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1. INTRODUCTION 

This work plan describes the rationale and investigation methods for completion of site 
characterization activities at Parcel 30 near Sahuarita, Arizona (Figure 1). Parcel 30 was 
formerly called the Eagle Picher Mill Site and was used as a mill site and tailing impoundment 
for processing lead-zinc ore. Clear Creek Associates prepared this work plan at the request of 
Freeport-McMoRan Copper & Gold (FM) so that the investigation and, if needed, the 
remediation of Parcel 30 can be completed under the Arizona Department of Environmental 
Quality (ADEQ) Voluntary Remediation Program (VRP).  

1.1 Objective 

 
The former mill site and tailing impoundment were reclaimed in the late 1960s by removal of 
buildings and capping the impoundment with a vegetated soil cover. FM seeks to receive a letter 
of completion from ADEQ or an alternative no further action document for the property.  On 
July 24, 2012, FM met with ADEQ to discuss the findings of previous environmental 
investigations at Parcel 30 and the possibility of entering the property into the VRP. The 
potential remediation approach discussed was to integrate future redevelopment with the 
engineering controls of capping and surface water management at the former impoundment, and 
the institutional control of a Declaration of Environmental Use Restriction (DEUR). ADEQ 
considered the approach feasible, but indicated that the following additional site characterization 
was needed: 
 

• Soil sampling to further delineate the extent of impacted soil in several areas and to 
demonstrate that soils are not impacted in areas that were not previously sampled. 
  

• Groundwater sampling to establish current conditions because the last groundwater 
sampling data are from 2003, and to compare on-site groundwater quality and 
background or ambient water quality conditions.   
 

The scope of work proposed herein was developed to address ADEQ’s request for additional soil 
and groundwater characterization. Upon completion of the characterization described in this 
scope of work, a site characterization report will be developed and submitted to ADEQ for 
review.  

1.2 Site Description 

 
Parcel 30 is in Section 13 and 14 of  Township 17 South, Range 13 East in Pima County and 
consists of approximately 230 acres on four contiguous parcels (Pima County Assessor Parcels 
303-33-012C, 303-33-012D, 303-36-009A, and 303-36-009B) (Figure 2). Pima Tax Assessor’s 
records list Amax Arizona, Inc. and Anaconda Arizona, Inc. as the owners of Parcel 30.  Amax 
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Arizona, Inc. is an indirect subsidiary of FM   Anaconda Arizona, Inc. is an indirect subsidiary of 
BP. 
 
Parcel 30 is situated in the Santa Cruz Valley, a wide alluvial basin between the Santa Rita 
Mountains to the east and the Sierrita Mountains to the west. The Santa Cruz River is 
approximately 1,500 to 2,000 feet to the east of the eastern property boundary (Figure 1). The 
property slopes gently to the east towards the river. The site elevation is approximately 2,780 
feet above mean sea level on the west and 2,740 feet above mean sea level on the east. Several 
dry washes cross the property from west to east.  
 
The property is bounded to the east by South Villita Road (Figure 2). West Twin Buttes Road 
and the Southern Pacific Railroad line cross the property from northeast to southwest.  Interstate 
19 is approximately a half mile west of the western property boundary.  Parcel 30 currently is 
vacant. The portion of the property north of West Twin Buttes Road is fenced, and signage 
indicates that it is a mine waste reclamation project. Nearby property uses include residential 
land approximately 0.5 miles south of West Twin Buttes Road, vacant land and agricultural land 
to the east, vacant land to the west, and the Town of Sahuarita Municipal Offices to the north.  

1.3 Recognized Environmental Conditions 

 
The site history and the results of prior environmental investigations are described in greater 
detail in Sections 2.1 and 2.2, respectively.  This section summarizes land use and environmental 
conditions to provide a context for subsequent descriptions. 
 
Lead-zinc ores were milled at the site from 1943 to 1959.  The area where ore processing was 
performed consists of a former mill site and tailing impoundment at the northern end of the 
Parcel 30 between West Twin Buttes Road and the northern property boundary.  In the late 
1960s the mill buildings were demolished down to their concrete foundations and the tailing 
impoundment was capped with a vegetated soil cover.  There is no information indicating that  
the portion of Parcel 30 south of West Twin Buttes Road was used for ore processing.   
 
Parcel 30 can be divided into five areas based on the historical land use and the results of prior 
environmental investigations. These areas are shown on Figure 3 and described in the imbedded 
table on the next page. 
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AREA 
 

NAME 
 

ACREAGE 
(approximate) 

DESCRIPTION 
 

1 Impoundment 
Area 30 

Historical ore processing use for tailing 
impoundment.  Tailing contains concentrations of 
arsenic, lead, and manganese exceeding rSRLs.  
Extent of tailing and metals composition are well 
characterized by prior soil sampling. 

2 Mill Site Area 10 

Historical ore processing use as ore mill.  Proximal 
to former railroad spur for receiving ore and 
shipping products. Prior soil sampling found soil 
exceeding arsenic and lead rSRLs, but soil impacts 
were not fully delineated. 

3 Pole Area 10 

Historical ore processing use uncertain, but 
proximal to former mill and railroad spur. Contains 
some soil exceeding the lead rSRL, but impacts 
were not fully delineated by prior soil sampling. 

4 North Area 34 

Historical ore processing use is uncertain. 
Disturbed ground of a former borrow pit is on west 
side of area. Additional disturbed ground is north 
of tailing impoundment, but no former ore 
processing use known.  Prior soil sampling found 
stream sediment exceeding the lead rSRL at one 
location at the east end of Area 4. 

5 South Area 140 
Undeveloped land with no history of ore 
processing use.  Prior soil sampling did not find 
evidence of soil concentrations in excess of SRLs. 

 Notes:   rSRL = residential Soil Remediation Level 
nrSRL = nonresidential Soil Remediation Level 

 
Based on available information, soil is the only affected medium at Parcel 30. Exceedances of 
residential and nonresidential Arizona Soil Remediation Levels (rSRLs and nrSRLs, 
respectively) (Arizona Administrative Code [AAC], Title 18, Chapter 7) for arsenic, lead, and 
manganese have been documented in tailing containing material (Area 1), surficial soil at and 
proximal to the former mill (Areas 2 and 3), and wash deposits north of the tailing impoundment 
(Area 4). The potential migration pathways of soil at Parcel 30 are mechanical transport by 
erosional processes such as surface water transport and transport as windborne dust. Direct 
human exposure to soil at Parcel 30 is limited because Parcel 30 is undeveloped land and the 
portion of the site with former ore processing land use is fenced and posted with signs. Soil 
quality data collected by prior investigations are presented in Section 2.2.1. 
 
There is no evidence of an impact to groundwater from the milling operations based on 
groundwater samples collected from 1992 through 2003 from three monitoring wells located 
adjacent to the former mill and tailing impoundment (Figure 3). Two wells are downgradient of 
the tailing impoundment and one well is upgradient. Nitrate is the only constituent that has 
periodically exceeded an Arizona numeric Aquifer Water Quality Standard (AWQS) (AAC, Title 
18, Chapter 11, Article 4) in all three on-site monitoring wells and is interpreted to be the result 
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of nearby agricultural land use. Previously collected groundwater quality data are reviewed in 
Section 2.2.2. 
 
Recent interest in Parcel 30 and the surrounding area centers on its development potential. Parcel 
30 is in an area of future residential and commercial growth and is close to various municipal 
buildings of the Town of Sahuarita. The General Plan for the Town of Sahuarita (2003) identifies 
the “Eagle Pitcher Mill Site” as a site that should be considered for “mixed-use development” 
that would allow residential and commercial development (Appendix A.1). 
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2. SITE BACKGROUND 

Information on the history, reclamation, and environmental conditions of Parcel 30 is provided in 
this section.  There are few references on the operation of the former Eagle Picher Mill and most 
of the available historical information is from secondary sources (e.g., the site history reviews 
provided by various environmental investigations).  The primary sources of information for this 
section were reports and correspondence contained in the FM records for Parcel 30.  Table 1 is a 
site chronology compiled from the available data. 

2.1 Site History and Reclamation 

2.1.1 Operations 

Lead-zinc ores were milled and tailing produced from 1943 to 1959 (ADEQ, 1991).  Figure 3 
shows the approximate locations of the mill and tailing impoundment.  
 
Crabtree and Parker (1947) indicate that the milling plant had a 500 ton per day capacity. They 
describe a process stream that consisted of ores being dumped into either railroad or truck bins 
for routing through jaw and shorthead crushers, ball mills, a classifier, and flotation machines. 
The concentrates were thickened, filtered, and stored on site for shipment in railroad box cars.    
 
The ore supply to the mill came primarily from the San Xavier mine based on information in a 
Remedial Plan prepared by Amax, Inc. and Anaconda Arizona, Inc. (1990) (Appendix A.2). The 
Remedial Plan cites a 1953 report indicating that production up to that time from the San Xavier 
mine had been 750,000 tons containing 15% by weight of lead and zinc combined. The remedial 
plan contains an estimate that 750,000 tons of tailing remain on the site.  
 
Two “settling ponds” were reported in areas north of the mill and tailings (shown as dashed 
purple outlines on Figure 3) based on an interview with a local resident conducted for an 
Environmental Site Assessment (ESA) of the property north of Parcel 30 (SLR, 2010). However, 
the existence or potential former use of settling ponds in these areas has not been verified, nor 
were they mentioned in any of the documentation reviewed. An aerial photo from 1956 
(Environmental Data Resources, Inc., 2010) does not show any large scale feature indicative of 
settling ponds north of Areas 1 and 2. A field reconnaissance conducted in November 2012 for 
this work plan did not find surface evidence of settling ponds in this area, although the  ground 
north of Area 2 appears to have been excavated as a borrow source. Aerial photos from 1956, 
1971, 1977, 1983, 1992 and 2003 are provided in Appendix A.3.  Inspection of these photos 
indicates that the surface disturbance north of the tailing impoundment occurred after the 1977 
photo and before the 1992 photo. 
 
Although there is no record of smelting at Parcel 30 in the references, the Pima County Tax 
Assessor property description refers to this parcel as the Pioneer Smelter site. A small amount of 
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slag was observed in the tailing area (Golder Associates [Golder], 2009) and a 1944 map titled 
“Sahuarita Mill, Eagle-Picher Min. & Smelt. Co.” shows a “slag dump” about 800 feet directly 
east of the mill and within the Parcel 30 property boundary. Engineering and Environmental 
Consultants (EEC) (2010a) indicate that the Pioneer Smelter operated in 1912 and then ceased 
operation.  The origin of the slag is uncertain. 

2.1.2 Reclamation 

In the late 1960s, the mill buildings were removed from the site, the tailing impoundment was 
capped with alluvium, and native vegetation was planted. The reclamation was reportedly 
conducted by Anaconda (ADEQ, 1991), which acquired the property in the mid-1960s. In 1989, 
repairs to the alluvium cover were made, and geotextile and riprap were installed in the drainage 
areas off the tailing (Amax, Inc. and Anaconda Arizona, Inc., 1990). Subsequent management of 
the site has been conducted by a succession of companies, including Anamax Mining Company 
(the partnership formed by Anaconda and Amax), Cyprus Sierrita Corporation (CSC), Phelps 
Dodge Sierrita, Inc. (PDSI), and FM.  

2.1.3 Regulatory History 

The first significant regulatory action was a remedial action under ADEQ’s Water Quality 
Assurance Revolving Fund (WQARF) program. ADEQ held a public meeting on February 28, 
1991 to review a proposed Remedial Action Plan (RAP). A Fact Sheet and public notice (ADEQ, 
1991) (Appendix A.4) for the meeting indicate that a proposed RAP had been reviewed and 
approved by ADEQ pending a public comment period. The transcript of the February 28, 1991 
public meeting (Sangre Court Reporting, 1991) indicates ADEQ found that: 
 

• The site was “well sampled” by Amax Arizona, Inc. and Anaconda Arizona, Inc., the 
State of Arizona, and Pima County, and that the physical and chemical characteristics of 
the tailing are well understood.  

 
• There was “ample evidence” to indicate that metals from the tailing do not impact the 

aquifer. 
 
Semi-annual site inspections to document the condition of the tailing cap were conducted and 
reported to ADEQ as part of the RAP (e.g., Paulsen, 1994 and Richey, 1995). In 2006, CSC 
wrote a letter to ADEQ requesting “termination of the Remedial Action Plan” (Comi, 1996). The 
letter says that “all action items have been completed and monitoring of groundwater for the last 
five years has shown no sign of metals contamination. The cap of top soil has achieved a level of 
vegetation equivalent to the surrounding land. The storm water diversion measures have 
performed exactly as planned.” A similar request to ADEQ was made by PDSI in 2001 (Fumusa, 
2001). Discussions with ADEQ about site closure and the possibility of a DEUR continued in 
2006 (Leach, 2006).  
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2.2 Previous Environmental Investigations 

 
Systematic environmental studies have been conducted to characterize soil and groundwater on 
Parcel 30. The results of soil and groundwater studies are described in Sections 2.2.1 and 2.2.2, 
respectively. 

2.2.1 Previous Soil Characterizations 

Soil at Parcel 30 was characterized by Hydrometrics (1999) and Golder (2009). The two studies 
varied in their geographic extent, sampling methodology, vertical extent of sampling, sample 
preparation, and analytical methodology.  

2.2.1.1 Hydrometrics Investigation 

Hydrometrics (1999) evaluated surface sediment grab samples collected from depths less than 12 
inches. The study was reconnaissance in nature in that it collected samples from locations across 
all of the Parcel 30 property. Fifty-two (52) soil samples were collected at depths of 0 to 6 inches 
and 6 to 12 inches at 21 locations in Areas 1, 2, 3, and 4, and 5 soil samples from 0 to 6 inches 
deep were collected at 5 locations in Area 5. Soil samples were collected using disposable plastic 
trowels and analyzed for total metals for arsenic, cadmium, lead, and zinc. Appendix A.5 
contains copies of the original sample location map and tables of sediment analytical results from 
Hydrometrics (1999). Unfortunately, the sample locations reported by Hydrometrics (1999) 
cannot be plotted confidently on an aerial photo due to scale irregularities on the map included in 
the report. However, map features such as roads, the tailing impoundment, mill foundations, rail 
line and the wash north of the tailing impoundment allow samples locations to be generally 
placed within Areas 1 through 5.  
 
Table 2 lists the soil analytical results reported in Hydrometrics (1999) and compares them to the 
current rSRLs and nrSRLs. Key findings are summarized below: 
 

1. Eight of the 47 samples, or 17%, exceeded the current nrSRL for lead.. Twelve of the 47 
samples (including the eight that exceeded the nrSRL), or 23%, exceeded the rSRL for 
lead. Sample locations with the highest lead concentrations were the former mill site 
(Area 2), the tailing (Area 1), and a wash just north of the tailing (Area 4). Samples with 
the highest lead concentrations in Areas 1 and 2 were from a depth of 6 to 12 inches. 
Arsenic exceeded the rSRL in 5 of the 47 samples (11%). Arsenic concentrations 
exceeding the rSRL ranged from 14 to 27 milligrams per kilogram (mg/Kg). Only 
samples from Areas 1 and 2 exceeded the arsenic rSRL. All of the samples that exceeded 
the arsenic rSRL also exceeded the lead rSRL. 
 

2. Cadmium was detected above the rSRL in one sample from Area 2. The sample which 
exceeded the cadmium rSRL also had the highest lead (14,000 mg/Kg) and arsenic (27 
mg/Kg) concentrations. Cadmium did not exceed the nrSRL in any of the samples.  
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3. Arsenic, cadmium, lead, and zinc concentrations in all samples from Area 5 were less 

than rSRLs and nrSRLs. 

2.2.1.2  Golder Associates Investigation 

Golder (2009) conducted a focused investigation of the tailing impoundment in Area 1 to 
characterize the spatial extent, volume, and total metal concentrations of the tailing cap, tailing, 
and soil underlying the tailing. Dimensional information was collected by advancing 20 
boreholes through the cap, tailing, and underlying soil. Ten test pits were excavated with a 
backhoe to delineate the lateral extent of tailing, which Golder noted was clearly identifiable in 
the walls of the test pits. An estimate of the volume of concrete foundations in Area 2 was also 
made. 
 
Soil chemistry was determined by sampling and analysis of composite samples from the 
boreholes collected at 5- and 10-foot depth intervals. The composite samples were collected 
using a down-hole hammer and split spoon sampler for continuous core recovery. The samples 
were cone-mixed and quartered prior to submittal to the laboratory, and then sieved at the 
laboratory to less than 0.25 millimeters. Sixty-six (66) samples were analyzed for paste pH, paste 
electrical conductivity, and 23 constituents (aluminum, antimony, arsenic, barium, beryllium, 
boron, cadmium, chromium, cobalt, copper, fluoride, lead, manganese, mercury, molybdenum, 
nickel, selenium, silver, strontium, thallium, tin, vanadium and zinc). Table 3 lists the metals 
concentrations of the borehole samples collected by Golder (2009). Copies of the sample 
location map and tables of sediment analytical results from Golder (2009) are in Appendix A.6. 
 
Figure 3 shows the outline of the tailing as identified by Golder based on their observations of 
the test pits along the margin of the former impoundment. The Golder (2009) results are 
discussed below. 
 

1. Soil Analysis Results 

a. The paste pH results for 64 of 66 samples (97%) were between 7.1 and 7.7. Two 
samples had paste pH values less than 7 (5.83 and 6.9).  

b. Arsenic and lead exceeded the rSRLs and nrSRLs and manganese exceeded the 
rSRL in 43 of 66 samples (65%). Sample material with arsenic, lead, and 
manganese exceeding SRLs consisted of tailing-bearing materials (i.e., 
capping+tailing, tailing only, and tailing+native soil). The 5- and 10-foot 
composting interval usually spanned material contacts making material-specific 
characterization difficult. Arsenic concentrations in excess of the 10 mg/Kg rSRL 
ranged from 10.3 to 107 mg/Kg. Lead concentrations in excess of the 800 mg/Kg 
nrSRL ranged from 1,550 to 8,130 mg/Kg. Manganese concentrations in excess of 
the 3,300 mg/Kg rSRL ranged from to 3,830 to 13,700 mg/Kg.  

c. Cadmium and thallium each exceeded the rSRL in four of the 66 samples (6%). 
The samples that had cadmium and thallium exceedances also exceeded the 
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nrSRLs for arsenic and lead and the rSRL for manganese. No samples exceeded 
the nrSRLs for cadmium or thallium. 

d. Twenty-two (22) samples were identified as native soil only, containing no 
tailing. One of these 22 (5%) samples of native soil from beneath the tailing 
exceeded nrSRLs for arsenic and lead and the rSRL for manganese. 

 
2. Volume Estimation of Tailing and Mill Foundation 

 
a. Cover Material: 66,821 cubic yards (1,804,158 cubic feet), ranged in thickness 

from 0.4 to 1.3 feet in boreholes. 
b. Tailing: 421,121 cubic yards (11,370,267 cubic feet), ranged in thickness from 4 

to 22 feet in boreholes. 
c. Total Cover + Tailing: 487,942 cubic yards (13,174,425 cubic feet). 
d. Mill Foundation Concrete: 582 cubic yards (15,706 cubic feet). 

2.2.2 Previous Groundwater Characterization 

Groundwater wells in the vicinity of Parcel 30 are shown on Figure 3. Table 4 provides well 
information from the Arizona Department of Water Resources well registry database. 
 
Groundwater monitoring has been conducted primarily at wells AXABCO-1, AXABCO-2, and 
AXABCO-3 in the immediate proximity of the tailing impoundment. Systematic groundwater 
monitoring was initiated in 1991. Between 1991 and 1994 groundwater monitoring and reporting 
were conducted by Adrian Brown Consultants, Inc. (1994). Appendix A.7 contains figures and 
tables from Adrian Brown Consultants, Inc. (1994). CSC conducted monitoring from 1995 to 
1997, and PDSI conducted monitoring from 1997 to 2003.  

2.2.2.1 Groundwater Levels 

Table 5 lists groundwater level data for Parcel 30. The depth to groundwater at Parcel 30 has 
ranged from approximately 152 to 205 feet below the top of well casings.  The water level data 
indicate that groundwater flow beneath Parcel 30 is to the northwest and north-northwest. Figure 
4 is a contour map of groundwater elevations in 2008 that illustrates a northwest groundwater 
flow direction and a horizontal gradient of approximately 0.005. The water elevation data (Table 
5 and Figure 5) indicate that a decline in groundwater elevations between 1993 and 2008 in the 
range of 10 to 20 feet with higher apparent declines at AXABCO-1 and AXABCO-3 than at 
AXABCO-2.  

2.2.2.2 Groundwater Quality 

Table 6 presents the results of inorganic analyses of groundwater samples collected between 
1991 and 2003. The results in Table 6 were compiled from Adrian Brown Consultants, Inc. 
(1994) and the FM Environmental Data Management System database. Laboratory reports were 
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available for samples from 1993 through 1997 and 2003, but not for samples collected in 1998 
and 1999.  
 
The water quality results were compared to AWQS (Arizona Administrative Code, R18-11-406) 
to assess water quality. Analytical results are available for all inorganic constituents having 
AWQSs. The results of the comparison to AWQS  are summarized below.  
 

• Metal concentrations are less than the AWQSs. 
 

• Nitrate and nitrate+nitrite exceeded the 10 mg/L AWQS in several samples at each of 
AXABCO-1 and AXABCO-2, and in one sample of AXABCO-3.  

2.2.3 Surface Water 

Surface water at the Parcel 30 would consist of stormwater runoff and related flow in ephemeral 
washes that cross the property, generally from west to east. There are no data describing the 
quantity or quality of surface water. 

2.2.4 Offsite Investigation of Neighboring Property 

An ESA was conducted on the property bordering Parcel 30 to the north (SLR International 
Corporation, 2009 and 2010). The ESA identified refuse with lead-bearing material that was 
subsequently remediated under the VRP (EEC, 2010b and 2010c). The ESA did not sample 
Parcel 30. However, background information generated by the ESA (e.g., aerial photographs, 
historical information, etc.) was used in the preparation of this work plan as referenced herein. 
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3. WORKING CONCEPTUAL MODEL 

A conceptual model for the source, extent, and mobility of constituents of concern (COCs) in site 
media was developed to guide work plan specifications for sample locations, sampling methods, 
and analytical requirements. The conceptual model is based on the site history and environmental 
data described in the previous section.  
 
Parcel 30 consists of approximately 230 acres of land, not all of which has had historical ore 
processing land use. Areas 1 and 2 contain a former tailing impoundment and the former mill 
site, respectively. The tailing impoundment contains residual solids from ore processing. Areas 3 
and 4 were proximal to the mill site and tailing impoundment and may have had an ancillary use 
for road and rail access (Area 3) and borrow sources for soil cover (Area 4), but were not known 
to have been used to process or store ore material or residuals from processing. Areas 1, 2, 3, and 
4 cover the approximately 90 acres of Parcel 30 that is north of West Twin Buttes Road. Based 
on prior soil sampling, Areas 1, 2, 3, and 4 have the potential to contain soil affected by residual 
solids from the former milling operation. Area 5 consists of the 140 acres south of West Twin 
Buttes Road that were not used by the milling operation. Previous sampling of Area 5 has not 
identified soil with metal concentrations elevated above rSRLs and it is not expected to contain 
soil affected by the former milling operation. 

3.1 Constituents of Concern in Soil 

 
The proposed investigation is based on the concept that native soil contains levels of metals that 
are below the rSRLs, while tailing affected material contains metals at concentrations above the 
rSRLs. This conceptual model is based on the studies by Golder (2009) and Hydrodynamics 
(1999).  Golder (2009) analyzed sediment in the soil cover, tailing, and underlying native soil at 
the tailing impoundment in Area 1. Table 7 contains the results of Golder (2009) sorted by 
sample material as determined by material descriptions in the report. The results indicate that 
lead, arsenic, and manganese were consistently greater than SRLs in samples containing some 
portion of tailing (tailing affected samples) and that native soil beneath the tailing did not exceed 
SRLs.  
 
Figure 6 contains graphs showing the arsenic and lead and manganese and lead in tailing affected 
samples and samples of native soil. The graphs show that tailing affected soil usually exceeded 
SRLs whereas soil beneath the tailing did not exceed SRLs except for a single sample that 
appears to be an outlier. Cumulative frequency distributions comparing arsenic, lead, and 
manganese in samples affected by tailing and samples of native soil beneath the tailing further 
illustrate that, with the exception of one outlier, soil beneath the tailing impoundment does not 
exceed SRLs for arsenic, lead, and manganese (Figures 7, 8, and 9).  
 
The metals data from tailings affected soil provide a direct measurement of metals abundance in 
the source material. Arsenic, lead, and manganese are the primary metals exceeding SRLs in the 
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source material and, therefore, constitute the site COCs. The results of the Hydrometrics (1999) 
investigation corroborate this conclusion, though a fewer number of metals were analyzed (Table 
2). Cadmium and thallium sometimes exceed their rSRLs in tailing affected material, but the 
frequency of the exceedances is low (4 exceedances in 44 samples of tailing affected soil) and 
they do not exceed SRLs in material that doesn’t also exceed the arsenic, lead, and manganese 
SRLs.  Cadmium and thallium are not considered COCs due to their low exceedance frequency. 
 
The soil sampling results also showed that the paste pH of the tailing affected material was 
circum-neutral (Table 3). Thus, the tailing is not acid generating and not expected to create 
conditions favoring metals mobility. The lack of mobility of the COCs is indicated by the lack of 
SRL exceedances in soil immediately below the tailing impoundment. In addition, the results of 
groundwater monitoring do not show metals that would suggest migration of leachate from the 
tailing to the water table. 

3.2 Constituents of Concern in Groundwater 

 
Monitoring wells AXABCO-1 and AXABCO-2 are downgradient of the former tailing 
impoundment based on the northwesterly groundwater flow direction, whereas AXABCO-3 is 
upgradient of the impoundment. The lack of elevated metals at AXABCO-1 and AXABCO-2 
indicate that there is no significant loading of metals to the aquifer from the former mill facilities 
or tailing impoundment. Sulfate, TDS, and nitrate concentrations are higher in AXABCO-1 and 
AXABCO-2 than in AXABCO-3 (Table 6). 
 
The water quality data for AXABCO-1, AXABCO-2, and AXABCO-3 (Table 3) are interpreted 
as representing ambient groundwater in the upper portion of the basin fill aquifer. Parcel 30 is 
adjacent to land that has a long history of agricultural irrigation. The elevated nitrate and some or 
all of the sulfate and TDS likely are related to recharge of irrigation water. Parcel 30 also is 
located in a part of the upper Santa Cruz groundwater basin where the sulfate and TDS can be 
elevated due to stream channel and agricultural recharge along the Santa Cruz River or upwelling 
along faults as described by Laney (1972) and Davidson (1973).  For these reasons, no COCs are 
identified for groundwater. 

3.3 Potential Migration Pathways 

 
Based on the foregoing information, the primary potential migration pathways for affected solids 
are erosional processes such as surface water transport and transport as windborne dust. The 
potential exposure pathways for the affected solids are direct contact and, if windborne dust 
occurs, inhalation. Inasmuch as access to Parcel 30 is restricted under the current land use, direct 
contact with affected solids is unlikely. The lack of elevated metals in soil underlying the 
impoundment and in groundwater downgradient of the impoundment, and the lack of acidic 
conditions in the tailing indicate that aqueous leaching of metals to the subsurface is negligible 
and that the tailing and associated residual solids are relatively non-reactive in water. 



 

 

Parcel 30 
Work Plan for Soil  
and Groundwater Characterization 

13 
May 23, 2014 

287013

N:\Projects\Freeport-McMoRan\287013 Parcel 30 Data Compilation, Evaluation\VRP Work Plan\FINAL 5-26-14\Parcel 30 Work Plan FINAL 5-26-14.doc 

3.4 Recommendations for Sampling 

 
The occurrence of the COCs in soil is well characterized in Area 1. Areas 2 and 3 were used for 
ore processing or were peripheral to the mill and access routes to the mill. Areas 2 and 3 need 
additional characterization to determine the extent of affected soil. Most of the northern half of 
Area 4 is undisturbed, but the western portion was the borrow source for the soil cover on the 
tailing impoundment and there is evidence of surface disturbance immediately north of the 
tailing impoundment that occurred after operation of the mill ceased. Area 4 needs additional 
characterization, but the level of effort should be greater on the disturbed ground than the 
undisturbed ground. Area 5 had no ore processing usage and previous sampling determined that 
soil concentrations were less than SRLs. For this reason, additional sampling is not 
recommended for Area 5.  
 
In Areas 2, 3, and 4 where there is some potential for land use associated with ore processing, 
samples should be collected to depth to verify the vertical extent of COCs. The depth of 
sampling should be determined in the field by conducting field analysis of COC concentrations 
in soil samples.  A maximum depth of 12 feet at any sample site is recommended because this is 
the greatest depth expected for a potential future use activity, such as installation of a sewer line. 
The wash north of the tailing impoundment in Area 4 should be sampled to determine COC 
concentrations and verify the results of prior sampling. 
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4. SCOPE OF WORK FOR SOIL AND GROUNDWATER CHARACTERIZATION 

4.1 Soil Characterization 

4.1.1 Sampling Locations 

Proposed soil sampling locations are shown on Figure 10. Discrete samples of 12-inch soil cores 
will be collected for the soil characterization. Samples will be collected at 12-inch depth 
increments using a hand auger, geoprobe or other methods. Sampling and analysis methods are 
described in Sections 4.1.2 and 4.1.3. The rationale for the sample locations, sample depth and 
sample spacing for each area are based on the conceptual model as described below. 
 

• Area 1 - Tailing Area: The extent of the former tailing impoundment and the magnitude 
of COCs in tailing, tailing cover, and the underlying native soil have been well 
characterized (Golder, 2009). Additional characterization work will be focused on 
defining the areal extent of COCs in soil between the tailing impoundment and Areas 2 
and 3. Soil samples will be collected continuously at 12-inch depth increments on a grid 
with 200-foot spacing contiguous with Areas 2 and 3. The sample spacing west of the 
tailing impoundment is based on the sample spacing and depth proposed below for Areas 
2 and 3.  The depth of sampling at each sample location will be determined in the field on 
the basis of field screening analyses for arsenic, lead, and manganese. 
 
Area 1 samples will be screened for arsenic, lead, and manganese in the field using a 
hand held x-ray fluorescence (XRF) analyzer. Arsenic, lead, and manganese 
concentrations will be determined for each 12-inch sample collected at each site.  The top 
two feet of soil will be sampled at each location (i.e., 0 to 12 inches and 12 to 24 inches).  
If the field screening does not detect concentrations in excess of SRLs  in the top two feet 
of soil, sampling at the location will be terminated.  If an SRL exceedance is detected in 
the top two feet of soil, sampling will continue to a depth of two feet below the deepest 
SRL exceedance.  Sampling will be limited to no deeper than 12 feet below land surface 
(bls).  All samples collected will be submitted for confirmatory laboratory analysis. 
 

• Areas 2 and 3 - Mill and Pole Areas: Area 2 contained the former mill complex and had 
exceedances of the lead rSRL in 4 of 10 soil samples (Table 2). Three of those 4 samples 
also had exceedances of the arsenic rSRL. Area 3 had mill traffic and a rail spur that 
supplied the mill. The level of milling activity in Area 3 is uncertain, but 2 of 6 soils 
samples there exceeded the lead rSRL, but not the arsenic SRL. In Area 2, samples that 
exceeded SRLs were from 6 to 12 inches bls, whereas samples from 0 to 6 inches bls did 
not exceed SRLs. The lower metals concentrations in the surface soil (0 to 6 inches bls) 
of Area 2 may be a result of burial by erosional deposits or soil imported during site 
reclamation.  
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Soil sampling to determine the lateral and vertical extent of COCs in Areas 2 and 3 will 
be conducted at 200-foot grid spacing, with the westernmost samples along the property 
boundary. Sampling in Areas 2 and 3 will use the same process of XRF field analysis to 
determine the vertical extent of sampling as described for Area 1.  
 

• Area 4 - North Area: The western portion of Area 4 was used as a borrow source for the 
tailing impoundment cover and a portion of the area north of the impoundment appears to 
have been disturbed. Previous sampling in Area 4 identified exceedances of the lead 
rSRL in 2 of 10 samples collected at three locations. The lead exceedances both occurred 
at a single location in the surface water drainage north of Area 1 where Hydrometrics 
(1999) observed “the tailing appeared to have eroded into the wash in this area prior to 
remedial activities.”  
 
Sampling to verify the lateral extent of COCs in Area 4 will be conducted at a variable 
spacing as shown on Figure 10. Because of the uncertain historical use of the areas of 
disturbed ground, transects of soil samples will be collected in the disturbed areas at the 
200-foot spacing as prescribed for Areas 2 and 3. Soil samples will be collected from the 
undisturbed area and the stream channel north of the tailing impoundment at a larger 
spacing than in the disturbed ground. Soil samples in the undisturbed area would be at 
spacings of approximately 200 to 400 feet between samples whereas samples of stream 
sediment would be collected at a 400 foot spacing (approximate).  Sampling in Area 4 
will use the same process of XRF field analysis to determine the vertical extent of 
sampling as described for Area 1. 

4.1.2 Sampling Methodology 

Appendix B contains a Sampling and Analysis Plan and a Quality Assurance Plan describing 
sampling methods. Samples may be collected by direct push coring methods (e.g. Geoprobe, 
split-spoon, etc.), hand augering, or some combination of these methods depending on soil 
characteristics, sample location access, or other site-specific conditions. Based on a preliminary 
field test it is expected that hand augering can be used to collect samples to a depth of 
approximately 3 feet. Direct push coring will be needed to collect samples deeper than 3 feet. 
Sampling tools and containers will be selected to minimize the potential for arsenic, lead, and 
manganese to be imparted to the sample from sampling equipment. Sampling tools will be 
routinely decontaminated.  All samples will be stored in doubled-bagged, heavy duty, half-gallon 
size ziploc™ bags. 
 
Samples will be described based on visual examination using the Unified Soil Classification 
System (ASTM D2487-11 Standard Practice for Classification of Soils for Engineering 
Purposes). After sample collection, the borings will be backfilled with surrounding soil and a pin 
flag with the boring number will be placed in the boring. Borings advanced deeper than 5 feet 
will be back filled with Portland cement or bentonite grout and marked with a pin flag. The pin 
flags will be located and mapped by a registered land survey with survey-grade GPS equipment. 
The surveyor will establish a benchmark so that the sample locations can be re-located.  
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XRF analyses will be used as a field screening tool to guide the investigation. Concentrations of 
lead, arsenic, and manganese will be measured in the field using a portable XRF calibrated for 
these metals as described in the SAP.  The field analyses will be conducted in a manner 
consistent with EPA Method 6200 and the instrument manufacturer’s instructions. 
 
XRF analyses will be used to determine the depth at which to stop sample collection.  Although 
the XRF analyzer is capable of quantitative determination of COC concentrations, lead interferes 
with arsenic analysis and causes a less precise arsenic determination (i.e. the arsenic detection 
limit increases as lead concentration increases). For this reason, lead and manganese will be the 
primary field indicators of COC concentrations. Relying on lead and manganese as the primary 
field indicators of COCs should adequately screen the samples because lead and manganese 
exceed their SRLs whenever arsenic exceeds the SRL, as shown by Figure 6. The results of field 
XRF analyses will be compared to laboratory analyses to determine the reliability of XRF results 
as described in Section 4.3.   Appendix B contains a Sampling and Analysis Plan and a Quality 
Assurance Plan describing field XRF analysis methods. 

4.1.3  Laboratory Analyses 

All samples will be stored and submitted to the laboratory in doubled-bagged, heavy duty, half-
gallon size ziploc™ bags. Samples will be submitted to an Arizona-certified environmental 
laboratory.  The laboratory will analyze the samples on an as received basis. The samples will be 
digested according to EPA Method 3050 and analyzed for arsenic, lead, and manganese by EPA 
Method 6010B. Field duplicates will be collected and analyzed according to the SAP.  Appendix 
B contains a Sampling and Analysis Plan and a Quality Assurance Plan describing laboratory 
analysis methods. 

4.2 Groundwater Characterization 

 
The groundwater characterization will consist of water level measurement, sampling of 
monitoring wells on Parcel 30, and assembling water quality data for the region around Parcel 
30. Monitoring wells AXABCO-1, AXABCO-2, and AXABCO-3 are accessible and require 
installation of a submersible pump for sampling. Well EP-1 has a pump and riser pipe in the 
well, but its operating status is uncertain. EP-2 is covered with a steel plate welded on the top of 
the surface casing. The availability of EP-1 and EP-2 for water level measurement will be 
determined in the field. Water levels will be collected at EP-1 and EP-2 if it is practicable to 
access them.  Groundwater sampling at EP-1 and EP-2 is not recommended given the unknown 
status of the wells and their lack of prior sampling history. Groundwater quality data for the area 
around Parcel 30 will be compiled from publicly available and, if possible, private sources to 
allow for a qualitative evaluation of background water quality. The amount of information 
potentially available is uncertain at this time. 
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4.2.1 Groundwater Monitoring 

Groundwater samples will be collected from AXABCO-1, AXABCO-2, and AXABCO-3, 
according to the SAP. The wells will be gauged to the nearest 0.01 foot and purged of three 
wetted well volumes prior to collection of samples. The samples will be filtered in the field using 
a 0.45 micron filter. The samples will be analyzed for field parameters (pH and electrical 
conductivity), nitrate, arsenic, and lead.  Nitrate is the only constituent that has historically 
exceeded an AWQS.  Arsenic and lead are metals that exceed SRLs and have an AWQS.  

4.2.2 Evaluation of Background Water Quality 

Data regarding background groundwater quality will be assembled from publically available and 
private sources. ADEQ drinking water compliance records, aquifer protection program 
submittals, and other sources of information will be reviewed. The evaluation will focus on 
nitrate as background component of groundwater, but other constituents will evaluated if data are 
available.  

4.3 Data Evaluation 

 
Laboratory analytical results for the soil samples will be tabulated and compared to SRLs. The 
lateral and vertical extent of soil exceeding SRLs will be depicted on a plan map and, if 
appropriate, cross sections. Site-wide and area-specific concentration ranges and arithmetic mean 
concentrations will be calculated. 
 
The quality of the field portable XRF (FPXRF) results will be evaluated by comparing paired 
XRF and laboratory analyses using a regression analysis, from which the correlation coefficient 
(r) will be determined. According to the EPA (2007), “the correlation coefficient (r) for the 
results should be 0.7 or greater for the FPXRF data to be considered screening level data. If the r 
is 0.9 or greater and inferential statistics indicate the FPXRF data and the confirmation data are 
statistically equivalent at a 99 percent confidence level, the data could potentially meet definitive 
level data criteria.”  The appropriateness of the XRF field screening results for use in selection of 
samples for laboratory analysis will be evaluated.  
 
Laboratory analytical results for groundwater samples will be tabulated and compared to 
AWQSs.  Depending on the types and amount of water quality data available from other sources, 
background water quality data may be presented in a tabulated format for comparison to the 
historical water quality data for Parcel 30 wells. 

4.4 Report Preparation 

 
A Site Investigation Report will be prepared after the field investigation and data evaluation are 
complete. The report will include a description of the field activities and the results of the soil 
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and groundwater characterization. Laboratory and XRF analytical results, statistical analyses, 
and comparisons to SRLs will be provided in a tabulated format. The sampling locations and the 
areal extent of SRL exceedances will be plotted on a site plan. The report will be submitted to 
the ADEQ VRP. Pending ADEQ’s concurrence that the nature and extent of contamination are 
adequately characterized, FM will meet with ADEQ to identify the next steps toward 
development of a remediation plan that will lead to a letter of completion or alternate closure 
document. 
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TABLE 1 
 Parcel 30 Chronology 

 
DATE ACTION 

1943 - 1959 Eagle Picher floatation mill operated by various owners for milling of lead-
zinc limestone replacement ores.  Ownership from 1943 to 1957 included 
Eagle Picher Mining and Smelting, Eagle Picher Company, and Eagle Picher 
Industries, Inc. 

1952 - 1955 Operations ceased. 
1955 Mill reopened by McFarland and Hullinger of Toole, UT under lease to Eagle 

Picher. 
1957 McFarland and Hullinger purchased the mill operation. 
1959 Mill permanently closed 

Mid-1960s The Anaconda Company purchased former mill site for groundwater rights. 
Late 1960s The Anaconda Company reclaimed mill site by removing buildings, capping 

the tailing pond with alluvium, planting native vegetation. 
1973  Amax Copper Mines, Inc. and The Anaconda Company formed Anamax 

Mining Company. 
1988 Anamax Mining Company dissolved.  Amax Arizona, Inc. and Anaconda 

Arizona, Inc. retain undivided 50% interest in Parcel 30. 
1989 Amax Arizona, Inc. and Anaconda Arizona, Inc. conducted cap maintenance 

including additions soil cover and installation of geotextile and riprap 
downdrains in gullies to control stormwater erosion from tailing. A fence was 
constructed around the entire site. 

1989 - 1990 Amax Arizona, Inc. and Anaconda Arizona, Inc. review mill site conditions 
with ADEQ and Pima County Health Department 

1991 Amax Arizona, Inc. and Anaconda Arizona, Inc. propose remedial plan to 
ADEQ.  ADEQ announces February 8 to March 8, 1991 public review period 
and comment period for a Remedial Action Plan for the Each Picher Mill 
Site. ADEQ holds public meeting on February 28, 1991 to review the 
proposed Remedial Action Plan. 

1993  Amax, Inc. and Cyprus Minerals Company merge to form Cyprus Amax 
Minerals Company 

May 17, 1996 Cyprus Sierrita Corporation requests ADEQ termination of Eagle Picher Mill 
Site Remedial Action Plan.  

1999 Phelps Dodge Corporation purchases Cyprus Amax Minerals Company 
April 30, 2001 Phelps Dodge Sierrita, Inc. submits groundwater data for 1994 through 1997 

to ADEQ along with copy of 1996 request to terminate Remedial Action 
Plan.  

March 30, 2006 Phelps Dodge Corporation discusses site closure and DEUR with ADEQ. 
2006  Freeport-McMoRan Copper & Gold purchases Phelps Dodge Corporation. 

 
     Key References:  

1. Amax Arizona, Inc. and Anaconda Arizona, Inc. (1990) 
2. ADEQ (1991)  

 



TABLE 2
Soil Analyses by Hydrometrics (1999)

Area Sample ID

Depth 

Below 

Surface 

(inches)

As 

(mg/Kg)

Cd 

(mg/Kg)

Pb 

(mg/Kg)

Zn 

(mg/Kg)

10 39 400 23,000

10 510 800 310,000

T-1A 0-6 <5.0 1.3 88 150

T-1B 6-12 5.8 4.2 500 740

T-2A 0-6 <5.0 2.0 150 290

T-2B 6-10 14 22 3,400 4,800

T-3A 0-6 5.2 1.1 26 58

T-3B 6-10 14 8.7 2,100 2,200

T-4A 0-6 <5.0 2.6 200 450

T-4B 6-12 8.0 5.5 570 1,100

T-5A 0-6 <5.0 1.8 55 110

T-5B 6-18 <5.0 2.6 100 330

M-1A 0-6 <5.0 1.9 68 150

M-1B 6-12 27 75 14,000 14,000

M-2A 0-6 <5.0 1.3 28 83

M-2B 6-12 12 23 3,300 5,500

M-3A 0-6 <5.0 1.7 17 66

M-3B 6-12 <5.0 1.6 19 55

M-4A 0-6 <5.0 1.3 17 44

M-4B 6-12 9.9 34 5,600 8,200

M-5A 0-6 <5.0 2.7 220 390

M-5B 6-12 20 11 7,200 2,500

P-1A 0-6 5.8 6.6 760 1,100

P-1B 6-12 10 7.1 470 2,200

P-2A 0-6 <5.0 2.9 270 560

P-2B 6-12 <5.0 3.3 360 660

P-3A 0-6 <5.0 2.7 290 490

P-3B 6-12 <5.0 2.4 170 350

D-1A 0-6 <5.0 0.80 13 29

D-1B 6-12 <5.0 1.7 120 230

D-2A 0-6 <5.0 0.69 23 22

D-2B 6-12 <5.0 1.7 110 260

D-3A 0-6 9.8 18 3,100 3,700

D-3B 6-12 6.0 14 2,600 3,000

B-1A 0-6 <5.0 2.7 220 360

B-1B 6-12 <5.0 1.3 28 63

B-2A 0-6 <5.0 3.2 240 470

B-2B 6-12 <5.0 1.5 41 91

R-1A 0-6 <5.0 1.4 36 75

R-1B 6-12 <5.0 1.1 13 31

R-2A 0-6 <5.0 1.9 120 210

R-2B 6-12 <5.0 1.2 26 62

R-3A 0-6 <5.0 1.5 18 50

R-3B 6-12 <5.0 0.96 7.8 24

S-1A 0-6 <5.0 1.3 20 52

S-2A 0-6 <5.0 1.4 16 40

S-3A 0-6 <5.0 1.5 9.1 32

S-4A 0-6 <5.0 1.7 15 49

S-5A 0-6 5.1 1.8 17 53

47 47 47 47

27 75 14,000 14,000

7 1 12 0

7 0 8 0

Notes:

indicates concentration exceeds rSRL

mg/Kg = milligrams per Kilogram

rSRL = residential Soil Remediation Level

nrSRL = non-residential Soil Remediation Level

rSRL

nrSRL

Area 1

(Impoundment 

Area)

Area 2 

(Mill Site Area)

Area 3

(Pole Area)

Number Analyses > nrSRL

Area 4

(North Area)

Area 5 

(South Area)

Number Analyses

Maximum Concentration

Number Analyses >rSRL
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TABLE 3
Total Metals Analytical Results for Soil Samples in Area 1

(Data from Golder [2009])

Sample ID
Paste pH
(standard 

units)

Specific 
Conductance
(mmhos/cm)

Aluminum
(mg/kg)

Antimony
(mg/kg)

Arsenic
(mg/kg)

Barium
(mg/kg)

Beryllium
(mg/kg)

Boron
(mg/kg)

Cadmium
(mg/kg)

Chromium1

(mg/kg)
Cobalt

(mg/kg)
Copper
(mg/kg)

Fluoride
(mg/kg)

Lead
(mg/kg)

Manganese
(mg/kg)

Mercury
(mg/kg)

Molybdenum
(mg/kg)

Nickel
(mg/kg)

Selenium
(mg/kg)

Silver
(mg/kg)

Strontium
(mg/kg)

Thallium
(mg/kg)

Tin
(mg/kg)

Vanadium
(mg/kg)

Zinc
(mg/kg)

76,000 31 10 15,000 150 16,000 39 30 900 3,100 3,700 400 3,300 23 390 1,600 390 390 47,000 5.2 47,000 78 23,000
920,000 410 10 170,000 1,900 200,000 510 65 13,000 41,000 37,000 800 32,000 310 5,100 20,000 5,100 5,100 610,000 67 610,000 1,000 310,000

P30-BH-001 7.35 2.80 4,170  <0.36 17.0 28.5 0.630 8.70 15.3 16.2 13.2 1,060 2.88 4,860 8,050 0.028 31.4 8.50  <1.1 10.2 70.5 1.50  <0.9 12.8 5,540
P30-BH-002 7.46 2.60 4,160  <0.36 20.3 33.7 0.700 27.0 26.5 13.5 18.4 991 2.27 5,260 6,420 0.055 37.4 9.00  <1.1 11.1 61.3 1.30  <0.9 13.6 8,500
P30-BH-003 7.48 2.70 4,970 0.940 19.7 22.0 0.660 7.10 13.9 17.8 13.7 808 2.73 4,890 9,040 0.035 34.8 11.1  <1.1 9.20 63.7 1.70  <0.9 16.4 5,250
P30-BH-004 5.83 5.60 3,820  <0.36 61.2 12.5 0.590 3.80 66.9 9.60 23.5 2,130 23.0 7,080 10,700 0.170 31.7 7.80  <1.1 18.6 34.1 2.80  <0.9 17.9 17,700
P30-BH-005 7.36 2.70 5,660  <0.36 34.5 23.6 0.810 5.90 19.5 14.1 16.3 921 3.76 4,610 13,000 0.073 26.5 7.30  <1.1 10.1 51.8 2.10  <0.9 23.0 6,620
P30-BH-006 7.47 2.40 3,970 0.380 17.2 29.9 0.640 8.40 34.2 12.8 13.6 1,360 2.68 6,110 8,560 0.070 43.3 7.50  <1.1 15.9 65.3 1.30  <0.9 12.9 13,200
P30-BH-007 7.41 2.60 5,090  <0.36 21.0 28.8 0.650 41.4 35.6 15.3 14.2 1,330 2.25 5,330 6,890 0.060 38.9 10.7  <1.1 11.8 62.5 1.00 J  <0.9 14.9 13,500
P30-BH-008 7.38 2.70 3,500  <0.36 20.0 45.5 0.600 22.8 33.5 9.90 19.2 1,460 3.43 5,380 7,320 0.100 31.0 5.50  <1.1 12.4 49.2 1.50  <0.9 10.5 8,880
P30-BH-009 7.36 2.50 3,250  <0.36 16.3 20.8 0.600 9.90 39.9 8.20 18.8 1,760 3.11 8,130 9,030 0.087 27.1 3.00  <1.1 12.6 46.0 2.40  <0.9 9.50 14,400
P30-BH-010 7.42 1.90 3,720  <0.36 15.0 15.8 0.600 10.5 10.6 8.80 9.80 654 1.65 3,530 9,390 0.047 24.5 2.10  <1.1 7.60 66.5 1.30  <0.9 10.0 3,750
P30-BH-011 7.45 2.60 4,250  <0.36 22.2 35.9 0.720 29.0 34.6 13.4 19.3 1,300 1.00 6,260 8,050 0.072 43.3 9.30  <1.1 13.1 62.3 2.00  <0.9 14.5 13,400
P30-BH-012 7.47 2.70 3,250  <0.36 17.3 8.60 0.790 6.30 11.7 10.3 14.1 1,050 4.07 4,630 11,400 0.037 48.0 4.70  <1.1 7.50 72.2 1.50 1.300 11.5 4,520
P30-BH-013 7.41 2.60 7,330  <0.36 78.8 25.3 6.300 9.70 35.7 19.8 14.8 1,130 4.32 3,940 7,420 0.052 39.6 6.90  <1.1 10.6 63.2 1.10  <0.9 17.4 9,540
P30-BH-014 7.33 2.10 4,180  <0.36 18.0 58.1 0.650 12.8 18.6 14.4 13.0 643 1.74 4,400 7,400 0.063 40.1 7.60  <1.1 8.30 63.8 1.30  <0.9 17.9 6,620
P30-BH-015 7.48 3.00 4,320 0.470 17.2 27.6 0.670 20.7 20.1 13.6 12.5 709 2.81 3,370 6,860 0.060 30.0 5.60  <1.1 7.50 56.3 2.00  <0.9 12.1 5,360
P30-BH-016 7.38 2.50 5,810 0.590 16.0 44.5 0.790 13.2 23.4 13.4 14.1 1,050 4.82 5,270 7,860 0.055 30.3 7.70  <1.1 10.1 56.3 1.20  <0.9 17.0 9,010
P30-BH-017 7.41 2.60 3,670  <0.36 18.0 26.5 0.610 10.8 25.8 9.50 15.1 1,040 2.31 4,740 6,980 0.120 30.2 2.40  <1.1 10.5 49.2 1.70  <0.9 10.7 6,580
P30-BH-018 7.40 3.10 3,260  <0.36 16.4 21.8 0.620 9.10 25.8 8.50 14.7 964 3.35 5,050 7,690 0.065 34.3 2.80  <1.1 10.6 50.8 1.80  <0.9 9.60 6,670
P30-BH-019 7.40 2.60 3,270  <0.36 42.4 11.9 0.790 7.80 19.4 7.90 11.7 852 4.37 5,450 10,000 0.053 23.7 1.60  <1.1 7.50 46.9 1.80  <0.9 9.60 7,020
P30-BH-020 7.36 2.90 3,700  <0.36 14.6 20.5 0.650 14.9 18.5 9.00 11.7 756 2.68 4,150 8,180 0.047 27.4 2.40  <1.1 7.80 53.0 1.80  <0.9 9.90 6,200

P30-BH-003 7.41 2.09 5,740 0.870 10.0 67.9 0.740 7.70 9.00 11.4 10.5 553 5.26 2,140 3,830 0.010 17.6 2.00  <1.1 5.10 49.8 2.20  <0.9 19.0 2,500
P30-BH-006 7.49 2.47 3,810  <0.36 107 26.5 0.660 8.40 36.9 11.1 18.3 1,320 1.46 5,750 8,410 0.160 26.1  <0.19  <1.1 15.8 47.8 5.30  <0.9 14.4 12,200

P30-BH-001 7.44 1.95 6,670 0.700 13.2 58.2 0.800 6.00 12.5 16.4 10.5 838 4.32 3,290 3,680 0.260 21.8 6.60  <1.1 7.90 54.0 1.30 2.20 20.8 3,540
P30-BH-002 7.56 2.18 3,860  <0.36 17.5 31.2 0.680 18.9 27.0 12.8 16.1 827 1.01 4,600 7,000 0.077 39.6  <0.19  <1.1 10.3 67.5 3.20  <0.9 11.9 6,530
P30-BH-004 7.61 3.46 5,380 0.69 J 21.2 36.2 0.630 3.30 29.6 9.60 8.40 875 2.31 3,850 13,700 0.100 8.2  <0.19  <1.1 9.50 38.4 5.20  <0.9 24.0 8,930
P30-BH-005 7.48 1.03 7,170 0.720 3.80 90.0 0.780 2.30 0.06 6.40 5.60 125 4.39 45 594 0.022 1.7 3.70  <1.1  <0.095 28.3 0.30  <0.9 28.2 202
P30-BH-007 7.37 2.47 3,340  <0.36 36.5 13.6 0.630 23.3 33.9 10.0 20.5 1,190 1.12 4,170 8,140 0.023 26.0  <0.19  <1.1 9.20 44.2 3.90  <0.9 13.4 11,100
P30-BH-008 6.90 3.12 3,410  <0.36 81.2 97.9 0.950 13.5 49.2 8.00 17.3 2,620 39.3 7,330 8,340 0.340 20.6  <0.19  <1.1 19.1 41.1 4.20  <0.9 11.1 14,500
P30-BH-009 7.44 2.38 3,690 0.800 80.3 22.2 0.770 7.40 30.0 7.20 17.6 1,430 2.11 4,520 6,540 0.130 16.7  <0.19  <1.1 10.1 39.6 3.60  <0.9 13.4 10,600
P30-BH-010 7.38 2.85 3,950  <0.36 14.8 105 0.750 9.40 32.4 8.30 11.3 640 2.32 4,920 8,800 0.180 34.3  <0.19  <1.1 9.70 58.1 4.80  <0.9 9.10 6,460
P30-BH-011 7.45 2.30 3,220  <0.36 14.7 23.6 0.620 7.80 28.4 6.80 14.9 737 1.15 4,930 6,990 0.040 28.3  <0.19  <1.1 8.30 45.1 3.90  <0.9 8.90 6,890
P30-BH-012 7.11 2.27 5,470 0.610 81.9 36.7 0.790 5.30 56.1 8.30 17.6 1,710 7.93 5,190 9,070 0.200 15.3  <0.19  <1.1 20.9 28.9 6.00  <0.9 23.9 15,600
P30-BH-013 7.33 2.80 3,660 0.530 43.1 17.5 0.910 7.70 20.0 7.80 11.7 1,760 3.88 2,950 6,460 0.052 15.6  <0.19  <1.1 7.20 42.3 3.70  <0.9 12.1 5,080
P30-BH-014 7.39 2.70 3,420  <0.36 16.5 17.6 0.660 14.0 30.3 9.10 15.1 1,010 1.32 4,310 7,870 0.078 29.9  <0.19  <1.1 7.80 50.5 4.10  <0.9 9.00 8,110
P30-BH-015 7.24 2.50 3,680 0.790 28.0 10.9 0.540 8.90 20.1 7.70 10.2 621 1.92 3,920 7,770 0.075 21.2  <0.19  <1.1 5.80 47.4 4.10  <0.9 9.80 5,190
P30-BH-016 7.31 3.30 4,150  <0.36 21.1 21.7 0.660 7.70 20.3 8.10 12.4 610 1.62 3,410 8,290 0.073 27.1  <0.19  <1.1 6.40 47.9 4.40  <0.9 9.30 4,770
P30-BH-017 7.51 2.80 3,350  <0.36 13.3 51.9 0.680 18.7 30.0 7.30 16.4 1,540 2.20 4,990 7,010 0.065 26.6  <0.19  <1.1 8.40 38.5 4.10  <0.9 10.1 6,710
P30-BH-018 7.31 3.40 3,380  <0.36 13.9 7.30 0.590 19.0 20.2 8.50 12.0 624 1.30 3,660 9,270 0.037 23.6  <0.19  <1.1 6.30 56.4 4.40  <0.9 8.20 4,930
P30-BH-019 7.49 3.30 3,130 0.410 14.1 65.9 0.630 7.00 21.2 8.70 10.2 1,020 1.96 4,780 9,470 0.047 22.5  <0.19  <1.1 7.70 59.5 4.40  <0.9 8.50 4,760
P30-BH-020 7.11 3.00 3,320 0.950 15.5 13.6 0.590 6.80 13.8 7.80 8.00 408 2.04 2,870 9,210 0.057 22.2  <0.19  <1.1 4.80 63.7 4.70  <0.9 8.10 3,490

P30-BH-003 7.47  <1 8,440 1.20 3.8 106 0.860 2.30  <0.053 6.80 6.20 55.2 2.59 19.1 529 0.032 2.30 6.60  <1.1  <0.095 43.1  <0.28  <0.9 26.0 62.1
P30-BH-006 7.53  <1 5,620 0.590 3.6 66.2 0.590 1.30  <0.053 5.60 4.30 95.0 4.20 33.1 407 0.027 1.90 4.50  <1.1 0.120 15.4  <0.28  <0.9 25.0 114

P30-BH-004 7.52  <1 8,670 0.980 4.80 117 0.860 1.90  <0.053 6.70 6.30 57.3 1.29 67.4 642 0.033 1.80 6.60  <1.1  <0.095 62.7  <0.28  <0.9 28.9 175
P30-BH-005 7.57  <1 8,410 0.780 4.20 112 0.810 1.80  <0.053 6.90 6.30 63.9 1.73 16.6 539 0.027 1.80 6.40  <1.1  <0.095 54.4  <0.28  <0.9 27.4 66.1
P30-BH-007 7.49  <1 5,960 0.530 3.60 79.5 0.630 1.60 0.520 5.80 4.80 241 5.72 98.0 562 0.025 1.50 5.20  <1.1  <0.095 20.4  <0.28  <0.9 24.6 310
P30-BH-008 7.47  <1 6,930 1.10 4.10 94.7 0.710 3.30 0.200 6.30 5.50 147 3.76 103 536 0.023 1.60 3.00  <1.1  <0.095 37.1 0.380  <0.9 26.0 219
P30-BH-009 7.41  <1 8,580 0.960 5.40 88.4 0.800 2.90  <0.053 6.70 5.70 165 6.83 47.5 782 0.025 1.50 5.80  <1.1  <0.095 35.7  <0.28  <0.9 24.7 393
P30-BH-010 7.12 2.89 5,620 0.700 23.2 50.8 0.900 12.4 31.1 10.4 10.0 696 1.76 J 5,290 9,440 0.130 26.8  <0.19  <1.1 8.10 70.3 5.9 J  <0.9 13.2 11,300 J

P30-BH-011 7.50  <1 7,050 0.700 3.40 91.7 0.680 2.60  <0.053 6.00 5.00 64.8 2.39 16.7 475 0.033 1.30 5.40  <1.1  <0.095 37.2  <0.28  <0.9 24.6 56.2
P30-BH-012 7.55  <1 8,240 0.730 4.10 126 0.820 2.30  <0.053 6.30 6.00 76.9 3.86 18.9 587 0.027 1.50 6.10  <1.1  <0.095 36.6  <0.28  <0.9 25.2 61.7
P30-BH-013 7.61  <1 8,160 0.690 3.90 98.2 0.830 2.60  <0.053 6.40 5.80 46.9 3.35 18.1 541 0.025 1.80 5.80  <1.1  <0.095 39.1 0.290  <0.9 25.2 64.6
P30-BH-015 7.67  <1 6,510 0.730 3.30 89.7 0.650 1.90  <0.053 6.00 4.60 30.1 1.68 25.2 405 0.018 1.40 5.00  <1.1  <0.095 32.7 0.470  <0.9 24.9 64.2
P30-BH-016 7.68  <1 7,130 0.600 3.50 79.1 0.690 1.90  <0.053 6.10 4.90 56.9 2.16 52.4 476 0.023 1.60 5.00  <1.1  <0.095 34.2  <0.28  <0.9 24.2 102
P30-BH-017 7.54  <1 7,800 0.560 3.90 102 0.820 3.70 0.520 6.70 6.50 114 2.21 139 800 0.018 1.80 6.20  <1.1  <0.095 36.0 0.300  <0.9 25.8 242
P30-BH-018 7.32 3.42 4,730  <0.36 10.3 79.8 0.880 5.80 17.4 7.40 9.70 471 3.89 2,490 5,950 0.083 18.0 0.930  <1.1 4.90 47.6 3.00  <0.9 14.4 3,890
P30-BH-019 7.42  <1 8,360 0.530 3.60 110 J 0.790 3.10  <0.053 6.80 6.20 68.1 4.15 22.9 541 0.027 1.00 6.20  <1.1 0.570 39.8 0.350  <0.9 26.0 75
P30-BH-020 7.41 1.28 3,980 1.20 14.1 33.5 0.520 2.20 6.40 6.20 5.50 196 2.67 1,550 4,890 0.048 12.7  <0.19  <1.1 2.90 40.4 1.90  <0.9 14.6 1,770

P30-BH-001 7.56 1.20 7,630 0.940 4.60 80.4 0.730 2.50 0.970 8.50 6.30 111 3.30 525 1,030 0.030 4.40 5.60  <1.1 0.940 46.2 0.620  <0.9 26.9 441
P30-BH-002 7.56  <1 7,950 0.990 4.40 89.6 0.790 3.90  <0.053 6.40 6.00 91.0 1.77 68.9 559 0.030 1.60 5.50  <1.1  <0.095 51.3  <0.54 0.980 25.0 150
P30-BH-014 7.24 2.35 3,160 2.80 32.8 16.3 0.500 7.70 26.0 6.50 10.3 1,130 1.84 5,850 6,660 0.028 J 17.6  <0.19 5.80 8.00 48.4 3.50  <0.9 10.6 6,630

P30-BH-008 7.53  <1 7,950 1.00 3.60 106 0.820 2.90  <0.053 6.40 6.10 70.5 2.44 17.6 522 0.023 1.60 5.60  <1.1  <0.095 43.4  <0.28  <0.9 25.6 58.9
P30-BH-010 7.54  <1 9,460 1.20 4.10 120 0.880 2.40  <0.053 7.40 6.30 59.6 1.97 51.0 595 0.027 1.90 6.60  <1.1  <0.095 40.6 0.290  <0.9 29.4 106
P30-BH-018 7.50  <1 7,840 0.450 3.70 102 0.760 4.20  <0.053 6.50 6.10 41.8 1.01 40.1 563 0.022 1.50 6.70  <1.1  <0.095 47.4  <0.28 1.40 27.1 88.3
P30-BH-020 7.51  <1 7,320  <0.36 4.50 85.4 0.730 2.80  <0.053 6.60 5.60 40.2 1.16 53.3 561 0.028 1.40 6.10  <1.1  <0.095 35.3 1.20  <0.9 26.4 105

P30-BH-001 7.60  <1 7,100 0.980 2.80 83.4 0.720 2.20  <0.053 6.30 6.00 35.0 4.42 16.0 502 0.017 1.60 5.90  <1.1  <0.095 43.2  <0.28  <0.9 24.9 53.5
P30-BH-014 7.55  <1 8,610 0.650 4.30 106 0.850 3.20  <0.053 6.60 6.30 40.4 2.33 18.1 663 0.050 1.70 6.80  <1.1  <0.095 57.7  <0.28  <0.9 25.8 58.9

3,130 <0.36 2.80 7.30 0.500 1.30 <0.053 5.60 4.30 30.1 1.00 16.0 405 0.010 1.00 <0.19 <1.1 <0.095 15.4 <0.28 <0.9 8.10 53.5
9,460 2.80 107 126 6.300 41.4 66.9 19.8 23.5 2,620 39.3 8,130 13,700 0.340 48.0 11.1 5.80 20.9 72.2 6.00 2.20 29.4 17,700

66 66 66 66 66 66 66 66 66 66 66 66 66 66 66 66 66 66 66 66 66 66 66
0 0 43 0 0 0 4 0 0 0 0 44 43 0 0 0 0 0 0 4 0 0 0
0 0 43 0 0 0 0 0 0 0 0 43 0 0 0 0 0 0 0 0 0 0 0

Notes: >Arizona Residential SRL
Paste pH and specific conductance have no SRL > Arizona Residential SRL and Arizona Non-Residential SRL
SRL = Soil Remediation Level
mg/kg = milligrams per kilogram
< = concentration is less than the practical quantitation limit
J = denotes an estimated quantity
1 = value for hexavalent chromium

15-20'

15-25'

Arizona Residential SRL (mg/kg)
Arizona Non-Residential SRL (mg/kg)

0-5'

5-10'

5-15'

10-15'

Minimum
Maximum

Number of Samples > Residential SRL
Number of Samples > Non-Residential SRL

20-25'

25-30'

Number of Samples
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TABLE 4
Parcel 30 Well Information

from Arizona Department of Water Resources Well Registry

WELL ADWR 55 
REGISTRY INSTALLATION

WELL 
DEPTH 
(ft bls)

CASING 
DEPTH 
(ft bls)

WELL 
CASING 

DIAMETER 
(inches)

WELL 
CASING 

MATERIAL

DEPTH 
OF TOP 

OF 
SCREEN 

(ft bls)

DEPTH OF 
BOTTOM 

OF 
SCREEN   

(ft bls)

UTM X 
(meters)

UTM Y 
(meters)

MEASURING 
POINT 

ELEVATION 
(ft amsl)

OWNER NAME

AXABCO-1 532627 23-Aug-91 260.00 258.00 4.50 Sch 80 PVC Built Info Info 502760.60 3535265.00 2734.37 CYPRUS AMAX MINERALS,
AXABCO-2 532628 25-Aug-91 230.00 225.00 4.50 Sch 80 PVC Built Info Info 502364.20 3535266.00 2759.22 CYPRUS AMAX MINERALS,
AXABCO-3 537958 18-Mar-93 207.00 205.00 5.00 Sch 80 PVC 100.00 160.00 502562.90 3535064.00 2743.22 CYPRUS AMAX MINERALS,

EP-1 608604 NAV 217.00 0.00 10.00 Steel Built Info Info 502164.20 3534865.00 NAV ANAMAX MINING CO,
EP-2 634340 NAV NAV NAV NAV NAV Built Info Info 502164.80 3535066.00 NAV ANAMAX MINING CO,

TOWN OF SAHUARITA 911397 NAV NAV NAV NAV NAV NAV NAV 502861.00 3534960.00 NAV TOWN OF SAHUARITA, ATTN: JOEL HARRIS

F.I.C.O. 913105 NAV NAV NAV NAV NAV NAV NAV 502861.00 3534960.00 NAV F.I.C.O.

