 MkF East Moano
BKG-573 592703.595 1275321.969 5/29/2012 Lab 40.9 MkF West Moano
BKG-574 592682.982 1275342.865 5/29/2012 Lab 36.1 MkF West Moano
BKG-564 615699.053 1279110.348 5/29/2012 Lab 35.4 MkF East Moano
BKG-572 592705.943 1275335.843 5/29/2012 Lab 35.0 MkF West Moano
BKG-565 615692.035 1279065.944 5/29/2012 Lab 34.9 MkF East Moano
BKG-571 592618.693 1275362.527 5/29/2012 Lab 31.2 MkF West Moano
BKG-578 592885.780 1275493.470 5/29/2012 Lab 30.8 BgD West Balon
BKG-575 592754.504 1275418.967 5/29/2012 Lab 30.2 MkF West Moano
BKG-577 592791.577 1275503.519 5/29/2012 Lab 28.9 BgD West Balon
BKG-566 615648.339 1279054.959 5/29/2012 Lab 27.7 MkF East Moano
BKG-563 615694.545 1279142.290 5/29/2012 Lab 27.1 MkF East Moano
BKG-579 592886.127 1275592.034 5/29/2012 Lab 26.6 BgD West Balon
BKG-580 592934.443 1275605.747 5/29/2012 Lab 25.8 BgD West Balon
BKG-576 592717.929 1275476.014 5/29/2012 Lab 24.6 BgD West Balon
BKG-562 615731.362 1279158.847 5/29/2012 Lab 24.5 MkF East Moano
BKG-569 615641.783 1279177.142 5/29/2012 Lab 19.0 MkF East Moano
BKG-570 615639.565 1279206.301 5/29/2012 Lab 17.6 MkF East Moano
BKG-567 615655.403 1279116.022 5/29/2012 Lab 16.3 MkF East Moano
BKG-568 615639.404 1279147.995 5/29/2012 Lab 15.1 MkF East Moano
BKG-443 594127.842 1284999.991 6/20/2012 Lab 61.5 MgD West Moano
BKG-453 606867.974 1280163.366 6/20/2012 Lab 45.3 LnC East Lonti
BKG-458 606745.864 1280062.398 6/20/2012 Lab 43.7 LnC East Lonti
BKG-457 606720.648 1280083.299 6/20/2012 Lab 42.8 LmB East Lonti
BKG-455 606766.819 1280151.181 6/20/2012 Lab 42.6 LnC East Lonti
BKG-452 606840.549 1280213.427 6/20/2012 Lab 42.3 LnC East Lonti
BKG-459 606821.706 1280063.554 6/20/2012 Lab 42.1 LnC East Lonti
BKG-451 606879.719 1280246.625 6/20/2012 Lab 41.6 LnC East Lonti
BKG-460 606840.180 1280092.651 6/20/2012 Lab 41.4 LnC East Lonti
BKG-456 606787.328 1280094.201 6/20/2012 Lab 41.3 LnC East Lonti
BKG-454 606815.139 1280170.469 6/20/2012 Lab 39.9 LnC East Lonti
BKG-528 593373.906 1272450.123 6/20/2012 Lab 12.7 MkF West Moano
BKG-442 594162.424 1285033.188 6/20/2012 Lab 12.2 MgD West Moano
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BKG-526 593404.018 1272515.265 6/20/2012 Lab 12.0 MkF West Moano
BKG-446 594033.542 1284973.942 6/20/2012 Lab 12.0 MgD West Moano
BKG-449 593997.000 1285037.929 6/20/2012 Lab 11.8 MgD West Moano
BKG-447 594003.608 1284955.999 6/20/2012 Lab 11.5 MgD West Moano
BKG-448 593987.698 1285006.031 6/20/2012 Lab 10.6 MgD West Moano
BKG-450 594010.850 1285055.928 6/20/2012 Lab 10.6 MgD West Moano
BKG-445 594084.160 1284993.201 6/20/2012 Lab 10.1 MgD West Moano
BKG-527 593380.958 1272494.522 6/20/2012 Lab 9.7 MkF West Moano
BKG-521 593482.120 1272499.721 6/20/2012 Lab 9.1 MkF West Moano
BKG-441 594167.193 1285083.149 6/20/2012 Lab 9.0 MgD West Moano
BKG-524 593427.247 1272584.595 6/20/2012 Lab 8.8 MkF West Moano
BKG-529 593422.111 1272430.519 6/20/2012 Lab 8.6 MkF West Moano
BKG-525 593404.105 1272540.253 6/20/2012 Lab 8.6 MkF West Moano
BKG-522 593466.116 1272524.765 6/20/2012 Lab 8.5 MkF West Moano
BKG-444 594079.632 1285012.652 6/20/2012 Lab 8.1 MgD West Moano
BKG-530 593429.216 1272490.188 6/20/2012 Lab 7.8 MkF West Moano
BKG-523 593445.510 1272548.437 6/20/2012 Lab 3.4 MkF West Moano
XRF-913 601769.996 1279201.761 5/23/2013 XRF 24.7 BgD West Balon
XRF-917 600068.777 1281116.754 5/23/2013 XRF 23.0 BgD West Balon
XRF-925 596669.766 1280001.076 5/23/2013 XRF 21.3 BgD West Balon
XRF-921 597250.681 1280690.917 5/23/2013 XRF 21.0 MgD West Moano
XRF-919 597858.701 1280419.583 5/23/2013 XRF 20.5 BgD West Balon
XRF-915 600573.823 1279644.445 5/23/2013 XRF 13.5 BgD West Balon
XRF-923 597764.817 1279725.988 5/23/2013 XRF 9.6 BgD West Balon
XRF-897 601037.046 1278505.427 5/28/2013 XRF 48.1 BgD West Balon
XRF-901 600647.221 1278588.968 5/28/2013 XRF 45.4 BgD West Balon
XRF-929 594986.434 1280082.230 5/28/2013 XRF 35.6 BgD West Balon
XRF-927 595933.219 1280133.496 5/28/2013 XRF 34.1 BgD West Balon
XRF-969 603701.522 1279466.661 5/28/2013 XRF 27.9 BgD West Balon
XRF-967 603822.504 1279202.523 5/28/2013 XRF 27.3 BgD West Balon
XRF-911 600207.764 1278877.470 5/28/2013 XRF 17.8 BgD West Balon
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Notes:
BgD Balon gravelly sandy clay loam, 5 to 30 percent slopes
Lab Bulk soil sample analyzed in a lab setting
LkD Lonti gravelly sandy loam, 15 to 30 percent slopes
LmB Lonti gravelly loam, 0 to 8 percent slopes
LnC Lonti cobbly loam, 0 to 15 percent slopes
Ly Lynx soils
MgD Moano gravelly loam, 0 to 30 percent slopes
MkF Moano very rocky loam, 15 to 60 percent slopes
MoD Moano extremely rocky loam, 15 to 30 percent slopes
Sa Sandy and gravelly alluvial land
XRF Sample measured in-field by XRF
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Map Unit Polygons