NAV = Not Available
ft bls = feet below land surface
UTM = Universal Transverse Mercator
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TABLE 5
Groundwater Elevations Parcel 30 Monitoring Wells

TOC Elevation 2734.37 TOC Elevation 2759.22 TOC Elevation 2743.22
Depth To Water 

(feet)
Elevation       
(feet amsl)

Depth To Water 
(feet)

Elevation      
(feet amsl)

Depth To Water 
(feet)

Elevation        
(feet amsl)

Aug-91 1 175.00 2559.37 213 2546.22 NA  
Nov-91 1 172.88 2561.49 201.12 2558.1 NA  
Jan-92 1 171.33 2563.04 200.8 2558.42 NA  

Mar-92 1 169.77 2564.60 199.79 2559.43 NA  
May-92 1 171.83 2562.54 200.72 2558.5 NA  

Jul-92 1 172.86 2561.51 201.41 2557.81 NA  
Nov-92 1 172.68 2561.69 201.71 2557.51 NA  
Jan-93 1 170.64 2563.73 201.19 2558.03 NA  

Mar-93 1 152.00 2582.37 194.96 2564.26 158.90 2584.32
May-93 1 154.16 2580.21 194.02 2565.2 159.32 2583.9

Jul-93 1 158.79 2575.58 194.91 2564.31 162.47 2580.75
Sep-93 1 160.82 2573.55 195.68 2563.54 164.56 2578.66
Oct-93 1 161.53 2572.84 195.59 2563.63 164.92 2578.3
Apr-94 1 159.74 2574.63 194.51 2564.71 164.19 2579.03
Oct-99 2   183.3 2559.92
Jan-07 2 177.22 2557.15 205.85 2553.37 181.6 2561.62

Aug-07 2   204.8 2554.42 180.3 2562.92
Nov-08 2 174.40 2559.97 201.88 2557.34 178.95 2564.27

TOC = Top of casing
feet amsl = feet above mean sea level
NA = Not Sampled
1 - Adrian Brown (1994)
2 - FM database

Data SourceDate

AXABCO-1 AXABCO-2 AXABCO-3
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TABLE 6
Groundwater Quality Data

Fi
el

d 
pH

 
(S

U
)

Fi
el

d 
C

on
du

ct
iv

ity
 

(µ
m

ho
s/

cm
)

A
lk

al
in

ity
 H

yd
ro

xi
de

as
 C

aC
O

3

A
lk

al
in

ity
 B

ic
ar

bo
na

te
as

 C
aC

O
3

A
lk

al
in

ity
 C

ar
bo

na
te

 
as

 C
aC

O
3

A
lk

al
in

ity
 

T
ot

al
as

 C
aC

O
3

C
ya

ni
de

C
hl

or
id

e

Fl
uo

ri
de

N
itr

at
e 

as
 N

N
itr

ite
 a

s N

N
itr

at
e 

+ 
N

itr
ite

 a
s N

Su
lfa

te

T
D

S 
(m

ea
su

re
d/

ca
lc

ul
at

ed
)

A
nt

im
on

y,
 D

is
so

lv
ed

A
rs

en
ic

, D
is

so
lv

ed

A
rs

en
ic

, T
ot

al

B
ar

iu
m

, D
is

so
lv

ed

B
ar

iu
m

, T
ot

al

B
er

yl
liu

m
, D

is
so

lv
ed

C
ad

m
iu

m
, D

is
so

lv
ed

C
ad

m
iu

m
, T

ot
al

C
al

ci
um

, D
is

so
lv

ed
 

C
al

ci
um

, T
ot

al

C
hr

om
iu

m
, D

is
so

lv
ed

C
hr

om
iu

m
 T

ot
al

C
ob

al
t, 

D
is

so
lv

ed

C
op

pe
r,

 D
is

so
lv

ed

C
op

pe
r,

 T
ot

al

Ir
on

, D
is

so
lv

ed

Ir
on

, T
ot

al

L
ea

d,
 D

is
so

lv
ed

0.2 4 10 1 10 0.006 0.05 2 0.004 0.005 0.1 0.05

AXABCO-1 8/1/91 7.1 1100 255 <1 209 <0.02 56 0.04 8.2 <0.01 211 701 <0.05 0.09 <0.005 129 <0.01 <0.01 0.04 <0.05
AXABCO-1 3/1/92 7.1 1300 245 <4 204 <0.007 77.8 0.44 15.1 <0.2 370 997 <0.005 0.093 <0.0007 175 0.004 <0.003 0.018 <0.02
AXABCO-1 3/1/92 S  251 <1 206 <0.02 76 0.3 15 <0.01 378 968 <0.05 0.12 <0.005 181 <0.01 <0.01 <0.03 <0.05
AXABCO-1 11/1/92 7.6 1200 238 <4 193 <0.007 79.1 0.44 11.5 <0.2 353 734 0.005 0.108 <0.0007 164 <0.003 0.007 0.011 <0.02
AXABCO-1 11/1/92 D  238 <4 194 <0.007 79.3 0.45 11.6 <0.2 339 912 0.005 0.105 <0.0007 152 <0.003 0.005 0.008 <0.02
AXABCO-1 3/1/93 7.2 1300 240 <2.6 208 <0.007 75.6 0.29 13.7 <0.2 350 887 0.006 0.008 0.08 0.081 <0.0007 <0.0007 183 184 <0.003 <0.003 0.004 0.012 0.025 0.029 <0.02
AXABCO-1 3/1/93 D  259 <2.6 212 <0.007 74.8 0.28 13.5 <0.2 346 925 0.006 0.006 0.077 0.085 <0.0007 <0.0007 169 179 <0.003 <0.003 0.006 0.009 0.02 0.032 <0.02
AXABCO-1 10/26/93 7.3 1200 197 <1 200 <0.007 76.1 0.35 10.7 <0.2 NA 900 <0.005 0.121 <0.007 164 <0.03 <0.04  <0.02 <0.05
AXABCO-1 4/12/94 7.0 1100 214 <1 200 <0.01 40 0.3 6.62 <0.02 310 765 0.01 0.053 <0.003 115 0.031 0.327 0.049 <0.03
AXABCO-1 4/11/95 <0.01 39.94 0.31 8.39 <0.01 215 <0.005 <0.005 <0.01 <0.01 <0.001 <0.001 <0.002 <0.002 <0.001
AXABCO-1 5/22/96 <0.01 51.3 0.38 10.5 <0.02 212 <0.005 <0.1 <0.001 <0.01 <0.001
AXABCO-1 7/3/97 <2 <0.01 82 0.5B 12.6 <0.01 330 0.005 0.005B 0.09 0.094 <0.0005* <0.0006 <0.01 0.01B <0.01 <0.001
AXABCO-1 12/31/97 <2 13.4 <0.05 13.4 340 0.005 <0.0005 <0.01 <0.001
AXABCO-1 6/26/98 <2  11.7 300 <0.0004 0.007 <0.0002 <0.0004 <0.01 <0.01 <0.0004
AXABCO-1 3/25/99 na 0.005 <0.003 <2** <0.01 <0.01 <0.04
AXABCO-1 10/13/99 <2 7 220 0.007 <0.0002 <0.0002 <0.01 <0.01 <0.0002
AXABCO-1 3/27/03 7.6 <2 183 <2 72 0.4B  12.1 300 840/750 <0.0002 0.0052 0.057 <0.0001 <0.0001 150  <0.01 <0.01 <0.01 0.0002B
AXABCO-1 8/14/03 7.9H <2 188 <2 73 0.4B  10.9 340 870/787 0.0003B 0.00365 0.044 <0.0001 <0.0001 156  <0.01 <0.01 <0.02 <0.0001

AXABCO-2 8/1/91 7.4 1200 183 <1 <0.02 77 0.6 10.5 <0.01 222 355 <0.05 0.08 <0.005 117 <0.01 <0.01 <0.03 <0.05
AXABCO-2 3/1/92 7.9 900 182 <4 <0.007 63.4 0.61 9.18 <0.2 194 621 0.005 0.051 <0.0007 94.9 <0.003 <0.004 0.055 <0.02
AXABCO-2 11/1/92 7.8 800 172 <4 <0.007 53.6 0.72 6.36 <0.2 167 544 0.007 0.057 <0.0007 86.7 <0.003 0.006 0.013 <0.02
AXABCO-2 3/1/93 7.3 1100 186 <2.6 <0.007 63.4 0.46 12.2 <0.2 267 754 0.006 0.009 0.071 0.072 <0.0007 <0.0007 116 119 <0.003 <0.003 <0.01 0.006 0.013 0.059 0.136 <0.02
AXABCO-2 4/12/94 7.4 1300 162 <1 152 <0.01 84 0.46 9.83 <0.2 510 855 0.007 0.009 0.054 0.095 <0.003 <0.003 131 138 <0.006 0.008 0.005 0.005 0.031 0.538 <0.03
AXABCO-2 4/12/94 D  156 <1 140 <0.01 84 0.49 14.9 <0.2 325 860 0.007 0.008 0.065 0.099 <0.003 <0.003 121 143 <0.006 0.008 0.013 0.031 0.340 0.450 <0.03
AXABCO-2 4-42-94 S  210 <5 <0.01 87 0.5 270 790 0.0049 0.0068 0.078 0.086 <0.0001 <0.0001 120 120 <0.001 0.0086 0.0018 0.0052 <0.020 0.59 <0.001
AXABCO-2 4/12/95 <0.01 73.6 0.41 12.59 <0.01 280 <0.005 <0.005 <0.01 <0.01 <0.001 <0.001 <0.002 <0.002 <0.001
AXABCO-2 5/22/96 <0.01 54.8 0.48 9.7 <0.02 230 <0.005 <0.1 <0.001 <0.01 <0.001
AXABCO-2 7/2/97 <2 <0.01 46 0.7 5.9 <0.01 180 0.008 0.008E 0.06 0.57 <0.0005* <0.0006 0.01B <0.01 <0.01 <0.01 <0.001
AXABCO-2 7/2/97 D 0.008 0.001
AXABCO-2 12/30/97 <2 4.6 <0.05 4.6 130 0.009 <0.0005 <0.01 <0.01 <0.01 <0.001
AXABCO-2 12/30/97 D 0.007 <0.001
AXABCO-2 6/26/98 <2 3.86 120 <0.0004 0.008 <0.0002 <0.0004 <0.01 <0.01 <0.0004
AXABCO-2  3/25/1999 0.008 <0.003 <2** <0.01 <0.01 <0.04
AXABCO-2  10/13/1999 <2 10.2 110 <0.0004 0.01 <0.0002 <0.0002 <0.01 <0.01 <0.0002
AXABCO-2 3/27/03 7.6 <2 138 <2 22 0.7 2.53 70 330/288 0.0002B 0.0089 0.036 <0.0001 <0.0001 48.3 <0.01 <0.01 <0.01 <0.0001
AXABCO-2 8/14/03 8.0H <2 141 <2 23 0.8 3.09 100 <0.0002 0.00923 0.032 <0.0001 <0.0001 52.1 <0.01 <0.01 <0.02 <0.0001

AXABCO-3 3/1/93 7.5 1000 176 <2.6 147 <0.007 70.4 0.51 10.07 <0.2 NA 653 0.008 0.009 0.048 0.053 <0.0007 <0.0007 109 114 <0.003 <0.003 0.004 0.006 0.002 0.063 <0.02
AXABCO-3 10/26/93 7.2 400 128 <1 125 <0.007 16 0.72 1.53 <0.2  240 0.011  0.015  <0.0007  31.4 <0.03  <0.04 0.067 <0.05
AXABCO-3 10/26/93 D  128 <1 125 <0.007 15.8 0.73 1.48 <0.2  210 0.012 0.012 <0.03 <0.03 <0.007 0.007 31.6 34 <0.003 <0.003 <0.04 <0.04 <0.02 0.055 <0.05
AXABCO-3 10/26/93 S 130 <5 130 <0.01 13 0.7   53 280 0.012 0.023  0.0002 37 0.024 0.006 0.0005 0.057 <0.03
AXABCO-3 4/12/94 7.5 500 137 <1 126 <0.007 13.5 0.74 1.63 <0.02 51.5 280 0.017 0.016 0.004 34.7 0.024 0.062 0.037 <0.03
AXABCO-3 4/12/95 <0.01 <0.04 0.66 <0.04 <0.01 1.13 <0.005 <0.005 <0.01 <0.01 <0.001 <0.001 <0.002 <0.002 <0.001
AXABCO-3 5/22/96 <0.01 22.1 0.77 2.23 <0.02 55.5 <0.005 <0.1 <0.001 <0.01 <0.001
AXABCO-3 7/2/97 <2 <0.01 42 0.8 3.63 <0.01 80 0.01 0.009E 0.031 0.028 <0.0005* <0.006 <0.01 <0.01 <0.01 <0.01 <0.001
AXABCO-3 7/2/97 D 0.009 <0.001
AXABCO-3 12/30/97 <2 5 <0.05 110 0.01 <0.0005 <0.01 <0.01 <0.01 <0.001
AXABCO-3 12/30/97 D 0.012 <0.001
AXABCO-3 6/29/98 <2 4.46 120 <0.0004 0.01 <0.0002 <0.0004 <0.01 <0.01  <0.0004
AXABCO-3  3/30/1999 0.004 <0.003 <2** <0.01 <0.01 <0.04
AXABCO-3 10/14/99 250 0.006 <0.01 <0.0002
AXABCO-3 3/27/03 7.8 <2 125 <2 27 0.7 3.47 80 320/293 0.0002B 0.0095 0.032 <0.0001 <0.0001 45.1  <0.01 <0.01 0.05B 0.0018
AXABCO-3 8/14/03 8.0H <2 126 <2 26 0.8  3.37 100 300/314 0.0002B 0.00979 0.022 <0.0001 <0.0001 45.3 <0.01 <0.01 0.90 <0.0001

EP-1 3/1/92 233 <4 195 <0.007 41.6 0.55 6.2 <0.2 232 673 0.006 0.055 <0.0007 110 0.004 <0.004 0.018 <0.02
EP-1 11/1/92 223 <4 176 <0.007 39.6 0.57 4.5 <0.2 236 626 0.008  0.67  <0.0007 102 <0.003 0.008 0.027 <0.02

All results are reported in milligrams per liter (mg/L) unless otherwise noted. Sources of groundwater data:
* =  result was <0.0006 in the FMI database FM database—7/3/97-11/14/2008
** = reported in FM database. Not confirmed with laboratory report. Adrian Brown Consultants (1994)–Aug 91-April 94

Two lab reports for Phelps Dodge Sierrita –sampling dates 3-27-03 and 8/17/03
AWQS = Arizona numeric Aquifer Water Quality Standard
µmhos/cm = micromhos per centimeter
SU = standard units

= concentration exceeds AWQS

MetalsField General Chemistry
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TABLE 6
Groundwater Quality Data
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0.002 0.1 0.05 0.002 15

AXABCO-1 8/1/91 15.2 0.01 <0.002 4.5 <0.1 <0.01 76 <0.01
AXABCO-1 3/1/92 17.2 <0.001 <0.0003 5.59 <0.005 <0.001 81.3 0.047
AXABCO-1 3/1/92 S 19 <0.01 <0.0002 5.7 <0.1 <0.01 91 <0.01
AXABCO-1 11/1/92 18.8 <0.001 <0.0002 5.61 <0.005 <0.001 84 <0.005
AXABCO-1 11/1/92 D 16.3 <0.001 <0.0002 5.65 <0.005 <0.001 88.1 <0.005
AXABCO-1 3/1/93 <0.02 20 19.6 <0.001 <0.001 <0.0002 <0.0002 <0.004 <0.004 5.58 5.58 <0.005 <0.005 <0.001 <0.001 88.6 88.8 0.020 0.013
AXABCO-1 3/1/93 D <0.02 19.4 18.8 <0.001 0.001 <0.0002 <0.0002 <0.004 <0.004 5.48 5.57 <0.005 <0.005 <0.001 <0.001 82.6 87.3 0.013 0.03
AXABCO-1 10/26/93 18.4 <0.01 <0.0002 0.088 5.9 <0.007 <0.012 109 0.054
AXABCO-1 4/12/94 12.6 <0.005 <0.0001 0.07 5.0 <0.002 <0.01 72.9 0.187
AXABCO-1 4/11/95 <0.001 <0.0002 <0.0002 <0.05 <0.05 0.006 0.007
AXABCO-1 5/22/96 <0.0002 <0.0002 <0.05
AXABCO-1 7/3/97 <0.001 <0.005 <0.0002 <0.0002 <0.001 <0.001 <0.006
AXABCO-1 12/31/97 <0.005 <0.0002 <0.006
AXABCO-1 6/26/98 <0.005 <0.0002 <0.01 <0.01 <0.001 <0.0002
AXABCO-1 3/25/99 <0.005 <0.0002 <0.006
AXABCO-1 10/13/99 <0.0002 <0.01 <0.01 <0.0001 0.01
AXABCO-1 3/27/03 na 16.8 <0.005 na <0.0002 <0.01 <0.01 5.6 0.002B 95.1  <5E-05 0.0185 -11.4 15.7 16.4 18.6 <1.1 8.5
AXABCO-1 8/14/03 16.2 0.016 <0.0002 <0.01 <0.01 4.3 0.002B 84.2 <5E-05 0.0173 -5.01 20.9 0.83 17.4 <1.0 8.51

AXABCO-2 8/1/91 11.8 <0.01 4.3 <0.1 <0.01 8.4 <0.01
AXABCO-2 3/1/92 9.48 0.001  <0.0002 4.2 <0.005 <0.001 66.3 <0.005
AXABCO-2 11/1/92 8.16 <0.01 <0.0002 4.34 <0.005 <0.001 66.3 0.013
AXABCO-2 3/1/93 <0.02 12.1 11.8 0.002 0.009 0.0013 0.0019 <0.004 <0.004 4.61 4.69 <0.005 <0.005 <0.001 <0.001 82.1 83.8 0.074 1.84
AXABCO-2 4/12/94 <0.03 13.1 12.7 <0.005 0.016 <0.0001 <0.0001 <0.02 <0.02 5.49 5.64 <0.002 <0.002 <0.01 <0.01 84.4 86.2 <0.01 <0.01
AXABCO-2 4/12/94 D <0.03 13.8 11.9 0.011 0.014 <0.0001 0.00012 <0.02 0.021 5.47 5.59 <0.002 <0.002 <0.01 <0.01 83.8 84.3 0.015 0.026
AXABCO-2 4-42-94 S 0.0021 11 11 <0.010 0.026 <0.0002 <0.0002 <0.02 <0.02 3.9 4.1 0.0033 0.0025 <0.0001 <0.0001 70 70 <0.010 <0.010
AXABCO-2 4/12/95 <0.001 <0.0002 <0.0002 <0.05 <0.05 <0.005 0.006
AXABCO-2 5/22/96 <0.0002 <0.0002 <0.005
AXABCO-2 7/2/97 0.001B <0.005 <0.0002 <0.0002 0.002B 0.002B <0.006
AXABCO-2 7/2/97 D
AXABCO-2 12/30/97 <0.0002 <0.006
AXABCO-2 12/30/97 D
AXABCO-2 6/26/98 <0.005 <0.0002 <0.01 <0.01 <0.0002
AXABCO-2  3/25/1999 <0.0002 <0.005
AXABCO-2  10/13/1999 <0.005 <0.0002 <0.01 <0.01 <0.0001 0.01
AXABCO-2 3/27/03 5.0 <0.005 <0.0002 <0.01 <0.01 3.3 <0.001 56.2 56.2 <5E-05 0.00624 -1.8 10.5 8.48 8.62 <1.1 3.68
AXABCO-2 8/14/03 5.0 <0.005 <0.0002 <0.01 <0.01 2.7 <0.001 51.1 <5E-05 0.00597 -2.94 5.44 1 4.58 <0.98 3.8

AXABCO-3 3/1/93 <0.02 12 11.5 0.009 0.014 <0.0002 <0.0002 <0.004 <0.004 4.91 4.99 <0.005 <0.005 <0.001 <0.001 77.6 77.7 0.012 0.023
AXABCO-3 10/26/93  4.75 <0.01 <0.0002  0.085  3 <0.007  <0.012 45 0.057
AXABCO-3 10/26/93 D <0.05 5.15 4.72 <0.01 <0.01 <0.0002 <0.0002 0.083 0.084 3.1 3.1 <0.007 <0.007 <0.007 <0.007 49 48 <0.05 <0.06
AXABCO-3 10/26/93 S 4.1  <0.01 <0.0002 <0.02 3.3 <0.002 <0.0001 50 <0.010
AXABCO-3 4/12/94 4.15 <0.005 <0.0001 <0.02 2.93 <0.002 <0.002 44 0.084
AXABCO-3 4/12/95 <0.001 <0.0002 <0.0002 <0.05 <0.05 <0.005 <0.005
AXABCO-3 5/22/96 <0.0002 <0.0002 <0.005
AXABCO-3 7/2/97 <0.001 <0.005 <0.0002 <0.0002 0.001B <0.001 <0.006
AXABCO-3 7/2/97 D
AXABCO-3 12/30/97 <0.005 <0.0002 <0.001 <0.006 <0.01
AXABCO-3 12/30/97 D
AXABCO-3 6/29/98 <0.005 <0.0002 <0.01 <0.01 <0.0002
AXABCO-3  3/30/1999 <0.0002 <0.005
AXABCO-3 10/14/99
AXABCO-3 3/27/03 5.1 .007B <0.0002 <0.01 <0.01 3.4 <0.001 56.8  <5E-05 0.00441 -3.15 8.81 10.7 8.4 <1.1 3.56
AXABCO-3 8/14/03 5.1 <0.005 <0.0002 <0.01 <0.01 3.3 <0.001 57 <5E-05 0.00426 0.78 9.25 1.3 5.44 <1.1 3.03

EP-1 3/1/92 10.2 <0.001 <0.0002 4.76 <0.005  <0.001 70.3 0.047
EP-1 11/1/92  9.99 0.003 <0.0002    4.64 <0.005  <0.001 68 0.254

All results are reported in milligrams per liter (mg/L) unless otherwise noted. Sources of groundwater data:
* =  result was <0.0006 in the FMI database FM database—7/3/97-11/14/2008
** = reported in FM database. Not confirmed with laboratory report. Adrian Brown Consultants (1994)–Aug 91-April 94

Two lab reports for Phelps Dodge Sierrita –sampling dates 3-27-03 and 8/17/03
AWQS = Arizona numeric Aquifer Water Quality Standard
µmhos/cm = micromhos per centimeter
SU = standard units

= concentration exceeds AWQS

Metals Radionuclides

AWQS (mg/L)
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TABLE 7
Statistical Analysis for Arsenic, Lead, and Manganese in Tailing Affected and Native Soil in Area 1

Sample ID Sample 
Source (1) Sample Depth Arsenic

(mg/kg)
Lead

(mg/kg)
Manganese

(mg/kg)

10 400 3,300
10 800 32,000

P30-BH-005 N 5-15 FT 3.80 45 594
P30-BH-003 N 10-15 FT 3.8 19.1 529
P30-BH-006 N 10-15 FT 3.6 33.1 407
P30-BH-004 N 15-20 FT 4.80 67.4 642
P30-BH-005 N 15-20 FT 4.20 16.6 539
P30-BH-007 N 15-20 FT 3.60 98.0 562
P30-BH-009 N 15-20 FT 5.40 47.5 782
P30-BH-011 N 15-20 FT 3.40 16.7 475
P30-BH-012 N 15-20 FT 4.10 18.9 587
P30-BH-013 N 15-20 FT 3.90 18.1 541
P30-BH-015 N 15-20 FT 3.30 25.2 405
P30-BH-016 N 15-20 FT 3.50 52.4 476
P30-BH-017 N 15-20 FT 3.90 139 800
P30-BH-018 N 15-20 FT 10.3 2,490 5,950
P30-BH-019 N 15-20 FT 3.60 22.9 541
P30-BH-002 N 15-25 FT 4.40 68.9 559
P30-BH-008 N 20-25 FT 3.60 17.6 522
P30-BH-010 N 20-25 FT 4.10 51.0 595
P30-BH-018 N 20-25 FT 3.70 40.1 563
P30-BH-020 N 20-25 FT 4.50 53.3 561
P30-BH-001 N 25-30 FT 2.80 16.0 502
P30-BH-014 N 25-30 FT 4.30 18.1 663

10.3 2490 5950
2.80 16.0 405
22 22 22
4.2 153.4 809

P30-BH-001 T 5-15 FT 13.2 3,290 3,680
P30-BH-002 T 5-15 FT 17.5 4,600 7,000
P30-BH-008 T 5-15 FT 81.2 7,330 8,340
P30-BH-010 T 5-15 FT 14.8 4,920 8,800
P30-BH-014 T 5-15 FT 16.5 4,310 7,870
P30-BH-019 T 5-15 FT 14.1 4,780 9,470
P30-BH-020 T 5-15 FT 15.5 2,870 9,210
P30-BH-001 T  N 15-25 FT 4.60 525 1,030
P30-BH-003 T N 5-10 FT 10.0 2,140 3,830
P30-BH-006 T N 5-10 FT 107 5,750 8,410
P30-BH-004 T N 5-15 FT 21.2 3,850 13,700
P30-BH-007 T N 5-15 FT 36.5 4,170 8,140
P30-BH-011 T N 5-15 FT 14.7 4,930 6,990
P30-BH-012 T N 5-15 FT 81.9 5,190 9,070
P30-BH-013 T N 5-15 FT 43.1 2,950 6,460
P30-BH-016 T N 5-15 FT 21.1 3,410 8,290
P30-BH-017 T N 5-15 FT 13.3 4,990 7,010
P30-BH-018 T N 5-15 FT 13.9 3,660 9,270
P30-BH-008 T N 15-20 FT 4.10 103 536
P30-BH-020 T N 15-20 FT 14.1 1,550 4,890
P30-BH-014 T N 15-25 FT 32.8 5,850 6,660
P30-BH-009 T N 5-15 FT 80.3 4,520 6,540
P30-BH-015 T N 5-15 FT 28.0 3,920 7,770
P30-BH-010 T N 15-20 FT 23.2 5,290 9,440
P30-BH-001 C T 0-5 FT 17.0 4,860 8,050
P30-BH-002 C T 0-5 FT 20.3 5,260 6,420
P30-BH-003 C T 0-5 FT 19.7 4,890 9,040
P30-BH-004 C T 0-5 FT 61.2 7,080 10,700
P30-BH-005 C T 0-5 FT 34.5 4,610 13,000
P30-BH-006 C T 0-5 FT 17.2 6,110 8,560
P30-BH-007 C T 0-5 FT 21.0 5,330 6,890
P30-BH-008 C T 0-5 FT 20.0 5,380 7,320
P30-BH-009 C T 0-5 FT 16.3 8,130 9,030
P30-BH-010 C T 0-5 FT 15.0 3,530 9,390
P30-BH-011 C T 0-5 FT 22.2 6,260 8,050
P30-BH-012 C T 0-5 FT 17.3 4,630 11,400
P30-BH-013 C T 0-5 FT 78.8 3,940 7,420
P30-BH-014 C T 0-5 FT 18.0 4,400 7,400
P30-BH-015 C T 0-5 FT 17.2 3,370 6,860
P30-BH-016 C T 0-5 FT 16.0 5,270 7,860
P30-BH-017 C T 0-5 FT 18.0 4,740 6,980
P30-BH-018 C T 0-5 FT 16.4 5,050 7,690
P30-BH-019 C T 0-5 FT 42.4 5,450 10,000
P30-BH-020 C T 0-5 FT 14.6 4,150 8,180

107.0 8130 13700
4.10 103 536
40 40 40

27.5 4430 7871
Data Source: Golder Associates, 2009. Notes:

>rSRL (1) C = Cover   T = Tailing   N = Native Soil
> nrSRL rSRL = Residential Soil Remediation Level

nrSRL = Non-Residential Soil Remediation Level
mg/kg = milligrams per kilogram
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impact of open pit mines and tailings ponds west of the community.  Particulate matter 

(PM10) levels were below health standards between 1989 and 1999. 

Water Quality 
Pima County Department of Environmental Quality (PDEQ) has the authority for inspection 

of activities that have the potential to impact water quality. A water study was completed in 

1996 in Green Valley.  This study showed a trigger level of contaminants, including 

arsenic.  The local aquifer is monitored by the Arizona Department of Water Resources 

(ADWR).  The last sampling, completed in June 1998, checked pH levels and other water 

conditions, but not arsenic.  No significant levels were found in the sampling.  

Eagle Pitcher Mill Site 
This site is located south of Sahuarita Road, north of the Union Pacific Railroad tracks, 

west of the Santa Cruz River and east of the Rancho Sahuarita Specific Plan area.  Used 

previously for the discarding of mine tailings, it is possibly contaminated.  The site is 

identified on the General Plan Land Use map as Resource Industrial.  If proposed for 

future development, the site should be considered for mixed-use development.  Analysis 

and mitigation of special soil conditions during the rezoning or preferred specific plan 

process will be necessary, in addition to additional technical site testing required by Town 

staff in consultation with the Pima County Department of Environmental Quality (DEQ). 

Floodplain 
Roughly one-third of the Town of Sahuarita is located within the 100-year floodplain of the 

Santa Cruz River and its washes.  The majority of the 100-year floodplain is located within 

the Rural Homestead (RH) zone.  The floodplain is also located in a portion of the Rancho 

Sahuarita Master-Planned area. 

General Conservation 
There are currently no requirements for new developments or buildings to use energy 

conservation methods, but orientation, shading and landscaping that will promote energy 

conservation is encouraged.  The Town currently has no recycling program.  However, 

Pima County Solid Waste sponsors recycling of such products as tin, aluminum, 

newspaper, and glass.  The Lions Club, located in Green Valley, also recycles newspaper. 



 

 

APPENDIX A.2 
Remedial Plan by Amax Inc. and Anaconda Arizona, Inc. (1991) 



































































 

 

APPENDIX A.3 
Historical Aerial Photographs from EDR (2010) 



The EDR Aerial Photo Decade Package

Sahuarita

Desert Vista Ln./Sahaurita Road

Sahuarita, AZ 85629

Inquiry Number: 2731055.1

March 31, 2010



EDR Aerial Photo Decade Package

Environmental Data Resources, Inc. (EDR) Aerial Photo Decade Package is a screening tool designed to assist
environmental professionals in evaluating potential liability on a target property resulting from past activities. EDR’s
professional researchers provide digitally reproduced historical aerial photographs, and when available, provide one photo
per decade.

When delivered electronically by EDR, the aerial photo images included with this report are for ONE TIME USE
ONLY. Further reproduction of these aerial photo images is prohibited without permission from EDR. For more
information contact your EDR Account Executive.

Thank you for your business.
Please contact EDR at 1-800-352-0050

with any questions or comments.

Disclaimer - Copyright and Trademark Notice

This Report contains certain information obtained from a variety of public and other sources reasonably available to Environmental Data Resources, Inc.
It cannot be concluded from this Report that coverage information for the target and surrounding properties does not exist from other sources. NO
WARRANTY EXPRESSED OR IMPLIED, IS MADE WHATSOEVER IN CONNECTION WITH THIS REPORT. ENVIRONMENTAL DATA
RESOURCES, INC. SPECIFICALLY DISCLAIMS THE MAKING OF ANY SUCH WARRANTIES, INCLUDING WITHOUT LIMITATION,
MERCHANTABILITY OR FITNESS FOR A PARTICULAR USE OR PURPOSE. ALL RISK IS ASSUMED BY THE USER. IN NO EVENT SHALL
ENVIRONMENTAL DATA RESOURCES, INC. BE LIABLE TO ANYONE, WHETHER ARISING OUT OF ERRORS OR OMISSIONS, NEGLIGENCE,
ACCIDENT OR ANY OTHER CAUSE, FOR ANY LOSS OF DAMAGE, INCLUDING, WITHOUT LIMITATION, SPECIAL, INCIDENTAL,
CONSEQUENTIAL, OR EXEMPLARY DAMAGES. ANY LIABILITY ON THE PART OF ENVIRONMENTAL DATA RESOURCES, INC. IS STRICTLY
LIMITED TO A REFUND OF THE AMOUNT PAID FOR THIS REPORT. Purchaser accepts this Report AS IS. Any analyses, estimates, ratings,
environmental risk levels or risk codes provided in this Report are provided for illustrative purposes only, and are not intended to provide, nor should they
be interpreted as providing any facts regarding, or prediction or forecast of, any environmental risk for any property. Only a Phase I Environmental Site
Assessment performed by an environmental professional can provide information regarding the environmental risk for any property. Additionally, the
information provided in this Report is not to be construed as legal advice.

Copyright 2010 by Environmental Data Resources, Inc. All rights reserved. Reproduction in any media or format, in whole or in part, of any report or map
of Environmental Data Resources, Inc., or its affiliates, is prohibited without prior written permission.

EDR and its logos (including Sanborn and Sanborn Map) are trademarks of Environmental Data Resources, Inc. or its affiliates. All other trademarks
used herein are the property of their respective owners.



Date EDR Searched Historical Sources:
Aerial Photography	March 31, 2010

Target Property:
Desert Vista Ln./Sahaurita Road

Sahuarita, AZ 85629

Year Scale Details Source

1956 Aerial Photograph. Scale: 1"=1000' Panel #: /Flight Date: February 26, 1956 EDR

1971 Aerial Photograph. Scale: 1"=1000' Panel #: /Flight Date: June 07, 1971 EDR

1977 Aerial Photograph. Scale: 1"=1000' Panel #: /Flight Date: October 14, 1977 EDR

1983 Aerial Photograph. Scale: 1"=1000' Panel #: /Flight Date: July 04, 1983 EDR

1992 Aerial Photograph. Scale: 1"=750' Panel #: /Flight Date: April 26, 1992 EDR

2003 Aerial Photograph. Scale: 1"=750' Panel #: /Flight Date: September 17, 2003 EDR
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APPENDIX A.4 
1991 ADEQ Public Notice and Fact Sheet 















 

 

APPENDIX A.5 
Data from Hydrometrics (1999) 

 















 

 

APPENDIX A.6 
Data from Golder Associates (2009) 



January 2009 TABLE 1

BOREHOLE AND TEST PIT LOCATIONS

083-92550

Elevation
Top of 

Tailings

Bottom of 

Tailings

Tailings 

Thickness

Borehole Total 

Depth

(ft amsl) Northing Easting (ft bgs) (ft bgs) (feet) (feet)

P30-BH-001 2,752 346994.393 992105.328 0.42 22.00 21.58 30

P30-BH-002 2,737 347094.416 992450.84 0.67 14.92 14.25 25

P30-BH-003 2,757 347098.499 992223.33 0.50 7.00 6.50 15

P30-BH-004 2,763 347278.772 992035.646 1.33 9.25 7.92 20

P30-BH-005 2,764 347708.98 992000.885 0.92 5.00 4.08 20

P30-BH-006 2,758 347608.201 992265.422 0.67 9.08 8.42 15

P30-BH-007 2,755 347598.641 992560.184 0.92 14.67 13.75 20

P30-BH-008 2,787 347545.831 992762.267 0.75 16.00 15.25 25

P30-BH-009* 2,743 347748.708 993081.025 1.00 14.83 13.83 20

P30-BH-010 2,755 347662.968 992983.547 1.00 19.50 18.50 25

P30-BH-011 2,764 347655.327 992802.67 1.00 13.92 12.92 20

P30-BH-012 2,766 347558.707 992152.117 0.83 11.50 10.67 20

P30-BH-013 2,764 347282.822 992500.897 0.75 12.67 11.92 20

P30-BH-014 2,762 347272.678 992728.46 0.83 22.83 22.00 30

P30-BH-015 2,763 347431.805 992897.677 0.67 14.50 13.83 20

P30-BH-016 2,748 347535.283 992943.302 1.17 13.75 12.58 20

P30-BH-017 2,736 347627.853 993128.608 0.92 13.33 12.42 20

P30-BH-018 2,750 347464.557 993176.562 0.83 13.75 12.92 25

P30-BH-019 2,725 347798.702 993251.191 1.25 15.00 13.75 20

P30-BH-020 2,753 347359.59 992960.345 0.75 17.67 16.92 25

P30-TP-01 2,752 346811.152 991951.824  ---  ---  ---  ---

P30-TP-02 2,752 346978.138 992327.775  ---  ---  ---  ---

P30-TP-03 2,758 347120.515 992662.578  ---  ---  ---  ---

P30-TP-04 2,758 347305.969 993069.38  ---  ---  ---  ---

P30-TP-05 2,736 347448.219 993388.668  ---  ---  ---  ---

P30-TP-06 2,758 347939.643 993420.562  ---  ---  ---  ---

P30-TP-07 2,750 347784.951 993065.199  ---  ---  ---  ---

P30-TP-08 2,763 347788.519 992082.91  ---  ---  ---  ---

P30-TP-09 2,763 347769.61 992000.358  ---  ---  ---  ---

P30-TP-10 2,755 347379.013 991709.074  ---  ---  ---  ---

Notes:

ft amsl = feet above mean sea level

ft bgs = feet below ground surface

*Cover or native material from 7' to 11'8" interbedded in tailings

 --- denotes not applicable

Location ID
Coordinate

Boreholes

Backhoe Test Pits
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January 2009 TABLE 2

ANALYTICAL SUITE FOR PARCEL 30 SOLID SAMPLES 

AND DECONTAMINATION RINSEATE BLANKS 

 083-92550

Analytical Method
PQL

(mg/kg)
Analytical Method

PQL

(mg/L)

Aluminum 76,000 920,000 NS EPA 6010 ICP 8.0 EPA 6010 ICP 0.08

Antimony 31 410 0.006 EPA 6010 ICP 2.0 EPA 6020 ICP-MS 0.0012

Arsenic 10 10 0.05 EPA 6010 ICP 2.5 EPA 6020 ICP-MS 0.003

Barium 15,000 170,000 2.0 EPA 6010 ICP 0.2 EPA 6010 ICP 0.002

Beryllium 150 1,900 0.004 EPA 6010 ICP 0.2 EPA 6010 ICP 0.002

Boron 16,000 200,000 NS EPA 6010 ICP 4.0 EPA 6010 ICP 0.04

Cadmium 39 510 0.005 EPA 6010 ICP 0.2 EPA 6010 ICP 0.002

Chromium (Total)
30 65 0.1 EPA 6010 ICP 0.6 EPA 6010 ICP 0.006

Cobalt 1,400 13,000 NS EPA 6010 ICP 0.6 EPA 6010 ICP 0.006

Copper 3,100 41,000 NS EPA 6010 ICP 1.0 EPA 6010 ICP 0.01

Fluoride 3,700 37,000 4.0 EPA300.0 1 EPA 300.0 0.1

Lead 400 800 0.05 EPA 6010 ICP 0.75 EPA 6010 ICP 0.0075

Manganese 3,300 32,000 NS EPA 6010 ICP 0.4 EPA 6010 ICP 0.004

Mercury * 23 310 0.002 EPA 7471A CVAA 0.033 EPA 7470A CVAA 0.0002

Molybdenum 390 5,100 NS EPA 6010 ICP 0.8 EPA 6010 ICP 0.008

Nickel 1,600 20,000 0.1 EPA 6010 ICP 1.0 EPA 6010 ICP 0.01

Selenium 390 5,100 0.05 EPA 6010 ICP 4.0 EPA 6020 ICP-MS 0.003

Silver 390 5,100 NS EPA 6010 ICP 0.5 EPA 6010 ICP 0.005

Strontium 47,000 610,000 NS EPA 6010 ICP 0.5 EPA 6010 ICP 0.005

Thallium 5.2 67 0.002 EPA 6010 ICP 1.5 EPA 6020 ICP-MS 0.0005

Tin 47,000 610,000 NS EPA 6010 ICP 0.5 EPA 6010 ICP 0.005

Vanadium 78 1,000 NS EPA 6010 ICP 0.5 EPA 6010 ICP 0.005

Zinc 23,000 310,000 NS EPA 6010 ICP 1 EPA 6010 ICP 0.01

Paste pH NS NS NA ASA Monograph 9 NA NA NA

Paste EC NS NS NA EPA 120.1 NA NA NA

Notes:

SRL = Soil Remediation Level

AWQS = Aquifer Water Quality Standard

PQL = practical quantitation limit

mg/kg = milligrams per kilogram

mg/L = milligrams per liter

EPA = US Environmental Protection Agency

NS = no standard

NA = not applicable

EC = electrical conductivity (specific conductance)

Aqueous  Analysis

Other Analytes

Constituent

Arizona 

Residential SRL

(mg/kg)

Arizona 

Non-residential 

SRL

(mg/kg)

AWQS

(mg/L)

Solids Analysis
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January 2009 TABLE 3

PARCEL 30

 TOTAL METALS ANALYTICAL RESULTS FOR BOREHOLE SAMPLES

083-92550

Sample ID

Paste pH

(standard 

units)

Specific 

Conductance

(mmhos/cm)

Aluminum

(mg/kg)

Antimony

(mg/kg)

Arsenic

(mg/kg)

Barium

(mg/kg)

Beryllium

(mg/kg)

Boron

(mg/kg)

Cadmium

(mg/kg)

Chromium

(mg/kg)

Cobalt

(mg/kg)

Copper

(mg/kg)

Fluoride

(mg/kg)

Lead

(mg/kg)

Manganese

(mg/kg)

Mercury

(mg/kg)

Molybdenum

(mg/kg)

Nickel

(mg/kg)

Selenium

(mg/kg)

Silver

(mg/kg)

Strontium

(mg/kg)

Thallium

(mg/kg)

Tin

(mg/kg)

Vanadium

(mg/kg)

Zinc

(mg/kg)

76,000 31 10 15,000 150 16,000 39 30 1,400 3,100 3,700 400 3,300 23 390 1,600 390 390 47,000 5 47,000 78 23,000

920,000 410 10 170,000 1,900 200,000 510 65 13,000 41,000 37,000 800 32,000 310 5,100 20,000 5,100 5,100 610,000 67 610,000 1,000 310,000

P30-BH-001 7.35 2.80 4,170  <0.36 17.0 28.5 0.630 8.70 15.3 16.2 13.2 1,060 2.88 4,860 8,050 0.028 31.4 8.50  <1.1 10.2 70.5 1.50  <0.9 12.8 5,540

P30-BH-002 7.46 2.60 4,160  <0.36 20.3 33.7 0.700 27.0 26.5 13.5 18.4 991 2.27 5,260 6,420 0.055 37.4 9.00  <1.1 11.1 61.3 1.30  <0.9 13.6 8,500

P30-BH-003 7.48 2.70 4,970 0.940 19.7 22.0 0.660 7.10 13.9 17.8 13.7 808 2.73 4,890 9,040 0.035 34.8 11.1  <1.1 9.20 63.7 1.70  <0.9 16.4 5,250

P30-BH-004 5.83 5.60 3,820  <0.36 61.2 12.5 0.590 3.80 66.9 9.60 23.5 2,130 23.0 7,080 10,700 0.170 31.7 7.80  <1.1 18.6 34.1 2.80  <0.9 17.9 17,700

P30-BH-005 7.36 2.70 5,660  <0.36 34.5 23.6 0.810 5.90 19.5 14.1 16.3 921 3.76 4,610 13,000 0.073 26.5 7.30  <1.1 10.1 51.8 2.10  <0.9 23.0 6,620

P30-BH-006 7.47 2.40 3,970 0.380 17.2 29.9 0.640 8.40 34.2 12.8 13.6 1,360 2.68 6,110 8,560 0.070 43.3 7.50  <1.1 15.9 65.3 1.30  <0.9 12.9 13,200

P30-BH-007 7.41 2.60 5,090  <0.36 21.0 28.8 0.650 41.4 35.6 15.3 14.2 1,330 2.25 5,330 6,890 0.060 38.9 10.7  <1.1 11.8 62.5 1.00
 J

 <0.9 14.9 13,500

P30-BH-008 7.38 2.70 3,500  <0.36 20.0 45.5 0.600 22.8 33.5 9.90 19.2 1,460 3.43 5,380 7,320 0.100 31.0 5.50  <1.1 12.4 49.2 1.50  <0.9 10.5 8,880

P30-BH-009 7.36 2.50 3,250  <0.36 16.3 20.8 0.600 9.90 39.9 8.20 18.8 1,760 3.11 8,130 9,030 0.087 27.1 3.00  <1.1 12.6 46.0 2.40  <0.9 9.50 14,400

P30-BH-010 7.42 1.90 3,720  <0.36 15.0 15.8 0.600 10.5 10.6 8.80 9.80 654 1.65 3,530 9,390 0.047 24.5 2.10  <1.1 7.60 66.5 1.30  <0.9 10.0 3,750

P30-BH-011 7.45 2.60 4,250  <0.36 22.2 35.9 0.720 29.0 34.6 13.4 19.3 1,300 1.00 6,260 8,050 0.072 43.3 9.30  <1.1 13.1 62.3 2.00  <0.9 14.5 13,400

P30-BH-012 7.47 2.70 3,250  <0.36 17.3 8.60 0.790 6.30 11.7 10.3 14.1 1,050 4.07 4,630 11,400 0.037 48.0 4.70  <1.1 7.50 72.2 1.50 1.300 11.5 4,520

P30-BH-013 7.41 2.60 7,330  <0.36 78.8 25.3 6.300 9.70 35.7 19.8 14.8 1,130 4.32 3,940 7,420 0.052 39.6 6.90  <1.1 10.6 63.2 1.10  <0.9 17.4 9,540

P30-BH-014 7.33 2.10 4,180  <0.36 18.0 58.1 0.650 12.8 18.6 14.4 13.0 643 1.74 4,400 7,400 0.063 40.1 7.60  <1.1 8.30 63.8 1.30  <0.9 17.9 6,620

P30-BH-015 7.48 3.00 4,320 0.470 17.2 27.6 0.670 20.7 20.1 13.6 12.5 709 2.81 3,370 6,860 0.060 30.0 5.60  <1.1 7.50 56.3 2.00  <0.9 12.1 5,360

P30-BH-016 7.38 2.50 5,810 0.590 16.0 44.5 0.790 13.2 23.4 13.4 14.1 1,050 4.82 5,270 7,860 0.055 30.3 7.70  <1.1 10.1 56.3 1.20  <0.9 17.0 9,010

P30-BH-017 7.41 2.60 3,670  <0.36 18.0 26.5 0.610 10.8 25.8 9.50 15.1 1,040 2.31 4,740 6,980 0.120 30.2 2.40  <1.1 10.5 49.2 1.70  <0.9 10.7 6,580

P30-BH-018 7.40 3.10 3,260  <0.36 16.4 21.8 0.620 9.10 25.8 8.50 14.7 964 3.35 5,050 7,690 0.065 34.3 2.80  <1.1 10.6 50.8 1.80  <0.9 9.60 6,670

P30-BH-019 7.40 2.60 3,270  <0.36 42.4 11.9 0.790 7.80 19.4 7.90 11.7 852 4.37 5,450 10,000 0.053 23.7 1.60  <1.1 7.50 46.9 1.80  <0.9 9.60 7,020

P30-BH-020 7.36 2.90 3,700  <0.36 14.6 20.5 0.650 14.9 18.5 9.00 11.7 756 2.68 4,150 8,180 0.047 27.4 2.40  <1.1 7.80 53.0 1.80  <0.9 9.90 6,200

P30-BH-003 7.41 2.09 5,740 0.870 10.0 67.9 0.740 7.70 9.00 11.4 10.5 553 5.26 2,140 3,830 0.010 17.6 2.00  <1.1 5.10 49.8 2.20  <0.9 19.0 2,500

P30-BH-006 7.49 2.47 3,810  <0.36 107 26.5 0.660 8.40 36.9 11.1 18.3 1,320 1.46 5,750 8,410 0.160 26.1  <0.19  <1.1 15.8 47.8 5.30  <0.9 14.4 12,200

P30-BH-001 7.44 1.95 6,670 0.700 13.2 58.2 0.800 6.00 12.5 16.4 10.5 838 4.32 3,290 3,680 0.260 21.8 6.60  <1.1 7.90 54.0 1.30 2.20 20.8 3,540

P30-BH-002 7.56 2.18 3,860  <0.36 17.5 31.2 0.680 18.9 27.0 12.8 16.1 827 1.01 4,600 7,000 0.077 39.6  <0.19  <1.1 10.3 67.5 3.20  <0.9 11.9 6,530

P30-BH-004 7.61 3.46 5,380 0.69 
J

21.2 36.2 0.630 3.30 29.6 9.60 8.40 875 2.31 3,850 13,700 0.100 8.2  <0.19  <1.1 9.50 38.4 5.20  <0.9 24.0 8,930

P30-BH-005 7.48 1.03 7,170 0.720 3.80 90.0 0.780 2.30 0.06 6.40 5.60 125 4.39 45 594 0.022 1.7 3.70  <1.1  <0.095 28.3 0.30  <0.9 28.2 202

P30-BH-007 7.37 2.47 3,340  <0.36 36.5 13.6 0.630 23.3 33.9 10.0 20.5 1,190 1.12 4,170 8,140 0.023 26.0  <0.19  <1.1 9.20 44.2 3.90  <0.9 13.4 11,100

P30-BH-008 6.90 3.12 3,410  <0.36 81.2 97.9 0.950 13.5 49.2 8.00 17.3 2,620 39.3 7,330 8,340 0.340 20.6  <0.19  <1.1 19.1 41.1 4.20  <0.9 11.1 14,500

P30-BH-009 7.44 2.38 3,690 0.800 80.3 22.2 0.770 7.40 30.0 7.20 17.6 1,430 2.11 4,520 6,540 0.130 16.7  <0.19  <1.1 10.1 39.6 3.60  <0.9 13.4 10,600

P30-BH-010 7.38 2.85 3,950  <0.36 14.8 105 0.750 9.40 32.4 8.30 11.3 640 2.32 4,920 8,800 0.180 34.3  <0.19  <1.1 9.70 58.1 4.80  <0.9 9.10 6,460

P30-BH-011 7.45 2.30 3,220  <0.36 14.7 23.6 0.620 7.80 28.4 6.80 14.9 737 1.15 4,930 6,990 0.040 28.3  <0.19  <1.1 8.30 45.1 3.90  <0.9 8.90 6,890

P30-BH-012 7.11 2.27 5,470 0.610 81.9 36.7 0.790 5.30 56.1 8.30 17.6 1,710 7.93 5,190 9,070 0.200 15.3  <0.19  <1.1 20.9 28.9 6.00  <0.9 23.9 15,600

P30-BH-013 7.33 2.80 3,660 0.530 43.1 17.5 0.910 7.70 20.0 7.80 11.7 1,760 3.88 2,950 6,460 0.052 15.6  <0.19  <1.1 7.20 42.3 3.70  <0.9 12.1 5,080

P30-BH-014 7.39 2.70 3,420  <0.36 16.5 17.6 0.660 14.0 30.3 9.10 15.1 1,010 1.32 4,310 7,870 0.078 29.9  <0.19  <1.1 7.80 50.5 4.10  <0.9 9.00 8,110

P30-BH-015 7.24 2.50 3,680 0.790 28.0 10.9 0.540 8.90 20.1 7.70 10.2 621 1.92 3,920 7,770 0.075 21.2  <0.19  <1.1 5.80 47.4 4.10  <0.9 9.80 5,190

P30-BH-016 7.31 3.30 4,150  <0.36 21.1 21.7 0.660 7.70 20.3 8.10 12.4 610 1.62 3,410 8,290 0.073 27.1  <0.19  <1.1 6.40 47.9 4.40  <0.9 9.30 4,770

P30-BH-017 7.51 2.80 3,350  <0.36 13.3 51.9 0.680 18.7 30.0 7.30 16.4 1,540 2.20 4,990 7,010 0.065 26.6  <0.19  <1.1 8.40 38.5 4.10  <0.9 10.1 6,710

P30-BH-018 7.31 3.40 3,380  <0.36 13.9 7.30 0.590 19.0 20.2 8.50 12.0 624 1.30 3,660 9,270 0.037 23.6  <0.19  <1.1 6.30 56.4 4.40  <0.9 8.20 4,930

P30-BH-019 7.49 3.30 3,130 0.410 14.1 65.9 0.630 7.00 21.2 8.70 10.2 1,020 1.96 4,780 9,470 0.047 22.5  <0.19  <1.1 7.70 59.5 4.40  <0.9 8.50 4,760

P30-BH-020 7.11 3.00 3,320 0.950 15.5 13.6 0.590 6.80 13.8 7.80 8.00 408 2.04 2,870 9,210 0.057 22.2  <0.19  <1.1 4.80 63.7 4.70  <0.9 8.10 3,490

P30-BH-003 7.47  <1 8,440 1.20 3.8 106 0.860 2.30  <0.053 6.80 6.20 55.2 2.59 19.1 529 0.032 2.30 6.60  <1.1  <0.095 43.1  <0.28  <0.9 26.0 62.1

P30-BH-006 7.53  <1 5,620 0.590 3.6 66.2 0.590 1.30  <0.053 5.60 4.30 95.0 4.20 33.1 407 0.027 1.90 4.50  <1.1 0.120 15.4  <0.28  <0.9 25.0 114

P30-BH-004 7.52  <1 8,670 0.980 4.80 117 0.860 1.90  <0.053 6.70 6.30 57.3 1.29 67.4 642 0.033 1.80 6.60  <1.1  <0.095 62.7  <0.28  <0.9 28.9 175

P30-BH-005 7.57  <1 8,410 0.780 4.20 112 0.810 1.80  <0.053 6.90 6.30 63.9 1.73 16.6 539 0.027 1.80 6.40  <1.1  <0.095 54.4  <0.28  <0.9 27.4 66.1

P30-BH-007 7.49  <1 5,960 0.530 3.60 79.5 0.630 1.60 0.520 5.80 4.80 241 5.72 98.0 562 0.025 1.50 5.20  <1.1  <0.095 20.4  <0.28  <0.9 24.6 310

P30-BH-008 7.47  <1 6,930 1.10 4.10 94.7 0.710 3.30 0.200 6.30 5.50 147 3.76 103 536 0.023 1.60 3.00  <1.1  <0.095 37.1 0.380  <0.9 26.0 219

P30-BH-009 7.41  <1 8,580 0.960 5.40 88.4 0.800 2.90  <0.053 6.70 5.70 165 6.83 47.5 782 0.025 1.50 5.80  <1.1  <0.095 35.7  <0.28  <0.9 24.7 393

P30-BH-010 7.12 2.89 5,620 0.700 23.2 50.8 0.900 12.4 31.1 10.4 10.0 696 1.76 
J

5,290 9,440 0.130 26.8  <0.19  <1.1 8.10 70.3 5.9 
J

 <0.9 13.2 11,300
 J

P30-BH-011 7.50  <1 7,050 0.700 3.40 91.7 0.680 2.60  <0.053 6.00 5.00 64.8 2.39 16.7 475 0.033 1.30 5.40  <1.1  <0.095 37.2  <0.28  <0.9 24.6 56.2

P30-BH-012 7.55  <1 8,240 0.730 4.10 126 0.820 2.30  <0.053 6.30 6.00 76.9 3.86 18.9 587 0.027 1.50 6.10  <1.1  <0.095 36.6  <0.28  <0.9 25.2 61.7

P30-BH-013 7.61  <1 8,160 0.690 3.90 98.2 0.830 2.60  <0.053 6.40 5.80 46.9 3.35 18.1 541 0.025 1.80 5.80  <1.1  <0.095 39.1 0.290  <0.9 25.2 64.6

P30-BH-015 7.67  <1 6,510 0.730 3.30 89.7 0.650 1.90  <0.053 6.00 4.60 30.1 1.68 25.2 405 0.018 1.40 5.00  <1.1  <0.095 32.7 0.470  <0.9 24.9 64.2

P30-BH-016 7.68  <1 7,130 0.600 3.50 79.1 0.690 1.90  <0.053 6.10 4.90 56.9 2.16 52.4 476 0.023 1.60 5.00  <1.1  <0.095 34.2  <0.28  <0.9 24.2 102

P30-BH-017 7.54  <1 7,800 0.560 3.90 102 0.820 3.70 0.520 6.70 6.50 114 2.21 139 800 0.018 1.80 6.20  <1.1  <0.095 36.0 0.300  <0.9 25.8 242

P30-BH-018 7.32 3.42 4,730  <0.36 10.3 79.8 0.880 5.80 17.4 7.40 9.70 471 3.89 2,490 5,950 0.083 18.0 0.930  <1.1 4.90 47.6 3.00  <0.9 14.4 3,890

P30-BH-019 7.42  <1 8,360 0.530 3.60 110 
J

0.790 3.10  <0.053 6.80 6.20 68.1 4.15 22.9 541 0.027 1.00 6.20  <1.1 0.570 39.8 0.350  <0.9 26.0 75

P30-BH-020 7.41 1.28 3,980 1.20 14.1 33.5 0.520 2.20 6.40 6.20 5.50 196 2.67 1,550 4,890 0.048 12.7  <0.19  <1.1 2.90 40.4 1.90  <0.9 14.6 1,770

15-20'

Arizona Residential SRL (mg/kg)

Arizona Non-Residential SRL (mg/kg)

5-10'

0-5'

5-15'

10-15'

X:\Tucson\Projects\08proj\083-92550\Tables\Tables.xls Golder Associates 



January 2009 TABLE 3

PARCEL 30

 TOTAL METALS ANALYTICAL RESULTS FOR BOREHOLE SAMPLES

083-92550

Sample ID

Paste pH

(standard 

units)

Specific 

Conductance

(mmhos/cm)

Aluminum

(mg/kg)

Antimony

(mg/kg)

Arsenic

(mg/kg)

Barium

(mg/kg)

Beryllium

(mg/kg)

Boron

(mg/kg)

Cadmium

(mg/kg)

Chromium

(mg/kg)

Cobalt

(mg/kg)

Copper

(mg/kg)

Fluoride

(mg/kg)

Lead

(mg/kg)

Manganese

(mg/kg)

Mercury

(mg/kg)

Molybdenum

(mg/kg)

Nickel

(mg/kg)

Selenium

(mg/kg)

Silver

(mg/kg)

Strontium

(mg/kg)

Thallium

(mg/kg)

Tin

(mg/kg)

Vanadium

(mg/kg)

Zinc

(mg/kg)

Arizona Residential SRL (mg/kg)

P30-BH-001 7.56 1.20 7,630 0.940 4.60 80.4 0.730 2.50 0.970 8.50 6.30 111 3.30 525 1,030 0.030 4.40 5.60  <1.1 0.940 46.2 0.620  <0.9 26.9 441

P30-BH-002 7.56  <1 7,950 0.990 4.40 89.6 0.790 3.90  <0.053 6.40 6.00 91.0 1.77 68.9 559 0.030 1.60 5.50  <1.1  <0.095 51.3  <0.54 0.980 25.0 150

P30-BH-014 7.24 2.35 3,160 2.80 32.8 16.3 0.500 7.70 26.0 6.50 10.3 1,130 1.84 5,850 6,660 0.028 
J

17.6  <0.19 5.80 8.00 48.4 3.50  <0.9 10.6 6,630

P30-BH-008 7.53  <1 7,950 1.00 3.60 106 0.820 2.90  <0.053 6.40 6.10 70.5 2.44 17.6 522 0.023 1.60 5.60  <1.1  <0.095 43.4  <0.28  <0.9 25.6 58.9

P30-BH-010 7.54  <1 9,460 1.20 4.10 120 0.880 2.40  <0.053 7.40 6.30 59.6 1.97 51.0 595 0.027 1.90 6.60  <1.1  <0.095 40.6 0.290  <0.9 29.4 106

P30-BH-018 7.50  <1 7,840 0.450 3.70 102 0.760 4.20  <0.053 6.50 6.10 41.8 1.01 40.1 563 0.022 1.50 6.70  <1.1  <0.095 47.4  <0.28 1.40 27.1 88.3

P30-BH-020 7.51  <1 7,320  <0.36 4.50 85.4 0.730 2.80  <0.053 6.60 5.60 40.2 1.16 53.3 561 0.028 1.40 6.10  <1.1  <0.095 35.3 1.20  <0.9 26.4 105

P30-BH-001 7.60  <1 7,100 0.980 2.80 83.4 0.720 2.20  <0.053 6.30 6.00 35.0 4.42 16.0 502 0.017 1.60 5.90  <1.1  <0.095 43.2  <0.28  <0.9 24.9 53.5

P30-BH-014 7.55  <1 8,610 0.650 4.30 106 0.850 3.20  <0.053 6.60 6.30 40.4 2.33 18.1 663 0.050 1.70 6.80  <1.1  <0.095 57.7  <0.28  <0.9 25.8 58.9

>Arizona Residential SRL

> Arizona Residential SRL and Arizona Non-Residential SRL

Notes:

Paste pH and specific conductance have no SRL

SRL = Soil Remediation Level

mg/kg = milligrams per kilogram

< = concentration is less than the practical quantitation limit
J
 = denotes an estimated quantity

15-25'

20-25'

25-30'

X:\Tucson\Projects\08proj\083-92550\Tables\Tables.xls Golder Associates 





 

 

APPENDIX A.7 
Data from Adrian Brown Consultants, Inc. (1994) 
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1. INTRODUCTION 

This Sampling and Analysis Plan and Quality Assurance Project Plan (SAP/QAPP) document 
was prepared by Clear Creek Associates, PLC (Clear Creek) on behalf of Freeport- 
McMoRan Copper & Gold, Inc. (FM) in support of characterization activities planned at “Parcel 
30” (Site), which was used for ore milling and tailing operations. Characterization (and 
reclamation) are being conducted by FM in general consistency with the Arizona Department of 
Environmental Quality (ADEQ) Voluntary Remediation Program (VRP). This document is 
intended to be used in conjunction with the Work Plan for Soil and Groundwater 
Characterization (Work Plan), which includes much of the Site’s background information.   

1.1 Site Location 

The Site consists of approximately 230 acres of land in Sahuarita, Arizona (Figure 1 of Work 
Plan).  The Pima County Assessor Parcel Numbers for the property is 303-33-012C and 303-33-
012D.   The property is located between the Santa Cruz River (to the east) and I-19 (to the west) 
and south of Sahuarita Road in the Santa Cruz River alluvial valley. 

1.2 Historical Operations and Current Site Setting 

The history of the Site is provided in Section 2.1 of the Work Plan. Table 3 in the Work Plan 
provides a site chronology.  
 
The property is bounded to the east by South Villita Road. West Twin Buttes Road and Old Twin 
Buttes Road pass through the property. An active track of the Union Pacific Railroad line also 
goes through property. Most of the property located north of Twin Buttes Road is fenced, and 
signage indicates that it is a mine waste reclamation project. Nearby property uses include 
residences to the south, vacant land and agricultural land to the east, and the Town of Sahuarita 
Municipal Offices to the North. To the west is vacant desert; I-19 runs north-south 
approximately a half mile west of the western property boundary. 
 
The area of interest consists of a former mill site and tailing impoundment covering 
approximately 30 acres at the northern end of the parcel. Lead-zinc ores were milled at the site 
from 1943 to 1959. The southern portion of the parcel does not appear to have been used by the 
milling operation.  

1.3 Constituents of Concern 

Results of prior investigations indicate that the constituents of concern (COCs) in soil are lead, 
arsenic, and manganese. Arsenic, lead, and manganese have been detected in soil at 
concentrations exceeding the Arizona residential and non-residential Soil Remedial Levels 
(rSRLs and nrSRLs) (Arizona Administrative Code [AAC], Title 18, Chapter 7). 
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Past investigations have indicated that the COCs are present in concentrations exceeding the 
SRLs north of West Twin Buttes Road where the milling and tailing operations were located. 
There does not appear to have been any operations south of West Twin Buttes Road, nor have 
SRL exceedances been identified south of West Twin Buttes Road.  
 
There is no evidence of an impact to groundwater from the milling operations based on historical 
groundwater monitoring of three monitoring wells at the site from 1992 through 2003. 
Groundwater will be sampled to evaluate possible impacts from the tailings operation and to 
characterize general groundwater chemistry.  
 
More information regarding the results of previous characterization studies is provided in Section 
2.2 of the Work Plan.  

1.4 Purpose 

This SAP/QAPP document was prepared to serve as a plan for field sampling methods, 
analytical laboratory analyses, and quality assurance methods that will be used in the site 
characterization. The proposed strategy for the site is in-place closure using engineering controls 
of capping and surface water management, and the institutional control of a Declaration of 
Environmental Use Restriction. The purpose of the characterization is to identify the extent of 
rSRL exceedances for lead, arsenic, and manganese in order to identify the areas that will be 
capped. In addition, groundwater samples will be collected from three monitor wells at the Site 
in order to allow for an evaluation of impacts from soil on groundwater quality. 
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2. CHARACTERIZATION SAMPLING 

The scope of work includes soil and groundwater sampling. Soil sampling locations are on 
Figure 10 of the Work Plan. Figure 3 of the Work Plan shows monitor well locations. This 
section describes the field methods to be used for sample collection. 

2.1 Soil Sampling 

2.1.1 Sample Locations 

Sampling locations were selected based on the conceptual site model (CSM), developed by Clear 
Creek, which is included in Section 3.0 of the Work Plan. Pertinent elements of the CSM that 
govern the sample locations and density of sampling locations are: 
 
• Soils at Parcel 30 contain residual solids from the former milling and tailing production 

operation. Previous studies by others indicate the lead, arsenic, and manganese are present at 
levels exceeding rSRLs in the areas where milling and tailing production operations took 
place.  

 
• Analytical data indicate that native soil in areas undisturbed by the milling and tailing 

production activities do not have lead, arsenic or manganese concentrations above the rSRLs. 
 
• The 27-acre tailing impoundment is capped by soil with an average thickness of about 12 

inches. The tailing thickness ranges from zero at the edge of the impoundment to 22 feet.     
 
• The primary source of environmental risk is residual solids with concentrations of arsenic, 

lead, and manganese in excess of SRLs in the former tailing impoundment and mill site 
areas. The existing data indicate no areas of preferential concentration or hot spots.  

 
Based on the CSM, Clear Creek will stake area-specific sampling grids, as shown on Figure 10 
of the Work Plan, to improve and refine characterization data at the Site. The objective of the 
soil sampling is to determine the lateral and vertical extent of soil exceeding SRLs.  The 
following strategies were used for identifying sampling locations: 
 
• In Area 1, the tailing area, the goal of sampling is to identify the western extent of affected 

soil between the tailing impoundment and the former mill site (Area 2). Samples will be 
collected on the west side of the tailing impoundment to identify impacts from the mill 
operations. The northern extent of affected soil will be determined by sampling Area 4. 

 
• In Areas 2 and 3, the Mill Site and Pole Areas, sampling will be conducted according to a 

grid with 200-foot spacing as shown on Figure 10 of the Work Plan. The westernmost 
samples will be collected near the property line.  
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• In Area 4, north of the Mill and Tailings areas, SRL exceedances have been identified only at 
the east end of the stream channel north of Area 1.   

 
• In Area 5 to the south, SRL exceedances have not been identified by previous studies in Area 

5. Therefore, no sampling is planned for Area 5.    
 
Sample locations will be located using a hand-held global positioning system (GPS) and staked 
using surveyor’s pin flags. Pin flags will be replaced after sampling so that a licensed surveyor 
can locate them. 
 
2.1.2 Soil Sample Screening and Collection Procedures 
 
Samples will be collected by direct push drilling, hand augering, or hand digging. The direct 
push rig advances a 2-3/8 inch outside diameter probe with a drive shoe. A soil core is collected 
in a disposable acrylic liner inside the probe. The acrylic liner is cut open along its length with a 
utility knife to remove the sample.  The hand auger that will be used produces a 3-inch diameter 
sample. To the extent practicable, samples will consist of one-foot cores collected continuously. 
The depth-specific samples will be transferred directly to a new one-gallon ziploc™ bag or to a 
clean glass bowl and then to the ziploc™ bag. The samples will be homogenized by stirring with 
a plastic or nylon trowel or by kneading the ziploc™ bag for at least one minute. 
 
Samples will be screened in the field by x-ray fluorescence (XRF) using an Alpha Systems™ 
XRF instrument manufactured by Innov-X Systems, Inc. After the sample is homogenized, the 
ziploc™ bag containing the sample will be placed flat on a table and the material will be 
flattened with a small board or other flat object to allow the XRF screen to make good contact 
with the bag. The sample thickness should be at least ½ inch. (The bag can be folded over to 
reduce the surface area of the sample if there is not enough sample to make a ½ inch thickness.) 
After the sample is flattened, XRF analyses for lead, arsenic, and manganese will be conducted 
through the ziploc™ bag.  To the extent that is practical, the analyses will be conducted in a 
manner consistent with EPA Method 6200 (Attachment A). The instrument will be operated 
according to the manufacturer’s instructions (Attachment B).  The bagged sample will be labeled 
(sample ID, date, time, sampler) and put inside another ziploc™ bag following XRF analysis. It 
will be stored in a  cooler for submittal to the laboratory. 
 
XRF analyses will be used to evaluate the depths at which to stop sampling, as described below. 
All samples collected will be submitted for confirmatory laboratory analysis.  In addition, if XRF 
analyses are not consistent with the CSM, the results may be used to recommend additional 
sampling locations.   
 

• Area 1 - Tailing Area: The extent of the former tailing impoundment and the magnitude 
of COC’s in tailing, tailing cover, and the underlying native soil have been well 
characterized, as described in the Work Plan. Characterization work will be focused on 
defining the areal extent of COC’s in soil between the tailing impoundment and Areas 2 
and 3. Soil samples will be collected continuously at 12-inch depth increments on a grid 
with 200-foot spacing contiguous with Areas 2 and 3. The sample spacing west of the 
tailing impoundment is based on the sample spacing and depth proposed below for Areas 
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2 and 3.  The depth of sampling at each sample location will be determined in the field on 
the basis of XRF screening. 
 
Arsenic, lead, and manganese concentrations will be analyzed by XRF for each 12-inch 
interval. The top two feet of soil will be sampled at each location (i.e., 0 to 12 inches and 
12 to 24 inches).  If the field screening does not detect concentrations in excess of SRLs  
in the top two feet of soil, sampling at the location will be terminated.  If an SRL 
exceedance is detected in the top two feet of soil, sampling will continue to a depth of 
two feet below the deepest SRL exceedance.  Sampling will be limited to no deeper than 
12 feet below land surface (bls).  All samples collected will be submitted for 
confirmatory laboratory analysis. 
 

• Areas 2 and 3 - Mill and Pole Areas: Soil sampling to determine the lateral and vertical 
extent of COCs in Areas 2 and 3 will be conducted at 200-foot grid spacing, with the 
westernmost samples along the property boundary. Sampling in Areas 2 and 3 will use 
the same process of XRF field analysis to determine the vertical extent of sampling as 
described for Area 1. All samples collected will be submitted for confirmatory laboratory 
analysis. 
 

• Area 4 - North Area: Sampling to verify the lateral extent of COCs in Area 4 will be 
conducted at a variable spacing as shown on Figure 10. Because of the uncertain 
historical use of the areas of disturbed ground, transects of soil samples will be collected 
in the disturbed areas at the 200-foot spacing as prescribed for Areas 2 and 3. Soil 
samples will be collected from the undisturbed area and the stream channel north of the 
tailing impoundment at a larger spacing than in the disturbed ground. Soil samples in the 
undisturbed area would be at spacings of approximately 200 to 400 feet between samples 
whereas samples of stream sediment would be collected at a 400 foot spacing 
(approximate).  Sampling in Area 4 will use the same process of XRF field analysis to 
determine the vertical extent of sampling as described for Area 1. All samples collected 
will be submitted for confirmatory laboratory analysis. 

 
Upon completion of sample collection at each location, borings or excavations will be abandoned 
by backfilling with native soil from the immediate area.  

2.2 Groundwater Sampling Procedures 

Groundwater samples will be collected from each of the three monitoring wells at the site. The 
wells are equipped with dedicated submersible pumps, but the condition of these pumps and the 
depths to water are not known. ADWR records indicate that the wells had dedicated submersible 
pumps at one time. Information gathered from ADWR records for the three wells is provided in 
the Table 2 below.  
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Table 2: Parcel 30 Monitoring Well 
 

Well name ADWR 
Registration Total Depth/ diameter Depth to water (at 

installation) 
AXABCO-1 55-532627 260 ft/ 4.5 inch 175 ft 
AXABCO-2 55-532628 230 ft /4.5 inch 205 ft 

AXABCO-3 55-537958 207 ft / 5 inch 
Note: bottom of screen is at 200 feet. 157 ft 

 
There has been some decline in water levels in the area since the wells were installed. It is 
possible that ABC-02 and ABC-03 may not have a sufficient saturated screened interval to be 
sampled, particularly if there is sediment at the bottoms of the wells.  
 
Jonathan Anderson (520-393-2714) at Sierrita will be contacted to unlock the monitor wells. 
Prior to groundwater sampling, the wells will be inspected. If pumps are installed, the pumps will 
be pulled and serviced by a pump contractor, as they have not been used for several years. While 
the pumps are out of the wells, the wells will be gauged to measure the total depth and depth to 
water. The dedicated pump will be reinstalled, or, if there is not a dedicated pump, a submersible 
test pump will be installed in the well. 
 
At the beginning of the sampling event, Clear Creek will measure the static water level in each 
well to the nearest 0.01 foot.  Prior to sampling, each well will be purged of at least three wetted 
well volumes (as calculated using the static water level) or until field parameters (pH, 
temperature, and specific conductance) are stable. All purge water will be discharged directly to 
the ground.  Field parameter measurements will be recorded on the Water Sample Data Log 
(Attachment C). Field parameters will be measured using a Myron Ultrameter. The Myron 
Ultrameter will be calibrated prior to the start of field activities according to the manufacturer’s 
directions. 
 
If purging results in the well going dry, the well will be allowed to recover 80% of the original 
borehole volume (or for 24 hours, whichever is shorter) prior to sampling.  If after 24 hours there 
is not sufficient water for sampling, the well will be recorded as “dry”. 
   
Water samples will be analyzed for dissolved arsenic, lead, and total nitrate + nitrite and 
nitrogen. The dissolved lead and arsenic samples will be filtered with a 0.45 micron filter. Each 
water sample will be collected in the appropriate laboratory-supplied sampling container and 
with the appropriate preservative.  Laboratory bottles will be labeled with the site name, sample 
location, date, time, sample collector’s initials, preservative, and analysis. Immediately following 
collection, each sample will be placed in a cooler with ice.      

2.3 Blind Field Duplicates 

Ten percent of the soil samples, or one for every sample delivery group, whichever is more 
frequent, will be split and submitted as blind duplicate samples. The sample containers will be 
assigned an identification that cannot be identified as a duplicate sample by the laboratory. 
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One groundwater blind duplicate sample will be collected by collecting a second sample 
immediately after the primary sample.  

2.4 Sample Identification 

2.4.1 Soil Samples 

A sample naming convention has been developed to identify the area where the sample is 
collected, the chronological location number, and the depth as measured from the land surface.  
The sample ID naming convention for the planned samples will designate the Area (A1 through 
A4) where Area 1 is the tailings area, Area 2 is the mill site, Area 3 is the pole area, and Area 4 
is the north area (as shown on Figure 10 in the work plan). The area designation will be followed 
by the chronological sample location number. The location number is a unique number; borings 
will be numbered according to the order of drilling at the site, regardless of the area in which it is 
located. The last number in the sample identification is the depth interval in feet.  
 
The sample naming convention is illustrated below: 
 

• Sample A1/14/2-3 is the 14th boring, located in Area 1, from 2 to 3 feet below grade.  
• Sample A4/5/3-4 is the fifth boring, located in Area 4, collected from 3 to 4 feet 

below grade.  

2.4.2 Groundwater Samples 

Groundwater samples will be named using the well name.    

2.5 Decontamination Procedures 

Sampling personnel will don a new pair of nitrile gloves prior to collection of each soil or 
groundwater sample.   
 
All soil sampling equipment that comes in contact with soil will be cleaned after each use 
according to the following procedure: 
 
• Step 1: Wash with a tap-water and Alconox™ or similar solution 
• Step 2: Rinse with water 
• Step 3: Rinse with distilled water.   
• Step 4: Air dry or dry with new paper towels. 
 
Direct push borings will be advanced using new polyethylene liner sleeves for each 4-foot 
interval. The drive shoe will be decontaminated each time it is removed from the borehole, but 
decontamination of the probe will not be necessary. 
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Groundwater sampling equipment decontamination procedures will include the following 
measures, as appropriate: 

 
• Decontamination of any non-dedicated discharge lines connected to the well. 
• New tubing and 0.45 micron filters will be used for filtering the metals samples. 
• If the dedicated pumps are not operable, any equipment placed down the well will be 

decontaminated. If the dedicated pumps are operable, this does not apply. 
 
Sampling equipment decontamination fluids will be discharged to the ground surface.   
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3. FIELD DOCUMENTATION 

3.1 Chain-of-Custody Procedures 

A chain-of-custody form will be completed by the sampler for all soil samples and all the 
samples will remain in control of the sampler until delivery to the analytical laboratory or to a 
courier for delivery to the laboratory.  Samples will be shipped in a cooler with a custody seal.   
ALS Laboratories (ALS), of Kelso, Washington, the analytical laboratory for this project, will 
provide sample containers, labels, coolers, and chain-of-custody forms.  The chain of custody 
form will require the following minimum information to be recorded:   
 
• Client name 
• Project name 
• Project location 
• Sample identification 
• Date and time of sample collection 
• Sample matrix 
• Preservation method 
• Requested analytical method(s) 
• Requested turnaround time 
• Special remarks, if any, and 
• Relinquished and received by signatures. 
 
An example chain-of-custody form with select project information is included as Attachment D. 
 

3.2 Field Book 

Clear Creek will maintain a yellow, Write-in-the-Rain® Field Book to document field activities 
in sufficient detail to recreate daily events in the event questions arise during the course of the 
project.  Recorded information will include dates, field personnel, subcontractors onsite, weather 
conditions, general progress of borings, waste container tracking, etc.  The field book will also 
be used for any field drawings used to describe field observations.    

3.3 Sample Location Log 

During sampling activities, Clear Creek will maintain a sample location log in the field book that 
will serve as the field record of sample identities and locations. The log will identify the sample 
identification, depth, coordinate information, remarks about the physical sampling area, soil type, 
and notes about any photographs taken.   
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3.4 Photographs 

Digital photographs will be taken periodically to create a visual record of field activities and to 
document pertinent features, findings of borings, or sample locations. A photographic log will be 
maintained in the field book to document daily photographs. As appropriate, photographs will be 
presented in the characterization report. 
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4. ANALYTICAL LABORATORY ANALYSES 

4.1 Soil  

Soil samples will also be submitted to ALS for analysis of arsenic, lead and manganese. The 
samples will be digested by EPA Method 3050, which is the standard digestion method for 
metals that will be analyzed by EPA Method 6010B (ICP) or EPA Method 6020 (mass 
spectrometer). The samples will be analyzed by EPA Method 6010B (ICP). Reporting limits are: 
 
• 2.5 mg/Kg for arsenic, 
• 0.75 mg/Kg for lead, and  
• 0.4 mg/Kg for manganese.  
 
The holding time for arsenic, lead, and manganese in soil is 180 days.   

4.2 Groundwater  

Due to the short holding times for nitrate samples, groundwater samples will be submitted to 
Turner Laboratory in Tucson, Arizona. Samples will be analyzed as shown in Table 3. 
 
 
Table 3: Groundwater Analyses for Parcel 30 Monitoring Wells 
 

Analyte EPA Method Reporting Limit Sample Holding 
Time (days) 

Nitrate + Nitrite as N 353.2 0.5 mg/L 2 days (48 hours)28 
Arsenic 200.8 0.003 mg/L 180 
Lead 200.7 0.0075 mg/L 180 
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5. DATA QUALITY OBJECTIVES 

5.1 Precision 

Precision is the degree of agreement among repeated independent measurements  
 
Laboratory analytical precision will be assessed through the analysis of laboratory matrix 
duplicate samples. Precision will be measured as the relative percent difference (RPD) between 
replicate measurements using the following formula. 
 

RPD (%) = |S - D| X 100 
(S + D)/2 

 
    Where  S = First Measured Value 
     D = Second Measured Value 
 
The QA objective for laboratory precision is an RPD of less than 35% for soil samples if both 
results are greater than 5 times the laboratory reporting limit. If either result is less than or equal 
to five times the reporting limit, the QA objective will be agreement within three times the 
reporting limit for soil samples (USEPA, 2004). 
 
Ten percent of the soil samples, or one for every sample delivery group, whichever is more 
frequent, will be split; one will be submitted as the primary sample and one will be submitted as 
a blind field duplicate sample. The duplicate sample will be given a sample identification 
unrelated to the primary field sample identification and recorded in the sample location log with 
the actual location.   
 
Field duplicate analysis will facilitate an evaluation of lab and field method reproducibility of 
results. The RPD for duplicate samples will be calculated using the same RPD formula as used 
for the laboratory matrix samples. 
 
There are no required review criteria for determining comparability of field duplicate analyses, 
and soil duplicate results will have a greater variance than water matrices (USEPA, 2004). The 
RPDs for field duplicates will be provided in the characterization report. 
 
One blind duplicate groundwater sample will be collected from one of the monitoring wells. It 
will be given a sample identification unrelated to the primary sample, and recorded in the field 
log. The QA objective for laboratory precision is an RPD of less than 20% for duplicate aqueous 
samples.   
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5.2 Accuracy 

Accuracy is the degree of agreement of a measurement to an accepted reference or true value. 
 
The accuracy of the laboratory performance in conducting analyses will be assessed through 
laboratory control samples (LCSs). The accuracy will be measured as the percent recovery (%R) 
of a given target analyte relative to its known concentrations. The QA objective for aqueous 
samples is specified as a %R by the manufacturer on the LCS Solution.  
 
The accuracy of the laboratory analysis on the site-specific matrix will be assessed through 
matrix spike samples. The accuracy will be measured as the %R of a given target analyte 
relative to the level spiked into the sample. The QA objective for laboratory accuracy is a %R of 
75-125%.  

5.3 Representativeness 

Representativeness is defined as the degree to which the sampling data properly characterize the 
study environment. In the field sampling and characterization phase of a program, 
representativeness will be maintained by the collection of samples throughout the entire area of 
concern to determine the spatial variability of concentrations in the area. The sample location 
grids, vertical sampling strategy, and sampling methodologies prescribed in the work plan and 
SAP are intended to provide data representative of the concentrations of COCs distributed 
laterally and vertically throughout Parcel 30. Representativeness during the field characterization 
phase will also be maintained by homogenization of the sample, as discussed in Section 2.1.2 of 
this SAP. In the analytical phase of the program, representativeness considerations include 
proper sample storage and preservation conditions (to ensure that the sample does not 
substantially change from the time of sampling until the time of analysis) and sample 
homogenization (to ensure that the subsample taken for analysis is no different from any other 
subsample).  

5.4 Comparability 

Comparability is the confidence with which one data set can be compared to another. If data are 
not comparable, then conclusions drawn from the combination of two data sets will have an 
increased level of uncertainty. Comparability is enhanced by the consistent use of standardized 
sampling methods and specified protocols for the sampling phase and through the use of standard 
documented methodologies for analyte determinations. The scope of work and this SAP were 
prepared using accepted sampling methods and standard analytical methods to result in 
comparable data. Any deviations from the prescribed methods in this SAP or in the work plan 
will be documented, as these deviations may significantly affect the resultant data. 

5.5 Laboratory Quality Control Checks 

The laboratory will conduct laboratory quality control checks to evaluate the integrity of sample 
results. Any quality control checks that do not meet the quality objectives (USEPA, 2004) will 
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be flagged by the laboratory and noted in the report narrative. These quality control checks will 
include: 
 
• Sample Holding Times 
• Method Blanks 
• Initial and Continuing Calibration Verification 
• Matrix spikes  
• Matrix spike duplicates  
• Blank spikes 
• Blank spike duplicates 
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 METHOD 6200

FIELD PORTABLE X-RAY FLUORESCENCE SPECTROMETRY FOR THE
DETERMINATION OF ELEMENTAL CONCENTRATIONS IN SOIL AND SEDIMENT

SW-846 is not intended to be an analytical training manual.  Therefore, method
procedures are written based on the assumption that they will be performed by analysts who are
formally trained in at least the basic principles of chemical analysis and in the use of the subject
technology.

In addition, SW-846 methods, with the exception of required method use for the analysis
of method-defined parameters, are intended to be guidance methods which contain general
information on how to perform an analytical procedure or technique which a laboratory can use
as a basic starting point for generating its own detailed Standard Operating Procedure (SOP),
either for its own general use or for a specific project application.  The performance data
included in this method are for guidance purposes only, and are not intended to be and must
not be used as absolute QC acceptance criteria for purposes of laboratory accreditation.

1.0 SCOPE AND APPLICATION

1.1 This method is applicable to the in situ and intrusive analysis of the 26 analytes
listed below for soil and sediment samples.  Some common elements are not listed in this
method because they are considered "light" elements that cannot be detected by field portable
x-ray fluorescence (FPXRF).  These light elements are:  lithium, beryllium, sodium, magnesium,
aluminum, silicon, and phosphorus.  Most of the analytes listed below are of environmental
concern, while a few others have interference effects or change the elemental composition of
the matrix, affecting quantitation of the analytes of interest.  Generally elements of atomic
number 16 or greater can be detected and quantitated by FPXRF.  The following RCRA
analytes have been determined by this method:

Analytes CAS Registry No.

Antimony (Sb) 7440-36-0

Arsenic (As) 7440-38-0

Barium (Ba) 7440-39-3

Cadmium (Cd) 7440-43-9

Chromium (Cr) 7440-47-3

Cobalt (Co) 7440-48-4

Copper (Cu) 7440-50-8

Lead (Pb) 7439-92-1

Mercury (Hg) 7439-97-6

Nickel (Ni) 7440-02-0

Selenium (Se) 7782-49-2

Silver (Ag) 7440-22-4

Thallium (Tl) 7440-28-0

Tin (Sn) 7440-31-5
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Vanadium (V)  7440-62-2

Zinc (Zn)  7440-66-6

In addition, the following non-RCRA analytes have been determined by this method:

Analytes CAS Registry No.

Calcium (Ca) 7440-70-2

Iron (Fe) 7439-89-6

Manganese (Mn) 7439-96-5

Molybdenum (Mo) 7439-93-7

Potassium (K) 7440-09-7

Rubidium (Rb) 7440-17-7

Strontium (Sr) 7440-24-6

Thorium (Th) 7440-29-1

Titanium (Ti) 7440-32-6

Zirconium (Zr)  7440-67-7

1.2 This method is a screening method to be used with confirmatory analysis using
other techniques (e.g., flame atomic absorption spectrometry (FLAA), graphite furnance atomic
absorption spectrometry (GFAA), inductively coupled plasma-atomic emission spectrometry,
(ICP-AES), or inductively coupled plasma-mass spectrometry, (ICP-MS)).  This method’s main
strength is that it is a rapid field screening procedure.  The method's lower limits of detection are
typically above the toxicity characteristic regulatory level for most RCRA analytes.  However,
when the obtainable values for precision, accuracy, and laboratory-established sensitivity of this
method meet project-specific data quality objectives (DQOs), FPXRF is a fast, powerful, cost
effective technology for site characterization.

1.3 The method sensitivity or lower limit of detection depends on several factors,
including the analyte of interest, the type of detector used, the type of excitation source, the
strength of the excitation source, count times used to irradiate the sample, physical matrix
effects, chemical matrix effects, and interelement spectral interferences.  Example lower limits
of detection for analytes of interest in environmental applications are shown in Table 1.  These
limits apply to a clean spiked matrix of quartz sand (silicon dioxide) free of interelement spectral
interferences using long (100 -600 second) count times.  These sensitivity values are given for
guidance only and may not always be achievable, since they will vary depending on the sample
matrix, which instrument is used, and operating conditions.  A discussion of performance-based
sensitivity is presented in Sec. 9.6. 

1.4 Analysts should consult the disclaimer statement at the front of the manual and the
information in Chapter Two for guidance on the intended flexibility in the choice of methods,
apparatus, materials, reagents, and supplies, and on the responsibilities of the analyst for
demonstrating that the techniques employed are appropriate for the analytes of interest, in the
matrix of interest, and at the levels of concern.  
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In addition, analysts and data users are advised that, except where explicitly specified in a
regulation, the use of SW-846 methods is not mandatory in response to Federal testing
requirements.  The information contained in this method is provided by EPA as guidance to be
used by the analyst and the regulated community in making judgments necessary to generate
results that meet the data quality objectives for the intended application.

1.5 Use of this method is restricted to use by, or under supervision of, personnel
appropriately experienced and trained in the use and operation of an XRF instrument.  Each
analyst must demonstrate the ability to generate acceptable results with this method.

2.0 SUMMARY OF METHOD

2.1 The FPXRF technologies described in this method use either sealed radioisotope
sources or x-ray tubes to irradiate samples with x-rays.  When a sample is irradiated with x-rays,
the source x-rays may undergo either scattering or absorption by sample atoms.  This latter
process is known as the photoelectric effect.  When an atom absorbs the source x-rays, the
incident radiation dislodges electrons from the innermost shells of the atom, creating vacancies. 
The electron vacancies are filled by electrons cascading in from outer electron shells.  Electrons
in outer shells have higher energy states than inner shell electrons, and the outer shell electrons
give off energy as they cascade down into the inner shell vacancies.  This rearrangement of
electrons results in emission of x-rays characteristic of the given atom.  The emission of x-rays,
in this manner, is termed x-ray fluorescence.

Three electron shells are generally involved in emission of x-rays during FPXRF analysis
of environmental samples.  The three electron shells include the K, L, and M shells.  A typical
emission pattern, also called an emission spectrum, for a given metal has multiple intensity
peaks generated from the emission of K, L, or M shell electrons.  The most commonly
measured x-ray emissions are from the K and L shells; only metals with an atomic number
greater than 57 have measurable M shell emissions.

Each characteristic x-ray line is defined with the letter K, L, or M, which signifies which
shell had the original vacancy and by a subscript alpha (α), beta (β), or gamma (γ) etc., which
indicates the higher shell from which electrons fell to fill the vacancy and produce the x-ray.  For
example, a Kα line is produced by a vacancy in the K shell filled by an L shell electron, whereas
a Kβ line is produced by a vacancy in the K shell filled by an M shell electron.  The Kα transition
is on average 6 to 7 times more probable than the Kβ transition; therefore, the Kα line is
approximately 7 times more intense than the Kβ line for a given element, making the Kα line the
choice for quantitation purposes.

The K lines for a given element are the most energetic lines and are the preferred lines for
analysis.  For a given atom, the x-rays emitted from L transitions are always less energetic than
those emitted from K transitions.  Unlike the K lines, the main L emission lines (Lα and Lβ) for an
element are of nearly equal intensity.  The choice of one or the other depends on what
interfering element lines might be present.  The L emission lines are useful for analyses
involving elements of atomic number (Z) 58 (cerium) through 92 (uranium).

An x-ray source can excite characteristic x-rays from an element only if the source energy
is greater than the absorption edge energy for the particular line group of the element, that is,
the K absorption edge, L absorption edge, or M absorption edge energy.  The absorption edge
energy is somewhat greater than the corresponding line energy.  Actually, the K absorption
edge energy is approximately the sum of the K, L, and M line energies of the particular element,
and the L absorption edge energy is approximately the sum of the L and M line energies. 
FPXRF is more sensitive to an element with an absorption edge energy close to but less than
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the excitation energy of the source.  For example, when using a cadmium-109 source, which
has an excitation energy of 22.1 kiloelectron volts (keV), FPXRF would exhibit better sensitivity
for zirconium which has a K line energy of 15.77 keV than to chromium, which has a K line
energy of 5.41 keV.

2.2 Under this method, inorganic analytes of interest are identified and quantitated
using a field portable energy-dispersive x-ray fluorescence spectrometer.  Radiation from one or
more radioisotope sources or an electrically excited x-ray tube is used to generate characteristic
x-ray emissions from elements in a sample.  Up to three sources may be used to irradiate a
sample.  Each source emits a specific set of primary x-rays that excite a corresponding range of
elements in a sample.  When more than one source can excite the element of interest, the
source is selected according to its excitation efficiency for the element of interest.  

For measurement, the sample is positioned in front of the probe window.  This can be
done in two manners using FPXRF instruments, specifically, in situ or intrusive.  If operated in
the in situ mode, the probe window is placed in direct contact with the soil surface to be
analyzed.  When an FPXRF instrument is operated in the intrusive mode, a soil or sediment
sample must be collected, prepared, and placed in a sample cup.  The sample cup is then
placed on top of the window inside a protective cover for analysis.

Sample analysis is then initiated by exposing the sample to primary radiation from the
source.  Fluorescent and backscattered x-rays from the sample enter through the detector
window and are converted into electric pulses in the detector.  The detector in FPXRF
instruments is usually either a solid-state detector or a gas-filled proportional counter.  Within
the detector, energies of the characteristic x-rays are converted into a train of electric pulses,
the amplitudes of which are linearly proportional to the energy of the x-rays.  An electronic
multichannel analyzer (MCA) measures the pulse amplitudes, which is the basis of qualitative x-
ray analysis.  The number of counts at a given energy per unit of time is representative of the
element concentration in a sample and is the basis for quantitative analysis.  Most FPXRF
instruments are menu-driven from software built into the units or from personal computers (PC).

The measurement time of each source is user-selectable.  Shorter source measurement
times (30 seconds) are generally used for initial screening and hot spot delineation, and longer
measurement times (up to 300 seconds) are typically used to meet higher precision and
accuracy requirements.

FPXRF instruments can be calibrated using the following methods:  internally using
fundamental parameters determined by the manufacturer, empirically based on site-specific
calibration standards (SSCS), or based on Compton peak ratios.  The Compton peak is
produced by backscattering of the source radiation.  Some FPXRF instruments can be
calibrated using multiple methods.

3.0 DEFINITIONS

3.1 FPXRF -- Field portable x-ray fluorescence.

3.2 MCA -- Multichannel analyzer for measuring pulse amplitude.

3.3 SSCS -- Site-specific calibration standards.

3.4 FP -- Fundamental parameter.

3.5 ROI -- Region of interest.
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3.6 SRM -- Standard reference material; a standard containing certified amounts of
metals in soil or sediment.

3.7 eV --  Electron volt; a unit of energy equivalent to the amount of energy gained by
an electron passing through a potential difference of one volt.

3.8 Refer to Chapter One, Chapter Three, and the manufacturer's instructions for other
definitions that may be relevant to this procedure.

4.0 INTERFERENCES

4.1 The total method error for FPXRF analysis is defined as the square root of the sum
of squares of both instrument precision and user- or application-related error.  Generally,
instrument precision is the least significant source of error in FPXRF analysis.  User- or
application-related error is generally more significant and varies with each site and method
used.  Some sources of interference can be minimized or controlled by the instrument operator,
but others cannot.  Common sources of user- or application-related error are discussed below.

4.2 Physical matrix effects result from variations in the physical character of the
sample.  These variations may include such parameters as particle size, uniformity,
homogeneity, and surface condition.  For example, if any analyte exists in the form of very fine
particles in a coarser-grained matrix, the analyte’s concentration measured by the FPXRF will
vary depending on how fine particles are distributed within the coarser-grained matrix.  If the
fine particles "settle" to the bottom of the sample cup (i.e., against the cup window), the analyte
concentration measurement will be higher than if the fine particles are not mixed in well and stay
on top of the coarser-grained particles in the sample cup.  One way to reduce such error is to
grind and sieve all soil samples to a uniform particle size thus reducing sample-to-sample
particle size variability.  Homogeneity is always a concern when dealing with soil samples. 
Every effort should be made to thoroughly mix and homogenize soil samples before analysis. 
Field studies have shown heterogeneity of the sample generally has the largest impact on
comparability with confirmatory samples.

4.3 Moisture content may affect the accuracy of analysis of soil and sediment sample
analyses.  When the moisture content is between 5 and 20 percent, the overall error from
moisture may be minimal.  However, moisture content may be a major source of error when
analyzing samples of surface soil or sediment that are saturated with water.  This error can be
minimized by drying the samples in a convection or toaster oven.  Microwave drying is not
recommended because field studies have shown that microwave drying can increase variability
between FPXRF data and confirmatory analysis and because metal fragments in the sample
can cause arcing to occur in a microwave.

4.4 Inconsistent positioning of samples in front of the probe window is a potential
source of error because the x-ray signal decreases as the distance from the radioactive source
increases.  This error is minimized by maintaining the same distance between the window and
each sample.  For the best results, the window of the probe should be in direct contact with the
sample, which means that the sample should be flat and smooth to provide a good contact
surface.
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4.5 Chemical matrix effects result from differences in the concentrations of interfering
elements.  These effects occur as either spectral interferences (peak overlaps) or as x-ray
absorption and enhancement phenomena.  Both effects are common in soils contaminated with
heavy metals.  As examples of absorption and enhancement effects;  iron (Fe) tends to absorb
copper (Cu) x-rays, reducing the intensity of the Cu measured by the detector, while chromium
(Cr) will be enhanced at the expense of Fe because the absorption edge of Cr is slightly lower
in energy than the fluorescent peak of iron.  The effects can be corrected mathematically
through the use of fundamental parameter (FP) coefficients.  The effects also can be
compensated for using SSCS, which contain all the elements present on site that can interfere
with one another.

4.6 When present in a sample, certain x-ray lines from different elements can be very
close in energy and, therefore, can cause interference by producing a severely overlapped
spectrum.  The degree to which a detector can resolve the two different peaks depends on the
energy resolution of the detector.  If the energy difference between the two peaks in electron
volts is less than the resolution of the detector in electron volts, then the detector will not be able
to fully resolve the peaks.

The most common spectrum overlaps involve the Kβ line of element Z-1 with the Kα line of
element Z.  This is called the Kα/Kβ interference.  Because the Kα:Kβ intensity ratio for a given
element usually is about 7:1, the interfering element, Z-1, must be present at large
concentrations to cause a problem.  Two examples of this type of spectral interference involve
the presence of large concentrations of vanadium (V) when attempting to measure Cr or the
presence of large concentrations of Fe when attempting to measure cobalt (Co).  The V Kα and
Kβ energies are 4.95 and 5.43 keV, respectively, and the Cr Kα energy is 5.41 keV.  The Fe Kα
and Kβ energies are 6.40 and 7.06 keV, respectively, and the Co Kα energy is 6.92 keV.  The
difference between the V Kβ and Cr Kα energies is 20 eV, and the difference between the Fe Kβ
and the Co Kα energies is 140 eV.  The resolution of the highest-resolution detectors in FPXRF
instruments is 170 eV.  Therefore, large amounts of V and Fe will interfere with quantitation of
Cr or Co, respectively.  The presence of Fe is a frequent problem because it is often found in
soils at tens of thousands of parts per million (ppm).

4.7 Other interferences can arise from K/L, K/M, and L/M line overlaps, although these
overlaps are less common.  Examples of such overlap involve arsenic (As) Kα/lead (Pb) Lα and
sulfur (S) Kα/Pb Mα.  In the As/Pb case, Pb can be measured from the Pb Lβ line, and As can be
measured from either the As Kα or the As Kß line; in this way the interference can be corrected. 
If the As Kβ line is used, sensitivity will be decreased by a factor of two to five times because it is
a less intense line than the As Kα line.  If the As Kα line is used in the presence of Pb,
mathematical corrections within the instrument software can be used to subtract out the Pb
interference.  However, because of the limits of mathematical corrections, As concentrations
cannot be efficiently calculated for samples with Pb:As ratios of 10:1 or more.  This high ratio of
Pb to As may result in reporting of a "nondetect" or a "less than" value (e.g., <300 ppm) for As,
regardless of the actual concentration present.

No instrument can fully compensate for this interference.  It is important for an operator to
understand this limitation of FPXRF instruments and consult with the manufacturer of the
FPXRF instrument to  evaluate options to minimize this limitation.  The operator’s decision will
be based on action levels for metals in soil established for the site, matrix effects, capabilities of
the instrument, data quality objectives, and the ratio of lead to arsenic known to be present at
the site.  If a site is encountered that contains lead at concentrations greater than ten times the
concentration of arsenic it is advisable that all critical soil samples be sent off site for
confirmatory analysis using other techniques (e.g., flame atomic absorption spectrometry
(FLAA), graphite furnance atomic absorption spectrometry (GFAA), inductively coupled plasma-
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atomic emission spectrometry, (ICP-AES), or inductively coupled plasma-mass spectrometry,
(ICP-MS)).

4.8 If SSCS are used to calibrate an FPXRF instrument, the samples collected must be
representative of the site under investigation.  Representative soil sampling ensures that a
sample or group of samples accurately reflects the concentrations of the contaminants of
concern at a given time and location.  Analytical results for representative samples reflect
variations in the presence and concentration ranges of contaminants throughout a site. 
Variables affecting sample representativeness include differences in soil type, contaminant
concentration variability, sample collection and preparation variability, and analytical variability,
all of which should be minimized as much as possible.

4.9 Soil physical and chemical effects may be corrected using SSCS that have been
analyzed by inductively coupled plasma (ICP) or atomic absorption (AA) methods.  However, a
major source of error can be introduced if these samples are not representative of the site or if
the analytical error is large.  Another concern is the type of digestion procedure used to prepare
the soil samples for the reference analysis.  Analytical results for the confirmatory method will
vary depending on whether a partial digestion procedure, such as Method 3050, or a total
digestion procedure, such as Method 3052, is used.  It is known that depending on the nature of
the soil or sediment, Method 3050 will achieve differing extraction efficiencies for different
analytes of interest.  The confirmatory method should meet the project-specific data quality
objectives (DQOs).

XRF measures the total concentration of an element; therefore, to achieve the greatest
comparability of this method with the reference method (reduced bias), a total digestion
procedure should be used for sample preparation.  However, in the study used to generate the
performance data for this method (see Table 8), the confirmatory method used was Method
3050, and the FPXRF data compared very well with regression correlation coefficients (r often
exceeding 0.95, except for barium and chromium).  The critical factor is that the digestion
procedure and analytical reference method used should meet the DQOs of the project and
match the method used for confirmation analysis.

4.10 Ambient temperature changes can affect the gain of the amplifiers producing
instrument drift.  Gain or drift is primarily a function of the electronics (amplifier or preamplifier)
and not the detector as most instrument detectors are cooled to a constant temperature.  Most
FPXRF instruments have a built-in automatic gain control.  If the automatic gain control is
allowed to make periodic adjustments, the instrument will compensate for the influence of
temperature changes on its energy scale.  If the FPXRF instrument has an automatic gain
control function, the operator will not have to adjust the instrument’s gain unless an error
message appears.  If an error message appears, the operator should follow the manufacturer’s
procedures for troubleshooting the problem.  Often, this involves performing a new energy
calibration.  The performance of an energy calibration check to assess drift is a quality control
measure discussed in Sec. 9.2.

If the operator is instructed by the manufacturer to manually conduct a gain check
because of increasing or decreasing ambient temperature, it is standard to perform a gain
check after every 10 to 20 sample measurements or once an hour whichever is more frequent. 
It is also suggested that a gain check be performed if the temperature fluctuates more than 10E
F.  The operator should follow the manufacturer’s recommendations for gain check frequency. 
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5.0 SAFETY

5.1 This method does not address all safety issues associated with its use.  The user
is responsible for maintaining a safe work environment and a current awareness file of OSHA
regulations regarding the safe handling of the chemicals listed in this method.  A reference file
of material safety data sheets (MSDSs) should be available to all personnel involved in these
analyses. 

NOTE: No MSDS applies directly to the radiation-producing instrument because that is
covered under the Nuclear Regulatory Commission (NRC) or applicable state
regulations. 

     
5.2 Proper training for the safe operation of the instrument and radiation training

should be completed by the analyst prior to analysis.  Radiation safety for each specific
instrument can be found in the operator’s manual.  Protective shielding should never be
removed by the analyst or any personnel other than the manufacturer.  The analyst should be
aware of the local state and national regulations that pertain to the use of radiation-producing
equipment and radioactive materials with which compliance is required.  There should be a
person appointed within the organization that is solely responsible for properly instructing all
personnel, maintaining inspection records, and monitoring x-ray equipment at regular intervals.  

Licenses for radioactive materials are of two types, specifically:  (1) a general license
which is usually initiated by the manufacturer for receiving, acquiring, owning, possessing,
using, and transferring radioactive material incorporated in a device or equipment, and (2) a
specific license which is issued to named persons for the operation of radioactive instruments
as required by local, state, or federal agencies.  A copy of the radioactive material license (for
specific licenses only) and leak tests should be present with the instrument at all times and
available to local and national authorities upon request.  

X-ray tubes do not require radioactive material licenses or leak tests, but do require
approvals and licenses which vary from state to state.  In addition, fail-safe x-ray warning lights
should be illuminated whenever an x-ray tube is energized.  Provisions listed above concerning
radiation safety regulations, shielding, training, and responsible personnel apply to x-ray tubes
just as to radioactive sources.  In addition, a log of the times and operating conditions should be
kept whenever an x-ray tube is energized.  An additional hazard present with x-ray tubes is the
danger of electric shock from the high voltage supply, however, if the tube is properly positioned
within the instrument, this is only a negligible risk.  Any instrument (x-ray tube or radioisotope
based) is capable of delivering an electric shock from the basic circuitry when the system is
inappropriately opened.

5.3 Radiation monitoring equipment should be used with the handling and operation of
the instrument.  The operator and the surrounding environment should be monitored continually
for analyst exposure to radiation.  Thermal luminescent detectors (TLD) in the form of  badges
and rings are used to monitor operator radiation exposure.  The TLDs or badges should be worn
in the area of maximum exposure.  The maximum permissible whole-body dose from
occupational exposure is 5 Roentgen Equivalent Man (REM) per year.  Possible exposure
pathways for radiation to enter the body are ingestion, inhaling, and absorption.  The best
precaution to prevent radiation exposure is distance and shielding.

6.0 EQUIPMENT AND SUPPLIES

The mention of trade names or commercial products in this manual is for illustrative
purposes only, and does not constitute an EPA endorsement or exclusive recommendation for
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use.  The products and instrument settings cited in SW-846 methods represent those products
and settings used during method development or subsequently evaluated by the Agency. 
Glassware, reagents, supplies, equipment, and settings other than those listed in this manual
may be employed provided that method performance appropriate for the intended application
has been demonstrated and documented. 

6.1 FPXRF spectrometer -- An FPXRF spectrometer consists of four major
components:  (1) a source that provides x-rays; (2) a sample presentation device; (3) a detector
that converts x-ray-generated photons emitted from the sample into measurable electronic
signals; and (4) a data processing unit that contains an emission or fluorescence energy
analyzer, such as an MCA, that processes the signals into an x-ray energy spectrum from which
elemental concentrations in the sample may be calculated, and a data display and storage
system.  These components and additional, optional items, are discussed below.

6.1.1 Excitation sources -- FPXRF instruments use either a sealed radioisotope
source or an x-ray tube to provide the excitation source.  Many FPXRF instruments use
sealed radioisotope sources to produce x-rays in order to irradiate samples.  The FPXRF
instrument may contain between one and three radioisotope sources.  Common
radioisotope sources used for analysis for metals in soils are iron Fe-55 (55Fe), cadmium
Cd-109 (109Cd), americium Am-241 (241Am), and curium Cm-244 (244Cm).  These sources
may be contained in a probe along with a window and the detector; the probe may be
connected to a data reduction and handling system by means of a flexible cable. 
Alternatively, the sources, window, and detector may be included in the same unit as the
data reduction and handling system.

The relative strength of the radioisotope sources is measured in units of millicuries
(mCi).  All other components of the FPXRF system being equal, the stronger the source,
the greater the sensitivity and precision of a given instrument.  Radioisotope sources
undergo constant decay.  In fact, it is this decay process that emits the primary x-rays
used to excite samples for FPXRF analysis.  The decay of radioisotopes is measured in
"half-lives."  The half-life of a radioisotope is defined as the length of time required to
reduce the radioisotopes strength or activity by half.  Developers of FPXRF technologies
recommend source replacement at regular intervals based on the source's half-life.  This
is due to the ever increasing time required for the analysis rather than a decrease in
instrument performance.  The characteristic x-rays emitted from each of the different
sources have energies capable of exciting a certain range of analytes in a sample.  Table
2 summarizes the characteristics of four common radioisotope sources.

X-ray tubes have higher radiation output, no intrinsic lifetime limit, produce
constant output over their lifetime, and do not have the disposal problems of radioactive
sources but are just now appearing in FPXRF instruments.  An electrically-excited x-ray
tube operates by bombarding an anode with electrons accelerated by a high voltage.  The
electrons gain an energy in electron volts equal to the accelerating voltage and can excite
atomic transitions in the anode, which then produces characteristic x-rays.  These
characteristic x-rays are emitted through a window which contains the vacuum necessary
for the electron acceleration.  An important difference between x-ray tubes and radioactive
sources is that the electrons which bombard the anode also produce a continuum of
x-rays across a broad range of energies in addition to the characteristic x-rays.  This
continuum is weak compared to the characteristic x-rays but can provide substantial
excitation since it covers a broad energy range.  It has the undesired property of producing
background in the spectrum near the analyte x-ray lines when it is scattered by the
sample.  For this reason a filter is often used between the x-ray tube and the sample to
suppress the continuum radiation while passing the characteristic x-rays from the anode. 
This filter is sometimes incorporated into the window of the x-ray tube.  The choice of
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accelerating voltage is governed both by the anode material, since the electrons must
have sufficient energy to excite the anode, which requires a voltage greater than the
absorption edge of the anode material and by the instrument’s ability to cool the x-ray
tube.  The anode is most efficiently excited by voltages 2 to 2.5 times the edge energy
(most x-rays per unit power to the tube), although voltages as low as 1.5 times the
absorption edge energy will work.  The characteristic x-rays emitted by the anode are
capable of exciting a range of elements in the sample just as with a radioactive source. 
Table 3 gives the recommended operating voltages and the sample elements excited for
some common anodes.

6.1.2 Sample presentation device -- FPXRF instruments can be operated in two
modes:  in situ and intrusive.  If operated in the in situ mode, the probe window is placed
in direct contact with the soil surface to be analyzed.  When an FPXRF instrument is
operated in the intrusive mode, a soil or sediment sample must be collected, prepared,
and placed in a sample cup.  For FPXRF instruments operated in the intrusive mode, the
probe may be rotated so that the window faces either upward or downward.  A protective
sample cover is placed over the window, and the sample cup is placed on top of the
window inside the protective sample cover for analysis.  

6.1.3 Detectors -- The detectors in the FPXRF instruments can be either solid-
state detectors or gas-filled, proportional counter detectors.  Common solid-state detectors
include mercuric iodide (HgI2), silicon pin diode and  lithium-drifted silicon Si(Li). The HgI2

detector is operated at a moderately subambient temperature controlled by a low power
thermoelectric cooler.  The silicon pin diode detector also is cooled via the thermoelectric
Peltier effect.  The Si(Li) detector must be cooled to at least -90 EC either with liquid
nitrogen or by thermoelectric cooling via the Peltier effect.  Instruments with a Si(Li)
detector have an internal liquid nitrogen dewar with a capacity of 0.5 to 1.0 L.  Proportional
counter detectors are rugged and lightweight, which are important features of a field
portable detector.  However, the resolution of a proportional counter detector is not as
good as that of a solid-state detector.  The energy resolution of a detector for
characteristic x-rays is usually expressed in terms of full width at half-maximum (FWHM)
height of the manganese Kα peak at 5.89 keV.  The typical resolutions of the above
mentioned detectors are as follows:  HgI2-270 eV; silicon pin diode-250 eV; Si(Li)–170 eV;
and gas-filled, proportional counter-750 eV. 

During operation of a solid-state detector, an x-ray photon strikes a biased, solid-
state crystal and loses energy in the crystal by producing electron-hole pairs.  The electric
charge produced is collected and provides a current pulse that is directly proportional to
the energy of the x-ray photon absorbed by the crystal of the detector.  A gas-filled,
proportional counter detector is an ionization chamber filled with a mixture of noble and
other gases.  An x-ray photon entering the chamber ionizes the gas atoms.  The electric
charge produced is collected and provides an electric signal that is directly proportional to
the energy of the x-ray photon absorbed by the gas in the detector.

6.1.4 Data processing units -- The key component in the data processing unit of
an FPXRF instrument is the MCA.  The MCA receives pulses from the detector and sorts
them by their amplitudes (energy level).  The MCA counts pulses per second to determine
the height of the peak in a spectrum, which is indicative of the target analyte's
concentration.  The spectrum of element peaks are built on the MCA.  The MCAs in
FPXRF instruments have from 256 to 2,048 channels.  The concentrations of target
analytes are usually shown in ppm on a liquid crystal display (LCD) in the instrument. 
FPXRF instruments can store both spectra and from 3,000 to 5,000 sets of numerical
analytical results.  Most FPXRF instruments are menu-driven from software built into the
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units or from PCs.  Once the data–storage memory of an FPXRF unit is full or at any other
time, data can be downloaded by means of an RS-232 port and cable to a PC.

6.2 Spare battery and battery charger.

6.3 Polyethylene sample cups -- 31 to 40 mm in diameter with collar, or equivalent
(appropriate for FPXRF instrument).

6.4 X-ray window film -- MylarTM, KaptonTM, SpectroleneTM, polypropylene, or
equivalent; 2.5 to 6.0 µm thick.

6.5 Mortar and pestle --  Glass, agate, or aluminum oxide; for grinding soil and
sediment samples.

6.6 Containers -- Glass or plastic to store samples.

6.7 Sieves -- 60-mesh (0.25 mm), stainless-steel, Nylon, or equivalent for preparing
soil and sediment samples.

6.8 Trowels -- For smoothing soil surfaces and collecting soil samples.

6.9 Plastic bags -- Used for collection and homogenization of soil samples.

6.10 Drying oven -- Standard convection or toaster oven, for soil and sediment samples
that require drying.

7.0 REAGENTS AND STANDARDS

7.1 Reagent grade chemicals must be used in all tests.  Unless otherwise indicated, it
is intended that all reagents conform to the specifications of the Committee on Analytical
Reagents of the American Chemical Society, where such specifications are available.  Other
grades may be used, provided it is first ascertained that the reagent is of sufficiently high purity
to permit its use without lessening the accuracy of the determination.  

7.2 Pure element standards -- Each pure, single-element standard is intended to
produce strong characteristic x-ray peaks of the element of interest only.  Other elements
present must not contribute to the fluorescence spectrum.  A set of pure element standards for
commonly sought analytes is supplied by the instrument manufacturer, if designated for the
instrument; not all instruments require the pure element standards. The standards are used to
set the region of interest (ROI) for each element.  They also can be used as energy calibration
and resolution check samples.

7.3 Site-specific calibration standards -- Instruments that employ fundamental
parameters (FP) or similar mathematical models in minimizing matrix effects may not require
SSCS.  If the FP calibration model is to be optimized or if empirical calibration is necessary,
then SSCSs must be collected, prepared, and analyzed.

7.3.1 The SSCS must be representative of the matrix to be analyzed by
FPXRF.  These samples must be well homogenized.  A minimum of 10 samples spanning
the concentration ranges of the analytes of interest and of the interfering elements must
be obtained from the site.  A sample size of 4 to 8 ounces is recommended, and standard
glass sampling jars should be used.
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7.3.2 Each sample should be oven-dried for 2 to 4 hr at a temperature of less
than 150 EC.  If mercury is to be analyzed, a separate sample portion should be dried at
ambient temperature as heating may volatilize the mercury.  When the sample is dry, all
large, organic debris and nonrepresentative material, such as twigs, leaves, roots, insects,
asphalt, and rock should be removed.  The sample should be homogenized (see Sec.
7.3.3) and then a representative portion ground with a mortar and pestle or other
mechanical means, prior to passing through a 60-mesh sieve.  Only the coarse rock
fraction should remain on the screen.

7.3.3 The sample should be homogenized by using a riffle splitter or by placing
150 to 200 g of the dried, sieved sample on a piece of kraft or butcher paper about 1.5 by
1.5 feet in size.  Each corner of the paper should be lifted alternately, rolling the soil over
on itself and toward the opposite corner.  The soil should be rolled on itself 20 times. 
Approximately 5 g of the sample should then be removed and placed in a sample cup for
FPXRF analysis.  The rest of the prepared sample should be sent off site for ICP or AA
analysis.  The method use for confirmatory analysis should meet the data quality
objectives of the project.

7.4 Blank samples -- The blank samples should be from a "clean" quartz or silicon
dioxide matrix that is free of any analytes at concentrations above the established lower limit of
detection.  These samples are used to monitor for cross-contamination and laboratory-induced
contaminants or interferences.

7.5 Standard reference materials -- Standard reference materials (SRMs) are
standards containing certified amounts of metals in soil or sediment.  These standards are used
for accuracy and performance checks of FPXRF analyses.  SRMs can be obtained from the
National Institute of Standards and Technology (NIST), the U.S. Geological Survey (USGS), the
Canadian National Research Council, and the national bureau of standards in foreign nations. 
Pertinent NIST SRMs for FPXRF analysis include 2704, Buffalo River Sediment; 2709, San
Joaquin Soil; and 2710 and 2711, Montana Soil.  These SRMs contain soil or sediment from
actual sites that has been analyzed using independent inorganic analytical methods by many
different laboratories.  When these SRMs are unavailable, alternate standards may be used
(e.g., NIST 2702).

8.0 SAMPLE COLLECTION, PRESERVATION, AND STORAGE

Sample handling and preservation procedures used in FPXRF analyses should follow the
guidelines in Chapter Three, "Inorganic Analytes."

9.0 QUALITY CONTROL

9.1 Follow the manufacturer’s instructions for the quality control procedures specific to
use of the testing product.  Refer to Chapter One for additional guidance on quality assurance
(QA) and quality control (QC) protocols.  Any effort involving the collection of analytical data
should include development of a structured and systematic planning document, such as a
Quality Assurance Project Plan (QAPP) or a Sampling and Analysis Plan (SAP), which
translates project objectives and specifications into directions for those that will implement the
project and assess the results.  

9.2 Energy calibration check -- To determine whether an FPXRF instrument is
operating within resolution and stability tolerances, an energy calibration check should be run. 
The energy calibration check determines whether the characteristic x-ray lines are shifting,
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which would indicate drift within the instrument.  As discussed in Sec. 4.10, this check also
serves as a gain check in the event that ambient temperatures are fluctuating greatly (more than
10 EF).

9.2.1 The energy calibration check should be run at a frequency consistent with
manufacturer’s recommendations.  Generally, this would be at the beginning of each
working day, after the batteries are changed or the instrument is shut off, at the end of
each working day, and at any other time when the instrument operator believes that drift is
occurring during analysis.  A pure element such as iron, manganese, copper, or lead is
often used for the energy calibration check.  A manufacturer-recommended count time per
source should be used for the check.

9.2.2 The instrument manufacturer’s manual specifies the channel or
kiloelectron volt level at which a pure element peak should appear and the expected
intensity of the peak.  The intensity and channel number of the pure element as measured
using the source should be checked and compared to the manufacturer's
recommendation.  If the energy calibration check does not meet the manufacturer's
criteria, then the pure element sample should be repositioned and reanalyzed.  If the
criteria are still not met, then an energy calibration should be performed as described in
the manufacturer's manual.  With some FPXRF instruments, once a spectrum is acquired
from the energy calibration check, the peak can be optimized and realigned to the
manufacturer's specifications using their software.

9.3 Blank samples -- Two types of blank samples should be analyzed for FPXRF
analysis, specifically, instrument blanks and method blanks. 

9.3.1 An instrument blank is used to verify that no contamination exists in the
spectrometer or on the probe window.  The instrument blank can be silicon dioxide, a
polytetraflurorethylene (PTFE) block, a quartz block, "clean" sand, or lithium carbonate. 
This instrument blank should be analyzed on each working day before and after analyses
are conducted and once per every twenty samples.  An instrument blank should also be
analyzed whenever contamination is suspected by the analyst.  The frequency of analysis
will vary with the data quality objectives of the project.  A manufacturer-recommended
count time per source should be used for the blank analysis.  No element concentrations
above the established lower limit of detection should be found in the instrument blank.  If
concentrations exceed these limits, then the probe window and the check sample should
be checked for contamination.  If contamination is not a problem, then the instrument must
be "zeroed" by following the manufacturer's instructions.

9.3.2 A method blank is used to monitor for laboratory-induced contaminants or
interferences.  The method blank can be "clean" silica sand or lithium carbonate that
undergoes the same preparation procedure as the samples.  A method blank must be
analyzed at least daily.  The frequency of analysis will depend on the data quality
objectives of the project.  If the method blank does not contain the target analyte at a level
that interferes with the project-specific data quality objectives then the method blank would
be considered acceptable.  In the absence of project-specific data quality objectives, if the
blank is less than the lowest level of detection or less than 10% of the lowest sample
concentration for the analyte, whichever is greater, then the method blank would be
considered acceptable.  If the method blank cannot be considered acceptable, the cause
of the problem must be identified, and all samples analyzed with the method blank must

be reanalyzed.  
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9.4 Calibration verification checks -- A calibration verification check sample is used to
check the accuracy of the instrument and to assess the stability and consistency of the analysis
for the analytes of interest.  A check sample should be analyzed at the beginning of each
working day, during active sample analyses, and at the end of each working day.  The
frequency of calibration checks during active analysis will depend on the data quality objectives
of the project.  The check sample should be a well characterized soil sample from the site that is
representative of site samples in terms of particle size and degree of homogeneity and that
contains contaminants at concentrations near the action levels.  If a site-specific sample is not
available, then an NIST or other SRM that contains the analytes of interest can be used to verify
the accuracy of the instrument.  The measured value for each target analyte should be within
±20 percent (%D) of the true value for the calibration verification check to be acceptable.  If a
measured value falls outside this range, then the check sample should be reanalyzed.  If the
value continues to fall outside the acceptance range, the instrument should be recalibrated, and
the batch of samples analyzed before the unacceptable calibration verification check must be
reanalyzed.

9.5 Precision measurements -- The precision of the method is monitored by analyzing
a sample with low, moderate, or high concentrations of target analytes.  The frequency of
precision measurements will depend on the data quality objectives for the data.  A minimum of
one precision sample should be run per day.  Each precision sample should be analyzed 7
times in replicate.  It is recommended that precision measurements be obtained for samples
with varying concentration ranges to assess the effect of concentration on method precision. 
Determining method precision for analytes at concentrations near the site action levels can be
extremely important if the FPXRF results are to be used in an enforcement action; therefore,
selection of at least one sample with target analyte concentrations at or near the site action
levels or levels of concern is recommended.  A precision sample is analyzed by the instrument
for the same field analysis time as used for other project samples.  The relative standard
deviation (RSD) of the sample mean is used to assess method precision.  For FPXRF data to
be considered adequately precise, the RSD should not be greater than 20 percent with the
exception of chromium.  RSD values for chromium should not be greater than 30 percent.  If
both in situ and intrusive analytical techniques are used during the course of one day, it is
recommended that separate precision calculations be performed for each analysis type.

The equation for calculating RSD is as follows:

RSD = (SD/Mean Concentration) x 100

where:

RSD = Relative standard deviation for the precision measurement for the
analyte

SD = Standard deviation of the concentration for the analyte
Mean concentration = Mean concentration for the analyte

The precision or reproducibility of a measurement will improve with increasing count time,
however, increasing the count time by a factor of 4 will provide only 2 times better precision, so
there is a point of diminishing return.  Increasing the count time also improves the sensitivity,
but decreases sample throughput.

9.6 The lower limits of detection should be established from actual measured
performance based on spike recoveries in the matrix of concern or from acceptable method
performance on a certified reference material of the appropriate matrix and within the
appropriate calibration range for the application.  This is considered the best estimate of the true
method sensitivity as opposed to a statistical determination based on the standard deviation of
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replicate analyses of a low-concentration sample.  While the statistical approach demonstrates
the potential data variability for a given sample matrix at one point in time, it does not represent
what can be detected or most importantly the lowest concentration that can be calibrated.  For
this reason the sensitivity should be established as the lowest point of detection based on
acceptable target analyte recovery in the desired sample matrix.
 

9.7 Confirmatory samples -- The comparability of the FPXRF analysis is determined by
submitting FPXRF-analyzed samples for analysis at a laboratory.  The method of confirmatory
analysis must meet the project and XRF measurement data quality objectives.  The
confirmatory samples must be splits of the well homogenized sample material.  In some cases
the prepared sample cups can be submitted.  A minimum of 1 sample for each 20 FPXRF-
analyzed samples should be submitted for confirmatory analysis.  This frequency will depend on
project-specific data quality objectives.  The confirmatory analyses can also be used to verify
the quality of the FPXRF data.  The confirmatory samples should be selected from the lower,
middle, and upper range of concentrations measured by the FPXRF.  They should also include
samples with analyte concentrations at or near the site action levels.  The results of the
confirmatory analysis and FPXRF analyses should be evaluated with a least squares linear
regression analysis.  If the measured concentrations span more than one order of magnitude,
the data should be log-transformed to standardize variance which is proportional to the
magnitude of measurement.  The correlation coefficient (r) for the results should be 0.7 or
greater for the FPXRF data to be considered screening level data.  If the r is 0.9 or greater and
inferential statistics indicate the FPXRF data and the confirmatory data are statistically
equivalent at a 99 percent confidence level, the data could potentially meet definitive level data
criteria.

10.0 CALIBRATION AND STANDARDIZATION

10.1 Instrument calibration -- Instrument calibration procedures vary among FPXRF
instruments.  Users of this method should follow the calibration procedures outlined in the
operator's manual for each specific FPXRF instrument.  Generally, however, three types of
calibration procedures exist for FPXRF instruments, namely:  FP calibration, empirical
calibration, and the Compton peak ratio or normalization method.  These three types of
calibration are discussed below.

10.2 Fundamental parameters calibration -- FP calibration procedures are extremely
variable.  An FP calibration provides the analyst with a "standardless" calibration.  The
advantages of FP calibrations over empirical calibrations include the following:

• No previously collected site-specific samples are necessary, although
site-specific samples with confirmed and validated analytical results for all
elements present could be used.

• Cost is reduced because fewer confirmatory laboratory results or
calibration standards are necessary.

However, the analyst should be aware of the limitations imposed on FP calibration by
particle size and matrix effects.  These limitations can be minimized by adhering to the
preparation procedure described in Sec. 7.3.  The two FP calibration processes discussed
below are based on an effective energy FP routine and a back scatter with FP (BFP) routine. 
Each FPXRF FP calibration process is based on a different iterative algorithmic method.  The
calibration procedure for each routine is explained in detail in the manufacturer's user manual
for each FPXRF instrument; in addition, training courses are offered for each instrument.
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10.2.1 Effective energy FP calibration -- The effective energy FP calibration is
performed by the manufacturer before an instrument is sent to the analyst.  Although
SSCS can be used, the calibration relies on pure element standards or SRMs such as
those obtained from NIST for the FP calibration.  The effective energy routine relies on the
spectrometer response to pure elements and FP iterative algorithms to compensate for
various matrix effects.

Alpha coefficients are calculated using a variation of the Sherman equation, which
calculates theoretical intensities from the measurement of pure element samples.  These
coefficients indicate the quantitative effect of each matrix element on an analyte's
measured x-ray intensity.  Next, the Lachance Traill algorithm is solved as a set of
simultaneous equations based on the theoretical intensities.  The alpha coefficients are
then downloaded into the specific instrument.

The working effective energy FP calibration curve must be verified before sample
analysis begins on each working day, after every 20 samples are analyzed, and at the end
of sampling.  This verification is performed by analyzing either an NIST SRM or an SSCS
that is representative of the site-specific samples.  This SRM or SSCS serves as a
calibration check.  A manufacturer-recommended count time per source should be used
for the calibration check.  The analyst must then adjust the y-intercept and slope of the
calibration curve to best fit the known concentrations of target analytes in the SRM or
SSCS.

A percent difference (%D) is then calculated for each target analyte.  The %D
should be within ±20 percent of the certified value for each analyte.  If the %D falls outside
this acceptance range, then the calibration curve should be adjusted by varying the slope
of the line or the y-intercept value for the analyte.  The SRM or SSCS is reanalyzed until
the %D falls within ±20 percent.  The group of 20 samples analyzed before an out-of-
control calibration check should be reanalyzed.

The equation to calibrate %D is as follows:

%D = ((Cs - Ck) / Ck) x 100

where:

%D = Percent difference
Ck   = Certified concentration of standard sample
Cs   = Measured concentration of standard sample

10.2.2 BFP calibration -- BFP calibration relies on the ability of the liquid
nitrogen-cooled, Si(Li) solid-state detector to separate the coherent (Compton) and
incoherent (Rayleigh) backscatter peaks of primary radiation.  These peak intensities are
known to be a function of sample composition, and the ratio of the Compton to Rayleigh
peak is a function of the mass absorption of the sample.  The calibration procedure is
explained in detail in the instrument manufacturer's manual.  Following is a general
description of the BFP calibration procedure.

The concentrations of all detected and quantified elements are entered into the
computer software system.  Certified element results for an NIST SRM or confirmed and
validated results for an SSCS can be used.  In addition, the concentrations of oxygen and
silicon must be entered; these two concentrations are not found in standard metals
analyses.  The manufacturer provides silicon and oxygen concentrations for typical soil
types.  Pure element standards are then analyzed using a manufacturer-recommended
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count time per source. The results are used to calculate correction factors in order to
adjust for spectrum overlap of elements. 

The working BFP calibration curve must be verified before sample analysis begins
on each working day, after every 20 samples are analyzed, and at the end of the analysis. 
This verification is performed by analyzing either an NIST SRM or an SSCS that is
representative of the site-specific samples.  This SRM or SSCS serves as a calibration
check.  The standard sample is analyzed using a manufacturer-recommended count time
per source to check the calibration curve.  The analyst must then adjust the y-intercept
and slope of the calibration curve to best fit the known concentrations of target analytes in
the SRM or SSCS.

A %D is then calculated for each target analyte.  The %D should fall within ±20
percent of the certified value for each analyte.  If the %D falls outside this acceptance
range, then the calibration curve should be adjusted by varying the slope of the line the y-
intercept value for the analyte. The standard sample is reanalyzed until the %D falls within
±20 percent.  The group of 20 samples analyzed before an out-of-control calibration check
should be reanalyzed.

10.3 Empirical calibration --  An empirical calibration can be performed with SSCS, site-
typical standards, or standards prepared from metal oxides.  A discussion of SSCS is included
in Sec. 7.3; if no previously characterized samples exist for a specific site, site-typical standards
can be used.  Site-typical standards may be selected from commercially available characterized
soils or from SSCS prepared for another site.  The site-typical standards should closely
approximate the site's soil matrix with respect to particle size distribution, mineralogy, and
contaminant analytes.  If neither SSCS nor site-typical standards are available, it is possible to
make gravimetric standards by adding metal oxides to a "clean" sand or silicon dioxide matrix
that simulates soil.  Metal oxides can be purchased from various chemical vendors.  If standards
are made on site, a balance capable of weighing items to at least two decimal places is
necessary.  Concentrated ICP or AA standard solutions can also be used to make standards. 
These solutions are available in concentrations of 10,000 parts per million, thus only small
volumes have to be added to the soil.