Soil Map Unit Lines

Soil Map Unit Points

Special Point Features
Blowout

Borrow Pit

Clay Spot

Closed Depression

Gravel Pit

Gravelly Spot

Landfill

Lava Flow

Marsh or swamp

Mine or Quarry

Miscellaneous Water

Perennial Water

Rock Outcrop

Saline Spot

Sandy Spot

Severely Eroded Spot

Sinkhole

Slide or Slip

Sodic Spot

Spoil Area

Stony Spot

Very Stony Spot

Wet Spot

Other

Special Line Features

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 
1:31,700.

Please rely on the bar scale on each map sheet for map 
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL: 
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator 
projection, which preserves direction and shape but distorts 
distance and area. A projection that preserves area, such as the 
Albers equal-area conic projection, should be used if more 
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as 
of the version date(s) listed below.

Soil Survey Area: Yavapai County, Arizona, Western Part
Survey Area Data: Version 14, Sep 16, 2021

Soil map units are labeled (as space allows) for map scales 
1:50,000 or larger.

Date(s) aerial images were photographed: Nov 26, 2021—Dec 
11, 2021

The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
imagery displayed on these maps. As a result, some minor 
shifting of map unit boundaries may be evident.

Soil Map—Yavapai County, Arizona, Western Part
(Soils)

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey
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Map Unit Legend

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

BgD Balon gravelly sandy clay 
loam, 5 to 30 percent slopes

2,949.0 28.4%

BmF Barkerville cobbly sandy loam, 
20 to 60 percent slopes

76.3 0.7%

BnD Barkerville very stony sandy 
loam, 5 to 25 percent slopes

90.1 0.9%

GdD Gaddes gravelly sandy loam, 3 
to 25 percent slopes

2.5 0.0%

LkD Lonti gravelly sandy loam, 15 
to 30 percent slopes

825.2 8.0%

LmB Lonti gravelly loam, 0 to 8 
percent slopes

563.3 5.4%

LnC Lonti cobbly loam, 0 to 15 
percent slopes

376.0 3.6%

LrD Lonti-Abra complex, 8 to 30 
percent slopes

80.6 0.8%

Ly Lynx soils 1,474.1 14.2%

Ly2 Lynx soils, eroded 11.1 0.1%

MgD Moano gravelly loam, 0 to 30 
percent slopes

818.8 7.9%

MkF Moano very rocky loam, 15 to 
60 percent slopes

2,383.1 23.0%

MoD Moano extremely rocky loam, 
15 to 30 percent slopes

204.9 2.0%

Sa Sandy and Gravelly alluvial 
land

111.6 1.1%

SnD Springerville-Cabezon 
complex, 3 to 30 percent 
slopes

399.6 3.9%

Totals for Area of Interest 10,366.7 100.0%

Soil Map—Yavapai County, Arizona, Western Part Soils

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

6/23/2022
Page 3 of 3
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ATTACHMENT C 

VIOLIN PLOTS OF BACKGROUND SOIL ARSENIC BY SCENARIO  
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