An empirical calibration using SSCS involves analysis of SSCS by the FPXRF instrument
and by a conventional analytical method such as ICP or AA.  A total acid digestion procedure
should be used by the laboratory for sample preparation.  Generally, a minimum of 10 and a
maximum of 30 well characterized SSCS, site-typical standards, or prepared metal oxide
standards are necessary to perform an adequate empirical calibration.  The exact number of
standards depends on the number of analytes of interest and interfering elements. 
Theoretically, an empirical calibration with SSCS should provide the most accurate data for a
site because the calibration compensates for site-specific matrix effects.

The first step in an empirical calibration is to analyze the pure element standards for the
elements of interest.  This enables the instrument to set channel limits for each element for
spectral deconvolution.  Next the SSCS, site-typical standards, or prepared metal oxide
standards are analyzed using a count time of 200 seconds per source or a count time
recommended by the manufacturer.  This will produce a spectrum and net intensity of each
analyte in each standard.  The analyte concentrations for each standard are then entered into
the instrument software; these concentrations are those obtained from the laboratory, the
certified results, or the gravimetrically determined concentrations of the prepared standards. 
This gives the instrument analyte values to regress against corresponding intensities during the
modeling stage.  The regression equation correlates the concentrations of an analyte with its
net intensity.
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The calibration equation is developed using a least squares fit regression analysis.  After
the regression terms to be used in the equation are defined, a mathematical equation can be
developed to calculate the analyte concentration in an unknown sample.  In some FPXRF
instruments, the software of the instrument calculates the regression equation.  The software
uses calculated intercept and slope values to form a multiterm equation.  In conjunction with the
software in the instrument, the operator can adjust the multiterm equation to minimize
interelement interferences and optimize the intensity calibration curve.

It is possible to define up to six linear or nonlinear terms in the regression equation. 
Terms can be added and deleted to optimize the equation.  The goal is to produce an equation
with the smallest regression error and the highest correlation coefficient.  These values are
automatically computed by the software as the regression terms are added, deleted, or
modified.  It is also possible to delete data points from the regression line if these points are
significant outliers or if they are heavily weighing the data.  Once the regression equation has
been selected for an analyte, the equation can be entered into the software for quantitation of
analytes in subsequent samples.  For an empirical calibration to be acceptable, the regression
equation for a specific analyte should have a correlation coefficient of 0.98 or greater or meet
the DQOs of the project.

In an empirical calibration, one must apply the DQOs of the project and ascertain critical or
action levels for the analytes of interest.  It is within these concentration ranges or around these
action levels that the FPXRF instrument should be calibrated most accurately.  It may not be
possible to develop a good regression equation over several orders of analyte concentration. 
 

10.4 Compton normalization method -- The Compton normalization method is based on
analysis of a single, certified standard and normalization for the Compton peak.  The Compton
peak is produced from incoherent backscattering of x-ray radiation from the excitation source
and is present in the spectrum of every sample.  The Compton peak intensity changes with
differing matrices.  Generally, matrices dominated by lighter elements produce a larger
Compton peak, and those dominated by heavier elements produce a smaller Compton peak. 
Normalizing to the Compton peak can reduce problems with varying matrix effects among
samples.  Compton normalization is similar to the use of internal standards in organics analysis. 
The Compton normalization method may not be effective when analyte concentrations exceed a
few percent.

The certified standard used for this type of calibration could be an NIST SRM such as
2710 or 2711.  The SRM must be a matrix similar to the samples and must contain the analytes
of interests at concentrations near those expected in the samples.  First, a response factor has
to be determined for each analyte.  This factor is calculated by dividing the net peak intensity by
the analyte concentration.  The net peak intensity is gross intensity corrected for baseline
reading.  Concentrations of analytes in samples are then determined by multiplying the baseline
corrected analyte signal intensity by the normalization factor and by the response factor.  The
normalization factor is the quotient of the baseline corrected Compton Kα peak intensity of the
SRM divided by that of the samples.  Depending on the FPXRF instrument used, these
calculations may be done manually or by the instrument software.

11.0 PROCEDURE

11.1 Operation of the various FPXRF instruments will vary according to the
manufacturers' protocols.  Before operating any FPXRF instrument, one should consult the
manufacturer's manual.  Most manufacturers recommend that their instruments be allowed to
warm up for 15 to 30 minutes before analysis of samples.  This will help alleviate drift or energy
calibration problems later during analysis.
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11.2 Each FPXRF instrument should be operated according to the manufacturer's
recommendations.  There are two modes in which FPXRF instruments can be operated:  in situ
and intrusive.  The in situ mode involves analysis of an undisturbed soil sediment or sample. 
Intrusive analysis involves collection and preparation of a soil or sediment sample before
analysis.  Some FPXRF instruments can operate in both modes of analysis, while others are
designed to operate in only one mode.  The two modes of analysis are discussed below.

11.3 For in situ analysis, remove any large or nonrepresentative debris from the soil
surface before analysis.  This debris includes rocks, pebbles, leaves, vegetation, roots, and
concrete.  Also, the soil surface must be as smooth as possible so that the probe window will
have good contact with the surface.  This may require some leveling of the surface with a
stainless-steel trowel.  During the study conducted to provide example performance data for this
method, this modest amount of sample preparation was found to take less than 5 min per
sample location.  The last requirement is that the soil or sediment not be saturated with water. 
Manufacturers state that their FPXRF instruments will perform adequately for soils with moisture
contents of 5 to 20 percent but will not perform well for saturated soils, especially if ponded
water exists on the surface.  Another recommended technique for in situ analysis is to tamp the
soil to increase soil density and compactness for better repeatability and representativeness. 
This condition is especially important for heavy element analysis, such as barium.  Source count
times for in situ analysis usually range from 30 to 120 seconds, but source count times will vary
among instruments and depending on the desired method sensitivity.  Due to the
heterogeneous nature of the soil sample, in situ analysis can provide only “screening” type data.

11.4 For intrusive analysis of surface or sediment, it is recommended that a sample be
collected from a 4- by 4-inch square that is 1 inch deep.  This will produce a soil sample of
approximately 375 g or 250 cm3, which is enough soil to fill an 8-ounce jar.  However, the exact
dimensions and sample depth should take into consideration the heterogeneous deposition of
contaminants and will ultimately depend on the desired project-specific data quality objectives. 
The sample should be homogenized, dried, and ground before analysis.  The sample can be
homogenized before or after drying.  The homogenization technique to be used after drying is
discussed in Sec. 4.2.  If the sample is homogenized before drying, it should be thoroughly
mixed in a beaker or similar container, or if the sample is moist and has a high clay content, it
can be kneaded in a plastic bag.  One way to monitor homogenization when the sample is
kneaded in a plastic bag is to add sodium fluorescein dye to the sample.  After the moist sample
has been homogenized, it is examined under an ultraviolet light to assess the distribution of
sodium fluorescein throughout the sample.  If the fluorescent dye is evenly distributed in the
sample, homogenization is considered complete; if the dye is not evenly distributed, mixing
should continue until the sample has been thoroughly homogenized.  During the study
conducted to provide data for this method, the time necessary for homogenization procedure
using the fluorescein dye ranged from 3 to 5 min per sample.  As demonstrated in Secs. 13.5
and 13.7, homogenization has the greatest impact on the reduction of sampling variability.  It
produces little or no contamination.  Often, the direct analysis through the plastic bag is possible
without the more labor intensive steps of drying, grinding, and sieving given in Secs. 11.5 and
11.6.   Of course, to achieve the best data quality possible all four steps should be followed.

11.5 Once the soil or sediment sample has been homogenized, it should be dried.  This
can be accomplished with a toaster oven or convection oven.  A small aliquot of the sample (20
to 50 g) is placed in a suitable container for drying.  The sample should be dried for 2 to 4 hr in
the convection or toaster oven at a temperature not greater than 150 EC.  Samples may also be
air dried under ambient temperature conditions using a 10- to 20-g portion.  Regardless of what
drying mechanism is used, the drying process is considered complete when a constant sample
weight can be obtained.  Care should be taken to avoid sample cross-contamination and these
measures can be evaluated by including an appropriate method blank sample along with any
sample preparation process.
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CAUTION: Microwave drying is not a recommended procedure.  Field studies have shown that
microwave drying can increase variability between the FPXRF data and
confirmatory analysis.  High levels of metals in a sample can cause arcing in the
microwave oven, and sometimes slag forms in the sample.  Microwave oven drying
can also melt plastic containers used to hold the sample.

11.6 The homogenized dried sample material should be ground with a mortar and pestle
and passed through a 60-mesh sieve to achieve a uniform particle size.  Sample grinding
should continue until at least 90 percent of the original sample passes through the sieve.  The
grinding step normally takes an average of 10 min per sample.  An aliquot of the sieved sample
should then be placed in a 31.0-mm polyethylene sample cup (or equivalent) for analysis.  The
sample cup should be one-half to three-quarters full at a minimum.  The sample cup should be
covered with a 2.5 µm Mylar (or equivalent) film for analysis.  The rest of the soil sample should
be placed in a jar, labeled, and archived for possible confirmation analysis.  All equipment
including the mortar, pestle, and sieves must be thoroughly cleaned so that any cross-
contamination is below the established lower limit of detection of the procedure or DQOs of the
analysis.  If all recommended sample preparation steps are followed, there is a high probability
the desired laboratory data quality may be obtained.

12.0 DATA ANALYSIS AND CALCULATIONS

Most FPXRF instruments have software capable of storing all analytical results and
spectra.  The results are displayed in ppm and can be downloaded to a personal computer,
which can be used to provide a hard copy printout.  Individual measurements that are smaller
than three times their associated SD should not be used for quantitation.  See the
manufacturer’s instructions regarding data analysis and calculations.

13.0 METHOD PERFORMANCE

13.1 Performance data and related information are provided in SW-846 methods only as
examples and guidance.  The data do not represent required performance criteria for users of
the methods.   Instead, performance criteria should be developed on a project-specific basis,
and the laboratory should establish in-house QC performance criteria for the application of this
method.  These performance data are not intended to be and must not be used as absolute QC
acceptance criteria for purposes of laboratory accreditation.

13.2 The sections to follow discuss three performance evaluation factors; namely,
precision, accuracy, and comparability.  The example data presented in Tables 4 through 8
were generated from results obtained from six FPXRF instruments (see Sec. 13.3).  The soil
samples analyzed by the six FPXRF instruments were collected from two sites in the United
States.  The soil samples contained several of the target analytes at concentrations ranging
from "nondetect" to tens of thousands of mg/kg.  These data are provided for guidance
purposes only.  

13.3 The six FPXRF instruments included the TN 9000 and TN Lead Analyzer
manufactured by TN Spectrace; the X-MET 920 with a SiLi detector and X-MET 920 with a gas-
filled proportional detector manufactured by Metorex, Inc.; the XL Spectrum Analyzer
manufactured by Niton; and the MAP Spectrum Analyzer manufactured by Scitec.  The TN 9000
and TN Lead Analyzer both have a HgI2 detector.  The TN 9000 utilized an Fe-55, Cd-109, and
Am-241 source.  The TN Lead Analyzer had only a Cd-109 source.  The X-Met 920 with the SiLi
detector had a Cd-109 and Am-241 source.  The X-MET 920 with the gas-filled proportional
detector had only a Cd-109 source.  The XL Spectrum Analyzer utilized a silicon pin-diode
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detector and a Cd-109 source.  The MAP Spectrum Analyzer utilized a solid-state silicon
detector and a Cd-109 source.

13.4 All example data presented in Tables 4 through 8 were generated using the
following calibrations and source count times.  The TN 9000 and TN Lead Analyzer were
calibrated using fundamental parameters using NIST SRM 2710 as a calibration check sample. 
The TN 9000 was operated using 100, 60, and 60 second count times for the Cd-109, Fe-55,
and Am-241 sources, respectively.  The TN Lead analyzer was operated using a 60 second
count time for the Cd-109 source.  The X-MET 920 with the Si(Li) detector was calibrated using
fundamental parameters and one well characterized site-specific soil standard as a calibration
check.  It used 140 and 100 second count times for the Cd-109 and Am-241 sources,
respectively.  The X-MET 920 with the gas-filled proportional detector was calibrated empirically
using between 10 and 20 well characterized site-specific soil standards.  It used 120 second
times for the Cd-109 source.  The XL Spectrum Analyzer utilized NIST SRM 2710 for calibration
and the Compton peak normalization procedure for quantitation based on 60 second count
times for the Cd-109 source.  The MAP Spectrum Analyzer was internally calibrated by the
manufacturer.  The calibration was checked using a well-characterized site-specific soil
standard.  It used 240 second times for the Cd-109 source.

13.5 Precision measurements -- The example precision data are presented in Table 4.  
These data are provided for guidance purposes only.  Each of the six FPXRF instruments
performed 10 replicate measurements on 12 soil samples that had analyte concentrations
ranging from "nondetects" to thousands of mg/kg.  Each of the 12 soil samples underwent 4
different preparation techniques from in situ (no preparation) to dried and ground in a sample
cup.  Therefore, there were 48 precision data points for five of the instruments and 24 precision
points for the MAP Spectrum Analyzer.  The replicate measurements were taken using the
source count times discussed at the beginning of this section.

For each detectable analyte in each precision sample a mean concentration, standard
deviation, and RSD was calculated for each analyte.  The data presented in Table 4 is an
average RSD for the precision samples that had analyte concentrations at 5 to 10 times the
lower limit of detection for that analyte for each instrument.  Some analytes such as mercury,
selenium, silver, and thorium were not detected in any of the precision samples so these
analytes are not listed in Table 4.  Some analytes such as cadmium, nickel, and tin were only
detected at concentrations near the lower limit of detection so that an RSD value calculated at 5
to 10 times this limit was not possible.

One FPXRF instrument collected replicate measurements on an additional nine soil
samples to provide a better assessment of the effect of sample preparation on precision.  Table
5 shows these results.  These data are provided for guidance purposes only.  The additional
nine soil samples were comprised of three from each texture and had analyte concentrations
ranging from near the lower limit of detection for the FPXRF analyzer to thousands of mg/kg. 
The FPXRF analyzer only collected replicate measurements from three of the preparation
methods; no measurements were collected from the in situ homogenized samples.  The FPXRF
analyzer conducted five replicate measurements of the in situ field samples by taking
measurements at five different points within the 4-inch by 4-inch sample square.  Ten replicate
measurements were collected for both the intrusive undried and unground and intrusive dried
and ground samples contained in cups.  The cups were shaken between each replicate
measurement.

Table 5 shows that the precision dramatically improved from the in situ to the intrusive
measurements.  In general there was a slight improvement in precision when the sample was
dried and ground.  Two factors caused the precision for the in situ measurements to be poorer. 
The major factor is soil heterogeneity.  By moving the probe within the 4-inch by 4-inch square,
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measurements of different soil samples were actually taking place within the square.  Table 5
illustrates the dominant effect of soil heterogeneity.  It overwhelmed instrument precision when
the FPXRF analyzer was used in this mode.  The second factor that caused the RSD values to
be higher for the in situ measurements is the fact that only five instead of ten replicates were
taken.  A lesser number of measurements caused the standard deviation to be larger which in
turn elevated the RSD values.
  

13.6 Accuracy measurements -- Five of the FPXRF instruments (not including the MAP
Spectrum Analyzer) analyzed 18 SRMs using the source count times and calibration methods
given at the beginning of this section.  The 18 SRMs included 9 soil SRMs, 4 stream or river
sediment SRMs, 2 sludge SRMs, and 3 ash SRMs.  Each of the SRMs contained known
concentrations of certain target analytes.  A percent recovery was calculated for each analyte in
each SRM for each FPXRF instrument.  Table 6 presents a summary of this data.   With the
exception of cadmium, chromium, and nickel, the values presented in Table 6 were generated
from the 13 soil and sediment SRMs only.  The 2 sludge and 3 ash SRMs were included for
cadmium, chromium, and nickel because of the low or nondetectable concentrations of these
three analytes in the soil and sediment SRMs.

Only 12 analytes are presented in Table 6.  These are the analytes that are of
environmental concern and provided a significant number of detections in the SRMs for an
accuracy assessment.  No data is presented for the X-MET 920 with the gas-filled proportional
detector.  This FPXRF instrument was calibrated empirically using site-specific soil samples. 
The percent recovery values from this instrument were very sporadic and the data did not lend
itself to presentation in Table 6.

Table 7 provides a more detailed summary of accuracy data for one particular FPXRF
instrument (TN 9000) for the 9 soil SRMs and 4 sediment SRMs.  These data are provided for
guidance purposes only.  Table 7 shows the certified value, measured value, and percent
recovery for five analytes.  These analytes were chosen because they are of environmental
concern and were most prevalently certified for in the SRM and detected  by the FPXRF
instrument.  The first nine SRMs are soil and the last 4 SRMs are sediment.  Percent recoveries
for the four NIST SRMs were often between 90 and 110 percent for all analytes.

13.7 Comparability -- Comparability refers to the confidence with which one data set can
be compared to another.  In this case, FPXRF data generated from a large study of six FPXRF
instruments was compared to SW-846 Methods 3050 and 6010 which are the standard soil
extraction for metals and analysis by inductively coupled plasma.  An evaluation of
comparability was conducted by using linear regression analysis.  Three factors were
determined using the linear regression.  These factors were the y-intercept, the slope of the line,
and the coefficient of determination (r2).

As part of the comparability assessment, the effects of soil type and preparation methods
were studied.  Three soil types (textures) and four preparation methods were examined during
the study.  The preparation methods evaluated the cumulative effect of particle size, moisture,
and homogenization on comparability.  Due to the large volume of data produced during this
study, linear regression data for six analytes from only one FPXRF instrument is presented in
Table 8.  Similar trends in the data were seen for all instruments.  These data are provided for
guidance purposes only.

Table 8 shows the regression parameters for the whole data set, broken out by soil type,
and by preparation method.  These data are provided for guidance purposes only.  The soil
types are as follows: soil 1--sand; soil 2--loam; and soil 3--silty clay.  The preparation methods
are as follows: preparation 1--in situ in the field; preparation 2--intrusive, sample collected and
homogenized; preparation 3--intrusive, with sample in a sample cup but sample still wet and not
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ground; and preparation 4–intrusive, with sample dried, ground, passed through a 40-mesh
sieve, and placed in sample cup.

 For arsenic, copper, lead, and zinc, the comparability to the confirmatory laboratory was
excellent with r2 values ranging from 0.80 to 0.99 for all six FPXRF instruments.  The slopes of
the regression lines for arsenic, copper, lead, and zinc, were generally between 0.90 and 1.00
indicating the data would need to be corrected very little or not at all to match the confirmatory
laboratory data.  The r2 values and slopes of the regression lines for barium and chromium were
not as good as for the other for analytes, indicating the data would have to be corrected to
match the confirmatory laboratory.

Table 8 demonstrates that there was little effect of soil type on the regression parameters
for any of the six analytes.  The only exceptions were for barium in soil 1 and copper in soil 3. 
In both of these cases, however, it is actually a concentration effect and not a soil effect causing
the poorer comparability.  All barium and copper concentrations in soil 1 and 3, respectively,
were less than 350 mg/kg.

Table 8 shows there was a preparation effect on the regression parameters for all six
analytes.  With the exception of chromium, the regression parameters were primarily improved
going from preparation 1 to preparation 2.  In this step, the sample was removed from the soil
surface, all large debris was removed, and the sample was thoroughly homogenized.  The
additional two preparation methods did little to improve the regression parameters.  This data
indicates that homogenization is the most critical factor when comparing the results.  It is
essential that the sample sent to the confirmatory laboratory match the FPXRF sample as
closely as possible.

Sec. 11.0 of this method discusses the time necessary for each of the sample preparation
techniques.  Based on the data quality objectives for the project, an analyst must decide if it is
worth the extra time necessary to dry and grind the sample for small improvements in
comparability.  Homogenization requires 3 to 5 min.  Drying the sample requires one to two
hours.  Grinding and sieving requires another 10 to 15 min per sample.  Lastly, when grinding
and sieving is conducted, time has to be allotted to decontaminate the mortars, pestles, and
sieves.  Drying and grinding the samples and decontamination procedures will often dictate that
an extra person be on site so that the analyst can keep up with the sample collection crew.  The
cost of requiring an extra person on site to prepare samples must be balanced with the gain in
data quality and sample throughput.

13.8 The following documents may provide additional guidance and insight on this
method and technique:

13.8.1 A. D. Hewitt, "Screening for Metals by X-ray Fluorescence
Spectrometry/Response Factor/Compton Kα Peak Normalization Analysis," American
Environmental Laboratory, pp 24-32, 1994.  

13.8.2 S. Piorek and J. R. Pasmore,  "Standardless, In Situ Analysis of Metallic
Contaminants in the Natural Environment With a PC-Based, High Resolution Portable X-
Ray Analyzer," Third International Symposium on Field Screening Methods for Hazardous
Waste and Toxic Chemicals,  Las Vegas, Nevada, February 24-26, 1993, Vol 2, pp 1135-
1151, 1993.

13.8.3 S. Shefsky, "Sample Handling Strategies for Accurate Lead-in-soil
Measurements in the Field and Laboratory," International Symposium of Field Screening
Methods for Hazardous Waste and Toxic Chemicals, Las Vegas, NV, January 29-31,
1997.
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14.0 POLLUTION PREVENTION

14.1 Pollution prevention encompasses any technique that reduces or eliminates the
quantity and/or toxicity of waste at the point of generation.  Numerous opportunities for pollution
prevention exist in laboratory operation.  The EPA has established a preferred hierarchy of
environmental management techniques that places pollution prevention as the management
option of first choice.  Whenever feasible, laboratory personnel should use pollution prevention
techniques to address their waste generation.  When wastes cannot be feasibly reduced at the
source, the Agency recommends recycling as the next best option.

14.2 For information about pollution prevention that may be applicable to laboratories
and research institutions consult Less is Better: Laboratory Chemical Management for Waste
Reduction available from the American Chemical Society's Department of Government
Relations and Science Policy, 1155 16th St., N.W. Washington, D.C. 20036, http://www.acs.org.

15.0 WASTE MANAGEMENT

The Environmental Protection Agency requires that laboratory waste management
practices be conducted consistent with all applicable rules and regulations.  The Agency urges
laboratories to protect the air, water, and land by minimizing and controlling all releases from
hoods and bench operations, complying with the letter and spirit of any sewer discharge permits
and regulations, and by complying with all solid and hazardous waste regulations, particularly
the hazardous waste identification rules and land disposal restrictions.  For further information
on waste management, consult The Waste Management Manual for Laboratory Personnel
available from the American Chemical Society at the address listed in Sec. 14.2.

16.0 REFERENCES

1. Metorex, X-MET 920 User's Manual.

2. Spectrace Instruments, "Energy Dispersive X-ray Fluorescence Spectrometry:  An
Introduction," 1994.

3. TN Spectrace, Spectrace 9000 Field Portable/Benchtop XRF Training and Applications
Manual.

4. Unpublished SITE data, received from PRC Environment Management, Inc.

17.0 TABLES, DIAGRAMS, FLOWCHARTS, AND VALIDATION DATA

The following pages contain the tables referenced by this method.  A flow diagram of the
procedure follows the tables.
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TABLE 1

EXAMPLE INTERFERENCE FREE LOWER LIMITS OF DETECTION

Analyte Chemical
Abstract

 Series Number

Lower Limit of Detection
in Quartz Sand

(milligrams per kilogram) 

Antimony (Sb) 7440-36-0   40

Arsenic (As) 7440-38-0   40

Barium (Ba) 7440-39-3   20

Cadmium (Cd) 7440-43-9 100

Calcium (Ca) 7440-70-2   70

Chromium (Cr) 7440-47-3 150

Cobalt (Co) 7440-48-4   60

Copper (Cu) 7440-50-8   50

Iron (Fe) 7439-89-6   60

Lead (Pb) 7439-92-1   20

Manganese (Mn) 7439-96-5   70

Mercury (Hg) 7439-97-6   30

Molybdenum (Mo) 7439-93-7   10

Nickel (Ni) 7440-02-0   50

Potassium (K) 7440-09-7 200

Rubidium (Rb) 7440-17-7   10

Selenium (Se) 7782-49-2   40

Silver (Ag) 7440-22-4   70

Strontium (Sr) 7440-24-6   10

Thallium (Tl) 7440-28-0   20

Thorium (Th) 7440-29-1   10

Tin (Sn) 7440-31-5   60

Titanium (Ti) 7440-32-6   50

Vanadium (V) 7440-62-2   50

Zinc (Zn) 7440-66-6   50

Zirconium (Zr) 7440-67-7   10

   Source: Refs. 1, 2, and 3
   These data are provided for guidance purposes only. 
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TABLE 2

SUMMARY OF RADIOISOTOPE SOURCE CHARACTERISTICS

Source Activity
(mCi)

Half-Life
(Years)

Excitation Energy
(keV)

Elemental Analysis Range

Fe-55 20-50 2.7 5.9 Sulfur to Chromium
Molybdenum to Barium

K Lines
L Lines

Cd-109 5-30 1.3 22.1 and 87.9 Calcium to Rhodium
Tantalum to Lead
Barium to Uranium

K Lines
K Lines
L Lines

Am-241 5-30 432 26.4 and 59.6 Copper to Thulium
Tungsten to Uranium

K Lines
L Lines

Cm-244 60-100 17.8 14.2 Titanium to Selenium
Lanthanum to Lead

K Lines
L Lines

Source:  Refs. 1, 2, and 3

TABLE 3

SUMMARY OF X-RAY TUBE SOURCE CHARACTERISTICS

Anode
Material

Recommended
Voltage Range

(kV)

K-alpha
Emission

(keV)

Elemental Analysis Range

Cu 18-22    8.04 Potassium to Cobalt
Silver to Gadolinium

K Lines
L Lines

Mo 40-50 17.4 Cobalt to Yttrium
Europium to Radon

K Lines
L Lines

Ag 50-65 22.1 Zinc to Technicium
Ytterbium to Neptunium

K Lines
L Lines

Source:  Ref. 4

Notes:  The sample elements excited are chosen by taking as the lower limit the same ratio of
excitation line energy to element absorption edge as in Table 2 (approximately 0.45) and the
requirement that the excitation line energy be above the element absorption edge as the upper
limit (L2 edges used for L lines).  K-beta excitation lines were ignored.



6200 - 27 Revision 0
February 2007

TABLE 4

EXAMPLE PRECISION VALUES

Analyte
Average Relative Standard Deviation for Each Instrument

at 5 to 10 Times the Lower Limit of Detection

TN
9000

TN Lead
Analyzer

X-MET 920
(SiLi

Detector)

X-MET 920
(Gas-Filled
Detector)

XL
Spectrum
Analyzer

MAP
Spectrum
Analyzer

Antimony 6.54 NR NR NR NR NR

Arsenic 5.33 4.11 3.23 1.91 12.47 6.68

Barium 4.02 NR 3.31 5.91 NR NR

Cadmium 29.84a NR 24.80a NR NR NR

Calcium 2.16 NR NR NR NR NR

Chromium 22.25 25.78 22.72 3.91 30.25 NR

Cobalt 33.90 NR NR NR NR NR

Copper 7.03 9.11 8.49 9.12 12.77 14.86

Iron 1.78 1.67 1.55 NR 2.30 NR

Lead 6.45 5.93 5.05 7.56 6.97 12.16

Manganese 27.04 24.75 NR NR NR NR

Molybdenum 6.95 NR NR NR 12.60 NR

Nickel 30.85a NR 24.92a 20.92a NA NR

Potassium 3.90 NR NR NR NR NR

Rubidium 13.06 NR NR NR 32.69a NR

Strontium 4.28 NR NR NR 8.86 NR

Tin 24.32a NR NR NR NR NR

Titanium 4.87 NR NR NR NR NR

Zinc 7.27 7.48 4.26 2.28 10.95 0.83

Zirconium 3.58 NR NR NR 6.49 NR

These data are provided for guidance purposes only.
Source:  Ref. 4
a These values are biased high because the concentration of these analytes in the soil

samples was near the lower limit of detection for that particular FPXRF instrument.
NR Not reported.
NA Not applicable; analyte was reported but was below the established lower limit detection.
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TABLE 5

EXAMPLES OF PRECISION AS AFFECTED BY SAMPLE PREPARATION

Analyte
Average Relative Standard Deviation for Each Preparation Method

In Situ-Field
Intrusive-

Undried and Unground
Intrusive-

Dried and Ground

Antimony 30.1 15.0 14.4

Arsenic 22.5     5.36     3.76

Barium 17.3     3.38     2.90

Cadmiuma 41.2 30.8 28.3

Calcium 17.5     1.68     1.24

Chromium 17.6 28.5 21.9

Cobalt 28.4 31.1 28.4

Copper 26.4 10.2     7.90

Iron 10.3     1.67     1.57

Lead 25.1     8.55     6.03

Manganese 40.5 12.3 13.0

Mercury ND ND ND

Molybdenum 21.6 20.1 19.2

Nickela 29.8 20.4 18.2

Potassium 18.6     3.04     2.57

Rubidium 29.8 16.2 18.9

Selenium ND 20.2 19.5

Silvera 31.9 31.0 29.2

Strontium 15.2     3.38     3.98

Thallium 39.0 16.0 19.5

Thorium NR NR NR

Tin ND 14.1 15.3

Titanium 13.3     4.15     3.74

Vanadium NR NR NR

Zinc 26.6 13.3 11.1

Zirconium 20.2     5.63     5.18

These data are provided for guidance purposes only.
Source:  Ref. 4
a These values may be biased high because the concentration of these analytes in the soil

samples was near the lower limit of detection.
ND Not detected.
NR Not reported.
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TABLE 6

EXAMPLE ACCURACY VALUES

Analyte

Instrument

TN 9000 TN Lead Analyzer X-MET 920 (SiLi Detector) XL Spectrum Analyzer

n Range 

of

% Rec.

Mean

% Rec.

SD n Range

of

% Rec.

Mean

%

Rec.

SD n Range

of

% Rec.

Mean

%

Rec

SD n Range

of

% Rec.

Mean

%

Rec.

SD

Sb 2 100-149 124.3 NA -- -- -- -- -- -- -- -- -- -- -- --

As 5 68-115 92.8 17.3 5 44-105 83.4 23.2 4 9.7-91 47.7 39.7 5 38-535 189.8 206

Ba 9 98-198 135.3 36.9 -- -- -- -- 9 18-848 168.2 262 -- -- -- --

Cd 2 99-129 114.3 NA -- -- -- -- 6 81-202 110.5 45.7 -- -- -- --

Cr 2 99-178 138.4 NA -- -- -- -- 7 22-273 143.1 93.8 3 98-625 279.2 300

Cu 8 61-140 95.0 28.8 6 38-107 79.1 27.0 11 10-210 111.8 72.1 8 95-480 203.0 147

Fe 6 78-155 103.7 26.1 6 89-159 102.3 28.6 6 48-94 80.4 16.2 6 26-187 108.6 52.9

Pb 11 66-138 98.9 19.2 11 68-131 97.4 18.4 12 23-94 72.7 20.9 13 80-234 107.3 39.9

Mn 4 81-104 93.1 9.70 3 92-152 113.1 33.8 -- -- -- -- -- -- -- --

Ni 3 99-122 109.8 12.0 -- -- -- -- -- -- -- -- 3 57-123 87.5 33.5

Sr 8 110-178 132.6 23.8 -- -- -- -- -- -- -- -- 7 86-209 125.1 39.5

Zn 11 41-130 94.3 24.0 10 81-133 100.0 19.7 12 46-181 106.6 34.7 11 31-199 94.6 42.5

Source:  Ref. 4.  These data are provided for guidance purposes only.

n: Number of samples that contained a certified value for the analyte and produced a detectable concentration from the FPXRF instrument.

SD: Standard deviation; NA:  Not applicable; only two data points, therefore, a SD was not calculated.

%Rec.: Percent recovery.

-- No data.
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TABLE 7

EXAMPLE ACCURACY FOR TN 9000a

Standard

Reference

Material

Arsenic Barium Copper Lead Zinc

Cert.

Conc.

Meas.

Conc.

%Rec. Cert.

Conc.

Meas.

Conc.

%Rec. Cert.

Conc.

Meas.

Conc.

%Rec. Cert.

Conc.

Meas.

Conc.

%Rec. Cert.

Conc.

Meas.

Conc.

%Rec.

RTC CRM-021 24.8 ND NA 586 1135 193.5 4792 2908 60.7 144742 149947 103.6 546 224 40.9

RTC CRM-020 397 429 92.5 22.3 ND NA 753 583 77.4 5195 3444 66.3 3022 3916 129.6

BCR CRM 143R -- -- -- -- -- -- 131 105 80.5 180 206 114.8 1055 1043 99.0

BCR CRM 141 -- -- -- -- -- -- 32.6 ND NA 29.4 ND NA 81.3 ND NA

USGS GXR-2 25.0 ND NA 2240 2946 131.5 76.0 106 140.2 690 742 107.6 530 596 112.4

USGS GXR-6 330 294 88.9 1300 2581 198.5 66.0 ND NA 101 80.9 80.1 118 ND NA

NIST 2711 105 104 99.3 726 801 110.3 114 ND NA 1162 1172 100.9 350 333 94.9

NIST 2710 626 722 115.4 707 782 110.6 2950 2834 96.1 5532 5420 98.0 6952 6476 93.2

NIST 2709 17.7 ND NA 968 950 98.1 34.6 ND NA 18.9 ND NA 106 98.5 93.0

NIST 2704 23.4 ND NA 414 443 107.0 98.6 105 106.2 161 167 103.5 438 427 97.4

CNRC PACS-1 211 143 67.7 -- 772 NA 452 302 66.9 404 332 82.3 824 611 74.2

SARM-51 -- -- -- 335 466 139.1 268 373 139.2 5200 7199 138.4 2200 2676 121.6

SARM-52 -- -- -- 410 527 128.5 219 193 88.1 1200 1107 92.2 264 215 81.4

Source:  Ref. 4.  These data are provided for guidance purposes only.
a All concentrations in milligrams per kilogram.

%Rec.: Percent recovery; ND:  Not detected; NA:  Not applicable.

-- No data.
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TABLE 8

EXAMPLE REGRESSION PARAMETERS FOR COMPARABILITY1

Arsenic Barium Copper

n r2 Int. Slope n r2 Int. Slope n r2 Int. Slope

All Data 824 0.94 1.62 0.94 1255 0.71 60.3 0.54 984 0.93 2.19 0.93

Soil 1 368 0.96 1.41 0.95 393 0.05 42.6 0.11 385 0.94 1.26 0.99

Soil 2 453 0.94 1.51 0.96 462 0.56 30.2 0.66 463 0.92 2.09 0.95

Soil 3 — — — — 400 0.85 44.7 0.59 136 0.46 16.60  0.57

Prep 1 207 0.87 2.69 0.85 312 0.64 53.7 0.55 256 0.87 3.89 0.87

Prep 2 208 0.97 1.38 0.95 315 0.67 64.6 0.52 246 0.96 2.04 0.93

Prep 3 204 0.96 1.20 0.99 315 0.78 64.6 0.53 236 0.97 1.45 0.99

Prep 4 205 0.96 1.45 0.98 313 0.81 58.9 0.55 246 0.96 1.99 0.96

Lead Zinc Chromium

n r2 Int. Slope n r2 Int. Slope n r2 Int. Slope

All Data 1205 0.92 1.66 0.95 1103 0.89 1.86 0.95 280 0.70 64.6 0.42

Soil 1 357 0.94 1.41 0.96 329 0.93 1.78 0.93 — — — —

Soil 2 451 0.93 1.62 0.97 423 0.85 2.57 0.90 — — — —

Soil 3 397 0.90 2.40 0.90 351 0.90 1.70 0.98 186 0.66 38.9 0.50

Prep 1 305 0.80 2.88 0.86 286 0.79 3.16 0.87 105 0.80 66.1 0.43

Prep 2 298 0.97 1.41 0.96 272 0.95 1.86 0.93 77 0.51 81.3 0.36

Prep 3 302 0.98 1.26 0.99 274 0.93 1.32 1.00 49 0.73 53.7 0.45

Prep 4 300 0.96 1.38 1.00 271 0.94 1.41 1.01 49 0.75 31.6 0.56

Source:  Ref. 4.    These data are provided for guidance purposes only.
1 Log-transformed data

n:  Number of data points;  r2:  Coefficient of determination; Int.: Y-intercept

— No applicable data
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Chapter 1  Introduction
 

1.0 INSPECTING YOUR INNOV-X ANALYZER  
 
Upon receipt: 
 
1. Locate and remove the shipping papers and documentation from under the lid’s foam padding. 
2. Remove the Innov-X Analyzer and all of the components from the protective carrying case and 

identify each on the enclosed shipping list. 
3. Connect the battery charger to an 110V-240V AC power source. Place one Li-ion battery on the 

charger and charge it for at least 2 hours.   Charge the second battery. 
4. Charge the HP iPAQ using the attached AC adaptor for at least ½ hour. 
5. Read and review the “Quick Start” section of the User’s Manual.  Innov-X recommends that you read 

the entire manual. 
6. Install the fully charged battery into the analyzer. 
7. Press the ON/OFF button on the back of the analyzer and the power button on the iPAQ. 
8. Select Innov-X from the start menu located in the upper left hand corner of iPAQ screen.   
9. Select the desired analysis mode (i.e.,  Analytical, FastID, Pass/Fail or Soil).  The instrument will 

undergo a one minute hardware initialization period.  
10. Standardize the instrument with the 316 Stainless Steel mask.   Standardize the instrument every 4 

hours or as directed by the display. 
11. Release the software trigger lock and analyze a sample of known composition, in order to verify the 

correct operation of the analyzer. 
12. Analyze samples of unknown composition. 
 

1.1 COMPONENTS INCLUDED WITH THE ANALYZER 
 
Shown here are the various items which are included with the Innov-X portable XRF analyzer.  Unless 
otherwise noted, all items are standard accessories. 
 

 
 

Analyzer, with iPAQ attached. 
 

 
Two, Li-ion batteries (one shown). 

 



 
 
Battery charger and an AC adaptor.  Battery shown 
mounted in charging system.  
 

 
 
Standardization cap and weld mask (optional) 
 
The standard standardization cap has no weld slit.  

 
 
iPAQ cradle and AC adaptor.  The cradle is used to 
connect the iPAQ to a PC for downloading data and 
reports.  
 

 
 
Testing stand.  This is the benchtop docking 
station for the analyzer.  It is an optional accessory 

 

 
1.2  QUICK START INSTRUCTIONS 
 
The following section provides a quick overview to using the Innov-X portable XRF analyzer.  This is 
intended to provide the basic startup and operational instruction needed to perform simple analyses. It is 
highly recommended that the user read the sections on Radiation Safety (Chapter 3) and the detailed 
description on operation (Chapter 4).  The following Quick Start information is also provided as a separate, 
bound, laminated publication for quick reference.    
 

1. Place a battery in the analyzer. 
2. Power on the Analyzer (On/Off switch located on back of analyzer) 
3. Power on the iPAQ (Button located in upper right hand corner of iPAQ) 
4. Select Innov-X from the start menu located in the upper left hand corner of iPAQ screen.   
5. Read the radiation safety notice and acknowledge that you are a certified user by pressing Start. 
6. Select Desired Mode.   
7. The analyzer will undergo a 60 second hardware initialization. 
8. Place a standardization clip on the nose of the analyzer.  Tap the button on the screen to 

standardize. (Manual section 4.4 Standardization) 
9. When standardization is complete, remove the standardization clip.  

 1-2 Innov-X User Manual Version 2.1 
  



10. Release the software trigger lock by tapping the locked icon on the iPAQ screen and tapping yes 
in response to the software prompt. 

11. Test standard to verify instrument performance. 
12. Results will display on screen.  Subsequent tests may be started from either the Results or 

Analysis screens.  

 
1.3 INTRODUCTION TO XRF: X-RAY FLUORESCENCE 
SPECTROMETRY OVERVIEW 
 
Basic Theory 
 
Although most commonly known for diagnostic use in the medical field, the use of x-rays forms the basis 
of many powerful analytical measurement techniques, including X-ray Fluorescence (XRF) Spectrometry.  
 
XRF Spectrometry is used to identify elements in a substance and quantify the amount of those elements 
present.  An element is identified by its characteristic X-ray emission wavelength (λ) or energy (E).  The 
amount of an element present is quantified by measuring the intensity of its characteristic line.  XRF 
Spectrometry ultimately determines the elemental composition of a material. 
 
All atoms have a fixed number of electrons (negatively charged particles) arranged in orbitals around the 
nucleus.  The number of electrons in a given atom is equal to the number of protons (positively charged 
particles) in the nucleus; and, the number of protons is indicated by the Atomic Number in the Periodic 
Table of Elements.  Each Atomic Number is assigned an elemental name, such as Iron (Fe), with Atomic 
Number 26.  Energy Dispersive (ED) XRF and Wavelength Dispersive (WD) XRF Spectrometry typically 
utilize activity in the first three electron orbitals, the K, L, and M lines, where K is closest to the nucleus.  
Each electron orbital corresponds to a specific and different energy level for a given element. 
 
 
 

Electron

L 

Primary X-ray Photons 

K

Emitted Electron 
 

L 

Secondary X-ray Photon - 
Fluorescence 

K

Detector 
 
 
 
 
 
 
 
 
 
 
 
 
 

X-ray Tube  
 
In XRF Spectrometry, high-energy primary X-ray photons are emitted from a source (X-ray tube) and 
strike the sample.  The primary photons from the X-ray tube have enough energy to knock electrons out of 
the innermost, K or L, orbitals.  When this occurs, the atoms become ions, which are unstable.  Electrons 
seek stability; therefore, an electron from an outer orbital, L or M, will move into the newly vacant space at 
the inner orbital.  As the electron from the outer orbital moves into the inner orbital space, it emits an 
energy known as a secondary X-ray photon.  This phenomenon is called fluorescence.  The secondary X-
ray produced is characteristic of a specific element.  The energy (E) of the emitted fluorescent X-ray 
photon is determined by the difference in energies between the initial and final orbitals of the individual 
transitions. 
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This is described by the formula      

E=hc/λ 
where h is Planck's constant; c is the velocity of light; and λ is the characteristic wavelength of the photon. 
 
Wavelengths are inversely proportional to the energies; they are characteristic for each element.  For 
example the Kα energy for Iron (Fe) is about 6.4keV.  The number of element-specific characteristic X-
rays produced in a sample over a given period of time, or the intensity, can be measured to determine the 
quantity of a given element in a sample.  Typical spectra for EDXRF Spectrometry appear as a plot of 
Energy (E) versus the Intensity (I). 
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History 
 
Wilhelm Roentgen discovered X-rays in 1895.  Methods for identifying and quantifying elements using 
XRF were first published by Henry Moseley in 1913.  Much research and development of XRF continued 
after Moseley's pioneering work, especially during WWII when rapid developments in the aircraft, 
automotive, steel and other metals industries heightened the need to identify alloys quickly and reliably.  
However, the first commercial XRF Spectrometers weren't available until the early 1950's.  Those systems 
were based on WDXRF technology and measured the characteristic wavelength of an element, one element 
at a time.  Although the use of these systems was critical for elemental analyses, they were large, 
expensive, and required highly skilled operators to use and maintain them. 
 
In the late 1960's, EDXRF technology, which measures the characteristic energy of an element, began to 
rival the use of WDXRF due to the development of Si (Li) solid state detectors, which offered better energy 
resolution of the signal. EDXRF systems offered the potential of collecting and displaying information on 
all of the elements in a sample at the same time, as opposed to one at a time with typical WDXRF systems. 
Many of the early EDXRF systems used radioisotopes for excitation instead of X-ray tubes, which could 
require changing sources to determine all the elements of interest.  Some of those early EDXRF systems 
did not easily resolve multiple elements in a single analytical run. 
 
As can be imagined, the equipment and applications of XRF Spectrometers have developed tremendously 
since the 1960's.  Advancements in technology, electronics, computers, software and the use and 
modification of them for XRF Spectrometers by instrument manufacturers, research scientists & engineers, 
and industrial users alike have led to the current state of the art in XRF Spectrometers.  Now a mature 
technology, XRF Spectrometry is routinely used for R&D, QC and analytical services in support of 
production. 
 
Elemental Analysis 
 

 1-4 Innov-X User Manual Version 2.1 
  



XRF Spectrometry is the choice of many analysts for elemental analysis when compared to the other 
techniques available.  Wet chemistry instrument techniques for elemental analysis require destructive and 
time-consuming specimen preparation, often using concentrated acids or other hazardous materials.  Not 
only is the sample destroyed, waste streams are generated during the analytical process that need to be 
disposed of, many of which are hazardous.  These wet chemistry elemental analysis techniques often take 
twenty minutes to several hours for specimen preparation and analysis time.  All of these factors lead to a 
relatively high cost per sample. However, if PPB and lower elemental concentrations are the primary 
measurement need, wet chemistry instrument elemental analysis techniques are necessary. 
 
XRF Spectrometry easily and quickly identifies and quantifies elements over a wide dynamic concentration 
range, from PPM levels up to virtually 100% by weight. XRF Spectrometry does not destroy the sample 
and requires little, if any, specimen preparation.  It has a very fast overall sample turnaround time.  These 
factors lead to a significant reduction in the per sample analytical cost when compared to other elemental 
analysis techniques. 
 
All elemental analysis techniques experience interferences, both chemical and physical in nature, and must 
be corrected or compensated for in order to achieve adequate analytical results.  Most wet chemistry 
instrument techniques for elemental analysis suffer from interferences that are corrected for by both 
extensive and complex specimen preparation techniques, instrumentation advancements, and by 
mathematical corrections in the system's software.  In XRF Spectrometry, the primary interference is from 
other specific elements in a substance that can influence (matrix effects) the analysis of the element(s) of 
interest.  However, these interferences are well known and documented; and, instrumentation 
advancements and mathematical corrections in the system's software easily and quickly correct for them.  
In certain cases, the geometry of the sample can effect XRF analysis, but this is easily compensated for by 
grinding or polishing the sample, or by pressing a pellet or making glass beads. 
 
Quantitative analysis for XRF Spectrometry is typically performed using Empirical Methods (calibration 
curves using standards similar in property to the unknown) or Fundamental Parameters (FP).  FP is 
frequently preferred because it allows elemental analysis to be performed with no standards or calibration 
curves.  This enables the analyst to use the system immediately, without having to spend additional time 
setting up individual calibration curves for the various elements and materials of interest. The capabilities 
of modern computers allow the use of this no-standard mathematical analysis, FP, accompanied by stored 
libraries of known materials, to determine not only the elemental composition of an unknown material 
quickly and easily, but even to identify the unknown material itself. 
 
EDXRF Spectrometers 
 
EDXRF Spectrometer systems are mechanically very simple; essentially there are no moving parts.  An 
EDXRF system typically has three major components: an excitation source, a spectrometer/detector, and a 
data collection/processing unit. The ease of use, rapid analysis time, lower initial purchase price and 
substantially lower long-term maintenance costs of EDXRF Spectrometers have led to having more 
systems in use today worldwide than WDXRF Spectrometer systems. 
 
 Sample/Specimen 
 
 
 
 
 
 
 
 
 
 
EDXRF has been found most useful for scrap alloy sorting, forensic science, environmental analysis, 
archaeometry and a myriad of other elemental field-oriented analyses.  

Spectrometer/
Detector 

Data Collection/ 
Processing Unit 

Excitation 
Source 
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Handheld EDXRF Spectrometers for Field Analyses 
 
It is clear that a future trend for elemental analysis is in rapid site investigation using techniques that are 
fast, inexpensive, reliable, and long-term cost effective.  There is a need for immediate decisions to be 
made during the delivery of materials, industrial processing, and in the field for positive materials 
identification or environmental site assessment and remediation.  It is also clear that EDXRF Spectrometry 
is the most suitable elemental analysis technique available for field analysis due to its simplicity, speed, 
precision, accuracy, reliability, and overall cost effectiveness. 
 
Recent technological developments in cell phones, pocket PC's and other portable consumer electronics 
have led to the advancement of many high-performance, miniature components. X-ray equipment 
manufacturers began to take advantage of these developments in the late 1990's and developed Handheld 
EDXRF systems. An obvious advantage of Handheld EDXRF systems is that the analyzer is taken to the 
sample as opposed to bringing the sample to the analyzer and configuring it to fit in an analysis chamber. In 
addition to the per sample analytical cost savings, a key factor in using non-destructive EDXRF analysis, 
especially in the field, is the overall project cost savings due to improved and more timely decision making.  
The use of EDXRF for immediate positive materials identification or to guide an environmental site 
characterization will generally reduce the overall time required in the field due to the quick turnaround for 
the sample analysis; this invariably reduces the overall costs of analytical field work. 
 
Of course, Handheld EDXRF technology has continued to evolve in concert with portable consumer 
electronic developments.  Just like the early Benchtop EDXRF systems, early Handheld EDXRF systems 
used radioisotopes for excitation.  There are several practical problems with the use of radioactive isotopes 
for handheld systems.  The source decays and loses its testing speed over time.  In addition to the loss in 
analytical capabilities, the sources have to be replaced incurring a cost.  The use of radioactive isotopes also 
requires licensing (state-to-state in the US) and a radioactive materials control program; they are difficult to 
ship and transport, as they require hazardous materials declarations and/or permits.  Consequently, the 
newest and most exciting development in Handheld EDXRF technology is the use of battery operated, 
miniature X-ray tubes, which was pioneered by the staff at Innov-X Systems. 
 
Innov-X Systems Handheld EDXRF Spectrometers 
 
Innov-X Systems specializes in Handheld EDXRF technology with the most advanced miniature 
components available for X-ray Tube sources, detectors, and PC 's.  Innov-X Systems Handheld EDXRF 
Spectrometers are ideally suited for field analysis of alloys, lead-based paint, environmental soils, filters, 
dust wipes, forensics, archaeometry, and a variety of other elemental analyses in the field or around the 
plant.  Innov-X Systems EDXRF Spectrometers are affordable, easy to use, reliable, and overall cost 
effective.  The Innov-X Systems Handheld EDXRF units incorporate state-of the art components including 
a battery operated miniature X-ray tube, a high-resolution silicon pin detector, high speed data acquisition 
circuitry, and a Compaq IPAQ Pocket PC® handheld computer for calculations, results and operator 
interface. 
 
Innov-X Systems EDXRF Spectrometers offer the following invaluable features: 
 

• Portable 
• Battery operated, rechargeable 
• X-ray Tube-based (Ag or W anode, 10-40kV, 10-100uA) 
• Si PiN diode detector. 
• Integrated pocket PC 
• Pistol-shaped design for difficult testing locations and welds 
• Auto-compensation for irregular or small samples 
• Fundamental Parameters for no-standard analyses 
• Stored Grade Libraries for rapid Grade ID's 
• Stored Fingerprint Libraries for rapid material ID's 
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• Docking station available for use as standard benchtop unit 
• Results shown after a few seconds of testing time. 

 
For more information on how to utilize your Innov-X Systems Handheld EDXRF Spectrometer optimally, 
please review this Instruction Manual or contact us directly. 
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Chapter 2.  Usage and Assembly of 
Accessories
 
2.0 ACCESSORIES 
 
This chapter describes the various accessories that are provided with an Innov-X XRF analysis system.  
Included are: 
 

 Batteries 
 Battery Charger 
 iPAQ cradle and charger 
 Testing Stand Assembly (not standard with all units) 
 Standardization Clip or Standardization Clip/Welding mask. 

 
2.1 ANALYZER BATTERY 
 
The Innov-X Systems XRF Analyzer is powered by a replaceable, rechargeable Lithium ion battery.  In 
addition, the iPAQ has its own internal battery.    
  
Innov-X Systems Main Battery 
 
The Innov-X Analyzer uses a rechargeable Lithium Ion Smart Battery.  A picture 
of the battery is shown in Fig. 2.1.  Two batteries are included with each 
analyzer.  The batteries are charged an external battery charger.  Batteries 
typically function for 4 to 8 hours, depending on usage patterns.  Heavier duty 
cycles deplete the battery more quickly.  Therefore, users who do longer and 
more frequent tests will need to replace their batteries more often than users who 
take shorter or fewer tests. 
 
Replacement batteries can be purchased directly by calling Innov-X Systems at 
781-938-5005. (P/N A003) 

 
Figure 2.1.  Li-ion 

Battery for analyzer 

 
Battery power indicators:  
 
There are two ways of determining the charge remaining on a battery: the LED indicator on the battery and 
the battery status icon on the analyzer screen.  The battery icon, when tapped, will indicate the percent 
charge remaining on a battery inside the analyzer.  Additionally, the battery icon will change from green to 
yellow when the battery gets low, indicating it has about 15 minutes left of charge.   
 
To use the battery LED, push the button below the indicator. The lighting will indicate the % of charge.  If 
possible, try to use batteries with at least 50% of their full charge, according to the indicator.   
 
2.2 CHANGING A BATTERY 
 
To change a battery, perform the following steps:  
 

1. Hold the instrument by the handle, upside down, so the bottom of the instrument base is pointing 
upward.  Please refer to Fig. 2.2.   

2. Hold the instrument so that the nose is pointing away from the operator.   
3. Open the battery door on the bottom of the handle.  The batteries have a small tab attached for 

ease of removal.   

  1 Innov-X User Manual Version 2.1  2- 



4. Pull out the existing battery, and replace with a new battery.   
5. Insert the charged battery into the analyzer such that the connectors on the top of the battery are 

facing to the right.  Note that the battery slot is keyed so that the battery can only be inserted one 
way.  

 

      
 
Figure 2.2a.  Instrument handle.  Pull the rubber latch and lift 
door. Reach into opening and remove battery.  

 
 
Figure 2.2b Insert new battery 
into opening.   

 
2.3  BATTERY CHARGER  
 
The battery charger is shown in Fig. 2.3.  It takes about 2 hours to completely charge a battery.  The status 
of the charger is shown by two lights on the power adaptor.  Table 2.1 lists the information conveyed by the 
lights. 
 

 
Figure 2.3.  Battery charger. 

 
Left Light Right light Status 

On Off Battery is charging 
On On Battery is 80% charged 
Off On Battery is completely charged 

Blink Blink Error.  Remove battery and replace on charger.  If error persists, call 
Innov-X Systems Technical support. 

Off Off No battery is on charger 
Table 2.1 Battery charger status lights 
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2.4  HP IPAQ POCKET PC BATTERY 
 
The iPAQ has an internal rechargeable battery, which can be recharged by using the power adaptor that is 
included with the unit.  This adaptor can be connected either to the iPAQ itself, or to the cradle.  If it is 
connected to the cradle, and plugged in, the iPAQ will recharge whenever it is placed in the cradle.  In 
addition, the iPAQ Battery will recharge whenever the iPAQ is mounted in an Innov-X analyzer which is 
powered, but not actively taking a test.  The amber light on the top of the iPAQ will blink whenever the 
battery is charging.  It will remain solid when the battery is completely charged. 
 
Since the iPAQ will be recharged whenever the Innov-X Systems Analyzer is in use, it may never be 
necessary to use the iPAQ power adaptor.  However, care should be taken when the analyzer is not used for 
a period of several days, as the iPAQ uses some power even when it is powered off.  It is therefore possible 
to completely discharge the battery simply by not using the iPAQ for several days, or by using it for several 
hours without recharging it.   
 
If you do not use your Innov-X Analyzer on a daily basis, or if you will have a down period of more than 
several days, it is recommended that you remove the iPAQ from the Analyzer when it is not in use and plug 
in the iPAQ to a power outlet to recharge it.  This will ensure that your iPAQ is always charged and ready 
for use.  You should also always plug in the power cord whenever the iPAQ is removed from the analyzer 
for data transfer. 
 
If you do allow the iPAQ battery to discharge significantly, either by allowing it to sit too long unused, or 
by using it for a period of time without it being connected to a power source, it may not be possible to 
operate your analyzer.  If this happens, the Innov-X software will provide an error message indicating that 
the iPAQ battery is too low.  Recharge the iPAQ for at least a half an hour before attempting another 
measurement. 
 
If the iPAQ battery is completely discharged, it will not be possible to turn on the iPAQ until it is 
recharged.  A complete power failure will erase anything that is stored in the Main Memory of the iPAQ.  
All Innov-X program and data files are stored on the storage card, rather than in Main Memory, so you will 
not lose any data or have to reinstall the Innov-X software.   
 

1. If the battery on the iPAQ is completely discharged, charge it for at least one half hour.   
2. You will be required to follow the prompts on the iPAQ screen before you can use the iPAQ. This 

procedure involves realigning the screen by tapping in several spots, and going through a quick 
tutorial. 

3. The iPAQ will reinitialize the Innov-X Systems software.  A message will appear indicating that 
this is going to happen.  You must tap ok to initialize. 

4. The software will open automatically; a message will appear indicating that several registries have 
been restored. Tap ok to dismiss this message. 

5. Set the clock to the current time.  Note, this is very important, as your data is indexed by date.  If 
the date in the iPAQ is incorrect, you may not be able to locate your results.  The instrument will 
not allow you to take a reading until the date has been changed. 

a. From the Start Menu, tap Settings.  
b. Select the System tab, and tap clock.  
c. Set the proper date.  Further details about this procedure can be found in the HP iPAQ 

user’s manual. 
 

2.5  REMOVING THE IPAQ FROM THE ANALYZER 
 
It is very important to properly remove the iPAQ Pocket PC from the analyzer to avoid damaging the 
connector on the back of the iPAQ.   
 
In order to remove the iPAQ, push the iPAQ retainer shown in Fig. 2.4 towards the front of the analyzer.  
Holding the retainer forward, grab the iPAQ from the sides, slide the iPAQ forward until it is clear of its 
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connector, then tilt the front end up enough so it clears the front holder allowing the iPAQ to be lifted out 
of the instrument.   
 
Note:   Never grab the iPAQ and twist it side-to-side to remove it from the analyzer.  Always move 
the iPAQ retainer forward as instructed above, slide the iPAQ forward and remove from the 
analyzer.  

 
 

Figure 2.4.  Removing the iPAQ from the analyzer. 
 
2.6 STANDARDIZATION CAP and/or WELD TESTING MASK 
 
All analyzers are supplied with either a standardization cap or a combination standardization cap welding 
mask.  The standardization mask is the standard accessory.  Welding masks can be purchased as an 
additional accessory, or in lieu of the standardization mask. 
 
Standardization Cap 
 
The cap clips on the front end of the analyzer and is used to standardize the system as described in Chapter 
4. To attach the cap, snap it onto the nose of the analyzer over the Kapton window.   
 
Combination Standardization Cap/Welding Mask 
 
The standardization/welding mask is shown in Fig. 2.5.  The cap clips onto the front end of the analyzer 
and is used to standardize the system as described in Chapter 4. To attach the cap, snap it onto the nose of 
the analyzer over the Kapton window.  Be sure that when attaching the cap, that the solid end (as opposed 
to the end with the ¼” wide slit) is covering the window.   To remove the mask, slide it off to either side. 
 
The opposite end of the standardization cap serves as a welding mask.  This mask is used to shield the base 
metal from analysis, when analyzing a weld.  It is important to use this mask since failure to do so will 
produce an alloy chemistry that is a mixture of the base metal and the actual weld.   For best results: 
 

a. Use the welding mask only for welds that are larger than the opening in the mask; 
b. Make solid contact between the surface of the mask and the material to test; 
c. Use the mask only in the Analytical Mode – not with the standard Fast ID library; 
d. Consider using longer test periods to compensate for the smaller testing area – especially 

with more difficult separations. 
 
If it is desirable to use the welding mask in FastID mode, a user can create a special “Welding Mask 
Library.”  Teach all relevant alloys with the welding mask is in position.  Make sure these fingerprints are 
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saved in library that contains ONLY fingerprints taught with a welding mask.   When measuring a weld, 
make sure the “Weld” library is the only one selected.  By creating a special finger print library using the 
welding mask, a user can get good results in the Fast ID Mode as well.   
 

 
Figure 2.5 Standardization cap and welding mask. (Optional accessory) 

The standard standardization cap does not have the welding slit.  
 
2.7  TESTING STAND (optional accessory) 
 
The testing stand is designed as a docking station 
for the handheld analyzer.  It can be used as a 
bench-top system, or to test small samples.  A list of 
components and an assembled stand is shown in 
Figure 2.6: 
 
Components of the testing stand:  

1 Three (3) short legs 
2. Three (3) long legs 
3. Lower Stand 
4. Upper Stand 
5. Four (4) knobs for top plate 
6. Test stand cradle 
7. Clip for cradle.  
8. Adaptor cable (connects serial connector 

on iPAQ cradle to auxiliary port on 
analyzer) 

 
 

Figure 2.6.  Assembled Testing Stand 

 
 
Assembly of Testing Stand 
 
1.  Insert the three Short Legs through the holes in the 
Lower Stand by inserting the threaded screw through the 
holes.  This will balance the Lower Stand on the table 
top. (Fig. 2.7).   
 

 
Figure 2.7.  Mounting Lower Stand onto Short 
Legs.  
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2.  Mount the three Long Legs onto the Lower Stand by 
inserting the threaded screws from the Short Legs into 
the holes on the Long Legs and turning until snug.   
Remove iPAQ from analyzer by following the 
instructions in Figure 2.4.  Place the analyzer into the 
gap in the Lower Stand as shown.  (Fig. 2.8).   
 

 
Figure 2.8.  Mounting Long Legs onto Lower 
Stand and inserting analyzer.  

 
 
3.  Mount the Upper Stand onto the Long Legs.  The 
Upper Stand has holes for the screws at the end of each 
of the Long Legs.  The Upper Stand will also fit snugly 
over the front end of the analyzer.  Be sure that the 
Upper Stand is mounted so that all three screws are 
inserted through the holes, and the front end of the 
analyzer is flush with the top surface of the upper stand. 
(Fig. 2.9).  
  

 
Figure 2.9.  Mounting Upper Stand onto 
Testing Stand.  
 

 
5.  Put three knobs to secure testing stand onto analyzer.  The iPAQ clip can be secured with any of the 
knobs.  This clip grabs the base of the iPAQ cradle to hold the iPAQ securely in place.  
 
6.  Place the iPAQ in the cradle and connect it to the 
Auxiliary Port on the analyzer using the serial cable 
adaptor. 

 
Figure 2.10.  Connecting iPAQ to Auxiliary 
Port on analyzer.  
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Chapter 3 Safety Information        
 
3.0 IMPORTANT SAFETY INFORMATION 
 
THE XRF SHOULD NOT BE POINTED AT ANYONE OR ANY BODY PART, ENERGIZED OR 
DE-ENERGIZED!  The safe and proper operation of the Innov-X XRF instruments is the highest priority.  
These instruments produce ionizing radiation and should ONLY be operated by individuals, who have been 
trained by Innov-X Systems, Inc. and received a manufacturer’s training certificate.  Innov-X recommends 
that operators and companies implement a written Radiation Safety Program, with safety components 
specific to the site and application of use of the instrument.  The Radiation Safety Program should be 
reviewed annually and revised appropriately by a competent individual. 
 
Innov-X analyzers must be used by trained operators, according to the instructions presented in this 
manual.  Improper usage may circumvent safety protections and could potentially cause harm to the user.  
Pay attention to all warning labels and messages. 

 
Important Notice for all Canadian Users: 
 

Canadian Federal Regulations (Radiation Emitting Devices Act) require that all Canadian users must be 
certified according to NRC Standard CAN/CGSB-48.97/2-2000 in order to use this device.  

For this certification contact:  Natural Resources Canada, Manager Nondestructive Testing Certification, 
CANMET, 568 Booth St., Ottawa, ON, K1A 0G1; Tele: (613) 943-0583;  Fax(613) 943-8297.  

Users are advised to contact their appropriate federal/provincial./territorial radiation protection agency for 
applicable rules of operation.   

 
The Innov-X analyzer is a very safe instrument when used according to manufacturer’s recommended 
safety procedures as detailed in this chapter.  
 
Radiation levels during testing are < 0.1 mR/hr on all surfaces of the analyzer except at or near the exit port 
for the radiation.  This means that if an operator follows standard operating procedures, they will not obtain 
any detectable radiation dose above naturally occurring background radiation, on their hand while holding 
the analyzer, or on any area of their body.  
 
This chapter details specifics of the radiation levels.  It covers both standard (safe) and un-safe methods of 
operation, it provides radiation emission information, and also provides dose estimates for unsafe 
operations. 
 
3.1 GENERAL SAFETY PRECAUTIONS AND INFORMATION: 
  
Retain and follow all product safety and operating instructions.  Observe all warnings on the product and in 
the operating instructions.  To reduce the risk of bodily injury, electric shock, fire and damage to the 
equipment, observe the following precautions: 
 
Heed service markings.  Except as explained in this documentation, do not service any Innov-X product 
yourself.  Opening or removing covers may expose you to electric shock.  Service needed on components 
inside these compartments should be done only by Innov-X Systems, INC.   
 
Damage requiring service:   
 

• The power cord, plug or battery contacts for the battery charger are damaged. 
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• Liquid has been spilled or an object has fallen onto the instrument. 
• The instrument has been exposed to rain or water. 
• The instrument has been dropped or damaged. 
• There are noticeable signs of overheating.  
• The instrument does not operate normally when you follow operating instructions. 

 
Safety Precautions: 
 
Use the correct external power source:  Ensure that the voltage is appropriate (100V-240 V/ 50-60 Hz) for 
charging the battery packs.  Do not overload an electrical outlet, power strip, or convenience receptacle.  
The overall load should not exceed 80% of the branch circuit rating. 
 
Use cables and power cords properly: 
Plug the battery charger into a grounded electrical outlet that is easily accessible at all times.  Do not pull 
on cords and cables.  When unplugging the cord form the electrical outlet, grasp and pull the cord by the 
plug. 
 
Handle battery packs properly;   do not: disassemble, crush, puncture, short external contacts, dispose of in 
fire or water, or expose a battery pack to temperatures higher than 60 oC (140 oF).Do not attempt to open or 
service a battery pack. 
 
 
 
 
 
 

WARNING:   Danger of explosion if battery is incorrectly substituted.  Replace only with Innov-X 
specified batteries.  Used batteries may be returned to Innov-X Systems for disposal. 
 

  
3.2 INNOV-X SYSTEMS – RECOMMENDED RADIATION SAFETY 

TRAINING COMPONENTS 
 
Individual Companies and States have specific regulations and guidelines for the use of X-ray tube 
generated ionizing radiation.  The purpose of the recommendations below is to provide generic guidance 
for an ALARA - best practice - approach to radiation safety.  These recommendations do not replace the 
requirement to understand and comply with the specific policies of any state or organization. 
 
1. Proper Usage.   Never point the instrument at another person.  Never point the instrument into the air 

and perform a test.  Never hold a sample in your hand and test that part of the sample.    
2. Establish Controlled Areas. The location of storage and use should be of restricted access to limit 

potential exposure to ionizing radiation.  In use, the target should not be hand held and the area at least 
three paces beyond the target should be unoccupied. 

3. Specific Controls.  The instrument should be stored, in a locked case, or locked cabinets when not in 
use.  When in use, it must remain in the direct control of a factory trained, certified operator. 

4. Time - Distance - Shielding Policies.  Operators should minimize the time around the energized 
instrument, maximize the distance from the instrument window, and shoot into high density materials 
whenever possible.  Under no circumstances should the operator point the instrument at themselves or 
others. 

5. Prevent Exposure to Ionizing Radiation. - All reasonable measures, including labeling, operator 
training and certification, and the concepts of time, distance, & shielding, should be implemented to 
limit radiation exposure to as low as reasonably achievable (ALARA). 

6. Personal Monitoring.  Radiation control regulations may require implementation of a radiation 
monitoring program, where each instrument operator wears a film badge or TLD detector for an initial 
period of 1 year to establish a baseline exposure record.  Continuing radiation monitoring after this 
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period is recommended, but may be discontinued if accepted by radiation control regulators.  Please 
refer to Sect. 3.10 for a list of providers of film badges.  

 
3.3  INNOV-X SAFETY FEATURES 
The Innov-X analyzer is very safe when used correctly, however the analyzer does emit radiation through 
the analyzer window, and all precautions must be taken to reduce exposure to this radiation.  In order to 
minimize the possibility of accidental exposure, the following safety features are standard in all Innov-X 
analyzers.  

1.  “Deadman” trigger.  The trigger must be held for the duration of the test.    This requires that the 
user consciously depress the trigger whenever x-rays are emitted, and ensures that the analyzer is 
attended at all times while x-rays are emitted. 

 
Upon completion of safety training, an INNOV-X certified trainer may deactivate this feature 
upon request.  The deactivation of the trigger is recommended only if long tests are required (such 
as for soil mode) and if the unit is used primarily by only 1 or 2 users who utilize it frequently, in a 
very controlled environment.  In situations where multiple users are sharing the unit, it is 
recommended that the deadman trigger remain active.  
 
Note: Canadian Regulations require that the deadman trigger be used at all times.  This 
feature will not be disabled for usage in Canada.  
 

2. Software Trigger lock.    Before using the trigger, the user must tap on a lock icon located in the 
lower right hand corner of the iPAQ screen.  The user must then confirm that they wish to unlock 
the trigger.  If the instrument is used continuously, the software trigger lock will remain off.  If 
five minutes elapse between tests, the trigger will lock automatically. 

 
3. Software Proximity sensor.  The software requires that a sample be present in front of the 

analyzing window.  This prevents the accidental exposure of bystanders to an open beam.  If the 
analyzer detects that a sample is not present, it will abort the test and shut off x-rays two seconds 
after the test is started.   

  
3.4 PERFORMING A TEST FOLLOWING APPROPRIATE 
RADIATION SAFETY PROCEDURES 
 
Starting the Analyzer: 
 
When an operator opens the Innov-X software on 
the iPAQ, he or she will be presented with one of 
the displays shown to the right.  Provided an 
operator has received training from an authorized 
Innov-X trainer, he/she should tap the START 
button to begin using the analyzer.   
 
In Canada, INNOV-X ANALYZERS MUST BE 
OPERATED BY CERTIFIED USERS ONLY! 
 
From this point the operator is presented with the 
main menu of the analyzer to choose an operating 
mode and begin testing (described in Chapter 4).  
The remainder of this section is dedicated to 
operational and safety aspects that pertain to safe 
use and storage of the analyzer. 
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Starting a test using the trigger.  
 
When the trigger is depressed, the analyzer supplies power to the x-ray tube 
and opens the shutter to emit x-rays.   
 
If deadman trigger is enabled, the trigger must be depressed for the duration 
of the test.  Releasing the trigger will close the shutter and immediately end 
the test.  If deadman trigger is disabled, pulling the trigger once will start a 
test, pulling it again will stop it. 

Figure 3.1 Handle of 
analyzer. Trigger is located 
at top of handle. 

 
Starting a Test Using the “Start” Icon on the iPAQ Screen 
 
This feature is disabled in all units shipped.  It will become active only 
if the “deadman” trigger is disabled. 
 
An operator may also begin a test by pressing the Start button on the 
touch screen, as shown at the right.   The Start button, rather than the 
trigger, is generally used when the analyzer is docked into the testing 
stand.   
 
This Feature is not available in Canada.  All tests must be started via 
the trigger. 
 

 
3.5  CORRECT AND INCORRECT INSTRUMENT USAGE:  
 
The Innov-X XRF analyzer can be used in several different testing configurations.  Safety guidelines are 
described for each configuration.  
 
Configuration 1:   Usage as a Handheld Alloy Analyzer: 
 
In this configuration the analyzer is held in the hand, placed on various types of samples and a test is 
performed.  Samples include pipes, valves, large pieces of scrap metal, basically any sample large enough 
to be tested in place, rather than held in the operator’s hand.  Point the instrument at a metal sample such 
that no part of your body including hands and/or fingers is near the aperture of the analyzer where x-rays 
are emitted.    
 
Using the analyzer in this manner assures that the operator will not obtain a radiation dose to any body part 
or extremity in excess of naturally occurring background radiation.   The radiation at any surface of the 
analyzer is < 0.1 mR/hr except at the exit port and the immediate area around the exit port.  
 
The user should take care that personnel are not located within 3’ (1 m) of the front end of the analyzer 
during testing, in the direction of the x-ray beam.  Provided the analysis window is completely covered, 
there is virtually no radiation being emitted around the area of the sample. However, if a small component 
or curved surface is being analyzed, some radiation will be detectable.   
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Configuration 2:  Usage in the Testing Stand 
 
Innov-X strongly recommends that testing small pieces or small samples (rod, fasteners, turnings, XRF 
sample cups, bagged samples, etc.) be analyzed using the Innov-X Testing Stand. This allows the sample to 
be placed onto the analysis window of the analyzer without requiring the sample to be held by the operator.   
See figure below titled “Testing Stand Operation.”  
 
Note for Canadian Usage:  The testing stand is not available for use in Canada at this time because it has 
not received regulatory approval yet.  When an interlocked version of the testing stand has received 
regulatory approval, it will be available for sale into Canada.  Please contact Innov-X Systems for an 
update on this process at 781-938-5005.   

 
Figure 3.2 Testing Stand Operation.  Please refer to Section 2.7: 
Testing Stand for assembly instructions. 
 
Warning:  Innov-X strongly recommends that operators do NOT 
hold samples in their hand for testing.  Never hold a small sample 
in your hand, and test that sample, such that your hand is exposed 
to the x-ray beam being emitted from the analyzer.  This type of 
testing produces a small but non-negligible radiation dose to the 
operator’s hand.  Please see Section 3.7: Radiation Doses for 
Several Scenarios for dose levels.   Also, see Figure 3.4 for an 
example of incorrect usage.  

Figure 3.2.   
 

 
Testing of Small Components: 
 
Operators often are required to test small components, particularly in the field of alloy analysis. Examples 
of small samples include turnings, weld rod, wires, fasteners, nuts and/or bolts.   
 
There are specific procedures to test small components.  These procedures should be followed at all times. 
Never hold a small part with your fingers or in the palm of your hand and perform a test.  Doing so 
may deliver a significant dose of radiation to your fingers or hand.  Please refer to the Examples of 
Mis-use below.  
 
Method 1:  Testing a sample lying on a flat surface.  
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Figures 3.2.:  Performing a testing for a sample lying on the surface of a table.  This is a good way to test 
small samples, rather than holding them in your hand.  
 
To analyzer small sample: 

• Place the sample onto a flat surface.   
• Place the window of the analyzer onto the sample and begin the test.   

 
Safety Precautions: 
 
Do not test samples in this manner at a desk or table where the operator is sitting.  If the desk is made of 
wood or another non-metallic material, some radiation will penetrate the desk and may provide exposure to 
legs or feet if the operator is sitting at the desk or table.  
 
Analytical Precautions: 
 
If the sample does not completely cover the window, be sure the surface used does not contain metals or 
even trace levels of metals, as this may affect the accuracy of the XRF result.  The XRF may report the 
presence of additional metals in the surface material.  For this type of testing, it is good to place the sample 
onto a piece of 1100series aluminum alloy and perform the analysis.  The operator should disable the 
aluminum analysis capability (See Section 8.3.3 in the  manual for instructions).  
 
Method 2: Use the testing stand as described above (see also Fig. 3.2).  
 

Examples of Incorrect and Possible 
Unsafe Operation: 
 

Improper Operation, DO NOT 
TEST SAMPLES LIKE THIS: 
  Exposure to the operator’s hand/fingers will likely 
be minimal for this type of a testing, because the 
operator’s hands and fingers are not in the primary 
beam.  However, Innov-X believes that this type of 
the analyzer sets a poor safety precedent in that any 
operation where the operator places their  fingers or 
hands near the window should not be permitted.  

 

 
Figure 3.3.  Incorrect Usage.  While the dose to 
the operator’s fingers/hand is negligible, testing 
this way sets a poor safety example for other 
operators, possibly encouraging other unsafe 
usage.  Innov-X strongly recommends against this 
type of testing.  
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DO NOT TEST SAMPLES LIKE THIS: 
Never hold a sample in your hand such that any part 
of your body or appendages are exposed to the x-ray 
beam.  Testing samples in this way may generate 
significant radiation exposure (up to 27 R/hr) to the 
operator’s fingers.   

 
Figure 4.4 Extreme example of incorrect usage.  
An operator should NEVER hold small samples by 
hand 

 

3.6  RADIATION WARNING LIGHTS AND LABELING: 
 
3.6.1  Main Power switch and Indicator Light: 
 
The main power switch is found on the rear of the unit and is shown in the 
figure to the left.   Pressing the switch for several seconds will turn on the main 
power. A green LED indicates the main power is on.  The main power must be 
turned on in order to operate the unit however, this switch DOES NOT turn on 
the x-ray tube.   No power will be supplied to the x-ray tube unit the Innov-X 
software is started. 

 

 

    
 
3.6.2 Probe Light and Probe Label: 
 
The Innov-X analyzer is equipped with warning lights that alert the operator when the tube is receiving 
power, and when x-rays are being emitted from the analyzer.  Please see Fig. 3.5.  
 
When the red light on the front nose of the analyzer is ON continuously (not blinking), this indicates the x-
ray tube is receiving a low level of electrical power and the shutter is closed.  The system is producing a 
low level of x-rays internally in this condition, but the shutter is providing adequate shielding to keep x-ray 
levels below levels of detection.  The instrument is safe to be carried around or set down in this 
configuration.  
 
When the red light is blinking, this indicates the tube is powered, the shutter is open and the analyzer is 
emitting x-ray radiation out of the analysis window.  The analyzer should only be pointed at a sample, or be 
in the testing stand with a sample resting on the window, in this configuration.  
 
3.6.3 Display on Back of Analyzer: 

The display on the back of the analyzer, shown in Fig. 3.6, provides a “testing” message to indicate that the 
x-ray tube is energized and the shutter is open. This display is for testing conditions (i.e. overhead) where 
the operator cannot see the Probe Light or the iPAQ display.   
 
3.6.4 Label Behind iPAQ: 
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The analyzer also has a label just below the iPAQ indicating, as shown in Figure 3.7: 
 

CAUTION: Radiation.  This Equipment Produces Radiation When Energized.   
 

This label is required by most regulatory agencies.  The term “When Energized” refers to the condition 
where the tube is fully energized and the shutter is open.  This condition is also indicated by the red 
blinking light on the probe. 
 
 

 
Figure 3.5.  Probe light and labeling.  
When the light is on continuously, the x-
ray tube is receiving minimal power and 
it is producing a minimum level of x-
rays.  The shutter is also closed so there 
is no radiation exposure to the operator 
or bystanders.  
 

 
 
 

 
 
 

 
Figure 3.6.  Back light on 
analyzer. 

 

 
 

 

Figure 3.7.  Label behind iPAQ.  
Top version is used in Canada 

 
3.7  RADIATION LEVELS FROM ANALYZER 
 
Two pictures of the analyzer are shown below.  In the first picture, all the relevant components referenced 
in this radiation safety section are displayed and labeled.  The second picture shows a close-up of the front 
end of the window.  The four sides A, B, C and D are indicated on this picture because they are referenced 
in terms of radiation levels output by the analyzer.  The measured radiation levels for standard operating 
conditions are shown in the figures and tables below.  Standard operating conditions are tube voltage 
operating at 35 kV, tube current of 5 uA, and 2 mm aluminum filtration.  
 

 
Figure 3.8 Innov-X Analyzer, Side View 
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Figure 3.9 Innov-X  Analyzer, Front View 
 
Radiation Levels (mrem/hr) for Alloy Analysis, Standard Beam Conditions:  35kV, 5 uA, 2mm aluminum 
filtering:  
 

Sample at 
Window 

Trigger Location A 
(Top) 

Location B 
(Right Side) 

Location C 
(Bottom) 

Location D 
(Left Side) 

Blank (Air) <0.1 <0.1 <0.1 <0.1 <0.1 
 

Metal <0.1 <0.1 <0.1 <0.1 <0.1 
 
Table 3.1. Dose rates (units of mrem/hr) at various locations with a metal sample covering the window and 
with no sample present.  For “no sample” the analyzer is shooting the x-ray beam into air.  
 
As shown in the Table 3-1, the dose to the operator’s hand is negligible.  The radiation levels at the side 
surfaces of the instrument snout (aluminum housing) are all <0.1  mrem/hour.  Despite these low levels of 
radiation, there is no reason for any body part to be in the locations denoted A, B, C and D! 
 
Table 3-2 shows the radiation levels directly in the x-ray beam that is emitted from the analyzer.   Radiation 
levels at the exit aperture (or “port”) are substantial. There is no reason for the operator or any personnel to 
be exposed by the direct beam.  Operators should never hold samples in their fingers or cupped in their 
hands, as this may generate a significant radiation exposure.   
 
Operations should never point the analyzer at another person and start a test, as this may also provide 
significant exposure to the person if they are within a few inches of the port of the instrument.  
 
Radiation Levels in the Primary Beam Versus Distance from Port:  
For Alloy Analysis, Standard Beam Conditions:  35kV, 5 uA, 2mm aluminum filtering:  
 
Tube 
Conditions  

At Trigger, 
or any part 
of operator’s 
body.  

At Window 4 inches 12 inches 36 inches 48 inches 

35 kV, 5 uA, 
2 mm Al 
filtering 

<0.05 28,160  2,080 186 24 14 
 

15 kV, 25 
uA, thinner 
filter 
material 

< 0.05 27,780 1,620 145 19 11 

Table 3.2.  Dose rates (units of mrem/hr) in the direct x-ray beam being emitted from the analyzer 
 
3.8  RADIATION DOSES FOR SEVERAL SCENARIOS 
 
In this section we provide data, concrete examples of use and misuse of the analyzer and common 
questions and answers we encounter when training personnel on the safe use of the Innov-X analyzer.  The 
goal is to explain scenarios of safe versus improper usage of the analyzer. 
 
The table below presents radiation doses for normal operating conditions and also for examples of misuse 
of the analyzer and even extreme misuse. Innov-X provides installation training that includes detailed 
radiation safety training and documentation designed to prevent misuse of the analyzer 
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Example of Instrument Usage 
 

Radiation Exposure and Comments 

Normal Operation - Dose to 
Hand: 
User analyzes samples 
according to standard operating 
procedures described in this 
manual.  Assumption: 
Operator using system with x-
ray tube ON for 8 hours/day, 5 
days/week, 50 weeks/year. 
(Practically constant usage).  

 
Maximum exposure is to operator’s hand, at the trigger.  Exposure is < 
0.1 mrem/hr.  Annual exposure to hand is then < 200 mrem (2mSv).   
 
US:  Maximum exposure under OSHA regulations is 50,000 mrem 
annually.  Thus continuous operation provides a dose that is at least 250 
times lower than maximum allowed by OSHA. 
 
Canada:  Maximum exposure under ICRP regulations is 500 mSv for 
radiation workers and 50 mSv for the general public.  Thus continuous 
operation provides a dosage 250 times lower for a radiation worker and 
and 25 times lower for the general public. 

Normal Operation – Dose to 
Torso: 
Analyzer is used under the 
same operating conditions 
described above.  

 
Exposure to Torso is so low it cannot be measured. To be conservative 
we use the same figure as the trigger, <0.1 mrem hr.  Annual exposure 
using operating conditions above is < 40 mrem. (0.4 mSv) 
  
Maximum allowed is 5,000 mrem under OSHA 
and 20 mSv under ICRP for radiation workers (1 mSv for general 
public).   
 

For the x-ray energy emitted by portable XRF analyzers (10-60 keV region), the bone in the 
fingers will absorb radiation about 3-5 times more than soft tissue, so the bone would be at an 
elevated radiation risk compared to soft tissue.  For this reason no person shall hold a test 
specimen in front of the window with the fingers in the direct beam, or direct the beam at any part 
of the human body.  Reference: Health Physics 66(4):463-471;1994. 
 
Misuse Example 1:  
Operator holds samples in front 
of window with fingers, such 
that fingers are directly in the 
primary beam.  Do not do this!.  

 
For fingers at the port, in the primary beam, the maximum dose to the 
fingers is 28,160 mrem/hr.  Assume an operator performs a 10 sec test 
(typical).  The dose to the operator’s fingers or hand is 28,160 x 
(10/3600) = 78 mrem.  If the operator did this 641 times/year they 
would exceed the allowable annual dose of 50,000 mrem to an 
extremity.  In Canada, the maximum allowed dose is 500 mSv/year 
(Canada ICRP radiation worker) or 50 mSv/year (Canada ICRP general 
public). 
 
If the test time was 30 seconds instead of 10 seconds, the operator would 
receive a dose of 234 mrem for each exposure, and thus would 
exceed the annual safe limit of 50,000 mrem after 213 tests.  
 
Even though it is unlikely to make this mistake so  many times in a year, 
do not even do it once.  Take the extra time to test a sample on a surface 
or use a testing stand.   Note: If the operator takes an average of 
only two shortcuts per week and places his/her fingers within 
the primary x-ray beam at the window, they will exceed the 
annual dose rate.  
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Misuse Example 2: 
Operator places analyzer 
against body and pulls the 
trigger to start a test.   Analyzer 
tests to preset testing time 
(usually 10 seconds) unless 
operator pulls trigger again to 
stop test.  This applies to 
analyzer being in contact with 
operator or with bystander.   

 
Dose at exit of sampling window is 28,160 mrem/hr.  
 
Dose for a 10 second exposure with analyzer in contact with 
Torso:  78 mrem (.78 mSv).   
US: If an operator did this act 64 times in a year, the operator 
would exceed the annual safe dosage to the torso of 5,000 
mrem/year.  The maximum dose of 5,000 mrem/year is a whole 
body limit, which does not truly apply in this case because the x-
ray beam size is small (about 2 cm2 area – 1.5 cm x 1 .3 cm – at 
the port).  Applying correction factors for the beam size is 
complex and beyond the scope of this manual.  The important 
point is that for proper operation there is no reason to ever 
exposure any part of the human body directly to the x-ray source. 
This example serves to provide estimated exposure in the event 
this occurs.  
 
If the testing time was 30 seconds instead of 10 seconds, thus the 
operator placed the port against his body or that of a bystander and 
performed a 30 second test, the dose would be 234 mrem.  This is about 
the same as a mammogram.  Repeating this gross mis-use 22 times 
would exceed the annual allowable limits.  
 
Canada:  Radiation worker would have to repeat this example (234 
mrem exposure) of gross misuse 8 times to achieve the ICRP level of 
20 mSv.  (general public 1.3 times to achieve limit of 1mSv) 

Misuse Example 3:  
Operator manages to initiate a 
test for 10 seconds and exposes 
a bystander that is standing 12” 
away from analyzer port. What 
is exposure to bystander?  
 
Note:  The proximity sensor 
would automatically shut down 
the x-ray tube after 2 seconds, 
so this is an extremely 
improbable occurrence. 
 
Note 2:  Equations to scale 
these to other scenarios 
involving longer or shorter 
tests, and bystander being at 
distances other than 12” are 
provided at right.  

 
Dose to bystander at 1 foot is 350 mrem/hr.  For a 10 second exposure 
dose is 1 mrem.  This is 5,000 times lower than the allowable dose to a 
worker in a year.  This would have to happen 5,000 times to for that 
worker or bystander to obtain the maximum allowable dose.  
 
Formula for calculating other scenarios: 
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Example:  Bystander is 3’ away from port for a 30 second test.  In this 
case the dose is calculated as: 
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US OSHA:  Maximum allowable level is 5,000 mrem assuming 
bystander’s torso is exposed. Thus, this misuse would have to occur 
12,500 times in a year to the same bystander before that bystander 
achieved his maximum allowed dose.  
ICRP:  5000 times for rad worker, 250 for general public 
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Comparative: Radiation Doses from Typical Exposures to Ionizing Radiation 
 
Common medical and/or dental x-rays:  20-30 mrem each.  

Mammogram: 100-200 mrem 

Flying in a commercial jet coast to coast (6 hrs.): 1-2 mrem.  

Daily exposure from background radiation:            
* depends on geographic location 

0.3 to 0.5 mrem/day 

Table 3.3 Radiation Doses from Typical Exposures to Ionizing Radiation 
       
From the above table, a single case of analyzer misuse, thus producing a one-time exposure of 70-
250 mrem, is comparable with single-event common medical x-ray procedures such as an annual 
chest x-ray or mammogram, or 25-50 airline flights in a year, and thus is not considered harmful.  
Regular misuse, such as taking safety shortcuts twice weekly, produces radiation exposure that 
greatly exceeds these typical levels and should be avoided entirely.  
 
3.9  COMMON QUESTIONS AND ANSWERS REGARDING 
RADIATION SAFETY 
 
Question: When I’m shooting a piece of pipe or valve on a rack or on a table top, is there any exposure to 
people standing in other locations, or standing several feet away from the analyzer?  
 

Answer:  Even a thin amount of metal sample (1-2 mm thickness) is enough to completely 
attenuate the x-ray beam emitted from the Innov-X analyzer.  Shooting a piece of material that 
covers the sampling window on the analyzer will completely shield any bystanders from radiation 
exposure. However, good practice recommends that the area for at least 4-5 feet in front of the 
analyzer is clear of people. 

 
Question:  If I forgot to switch the safety on the trigger to “ON”, I pick up the analyzer and accidentally 
pull the trigger, is that dangerous to nearby personnel?  
 

Answer:  No, this example of misuse is not dangerous, but it may produce a non-negligible 
radiation exposure to nearby personnel.  For an exposure to occur, the following things must 
happen.  First, you must be holding the analyzer so that a bystander is actually standing in the x-
ray beam being emitted.  Just being near the analyzer is totally safe otherwise.  Second, the 
bystander must be within 1-3 feet from the nose of the analyzer in addition to being in the beam 
path, to receive any appreciable dose.  If all of these conditions are true, the dose received by a 
bystander is still extremely low.  It ranges between 0.1 to 0.5 mrem depending on the exact 
location of the bystander.  This dose is 10,000 to 50,000 times less than the allowed dose.  Please 
see Misuse Example 4 in the table above.  

 
Question:  Do I need to create restricted areas where I am using the analyzer?  
 

Answer:  No, provided you are following normal operating procedures there is no reason to restrict 
access to an area where the analyzer is in use.  The operator should take precautions to keep any 
personnel more than 3 feet away from the sampling window of the analyzer in the event of 
accidental misuse as detailed above.  Should the operator also elect to test small components like 
weld rod as shown in Figure 3.3, the operator should also be sure that no personnel are standing 
within about 4-5 feet of the sampling window.   

 
Question:  How does the x-ray tube in the Innov-X system compare to a radiography system used for 
taking images of metal parts.  
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Answer:  The x-ray tube used in the Innov-X system produces between 1,000 and 10,000 times 
lower power than most radiography systems (0.5-1 watt for  Innov-X versus kW for radiography 
systems).  This is because a portable XRF is designed to perform surface analysis of alloys and 
other samples, whereas radiography systems are designed to shoot x-rays entirely through metal 
components in order to obtain an image on the other side of the object being bombarded with x-
rays.  For example, many tube-based radiography systems use a 300-400 kV tube and currents in 
the tens or hundreds of milliamps (mA).  The Innov-X analyzer uses a tube operating at 35 kV and 
5-30 micro-amps.  The radiation levels produced are therefore thousands or tens of thousands 
times lower with the Innov-X system.  

 
Question:  Should we use dosimeter badges with the Innov-X analyzer.  
 

Answer:  Dosimeter badges are required by some states, and optional by other states.  Innov-X 
recommends that operators wear badges, at least for the first year of operation, as a general 
precaution to flag any misuse of the analyzer.  Dosimeter badges are available for the torso 
(generally worn on the belt loop or shirt pocket) and are available as “ring” badges.  The best 
single badge to obtain is a ring badge that is worn on a finger, on the opposite hand used to hold 
the analyzer.  This will record accidental exposure for the most likely case – an operator grabbing 
a small sample and holding it in one hand while analyzing it.  Note:  these badges generally have a 
threshold of 10 mrem, and are renewed monthly.  So it will take several cases of misuse even to 
obtain a reading on a typical badge.  When purchasing a badge, obtain the type used for x-ray and 
low energy gamma ray radiation.  

 
3.10  SAFE GUARDS AND EMERGENCY RESPONSE 
 
The main safeguards to use as an owner of an Innov-X portable XRF are really intended to restrict access to 
properly trained operators:.  Note: Canadian regulations require certified personnel to use the 
device, refer to section 3.0 in this chapter.  
 

1. Keep the system in a controlled location, where only authorized users are likely to have access to 
the analyzer at any given time.   

2. Make a simple sign that is kept with the analyzer indicating that an operator must have completed 
a training class provided by your company or must have attended an Innov-X training course in 
order to use the analyzer.  Note that when the Innov-X system is turned on, the screen displays a 
message indicating that the system should only be used by authorized personnel.  

 
Emergency Response: 
 
Because the Innov-X system is a battery operated, x-ray tube based analyzer, the emergency response plan 
is very simple.  If the operator believes the analyzer is locked up in an “OPEN” position, they should do 
two things: 
 

1. Press the On/Off switch on the base to power the analyzer off.  The green LED indicator will turn 
off, indicating system power is off.  At this point it is not possible for the analyzer to be producing 
x-rays.  

2. As an additional precaution, the operator may remove the battery trap door at the bottom of the 
analyzer (have the nose pointing away from personnel), and pull out the battery.  Even if the 
operator has failed to properly power the system off in Step #1, removing the battery guarantees 
that no x-rays can be produced.  There is no electrical power being provided to the x-ray tube.  

 
Note:  It would be highly unusual for an operator to somehow lock up the analyzer with the x-ray tube 
powered on.  This would require the operator to crash the iPAQ during an analysis.  If this happens the 
analyzer will shut off the x-ray tube 10 seconds after the last communication with the iPAQ.  However, if at 
any time the operator believes the x-ray tube is on and no test is in progress, powering off the analyzer and 
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restarting will automatically shut down the x-ray tube and close the shutter.  It will no longer be possible to 
produce x-rays at this point.  
 
3.11  DOSIMETER BADGES 
 
Dosimeter badges are provided as a monthly service by several companies, listed in this section (see 
below).  The badges are generally provided monthly, and the operator returns the previous month badges to 
the company for analysis.  The operator receives a monthly report showing any personnel with readings 
higher than typical background radiation.  
 
Dosimeter badges are required by some states, and optional by other states.  Innov-X recommends that 
operators wear badges, at least for the first year of operation, as a general precaution to flag any misuse of 
the analyzer.  Dosimeter badges are available for the torso (generally worn on the belt loop or shirt pocket) 
and are available as “ring” badges.  The best single badge to obtain is a ring badge that is worn on a finger, 
on the opposite hand used to hold the analyzer.  This will record accidental exposure for the most likely 
case – an operator grabbing a small sample and holding it in one hand while analyzing it.  Note:  these 
badges generally have a threshold of 10 mrem, and are renewed monthly.  So it will take several cases of 
misuse even to obtain a reading on a typical badge.  When purchasing a badge, obtain the type used for x-
ray and low energy gamma ray radiation.  
 
Dosimeter Companies: 
 
Here are two companies that provide badges as a regular service.  There are certainly many more.  
 
Landauer Inc.   
Glenwood, IL  
708-755-7000 

 
AEIL 
Houston, TX 
713-790-9719 

 
3.12  TYPICAL REGISTRATION REQUIREMENTS 
 
Innov-X maintains a database of the registration requirements for every state, including sample registration 
forms.  Most states require some form of registration, and generally they require the registration to be 
received within 30 days of receipt of the instrument.  Some states require no registration, while a few 
require notification in advance.  Please contact Innov-X for specific questions regarding the state where the 
instrument will be used, or for copies of registration forms.  
 
In general a company will have to provide the following information regarding the device:  
 

1. Purpose of device.  Generally this is “Analytical” or “Industrial.”  Be sure to inform the state 
registration office that the device will NOT be used for radiography or for medical uses.  

2. Radiation Safety Officer – Monitors training, safe use, and controls access to the instrument. 
3. Authorized Users – Trained by Innov-X Factory Authorized Representatives in the safe and proper 

use of the XRF.  
4. Operating parameters of the analyzer – 35 kV, 5-30 micro-amps.   
5. Type of system, either fixed, mobile or portable.  Generally the correct choice is “Portable.”  
6. User Training Specified – Indicate that only individuals receiving manufacturer training, 

documented by a manufacturer’s training certificate will operate the instrument.  
7. Personal Monitoring.  This may be required by radiation control authorities.  Many registration 

forms will ask that you indicate whether or not you intend to perform dosimeter monitoring.  
8. Copy of Registration & Manual at the Job Site 

 
If you have any questions regarding the type of registration form or filling out the form, please contact 
Innov-X Systems.  Many states may confuse a portable XRF system that uses a tube with medical or 
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industrial radiography systems.  This is because of the relative newness of portable tube-based systems.  In 
all likelihood, Innov-X personnel have experience providing the necessary documentation to the state in 
question, and can readily assist the customer in this process. 
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Chapter 4  Operation      
   
 
4.0 OPERATION - GENERAL 
 
Power to the instrument is controlled by the ON/OFF button located at the rear of the analyzer. The green 
LED next to this button will illuminate when the analyzer power is on. The iPAQ operates on the Microsoft 
Windows CE ® operating system and is activated separately by the power button on the right top face, just 
over the display.  The trigger is locked via the software.  
 
4.1 WORKING WITH THE HP iPAQ Pocket PC® 
 
The Microsoft Windows CE ® operating system and Innov-X software provided on the iPAQ handheld 
computer are operated by user input through the touch screen. For comprehensive details on the iPAQ’s 
operation, please refer to the iPAQ reference materials included with your unit. 
 
General tips 
 

• The Start Menu is found in the upper left corner of the iPAQ screen.  This is used to launch all 
applications, including the Innov-X Systems Analyzer software. 

• The instrument is designed as a “point and shoot” system that requires little, if any, entry of 
information for most operations.  In the event the user modifies the grade library, enters testing 
information data, or performs other functions, it will be necessary to enter data via the virtual 
keyboard, which can be accessed by tapping the keyboard icon in the lower right corner.  The 
iPAQ also includes character recognition software.  This can be selected from the drop-down 
menu to the right of the keyboard icon. 

• The File toolbar which will be used to Change Functions, Screens and Options is located at the 
bottom of the screen. 

• It is possible to cut, copy, rename and delete files from within Windows File Explorer by selecting 
the file to be modified and holding the stylus on the screen for 2 seconds. 

• Pressing buttons on the bottom of the iPAQ will perform various functions that are described in 
the iPAQ documentation.  The button on the right hand size of the analyzer is the iPAQ task 
manager. Pressing this button will show all programs that are currently open.  Open files can be 
closed from this menu.  Simply hold the stylus on the file for a few seconds.  The option to close 
the file will appear. 

 
4.2 OPERATION - MAIN SOFTWARE SCREENS 

 
The Innov-X Software consists of three main screens:  
 

• Main Menu screen:   Used to select the analysis mode, open the results screen, and change the 
administrator password.  

• Analysis Screen:  Used to change settings, edit libraries, and perform tests.  
• Results Screen:  Displays results from current reading, allows scrolling back to previous test 

results.   Allows recorded data to be exported to a comma delimited file which is directly 
compatible with Microsoft Excel. 

 
4.2.1 Innov-X Main Menu  

 
The main menu below appears upon startup.  The Main Menu allows you to choose an analysis mode, as 
well as perform certain administrative functions such as changing your login password.  The modes which 
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are available on the analyzer are shown in blue. For information on adding additional analysis modes to an 
analyzer, please contact the Innov-X Sales Department at 781-938-5005. 

• Use the Main Menu to select the desired analysis mode. 
The analysis mode can be selected by either tapping on the 
name of the method (shown in blue) or by selecting the 
appropriate mode from the Modes menu.    

• The administrative password can be changed by selecting 
Options → Change Password. 

• It is possible to go directly to the Results Screen by selecting 
View→Results.  If the results screen is opened in this 
manner, it is possible to view results when the iPAQ is not 
connected to the analyzer. 

 

 
 
4.2.2 The Analysis Screen 
 
Selecting a mode opens the analysis window for that mode.  All data acquisition and analyzer control are 
done from this window.  This window allows the user to start or stop an analysis, change testing 
parameters, and modify the fingerprint and grade libraries (Alloy Analysis only).   
 
The analysis screen runs continually while during normal instrument operation.  From the results menu, it 
is always possible to go back to the Analysis screen by selecting File→Exit or by tapping the X in the 
upper right hand corner of the screen. 
 
The analysis screen for Analytical mode is shown to the right.  
Screens from other modes are similar and will be described in later in 
this manual.  The analysis screen shows the name of the mode that is 
currently active, a  start/stop button (which is inactive in most cases), 
an info button that is used to enter descriptive information for any 
given test, a trigger lock and a battery indicator.  In addition, a 
message appears directly below the name of the mode which will 
indicate the current state of the analyzer.  Typically it reads “Ready to 
Test,” but also provides other information in certain circumstances.  
Any mode specific information will be displayed at the bottom of the 
screen above the menu choices. 
 

 
 
4.2.3 The Results Screen 
 
The Results screen displays the current reading and old data.  All data handling functions such as exporting 
and deleting readings are carried out from this screen.  Once the Results Screen is open, the user may start 
new tests without going back to the analysis screen by pulling and holding the trigger. Tapping the X in the 
upper right hand corner will return the user to the analysis screen without starting a test. If no analysis 
mode is running, an Exit button will appear which will close the Results screen. 
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The Results screen is automatically shown at the completion of any 
analysis.  It can also be accessed from the analysis screen for any 
mode or the Main Menu, by selecting View→Results.  Once the 
Results screen has been opened, the information which is displayed 
can be changed by selecting options from the View menu.  The 
various viewing options will be described in detail in later chapters. 
 
 

 
 
4.3 PASSWORDS - ABOUT PASSWORD PROTECTION 
 
Certain functions such as adding and deleting fingerprints from the libraries, and Pass/Fail setup have been 
specified as Administrative Level Functions.  These functions are described in detail in later sections of the 
manual.   In order to use these functions, a password must be entered.  The default password is set as the 
lowercase letter “z”.   This password can be entered whenever the system prompts for a password. 
 
Changing the Administrator Password.  
 
The Administrator password may be changed at any time from the 
Innov-X Main Menu by choosing Options→Change Password.   
When the change password option is selected, this screen will appear. 
 

If you are changing the password for the first time, enter the letter “z”; 
otherwise enter the current system password.  Then, choose a 
password and enter it twice, once in the “New Password” box and 
again in the “Confirm Password” box.  Passwords may be any 
combination of letters or numbers.  

 

 
 
4.4   STANDARDIZATION 
 
4.4.1 Standardization Procedure 
 
Before performing tests, it is necessary to standardize the instrument.  This automated procedure involves 
collecting a spectrum on a known standard (Alloy 316) and comparing a variety of parameters to values 
stored when the instrument was calibrated at the factory.  If there are any problems with the instrument, 
they will be indicated by an error message.  
 
The standardization procedure takes about 1 minute.  Standardization must be done any time the analyzer 
hardware is initiated or restarted and must be repeated if the instrument is operating for more than 4 hours.  
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It is possible to re-standardize the instrument at any point while the software is running.  Standardization is 
always initiated from the Analysis Screen of any Mode. 
 
If the analyzer is restarted, you will be required to standardize the 
instrument before performing any measurements.  This is indicated by 
the message “Standardization Required. Please place a 
standardization clip over the analyzer window. Then tap here to 
standardize.” on the analysis screen 

 
 

It is not possible to start a test before standardization.  If the trigger is 
pulled before the standardization procedure is completed, a message 
box will appear.  Press ok to acknowledge and clear the message. 

 
 

To initiate the standardization procedure, snap the standardization 
piece on the front of the instrument.  Verify that it completely covers 
the analyzer window. When using a standardization mask with a weld 
collimator, be sure that the solid portion of the mask covers the 
analyzer window. Tap the grey box in the center of the screen or 
select File→Standardize to begin. 
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When standardization is in progress, the red light on the top of the 
instrument will blink, indicating that the X-ray tube is energized and 
the shutter is open.  In addition, a status bar will appear, tracking the 
progress of the measurement. 
 

 
 

When standardization is complete, the message “Successful 
Standardization” will appear, along with the resolution of the 
instrument.  Tap ok to acknowledge and clear the message. The 
instrument is ready for testing. 

 
 
4.4.2 Standardization Errors 
 
The analyzer performs several diagnostic checks during the standardization process.  If the standardization 
fails, the instrument will prompt the user regarding the next step.  Several errors could occur while 
standardizing: “Wrong Standardization Material,”  “Error in Resolution” or “Error in Count Rate”  
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After closing the Standardization Failed message, two additional screens will appear. The first is a picture 
of the spectrum generated during the standardization. The second is a summary comparing factory set 
values for resolution, count rate, and peak positions to values calculated during the standardization. 
 

  
 
When standardization fails, verify that the standardization mask is in place, and attempt standardization 
again.  To restandardize after a failure, tap the grey box in the center of the display, or choose 
File→Standardize.  If you are using a weld collimator, make sure that the solid part of the mask is 
covering the window.  
 
If standardization fails again, exit the analysis screen and power off the instrument.  Restart and 
restandardize. If the standardization fails a 3rd time, you will be prompted to perform a soft reset of the 
iPAQ. Selecting Yes on this screen will automatically soft reset the IPAQ. You should also power cycle the 
instrument. Restart and restandardize. If the standardization fails again, replace the battery in the instrument 
and attempt another standardization. If this fails, please contact the Innov-X Systems service center at 781-
938-5005. 
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4.4.3 Battery Replacement and Initialization/Standardization 
 

When the battery is too low to take a measurement, an error message will 
appear: 
 

 
 

In order to continue testing, replace the battery immediately, and then tap 
“OK.”  The analysis screen will remain open, and the instrument will 
reinitialize.  This process will take 1 minute.  It is not necessary to re-
standardize, provided that less than 4 hours has elapsed since the last 
standardization and the battery swap is completed within 10 minutes. 
 
After re-initialization is completed, testing can continue. 
 
If the battery is not replaced, and cancel is selected, the Analysis screen 
will close.  When the software is restarted, the instrument will go through 
a complete 1 minute initialization and will require standardization. 
 
 

 
 
4.5 THE SOFTWARE TRIGGER LOCK 
 
Innov-X analyzers are equipped with a software trigger lock which prevents the trigger from being actuated 
unintentionally.   The lock is released by tapping an icon on the iPAQ screen.  Once the lock is released, it 
will remain unlocked for subsequent tests, until more than five minutes has elapsed between tests. At that 
point, the trigger lock will be activated and will need to be disabled before additional testing can 
commence.  
 

   
Tap the lock icon located directly 
above the battery indicator. 

Select yes to disable the trigger 
lock 

The open lock icon indicates 
when the trigger is disabled.   
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4.6 TEST INFORMATION - LABEL INPUT  
 
Information such as sample name, and identifying characteristics can be stored with each measurement.  
This is done from the test information (Test Info) screen which can be accessed from the Analysis Screen 
of any mode by tapping the Info button, or selecting Edit→Edit Test Information.   
 
The Test Info screen consists of eight fields.  The name and format of each field can be changed by using 
the Modify Test Info Template feature described in section 4.6.1 Modifying the Test Info Template. 
The process of entering test information prior to each analysis is described in section 4.6.2 Entering Test 
Information. Finally, the process of entering or changing test information after the analysis has been 
completed is described in section 4.6.3 Editing Test Info from the Results Screen. 
 
4.6.1 Modifying the Test Info Template 
 
Test Info fields are modified via the Modify Test Info Template option found in the edit menu on the 
analysis screen in every software mode.  Each field can be designated to be Direct Entry, Drop-down, or 
Tree.  Direct entry fields allow users to enter characters directly from the virtual keyboard, or a bar code 
reader.  Drop down menus provide a list of options to choose from. Trees are more complicated drop-
downs; which allow users to subdivide large numbers of choices for ease in quickly locating the correct 
label. For example, a user may set up a tree with several parts for a main assembly.  Subassemblies for the 
parts can be linked to their parent parts. 
 

To make any changes to the Test Info format, select Edit →Modify 
Test Info Template from the analysis screen of any Mode.  
Modifications of Test Info screens are specific to each mode, and will 
need to be made to each mode if more than one is used.   
 

 
 
 
4.6.1a Changing Field Names 
 

Field names can be edited by tapping on the current name.  This will 
open an editable text box.  A new name can be entered with the virtual 
keyboard.  Selecting another cell or tapping ok will save this info.  
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4.6.1b Selecting Field Type 
 

From the Modify Test Info screen, the type of field can be selected 
from a drop-down menu.  Simply tap the arrow in the Field Type box 
for the field being modified. 

 Select Direct Edit for a text field which will accept data 
from the virtual keyboard, or a bar code scanner. 

 Select Drop-down for a drop-down list 

 Select Tree for a Drop-down menu with many choices, some 
of which may be grouped into categories and subcategories. 

Select Unused to eliminate the field from the Test Info screen. 

 
 
4.6.1c Changing Drop-down Menu Entries 
 
Once a field has been designated a drop-down menu, entries can be 
added or deleted by clicking the +/- symbol to the right of the field. 
Two choices will appear; Remove Entry and Add. 
To delete a drop-down entry, first select the label to be deleted, then 
press +/- and tap Remove Entry. 

 
 

To add an entry from a drop-down list, tap the +/- symbol next to 
appropriate field, and select Add.  Type the new info into the blank 
text box that appears.  Select OK and the entry will be added to the 
drop-down menu.   
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Repeat the process above to complete the complete drop-down list. 
 
If it is anticipated that a drop-down field will not be used for all 
samples, enter an empty field as a choice so you can choose to leave 
the field blank. 
 
 

 
 
4.6.1d Changing Tree lists. 
 
Once a field has been designated a tree, modifications to the contents 
of the tree can be made by tapping the +/- symbol to the right of the 
tree.  
 
 
 

 
All modifications to trees are made from the menu shown on the right.  
 
It is possible to add, edit, delete or rename trees.  Select the 
appropriate choice from the menu  to perform any of these functions. 
 
When you have finished creating/editing your tree, highlight it and 
select Done. 
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The following is an example of how a user might create a tree: 
A manufacturer of tubes and valves tests all parts to ensure that 
they’re made of the proper material.  The company’s QC procedure 
involves labeling each test with the part number of the item.  Rather 
than forcing operators to look through a long list of part numbers, a 
tree is created in order to subdivide the parts number into groups 
based on part type. 
 
The procedure for creating the tree is as follows:   
 
Select:  Add New Tree: 
 

 
 

Enter the Name of the Tree in the text box and select OK. 

 
 
Tap Add to add the first item 
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Enter the name of the item 

 
 

Once the tree is started, continue to Tap Add Item to add a top level 
menu item, or select an item and tap Add SubItem to link a 
subcategory to the item.  Continue until all items have been added. 
 
In this example, the part numbers for pipes and valves are separated 
into categories.  The pipes are further subdivided by material type. 
 

 
 
 
4.6.2 Entering Test Information 
 
 

1. To enter the Test Info screen, you must be in the Analysis 
Screen.  If the Results Screen is open, tap the  in the upper 
right hand corner to return to the Analysis Screen.   From the 
Analysis Screen, select Edit→Edit Test Information, or tap 
the Info icon. 

 

 

                                                                                   4-12 Innov-X User Manual Version 2.1 



2. To enter a unique sample name or number, select a direct 
entry field by tapping anywhere within the field. Use the 
virtual keyboard to enter the information.   

 

 
 

3. To select information from one of the drop-down menus, tap 
the arrow to the right of the box.  Select the desired entry. 

 

 
 

4. Some drop-down fields are formatted as trees. To select 
information from these fields, tap the arrow to the right of the 
box.  A screen will appear showing options.  The plus (+) 
symbol will appear before some choices indicating the 
presence of sub-items.  Tap on the + symbol to expand the 
menu.  Tap on any item or sub-item to select it, then press 
Select.     

 

 
 

5. When all the necessary data have been entered. select OK 
6. The information entered in the test info screen will be saved with each reading until the test info 

screen is modified again. 
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4.6.3 Editing Test Info from the results screen 
 
Test information can be edited, or added to a test after its completion.   

• From the results screen, scroll to the reading to be modified.   
• Select View →Test Info to see in the information which is 

already stored. 
• Select Edit → Edit Test Info to bring up the editing menu. 

 

 
 
You will then be presented with the same test information screen described in Section 4.5.2: Entering Test 
Information. 
 
4.7 EXPORTING AND ERASING DATA 
 
Because the memory of the iPAQ is limited, you should periodically backup the data on your analyzer, and 
erase the memory.   Depending on test volume, it is recommended that all data is erased on a weekly or 
monthly basis. 
 
4.7.1  Installing ActiveSync 
In order to copy files between the iPAQ and a desktop PC, Microsoft Active Sync Software must be 
installed on the desktop PC.  Innov-X strongly recommends that you download the latest version of 
ActiveSync from the internet. ActiveSync v3.7 may be downloaded from  
http://www.microsoft.com/windowsmobile/resources/downloads/pocketpc/activesync37.mspx 
 
If it is not possible to download the latest version, an ActiveSync CD (v3.5) was shipped with your 
analyzer. Check behind the foam in the instrument case. 
 
The iPAQ cradle should be hooked up to the USB port on the desktop computer before installing software. 
 
The Procedure for installing and setting up ActiveSync is as follows: 

1. Insert the ActiveSync CD in your CD Drive.  It will start automatically.  The CD contains 
information about Getting Started with Your Pocket PC.  This changes periodically, so it’s 
difficult to describe exactly what the screens will look like.  Step through the screens until you see 
the option “Install ActiveSync.”  Select this to start the installation process. 

2. Follow the prompts on the screen.  When given the choice, select “Run this program from its 
current location” and click OK. 

3. Complete the install process.  You will be required to restart your computer in order to complete 
the installation. 

4. After restarting your computer, dock the iPAQ in the cradle.  The iPAQ should automatically 
communicate with your computer.  If it doesn’t, check the connections and try removing the iPAQ 
and reseating it.  If that doesn’t work, try doing a soft reset on the iPAQ 

5. When the computer communicates, you will be prompted to “Set Up a Partnership.”  Select “Yes, 
with this computer”   
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6. Enter a name for your iPAQ and click next. 
 

 
 

7. You will be prompted to “Select Synchronization Settings.”  Select “Files” only.  It is important 
to make sure that Files is the only item checked.  Otherwise, the files such as address books and 
emails will be copied from the desktop computer to the iPAQ. 

 

 
 

8. Step through the rest of the process.   
 

9. A folder will automatically be created on the PC’s desktop with the name of the device entered in 
step 8 above.  Results files saved on the iPAQ will automatically be synched and will be stored in 
this folder.  Opening this folder and clicking on the name of the file will open the file in Excel. 

 
10. After ActiveSync is set up correctly, copying results to a desktop computer will consist of  
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a. Exporting results on the iPAQ. (described in section 4.6.2) 
b. Synching the iPAQ to the computer 
c. Opening the results in Excel for viewing, or printing. 

 
4.7.2 Exporting Results 
 
All data from your Innov-X Systems analyzer can be exported as a comma delimited text file (csv).  This 
format allows the data to be easily exported to spreadsheet programs.   It is possible to export all data from 
a single day, or to export all data saved in the iPAQ.  Results and spectra are exported separately.  
 
To export or erase data, you must be in the Results Screen.  This is automatically opened when a reading is 
taken, or can be accessed by choosing View→Results from any analysis screen. 
 

From the results screen, select File→Export Results 
 

 

 You can choose to export All Readings or just Readings on a 
specific date. Choosing All Readings: will export all readings saved 
in memory and is a good choice if you want to backup all data stored 
on the instrument before deleting.  If a large number of readings 
stored, this option will take several minutes. 
 
Choosing Export Readings on date requires that you pick a date 
from the calendar below.  It is strongly recommended that you use this 
option and export data on a daily basis. 
 
The customize export option allows users with administrative 
password privileges to customize the format in which data is exported.  
This is described in Section 4.7.3: Customizing Results Export. 
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After choosing which readings to export, you may choose to export all 
data, or just data from a specific mode.  Selecting the arrow to the 
right of the mode to export will open a drop-down menu. Select the 
mode for which you want to export data. 
 

 
All standardization data are stored as results files.  These data are 
automatically included in exported results files when the selected 
“Mode to export” is All.  Additionally, it is possible to export only the 
standardization data by selecting Standardization as the “Mode to 
export.” 
 

 
When the proper selections have been made, select OK.  A Save As 
box will appear.  Select the folder in which you want to save the data, 
and name the file. The file Type will always be Comma Separated 
Values.  The recommended Location is Main memory and Folder is 
None.  This will export files into the “My Documents” folder in the 
main Memory of the iPAQ. 
If you select a File Name which already exists, you will be asked if 
you want to replace the existing file.  If you do, select Yes.  Otherwise 
select No and choose another file name. 
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A status bar will indicate the progress of the export.  It may take 
several minutes to export many readings.  Daily downloading and 
weekly erasing of data simplifies and shortens this procedure. 

 
 

When all readings are exported, a message will appear confirming the 
export.  Tap ok to acknowledge and clear the reading. 

 
 
4.7.3 Customizing Results Export 
 
All units come with a standard results export format which reports a variety of information relevant to a 
test.  Users can select which fields are exported as well as modify the order. 
 
To modify exported results files, select File →Export Readings 
from the Results screen.   
 
Tap the Customize Export box. 
 
Enter the administrative level password when prompted. 
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Two columns appear on the screen; the column on the left lists fields 
which will NOT be exported, and the right-hand column lists fields 
which will be exported. 

Fields can be moved from one column to another via the >> and << 
buttons located in the center of the screen 

Exported field order can be changed by using the Up/Down buttons.  
Select a field and move it up or down as desired 

Once all changes have been made, choose Specify Chemistry if 
changes need to be made to the list of exported elements.   

In chemistry is not edited, select Save Changes to keep the modified 
settings, or Discard Changes to ignore any changes. 

 
 

The Specify Chemistry screen resembles the previous screen.  Move 
elements to the appropriate column, depending on whether or not an 
element should appear in exported files. 

 

Select Include Errors to export the error associated with each 
measurement. 

 

 
 

Select Display All to include all measured elements.  This setting is 
recommended, as it will ensure that all data measured with the 
instrument is exported. 

 

When all changes have been made, tap Save Changes or Discard 
changes, depending on whether the changes should be saved. 
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4.7.4 Exporting spectra   
 
Only one spectrum may be exported at a time.  In the results screen, 
scroll to the reading for which you wish to export the spectrum, and 
Select File→Export Spectrum. 

 

Choose the File name, and make sure that Comma Separated Values 
and Main Memory are selected.  This will save the spectrum to the 
My Documents folder in the Main Memory of the iPAQ. 
 

 
 

A message will appear indicating a successful export.  Tap ok to 
acknowledge and clear the window. 
 

 
 
4.7.5 Erasing readings 
 
It is possible to erase a single reading, a range of readings, all readings from a specific data, or all readings 
before a specific date.   
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In order to erase a single reading, the reading to be erased must 
displayed on the screen before selecting delete.  If necessary scroll to 
the reading you wish to delete. 
 
In order to select a range of readings, you must have a reading open 
from the date you wish to delete the readings.  If a reading from the 
desired date is not open, you may select View→Go to date, and select 
the appropriate date. 
 
The reading displayed in the results screen is not relevant if you want 
to delete all readings from a specific date, or all readings before a 
specific date . 

From the results screen, select File→Erase Readings. 

A message box will appear prompting you to enter your password.  
Enter your administrative level password and select OK. 

 

 
A dialogue box will appear allowing a choice of which results to 
delete. Select the appropriate choice: 
• Selecting Delete current reading will delete the reading that is 
currently open.   
• Choosing Delete readings XX to XX will delete a range of 
readings from the date of the reading that is currently open. 
• Delete all readings on date deletes all readings from a specific 
day. 
• Delete readings before date deletes all readings taken prior to a 
specific day. 
 
If you select Delete all readings on date or Delete readings before 
date, you must specify a date from the calendar.  The default date is 
the current date.    

 
When you’ve selected the readings to delete, Click OK. You will be 
asked if you’re sure you want to proceed.  If you want to proceed with 
the data erase, select Yes.  Otherwise, click No. 
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A message will indicate the readings were successfully deleted. Tap 
ok to acknowledge and clear the message window. 
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Chapter 5 Soil Analysis 
 
The Innov-X analyzer can be used to analyze in situ (directly on the ground), bagged or prepared soil 
samples.  A guide to Soil analysis using field portable X-ray fluorescence is found in the appendix.  This 
document summarizes EPA Method 6200 which is the standard protocol for field screening. It also 
provides information on prepared sample testing.    
 
5.0 CHECK STANDARDS 
 
It is recommended that a check standard is measured after each standardization, and periodically 
throughout the day.  Innov-X provides several NIST certified standards for verification.  The certified 
values for these samples are provided in the appendix.  At least one standard should be measured for a 
minimum of 1 minute.  Elemental concentrations for elements of interest plus or minus the error on the 
reading should be within 20% of the standard value.   The Field screening guide in the appendix describes 
in more detail recommended quality assurance considerations. 
 
The standards provided with the XRF analyzer are contained in XRF sample cups with a Mylar window 
(through which the soil can be viewed) on one side, and a solid cap on the other side.  Samples should be 
measured in the sample cup, through the Mylar window.  The best way to measure a prepared sample is 
using the test stand.  If this is not available, the sample may be placed on the ground, and the analyzer may 
be pointed downwards in full contact with the soil cup. Do not hold the soil cup in your hand while 
measuring. 
 
5.1 SAMPLE PRESENTATION 
 
In situ testing: 
In situ testing is performed by pointing the analyzer at the ground.  Any grass or large rocks should be 
cleared away and the analyzer should be held such that the front of the probe head is held flush to the 
ground. 
 
Since dirt can accumulate on the analyzer window, it is recommended that the window is wiped clean after 
each analysis.  The window should also be checked to ensure it is not ripped or punctured.  Instructions for 
replacing the window are found in the appendix.  
 
Bagged or prepared sample testing: 
It is strongly recommended that all prepared samples be analyzed in the testing stand. Samples should be 
placed on top of the testing stand, completely covering the window.  Never hold prepared or bagged 
samples while testing, as this could expose the operator to the x-ray beam. 
 
Avoid measuring very thin samples, as this can affect results.  Prepare samples cups to contain at least 0.5 
inches of packed samples.  When analyzing bagged samples, make sure that sufficient sample exists in the 
bag to completely cover the window with a sample thickness of a minimum of 0.5 inches. 
 
5.2 TESTING IN SOIL MODE 
 
After the instrument has been standardized, testing can begin.  Simply pull the trigger or press Start on the 
iPAQ screen to begin the test.  The red warning light on the top of the instrument will blink, indicating X-
rays are being emitted. The screen will display the words “Test in progress” and the time elapsed.  The 
word “Testing” will blink on and off in the low right hand corner of the screen.   
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After a minimum time has elapsed, 
intermediate results will be 
displayed on the screen.  Until this 
minimum time has elapsed, the 
words “WAITING FOR DATA” 
will appear instead. This minimum 
time can be set by the user by 
selecting Options→Set Testing 
Times, which is described in 
Section 5.4: Soil Mode Options.   
Each line of the results display 
shows the name of an element, its 
calculated concentration and the 
error on the measurement.  This 
error is the 1 sigma error on the 
counting statistics of the 
measurement.  The error will 
decrease with increased testing time. 
 
Too many elements are measured in soil mode to display them at one 
time.  However, is possible to use the scroll bar located to the right of 
the chemistry display to view other elements.  The complete display 
shows detected elements first, listed in order of emission line energy, 
from lowest to highest.  Following the detected elements are the 
elements which are below the detection limit of the instrument.  These 
elements are shown as less than a calculated LOD.  This LOD is 
defined as three times the error on the counting statistics of the 
measurement. 
 
When the measurement is complete the results screen will open, 
displaying the final results of the measurement.   
 

 
 
5.3 SOIL RESULTS SCREEN 
 
5.3.1 Results View Menu 
 
The standard Soil Mode results 
screen displays the concentration 
(in ppm) and error in 
measurement for detected 
elements, followed by the list of 
non-detected elements with the 
calculated limit of detection for 
each element for that test.  If the 
display does not show soil 
chemistry results, change the 
display by selecting 
View→Results. 
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The standard soil chemistry display can be modified by using the View Menu.  As with all Innov-X 
analytical modes, it is possible to view spectra and Test Information. 
 
5.3.2 Spectrum Screen 
 
This screen displays a plot of the x-ray fluorescence spectrum for an 
individual test, plotting the intensity on the y-axis versus the energy of 
the fluorescence x-rays on the x-axis.  
 
Tapping on the spectra will show the energy scale and counts rate at 
the selected point  

 
 

It is possible to zoom in on certain 
areas of the graph by selecting 
one corner and drawing out the 
region   
 
Tapping the symbol in the upper 
right hand corner beneath the X 
will restore the graph to full scale. 

 
                

5.3.3 Test Info Screen 
 
The test information screen shows any test information that was entered prior to the start of the test. 
Changes to that test information can be made by selecting Edit→Test Information. 
 
5.4 SOIL MODE OPTIONS 
 
The length of tests in Soil Mode is user settable. Users may select a minimum testing time, and as well as 
choose from a variety of test end conditions. 
 
The options related to test time are contained in two menus: Options→Set Testing Times, and 
Options→Set Test End Condition. Set Testing Times contains minimum and maximum testing time 
information, while Set Test End Condition allows the user to select test end conditions.   
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5.4.1 Set Testing Times 
 
To set the minimum and maximum test lengths, select Options→Set 
Testing Times 

 
 
A screen appears prompting you to enter a Minimum and Maximum 
Testing times.  Instruments equipped with the optional LEAP package 
will be able to set Light Element Testing times in this screen, as well. 

 

 
 
The minimum testing time is the required time that must elapse before results can be calculated.  Live 
Update results will not be displayed on the screen until the minimum has elapsed, likewise a test must 
complete the minimum time before any test end condition can be used.  If a test is stopped before the 
minimum testing time has elapsed, the test will be aborted, and no results will be calculated.  
 
Maximum testing time is relevant only if  “Maximum Testing Time” is selected from Set Test End 
Condition.  This will automatically end the test at a preset testing time. Typically, the maximum testing 
time will be in excess of 30 seconds, and may be 1 or 2 minutes, depending on detection limits and desired 
precision.   
 
It should be noted, that all testing times in this section refer to “Real Time,” the time the measurement takes 
when timed on a normal clock.  The time stored with each analytical result (accessible by selecting 
View→Test Information from the Results screen), refers to the test’s “Live Time”.  This is the amount of 
time that the analyzer hardware was collecting spectra. Since there is some detector dead time associated 
with a measurement, the live time of a test will be slightly shorter than the preset “Real time”. 
 
5.4.2 Soil Mode Test End Condition 
 
Four options exist for the test end criteria in soil mode.  Depending on your application, you may choose to 
end the test manually, at a preset testing time, or when the uncertainty in the measurement is within a 
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specified relative standard deviation of the reading.  Additionally, you can set up an action level for a single 
element.  As soon as the measuring statistics are good enough to ensure that that the reading is above, 
below or at the action level, the test will end automatically.  This allows for very rapid tests for elements 
that are well above or below an action level.    
 
In all modes, pressing Stop, or pulling the trigger will end the test.  If the minimum testing time has 
elapsed, results will be calculated.  Otherwise the test will be aborted without calculating results. 
 
Changes to the test end condition are made by selecting Options→Set 
Test End Condition 
 
The currently selected end condition will be displayed at the bottom 
of the screen above the Start button on the Ready To Test screen. 

 
 
Manual:  This option allows you to look at the results which are 
being continually updated on the screen and determine when the 
results look satisfactory.  The test will continue until the trigger is 
pulled, or Stop is tapped on the iPAQ screen.  Results will be 
calculated if the testing time has exceeded the Minimum Test time 
which is set up in Options→Set Testing Times. In order to preserve 
battery life, the software will stop if the testing time exceeds 300 
seconds, since there is little to no advantage to continuing a test 
beyond 300 seconds. 
 
To use Manual Test End Condition, simply choose Options→Set Test 
End Condition and select Manual.  Press OK to return to the analysis 
screen. 

 

 
 
Maximum Time: If Maximum Time is selected, the test will continue 
until the preset time is reached.  This is useful if you wish to do a set 
of measurements with the same testing time.   
 
To choose to end test based on a maximum time, select Options→Set 
Test End Condition and select Maximum Time.  Enter the desired 
testing time in the appropriate box.  Tap OK to save your selections. 
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Action Level:   System ends test when result for target analyte 
including chosen precision level is above or below pre-set action 
level.    
 
To choose to end a test based on an Action Level, select Options→Set 
Test End Condition and select Action Level.  Select a target analyte, 
specify an action level in ppm, and a confidence level.  This 
confidence level refers to the number of sigma required for the 
precision.  This should typically be set to 2. Tap OK to save your 
selections. 

 
 
Relative Standard Deviation (RSD):  When RSD is selected as a test 
end criteria, the system will end a test when the relative standard 
deviation on a target analyte reaches a pre-set level.  This standard 
deviation is specified as a percentage of the reading.  For example, if 
the measured value for an analyte was 1000 ppm, and the RSD was 
set to 10, the reading would stop when the error reached 100 ppm, or 
10% of 1000. 
 
To choose to end a test based on a Relative Standard Deviation, select 
Options→Set Test End Condition and select Rel. Std. Dev (%).  
Select a target analyte and the desired Relative Standard Deviation.  
Tap OK to save your selections. 
 
 

 

 
 

5.5 LEAP Mode (Light Element Analysis Program): 
 
This is a factory installed optional module.  Instruments can be upgraded to LEAP capabilities.  Please 
contact the Innov-X Systems Sales department for information and pricing.   
 
The LEAP module provides the lowest possible detection limits for elements lighter than iron.  The 
standard LEAP package includes the elements Ti, Ba and Cr.  Elements as low as Phosphorus can be 
detected with the Advanced LEAP package which includes a thin window detector. 
 
The standard x-ray beam conditions used by Innov-X environmental analyzers are designed to provide 
good excitation for a wide range of detected elements. However it is not possible to select one beam 
condition which provides the absolute best excitation conditions for all elements of interest.  Elements such 
as Chromium produce lower energy x-rays then other elements analyzed.  These lower energy x-rays are 
not as effectively excited by the standard conditions. LEAP works by changing the X-ray tube beam 
conditions to settings which are optimized for the detection of elements lighter than iron.  Instruments are 
factory calibrated with the LEAP beam conditions for all applicable elements. 
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5.5.1 LEAP Settings 
 
To activate LEAP, select 
Options→LEAP Settings from 
the Soil analysis screen.  This 
brings up the menu shown below 
on the right. 

 
Standard Test Only: The analyzer will provide analysis for the standard suite of elements. 
 
Light Element Analysis Only: The analyzer will provide analysis for elements in the LEAP suite 
(Typically Ti, Ba and Cr) 
 
Sequential Testing: When sequential testing is selected, all tests will start with an analysis of elements in 
the standard suite. If that test ends due to reaching the selected end condition of Maximum Test Time, 
Action Level, or RSD, then the analyzer will immediately begin a second test analyzing the LEAP suite of 
elements. At the conclusion of this test, the Results screen will open with two new entries. The first 
summarizes the standard test results, while the second summarizes the LEAP results. For safety reasons, 
the second test will not begin if the test ends due to user intervention (pulling the trigger or hitting Stop). In 
this case, the Results screen will open with only one reading. 
 
If Light Element Analysis Only is 
activated, the words “Light 
Element Analysis Mode” will 
appear above the currently 
selected End Condition. 
Instrument operation in this mode 
is identical to Standard (Non-
LEAP) analysis.  Tests can be 
started or stopped either by 
pulling the trigger, or by tapping 
the Start/Stop button on the iPAQ 
screen.  The results screen for a 
test will show results for all 
elements analyzed with the LEAP 
mode.  

Test in progress screen, LEAP 
Only, Live Updates on 

 
Results Screen Showing LEAP 

results 
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If Sequential testing is selected, 
the words “Sequential – Current 
Test: Standard” will appear above 
the currently selected End 
Condition. When a test is started, 
the instrument will appear to 
operate in the same manner as a 
Standard test. However, if the test 
ends according to the specified 
end condition (excluding 
Manual), the results screen will 
not open. Instead, the timer will 
reset to 0, and the description of 
the current test will change from 
“Standard” to “LEAP”. The live 
update screen will begin to show 
analysis for all LEAP elements.  
 

 
Test in progress screen, 

Sequential.  
First Test – Standard Analysis. 

 
Test in progress screen, 

Sequential. 
Second Test – LEAP Analysis  

 
5.5.2 Testing Times 
 
To set the minimum and maximum test lengths for LEAP analysis, 
select Options→Set Testing Times. 
 
The testing time screen includes an extra section labeled “Light 
Element Test” that is not found on non-LEAP systems. These are the 
minimum and maximum test lengths for any LEAP tests. 

 
 
As with standard tests, the minimum testing time is the required time that must elapse before results can be 
calculated.  Live Update results will not be displayed on the screen until the minimum has elapsed, likewise 
a test must complete the minimum time before any test end condition can be used.  If a test is stopped 
before the minimum testing time has elapsed, the test will be aborted, and no results will be calculated.  
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Appendix 1:  Troubleshooting Guide—Soil Analysis 
 
 

Problem Possible Solutions 

Software won’t start:  

Software will not start when the Innov-X Systems Icon 
is tapped.   

The flash card or the iPAQ may not be correctly seated 
in the black external sleeve.  Remove the flash card and 
press it firmly into its holder.  Press the iPAQ down into 
the black sleeve.   

Software won’t start:  

Software doesn’t start when the Innov-X System icon is 
tapped; instead, the following error message occurs: 
“Cannot find ‘startup’ (or one of its components). Make 
sure the path and filename are correct and all the 
required libraries are available” 

The flash card or the iPAQ may not be correctly seated 
in the black external sleeve.  Remove the flash card and 
press it firmly into its holder. Press the iPAQ down into 
the black sleeve.   

IPAQ locks up:  

iPAQ screen “locks up” and doesn’t respond when 
screen is tapped or buttons are pressed 

Remove the iPAQ from the analyzer and perform a soft 
reset by pressing the tip of the stylus into the small 
indentation found on the bottom of the iPAQ.  If the 
iPAQ is lying flat on a table with the screen facing 
upwards, the reset button is found to the extreme right of 
the side containing the power plug and connector. 

See Page 4 of the Compaq “Getting Started” manual for 
an illustration showing the location of the reset button. 
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Analyzer will not standardize Try again.  Choose File -> Standardize to attempt a new 
standardization.  Also be sure the standardization cap is 
on correctly, and that the solid half is in front of the 
window. It is OK to try this 2-3 times in the event of a 
failure.  

If a repeat attempt fails: Change the battery.  In some 
cases the battery may be too low to provide enough 
power for tube startup. Follow this procedure:  

Reset the iPAQ;  

Turn off the analyzer and remove the battery.   

Verify that the battery is completely charged.  If it is 
not, replace it with a fresh battery.  Even if the battery 
has been recently recharged, remove it, and replace it in 
the analyzer.  

Restart the analyzer and software.  Wait several minutes 
after the software has initialized before attempting 
standardization. 

Results screen doesn’t show new readings after a test 
is completed 

Check the date on the iPAQ.  The Innov-X Systems 
software indexes stored results by date.  If the date is 
incorrect, results may not be displayed in the correct 
order. 

Serial Communication Error Message: 

Serial Communication error occurs because iPAQ has 
been removed from instrument or cradle, with the 
software open and the instrument standardized. 

This error reflects the temporary loss in communications 
when the iPAQ was removed.  To avoid this problem,  
always use the File / Exit command to exit the software 
properly.  Try simply removing and reseating the iPAQ 
to solve this problem.  If that fails, see steps 1 – 4 
below. 

Serial communication error on startup, or while 
testing. 

1. If the analysis screen is still open, attempt 
another test. 

2. Verify that the iPAQ is correctly seated in the 
analyzer by removing and replacing it. 

3. Remove the iPAQ and perform a soft reset.  
Replace iPAQ and restart software. 

4. Turn the analyzer off and restart it.  
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Results take a very long time to display on the first 
test of the day. 

There may be too many readings stored in memory.  
Erase readings from the results screen by selecting File 
→ Delete Readings. 

Trigger will not start test. Verify that the trigger lock is off. 
 
Reset the instrument.  If this fails, call Innov-X Systems 
Technical Support at 781-938-5005. 

Broken Kapton Window The window is designed as a barrier to dust and dirt. If it 
is damaged, it should be replaced.    

To change the window: 

Turn off the analyzer 

Remove the screws holding the front plate in place.  

Remove the old kapton and adhesive, replace with new 
kapton and replace front plate. 

Important Note: It is very important to avoid getting 
dirt and sharp objects within the probe, due to the close 
proximity of the detector.  Do not use the analyzer 
without a kapton window for any length of time.  Also, 
be very careful when removing/replacing screws in face 
plate so as to not accidentally damage the detector. If the 
detector is damaged, the instrument will require factory 
service.  

Results screen shows message “Error in calculation: 
No Results” 

The soil mode calculation is only valid for “soil-like” 
samples which contain primarily light elements such as 
carbon, oxygen and silicon.  If a dense, highly metallic 
sample is analyzed, the calculation fails.   

Make sure the sample being analyzed is a soil sample, if 
it is and this message occurs repeatedly; call Innov-X 
technical support. 
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Appendix 2:   
 
 
Metals in Soil Analysis Using Field Portable X-ray 
Fluorescence 
 
 
 
 
 
A guideline to using portable XRF according to EPA Method 6200, basic overview 
of the technique of x-ray fluorescence (XRF), appropriate data quality assurance 
protocols and sample preparation steps for operators analyzing prepared soil 
samples.  
 
 
 
 
Prepared by: 
 
Innov-X Systems, Inc. 
January, 2003 
 
 
 
 
Innov-X Systems 
300 Wildwood Ave, Suite 210 
Woburn, MA  01801 
781-938-5005 
781-938-0128 (fax) 
info@innov-xsys.com 
www.innov-xsys.com 
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Section 1:  Regulatory Status for Field Portable XRF 

EPA Reference Method 6200 has been incorporated into SW486 under RCRA, and is now 
available for field portable XRF analysis of soils and sediments. Please call or email Innov-X 
Systems for a copy of Method 6200.  

Method 6200:  Field Portable XRF Spectrometry for the Determination of Elemental 
Concentrations in Soil and Sediment.   

Features of this method:  

1. It is a field screening method, for analysis of in-situ or bagged samples.  
2. The method provides basic quality assurance methods, including calibration verification, 

determination of instrument precision, accuracy and limit of detection.  
3. The method recognizes the some XRF instruments do not require site-specific calibrations by 

the operator, that is, the factory calibration provides appropriate data quality.  
4. The method recommends that a minimum of 5-10% of samples tested by XRF be confirmed 

by an outside laboratory using a total-digestion EPA analytical reference method.  

The purpose of EPA Method 6200 is NOT to replace laboratory analysis.  There are two primary 
sources of error in assessing a site for metal concentration: Analytical error and Sampling 
error. Analytical error is the error in the analysis of any one sample by whatever technique is 
used, for example XRF, ICP, or AA. Sampling error arises when too few samples are collected 
and tested. In this case an incomplete picture of the extent of metals contamination may be 
obtained.  Although any one sample may be analyzed with very high analytical accuracy, 
measuring too few samples may result in contamination plumes being mis-judged in size, or 
depth into the soil. In extreme cases contamination may missed entirely.  

EPA Method 6200 was developed to reduce Sampling Errors by increasing the number of 
samples measured.  In general, a large number of screening-level measurements provide a better 
characterization of contamination than a small number of measurements produced by sample 
removal and analytical analysis. Portable XRF is an ideal tool to make a large quantity of 
measurements in a short period of time.  A large number of in-situ samples provides detailed data 
on contamination profiles, depth (provided surface soil is moved aside), and approximate 
contamination levels. Portable XRF also can provide results with a high degree of analytical 
accuracy on any given sample.  Please see Section 2 “Overview of Field Usage” for this 
discussion.  
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Section 2:  Overview of Field Usage: 

Field portable XRF is generally used in three ways to test for metals in soil:  

 In-situ soil testing: The XRF is placed directly onto the ground for soil testing.  
Operators remove any plant growth and foreign objects so that the analyzer probe is 
flush to the soil.  

 Bagged soil sample testing.  A soil sample is collected in a thin plastic bag (i.e. a 
“Baggie”) and testing directly through the Baggie.  Except for a few elements – 
namely Cr, V and Ba – testing through the thin plastic used for a plastic bag has little 
effect on the test result.  Results for Cr, V and Ba will be lower by 20-30%.  

 Prepared soil sample testing.  Prepared sample testing assures the operator of the 
maximum possible accuracy.  Prepared sample tests require a sample to be collected, 
dried if necessary, sieved and ground into a powder.  The prepared sample is then 
placed into a baggie or XRF cup for analysis.  A complete Soil Preparation Guide 
is provided in Appendix 1.  

All analytical methods require a uniform, homogenous sample for the best results.  XRF is no 
different!  The methods described in EPA Method 6200, namely In-situ and bagged sample 
testing, are considered field-screening methods.  Although a field-screening method, in-situ 
testing is a valuable technique because it generates a great deal of data very quickly.  Prepared 
soil samples generally offer the best accuracy, albeit with several minutes of sample preparation 
required per sample.  

 

Figure 1.  Use of a field portable XRF for in-situ soil testing. 

 

Subsection 2-A: Data Quality Objectives.  

The objectives of the testing generally determine the mixture of in-situ versus prepared sample 
testing. It is important to understand your data quality objectives (DQO) in order to determine the 
appropriate mix of field screening and prepared sample testing.  
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In-situ testing usually provides only screening-level data quality. This is because analytical 
testing always requires a uniform, homogeneous sample matrix. A laboratory achieves this by 
digesting the sample into a hot acid before analysis. Testing directly on the ground does not 
ensure uniformity is met.  Preparing a sample provides a uniform sample and likely better 
analytical data quality, although several minutes of testing time is required.  

Most portable XRF operators use a mixture of in-situ and prepared sample testing.  Several 
examples are described below.  The exact mixture of in-situ and prepared sample testing depends 
upon the goals of the soil testing.  The examples below serve as guidelines.  Please contact Innov-
X (1-866-4 Innov-X or 866-446-6689) to discuss your specific testing requirements.  

Example 1: Initial site investigation to provide detailed contamination data with efficient 
use of laboratory analysis costs.  
 
Problem: Site needs to be assessed for metals contamination.  Little information is available about 
what metals are present, likely contamination levels or geographic profile of contamination.   
 
The goal of testing is to determine what metals are present at what levels, both in area and in 
depth into soil.  Additionally, testing will locate possible contamination plumes and/or possible 
sources of contamination.  
 
Recommended Testing Plan:  This example uses predominately in-situ testing. The analyst will 
perform in-situ testing, and gather samples into plastic bags for XRF analysis.  A testing grid 
should be established in two or three dimensions, every several feet.  XRF tests can be taken at 
each location or bagged samples can be collected from each location for later analysis.  The in-
situ data for each element analyzed may be plotted in a 2-dimensional grid (X, Y coordinates 
versus elemental concentration) to profile a site. These concentration profiles are ideal for 
showing contamination patterns, boundaries and plumes.  Combining this data with historical use 
data from the site often allows the operator to deduce sources of contamination. Obtaining this 
level of geographic data with purely laboratory analysis would produce excessive analytical costs.  
 
Prepared sample analysis should also be done to confirm the regions where in-situ data indicates 
low or non-detected levels of metal contaminant. There is little need to prepare areas where in-
situ testing indicates high concentration levels.  Innov-X recommends the same procedure as EPA 
Method 6200.  For locations where in-situ tested indicate low or non-detected concentrations, 
calculate the total number of in-situ tests, collect 5% of this number of tests from the various 
locations, and prepare these samples according to Appendix 1.  Use these prepared samples to 
confirm the findings of the in-situ testing.  Send a subset of these prepared samples to a 
laboratory for confirmatory results.  
 
Cost Justification.  To adequately characterize a site may require 100-200 samples/acre to be sure 
the contaminated areas are firmly established.  This work may be done with in-situ testing to 
generate laboratory savings of $5,000 - $10,000/acre depending upon the number of elements 
being analyzed. The cost reduction in off-site analysis often justifies the price of the XRF.  

Example 2: Monitor remediation efforts and assure site meets clearance levels before 
contractors leave the site.  

Goal:  Minimize remediation costs by only treating contaminated soil, and obtain immediate 
verification that various site locations meet clearance objectives.  
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Recommended Testing Plan:  This type of project uses a lot of both in-situ and prepared sample 
testing.  Use in-situ testing to thoroughly delineate contamination regions in both area and depth.  
To determine depth profiles, test surface soil, remove at least 1-2 inches, and retest.  Repeat this 
step as necessary to profile contamination depth to guide remediation activities.  (XRF is a 
surface technique and only analysis the first few mm of soil sample).  As part of clearance, collect 
several samples from “cleared” area. Prepare samples according to Appendix 1 and test with 
portable XRF.   

If XRF indicates that concentration levels are in excess of clearance requirements, then continue 
remediation efforts.   

If XRF indicates that concentration levels are below clearance requirements, then discontinue 
remediation efforts, and send a subset of the samples to an analytical laboratory to confirm 
results.  Most operators safely assume that the cleanup requirements have been met for the 
elements in question, but await final analysis from the laboratory.  

If XRF lists concentration levels as non-detected, but the detection level reported exceeds 
clearance requirements, send samples to a laboratory for final results.  

Cost Justification: In-situ results are used to guide remediation efforts, in order to obtain 
maximum efficiency. Efficiency is produced because contamination boundaries are firmly 
established, thus avoiding remediation efforts with “clean” soil.  Prepared sample testing is used 
to assure that clearance requirements are met on-site in near real-time (pending laboratory 
confirmation).  Costs savings are generated by avoiding clearance failures. The contractors can 
leave the site earlier and will not be called back to the site for additional cleanup.  
 
Important Note:  Never clear a site based solely on in-situ testing. Always use well-prepared 
samples to make a clearance decision.   
 

Example 3:  Minimize volume of hazardous waste for treatment or disposal.  

Goal:  For some cleanup projects, the cost of soil disposal in a hazardous waste landfill is much 
greater than disposal in a standard landfill. Testing soil samples with XRF may minimize the 
amount of “clean” soil that is inadvertently shipped to a hazardous-waste landfill.  

Recommended Testing Plan:  This example is almost entirely prepared sample testing. 
Representative samples are removed from the soil being hauled to landfill. Obtaining an accurate 
analysis of the samples is crucial for making a hazardous versus non-hazardous determination.  
For this reason, prepared sample testing is strongly recommended.   

Important Note:  These types of samples are subject to TCLP procedures for the landfill 
determination.  In general, 20 times the XRF result should be less than the allowable limit for the 
metal in question.  Please contact Innov-X Systems for more details on testing samples versus 
TCLP regulatory requirements.  
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Section 3: Quality Assurance.  
 
Quality assurance is detailed for both the proper use of the analyzer (which is also provided in 
Method 6200) and for verifying the data quality of in-situ testing.  All operators should perform 
the QC procedure, regardless of their data quality objectives.  Method 6200 has strict 
requirements about quality assurance.  Additionally, Innov-X recommends that operators verify 
the data quality of in-situ test results, if they are using in-situ data to guide their reporting or 
remediation decisions. Procedures are listed below:  
 
3.1: Proper verification of instrument operation 
  
These procedures are taken from EPA Method 6200 and updated to be specific to the Innov-X 
analyzer. Quality assurance here consists of testing known standards to verify calibration, as well 
as testing blank standards to determine limits of detection and to check for sample cross-
contamination or instrument contamination. EPA Method 6200 provides a detailed procedure, 
which is provided here in abbreviated form.  
 
Components of instrument QC: 
 

1. An energy calibration check sample at least twice daily 
2. An instrument blank for every 20 environmental samples 
3. A method blank for every 20 prepared samples  
4. A calibration verification check sample for every 20 samples 
5. A precision sample at least one per day. 
6. A confirmatory sample for every 10 environmental samples  

 
Energy Calibration Check:  The Innov-X analyzer performs this automatically; this is the 
purpose of the standardization check when the analyzer is started.  The software does not allow 
the analyzer to be used if the standardization is not completed.   
 
Instrument Blank:  The operator should use the SiO2 (silicon dioxide) blank provided with the 
analyzer. The purpose of this test is to verify there is no contamination on the analyzer window or 
other component that is “seen” by the x-rays.  Method 6200 recommends an instrument blank at 
least once per day, preferably every 20 samples.  For either in-situ or prepared-sample testing, the 
operator should just test the SiO2 blank to be sure there are no reported contaminant metals.  
 
Method Blank: The purpose of the method blank is to verify that cross-contamination is not 
introduced into samples during the sample preparation process. Method 6200 recommends 
following the sample preparation procedures with clean SiO2 once very 20 prepared samples.  
This QC step is not required if the operator is not preparing samples.  
 
Calibration Verification:  Innov-X provides NIST standard reference samples for calibration 
check by operator.  The operator should perform a 2-minute test on a NIST standard.  The 
difference between the XRF result for an element and the value of the standard should be 20% or 
less. Calibration Verification should be performed upon instrument startup and periodically 
during testing. Note: Innov-X recommends a calibration check every 4 hours.  EPA Method 6200 
recommends a calibration check every 20 samples NIST reference standards are generally 
applicable for Pb, As, Cr, Cu, Zn.  Innov-X provides additional reference standards for other 
RCRA or Priority Pollutant metals including Cd, Se, Ag, Hg, Ag, Ba, Sn, Sb, and Ni.   
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Precision Verification: Quoting from EPA “A minimum of one precision sample should be run 
per day by conducting from 7 to 10 replicate measurements of the sample. The precision is 
assessed by calculating a relative standard deviation (RSD) of the replicate measurements for the 
analyte. The RSD values should be less than 20 percent for most analytes, except chromium, for 
which the value should be less than 30 percent. 
 
Confirmatory Sample: It is recommended that one confirmatory sample is run for every 10 
samples collected. According to EPA Method 6200: “Confirmatory samples are collected from 
the same sample material that is analyzed on site, but are sent to an off-site laboratory for formal 
analysis. The purpose of a confirmatory sample is to judge the accuracy of the data obtained by 
analysis on site and to allow corrections, if necessary.” 
 
Important Notes about confirmatory samples: 
 
Innov-X always recommends that customers compare prepared-sample results to laboratory 
results.  To do this, collect and prepare a sample following the protocols of Appendix 1.  Take a 
subsample and submit to the laboratory for analysis.  The single largest error in XRF analysis is 
lack of sample preparation.  For the best comparison, always use prepared samples.  
 
3.2:  Determining data quality of in-situ testing:  
 
For operators relying extensively on in-situ testing, it is important to determine the data quality of 
this testing at a given site. This protocol is not intended for every sample, but rather for a small 
percentage of samples considered representative of the site. If the operator can demonstrate that 
quantitative data is achieved with little or no sample preparation, then the site characterization 
will be completed much more quickly but correctly.  
 
For example, an operator may be able to demonstrate that the XRF result changes considerably 
when samples are passed through a 2 mm sieve, but that XRF results do NOT change appreciably 
upon finer sieving. In this case the operator can conclude that good XRF data is achievable with 
only 2 mm sieving. Sieving only to this level requires far less time than a more robust sample 
preparation. A protocol to determine the appropriate level of sample preparation is the following:  
 

1. Delineate a region of soil approximately 4" x 4".  
2. Perform several in-situ tests in this area, or collect the top (approximately) quarter inch of 

soil from this region, bag the soil, test through the bag. In either case, average the results.  
3. If you did not bag the in-situ test sample, collect the top (approximately) quarter inch of 

soil from this region and sieve through the 2 mm sieve provided. Otherwise sieve the 
bagged sample used for the in-situ test. Thoroughly mix the sieved sample, and place 
some of the sieved material into an XRF cup, and perform a test of this sample.  

4. If the results of this prepared sample differ less than 20% with the average in-situ result, 
this indicates the soil in this region is reasonably homogeneous. The data quality in this 
case is probably at the semi-quantitative level, rather than just screening data.  

5. If the results differ by more than 20%, this indicates the soil is not very homogeneous, 
and there are serious particle size effects affecting your in-situ measurements.  

6. In this case, sieve the sample through the 250 ~m sieve. Mix this sample and place a sub-
sample into an XRF cup for testing. If this result differs from the previous by less than 
20% then this indicates that at a minimum the 2mm sieving is necessary to achieve higher 
data quality.  
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7. If this result differs by more than 20% from the sample sieved through 2 mm, then 
particle size effects are still affecting the XRF result. In this case samples should be 
sieved through 125 m to assure data quality at the quantitative level.  

 
Section 4: Calibration for Innov-X Portable XRF 

The Innov-X analyzer may run three different calibration methods, described below.  In nearly all 
cases, customers use the Compton Normalization method.  This method (recognized in EPA 
6200) offers speed, ease of use, and generally good accuracy for concentration ranges from the 
ppm level up to 2-3% concentrations.  As most field-testing is seeking to remediate or locate 
environmental contaminants, the upper limit of the calibration (2-3%) is generally not a 
limitation. If customers do require a calibration up to 100% concentration (i.e. a pure element) 
then Innov-X recommends they also include the Fundamental Parameters (FP) software module 
with the analyzer.  The FP module may be added at time of purchase or as an upgrade at any later 
date.   

Note: In general customers do not need to calibrate the Innov-X analyzer for soil testing.  The 
analyzer is delivered with a factory calibration, generally based upon the Compton Normalization 
(CN) method.  The CN method has been proven over the past several years to provide a robust 
calibration generally independent of site-specific soil matrix chemistry.  The operator may 
calibrate the Innov-X system if desired, but calibration is not required to use the analyzer 
effectively.  All customers should follow the QC procedure described in Section 3, which 
includes a check of the calibration.  

The final model is the empirical calibration.  In this case, customers run standards to generate 
calibration curves for various elements in specific soil matrices.  Provided the sample is well-
prepared, the empirical method generally yields the most accurate result.  In our experience, the 
accuracy gains going from Compton Normalization to Empirical Mode are small and not worth 
the extra effort in setting up calibration curves. (The greatest source of error for in-field XRF 
analysis of soil is lack of adequate sample preparation, thus there is little gained in developing a 
sophisticated empirical calibration if the operator does to grind and homogenize the all measured 
samples).  The empirical calibration module is an optional software package, available for an 
upgrade fee at the time of purchase, or as an upgrade at any later date. 

Calibration Requirements: 

The concentration of an element in a soil sample is well-described by the formula: 
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ki = calibration constant for element “i” 

ωi = concentration of element “i” – the quantity being measured.  

Ii = measured x-ray intensity from element “i” 

M(Z,I) = Soil matrix value 
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The factory calibration determines the value of the calibration constants ki for each element, and a 
typical value M(Z,I). The calibration method – either CN, fundamental parameters, or empirical – 
performs the necessary corrections to the value M(Z,I) that are important for the site-specific soil 
chemistry.  The XRF analyzer uses the measured intensity of each element’s fluorescence from 
the sample, and the calibration data, to produce elemental concentrations.  
 
Compton Normalization: 
 
The Compton Normalization method calibration consists of the analysis of a single, well-
characterized standard, such as an SRM or SSCS.  The standard data are normalized to the 
Compton peak. The Compton peak is produced from incoherent backscattering of X-ray radiation 
from the excitation source and is present in the spectrum of every sample. The matrix affects the 
way in which source radiation is scattered off the samples.  This scatter is directly related to the 
intensity of the Compton peak. For that reason, normalizing to the Compton peak can reduce 
problems with matrix effects that vary among samples. Compton normalization is similar to the 
use of internal standards in analysis for organic analytes. 
 
Fundamental Parameters Calibration: 
 
The fundamental parameters (FP) calibration is a "standardless" calibration. Rather than 
establishing a unit's calibration curve by measuring its response to standards that contain analytes 
of known concentrations, FP calibration relies on the known physics of the spectrometer's 
response to pure elements to set the calibration. Built-in mathematical algorithms are used to 
adjust the calibration for analysis of soil samples and to compensate for the effects of the soil 
matrix. The FP calibration is performed by the manufacturer, but the analyst can adjust the 
calibration curves (slope and y-intercept) on the bases of results of analyses of check samples, 
such as SRMs which are analyzed in the field. 
 
Empirical Calibration: 
 
The empirical calibration method requires that a number of site-specific calibration standards  
(SSCS) are used to establish calibration parameters.  The instrument response to known analytes 
is measured and used to create calibration curves.  Empirical calibration is effective because the 
samples used closely match the sample matrix. SSCSs are well-prepared samples collected from 
the site of interest in which the concentrations of analytes have been determined by inductively 
coupled plasma (ICP), atomic absorption (AA), or other methods approved by the US 
Environmental Protection Agency (EPA). The standards should contain all the analytes of interest 
and interfering analytes. Manufacturers recommend that 10 to 20 calibration samples be used to 
generate a calibration curve.  The empirical method is the least desirable calibration method as it 
requires that new standards and curves are generated for each site that is analyzed.  
 
 
Section 5:  Effects of Moisture on XRF Results: 
 
Sample moisture has two effects on XRF results: 
 

 It alters the soil chemistry, since water is another chemical compound that comprises the 
soil matrix.  

 Moisture impedes the ability to properly prepare samples.   

 Soil Appendix 12 Innov-X User Manual Version 2.1 
 



 Laboratory results are provided on a “dry weight” basis.  
 
Effect on Soil Chemistry: 
 
While the presence of significant moisture does impact the soil chemistry, modern XRF analyzers 
all perform automatic corrections for variations in soil chemistry from site to site. Indeed, such 
variations are expected, and that is the reason analyzers use Compton Normalization or 
fundamental parameters, in order to correct for moisture content changes as well as other 
differences in soil geochemistry.  
 
EPA Method 6200 states “Moisture content above 20 percent may cause problems, since moisture 
alters the soil matrix for which the FPXRF has been calibrated.” However, the Compton 
Normalization or fundamental parameters methods are implemented in order to automatically 
correct results for changes to the soil matrix.  Thus, we believe that soil moisture is not a 
significant effect on accuracy due to effects of soil matrix, except for the “dilution” effect that can 
cause discrepancies with laboratory results which is described below. 
 
 
Sample preparation issues:  
 
The inability to adequately prepare a wet sample is, we believe, the single biggest contributor to 
errors when testing wet samples.  It is very difficult to grind or sieve a wet sample.  The highest 
quality XRF results are generally obtained from prepared samples. If the operator is unwilling to 
dry the sample to prepare it, comparisons to the laboratory may yield poorer correlation since the 
samples are not homogeneous.  
 
Laboratory Tests on Dry-Weigh Basis:  
 
Laboratories always dry samples prior to analysis.  They report percent weight content based 
upon a dry sample basis.  Portable XRF may often be used to analyze wet samples in the field, 
and results are thus reported that include the moisture content.  Thus, with all other factors the 
same, the laboratory will report results higher than portable XRF.  The results will be higher by 
the amount of moisture content in the sample.  For example laboratory results will be 10% higher 
compared to XRF results, if the sample contained 10% by weight water when it was tested with 
XRF.  Recall, this applies to samples where other possible sources of error are the same or 
negligible.  
 
 
Section 6:  Comparing XRF Results to Laboratory Results:  
 
Innov-X strongly recommends that operators compare prepared sample results to laboratory 
results.  This is because prepared-sample results yield the best possible accuracy with portable 
XRF.  Moreover, the most common source of error is due to non-uniform samples.  The XRF 
technique, nor can any analytical technique, properly account for non-uniform sample types.  
 
To perform a comparison between XRF results and laboratory: 
 

1. Collect a sample and prepare it according to the sample preparation guide in Appendix 1. 
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2. Take a sub-sample (5-10 grams) of the fully-prepared sample, place it into an XRF cup 
and perform at least a one-minute test on that sample.  

 
3. Send the same sample to the laboratory for wet chemistry analysis.  

 
4. Require the laboratory to use a total-digestion method.  If the laboratory does not use a 

total digestion method, they may not extract all of the elemental metal from the sample. 
In this case, the lab result will be lower than the XRF result.   Incomplete sample 
digestion is one of the most commons sources of laboratory error, thus it is very 
important to request a total digestion method.  

 
Example of Error:  The operator collects a bag of sample, performs XRF analysis on one part of the bag, 
and sends the bag, or part of the bag of sample to a laboratory for analysis.  The laboratory reports a very 
different value than the operator obtained with the XRF.   
 
Problem:  Since the sample is very non-homogeneous, the operator did not obtain a result that was 
representative of the entire bag of sample.  The lab analyzed a different part of the sample and obtained a 
very different result due to the non-uniformity of the sample.  The solution to this problem is, at a 
minimum, to test several locations in the bag of sample and report the average value.  Also note the 
differences between the tests, as this is indicative of the non-uniformity of the sample.  Operator should 
send entire bag of sample to the lab, and instruct lab to prepare the sample before removing sub-sample for 
lab analysis.   
 
Best Practice:  The operator should homogenize and prepare the entire bag of sample, and then 
collect a sub sample for XRF testing.  After testing, the same sample should be sent to the lab. 
 
Section 7:  Common Interferences: 
 
An interference occurs when the spectral peak from one element overlaps either partially or 
completely with the spectral peak of another.  If the XRF is calibrated for both elements (CASE 
1) i.e. the one causing the interference and the one being interfered with, it is generally capable of 
correctly handling the interference.  In this case, the element being interfered with may be 
measured with a poorer detection limit or poorer precision, but the analytical results should still 
be acceptable for field-portable XRF.  If the XRF is not calibrated for the element causing the 
interference (CASE 2), then the XRF may report the presence of elements not in the sample, or 
greatly elevated concentrations of elements in or not in the sample.  
 
 
Example CASE 1:  Lead and arsenic.  Most XRFs are calibrated for lead and arsenic.  Lead 
interferes with arsenic (not vice-versa though).  The net effect is a worsened detection limit for 
arsenic, and poorer precision.  The XRF handles the correction automatically, but the precision is 
affected.  The loss of precision is also reported by the XRF.  (Please refer to Innov-X 
Applications Sheet: In-field Analysis of Lead and Arsenic in Soil Using Portable XRF for more 
detail).  
 
Example CASE 2:  Bromine in the sample, but XRF is not calibrated for bromine.  Bromine, as a 
fire retardant, is being seen more and more in soil and other sample types.  For this reason, Innov-
X analyzers include Br in the calibration data.  If Br is not calibrated, but is present in the sample, 
the analyzer will report highly elevated levels of Pb, Hg and As.  The levels will depend upon the 
concentration of Br in the sample.  
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Interferences between elements can be broadly categorized into a) Z, Z-1, Z+1 interferences, and 
b) K/L interferences.  Interference type “a” occurs when high levels of an element of atomic 
number Z are present.  This can cause elevated levels of elements with atomic number Z-1 or 
Z+1. Generally, portable XRFs have good correction methods, so this interference only causes 
problems with very high levels of the element in question. Example:  High concentrations of Fe 
(Z=26) in excess of 10% may cause elevated levels of Mn or Co (Z=25 or Z=27 respectively).  
 
The type “b” interference occurs when the L-shell line of one element overlaps with the K-shell spectral 
line of another element.  The most common example is the lead/arsenic interference where the L-alpha line 
of lead is in nearly the exact same location as the K-alpha line of arsenic.  
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Dry (if necessary) 

Collect 50-100g Sample  
 
 
 
 

Sieve using 2mm Mesh 

Place 5-10g Sample into XRF test cup Grind remaining sample material using a 
Mortar/Pestle or Grinder 

Test with Innov-X Analyzer Sieve thru 250µm mesh  Optional : Sieve Thru 
125µm mesh

Place in 5-10g Sample  in 
XRF test cups Record Test 1 Results for comparison 

Test with Innov-X Analyzer (Test 2 
and Optional Test 3) 

Record Test 2 and Optional Test 3 Results for comparison 

If results change by 
<20% from Test 1 to 
Test 2 then only sieve 
thru 2mm mesh. 

If results change by >20%  
from Test 1 to Test 2, 
sieve thru at least 250µm 
mesh 

Compare Test 1with Test 2 Results and Optional Test 3 Results Take Sub Sample for 
Lab Analysis.  

Send out to Independent 
Lab for results.  Use 
Total Digestion Method. 

Confirm results are 
consistent with Test 2 
and Optional Test 3 
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Appendix 3:  Guide to Product Registration 
 
 
Generally, the Innov-X portable XRF system must be registered in the state of usage.   Registration 
requirements are somewhat state dependent, but there are many similarities.   You may contact Innov-X at 
866-4-Innov-X (781-938-5005) to receive specific registration information.  Innov-X also maintains sample 
registrations for every state that we can forward to you.   
 
Common Registration Features: 
 
Most states require the following for registering an x-ray emitting device that does NOT use radioactive 
sources: 
 

1. Registration within 30 days of receipt of the analyzer. 
2. Annual fee ranging from $25 to $100, depending upon the state.  
3. Basic registration form with main information described below.  

 
 
Common information required on Registration Form, and responses: 
 
 
Company name, address, phone/fax numbers.  
Name of responsible person: Generally the person designated as the Radiation Safety 

Officer (RSO).  
Name of the manufacturer:  Innov-X Systems, Inc., Woburn, MA 
Model of Analyzer:   Alpha XXXX 
Tube Operating Parameters:  40 kV, 20 uA current.  
Type of Analysis:    Choose Analytical or Industrial  
     (as opposed to radiography, medical, dental, veterinarian, etc.)  
Utilization Mode: Portable or Mobile assuming you will carry system to different 

locations.  
 Fixed or stationary ONLY if you will always use the analyzer 

in the docking station  
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General  Appendix 1 
 
Technical Specifications 
 
Description:  
 
Innov-X Systems analyzers are hand-held, battery operated energy dispersive x-ray 
fluorescence analyzers.   They are utilized for the detection and quantification of 
elements ranging from phosphorus (atomic number 15) though uranium (atomic number 
92).  Measurable concentrations of elements range from ppm to 100%.   
 
 
Weight:   2.625 lbs (Base wt.)  3.375 lbs (1.6 kg) with batteries 
Excitation Source: X-ray tube, Ag or W anode, 10-40 kV, 5-50 uA, 5 filter positions 
Detector:  Si PiN diode, thermoelectrically cooled, resolution < 280 eV.  
Power:   Li-ion batteries, or AC power with Testing Stand 
Battery Life:  4-8 hours, depending on duty cycle.  
Display: Color, high-resolution touch screen with variable backlighting on 

analyzer.  Software available for PC/laptop operation also.  
Data Storage: 10,000 tests with spectra minimum, expandable to 100,000+ with 1 Gb 

flash card. 
Computer: HP iPAQ with Intel processor, 64 Mb minimum memory, Windows CE 

operating system (unless operated from PC).  
Optional Accessories: Bluetooth wireless printing and data transfer, integrated bar-code reader, 

wireless LAN, other standard PDA accessories.  
 
Operating Conditions 
 
Temp  0 – 40° C  
Humidity  10 – 90 % RH, no condensation 
Altitude rating 2000 meters 
 



Innov-X Analyzer Limited Warranty  
 
General Terms 
 

EXCEPT AS EXPRESSLY SET FORTH IN THIS LIMITED WARRANTY, INNOV-
X SYSTEMS, INC. (INNOV-X) MAKES NO OTHER WARRANTIES OR 
CONDITIONS, EXPRESSED OR IMPLIED, INCLUDING ANY IMPLIED 
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR 
PURPOSE. INNOV-X EXPRESSLY DISCLAIMS ALL WARRANTIES AND 
CONDITIONS NOT STATED IN THIS LIMITED WARRANTY. ANY IMPLIED 
WARRANTIES THAT MAY BE IMPOSED BY LAW ARE LIMITED IN DURATION 
TO THE LIMITED WARRANTY PERIOD.  

This Limited Warranty applies to Innov-X analyzers sold or leased from Innov-X 
its affiliates, authorized resellers, or country distributors (collectively referred to in 
this Limited Warranty as (“Innov-X”)). 

Innov-X warrants that the analyzer and all its internal components that you have 
purchased are free from defects in materials or workmanship under normal use 
during the Limited Warranty Period. The Limited Warranty Period starts on the 
date of shipment by Innov-X. You may be required to provide proof of purchase 
or lease as a condition of receiving warranty service. You are entitled to warranty 
service according to the terms and conditions of this document if a repair to your 
Innov-X analyzer is required within the Limited Warranty Period. 

During the Limited Warranty Period, Innov-X will repair or replace the defective 
component parts. All component parts removed under this Limited Warranty 
become the property of Innov-X. In the unlikely event that your Innov-X analyzer 
has a recurring failure, Innov-X, at its discretion, may elect to provide you with a 
replacement unit of Innov-X’s choosing that is at least equivalent to your Innov-X 
analyzer. This is your exclusive remedy for defective products. The repaired or 
replacement analyzer is warranted for the remainder of the limited Warranty 
Period.   

YOU SHOULD MAKE PERIODIC BACKUP COPIES OF THE DATA STORED ON 
YOUR ANALYZER AS A PRECAUTION AGAINST POSSIBLE FAILURES, 
ALTERATION, OR LOSS OF THE DATA. BEFORE RETURNING ANY UNIT FOR 
SERVICE, BE SURE TO BACK UP DATA AND REMOVE ANY CONFIDENTIAL, 
PROPRIETARY, OR PERSONAL INFORMATION. INNOV-X IS NOT 
RESPONSIBLE FOR DAMAGE TO OR LOSS OF ANY PROGRAMS, OR DATA. 
INNOV-X IS NOT RESPONSIBLE FOR THE RESTORATION OR 
REINSTALLATION OF ANY PROGRAMS OR DATA OTHER THAN SOFTWARE 
INSTALLED BY INNOV-X WHEN THE ANALYZER IS MANUFACTURED.  



Innov-X does not warrant that the operation of this analyzer will be uninterrupted 
or error-free. Innov-X is not responsible for damage that occurs as a result of 
your failure to follow the instructions that came with the Innov-X analyzer. 

This Limited Warranty does not apply to expendable parts. This Limited Warranty 
does not extend to any analyzer from which the serial number has been removed 
or that has been damaged or rendered defective (A) as a result of accident, 
misuse, abuse, or other external causes; (b) by operation outside the usage 
parameters stated in user documentation that shipped with the product; (c) by 
modification or service by anyone other than (i) Innov-X, or(ii) a Innov-X 
authorized service provider, (d) installation of software not approved by Innov-X. 

These terms and conditions constitute the complete and exclusive warranty 
agreement between you and Innov-X regarding the Innov-X analyzer you have 
purchased or leased. These terms and conditions supersede any prior 
agreements or representations --- including representations made in Innov-X 
sales literature or advice given to you by Innov-X or any agent or employee of 
Innov-X --- that may have been made in connection with your purchase or lease 
of the Innov-X analyzer. No change to the conditions of this Limited Warranty is 
valid unless it is made in writing and signed by an authorized representative of 
Innov-X. 

Limitation of Liability 

IF YOUR INNOV-X ANALYZER FAILS TO WORK AS WARRANTED ABOVE, 
YOUR SOLE AND EXCLUSIVE REMEDY SHALL BE REPAIR OR 
REPLACEMENT. INNOV-X’S MAXIMUM LIABILITY UNDER THIS LIMITED 
WARRANTY IS EXPRESSLY LIMITED TO THE LESSER OF THE PRICE YOU 
HAVE PAID FOR THE ANALYZER OR THE COST OF REPAIR OR 
REPLACEMENT OF ANY COMPONENTS THAT MALFUNCTION IN 
CONDITION OF NORMAL USE. 

INNOV-X IS NOT LIABLE FOR ANY DAMAGE CAUSED BY THE PRODUCT 
OR THE FAILURE OF THE PRODUCT TO PERFORM INCLUDING ANY LOST 
PROFITS OR SAVINGS OR SPECIAL, INCIDENTAL, OR CONSEQUENTIAL 
DAMAGES. INNOV-X IS NOT LIABLE FOR ANY CLAIM MADE BY A THIRD 
PARTY OR MADE BY YOU FOR A THIRD PARTY. 

THIS LIMITATION OF LIABILITY APPLIES WHETHER DAMAGE ARE 
SOUGHT, OR A CLAIM MADE, UNDER THIS LIMITED WARRATNY OR AS A 
TORT CLAIM (INCLUDING NEGLIGENCE AND STRICT PRODUCT LIABILITY), 
A CONTRACT CLAIM, OR ANY OTHER CLAIM. THIS LIMITATION OF 
LIABILITY CANNOT BE WAIVED OR AMENDED BY ANY PERSON. THIS 
LIMITATION OF LIABILITY WILL BE EFFECTIVE EVEN IF YOU HAVE 
ADVISED INNOV-X OR AN AUTHORIZED REPRESENTATIVE OF INNOV-X 
OF THE POSSIBILITY OF ANY SUCH DAMAGES.  



 

Software 

This Limited Warranty does not warrant software products.  The Innov-X software 
installed on your analyzer is covered by the Innov-X Software License. 

Warranty Period 

The warranty period for a Model XT-245 or Model XT-260 Innov-X analyzer is 
two years or four thousand hours of use, whichever occurs first.  The warranty for 
all other analyzers is one year or two thousands hours of use whichever occurs 
first. This warranty does not extend to expendable parts. Extended warranties 
are available from Innov-X. 

Warranty Returns 

A Return Material Authorization (RMA) Number must be obtained from the 
INNOV-X Service Department before any items can be shipped to the factory. 
Returned goods will not be accepted without an RMA Number. Customer will 
bear all shipping charges for warranty repairs. All goods returned to the factory 
for warranty repair should be properly packed to avoid damage and clearly 
marked with the RMA Number. 

Warranty Repairs 

Warranty repairs will be done either at the customer's site or at the INNOV-X 
plant, at our option. All service rendered by INNOV-X will be performed in a 
professional manner by qualified personnel. 

Contacting Innov-X 

Be sure to have the following information available before you call Innov-X: 

• Analyzer serial number, model name, and model number 

• Applicable error messages 

• Description of problem 

• Detailed questions 

Methods of Contact  

• Phone:  781-635-5005 

• Fax  781-938-0128 

• Email  service@Innov-Xsys.com 

• Mail & Shipping Address: Innov-X Systems, Inc. 10 Gill Street, 
Suite Q. Woburn MA 01801 
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Page ______ of _______

WATER SAMPLE DATA LOG

Total Depth of Well (ft bls): Static Water Level (ft bls):

Sample Interval (ft bls): Date/Time:

Casing Diameter (in): 3 Casing Volumes:

FIELD SAMPLING DATA

Time Discharge Total pH Temp. Specific Color Odor Comments

Rate Discharge (°F) Conduct.

(gpm) (gallons) (μs/cm)

Sample Name:__________________________________

Time Pumping Started: Time of Sample Collection:

Type of Samples Collected:

Total Discharge (gal): EC-T-pH Meter Type:

Sample Collected by:

How Sample Collected:

Additional Comments:

WELL DATA

Location: Weather:

Purpose of Sampling Event:

Well ID: 

Project No.: Project

Date:

\\Clearcreek01\Production\CCA FORMS ANALYSIS\Forms\WaterSampling_Simplified Now with more simple WQSAMPL2
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Page of
CHAIN OF CUSTODY RECORD

TEMP on Receipt:

Table 1. -- Matrix Type
 1 = Surface Water,  2 = Ground Water
 3 = Soil/Sediment, 4 = Rinsate, 5 = Oil
 6 = Waste,  7 = Other                                                    _

USACE?

                            
Thanks!

12345678910 Date: Received by: Date: Time:Date: Received by: Date: Time:
* Sample Reject:                                               White:  LAB COPY         Yellow:  CUSTOMER COPY SVL-COC 9/05

Project Name:

Sampler's Signature:

FAX Number:

Sample ID

Ma
trix
 Ty
pe
 (F
rom

 Ta
ble
 1)

Co
lle
cte
d b
y: 
(In
it.)

PO#:

Report to Company:

Phone Number:
FAX Number:

Contact: Contact:
Address:

Phone Number:

Invoice Sent To:

Ru
sh

 In
str

uc
tio

ns
 (D

ay
s)

Address:

Please take care to distinguish between:                                                         
1 and I                  
2 and Z                  
5 and S                    
Ø and O

E-mail:

SVL Analytical, Inc.  ●  One Government Gulch  ●  Kellogg,  ID   83837  ●  (208) 784-1258  ●  FAX: (208) 783-0891

FOR SVL USE ONLY
SVL JOB #

Misc.

Indicate State of sample origination:

Collection

CommentsAnalyses Required

Relinquished by:Relinquished by:

Preservative(s)

Ot
he
r (S

pe
cif
y)

Na
OH

H 2SO 4HC
l

HN
O 3 Unfilte

red

No
. o
f C
on
tai
ne
rs

HN
O 3 Filtere

d
Un
pre
ser
ve
d

Time:Time:

Date Time

 DisposeReturn Store (30 Days)

Yes No
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1. INTRODUCTION 

Clear Creek Associates (Clear Creek) prepared this report at the request of Amax Arizona, Inc. 
and Anaconda Arizona Inc. (the Owners) to document the environmental characterization of soil 
and groundwater at the former Eagle Picher Mill site on Parcel 30 in Sahuarita, Arizona (Figure 
1). The Eagle Picher Mill site was historically used as a mill site and tailing impoundment for 
processing lead-zinc ore.  

1.1 Objective 

The scope of work documented herein was conducted to characterize the nature and extent of 
soils impacted by former ore processing activities at the mill site for the purpose of mitigation 
planning.  Groundwater quality was also investigated to document current conditions. The 
characterization activities were identified in a Work Plan (Clear Creek, 2014) developed based 
on a review of the results of prior environmental sampling at the mill site and Parcel 30. 
 
The former mill site and tailing impoundment were reclaimed in the late 1960s by removal of 
buildings and capping the impoundment with a vegetated soil cover. The Owners seek to receive 
a letter of completion from Arizona Department of Environmental quality (ADEQ) or an 
alternative no further action document for the property.  The Owners met with ADEQ on July 24, 
2012 to discuss the findings of previous environmental investigations at Parcel 30 and the 
possibility of entering the property into the Voluntary Remediation Program (VRP). The 
conceptual remediation approach discussed for the Eagle Picher Mill site was to integrate future 
land use with the engineering controls of capping and surface water management at the former 
impoundment, and an institutional control of a Declaration of Environmental Use Restriction 
(DEUR). ADEQ considered the conceptual approach feasible, but indicated that the following 
additional site characterization was needed: 
 

• Soil sampling to further delineate the extent of impacted soil at the Eagle Picher Mill site 
and to demonstrate that soils are not impacted in areas lacking previous sampling. 

 
• Groundwater sampling to establish current conditions because the last groundwater 

sampling data are from 2003, and to compare on-site groundwater quality and 
background or ambient water quality conditions.   

 
The soil and groundwater characterization reported herein was conducted to address ADEQ’s 
request for additional soil and groundwater characterization. The Work Plan and the results of 
the additional characterization will be submitted to ADEQ with the VRP Application. 

1.2 Site Description and Background 

Parcel 30 is in Sections 13 and 14 of  Township 17 South, Range 13 East in Pima County and 
consists of approximately 230 acres on four contiguous parcels (Pima County Assessor Parcels 
303-33-012C, 303-33-012D, 303-36-009A, and 303-36-009B) (Figure 2). The Eagle Picher Mill 
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site is at the north end of Parcel 30. Pima Tax Assessor’s records list Amax Arizona, Inc. and 
Anaconda Arizona, Inc. as the owners of Parcel 30.  Amax Arizona, Inc. is an indirect subsidiary 
of Freeport-McMoRan Minerals Corporation. Anaconda Arizona, Inc. is an indirect subsidiary of 
BP. 
 
Parcel 30 is in the Santa Cruz Valley, a wide alluvial basin between the Santa Rita Mountains to 
the east and the Sierrita Mountains to the west. The ephemeral Santa Cruz River is 
approximately 1,500 to 2,000 feet to the east of the eastern property boundary (Figure 1). The 
property slopes gently to the east towards the river channel. The site elevation is approximately 
2,780 feet above mean sea level on the west and 2,740 feet above mean sea level on the east. 
Several dry washes cross the property from west to east.  
 
The property is bounded to the east by South Villita Road (Figure 2). West Twin Buttes Road 
and the Southern Pacific Railroad line cross the property from northeast to southwest.  Interstate 
19 is approximately one-half mile west of the western property boundary.  Parcel 30 currently is 
vacant. The portion of the property north of West Twin Buttes Road contains the Eagle Picher 
Mill site; which is fenced and has signage indicating that it is a mine waste reclamation project. 
Parcel 30 south of West Twin Buttes Road is undeveloped land. Nearby property uses include 
residential land approximately 0.5 miles south of West Twin Buttes Road, vacant land and 
agricultural land to the east, vacant land to the west, and the Town of Sahuarita Municipal 
Offices on the abutting property to the north.  
 
Lead-zinc ores were milled at the Eagle Picher Mill site from 1943 to 1959.  The area where ore 
processing was performed consists of a former mill site and tailing impoundment between West 
Twin Buttes Road and the northern property boundary (Figure 3).  In the late 1960s the mill 
buildings were demolished down to their concrete foundations and the tailing impoundment was 
capped with a vegetated soil cover.  There is no information indicating that the portion of Parcel 
30 south of West Twin Buttes Road was used for ore processing.   
 
The Work Plan (Clear Creek, 2014) provides a detailed review of the results of prior soil and 
groundwater sampling. The Work Plan also contains a chronology of land use and environmental 
actions at the Eagle Picher Mill site and Parcel 30; including historical aerial photographs. The 
Work Plan divided Parcel 30 into five areas based on the historical land use and the results of 
prior environmental investigations. Arsenic, lead, and manganese are the primary metals 
exceeding soil remediation levels (SRLs1) in the tailing and, therefore, constitute the site 
constituents of concern (COCs). These areas are shown on Figures 2 and 3 and described in the 
table below. 
 
Areas 1, 2, 3, and 4 encompass the Eagle Picher Mill site. Area 5 is south of the Eagle Picher 
Mill site and has no history of ore processing use. 
 
 
 
 
                                                
1 Residential and nonresidential Arizona Soil Remediation Levels (rSRLs and nrSRLs, respectively) are provided in 
Arizona Administrative Code, Title 18, Chapter 7. 
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AREA 
 

NAME 
 

ACREAGE 
(approximate) 

DESCRIPTION 
 

1 Impoundment 
Area 30 

Historical ore processing use for tailing 
impoundment.  Tailing contains concentrations of 
arsenic, lead, and manganese exceeding rSRLs.  
Extent of tailing and metals composition are well 
characterized by prior soil sampling. 

2 Mill Site Area 10 

Historical ore processing use as mill.  Proximal to 
former railroad spur for receiving ore and shipping 
products. Prior soil sampling found soil exceeding 
arsenic and lead rSRLs, but soil impacts were not 
fully delineated. 

3 Pole Area 10 

Historical ore processing use uncertain, but 
proximal to former mill and railroad spur. Contains 
some soil exceeding the lead rSRL, but impacts 
were not fully delineated by prior soil sampling. 

4 North Area 34 

Historical ore processing use is uncertain. 
Disturbed ground of a former borrow pit is on west 
side of area. Additional disturbed ground is north 
of tailing impoundment, but no former ore 
processing use known.  Prior soil sampling found 
stream sediment exceeding the lead rSRL at one 
location at the east end of Area 4. 

5 South Area 140 
Undeveloped land with no history of ore 
processing use.  Prior soil sampling did not find 
soil concentrations in excess of SRLs. 

 Notes:   rSRL = residential Soil Remediation Level 
nrSRL = nonresidential Soil Remediation Level 
 

Parcel 30 is in an area of potential future residential and commercial growth and is adjacent to 
municipal buildings of the Town of Sahuarita. The General Plan for the Town of Sahuarita 
(2003) identifies the “Eagle Pitcher Mill Site” as land that should be considered for “mixed-use 
development” that would allow residential and commercial development. 
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2. SCOPE OF WORK 

The characterization of soil and groundwater was conducted according to the Work Plan. Field 
sampling procedures, laboratory analyses, and quality assurance were conducted according to the 
Sampling and Analysis Plan and Quality Assurance Project Plan (SAP) in Appendix B of the 
Work Plan.  The characterization was limited to soil and groundwater; it did not include 
characterization of the previously characterized tailing impoundment and the impoundment cap, 
or the rail spur in Areas 2 and 3. 

2.1 Soil Sampling 

The Work Plan provides the following rationale for soil sampling. 
 

“The occurrence of the COCs in soil is well characterized in Area 1. Areas 2 and 3 were 
used for ore processing or were peripheral to the mill and access routes to the mill. Areas 2 
and 3 need additional characterization to determine the extent of affected soil. Most of the 
northern half of Area 4 is undisturbed, but the western portion was the borrow source for the 
soil cover on the tailing impoundment and there is evidence of surface disturbance 
immediately north of the tailing impoundment that occurred after operation of the mill 
ceased. Area 4 needs additional characterization, but the level of effort should be greater on 
the disturbed ground than the undisturbed ground. Area 5 had no ore processing usage and 
previous sampling determined that soil concentrations were less than SRLs. For this reason, 
additional sampling is not recommended for Area 5.  
 
In Areas 2, 3, and 4 where there is some potential for land use associated with ore 
processing, samples should be collected to depth to verify the vertical extent of COCs. The 
depth of sampling should be determined in the field by conducting field analysis of COC 
concentrations in soil samples.  A maximum depth of 12 feet at any sample site is 
recommended because this is the greatest depth expected for a potential future use activity, 
such as installation of a sewer line. The wash north of the tailing impoundment in Area 4 
should be sampled to determine COC concentrations and verify the results of prior 
sampling.” 

 
2.1.1 Sample Locations 

Sampling locations were selected based on a working conceptual site model (CSM), described in 
Section 3.0 of the Work Plan. Pertinent elements of the CSM that governed the sample locations 
and density of sampling locations were: 
 
• Soil on the Eagle Picher Mill portion of Parcel 30 contain residual solids from the former 

milling and tailing production operation. As summarized in the Work Plan, previous studies 
indicate that lead, arsenic, and manganese are present at levels exceeding SRLs in the areas 
where milling and tailing production operations took place and in the tailing impoundment.  
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• Analytical data from previous investigations indicate that soil in areas undisturbed by the 
milling and tailing storage activities does not contain lead, arsenic or manganese 
concentrations above the SRLs. 

 
• The 27-acre tailing impoundment in Area 1 is capped by soil with an average thickness of 

about 12 inches. The tailing thickness ranges from zero at the edge of the impoundment to 22 
feet.     

 
• The affected environmental medium consists of residual tailing with concentrations of 

arsenic, lead, and manganese in excess of SRLs in the former tailing impoundment and mill 
site areas. The existing data indicate no areas of preferential concentration or hot spots.  

 
Based on the CSM, the sampling locations shown on Figure 4 were established to improve the 
geographic coverage of soil analyses in affected areas and to refine the vertical characterization 
data in the areas of former ore processing. The following strategies were used for each area: 
 
• In Area 1, the tailing impoundment area, the goal of sampling was to identify the western 

extent of affected soil between the tailing impoundment and the former mill site (Area 2). 
Samples were collected on the west side of the tailing impoundment to identify impacts from 
the mill operations. The northern extent of affected soil was determined by sampling Area 4. 

 
• In Areas 2 and 3, the Mill Site and Pole Areas, sampling was conducted according to a grid 

with an approximate 200-foot spacing. The westernmost samples were collected near the 
property line to constrain the western extent of affected soil.  

 
• In Area 4, north of the Mill and Tailing areas, samples were collected using variable spacing 

to more thoroughly evaluate the extent of COCs. In previous investigations, SRL 
exceedances were identified only at the east end of the stream channel north of Area 1.  

 
• In Area 5 to the south of the rail line and Twin Buttes Road, SRL exceedances were not 

identified by previous studies. Therefore, no sampling was conducted in Area 5.    
 
Sample locations were located using a hand-held global positioning system and staked using 
surveyor’s pin flags. Pin flags were replaced after sampling and later located by a licensed 
surveyor (Table 1).   
 
2.1.2 Soil Sample Screening and Collection Procedures 

Samples were collected by direct push drilling or hand augering2. The direct push rig was 
operated by Geomechanics Southwest, Inc. and advanced a 2-3/8 inch outside diameter probe 
with a drive shoe. A 1-1/2 inch diameter by 4 feet long soil core was collected in a disposable 
acrylic liner inside the probe. Core recovery was measured (Table 2) and the acrylic liner was cut 

 
                                                
2 Borings A4-01, A4-02, and A4-03 were advanced using a hand auger. All others were advanced using direct push 
methods. 
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open along its length with a utility knife to remove the sample.  The hand auger produced a 3-
inch diameter by 6-inch long soil core. Upon completion of sample collection at each location, 
borings were abandoned by backfilling with native soil from the immediate area. Boring logs are 
provided in Appendix A. 
 
The soil samples were transferred from the acrylic liner (or the hand auger) directly to new one-
gallon ziploc™ bags in one-foot intervals. The samples were homogenized by kneading the 
ziploc™ bag for at least one minute. 
 
The arsenic, lead, and manganese concentrations of soil samples were screened in the field by x-
ray fluorescence (XRF) to evaluate the depths at which to stop soil sampling. The XRF analyzer 
displayed a margin of error for the concentration (on Table 3 in the ± column); the high end of 
the range was compared with the SRL.  The top two feet of soil were sampled at each location 
(i.e., 0 to 12 inches and 12 to 24 inches).  If the field screening did not detect concentrations in 
excess of SRLs in the top two feet of soil (using the XRF’s margin of error), sampling at the 
location was terminated.  If an SRL exceedance was detected in the top two feet of soil, the 
Work Plan required sampling to a depth of two feet below the deepest SRL exceedance.  
Sampling was limited to no deeper than 12 feet below land surface (bls). 
 
XRF analyses were conducted using an Alpha Serves™ XRF spectrometer manufactured by 
Innov-X Systems, Inc. in a manner consistent with U.S. Environmental Protection Agency (EPA) 
Method 6200 and the instrument manufacturer’s instructions. After the sample was 
homogenized, the ziploc™ bag containing the sample was placed flat on a table and the material 
was flattened to allow the XRF screen to make good contact with the bag.  The samples were 
analyzed for lead, arsenic, and manganese through the ziploc™ bag. The bagged sample was 
labeled and put inside another ziploc™ bag following XRF analysis. It was stored in a cooler for 
submittal to the laboratory. 
 
The quality assurance/quality control (QA/QC) procedures prescribed by EPA Method 6200 for 
XRF analyses were implemented prior to analysis of the field samples. These procedures 
included: 
 

• Standardization: Conducted at instrument startup and after every 20 samples. A 
“standardization cap” made up of a special alloy was placed over the XRF window and a 
standardization program was run. The instrument indicated if the standardization was 
successful or if there was an error requiring re-standardization.  

• Method blank: A clean silica dioxide (SiO2) sample provided with the instrument was 
analyzed after every 20 samples.   

• Reference Sample: A sample having known concentrations was provided with the 
instrument. It was analyzed at the beginning of each day and after every 20 samples. The 
QA/QC goal was that the concentrations of the elements of interest be within 20% of the 
reference sample concentration before field samples were analyzed.  
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2.2 Groundwater Sampling  

Groundwater monitoring was conducted to document current potentiometric and water quality 
conditions. 
 
Groundwater samples were collected from the three monitoring wells marginal to the mill site 
(Figure 3) on June 17, 2014.  Information on monitoring well construction is provided in the 
table below. 

Parcel 30 Monitoring Wells 
 

Well Name ADWR 
Registration Total Depth (feet)/ Diameter (inches) Depth to Water 

(at installation) in feet 
AXABCO-1 55-532627 260 / 4.5 (screen depth uncertain) 175  
AXABCO-2 55-532628 230 / 4.5 (screen depth uncertain) 205  
AXABCO-3 55-537958 207 / 5 (screen from 160 to 200 feet) 157  
 
 
The depth to static water level was measured in each well from the top of the steel casing to the 
nearest 0.01 foot.  Prior to sample collection, each well was purged of at least three wetted casing 
volumes (as calculated using the static water level), or until field parameters (pH, temperature, 
and specific conductance) were stable, using the dedicated submersible pump in each well. Field 
parameters were measured using a Myron Ultrameter that was calibrated according to the 
manufacturer’s directions prior to the start of field activities. Field parameter measurements were 
recorded on the Water Sample Data Log forms (Appendix B). Purge water was discharged 
directly to the ground.   
 
Water samples were analyzed for dissolved arsenic, dissolved lead, total nitrate, and total nitrite 
according to the SAP. The dissolved lead and arsenic samples were filtered in the field with a 
0.45 micron filter. Each water sample was collected in laboratory-supplied sampling container 
and with the appropriate preservative.  Immediately after collection, each sample was labeled 
and placed in a cooler with ice. The samples were hand delivered to Turner Laboratories Inc. 
(Turner) in Tucson on June 17, 2014.      

2.3 Laboratory Analyses 

Soil samples were submitted to ALS Environmental Group USA (ALS) for analysis according to 
the SAP. Sixteen of the soil samples (approximately 10%) were split and submitted as blind 
duplicate samples3.  The samples were extracted using EPA Method 3050B and analyzed for 
arsenic, lead, and manganese by EPA Method 6020A. 
  

 
                                                
3 The SAP stated that ten percent of the samples or one sample from each delivery group, whichever is greater, 
would be split and submitted as a blind duplicate. The soil samples were delivered as one sample delivery group. 
Therefore ten percent of the samples were split and submitted as blind duplicates. 
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Three groundwater samples and one blind duplicate sample were submitted to Turner for 
analysis for dissolved arsenic and lead by EPA Method 200.8, and total nitrate and nitrite as 
nitrogen by EPA Method 300.     
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3. RESULTS 

3.1 Soil Results 

A total of 53 borings (including twin borings of A2-35 and A4-18) were advanced from June 2 to 
4, 2014. Surveyed locations for the borings are provided on Table 1. A total of 154 soil samples 
were analyzed in the field and submitted for laboratory analysis. Sixteen of these samples were 
split and submitted as blind duplicates. 
 
3.1.1 Soil Types 

The dominant soil types observed during soil sampling were well- to poorly-graded sands (SW to 
SP according to the Unified Soil Classification System) and sands with fines (SM and SC). Silt 
(ML) was observed less frequently. Gravel- or clay-dominated soils were not observed. 
 
3.1.2 Sample Recovery and XRF Field Screening 

The direct push soil cores were collected in 4-foot long sample tubes. The amount of sample 
recovered by the direct push method was variable as indicated on Table 2 and the boring logs in 
Appendix A. Recovery ranged from 25% to 100% and averaged approximately 70%.  Possible 
causes of the incomplete core recoveries are sample compaction and soil loss on removal of the 
sampler. Recovery could also be reduced when gravel is wedged in the drive shoe, but this 
condition was not observed and gravel was not a significant component of the soil.   
 
Sample depths were not adjusted to compensate for recovery.  Soil samples were assigned to a 
depth assuming that the top of the sample was from the starting depth of the direct push sampler 
(e.g., the surface or 0 feet deep on the initial push or 4 feet deep on the second push) and the 
bottom of the sample was the depth indicated by the length of the sample (i.e. if the recovery was 
3 feet from a 4-foot push, the samples were from 0 to 1, 1 to 2 and 2 to 3 feet and there was no 
recovery or sample from 3 to 4 feet).   
 
Table 3 lists the results of XRF field screening.  Sampling encountered the following situations 
depending on sample recovery and XRF field screening. 

• Locations at which the top two sample intervals (0 to 1 and 1 to 2 feet depth) did not 
exceed SRLs based on the field XRF analysis were considered unimpacted per the Work 
Plan, sampling was terminated, and the top two sample intervals were submitted for 
laboratory analysis.   

• Locations where the XRF field screening detected an SRL exceedance in the top two feet 
of soil were sampled until there were two consecutive sample intervals that met SRLs.  If 
there was no sample recovery between two intervals that were less than SRLs, the 
missing interval was assumed to also meet SRLs and considered to constitute two 
consecutive sample intervals meeting the SRLs. Sampling was discontinued when the 
XRF data indicated the two 1-foot intervals met SRLs.  Samples from all sample intervals 
to two feet below the lowest SRL exceedance were submitted for laboratory analysis. 
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• A second boring, A2-35b, was installed at site A2-35 because the direct push rig had 
already moved off site when the XRF results for the first boring became available. A2-
35b was advanced until two consecutive sample intervals were identified by XRF field 
screening as less than SRLs. 

• At location A4-06, the samples from 0-2 feet and 2-4 feet were combined due to a 
sampling error.  The XRF analyses showed SRL exceedances to a depth of 6 feet. Thus, 
combining the samples from 0 to 2 feet and 2 to 4 feet did not affect evaluation of the 
depth of soil exceeding SRLs.   

• In the case of A4-18, two feet of sample were recovered in the initial push, creating a gap 
of 2 feet with no sample recovery even though the interval from 4 to 5 feet was less than 
SRLs. The direct push rig was moved to a second location, A4-18b, less than three feet 
from A4-18.  The core recovery at A4-18b was 2.4 feet of 4 feet with the lower two 
intervals meeting SRLs. 

 
3.1.3 Soil Quality 

A tabulated summary of laboratory and XRF results is provided in Table 3. In the following 
discussion of soil quality, the laboratory analyses only are used to characterize soil 
concentrations because they are considered more accurate than the XRF results and the XRF 
results were meant only as a field screening tool to guide the depth of sampling.  Section 4 
discusses the correspondence between laboratory analyses results and XRF field screening 
results. 
 
Soil samples exceeding rSRLs for arsenic (10 milligrams per kilogram [mg/Kg]), lead (400 
mg/Kg), and manganese (3,300 mg/Kg) were identified in the following areas, as shown on 
Figure 4: 
 

• Area 1 west of the estimated extent of tailing and east of Area 2 
• The mill area (Area 2) east of the rail spur 
• The eastern portion of the Pole area (Area 3) 
• Three borings in the eastern portion of Area 4 north of the tailing impoundment 

 
Fourteen of the 53 borings (26%) contained soil exceeding an SRL, including twin borings A2-
35b and A4-18b. The detection of soil exceeding SRLs by Area is as follows: Area 1 – 1 of 1 
boring (100%), Area 2 – 7 of 10 borings (70%), Area 3 – 3 of 11 borings (27%), and Area 4 – 3 
of 31 borings (10%). Of the 154 soil samples analyzed, exceedances of the nSRL are as follows: 
arsenic – 12 samples (8%), lead – 29 samples (19%), and manganese – 8 samples (5%). 

 
Figure 5 shows cumulative frequency plots of the laboratory results for arsenic, lead, and zinc. 
Any exceedance of the arsenic SRL exceeded both the residential and non-residential land use 
levels, because the rSRL and the nrSRL for arsenic are the same value. Of the 29 samples 
exceeding the rSRL for lead, only 4 did not also exceed the 800 mg/Kg nrSRL (Table 4). The 
nrSRL for manganese (32,000 mg/Kg) was not exceeded in any samples.  
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3.1.3.1 Area 1 

During staking of the sampling locations in Area 1, tailing was observed at animal borings at two 
locations (designated with the “Tailing Observed 01” and “Tailing Observed 02” notation on 
Figure 4) at the southeast end of the tailing impoundment. Based on the presence of tailing at 
these locations, samples were not collected. At the “Tailing Observed 03” location, a layer of 
tailing several feet thick was observed in the wall of a small erosional gully. These observations 
indicate that tailing extends farther to the west than was estimated by Golder (2009).  
 
In Boring A1-37, the only boring in Area 1, soil exceeding the rSRLs for lead and arsenic was 
detected at a depth of 1 to 2 feet below grade. The arsenic concentration was 11.2 mg/Kg and 
lead was detected at 3,380 mg/Kg. The surface soil sample (from 0 to 1 foot), and samples from 
2 to 3 and 3 to 4 feet, did not exceed SRLs. This location was the only occurrence where soil 
having no SRL exceedances was observed above soil with SRL exceedances.  

3.1.3.2 Area 2 

At the mill site (Area 2), soil samples were collected at 10 locations, including twin borings at 
A2-35. There were no rSRL exceedances in soil samples from the three locations west of the rail 
spur.  Six locations east of the rail spur had exceedances of the rSRLs.  Borings A2-31, -32, and -
34 had exceedances in the top 12 inches of soil. Borings A2-33 and A2-36 had exceedances in 
the top two feet. Borings A2-35 and A2-35b had exceedances in the top 3 feet.  
 
The highest lead concentration in all the soil samples collected by this characterization was 
detected in A2-36 from of 0 to 1 foot below grade, which had a lead concentration of 18,500 
mg/Kg. This sample also had the highest arsenic concentration in Area 2 (91.1 mg/Kg) and in all 
characterization soil samples. The highest manganese concentration in Area 2 was 5,600 mg/Kg 
in A2-35 from 2 to 3 feet below grade. Exceedances of both the arsenic and manganese rSRLs 
were always accompanied exceedances of the lead rSRL. However, lead exceedances were not 
always associated with arsenic or manganese exceedances.  

3.1.3.3 Area 3 

Soil samples were collected at 11 locations at the Pole Area (Area 3). Exceedances of the rSRLs 
were detected by laboratory methods in the three borings in the easternmost north-south transect: 
A3-38 (to a depth of 3 feet), A3-41 (to a depth of 2 feet), and A3-43 (to a depth of 3 feet).  These 
exceedances are possibly due to the proximity of the tailing impoundment. The remaining 
locations in Area 3 did not have exceedances of rSRLs by laboratory analytical methods.   
 
The highest arsenic concentration in Area 3, 14.2 mg/Kg, was detected in A3-38 from two to 
three feet below grade. The highest lead and manganese concentrations in Area 3 (8,060 and 
9,100 mg/Kg, respectively), were detected in the same sample, A3-43 from 1 to 2 feet below 
grade. As was the case in Area 2, exceedances of the arsenic and manganese rSRLs were always 
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accompanied exceedances of the lead rSRL, but lead exceedances were not always associated 
with arsenic or manganese exceedances.  

3.1.3.4 Area 4 

At the North Area (Area 4), soil samples were collected at 31 locations including twin borings at  
A4-18. Exceedances of the rSRLs were detected in three locations, A4-06 (to a depth of 4 feet), 
A4-07 (to a depth of 2 feet), and A4-09 (to a depth of 1 foot). A4-06 and A4-07 are located near 
the northern edge of the tailing impoundment. The remaining sample locations in Area 4 did not 
have exceedances of rSRLs.     
 
The highest concentration of arsenic (15 mg/Kg), lead (3,940 mg/K), and manganese (4,920 
mg/Kg) in Area 4 were detected in the same sample, A4-07, from the surface to one foot below 
grade. A4-07 is near the eastern property line. Only lead exceedances were detected in A4-06; 
the highest lead concentration at this location was 1,690 mg/Kg. Similarly, only lead was found 
exceeding the rSRL at A4-09 (610 mg/Kg from the surface to 1 foot below grade).  
 
In Areas 2, 3, and 4 exceedances of the arsenic and manganese rSRLs were always accompanied 
exceedances of the lead rSRL. However, lead exceedances were not always associated with 
arsenic or manganese exceedances. Thus, lead can be considered the primary indicator of tailing 
impacts in the mill site area. 

3.2 Groundwater Results  

Groundwater levels were gauged to the nearest 0.01 foot. Since the last gauging in November 
2008, water levels have risen by 3.19, 3.26 and 3.26 feet in AXABCO-1, -2, and -3, respectively. 
Based on these water levels, groundwater flow is to the northwest under a hydraulic gradient of 
approximately 0.005, as shown on Figure 6. 
 
Water samples were analyzed by Turner for dissolved arsenic, dissolved lead, total nitrate, and 
total nitrite. Results are summarized in the table below:
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AXABCO-1 2563.16 7.41 1286 11 <0.1 11 0.0054 0.00074 
AXABCO-2 2560.58 7.50 1073 8.9 <0.1 8.9 0.0065 <0.00050 
AXABCO-3 2567.53 7.72 935 7.7 <0.1 7.7 0.0072 <0.00050 
AXABCO-51*    11 <0.1 11 0.0051 <0.0025 
Arizona Aquifer Water 
Quality Standard   10 1 10 0.050 0.050 

*Blind duplicate of AXABCO-1 
 
                                                
4Above mean sea level. 
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The Arizona numeric Aquifer Water Quality Standard (AWQS)5 for nitrate and nitrate plus 
nitrite are both 10 milligrams per liter (mg/L). The sample and duplicate from AXABCO-1 had a 
total nitrate concentration of 11 mg/L and a nitrate plus nitrite concentration of 11 mg/L. 
Dissolved arsenic, dissolved lead, and total nitrite were less than their respective AWQS.  

3.3 Data Validation 

A data validation was conducted to evaluate the usability of the soil and groundwater data. The 
data validation, as discussed in the following sections, indicates that 100% of the data are 
useable for the characterization of soil and groundwater at Parcel 30.  
 
3.3.1 Completeness 

Data packages provided by the ALS and Turner are complete, in that all samples were analyzed, 
and laboratory reports had case narratives and chains of custody were attached. Method blank 
data were provided for the soil analyses. For the aqueous samples, a Level 1 QC summary was 
attached. 
 
3.3.2 Case Narrative 

The case narratives in the laboratory reports did not indicate any problem with the samples or the 
analyses. None of the soil analytical results were flagged by the ALS. Turner flagged the 
duplicate groundwater sample AXABCO-51 as it had a higher minimum reporting limit for lead 
(0.0025 mg/L) because it was run with another batch of samples and was diluted. The higher 
practical quantitation limit is lower than the AWQS for lead. 
 
3.3.3 Delivery Condition and Holding Times 

The laboratory login forms indicate that the soil samples were not packed with ice or another 
cooling agent. This is acceptable handling for the non-volatile inorganic analyses that were 
conducted. The samples were extracted and analyzed within the appropriate holding times.  
Aqueous samples were delivered on ice and were analyzed within the appropriate holding times. 
 
3.3.4 Precision 

Precision is the degree of agreement among repeated independent measurements.  Sixteen soil 
samples were split; one was submitted as the primary sample and one was submitted as a blind 
field duplicate sample. The duplicate sample names started with A51 but the primary boring 
numbers and depths were used. The laboratory was not provided with the sampling nomenclature 
convention.  Table 4 lists XRF and laboratory results for duplicate samples. Duplicate XRF 
analyses were not conducted. 
 
The relative percent difference (RPD) between the primary and duplicate samples was calculated 
using the following equation: 

 
                                                
5 Arizona Administrative Code, Title 18, Chapter 11. 
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RPD (%) = |S - D| X 100 
(S + D)/2 

 
    Where  S = First Measured Value 
     D = Second Measured Value 
 
 
Table 5 lists the RPDs for laboratory analyses. Using duplicate analyses to evaluate the precision 
of soil analyses is difficult because the inherent heterogeneity of soil imparts a potential 
variability in addition to the analytical variability. EPA guidance (EPA, 2004) suggests an RPD 
of 35% for duplicate soil analyses to account for variability due to subsampling a non-
homogeneous material. The average RPD for the arsenic analyses was 10.32%, lead was 13.69%, 
and manganese was 8.79% (Table 5). RPDs for all arsenic and manganese analyses were less 
than 35%. Two of 16 duplicate analyses (12.5%) for lead exceeded an RPD of 35%. Overall, the 
duplicate analyses indicate a high level of agreement among the repeated measurements. 
 
Only one RPD exceeded 50%. This was for sample A2-33-1-2, which had an RPD of 50.7% for 
lead. The primary sample had a lead concentration of 2,930 mg/K and the blind duplicate had a 
lead concentration of 4,920 mg/Kg. It should be noted that both samples exceeded the 400 
mg/Kg rSRL, as did the XRF analytical result of 2,268 ± 34 mg/Kg. Thus, the result is useable 
for the purpose of identifying exceedances of the rSRL. 
 
One blind duplicate groundwater sample was collected from AXABCO-1. The RPD for the 
nitrate sample was 0%, (i.e. the results were identical). The dissolved arsenic results had an RPD 
of 5.7%, which is less than the usual data quality objective of 20% for aqueous analyses. The 
lead results cannot be evaluated for RPD because the detection limit of the duplicate was higher 
than that of the primary sample because it was run at a later date with another batch of samples.   
  
3.3.5 Representativeness 

Representativeness is defined as the degree to which the sampling data properly characterize the 
study environment. In the field sampling and characterization phase of a program, 
representativeness is maintained by the collection of samples throughout the entire area of 
concern to determine the spatial variability of concentrations in the area. The sample location 
grids, vertical sampling strategy, and sampling methodologies prescribed in the Work Plan and 
SAP were implemented to provide data representative of the concentrations of COCs distributed 
laterally and vertically in Areas 1, 2, 3, and 4.   
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4. DISCUSSION 

4.1 XRF Screening Tool 

Because soil samples were submitted for laboratory analyses based on their XRF responses, the 
comparability of the XRF and laboratory data was evaluated. The XRF and laboratory data are 
plotted for each sample on Figures 7, 8, and 9 for arsenic, lead, and manganese, respectively. Per 
EPA guidance (EPA, 2007), the log of concentration was plotted because the measured 
concentrations spanned more than one order of magnitude. When the laboratory did not detect 
arsenic in a sample, it was plotted at half of the quantitation limit. There were no non-detects for 
lead and manganese. 
 
Based on Figures 7, 8, and 9, it can be concluded that XRF results were generally biased higher 
than the laboratory results for arsenic and manganese. This is likely why a number of the lower 
concentration arsenic and manganese rSRL exceedances indicated by XRF were not confirmed 
by the laboratory analyses (Table 3).  In general, the XRF and laboratory lead results are similar 
with the best fit line through the data having a slope near one (1.17).  The correlation coefficients 
(R2) were 0.57% for arsenic, 0.97% for lead, and 0.90% for manganese. EPA (2007) indicates 
that correlation coefficients should be 0.7 or greater for screening level data. In general, the lead 
determinations by XRF and laboratory analysis display a high level of correlation. 
 
Some adjustment would be required to correct the XRF data for bias, if the XRF were to be used 
for compliance purposes. However, the correlation between XRF and laboratory data for lead 
and manganese is considered acceptable for purposes of field screening. The laboratory data 
confirm that samples were collected to the proper depth based on XRF data (2 feet below the 
deepest rSRL exceedance) in all but one case. The exception is at A2-35 and A2-35b, where the 
high bias of the manganese XRF data resulted in sampling deeper than necessary (to 8 feet below 
grade when the laboratory data showed that the deepest SRL exceedance was at 3 feet below 
grade).   

4.2 Extent of SRL Exceedances 

The interpreted extent of residential rSRL exceedances (based on laboratory analyses) is 
provided on Figure 4. Most of the mill site (Area 2) east of the rail spur and the easternmost 
north-south transect in Area 3 had rSRL exceedances to a maximum depth of three feet below 
grade. It is reasonable to infer that these exceedances continue eastward to the tailing 
impoundment, based on field observations of tailing and soil data at A1-37. It is possible that 
A1-37 may be part of the capped tailing impoundment, based on the presence of a 1-foot layer of 
soil having no rSRL exceedances above a one-foot layer of impacted soil6.  In addition, tailing 

 
                                                
6 Golder (2009) dug trenches to delineate the extent of tailing, but there were no trenches in the area of A-37 or 
where tailing was observed from animal borings. 
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was observed at three locations (Figure 4) at animal borings and in the sidewall of an erosional 
gully south of A3-41.  
 
The average arsenic, lead, and manganese concentrations in the top 2 feet of soil sampled at A1-
37, A2-31, A2-32, A2-33, A2-34 and A2-36 are approximately 15; 3,152; and 854 mg/Kg 
respectively. The average arsenic, lead, and manganese concentrations in the top 3 feet of soil 
sampled at A2-35b, A3-38, A3-41, and A3-43 are approximately 10; 3,793; and 3,596 mg/Kg, 
respectively. Based on these results, the average concentrations in the top 2 feet of surficial soil 
on the east side of Area 2 only slightly exceed the arsenic SRL, exceed both the rSRL and nrSRL 
for lead, and are less than the rSRL for manganese. Average concentrations in soil to a depth of 3 
feet on the east side of Area 3 are at the SRL for arsenic, exceed the rSRL and nrSRL for lead, 
and slightly exceed the rSRL for manganese. 
 
SRL exceedances in Area 4 are limited to three borings (A4-06, A4-07, and A4-09) at the eastern 
part of the area. The impacted soil is thickest (4 feet at A4-06) nearer to the tailing impoundment 
and thinner (one foot thick) at A4-09, farther from the tailing. The average soil concentrations of 
arsenic, lead, and manganese in the top 2 and 4 feet of soil at A4-06, A4-07, and A4-09 are 
approximately 6; 1,165; and 1,610 mg/Kg and 6; 1,040; and 1,297 mg/Kg; respectively. Based 
on these average concentrations, the top 2 and 4 feet of the soil anomaly on the east side of Area 
4 are less than the arsenic and manganese rSRLs, but exceed the rSRL and nrSRL for lead, 
although soil impacts deeper than 3 feet only occur at A4-06. 

4.3 Groundwater Quality 

The groundwater quality data for 2014 are consistent with historical data described in the Work 
Plan. During the most recent prior water quality sampling event on August 14, 2003, nitrate was 
detected at a concentration of 10.9 mg/L in AXABCO-1, and concentrations in AXABCO-2 and 
AXABCO-3 were 3.09 and 3.37 mg/L, respectively. All three wells had arsenic and lead 
concentrations below the AWQSs (0.050 mg/L for both arsenic and lead) in 2003.  
 
4.3.1 Arsenic 

Naturally-occurring arsenic is known to occur in groundwater within the Tucson Basin. The 
occurrences are not consistent geographically or generally predictable, but arsenic concentrations 
have sometimes been associated with groundwater from greater depths. According to Anning et 
al (2012), conditions that contribute to higher arsenic concentrations are located where (1) basins 
are surrounded by mafic volcanic bedrock, felsic/silicic volcanic bedrock, or crystalline bedrock, 
(2) groundwater flow paths are long (i.e. long residence time), (3) there is a general lack of 
groundwater flushing as indicated by low rates of natural recharge, and (4) geochemical 
conditions favor the release of arsenic from aquifer substrates to surrounding groundwater. These 
conditions are documented throughout the Basin and Range area, where naturally-occurring 
arsenic in groundwater is more common than other physiographic provinces in North America 
(Anning et al, 2012). 
 
The arsenic concentrations detected in the Parcel 30 monitoring wells are consistent with 
concentrations observed in the Tucson Basin. While there have been no exceedances of the 0.050 
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mg/L AWQS in the Parcel 30 wells, there were historical low level exceedances of the 0.010 
primary drinking water maximum contaminant level (MCL) (i.e. the drinking water standard) 
(EPA, 2012) in AXABCO-3, the upgradient monitoring well located on the south side of the 
tailing impoundment. The highest dissolved arsenic concentration detected in this monitor well 
was 0.017 mg/L in a sample collected on April 12, 1994. The arsenic concentrations in samples 
from AXABCO-3 have been equal to or less than the MCL in the six sampling events conducted 
from 1998 to 2014. The maximum dissolved arsenic concentration detected in downgradient 
monitoring wells AXABCO-1 and AXABCO-2 was 0.010 mg/L in both wells (on April 12, 1994 
and October 31, 1999 respectively). This concentration is equals, but does not exceed, the MCL. 
 
The Arizona Department of Water Resources (ADWR) website7 provides information on the 
water quality in the Tucson Active Management Area (AMA). Arsenic concentrations exceeding 
the MCL have been documented at 133 locations throughout the Tucson AMA, including 
locations that are up- and crossgradient of Parcel 30 and outside of areas of anthropogenic 
contamination (e.g., Township 17S, Range 13E, Section 19; Township 17SE, Range14 S, 
Section 22; Township 17S, Range 13E, Section 20; Township 17S, Range 14E, Section 19, 
Township 18S, Range 13E, Section 23 and Township 19S, Range 11E, Section 8). For example, 
in the Green Valley area upgradient of Parcel 30, samples from water supply wells consistently 
have arsenic concentrations up to 0.014 mg/L due to background conditions (Community Water 
Company of Green Valley, 2004, 2005, 2006, 2007, and 2014). 
 
4.3.2 Lead 

The dissolved lead concentration in samples collected on June 17, 2014 was less than the EPA 
action level of 0.015 mg/L for drinking water. Historically, as described in the Work Plan, 
groundwater samples from the AXABCO wells do not have detectable concentrations of total or 
dissolved lead. The highest detectable lead concentrations since 1995, when 0.001 mg/L and 
lower detection limits became available, are 0.0018 mg/L dissolved lead, and 0.001 mg/L total 
lead. 
 
4.3.3 Nitrate 

Nitrate is generally associated with agricultural uses (fertilizers) or animal or human waste 
(septage). Land in the vicinity of Parcel 30, including upgradient areas, has been in agricultural 
use for decades. Nitrate exceeding the AWQS of 10 mg/L has been detected in all three of the 
monitoring wells at Parcel 30 in the past. The highest concentration of nitrate detected in 
AXABCO-1 was 15.1 mg/L on March 1, 1992. The highest detected concentration in AXABCO-
2 was 14.9 on April 12, 1994 and the highest detected in AXABCO-3 was 10.07 mg/L on March 
1, 1993.  
 
The ADWR website indicates that nitrate concentrations exceeding the MCL have been 
documented up- and crossgradient of Parcel 30, including wells in Township 17S, Range 14E, 
Sections 4 and 21; and Township 18S, Range 13E, Sections 12, 13, and 24.     

 
                                                
7 http://www.azwater.gov/AzDWR/StatewidePlanning/WaterAtlas/ActiveManagementAreas/Water/TucsonAMA.htm 
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4.4 Conceptual Site Model 

This soil characterization was based on the conceptual site model described in the Work Plan. 
The conceptual model considers the residual tailing to be the source of arsenic, lead, and 
manganese. Soil unaffected by tailing contains levels of metals that are below the SRLs for 
arsenic, lead, and manganese, while tailing-affected material contains concentrations above the 
SRLs. This conceptual model is based on the results of soil sampling and analysis reported in 
studies by Golder (2009) and Hydrodynamics (1999), as described in the Work Plan.  Golder 
(2009) analyzed sediment in the soil cover, tailing, and underlying native soil at the tailing 
impoundment in Area 1. The results indicated that lead, arsenic, and manganese were 
consistently greater than rSRLs in samples containing some portion of tailing and that native soil 
beneath the tailing did not exceed SRLs. The results of the Hydrometrics (1999) investigation 
corroborate this conclusion, though a fewer number of metals were analyzed.   
 
The results of this investigation are consistent with this conceptual site model. Exceedances of 
rSRLs were found in the surface and near-surface soil. The deepest rSRL exceedance, based on 
laboratory analyses, was at a depth of four feet below grade. Below the tailing-affected soil, 
arsenic, lead, and manganese concentrations were less than rSRLs in every boring.   
Additionally, the results of this investigation indicate that although single sample concentrations 
may exceed SRLs for several COCs, the average concentrations of the soil anomalies in Areas 2, 
3, and 4 are generally close to or below the arsenic rSRL and nrSRL, and the manganese rSRL.  
In contrast to arsenic and manganese, the average concentration of lead in affected soil in Areas 
2, 3, and 4 exceeds both the rSRL and nrSRL. 
 
There is no evidence of impacts to groundwater from the milling operations based on 
groundwater samples collected during this investigation and previous monitoring (from 1992 
through 2003) from three monitoring wells located adjacent to the former mill and tailing 
impoundment. Two wells are downgradient of the tailing impoundment and one well is 
upgradient. Nitrate is the only constituent that has periodically exceeded an AWQS in all three 
on-site monitoring wells and is interpreted to be the result of nearby agricultural land use. 
Arsenic has periodically exceeded the MCL of 10 µg/L, but not the AWQS of 50 µg/L. Arsenic 
is believed to be a background constituent based on similar low level occurrences in groundwater 
upgradient and in the vicinity of Parcel 30. 
 
The results of soil and groundwater sampling documented herein indicate that soil is the only 
affected medium at the Eagle Picher Mill site or Parcel 30. The potential migration pathways of 
soil at the Eagle Picher Mill site are mechanical transport by erosional processes such as surface 
water transport and transport as windborne dust.  Direct human exposure to soil at the Eagle 
Picher Mill site is limited because it is fenced and posted with signs. Soil on Parcel 30 that is 
south of the Eagle Picher Mill site (i.e., Area 5) meets SRLs for residential exposure, based on 
prior sampling results discussed in the Work Plan. 
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5. CONCLUSIONS 

Clear Creek conducted this soil and groundwater characterization of the Eagle Picher Mill site on 
Parcel 30 in Sahuarita, Arizona at the request of the Owners with the objective of further 
evaluating the nature and extent of impacts from former ore processing operations. COCs in soil 
at the Eagle Picher Mill site were identified in previous investigations as lead, arsenic, and 
manganese.   
 
Fifty-one soil borings were advanced and 154 soil samples were analyzed by XRF and laboratory 
methods in one-foot increments. XRF was used as a field screening tool. The extent of SRL 
exceedances of lead, arsenic, and manganese was identified based on the laboratory analytical 
data for soil samples. The areas of SRL exceedances that were identified in this investigation are: 

• Area 1 west of the estimated extent of tailing to the boundaries with Areas 2 and 3 
(Figure 4). 

• Mill Area (Area 2) east of the rail spur; 
• Easternmost portion of Area 3 (Borings A3-38, A3-41, and A3-43); 
• Eastern portion of Area 4 north of the tailing impoundment (Borings A4-06, A4-07, and 

A4-09); 
 
Tailing observed in Area 3 and at animal borings in the western portion of Area 1 indicate that 
the extent of tailing is farther west than indicated by the 2009 Golder investigation. The depth of 
SRL exceedances in Areas 2, 3, and 4 averages approximately 2 feet; the deepest SRL 
exceedance documented in this investigation was 4 feet (at A4-06).  Lead is the primary COC. 
Although arsenic and manganese periodically exceeded their respective SRLs, these exceedances 
were always accompanied by a lead exceedance.  Volume-averaged concentrations for arsenic, 
lead, and manganese in the area of the SRL exceedances indicate that lead exceeds its rSRL and 
nrSRL, whereas arsenic and manganese are either slightly above or below their respective 
rSRLs. 
 
The results of this investigation are consistent with the conceptual site model that residual tailing 
is the source of metals at the Eagle Picher Mill site. The results of this characterization refined 
the site information on the lateral and vertical extent of tailing-affected material with metals at 
concentrations above the rSRLs.  The extent of exceeding SRLs, as defined by this investigation, 
will be used for developing a preliminary conceptual design for the remediation Work Plan. 
 
Groundwater flow from the site is to the northwest, based on groundwater levels in three monitor 
wells at the site.  Groundwater from one monitor well exceeded the AWQS for nitrate (11 mg/L 
versus the AWQS of 10 mg/L). This result is likely due to agricultural operations upgradient 
from this well.  Arsenic concentrations in the three monitoring wells were below the 0.050 mg/L 
AWQS and the 0.010 mg/L MCL. Periodic historical, low-level exceedances of the 0.010 mg/L 
MCL at the upgradient monitor well at Parcel 30 are likely due to naturally-occurring 
background arsenic in this portion of the Tucson Basin. Examples of elevated background 
arsenic are best documented at municipal wells in the Green Valley area. 
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TABLES 



TABLE 1

Survey Data

Boring Name or 

Description

State Plane 83 

Northing

(± 0.03 feet)

State Plane 83 

Easting

(±0.03 feet)

NAVD88 

Elevation 

(± 0.05 feet)

A1-37 347655.60 991745.73 2765.12

A2-31 347626.65 991516.67 2769.64

A2-32 347638.19 991338.88 2771.28

A2-33 347441.79 991324.11 2776.79

A2-34 347236.66 991313.51 2774.81

A2-35 347214.88 991537.28 2772.96

A2-36 347436.71 991538.85 2770.45

A2-45 347632.39 991127.38 2772.19

A2-46 347431.68 991103.94 2775.35

A2-47 347203.33 991065.85 2775.41

A3-38 347061.53 991562.60 2770.78

A3-39 347076.82 991343.28 2774.09

A3-40 346885.03 991336.50 2772.89

A3-41 346867.36 991542.73 2770.76

A3-42 346661.21 991314.68 2771.54

A3-43 346707.40 991585.03 2770.50

A3-44 346441.72 991323.53 2774.41

A3-48 347061.32 991120.87 2774.18

A3-49 346860.56 991114.38 2775.81

A3-51 346459.57 991127.71 2779.92

A3-51 346459.65 991127.76 2779.93

A4-01 347814.76 992736.88 2748.82

A4-02 347775.49 992375.16 2752.40

A4-03 347877.16 991977.62 2756.73

A4-04 347884.83 992910.96 2743.38

A4-05 348027.77 993110.99 2740.14

A4-06 347909.32 993130.79 2740.33

A4-07 348044.90 993611.02 2731.70

A4-08 348211.36 993434.27 2731.80

A4-09 348220.01 993199.26 2737.12

A4-10 348162.40 992959.78 2742.59

A4-11 347942.39 992593.51 2751.11

A4-12 347946.96 992396.15 2755.42

A4-13 347957.89 992196.20 2760.05

A4-14 347990.16 991592.08 2766.16

A4-15 347733.42 991438.84 2768.25

A4-16 347815.49 991161.87 2771.22

A4-17 347980.74 991409.19 2766.42

A4-18 348089.99 992791.14 2746.93

A4-19 348327.01 992641.86 2749.00

A4-20 348198.83 992389.30 2755.58

Soil Borings
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TABLE 1

Survey Data

Boring Name or 

Description

State Plane 83 

Northing

(± 0.03 feet)

State Plane 83 

Easting

(±0.03 feet)

NAVD88 

Elevation 

(± 0.05 feet)

A4-21 348302.94 992145.41 2759.97

A4-22 348181.03 991890.14 2765.36

A4-23 348029.78 991831.94 2764.80

A4-24 348276.83 991388.53 2770.88

A4-25 348287.84 991186.07 2773.50

A4-26 348186.49 991304.22 2769.43

A4-27 348196.02 991628.38 2770.02

A4-28 347957.68 991193.08 2770.54

A4-29 347724.41 991188.77 2770.97

A4-30 347722.10 991582.10 2765.71

AXABCO-1 348349.22 993368.37 2737.64

AXABCO-2 348343.43 992256.00 2761.77

AXABCO-3 347046.10 992785.98 2746.30

Tailing Observed 01 347074.21 991729.77 2772.28

Tailing Observed 02 346885.98 991743.85 2770.63

Tailing Observed 03 346774.71 991529.33 2769.03

1
 Locations surveyed using handheld GPS

Monitor Wells

Field Observations of Tailing
1
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TABLE 2

Soil Core Recoveries

Recovery

(feet per 

foot)

Recovery

(%)

Recovery

(feet per 

foot)

Recovery

(%)

Recovery

(feet per 

foot)

Recovery

(%)

A1-37 2.4/4 60 2.7/4 68 0.64 64
A2-31 2.6/4 65 0.65 65
A2-32 2.4/4 60 0.60 60
A2-33 2.8/4 70 2/4 50 0.60 60
A2-34 2.6/4 65 0.65 65
A2-35 2.9/4 73 2.9/4 73 0.73 73
A2-35b 2.9/4 73 3.5/4 88 3.6/4 90 0.83 83
A2-36 2.8/4 70 2.9/4 73 0.71 71
A2-45 2.9/3 97 2.7.4 68 0.82 82
A2-46 2.7/4 68 0.68 68
A2-47 2.6/3 87 3/4 75 0.81 81
A3-38 2.6/4 65 2/4 50 0.58 58
A3-39 2.9/4 73 0.73 73
A3-40 3.1/4 78 0.78 78
A3-41 2.8/4 70 1/4 25 0.48 48
A3-42 2.8/4 70 0.70 70
A3-43 2.9/4 73 2.6/4 65 0.69 69
A3-44 2.8/4 70 0.70 70
A3-48 2.7/3 90 2.7/4 68 0.79 79
A3-49 2.6/3 87 0.87 87
A3-50 2.8/3 93 0.93 93
A3-51 2.4/3 80 0.80 80
A4-01 2/2 100 1 100
A4-02 2/2 100 1 100
A4-03 2/2 100 1 100
A4-04 2.8/4 70 0.70 70
A4-05 3/4 75 0.75 75
A4-06

A4-07 2.9/4 73 2.5/4 63 0.66 66
A4-08 2.8/4 70 0.70 70
A4-09 2.5/4 63 0.63 63
A4-10 3/4 75 0.75 75
A4-11 2.8/4 70 0.70 70
A4-12 2.5/4 63 0.63 63
A4-13 2.7/4 68 0.68 68
A4-14 2.6/4 65 0.65 65
A4-15 2.5/4 63 0.63 63
A4-16 2.6/4 65 0.65 65
A4-17 2.9/4 73 0.73 73
A4-18 2/4 50 3/4 75 0.63 63
A4-18b 2.4/4 60 0.60 60
A4-19 2.6/4 65 0.65 65
A4-20 2.4/4 60 0.60 60

Borehole

Average 

Recovery

(feet per 

foot)

Average 

recovery 

%

0-4 feet 4-8 feet 8-12 feet

Not measured - at least 75% based on sampling intervals
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TABLE 2

Soil Core Recoveries

Recovery

(feet per 

foot)

Recovery

(%)

Recovery

(feet per 

foot)

Recovery

(%)

Recovery

(feet per 

foot)

Recovery

(%)

Borehole

Average 

Recovery

(feet per 

foot)

Average 

recovery 

%

0-4 feet 4-8 feet 8-12 feet

A4-21 2.6/4 65 0.65 65
A4-22 2.6/4 65 0.65 65
A4-23 2.5/4 63 0.63 63
A4-24 2.8/4 70 0.70 70
A4-25 2.4/4 60 0.60 60
A4-26 2.7/4 68 0.68 68
A4-27 2.4/4 60 0.60 60
A4-28 2.8/4 70 3/4 75 0.73 73
A4-29 2.4/4 60 0.60 60
A4-30 2.4/4 60 0.60 60
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TABLE 3

Soil Analytical Results

mg/Kg  ± mg/Kg  ± mg/Kg  ±

rSRL 10 400 3300 10 400 3300

nrSRL 10 800 32000 10 800 32000

A1-37 0-1 15 4 164 5 2884 130 4 144 442

A1-37 1-2 <57 3705 37 12351 268 11.2 3380 1590

A1-37 2-3 <9 72 4 2628 127 4.3 49.5 463

A1-37 3-4

A1-37 4-5 <7 31 3 2629 126 3.7 15.5 373

A2-31 0-1 35 11 1356 16 2727 133 5.7 1790 446

A2-31 1-2 <7 29 3 2106 116 3.3 12.6 387

A2-31 2-3 <7 24 3 1725 110 2.9 8.8 300

A2-32 0-1 <77 6527 61 10850 256 14.6 4460 811

A2-32 1-2 <7 43 3 1418 102 2 26.3 242

A2-32 2-3 <7 36 3 1632 103 1.9 13.8 218

A2-33 0-1 46 14 1955 22 5145 179 6.8 2130 775

A2-33 1-2 <61 2268 34 21560 535 16.5 2930 2320

A2-33 2-3 23 5 231 6 2238 116 3 200 283

A2-33 3-4

A2-33 4-5 <8 50 3 1716 107 3 26.8 209

A2-33 5-6 <7 33 3 2006 114 2.6 12.4 264

A2-34 0-1 82 17 3019 30 7553 203 8.4 3980 895

A2-34 1-2 <7 33 3 1505 106 1.6 37.8 175

A2-34 2-3 <7 31 3 1703 109 2.2 17.2 205

A2-35 0-1 <42 1558 22 10611 304 10 1620 1220

A2-35 1-2 <77 4063 52 43187 736 17.1 4800 3570

A2-35 2-3 <54 2326 31 61277 865 7.5 3060 5600

A2-35 3-4

A2-35 4-5 <7 29 3 6310 172 2.3 16 894

A2-35 5-6 <7 14 3 4015 144 1.7 5.7 449

A2-35 6-7 <7 21 3 6751 177 3.1 9.2 1090

A2-35b 0-1 <79 4766 56 14995 393 15 4820 1050

A2-35b 1-2 <73 3682 47 46560 764 13.4 5820 3910

A2-35b 2-3 <60 2760 35 45466 700 7.5 3360 3260

A2-35b 3-4 <15 258 6 9791 220 2.6 149 884

A2-35b 4-5 <7 20 3 6437 180 2.7 12 986

A2-35b 5-6 8 2 9 3 3953 145 2 7 611

A2-35b 6-7 <6 6 18 3 2600 121 4.1 8.6 332

A2-35b 7-8 <7 22 3 2382 123 3.4 9.6 299

XRF As XRF Pb XRF Mn 
Lab As 

(mg/Kg)

Lab Pb 

(mg/Kg)

Lab Mn 

(mg/Kg)

No Recovery

No Recovery

Sample ID

Area

Boring 

Depth

(feet)

Area 1

Area 2

No Recovery
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TABLE 3

Soil Analytical Results

mg/Kg  ± mg/Kg  ± mg/Kg  ±

rSRL 10 400 3300 10 400 3300

nrSRL 10 800 32000 10 800 32000

XRF As XRF Pb XRF Mn 
Lab As 

(mg/Kg)

Lab Pb 

(mg/Kg)

Lab Mn 

(mg/Kg)

Sample ID

Area

Boring 

Depth

(feet)

A2-36 0-1 540 38 11016 107 14062 321 91.1 18500 1740

A2-36 1-2 30 6 386 7 2772 126 3.7 436 430

A2-36 2-3 <7 31 3 2041 119 2.9 18.8 401

A2-36 3-4

A2-36 4-5 <7 20 3 1613 106 2.2 8.2 208

A2-45 0-1 <6 21 2 777 83 2.4 22.5 186

A2-45 1-2 <8 62 3 1477 104 4 50.3 278

A2-46 0-1 <10 111 4 1754 106 2.2 83.8 213

A2-46 1-2 <8 59 3 1548 106 2.1 39.1 149

A2-47 0-1 <9 75 4 1968 109 2.3 72.2 213

A2-47 1-2 <9 65 3 1788 107 2.2 57.4 212

A3-38 0-1 <48 2290 27 27412 447 7.1 2350 2310

A3-38 1-2 <78 4357 55 44971 745 13.3 6260 4680

A3-38 2-3 <78 4202 54 53284 847 14.2 6360 5230

A3-38 3-4

A3-38 4-5 <6 18 2 1229 93 2.2 20.8 205

A3-38 5-6 <7 26 3 2097 118 3.4 16.5 373

A3-39 0-1 14 3 33 3 2177 117 3.9 20.9 316

A3-39 1-2 <7 33 3 1933 112 4.2 21 338

A3-39 2-3 <7 26 3 1707 110 3.1 11.3 304

A3-40 0-1 <7 30 3 1653 107 2.7 17.5 238

A3-40 1-2 <6 18 3 1621 105 1.9 6.5 177

A3-41 0-1 <46 1906 24 33208 527 7.4 1740 2640

A3-41 1-2 <53 2303 30 57196 813 12 2840 5340

A3-41 2-3 <9 77 4 2905 130 3.1 65.7 359

A3-41 3-4

A3-41 4-5 <8 48 3 3041 134 4.6 23.7 692

A3-42 0-1 <7 33 3 2041 112 1.8 14.2 187

A3-42 1-2 <7 22 3 1777 112 4.4 12.9 372

A3-43 0-1 <55 2893 33 36326 543 5.8 2590 2850

A3-43 1-2 <92 6085 72 82944 1144 12.9 8060 9100

A3-43 2-3 <37 1497 19 24056 394 6 1250 2420

A3-43 3-4

A3-43 4-5 <7 38 3 1870 111 2.7 20.8 237

A3-43 5-6 7 2 19 2 1821 105 2.5 11.2 202

A3-44 0-1 <7 26 3 1708 109 2.6 8.9 196

A3-44 1-2 <7 23 3 1547 106 2.7 7.5 222

Area 3

No Recovery

No Recovery

No Recovery

No Recovery
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TABLE 3

Soil Analytical Results

mg/Kg  ± mg/Kg  ± mg/Kg  ±

rSRL 10 400 3300 10 400 3300

nrSRL 10 800 32000 10 800 32000

XRF As XRF Pb XRF Mn 
Lab As 

(mg/Kg)

Lab Pb 

(mg/Kg)

Lab Mn 

(mg/Kg)

Sample ID

Area

Boring 

Depth

(feet)

A3-48 0-1 <12 161 5 3756 146 8.8 189 997

A3-48 1-2 <12 159 5 2757 137 6.8 99.1 705

A3-48 2-3 <7 28 3 2294 121 3.2 9.5 307

A3-49 0-1 <10 76 4 2648 130 7 83.7 708

A3-49 1-2 <9 59 3 2169 120 5.5 43.1 470

A3-50 0-1 <9 80 4 2047 114 4.1 67.3 315

A3-50 1-2 <7 36 3 1649 106 3.3 23.2 303

A3-51 0-1 <7 33 3 1405 100 2.3 23.9 255

A3-51 1-2 <9 66 4 2160 120 6 65.3 601

A4-01 0-1 <7 31 3 1463 98 1.6 27.7 137

A4-01 1-2 <8 44 3 1639 105 1.7 67.8 187

A4-02 0-1 <10 103 4 2244 114 2.1 75.6 215

A4-02 1-2 <9 79 4 1579 103 1.8 82.4 808

A4-03 0-1 <6 20 3 872 87 1.9 23.8 159

A4-03 1-2 9 2 33 3 1504 102 2.9 15.3 238

A4-04 0-1 <28 868 13 15446 293 2.9 15.3 238

A4-04 1-2 <8 52 3 2845 132 4.7 26.4 347

A4-04 2-3 <7 29 3 2500 125 3.7 12.2 326

A4-05 0-1 <16 279 6 6425 185 4.8 206 629

A4-05 1-2 8 2 19 3 1987 116 2.8 10.5 264

A4-05 2-3 <6 22 3 2084 114 2.6 9.1 1040

A4-06 0-2 <20 510 9 6377 178 4.1 664 967

A4-06 2-4 49 8 689 11 6397 179 4.7 1690 1230

A4-06 4-5 <19 430 8 4713 154 3.8 600 685

A4-06 5-6 30 8 701 10 6208 171 4.4 1010 954

A4-06 6-7 <8 54 3 1554 105 2 86.4 288

A4-06 7-8 <7 24 3 2572 136 2.9 12.5 300

A4-07 0-1 <58 3091 36 42856 620 15 3940 4920

A4-07 1-2 <24 747 11 9712 215 5.1 1100 1160

A4-07 2-3 7 2 30 3 2332 118 3.8 15 334

A4-07 3-4

A4-07 4-5 <7 26 3 2119 116 4.1 13.7 368

A4-08 0-1 <7 31 3 2727 127 5.6 26.4 639

A4-08 1-2 8 2 25 3 2140 118 4.3 12.6 412

A4-09 0-1 <23 613 10 13048 261 7.2 610 1430

A4-09 1-2 <7 31 3 1780 109 2.2 10.5 218

A4-09 2-3 7 2 28 3 2286 121 4.9 15.3 515

Area 4

No Recovery
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TABLE 3

Soil Analytical Results

mg/Kg  ± mg/Kg  ± mg/Kg  ±

rSRL 10 400 3300 10 400 3300

nrSRL 10 800 32000 10 800 32000

XRF As XRF Pb XRF Mn 
Lab As 

(mg/Kg)

Lab Pb 

(mg/Kg)

Lab Mn 

(mg/Kg)

Sample ID

Area

Boring 

Depth

(feet)

A4-10 0-1 <8 49 3 2762 130 4.1 21.8 450

A4-10 1-2 9 2 21 3 2100 115 3.1 10 313

A4-11 0-1 <8 51 3 2283 119 4.1 59.1 381

A4-11 1-2 <7 22 3 1977 113 3.1 8.6 266

A4-12 0-1 <13 193 5 3787 143 5.3 235 563

A4-12 1-2 8 2 17 2 1735 108 2.8 8.4 272

A4-12 2-3 <7 26 3 2176 119 3.6 10.4 348

A4-13 0-1 <10 112 4 2712 126 4.2 107 400

A4-13 1-2 <7 30 3 1572 105 2.9 9.5 253

A4-14 0-1 <8 42 3 1848 113 2.9 25.7 298

A4-14 1-2 <7 23 3 2297 123 3.8 12.8 358

A4-15 0-1 <8 62 3 2117 117 4 65 403

A4-15 1-2 <7 23 3 2577 129 5.3 15.4 484

A4-16 0-1 9 2 23 3 1972 114 5 13.5 382

A4-16 1-2 <7 27 3 2145 120 4.2 10.2 313

A4-17 0-1 7 2 16 3 2441 125 5.2 13.9 477

A4-17 1-2 <7 21 3 2596 127 5.7 14.6 570

A4-18 0-1 <13 188 5 4100 146 4 164 480

A4-18 1-2 <7 22 3 1780 111 2.8 7.7 224

A4-18 2-4

A4-18 4-5 <6 18 2 1432 100 3.3 7.1 196

A4-18b 0-1 36 8 682 11 12099 254 6.8 399 872

A4-18b 1-2 <9 61 3 2713 126 3.4 64.9 372

A4-18b 2-3 10 2 21 3 2134 119 3.2 11.9 293

A4-19 0-1 13 3 68 4 2542 126 4.6 82.4 367

A4-19 1-2 <7 28 3 2045 117 3.4 11 342

A4-19 2-3 <7 23 3 2364 121 2.4 7.8 271

A4-20 0-1 <9 59 3 2570 125 5.3 70.6 351

A4-20 1-2 7 2 17 3 2001 115 2.9 8.5 258

A4-21 0-1 <7 37 3 1913 113 3.4 18.6 278

A4-21 1-2 <6 21 3 1541 107 2.4 7.7 228

A4-22 0-1 <12 173 5 2445 124 3.8 131 326

A4-22 1-2 <11 114 4 2102 117 2.8 65.1 240

A4-23 0-1 <8 39 3 1960 115 3 22.2 258

A4-23 1-2 <7 22 3 2075 115 3.2 9.4 278

A4-24 0-1 <7 22 3 1798 112 2 6.9 124

A4-24 1-2 <7 24 3 1856 115 2.8 9 221

A4-25 0-1 <7 22 3 2336 118 3.7 10.2 350

A4-25 1-2 7 2 29 3 2902 131 5.3 15.5 634

No Recovery
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TABLE 3

Soil Analytical Results

mg/Kg  ± mg/Kg  ± mg/Kg  ±

rSRL 10 400 3300 10 400 3300

nrSRL 10 800 32000 10 800 32000

XRF As XRF Pb XRF Mn 
Lab As 

(mg/Kg)

Lab Pb 

(mg/Kg)

Lab Mn 

(mg/Kg)

Sample ID

Area

Boring 

Depth

(feet)

A4-26 0-1 10 2 23 3 2445 124 3.8 11.4 354

A4-26 1-2 <7 27 3 2667 129 5.4 13.2 460

A4-27 0-1 <11 139 5 1932 114 5.1 110 252

A4-27 1-2 8 2 22 3 1545 104 2.8 8.5 213

A4-28 0-1 <7 25 3 2713 128 6.2 16.2 559

A4-28 1-2 11 3 30 3 2603 129 7.4 19.6 538

A4-28 2-3 <8 31 3 2716 133 6.6 18.8 576

A4-28 4-5 8 2 17 3 1863 109 3.6 10.6 327

A4-29 0-1 <6 17 2 816 85 1.7 12.6 140

A4-29 1-2 <7 41 3 1504 99 1.9 28.5 181

A4-30 0-1 <7 38 3 1330 94 2.2 18.2 194

A4-30 1-2 <33 60 13 1199 381 2.4 27 216

Notes:

rSRL = residential Soil Remediation Level

nrSRL = non-residential Soil Remediation Level

Values in red indicate an exceedance of the nrSRL and rSRL

Values highlighted yellow indicate an exceedance of the rSRL

mg/Kg = milligrams per Kilogram
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TABLE 4

Duplicate Sample Results

mg/Kg  ± mg/Kg  ± mg/Kg  ±

rSRL 10 400 3300 10 400 3300

nrSRL 10 800 32000 10 800 32000

A51-37 A1-37 4-5 <7 31 3 2629 126 3.6 17 386

A51-33 A2-33 1-2 <61 2268 34 21560 535 15.3 4920 2550

A51-35 A2-35 1-2 <77 4063 52 43187 736 17.2 4900 3480

A51-35b A2-35b 3-4 <15 258 6 9791 220 3.1 208 964

A51-38 A3-38 5-6 <7 26 3 2097 118 3.6 14.9 387

A51-42 A3-42 0-1 <7 33 3 2041 112 2.2 15.3 198

A51-44 A3-44 1-2 <7 23 3 1547 106 3 7.8 217

A51-49 A3-49 0-1 <10 76 4 2648 130 6.4 80.1 576

A51-01 A4-01 0-1 <7 31 3 1463 98 1.9 35.6 180

A51-05 A4-05 0-1 <16 279 6 6425 185 3.6 169 594

A51-07 A4-07 1-2 <24 747 11 9712 215 4.7 1100 1140

A51-11 A4-11 0-1 <8 51 3 2283 119 4.6 57.1 375

A51-15 A4-15 1-2 <7 23 3 2577 129 5.1 14.9 595

A51-19 A4-19 2-3 <7 23 3 2364 121 2.7 9.2 307

A51-23 A4-23 1-2 <7 22 3 2075 115 3.2 10.9 273

A51-28 A4-28 4-5 8 2 17 3 1863 109 3.3 10.7 308

Notes:

rSRL = residential Soil Remediation Level

nrSRL = non-residential Soil Remediation Level

Values in red indicate an exceedance of the nrSRL and rSRL

Values highlighted yellow indicate an exceedance of the rSRL

Duplicate

Sample ID

Depth 

(ft)

mg/Kg = milligrams per Kilogram

Primary

Sample ID

Blind Split Duplicate Samples (see Table 3 for comparisons with primary samples)

XRF As XRF Pb XRF Mn 
Lab As 

(mg/Kg)

Lab Pb 

(mg/Kg)

Lab Mn 

(mg/Kg)
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TABLE 5

Relative Percent Difference for Primary and Duplicate Samples

Sample Sample Type
Lab As 

(mg/kg)

As RPD 

(%)

Lab Pb 

(mg/kg)

Pb RPD 

(%)

Lab Mn 

(mg/kg)

Mn RPD 

(%)

rSRL 10 400 3300

nrSRL 10 800 32000

A1/37/4-5 primary 3.7 15.5 373

A51/37/4-5 duplicate 3.6 17 386

A2/33/1-2 primary 16.5 2930 2320

A51/33/1-2 duplicate 15.3 4920 2550

A2/35/1-2 primary 17.1 4800 3570

A51/35/1-2 duplicate 17.2 4900 3480

A2/35b/3-4 primary 2.6 149 884

A51/35b/3-4 duplicate 3.1 208 964

A3/38/5-6 primary 3.4 16.5 373

A51/38/5-6 duplicate 3.6 14.9 387

A3/42/0-1 primary 1.8 14.2 187

A51/42/0-1 duplicate 2.2 15.3 198

A3/44/1-2 primary 2.7 7.5 222

A51/44/1-2 duplicate 3 7.8 217

A3/49/0-1 primary 7 83.7 708

A51/49/0-1 duplicate 6.4 80.1 576

A4/51/0-1 primary 2.3 23.9 255

A51/01/0-1 duplicate 1.9 35.6 180

A4/05/0-1 primary 4.8 206 629

A51/05/0-1 duplicate 3.6 169 594

A4/07/1-2 primary 5.1 1100 1160

A51/07/1-2 duplicate 4.7 1100 1140

A4/11/0-1 primary 4.1 59.1 381

A51/11/0-1 duplicate 4.6 57.1 375

A4/15/1-2 primary 5.3 15.4 484

A51/15/1-2 duplicate 5.1 14.9 595

A4/19/2-3 primary 2.4 7.8 271

A51/19/2-3 duplicate 2.7 9.2 307

A4/23/1-2 primary 3.2 9.4 278

A51/23/1-2 duplicate 3.2 10.9 273

A4/28/4-5 primary 3.6 10.6 327

A51/28/4-5 duplicate 3.3 10.7 308

 Arithmetic Mean 10.32 13.69 8.79

Notes:

mg/Kg = milligrams per Kilogram

RPD = relative percent difference

rSRL = residential Soil Remediation Level

nrSRL = non-residential Soil Remediation Level

Values in red indicate an exceedance of the nrSRL and rSRL

Values highlighted yellow indicate an exceedance of the rSRL

2.74

7.55

0.58

17.54

5.71

0.00

20.00

10.53

8.96

19.05 34.48

8.70

9.23

50.70

2.06

33.05

10.19

7.46

3.92

4.40

39.33

28.57

8.16

11.49

3.85

11.76

1.59

19.73

0.00

3.44

3.30

1.74

5.72

0.94 5.98

1.81

12.46

20.57

16.47

14.78

9.45

3.43

20.56

2.28

3.68

8.66

2.55

5.71
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ANALYTICAL REPORT
TestAmerica Laboratories, Inc.
TestAmerica Phoenix
4625 East Cotton Ctr Blvd
Suite 189
Phoenix, AZ 85040
Tel: (602)437-3340
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Authorized for release by:
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Carlene McCutcheon, Project Manager II
(602)659-7612
carlene.mccutcheon@testamericainc.com

This report has been electronically signed and authorized by the signatory. Electronic signature is
intended to be the legally binding equivalent of a traditionally handwritten signature.
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Definitions/Glossary
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Qualifiers

Metals

Qualifier Description

M3 The spike recovery value is unusable since the analyte concentration in the sample is disproportionate to the spike level.  The associated 

blank spike was acceptable.

Qualifier

R4 MS/MSD RPD exceeded the method control limit.  Recovery met acceptance criteria.

M2 Matrix spike recovery was low, the associated blank spike recovery was acceptable.

M1 Matrix spike recovery was high, the associated blank spike recovery was acceptable.

D2 Sample required dilution due to high concentration of analyte.

Glossary

These commonly used abbreviations may or may not be present in this report.

¤ Listed under the "D" column to designate that the result is reported on a dry weight basis

Abbreviation

%R Percent Recovery

CFL Contains Free Liquid

CNF Contains No Free Liquid

DER Duplicate Error Ratio (normalized absolute difference)

Dil Fac Dilution Factor

DL Detection Limit (DoD/DOE)

DL, RA, RE, IN Indicates a Dilution, Re-analysis, Re-extraction, or additional Initial metals/anion analysis of the sample

DLC Decision Level Concentration (Radiochemistry)

EDL Estimated Detection Limit (Dioxin)

LOD Limit of Detection (DoD/DOE)

LOQ Limit of Quantitation (DoD/DOE)

MDA Minimum Detectable Activity (Radiochemistry)

MDC Minimum Detectable Concentration (Radiochemistry)

MDL Method Detection Limit

ML Minimum Level (Dioxin)

NC Not Calculated

ND Not Detected at the reporting limit (or MDL or EDL if shown)

PQL Practical Quantitation Limit

QC Quality Control

RER Relative Error Ratio (Radiochemistry)

RL Reporting Limit or Requested Limit (Radiochemistry)

RPD Relative Percent Difference, a measure of the relative difference between two points

TEF Toxicity Equivalent Factor (Dioxin)

TEQ Toxicity Equivalent Quotient (Dioxin)

TestAmerica Phoenix
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Case Narrative
Client: Brown and Caldwell TestAmerica Job ID: 550-102643-1
Project/Site: Metals in Soil

Job ID: 550-102643-1

Laboratory: TestAmerica Phoenix

Narrative

Job Narrative
550-102643-1

Comments

No additional comments. 

Receipt 

The samples were received on 5/9/2018 10:16 AM; the samples arrived in good condition, properly preserved and, where required, on ice.  

The temperatures of the 2 coolers at receipt time were 0.5º C and 1.2º C.

Metals 
No analytical or quality issues were noted, other than those described in the Definitions/Glossary page.

TestAmerica Phoenix
Page 4 of 79 5/23/2018
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Sample Summary
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Lab Sample ID Client Sample ID ReceivedCollectedMatrix

550-102643-1 BH1-1 Solid 05/08/18 10:00 05/09/18 10:16

550-102643-2 BH1-2 Solid 05/08/18 10:00 05/09/18 10:16

550-102643-3 BH1-3 Solid 05/08/18 10:00 05/09/18 10:16

550-102643-4 BH1-4 Solid 05/08/18 10:00 05/09/18 10:16

550-102643-5 BH1-5 Solid 05/08/18 10:00 05/09/18 10:16

550-102643-6 BH1-6 Solid 05/08/18 10:00 05/09/18 10:16

550-102643-7 BH2-0-4 Solid 05/08/18 10:35 05/09/18 10:16

550-102643-8 BH2-5 Solid 05/08/18 10:35 05/09/18 10:16

550-102643-9 BH2-6 Solid 05/08/18 10:35 05/09/18 10:16

550-102643-10 BH3-1 Solid 05/08/18 11:20 05/09/18 10:16

550-102643-11 BH3-2 Solid 05/08/18 11:20 05/09/18 10:16

550-102643-12 BH3-3 Solid 05/08/18 11:20 05/09/18 10:16

550-102643-13 BH3-4 Solid 05/08/18 11:20 05/09/18 10:16

550-102643-14 BH3-5 Solid 05/08/18 11:20 05/09/18 10:16

550-102643-15 BH3-6 Solid 05/08/18 11:20 05/09/18 10:16

550-102643-16 BH4-1 Solid 05/08/18 11:45 05/09/18 10:16

550-102643-17 BH4-2 Solid 05/08/18 11:45 05/09/18 10:16

550-102643-18 BH4-2-4 Solid 05/08/18 11:45 05/09/18 10:16

550-102643-19 BH4-4-6 Solid 05/08/18 11:45 05/09/18 10:16

550-102643-20 BH4-6-8 Solid 05/08/18 11:45 05/09/18 10:16

550-102643-21 BH5-1 Solid 05/08/18 12:00 05/09/18 10:16

550-102643-22 BH5-2 Solid 05/08/18 12:00 05/09/18 10:16

550-102643-23 BH5-3 Solid 05/08/18 12:00 05/09/18 10:16

550-102643-24 BH5-4 Solid 05/08/18 12:00 05/09/18 10:16

550-102643-25 BH5-5 Solid 05/08/18 12:00 05/09/18 10:16

550-102643-26 BH5-6 Solid 05/08/18 12:00 05/09/18 10:16

550-102643-27 BH6-1 Solid 05/08/18 13:10 05/09/18 10:16

550-102643-28 BH6-2 Solid 05/08/18 13:10 05/09/18 10:16

550-102643-29 BH6-3 Solid 05/08/18 13:10 05/09/18 10:16

550-102643-30 BH6-4 Solid 05/08/18 13:10 05/09/18 10:16

550-102643-31 BH6-5 Solid 05/08/18 13:10 05/09/18 10:16

550-102643-32 BH6-6 Solid 05/08/18 13:10 05/09/18 10:16

550-102643-33 BH7-1 Solid 05/08/18 13:30 05/09/18 10:16

550-102643-34 BH7-2 Solid 05/08/18 13:30 05/09/18 10:16

550-102643-35 BH7-3 Solid 05/08/18 13:30 05/09/18 10:16

550-102643-36 BH7-4-5 Solid 05/08/18 13:30 05/09/18 10:16

550-102643-37 BH8-1 Solid 05/08/18 13:45 05/09/18 10:16

550-102643-38 BH8-2 Solid 05/08/18 13:45 05/09/18 10:16

550-102643-39 BH8-3 Solid 05/08/18 13:45 05/09/18 10:16

550-102643-40 BH9-1 Solid 05/08/18 14:30 05/09/18 10:16

550-102643-41 BH9-2 Solid 05/08/18 14:30 05/09/18 10:16

550-102643-42 BH9-3 Solid 05/08/18 14:30 05/09/18 10:16

550-102643-43 BH9-4 Solid 05/08/18 14:30 05/09/18 10:16

550-102643-44 BH9-5 Solid 05/08/18 14:30 05/09/18 10:16

550-102643-45 BH9-6 Solid 05/08/18 14:30 05/09/18 10:16

550-102643-46 BH9-7 Solid 05/08/18 14:30 05/09/18 10:16

550-102643-47 BH9-8 Solid 05/08/18 14:30 05/09/18 10:16

550-102643-48 BH9-9 Solid 05/08/18 14:30 05/09/18 10:16

550-102643-49 BH9-10 Solid 05/08/18 14:30 05/09/18 10:16

550-102643-50 DUP-1 Solid 05/08/18 10:30 05/09/18 10:16

550-102643-51 DUP-2 Solid 05/08/18 11:00 05/09/18 10:16

550-102643-52 DUP-3 Solid 05/08/18 13:00 05/09/18 10:16

550-102643-55 BH5-7 Solid 05/08/18 12:00 05/09/18 10:16
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Sample Summary
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Lab Sample ID Client Sample ID ReceivedCollectedMatrix

550-102643-56 BH5-8 Solid 05/08/18 12:00 05/09/18 10:16

550-102643-57 BH5-9 Solid 05/08/18 12:00 05/09/18 10:16

550-102643-58 BH5-10 Solid 05/08/18 12:00 05/09/18 10:16

550-102643-59 BH2-4 Solid 05/08/18 10:35 05/09/18 10:16

TestAmerica Phoenix
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Detection Summary
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Client Sample ID: BH1-1 Lab Sample ID: 550-102643-1

Arsenic

RL

3.0 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA14.3 6010C

Barium 4.9 mg/Kg Total/NA143 6010C

Chromium 2.0 mg/Kg Total/NA14.3 6010C

Lead 0.99 mg/Kg Total/NA134 M2 6010C

Manganese 2.0 mg/Kg Total/NA1270 M3 R4 6010C

Client Sample ID: BH1-2 Lab Sample ID: 550-102643-2

Arsenic

RL

3.0 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA14.3 6010C

Barium 5.0 mg/Kg Total/NA156 6010C

Chromium 2.0 mg/Kg Total/NA15.5 6010C

Lead 0.99 mg/Kg Total/NA113 6010C

Manganese 2.0 mg/Kg Total/NA1380 6010C

Client Sample ID: BH1-3 Lab Sample ID: 550-102643-3

Arsenic

RL

3.0 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA14.6 6010C

Barium 5.0 mg/Kg Total/NA136 6010C

Chromium 2.0 mg/Kg Total/NA14.8 6010C

Lead 0.99 mg/Kg Total/NA111 6010C

Manganese 2.0 mg/Kg Total/NA1300 6010C

Client Sample ID: BH1-4 Lab Sample ID: 550-102643-4

Arsenic

RL

3.0 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA13.5 6010C

Barium 4.9 mg/Kg Total/NA138 6010C

Chromium 2.0 mg/Kg Total/NA14.4 6010C

Lead 0.99 mg/Kg Total/NA112 6010C

Manganese 2.0 mg/Kg Total/NA1240 6010C

Client Sample ID: BH1-5 Lab Sample ID: 550-102643-5

Arsenic

RL

3.0 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA13.7 6010C

Barium 4.9 mg/Kg Total/NA144 6010C

Chromium 2.0 mg/Kg Total/NA14.5 6010C

Lead 0.99 mg/Kg Total/NA19.4 6010C

Manganese 2.0 mg/Kg Total/NA1260 6010C

Client Sample ID: BH1-6 Lab Sample ID: 550-102643-6

Arsenic

RL

3.0 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA13.6 6010C

Barium 5.0 mg/Kg Total/NA149 6010C

Chromium 2.0 mg/Kg Total/NA15.3 6010C

Lead 0.99 mg/Kg Total/NA19.7 6010C

Manganese 2.0 mg/Kg Total/NA1270 6010C

TestAmerica Phoenix

This Detection Summary does not include radiochemical test results.
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Detection Summary
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Client Sample ID: BH2-0-4 Lab Sample ID: 550-102643-7

Arsenic

RL

3.0 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA14.2 6010C

Barium 5.0 mg/Kg Total/NA148 6010C

Chromium 2.0 mg/Kg Total/NA15.0 6010C

Lead 0.99 mg/Kg Total/NA113 6010C

Manganese 2.0 mg/Kg Total/NA1300 6010C

Client Sample ID: BH2-5 Lab Sample ID: 550-102643-8

Arsenic

RL

3.0 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA15.2 6010C

Barium 4.9 mg/Kg Total/NA143 6010C

Chromium 2.0 mg/Kg Total/NA14.4 6010C

Lead 0.99 mg/Kg Total/NA110 6010C

Manganese 2.0 mg/Kg Total/NA1260 6010C

Client Sample ID: BH2-6 Lab Sample ID: 550-102643-9

Arsenic

RL

3.0 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA14.5 6010C

Barium 4.9 mg/Kg Total/NA143 6010C

Chromium 2.0 mg/Kg Total/NA14.7 6010C

Lead 0.98 mg/Kg Total/NA121 6010C

Manganese 2.0 mg/Kg Total/NA1250 6010C

Client Sample ID: BH3-1 Lab Sample ID: 550-102643-10

Arsenic

RL

3.0 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA14.0 6010C

Barium 5.0 mg/Kg Total/NA138 6010C

Chromium 2.0 mg/Kg Total/NA14.4 6010C

Lead 0.99 mg/Kg Total/NA147 6010C

Manganese 2.0 mg/Kg Total/NA1250 6010C

Client Sample ID: BH3-2 Lab Sample ID: 550-102643-11

Arsenic

RL

2.9 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA13.5 6010C

Barium 4.9 mg/Kg Total/NA141 6010C

Chromium 2.0 mg/Kg Total/NA14.2 6010C

Lead 0.98 mg/Kg Total/NA114 6010C

Manganese 2.0 mg/Kg Total/NA1250 6010C

Client Sample ID: BH3-3 Lab Sample ID: 550-102643-12

Arsenic

RL

3.0 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA14.2 6010C

Barium 5.0 mg/Kg Total/NA144 6010C

Chromium 2.0 mg/Kg Total/NA14.9 6010C

Lead 0.99 mg/Kg Total/NA18.8 6010C

Manganese 2.0 mg/Kg Total/NA1270 6010C

TestAmerica Phoenix

This Detection Summary does not include radiochemical test results.
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Detection Summary
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Client Sample ID: BH3-4 Lab Sample ID: 550-102643-13

Arsenic

RL

3.0 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA13.1 6010C

Barium 4.9 mg/Kg Total/NA138 6010C

Chromium 2.0 mg/Kg Total/NA14.3 6010C

Lead 0.99 mg/Kg Total/NA115 6010C

Manganese 2.0 mg/Kg Total/NA1230 6010C

Client Sample ID: BH3-5 Lab Sample ID: 550-102643-14

Arsenic

RL

3.0 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA13.2 6010C

Barium 4.9 mg/Kg Total/NA134 6010C

Chromium 2.0 mg/Kg Total/NA14.2 6010C

Lead 0.99 mg/Kg Total/NA114 6010C

Manganese 2.0 mg/Kg Total/NA1240 6010C

Client Sample ID: BH3-6 Lab Sample ID: 550-102643-15

Arsenic

RL

2.9 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA14.0 6010C

Barium 4.9 mg/Kg Total/NA145 6010C

Chromium 2.0 mg/Kg Total/NA14.9 6010C

Lead 0.98 mg/Kg Total/NA112 6010C

Manganese 2.0 mg/Kg Total/NA1260 6010C

Client Sample ID: BH4-1 Lab Sample ID: 550-102643-16

Arsenic

RL

3.0 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA13.7 6010C

Barium 5.0 mg/Kg Total/NA142 6010C

Cadmium 0.50 mg/Kg Total/NA112 6010C

Chromium 2.0 mg/Kg Total/NA14.6 6010C

Lead 1.0 mg/Kg Total/NA146 6010C

Manganese 2.0 mg/Kg Total/NA1260 6010C

Client Sample ID: BH4-2 Lab Sample ID: 550-102643-17

Arsenic

RL

3.0 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA13.8 6010C

Barium 5.0 mg/Kg Total/NA140 6010C

Cadmium 0.50 mg/Kg Total/NA116 6010C

Chromium 2.0 mg/Kg Total/NA14.5 6010C

Lead 1.0 mg/Kg Total/NA188 6010C

Manganese 2.0 mg/Kg Total/NA1440 6010C

Client Sample ID: BH4-2-4 Lab Sample ID: 550-102643-18

Arsenic

RL

3.0 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA15.1 6010C

Barium 5.0 mg/Kg Total/NA136 6010C

Cadmium 0.50 mg/Kg Total/NA127 6010C

TestAmerica Phoenix

This Detection Summary does not include radiochemical test results.
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Detection Summary
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Client Sample ID: BH4-2-4 (Continued) Lab Sample ID: 550-102643-18

Chromium

RL

2.0 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA15.6 6010C

Lead 0.99 mg/Kg Total/NA13100 6010C

Manganese 2.0 mg/Kg Total/NA1690 6010C

Silver 2.5 mg/Kg Total/NA15.2 6010C

Client Sample ID: BH4-4-6 Lab Sample ID: 550-102643-19

Arsenic

RL

3.0 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA13.9 6010C

Barium 5.0 mg/Kg Total/NA145 6010C

Chromium 2.0 mg/Kg Total/NA15.1 6010C

Lead 1.0 mg/Kg Total/NA115 6010C

Manganese 2.0 mg/Kg Total/NA1280 6010C

Client Sample ID: BH4-6-8 Lab Sample ID: 550-102643-20

Arsenic

RL

3.0 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA14.0 6010C

Barium 4.9 mg/Kg Total/NA146 6010C

Chromium 2.0 mg/Kg Total/NA15.7 6010C

Lead 0.99 mg/Kg Total/NA116 6010C

Manganese 2.0 mg/Kg Total/NA1290 6010C

Client Sample ID: BH5-1 Lab Sample ID: 550-102643-21

Arsenic

RL

2.9 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA14.4 6010C

Barium 4.9 mg/Kg Total/NA147 6010C

Cadmium 0.49 mg/Kg Total/NA12.1 6010C

Chromium 2.0 mg/Kg Total/NA14.9 6010C

Lead 0.98 mg/Kg Total/NA134 M2 6010C

Manganese 2.0 mg/Kg Total/NA1300 M3 6010C

Client Sample ID: BH5-2 Lab Sample ID: 550-102643-22

Arsenic

RL

3.0 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA14.7 6010C

Barium 5.0 mg/Kg Total/NA147 6010C

Chromium 2.0 mg/Kg Total/NA14.9 6010C

Lead 0.99 mg/Kg Total/NA110 6010C

Manganese 2.0 mg/Kg Total/NA1290 6010C

Client Sample ID: BH5-3 Lab Sample ID: 550-102643-23

Arsenic

RL

3.0 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA14.3 6010C

Barium 5.0 mg/Kg Total/NA151 6010C

Chromium 2.0 mg/Kg Total/NA15.0 6010C

Lead 0.99 mg/Kg Total/NA111 6010C

Manganese 2.0 mg/Kg Total/NA1280 6010C

TestAmerica Phoenix

This Detection Summary does not include radiochemical test results.
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Detection Summary
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Client Sample ID: BH5-4 Lab Sample ID: 550-102643-24

Arsenic

RL

3.0 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA13.8 6010C

Barium 4.9 mg/Kg Total/NA138 6010C

Chromium 2.0 mg/Kg Total/NA13.8 6010C

Lead 0.99 mg/Kg Total/NA17.9 6010C

Manganese 2.0 mg/Kg Total/NA1220 6010C

Client Sample ID: BH5-5 Lab Sample ID: 550-102643-25

Arsenic

RL

3.0 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA16.1 6010C

Barium 5.0 mg/Kg Total/NA165 6010C

Chromium 2.0 mg/Kg Total/NA15.6 6010C

Lead 1.0 mg/Kg Total/NA113 6010C

Manganese 2.0 mg/Kg Total/NA1370 6010C

Client Sample ID: BH5-6 Lab Sample ID: 550-102643-26

Arsenic

RL

3.0 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA14.6 6010C

Barium 5.0 mg/Kg Total/NA147 6010C

Chromium 2.0 mg/Kg Total/NA14.9 6010C

Lead 0.99 mg/Kg Total/NA111 6010C

Manganese 2.0 mg/Kg Total/NA1290 6010C

Client Sample ID: BH6-1 Lab Sample ID: 550-102643-27

Arsenic

RL

3.0 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA15.9 6010C

Barium 5.0 mg/Kg Total/NA156 6010C

Chromium 2.0 mg/Kg Total/NA15.5 6010C

Lead 0.99 mg/Kg Total/NA115 6010C

Manganese 2.0 mg/Kg Total/NA1340 6010C

Client Sample ID: BH6-2 Lab Sample ID: 550-102643-28

Arsenic

RL

3.0 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA14.2 6010C

Barium 5.0 mg/Kg Total/NA150 6010C

Chromium 2.0 mg/Kg Total/NA16.7 6010C

Lead 0.99 mg/Kg Total/NA111 6010C

Manganese 2.0 mg/Kg Total/NA1300 6010C

Client Sample ID: BH6-3 Lab Sample ID: 550-102643-29

Arsenic

RL

2.9 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA14.1 6010C

Barium 4.9 mg/Kg Total/NA146 6010C

Chromium 2.0 mg/Kg Total/NA14.8 6010C

Lead 0.98 mg/Kg Total/NA134 6010C

Manganese 2.0 mg/Kg Total/NA1260 6010C

TestAmerica Phoenix

This Detection Summary does not include radiochemical test results.
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Detection Summary
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Client Sample ID: BH6-4 Lab Sample ID: 550-102643-30

Barium

RL

4.9 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA125 6010C

Chromium 2.0 mg/Kg Total/NA12.4 6010C

Lead 0.99 mg/Kg Total/NA16.4 6010C

Manganese 2.0 mg/Kg Total/NA1150 6010C

Client Sample ID: BH6-5 Lab Sample ID: 550-102643-31

Arsenic

RL

2.9 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA14.4 6010C

Barium 4.9 mg/Kg Total/NA146 6010C

Chromium 2.0 mg/Kg Total/NA14.6 6010C

Lead 0.98 mg/Kg Total/NA19.2 6010C

Manganese 2.0 mg/Kg Total/NA1280 6010C

Client Sample ID: BH6-6 Lab Sample ID: 550-102643-32

Arsenic

RL

2.9 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA14.8 6010C

Barium 4.9 mg/Kg Total/NA153 6010C

Chromium 2.0 mg/Kg Total/NA15.3 6010C

Lead 0.98 mg/Kg Total/NA111 6010C

Manganese 2.0 mg/Kg Total/NA1320 6010C

Client Sample ID: BH7-1 Lab Sample ID: 550-102643-33

Arsenic

RL

3.0 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA13.3 6010C

Barium 5.0 mg/Kg Total/NA139 6010C

Chromium 2.0 mg/Kg Total/NA14.4 6010C

Lead 1.0 mg/Kg Total/NA112 6010C

Manganese 2.0 mg/Kg Total/NA1240 6010C

Client Sample ID: BH7-2 Lab Sample ID: 550-102643-34

Arsenic

RL

2.9 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA15.0 6010C

Barium 4.9 mg/Kg Total/NA143 6010C

Chromium 2.0 mg/Kg Total/NA15.2 6010C

Lead 0.98 mg/Kg Total/NA112 6010C

Manganese 2.0 mg/Kg Total/NA1280 6010C

Client Sample ID: BH7-3 Lab Sample ID: 550-102643-35

Arsenic

RL

3.0 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA15.9 6010C

Barium 4.9 mg/Kg Total/NA146 6010C

Chromium 2.0 mg/Kg Total/NA14.9 6010C

Lead 0.99 mg/Kg Total/NA19.5 6010C

Manganese 2.0 mg/Kg Total/NA1280 6010C

TestAmerica Phoenix

This Detection Summary does not include radiochemical test results.
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Detection Summary
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Client Sample ID: BH7-4-5 Lab Sample ID: 550-102643-36

Arsenic

RL

3.0 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA14.5 6010C

Barium 4.9 mg/Kg Total/NA132 6010C

Chromium 2.0 mg/Kg Total/NA13.4 6010C

Lead 0.98 mg/Kg Total/NA16.5 6010C

Manganese 2.0 mg/Kg Total/NA1200 6010C

Client Sample ID: BH8-1 Lab Sample ID: 550-102643-37

Arsenic

RL

3.0 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA14.1 6010C

Barium 5.0 mg/Kg Total/NA143 6010C

Chromium 2.0 mg/Kg Total/NA14.6 6010C

Lead 0.99 mg/Kg Total/NA146 6010C

Manganese 2.0 mg/Kg Total/NA1280 6010C

Client Sample ID: BH8-2 Lab Sample ID: 550-102643-38

Arsenic

RL

3.0 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA13.4 6010C

Barium 5.0 mg/Kg Total/NA135 6010C

Chromium 2.0 mg/Kg Total/NA13.7 6010C

Lead 0.99 mg/Kg Total/NA115 6010C

Manganese 2.0 mg/Kg Total/NA1230 6010C

Client Sample ID: BH8-3 Lab Sample ID: 550-102643-39

Arsenic

RL

2.9 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA13.4 6010C

Barium 4.9 mg/Kg Total/NA137 6010C

Chromium 2.0 mg/Kg Total/NA13.9 6010C

Lead 0.98 mg/Kg Total/NA112 6010C

Manganese 2.0 mg/Kg Total/NA1290 6010C

Client Sample ID: BH9-1 Lab Sample ID: 550-102643-40

Arsenic

RL

3.0 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA168 6010C

Barium 5.0 mg/Kg Total/NA146 6010C

Cadmium 0.50 mg/Kg Total/NA143 6010C

Chromium 2.0 mg/Kg Total/NA15.9 6010C

Lead 0.99 mg/Kg Total/NA12900 6010C

Manganese 2.0 mg/Kg Total/NA1700 6010C

Silver 2.5 mg/Kg Total/NA17.2 6010C

Mercury 0.057 mg/Kg Total/NA10.080 7471B

Client Sample ID: BH9-2 Lab Sample ID: 550-102643-41

Arsenic

RL

2.9 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA1M123 6010C

Barium 4.9 mg/Kg Total/NA150 6010C

TestAmerica Phoenix

This Detection Summary does not include radiochemical test results.
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Detection Summary
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Client Sample ID: BH9-2 (Continued) Lab Sample ID: 550-102643-41

Cadmium

RL

0.49 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA135 6010C

Chromium 1.9 mg/Kg Total/NA15.3 6010C

Lead 0.97 mg/Kg Total/NA11400 M3 R4 6010C

Manganese 1.9 mg/Kg Total/NA1800 M3 6010C

Silver 2.4 mg/Kg Total/NA14.0 M1 R4 6010C

Mercury 0.059 mg/Kg Total/NA10.069 7471B

Client Sample ID: BH9-3 Lab Sample ID: 550-102643-42

Arsenic

RL

3.0 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA14.8 6010C

Barium 4.9 mg/Kg Total/NA146 6010C

Cadmium 0.49 mg/Kg Total/NA112 6010C

Chromium 2.0 mg/Kg Total/NA15.0 6010C

Lead 0.98 mg/Kg Total/NA132 6010C

Manganese 2.0 mg/Kg Total/NA1320 6010C

Client Sample ID: BH9-4 Lab Sample ID: 550-102643-43

Arsenic

RL

3.0 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA14.6 6010C

Barium 4.9 mg/Kg Total/NA144 6010C

Cadmium 0.49 mg/Kg Total/NA19.1 6010C

Chromium 2.0 mg/Kg Total/NA14.5 6010C

Lead 0.99 mg/Kg Total/NA1120 6010C

Manganese 2.0 mg/Kg Total/NA1300 6010C

Mercury 0.057 mg/Kg Total/NA10.37 7471B

Client Sample ID: BH9-5 Lab Sample ID: 550-102643-44

Arsenic

RL

3.0 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA14.1 6010C

Barium 5.0 mg/Kg Total/NA147 6010C

Chromium 2.0 mg/Kg Total/NA15.2 6010C

Lead 0.99 mg/Kg Total/NA114 6010C

Manganese 2.0 mg/Kg Total/NA1280 6010C

Client Sample ID: BH9-6 Lab Sample ID: 550-102643-45

Arsenic

RL

3.0 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA14.2 6010C

Barium 5.0 mg/Kg Total/NA145 6010C

Chromium 2.0 mg/Kg Total/NA15.0 6010C

Lead 1.0 mg/Kg Total/NA110 6010C

Manganese 2.0 mg/Kg Total/NA1270 6010C

Client Sample ID: BH9-7 Lab Sample ID: 550-102643-46

Arsenic

RL

3.0 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA14.2 6010C

TestAmerica Phoenix

This Detection Summary does not include radiochemical test results.

Page 14 of 79 5/23/2018

1

2

3

4

5

6

7

8

9

10

11

12

13

14



Detection Summary
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Client Sample ID: BH9-7 (Continued) Lab Sample ID: 550-102643-46

Barium

RL

4.9 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA151 6010C

Chromium 2.0 mg/Kg Total/NA14.9 6010C

Lead 0.99 mg/Kg Total/NA111 6010C

Manganese 2.0 mg/Kg Total/NA1260 6010C

Client Sample ID: BH9-8 Lab Sample ID: 550-102643-47

Arsenic

RL

3.0 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA15.3 6010C

Barium 5.0 mg/Kg Total/NA141 6010C

Chromium 2.0 mg/Kg Total/NA15.9 6010C

Lead 0.99 mg/Kg Total/NA118 6010C

Manganese 2.0 mg/Kg Total/NA1350 6010C

Client Sample ID: BH9-9 Lab Sample ID: 550-102643-48

Arsenic

RL

3.0 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA14.1 6010C

Barium 5.0 mg/Kg Total/NA146 6010C

Chromium 2.0 mg/Kg Total/NA15.9 6010C

Lead 0.99 mg/Kg Total/NA116 6010C

Manganese 2.0 mg/Kg Total/NA1330 6010C

Client Sample ID: BH9-10 Lab Sample ID: 550-102643-49

Arsenic

RL

2.9 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA14.8 6010C

Barium 4.9 mg/Kg Total/NA149 6010C

Chromium 2.0 mg/Kg Total/NA15.9 6010C

Lead 0.98 mg/Kg Total/NA117 6010C

Manganese 2.0 mg/Kg Total/NA1310 6010C

Client Sample ID: DUP-1 Lab Sample ID: 550-102643-50

Barium

RL

5.0 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA137 6010C

Chromium 2.0 mg/Kg Total/NA13.7 6010C

Lead 1.0 mg/Kg Total/NA19.0 6010C

Manganese 2.0 mg/Kg Total/NA1220 6010C

Client Sample ID: DUP-2 Lab Sample ID: 550-102643-51

Arsenic

RL

3.0 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA14.2 6010C

Barium 5.0 mg/Kg Total/NA156 6010C

Chromium 2.0 mg/Kg Total/NA14.6 6010C

Lead 1.0 mg/Kg Total/NA111 6010C

Manganese 2.0 mg/Kg Total/NA1300 6010C

Client Sample ID: DUP-3 Lab Sample ID: 550-102643-52

TestAmerica Phoenix

This Detection Summary does not include radiochemical test results.
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Detection Summary
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Client Sample ID: DUP-3 (Continued) Lab Sample ID: 550-102643-52

Arsenic

RL

3.0 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA121 6010C

Barium 4.9 mg/Kg Total/NA150 6010C

Cadmium 0.49 mg/Kg Total/NA174 6010C

Chromium 2.0 mg/Kg Total/NA16.0 6010C

Lead 0.99 mg/Kg Total/NA1980 6010C

Manganese 39 mg/Kg Total/NA204200 D2 6010C

Silver 2.5 mg/Kg Total/NA13.2 6010C

Client Sample ID: BH5-7 Lab Sample ID: 550-102643-55

Arsenic

RL

3.0 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA14.9 6010C

Barium 5.0 mg/Kg Total/NA150 6010C

Chromium 2.0 mg/Kg Total/NA14.9 6010C

Lead 1.0 mg/Kg Total/NA111 6010C

Manganese 2.0 mg/Kg Total/NA1300 6010C

Client Sample ID: BH5-8 Lab Sample ID: 550-102643-56

Arsenic

RL

3.0 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA14.2 6010C

Barium 5.0 mg/Kg Total/NA153 6010C

Chromium 2.0 mg/Kg Total/NA14.6 6010C

Lead 1.0 mg/Kg Total/NA112 6010C

Manganese 2.0 mg/Kg Total/NA1280 6010C

Client Sample ID: BH5-9 Lab Sample ID: 550-102643-57

Arsenic

RL

3.0 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA15.5 6010C

Barium 4.9 mg/Kg Total/NA155 6010C

Chromium 2.0 mg/Kg Total/NA15.6 6010C

Lead 0.99 mg/Kg Total/NA112 6010C

Manganese 2.0 mg/Kg Total/NA1320 6010C

Client Sample ID: BH5-10 Lab Sample ID: 550-102643-58

Arsenic

RL

3.0 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA13.8 6010C

Barium 4.9 mg/Kg Total/NA145 6010C

Chromium 2.0 mg/Kg Total/NA14.9 6010C

Lead 0.99 mg/Kg Total/NA110 6010C

Manganese 2.0 mg/Kg Total/NA1250 6010C

Client Sample ID: BH2-4 Lab Sample ID: 550-102643-59

Arsenic

RL

3.0 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA13.6 6010C

Barium 4.9 mg/Kg Total/NA141 6010C

Chromium 2.0 mg/Kg Total/NA14.4 6010C

TestAmerica Phoenix

This Detection Summary does not include radiochemical test results.
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Detection Summary
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Client Sample ID: BH2-4 (Continued) Lab Sample ID: 550-102643-59

Lead

RL

0.99 mg/Kg

MDLAnalyte Result Qualifier Unit Dil Fac D Method Prep Type

Total/NA115 6010C

Manganese 2.0 mg/Kg Total/NA1240 6010C

TestAmerica Phoenix

This Detection Summary does not include radiochemical test results.
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Client Sample Results
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Lab Sample ID: 550-102643-1Client Sample ID: BH1-1
Matrix: SolidDate Collected: 05/08/18 10:00

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 4.3 3.0 mg/Kg 05/10/18 15:08 05/17/18 02:54 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

4.9 mg/Kg 05/10/18 15:08 05/16/18 00:18 1Barium 43

0.49 mg/Kg 05/10/18 15:08 05/16/18 00:18 1Cadmium ND

2.0 mg/Kg 05/10/18 15:08 05/16/18 00:18 1Chromium 4.3

0.99 mg/Kg 05/10/18 15:08 05/17/18 02:54 1Lead 34 M2

2.0 mg/Kg 05/10/18 15:08 05/16/18 00:18 1Manganese 270 M3 R4

4.9 mg/Kg 05/10/18 15:08 05/17/18 02:54 1Selenium ND M2

2.5 mg/Kg 05/10/18 15:08 05/16/18 00:18 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.059 mg/Kg 05/10/18 15:13 05/15/18 00:42 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

Lab Sample ID: 550-102643-2Client Sample ID: BH1-2
Matrix: SolidDate Collected: 05/08/18 10:00

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 4.3 3.0 mg/Kg 05/10/18 15:08 05/17/18 03:02 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

5.0 mg/Kg 05/10/18 15:08 05/16/18 00:24 1Barium 56

0.50 mg/Kg 05/10/18 15:08 05/16/18 00:24 1Cadmium ND

2.0 mg/Kg 05/10/18 15:08 05/16/18 00:24 1Chromium 5.5

0.99 mg/Kg 05/10/18 15:08 05/17/18 03:02 1Lead 13

2.0 mg/Kg 05/10/18 15:08 05/16/18 00:24 1Manganese 380

5.0 mg/Kg 05/10/18 15:08 05/17/18 03:02 1Selenium ND

2.5 mg/Kg 05/10/18 15:08 05/16/18 00:24 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.060 mg/Kg 05/10/18 15:13 05/15/18 00:43 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

Lab Sample ID: 550-102643-3Client Sample ID: BH1-3
Matrix: SolidDate Collected: 05/08/18 10:00

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 4.6 3.0 mg/Kg 05/10/18 15:08 05/17/18 03:09 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

5.0 mg/Kg 05/10/18 15:08 05/16/18 00:29 1Barium 36

0.50 mg/Kg 05/10/18 15:08 05/16/18 00:29 1Cadmium ND

2.0 mg/Kg 05/10/18 15:08 05/16/18 00:29 1Chromium 4.8

0.99 mg/Kg 05/10/18 15:08 05/17/18 03:09 1Lead 11

2.0 mg/Kg 05/10/18 15:08 05/16/18 00:29 1Manganese 300

5.0 mg/Kg 05/10/18 15:08 05/17/18 03:09 1Selenium ND

2.5 mg/Kg 05/10/18 15:08 05/16/18 00:29 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.058 mg/Kg 05/10/18 15:13 05/15/18 00:45 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

TestAmerica Phoenix
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Client Sample Results
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Lab Sample ID: 550-102643-4Client Sample ID: BH1-4
Matrix: SolidDate Collected: 05/08/18 10:00

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 3.5 3.0 mg/Kg 05/10/18 15:08 05/17/18 03:17 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

4.9 mg/Kg 05/10/18 15:08 05/16/18 00:34 1Barium 38

0.49 mg/Kg 05/10/18 15:08 05/16/18 00:34 1Cadmium ND

2.0 mg/Kg 05/10/18 15:08 05/16/18 00:34 1Chromium 4.4

0.99 mg/Kg 05/10/18 15:08 05/17/18 03:17 1Lead 12

2.0 mg/Kg 05/10/18 15:08 05/16/18 00:34 1Manganese 240

4.9 mg/Kg 05/10/18 15:08 05/17/18 03:17 1Selenium ND

2.5 mg/Kg 05/10/18 15:08 05/16/18 00:34 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.059 mg/Kg 05/10/18 15:13 05/15/18 00:46 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

Lab Sample ID: 550-102643-5Client Sample ID: BH1-5
Matrix: SolidDate Collected: 05/08/18 10:00

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 3.7 3.0 mg/Kg 05/10/18 15:08 05/17/18 03:22 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

4.9 mg/Kg 05/10/18 15:08 05/16/18 00:37 1Barium 44

0.49 mg/Kg 05/10/18 15:08 05/16/18 00:37 1Cadmium ND

2.0 mg/Kg 05/10/18 15:08 05/16/18 00:37 1Chromium 4.5

0.99 mg/Kg 05/10/18 15:08 05/17/18 03:22 1Lead 9.4

2.0 mg/Kg 05/10/18 15:08 05/16/18 00:37 1Manganese 260

4.9 mg/Kg 05/10/18 15:08 05/17/18 03:22 1Selenium ND

2.5 mg/Kg 05/10/18 15:08 05/16/18 00:37 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.059 mg/Kg 05/10/18 15:13 05/15/18 00:47 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

Lab Sample ID: 550-102643-6Client Sample ID: BH1-6
Matrix: SolidDate Collected: 05/08/18 10:00

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 3.6 3.0 mg/Kg 05/10/18 15:08 05/17/18 03:33 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

5.0 mg/Kg 05/10/18 15:08 05/16/18 00:42 1Barium 49

0.50 mg/Kg 05/10/18 15:08 05/16/18 00:42 1Cadmium ND

2.0 mg/Kg 05/10/18 15:08 05/16/18 00:42 1Chromium 5.3

0.99 mg/Kg 05/10/18 15:08 05/17/18 03:33 1Lead 9.7

2.0 mg/Kg 05/10/18 15:08 05/16/18 00:42 1Manganese 270

5.0 mg/Kg 05/10/18 15:08 05/17/18 03:33 1Selenium ND

2.5 mg/Kg 05/10/18 15:08 05/16/18 00:42 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.059 mg/Kg 05/10/18 15:13 05/15/18 00:48 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier
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Client Sample Results
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Lab Sample ID: 550-102643-7Client Sample ID: BH2-0-4
Matrix: SolidDate Collected: 05/08/18 10:35

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 4.2 3.0 mg/Kg 05/10/18 15:08 05/17/18 03:38 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

5.0 mg/Kg 05/10/18 15:08 05/16/18 00:47 1Barium 48

0.50 mg/Kg 05/10/18 15:08 05/16/18 00:47 1Cadmium ND

2.0 mg/Kg 05/10/18 15:08 05/16/18 00:47 1Chromium 5.0

0.99 mg/Kg 05/10/18 15:08 05/17/18 03:38 1Lead 13

2.0 mg/Kg 05/10/18 15:08 05/16/18 00:47 1Manganese 300

5.0 mg/Kg 05/10/18 15:08 05/17/18 03:38 1Selenium ND

2.5 mg/Kg 05/10/18 15:08 05/16/18 00:47 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.059 mg/Kg 05/10/18 15:13 05/15/18 00:49 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

Lab Sample ID: 550-102643-8Client Sample ID: BH2-5
Matrix: SolidDate Collected: 05/08/18 10:35

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 5.2 3.0 mg/Kg 05/10/18 15:08 05/17/18 03:46 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

4.9 mg/Kg 05/10/18 15:08 05/16/18 00:53 1Barium 43

0.49 mg/Kg 05/10/18 15:08 05/16/18 00:53 1Cadmium ND

2.0 mg/Kg 05/10/18 15:08 05/16/18 00:53 1Chromium 4.4

0.99 mg/Kg 05/10/18 15:08 05/17/18 03:46 1Lead 10

2.0 mg/Kg 05/10/18 15:08 05/16/18 00:53 1Manganese 260

4.9 mg/Kg 05/10/18 15:08 05/17/18 03:46 1Selenium ND

2.5 mg/Kg 05/10/18 15:08 05/16/18 00:53 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.057 mg/Kg 05/10/18 15:13 05/15/18 00:50 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

Lab Sample ID: 550-102643-9Client Sample ID: BH2-6
Matrix: SolidDate Collected: 05/08/18 10:35

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 4.5 3.0 mg/Kg 05/10/18 15:08 05/17/18 03:51 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

4.9 mg/Kg 05/10/18 15:08 05/16/18 00:58 1Barium 43

0.49 mg/Kg 05/10/18 15:08 05/16/18 00:58 1Cadmium ND

2.0 mg/Kg 05/10/18 15:08 05/16/18 00:58 1Chromium 4.7

0.98 mg/Kg 05/10/18 15:08 05/17/18 03:51 1Lead 21

2.0 mg/Kg 05/10/18 15:08 05/16/18 00:58 1Manganese 250

4.9 mg/Kg 05/10/18 15:08 05/17/18 03:51 1Selenium ND

2.5 mg/Kg 05/10/18 15:08 05/16/18 00:58 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.057 mg/Kg 05/10/18 15:13 05/15/18 00:52 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

TestAmerica Phoenix

Page 20 of 79 5/23/2018

1

2

3

4

5

6

7

8

9

10

11

12

13

14



Client Sample Results
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Lab Sample ID: 550-102643-10Client Sample ID: BH3-1
Matrix: SolidDate Collected: 05/08/18 11:20

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 4.0 3.0 mg/Kg 05/10/18 15:08 05/17/18 03:56 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

5.0 mg/Kg 05/10/18 15:08 05/16/18 01:03 1Barium 38

0.50 mg/Kg 05/10/18 15:08 05/16/18 01:03 1Cadmium ND

2.0 mg/Kg 05/10/18 15:08 05/16/18 01:03 1Chromium 4.4

0.99 mg/Kg 05/10/18 15:08 05/17/18 03:56 1Lead 47

2.0 mg/Kg 05/10/18 15:08 05/16/18 01:03 1Manganese 250

5.0 mg/Kg 05/10/18 15:08 05/17/18 03:56 1Selenium ND

2.5 mg/Kg 05/10/18 15:08 05/16/18 01:03 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.059 mg/Kg 05/10/18 15:13 05/15/18 00:53 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

Lab Sample ID: 550-102643-11Client Sample ID: BH3-2
Matrix: SolidDate Collected: 05/08/18 11:20

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 3.5 2.9 mg/Kg 05/10/18 15:08 05/17/18 04:06 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

4.9 mg/Kg 05/10/18 15:08 05/16/18 01:17 1Barium 41

0.49 mg/Kg 05/10/18 15:08 05/16/18 01:17 1Cadmium ND

2.0 mg/Kg 05/10/18 15:08 05/16/18 01:17 1Chromium 4.2

0.98 mg/Kg 05/10/18 15:08 05/17/18 04:06 1Lead 14

2.0 mg/Kg 05/10/18 15:08 05/16/18 01:17 1Manganese 250

4.9 mg/Kg 05/10/18 15:08 05/17/18 04:06 1Selenium ND

2.5 mg/Kg 05/10/18 15:08 05/16/18 01:17 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.059 mg/Kg 05/10/18 15:13 05/15/18 00:56 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

Lab Sample ID: 550-102643-12Client Sample ID: BH3-3
Matrix: SolidDate Collected: 05/08/18 11:20

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 4.2 3.0 mg/Kg 05/10/18 15:08 05/17/18 04:11 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

5.0 mg/Kg 05/10/18 15:08 05/16/18 01:22 1Barium 44

0.50 mg/Kg 05/10/18 15:08 05/16/18 01:22 1Cadmium ND

2.0 mg/Kg 05/10/18 15:08 05/16/18 01:22 1Chromium 4.9

0.99 mg/Kg 05/10/18 15:08 05/17/18 04:11 1Lead 8.8

2.0 mg/Kg 05/10/18 15:08 05/16/18 01:22 1Manganese 270

5.0 mg/Kg 05/10/18 15:08 05/17/18 04:11 1Selenium ND

2.5 mg/Kg 05/10/18 15:08 05/16/18 01:22 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.058 mg/Kg 05/10/18 15:13 05/15/18 00:57 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier
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Client Sample Results
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Lab Sample ID: 550-102643-13Client Sample ID: BH3-4
Matrix: SolidDate Collected: 05/08/18 11:20

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 3.1 3.0 mg/Kg 05/10/18 15:08 05/17/18 04:17 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

4.9 mg/Kg 05/10/18 15:08 05/16/18 01:28 1Barium 38

0.49 mg/Kg 05/10/18 15:08 05/16/18 01:28 1Cadmium ND

2.0 mg/Kg 05/10/18 15:08 05/16/18 01:28 1Chromium 4.3

0.99 mg/Kg 05/10/18 15:08 05/17/18 04:17 1Lead 15

2.0 mg/Kg 05/10/18 15:08 05/16/18 01:28 1Manganese 230

4.9 mg/Kg 05/10/18 15:08 05/17/18 04:17 1Selenium ND

2.5 mg/Kg 05/10/18 15:08 05/16/18 01:28 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.059 mg/Kg 05/10/18 15:13 05/15/18 00:59 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

Lab Sample ID: 550-102643-14Client Sample ID: BH3-5
Matrix: SolidDate Collected: 05/08/18 11:20

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 3.2 3.0 mg/Kg 05/10/18 15:08 05/17/18 04:22 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

4.9 mg/Kg 05/10/18 15:08 05/16/18 01:30 1Barium 34

0.49 mg/Kg 05/10/18 15:08 05/16/18 01:30 1Cadmium ND

2.0 mg/Kg 05/10/18 15:08 05/16/18 01:30 1Chromium 4.2

0.99 mg/Kg 05/10/18 15:08 05/17/18 04:22 1Lead 14

2.0 mg/Kg 05/10/18 15:08 05/16/18 01:30 1Manganese 240

4.9 mg/Kg 05/10/18 15:08 05/17/18 04:22 1Selenium ND

2.5 mg/Kg 05/10/18 15:08 05/16/18 01:30 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.060 mg/Kg 05/10/18 15:13 05/15/18 01:00 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

Lab Sample ID: 550-102643-15Client Sample ID: BH3-6
Matrix: SolidDate Collected: 05/08/18 11:20

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 4.0 2.9 mg/Kg 05/10/18 15:08 05/17/18 04:27 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

4.9 mg/Kg 05/10/18 15:08 05/16/18 01:32 1Barium 45

0.49 mg/Kg 05/10/18 15:08 05/16/18 01:32 1Cadmium ND

2.0 mg/Kg 05/10/18 15:08 05/16/18 01:32 1Chromium 4.9

0.98 mg/Kg 05/10/18 15:08 05/17/18 04:27 1Lead 12

2.0 mg/Kg 05/10/18 15:08 05/16/18 01:32 1Manganese 260

4.9 mg/Kg 05/10/18 15:08 05/17/18 04:27 1Selenium ND

2.4 mg/Kg 05/10/18 15:08 05/16/18 01:32 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.057 mg/Kg 05/10/18 15:13 05/15/18 01:01 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier
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Client Sample Results
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Lab Sample ID: 550-102643-16Client Sample ID: BH4-1
Matrix: SolidDate Collected: 05/08/18 11:45

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 3.7 3.0 mg/Kg 05/10/18 15:08 05/17/18 04:40 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

5.0 mg/Kg 05/10/18 15:08 05/16/18 01:37 1Barium 42

0.50 mg/Kg 05/10/18 15:08 05/16/18 01:37 1Cadmium 12

2.0 mg/Kg 05/10/18 15:08 05/16/18 01:37 1Chromium 4.6

1.0 mg/Kg 05/10/18 15:08 05/17/18 04:40 1Lead 46

2.0 mg/Kg 05/10/18 15:08 05/16/18 01:37 1Manganese 260

5.0 mg/Kg 05/10/18 15:08 05/17/18 04:40 1Selenium ND

2.5 mg/Kg 05/10/18 15:08 05/16/18 01:37 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.058 mg/Kg 05/10/18 15:13 05/15/18 01:02 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

Lab Sample ID: 550-102643-17Client Sample ID: BH4-2
Matrix: SolidDate Collected: 05/08/18 11:45

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 3.8 3.0 mg/Kg 05/10/18 15:08 05/17/18 04:45 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

5.0 mg/Kg 05/10/18 15:08 05/16/18 01:43 1Barium 40

0.50 mg/Kg 05/10/18 15:08 05/16/18 01:43 1Cadmium 16

2.0 mg/Kg 05/10/18 15:08 05/16/18 01:43 1Chromium 4.5

1.0 mg/Kg 05/10/18 15:08 05/17/18 04:45 1Lead 88

2.0 mg/Kg 05/10/18 15:08 05/16/18 01:43 1Manganese 440

5.0 mg/Kg 05/10/18 15:08 05/17/18 04:45 1Selenium ND

2.5 mg/Kg 05/10/18 15:08 05/16/18 01:43 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.058 mg/Kg 05/10/18 15:13 05/15/18 01:03 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

Lab Sample ID: 550-102643-18Client Sample ID: BH4-2-4
Matrix: SolidDate Collected: 05/08/18 11:45

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 5.1 3.0 mg/Kg 05/10/18 15:08 05/17/18 04:53 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

5.0 mg/Kg 05/10/18 15:08 05/16/18 01:48 1Barium 36

0.50 mg/Kg 05/10/18 15:08 05/16/18 01:48 1Cadmium 27

2.0 mg/Kg 05/10/18 15:08 05/16/18 01:48 1Chromium 5.6

0.99 mg/Kg 05/10/18 15:08 05/17/18 04:53 1Lead 3100

2.0 mg/Kg 05/10/18 15:08 05/16/18 01:48 1Manganese 690

5.0 mg/Kg 05/10/18 15:08 05/17/18 04:53 1Selenium ND

2.5 mg/Kg 05/10/18 15:08 05/16/18 01:48 1Silver 5.2

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.059 mg/Kg 05/10/18 15:13 05/15/18 01:04 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

TestAmerica Phoenix

Page 23 of 79 5/23/2018

1

2

3

4

5

6

7

8

9

10

11

12

13

14



Client Sample Results
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Lab Sample ID: 550-102643-19Client Sample ID: BH4-4-6
Matrix: SolidDate Collected: 05/08/18 11:45

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 3.9 3.0 mg/Kg 05/10/18 15:08 05/17/18 05:01 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

5.0 mg/Kg 05/10/18 15:08 05/16/18 01:53 1Barium 45

0.50 mg/Kg 05/10/18 15:08 05/16/18 01:53 1Cadmium ND

2.0 mg/Kg 05/10/18 15:08 05/16/18 01:53 1Chromium 5.1

1.0 mg/Kg 05/10/18 15:08 05/17/18 05:01 1Lead 15

2.0 mg/Kg 05/10/18 15:08 05/16/18 01:53 1Manganese 280

5.0 mg/Kg 05/10/18 15:08 05/17/18 05:01 1Selenium ND

2.5 mg/Kg 05/10/18 15:08 05/16/18 01:53 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.058 mg/Kg 05/10/18 15:13 05/15/18 01:06 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

Lab Sample ID: 550-102643-20Client Sample ID: BH4-6-8
Matrix: SolidDate Collected: 05/08/18 11:45

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 4.0 3.0 mg/Kg 05/10/18 15:08 05/17/18 05:09 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

4.9 mg/Kg 05/10/18 15:08 05/16/18 01:59 1Barium 46

0.49 mg/Kg 05/10/18 15:08 05/16/18 01:59 1Cadmium ND

2.0 mg/Kg 05/10/18 15:08 05/16/18 01:59 1Chromium 5.7

0.99 mg/Kg 05/10/18 15:08 05/17/18 05:09 1Lead 16

2.0 mg/Kg 05/10/18 15:08 05/16/18 01:59 1Manganese 290

4.9 mg/Kg 05/10/18 15:08 05/17/18 05:09 1Selenium ND

2.5 mg/Kg 05/10/18 15:08 05/16/18 01:59 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.060 mg/Kg 05/10/18 15:13 05/15/18 01:07 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

Lab Sample ID: 550-102643-21Client Sample ID: BH5-1
Matrix: SolidDate Collected: 05/08/18 12:00

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 4.4 2.9 mg/Kg 05/10/18 17:14 05/17/18 05:57 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

4.9 mg/Kg 05/10/18 17:14 05/16/18 02:42 1Barium 47

0.49 mg/Kg 05/10/18 17:14 05/16/18 02:42 1Cadmium 2.1

2.0 mg/Kg 05/10/18 17:14 05/16/18 02:42 1Chromium 4.9

0.98 mg/Kg 05/10/18 17:14 05/18/18 00:12 1Lead 34 M2

2.0 mg/Kg 05/10/18 17:14 05/16/18 02:42 1Manganese 300 M3

4.9 mg/Kg 05/10/18 17:14 05/17/18 05:57 1Selenium ND M2

2.4 mg/Kg 05/10/18 17:14 05/16/18 02:42 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.058 mg/Kg 05/10/18 17:17 05/15/18 01:23 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier
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Client Sample Results
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Lab Sample ID: 550-102643-22Client Sample ID: BH5-2
Matrix: SolidDate Collected: 05/08/18 12:00

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 4.7 3.0 mg/Kg 05/10/18 17:14 05/17/18 06:05 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

5.0 mg/Kg 05/10/18 17:14 05/16/18 02:47 1Barium 47

0.50 mg/Kg 05/10/18 17:14 05/16/18 02:47 1Cadmium ND

2.0 mg/Kg 05/10/18 17:14 05/16/18 02:47 1Chromium 4.9

0.99 mg/Kg 05/10/18 17:14 05/18/18 00:17 1Lead 10

2.0 mg/Kg 05/10/18 17:14 05/16/18 02:47 1Manganese 290

5.0 mg/Kg 05/10/18 17:14 05/17/18 06:05 1Selenium ND

2.5 mg/Kg 05/10/18 17:14 05/16/18 02:47 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.058 mg/Kg 05/10/18 17:17 05/15/18 01:24 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

Lab Sample ID: 550-102643-23Client Sample ID: BH5-3
Matrix: SolidDate Collected: 05/08/18 12:00

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 4.3 3.0 mg/Kg 05/10/18 17:14 05/17/18 06:13 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

5.0 mg/Kg 05/10/18 17:14 05/16/18 02:52 1Barium 51

0.50 mg/Kg 05/10/18 17:14 05/16/18 02:52 1Cadmium ND

2.0 mg/Kg 05/10/18 17:14 05/16/18 02:52 1Chromium 5.0

0.99 mg/Kg 05/10/18 17:14 05/18/18 00:22 1Lead 11

2.0 mg/Kg 05/10/18 17:14 05/16/18 02:52 1Manganese 280

5.0 mg/Kg 05/10/18 17:14 05/17/18 06:13 1Selenium ND

2.5 mg/Kg 05/10/18 17:14 05/16/18 02:52 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.057 mg/Kg 05/10/18 17:17 05/15/18 01:25 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

Lab Sample ID: 550-102643-24Client Sample ID: BH5-4
Matrix: SolidDate Collected: 05/08/18 12:00

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 3.8 3.0 mg/Kg 05/10/18 17:14 05/17/18 06:21 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

4.9 mg/Kg 05/10/18 17:14 05/16/18 02:58 1Barium 38

0.49 mg/Kg 05/10/18 17:14 05/16/18 02:58 1Cadmium ND

2.0 mg/Kg 05/10/18 17:14 05/16/18 02:58 1Chromium 3.8

0.99 mg/Kg 05/10/18 17:14 05/18/18 00:28 1Lead 7.9

2.0 mg/Kg 05/10/18 17:14 05/16/18 02:58 1Manganese 220

4.9 mg/Kg 05/10/18 17:14 05/17/18 06:21 1Selenium ND

2.5 mg/Kg 05/10/18 17:14 05/16/18 02:58 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.059 mg/Kg 05/10/18 17:17 05/15/18 01:26 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier
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Client Sample Results
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Lab Sample ID: 550-102643-25Client Sample ID: BH5-5
Matrix: SolidDate Collected: 05/08/18 12:00

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 6.1 3.0 mg/Kg 05/10/18 17:14 05/17/18 06:26 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

5.0 mg/Kg 05/10/18 17:14 05/16/18 03:00 1Barium 65

0.50 mg/Kg 05/10/18 17:14 05/16/18 03:00 1Cadmium ND

2.0 mg/Kg 05/10/18 17:14 05/16/18 03:00 1Chromium 5.6

1.0 mg/Kg 05/10/18 17:14 05/18/18 00:30 1Lead 13

2.0 mg/Kg 05/10/18 17:14 05/16/18 03:00 1Manganese 370

5.0 mg/Kg 05/10/18 17:14 05/17/18 06:26 1Selenium ND

2.5 mg/Kg 05/10/18 17:14 05/16/18 03:00 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.059 mg/Kg 05/10/18 17:17 05/15/18 01:28 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

Lab Sample ID: 550-102643-26Client Sample ID: BH5-6
Matrix: SolidDate Collected: 05/08/18 12:00

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 4.6 3.0 mg/Kg 05/10/18 17:14 05/17/18 06:40 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

5.0 mg/Kg 05/10/18 17:14 05/16/18 03:05 1Barium 47

0.50 mg/Kg 05/10/18 17:14 05/16/18 03:05 1Cadmium ND

2.0 mg/Kg 05/10/18 17:14 05/16/18 03:05 1Chromium 4.9

0.99 mg/Kg 05/10/18 17:14 05/18/18 00:35 1Lead 11

2.0 mg/Kg 05/10/18 17:14 05/16/18 03:05 1Manganese 290

5.0 mg/Kg 05/10/18 17:14 05/17/18 06:40 1Selenium ND

2.5 mg/Kg 05/10/18 17:14 05/16/18 03:05 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.059 mg/Kg 05/10/18 17:17 05/15/18 01:29 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

Lab Sample ID: 550-102643-27Client Sample ID: BH6-1
Matrix: SolidDate Collected: 05/08/18 13:10

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 5.9 3.0 mg/Kg 05/10/18 17:14 05/17/18 06:48 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

5.0 mg/Kg 05/10/18 17:14 05/16/18 03:11 1Barium 56

0.50 mg/Kg 05/10/18 17:14 05/16/18 03:11 1Cadmium ND

2.0 mg/Kg 05/10/18 17:14 05/16/18 03:11 1Chromium 5.5

0.99 mg/Kg 05/10/18 17:14 05/18/18 00:40 1Lead 15

2.0 mg/Kg 05/10/18 17:14 05/16/18 03:11 1Manganese 340

5.0 mg/Kg 05/10/18 17:14 05/17/18 06:48 1Selenium ND

2.5 mg/Kg 05/10/18 17:14 05/16/18 03:11 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.059 mg/Kg 05/10/18 17:17 05/15/18 01:30 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier
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Client Sample Results
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Lab Sample ID: 550-102643-28Client Sample ID: BH6-2
Matrix: SolidDate Collected: 05/08/18 13:10

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 4.2 3.0 mg/Kg 05/10/18 17:14 05/17/18 06:56 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

5.0 mg/Kg 05/10/18 17:14 05/16/18 03:16 1Barium 50

0.50 mg/Kg 05/10/18 17:14 05/16/18 03:16 1Cadmium ND

2.0 mg/Kg 05/10/18 17:14 05/16/18 03:16 1Chromium 6.7

0.99 mg/Kg 05/10/18 17:14 05/18/18 00:45 1Lead 11

2.0 mg/Kg 05/10/18 17:14 05/16/18 03:16 1Manganese 300

5.0 mg/Kg 05/10/18 17:14 05/17/18 06:56 1Selenium ND

2.5 mg/Kg 05/10/18 17:14 05/16/18 03:16 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.059 mg/Kg 05/10/18 17:17 05/15/18 01:31 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

Lab Sample ID: 550-102643-29Client Sample ID: BH6-3
Matrix: SolidDate Collected: 05/08/18 13:10

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 4.1 2.9 mg/Kg 05/10/18 17:14 05/17/18 07:04 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

4.9 mg/Kg 05/10/18 17:14 05/16/18 03:21 1Barium 46

0.49 mg/Kg 05/10/18 17:14 05/16/18 03:21 1Cadmium ND

2.0 mg/Kg 05/10/18 17:14 05/16/18 03:21 1Chromium 4.8

0.98 mg/Kg 05/10/18 17:14 05/18/18 00:51 1Lead 34

2.0 mg/Kg 05/10/18 17:14 05/16/18 03:21 1Manganese 260

4.9 mg/Kg 05/10/18 17:14 05/17/18 07:04 1Selenium ND

2.4 mg/Kg 05/10/18 17:14 05/16/18 03:21 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.060 mg/Kg 05/10/18 17:17 05/15/18 01:32 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

Lab Sample ID: 550-102643-30Client Sample ID: BH6-4
Matrix: SolidDate Collected: 05/08/18 13:10

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic ND 3.0 mg/Kg 05/10/18 17:14 05/17/18 07:09 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

4.9 mg/Kg 05/10/18 17:14 05/16/18 03:27 1Barium 25

0.49 mg/Kg 05/10/18 17:14 05/16/18 03:27 1Cadmium ND

2.0 mg/Kg 05/10/18 17:14 05/16/18 03:27 1Chromium 2.4

0.99 mg/Kg 05/10/18 17:14 05/18/18 00:56 1Lead 6.4

2.0 mg/Kg 05/10/18 17:14 05/16/18 03:27 1Manganese 150

4.9 mg/Kg 05/10/18 17:14 05/17/18 07:09 1Selenium ND

2.5 mg/Kg 05/10/18 17:14 05/16/18 03:27 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.058 mg/Kg 05/10/18 17:17 05/15/18 01:33 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier
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Client Sample Results
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Lab Sample ID: 550-102643-31Client Sample ID: BH6-5
Matrix: SolidDate Collected: 05/08/18 13:10

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 4.4 2.9 mg/Kg 05/10/18 17:14 05/17/18 07:19 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

4.9 mg/Kg 05/10/18 17:14 05/16/18 03:37 1Barium 46

0.49 mg/Kg 05/10/18 17:14 05/16/18 03:37 1Cadmium ND

2.0 mg/Kg 05/10/18 17:14 05/16/18 03:37 1Chromium 4.6

0.98 mg/Kg 05/10/18 17:14 05/18/18 01:04 1Lead 9.2

2.0 mg/Kg 05/10/18 17:14 05/16/18 03:37 1Manganese 280

4.9 mg/Kg 05/10/18 17:14 05/17/18 07:19 1Selenium ND

2.5 mg/Kg 05/10/18 17:14 05/16/18 03:37 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.060 mg/Kg 05/10/18 17:17 05/15/18 01:37 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

Lab Sample ID: 550-102643-32Client Sample ID: BH6-6
Matrix: SolidDate Collected: 05/08/18 13:10

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 4.8 2.9 mg/Kg 05/10/18 17:14 05/17/18 07:27 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

4.9 mg/Kg 05/10/18 17:14 05/16/18 03:43 1Barium 53

0.49 mg/Kg 05/10/18 17:14 05/16/18 03:43 1Cadmium ND

2.0 mg/Kg 05/10/18 17:14 05/16/18 03:43 1Chromium 5.3

0.98 mg/Kg 05/10/18 17:14 05/18/18 01:09 1Lead 11

2.0 mg/Kg 05/10/18 17:14 05/16/18 03:43 1Manganese 320

4.9 mg/Kg 05/10/18 17:14 05/17/18 07:27 1Selenium ND

2.5 mg/Kg 05/10/18 17:14 05/16/18 03:43 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.059 mg/Kg 05/10/18 17:17 05/15/18 01:38 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

Lab Sample ID: 550-102643-33Client Sample ID: BH7-1
Matrix: SolidDate Collected: 05/08/18 13:30

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 3.3 3.0 mg/Kg 05/10/18 17:14 05/17/18 07:35 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

5.0 mg/Kg 05/10/18 17:14 05/16/18 03:48 1Barium 39

0.50 mg/Kg 05/10/18 17:14 05/16/18 03:48 1Cadmium ND

2.0 mg/Kg 05/10/18 17:14 05/16/18 03:48 1Chromium 4.4

1.0 mg/Kg 05/10/18 17:14 05/18/18 01:14 1Lead 12

2.0 mg/Kg 05/10/18 17:14 05/16/18 03:48 1Manganese 240

5.0 mg/Kg 05/10/18 17:14 05/17/18 07:35 1Selenium ND

2.5 mg/Kg 05/10/18 17:14 05/16/18 03:48 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.060 mg/Kg 05/10/18 17:17 05/15/18 01:39 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier
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Client Sample Results
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Lab Sample ID: 550-102643-34Client Sample ID: BH7-2
Matrix: SolidDate Collected: 05/08/18 13:30

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 5.0 2.9 mg/Kg 05/10/18 17:14 05/17/18 07:40 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

4.9 mg/Kg 05/10/18 17:14 05/16/18 03:50 1Barium 43

0.49 mg/Kg 05/10/18 17:14 05/16/18 03:50 1Cadmium ND

2.0 mg/Kg 05/10/18 17:14 05/16/18 03:50 1Chromium 5.2

0.98 mg/Kg 05/10/18 17:14 05/18/18 01:17 1Lead 12

2.0 mg/Kg 05/10/18 17:14 05/16/18 03:50 1Manganese 280

4.9 mg/Kg 05/10/18 17:14 05/17/18 07:40 1Selenium ND

2.4 mg/Kg 05/10/18 17:14 05/16/18 03:50 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.057 mg/Kg 05/10/18 17:17 05/15/18 01:40 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

Lab Sample ID: 550-102643-35Client Sample ID: BH7-3
Matrix: SolidDate Collected: 05/08/18 13:30

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 5.9 3.0 mg/Kg 05/10/18 17:14 05/17/18 07:48 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

4.9 mg/Kg 05/10/18 17:14 05/16/18 03:55 1Barium 46

0.49 mg/Kg 05/10/18 17:14 05/16/18 03:55 1Cadmium ND

2.0 mg/Kg 05/10/18 17:14 05/16/18 03:55 1Chromium 4.9

0.99 mg/Kg 05/10/18 17:14 05/18/18 01:22 1Lead 9.5

2.0 mg/Kg 05/10/18 17:14 05/16/18 03:55 1Manganese 280

4.9 mg/Kg 05/10/18 17:14 05/17/18 07:48 1Selenium ND

2.5 mg/Kg 05/10/18 17:14 05/16/18 03:55 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.059 mg/Kg 05/10/18 17:17 05/15/18 01:42 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

Lab Sample ID: 550-102643-36Client Sample ID: BH7-4-5
Matrix: SolidDate Collected: 05/08/18 13:30

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 4.5 3.0 mg/Kg 05/10/18 17:14 05/17/18 08:02 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

4.9 mg/Kg 05/10/18 17:14 05/16/18 04:01 1Barium 32

0.49 mg/Kg 05/10/18 17:14 05/16/18 04:01 1Cadmium ND

2.0 mg/Kg 05/10/18 17:14 05/16/18 04:01 1Chromium 3.4

0.98 mg/Kg 05/10/18 17:14 05/18/18 01:27 1Lead 6.5

2.0 mg/Kg 05/10/18 17:14 05/16/18 04:01 1Manganese 200

4.9 mg/Kg 05/10/18 17:14 05/17/18 08:02 1Selenium ND

2.5 mg/Kg 05/10/18 17:14 05/16/18 04:01 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.059 mg/Kg 05/10/18 17:17 05/15/18 01:43 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier
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Client Sample Results
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Lab Sample ID: 550-102643-37Client Sample ID: BH8-1
Matrix: SolidDate Collected: 05/08/18 13:45

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 4.1 3.0 mg/Kg 05/10/18 17:14 05/17/18 08:07 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

5.0 mg/Kg 05/10/18 17:14 05/16/18 04:03 1Barium 43

0.50 mg/Kg 05/10/18 17:14 05/16/18 04:03 1Cadmium ND

2.0 mg/Kg 05/10/18 17:14 05/16/18 04:03 1Chromium 4.6

0.99 mg/Kg 05/10/18 17:14 05/18/18 01:30 1Lead 46

2.0 mg/Kg 05/10/18 17:14 05/16/18 04:03 1Manganese 280

5.0 mg/Kg 05/10/18 17:14 05/17/18 08:07 1Selenium ND

2.5 mg/Kg 05/10/18 17:14 05/16/18 04:03 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.058 mg/Kg 05/10/18 17:17 05/15/18 01:44 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

Lab Sample ID: 550-102643-38Client Sample ID: BH8-2
Matrix: SolidDate Collected: 05/08/18 13:45

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 3.4 3.0 mg/Kg 05/10/18 17:14 05/17/18 08:15 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

5.0 mg/Kg 05/10/18 17:14 05/16/18 04:08 1Barium 35

0.50 mg/Kg 05/10/18 17:14 05/16/18 04:08 1Cadmium ND

2.0 mg/Kg 05/10/18 17:14 05/16/18 04:08 1Chromium 3.7

0.99 mg/Kg 05/10/18 17:14 05/18/18 01:35 1Lead 15

2.0 mg/Kg 05/10/18 17:14 05/16/18 04:08 1Manganese 230

5.0 mg/Kg 05/10/18 17:14 05/17/18 08:15 1Selenium ND

2.5 mg/Kg 05/10/18 17:14 05/16/18 04:08 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.058 mg/Kg 05/10/18 17:17 05/15/18 01:45 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

Lab Sample ID: 550-102643-39Client Sample ID: BH8-3
Matrix: SolidDate Collected: 05/08/18 13:45

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 3.4 2.9 mg/Kg 05/10/18 17:14 05/17/18 08:20 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

4.9 mg/Kg 05/10/18 17:14 05/16/18 04:11 1Barium 37

0.49 mg/Kg 05/10/18 17:14 05/16/18 04:11 1Cadmium ND

2.0 mg/Kg 05/10/18 17:14 05/16/18 04:11 1Chromium 3.9

0.98 mg/Kg 05/10/18 17:14 05/18/18 01:37 1Lead 12

2.0 mg/Kg 05/10/18 17:14 05/16/18 04:11 1Manganese 290

4.9 mg/Kg 05/10/18 17:14 05/17/18 08:20 1Selenium ND

2.4 mg/Kg 05/10/18 17:14 05/16/18 04:11 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.059 mg/Kg 05/10/18 17:17 05/15/18 01:46 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier
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Client Sample Results
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Lab Sample ID: 550-102643-40Client Sample ID: BH9-1
Matrix: SolidDate Collected: 05/08/18 14:30

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 68 3.0 mg/Kg 05/10/18 17:14 05/17/18 08:28 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

5.0 mg/Kg 05/10/18 17:14 05/16/18 04:16 1Barium 46

0.50 mg/Kg 05/10/18 17:14 05/16/18 04:16 1Cadmium 43

2.0 mg/Kg 05/10/18 17:14 05/16/18 04:16 1Chromium 5.9

0.99 mg/Kg 05/10/18 17:14 05/18/18 01:43 1Lead 2900

2.0 mg/Kg 05/10/18 17:14 05/16/18 04:16 1Manganese 700

5.0 mg/Kg 05/10/18 17:14 05/17/18 08:28 1Selenium ND

2.5 mg/Kg 05/10/18 17:14 05/16/18 04:16 1Silver 7.2

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury 0.080 0.057 mg/Kg 05/10/18 17:17 05/15/18 01:47 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

Lab Sample ID: 550-102643-41Client Sample ID: BH9-2
Matrix: SolidDate Collected: 05/08/18 14:30

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 23 M1 2.9 mg/Kg 05/10/18 18:53 05/17/18 09:16 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

4.9 mg/Kg 05/10/18 18:53 05/16/18 04:59 1Barium 50

0.49 mg/Kg 05/10/18 18:53 05/16/18 04:59 1Cadmium 35

1.9 mg/Kg 05/10/18 18:53 05/16/18 04:59 1Chromium 5.3

0.97 mg/Kg 05/10/18 18:53 05/17/18 09:16 1Lead 1400 M3 R4

1.9 mg/Kg 05/10/18 18:53 05/16/18 04:59 1Manganese 800 M3

4.9 mg/Kg 05/10/18 18:53 05/17/18 09:16 1Selenium ND M2

2.4 mg/Kg 05/10/18 18:53 05/16/18 04:59 1Silver 4.0 M1 R4

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury 0.069 0.059 mg/Kg 05/10/18 18:50 05/15/18 02:01 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

Lab Sample ID: 550-102643-42Client Sample ID: BH9-3
Matrix: SolidDate Collected: 05/08/18 14:30

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 4.8 3.0 mg/Kg 05/10/18 18:53 05/17/18 09:24 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

4.9 mg/Kg 05/10/18 18:53 05/16/18 05:05 1Barium 46

0.49 mg/Kg 05/10/18 18:53 05/16/18 05:05 1Cadmium 12

2.0 mg/Kg 05/10/18 18:53 05/16/18 05:05 1Chromium 5.0

0.98 mg/Kg 05/10/18 18:53 05/17/18 09:24 1Lead 32

2.0 mg/Kg 05/10/18 18:53 05/16/18 05:05 1Manganese 320

4.9 mg/Kg 05/10/18 18:53 05/17/18 09:24 1Selenium ND

2.5 mg/Kg 05/10/18 18:53 05/16/18 05:05 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.058 mg/Kg 05/10/18 18:50 05/15/18 02:02 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier
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Client Sample Results
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Lab Sample ID: 550-102643-43Client Sample ID: BH9-4
Matrix: SolidDate Collected: 05/08/18 14:30

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 4.6 3.0 mg/Kg 05/10/18 18:53 05/17/18 09:37 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

4.9 mg/Kg 05/10/18 18:53 05/16/18 05:10 1Barium 44

0.49 mg/Kg 05/10/18 18:53 05/16/18 05:10 1Cadmium 9.1

2.0 mg/Kg 05/10/18 18:53 05/16/18 05:10 1Chromium 4.5

0.99 mg/Kg 05/10/18 18:53 05/17/18 09:37 1Lead 120

2.0 mg/Kg 05/10/18 18:53 05/16/18 05:10 1Manganese 300

4.9 mg/Kg 05/10/18 18:53 05/17/18 09:37 1Selenium ND

2.5 mg/Kg 05/10/18 18:53 05/16/18 05:10 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury 0.37 0.057 mg/Kg 05/10/18 18:50 05/15/18 02:03 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

Lab Sample ID: 550-102643-44Client Sample ID: BH9-5
Matrix: SolidDate Collected: 05/08/18 14:30

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 4.1 3.0 mg/Kg 05/10/18 18:53 05/17/18 09:45 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

5.0 mg/Kg 05/10/18 18:53 05/16/18 05:15 1Barium 47

0.50 mg/Kg 05/10/18 18:53 05/16/18 05:15 1Cadmium ND

2.0 mg/Kg 05/10/18 18:53 05/16/18 05:15 1Chromium 5.2

0.99 mg/Kg 05/10/18 18:53 05/17/18 09:45 1Lead 14

2.0 mg/Kg 05/10/18 18:53 05/16/18 05:15 1Manganese 280

5.0 mg/Kg 05/10/18 18:53 05/17/18 09:45 1Selenium ND

2.5 mg/Kg 05/10/18 18:53 05/16/18 05:15 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.057 mg/Kg 05/10/18 18:50 05/15/18 02:04 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

Lab Sample ID: 550-102643-45Client Sample ID: BH9-6
Matrix: SolidDate Collected: 05/08/18 14:30

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 4.2 3.0 mg/Kg 05/10/18 18:53 05/17/18 09:53 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

5.0 mg/Kg 05/10/18 18:53 05/16/18 05:21 1Barium 45

0.50 mg/Kg 05/10/18 18:53 05/16/18 05:21 1Cadmium ND

2.0 mg/Kg 05/10/18 18:53 05/16/18 05:21 1Chromium 5.0

1.0 mg/Kg 05/10/18 18:53 05/17/18 09:53 1Lead 10

2.0 mg/Kg 05/10/18 18:53 05/16/18 05:21 1Manganese 270

5.0 mg/Kg 05/10/18 18:53 05/17/18 09:53 1Selenium ND

2.5 mg/Kg 05/10/18 18:53 05/16/18 05:21 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.059 mg/Kg 05/10/18 18:50 05/15/18 02:05 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier
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Client Sample Results
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Lab Sample ID: 550-102643-46Client Sample ID: BH9-7
Matrix: SolidDate Collected: 05/08/18 14:30

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 4.2 3.0 mg/Kg 05/10/18 18:53 05/17/18 09:58 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

4.9 mg/Kg 05/10/18 18:53 05/16/18 05:26 1Barium 51

0.49 mg/Kg 05/10/18 18:53 05/16/18 05:26 1Cadmium ND

2.0 mg/Kg 05/10/18 18:53 05/16/18 05:26 1Chromium 4.9

0.99 mg/Kg 05/10/18 18:53 05/17/18 09:58 1Lead 11

2.0 mg/Kg 05/10/18 18:53 05/16/18 05:26 1Manganese 260

4.9 mg/Kg 05/10/18 18:53 05/17/18 09:58 1Selenium ND

2.5 mg/Kg 05/10/18 18:53 05/16/18 05:26 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.058 mg/Kg 05/10/18 18:50 05/15/18 02:06 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

Lab Sample ID: 550-102643-47Client Sample ID: BH9-8
Matrix: SolidDate Collected: 05/08/18 14:30

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 5.3 3.0 mg/Kg 05/10/18 18:53 05/17/18 10:03 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

5.0 mg/Kg 05/10/18 18:53 05/16/18 05:31 1Barium 41

0.50 mg/Kg 05/10/18 18:53 05/16/18 05:31 1Cadmium ND

2.0 mg/Kg 05/10/18 18:53 05/16/18 05:31 1Chromium 5.9

0.99 mg/Kg 05/10/18 18:53 05/17/18 10:03 1Lead 18

2.0 mg/Kg 05/10/18 18:53 05/16/18 05:31 1Manganese 350

5.0 mg/Kg 05/10/18 18:53 05/17/18 10:03 1Selenium ND

2.5 mg/Kg 05/10/18 18:53 05/16/18 05:31 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.060 mg/Kg 05/10/18 18:50 05/15/18 02:07 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

Lab Sample ID: 550-102643-48Client Sample ID: BH9-9
Matrix: SolidDate Collected: 05/08/18 14:30

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 4.1 3.0 mg/Kg 05/10/18 18:53 05/17/18 10:17 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

5.0 mg/Kg 05/10/18 18:53 05/16/18 05:45 1Barium 46

0.50 mg/Kg 05/10/18 18:53 05/16/18 05:45 1Cadmium ND

2.0 mg/Kg 05/10/18 18:53 05/16/18 05:45 1Chromium 5.9

0.99 mg/Kg 05/10/18 18:53 05/17/18 10:17 1Lead 16

2.0 mg/Kg 05/10/18 18:53 05/16/18 05:45 1Manganese 330

5.0 mg/Kg 05/10/18 18:53 05/17/18 10:17 1Selenium ND

2.5 mg/Kg 05/10/18 18:53 05/16/18 05:45 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.060 mg/Kg 05/10/18 18:50 05/15/18 02:09 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier
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Client Sample Results
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Lab Sample ID: 550-102643-49Client Sample ID: BH9-10
Matrix: SolidDate Collected: 05/08/18 14:30

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 4.8 2.9 mg/Kg 05/10/18 18:53 05/17/18 10:25 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

4.9 mg/Kg 05/10/18 18:53 05/16/18 05:50 1Barium 49

0.49 mg/Kg 05/10/18 18:53 05/16/18 05:50 1Cadmium ND

2.0 mg/Kg 05/10/18 18:53 05/16/18 05:50 1Chromium 5.9

0.98 mg/Kg 05/10/18 18:53 05/17/18 10:25 1Lead 17

2.0 mg/Kg 05/10/18 18:53 05/16/18 05:50 1Manganese 310

4.9 mg/Kg 05/10/18 18:53 05/17/18 10:25 1Selenium ND

2.4 mg/Kg 05/10/18 18:53 05/16/18 05:50 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.060 mg/Kg 05/10/18 18:50 05/15/18 02:10 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

Lab Sample ID: 550-102643-50Client Sample ID: DUP-1
Matrix: SolidDate Collected: 05/08/18 10:30

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic ND 3.0 mg/Kg 05/10/18 18:53 05/17/18 10:33 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

5.0 mg/Kg 05/10/18 18:53 05/16/18 05:56 1Barium 37

0.50 mg/Kg 05/10/18 18:53 05/16/18 05:56 1Cadmium ND

2.0 mg/Kg 05/10/18 18:53 05/16/18 05:56 1Chromium 3.7

1.0 mg/Kg 05/10/18 18:53 05/17/18 10:33 1Lead 9.0

2.0 mg/Kg 05/10/18 18:53 05/16/18 05:56 1Manganese 220

5.0 mg/Kg 05/10/18 18:53 05/17/18 10:33 1Selenium ND

2.5 mg/Kg 05/10/18 18:53 05/16/18 05:56 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.059 mg/Kg 05/10/18 18:50 05/15/18 02:11 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

Lab Sample ID: 550-102643-51Client Sample ID: DUP-2
Matrix: SolidDate Collected: 05/08/18 11:00

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 4.2 3.0 mg/Kg 05/10/18 18:53 05/17/18 10:38 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

5.0 mg/Kg 05/10/18 18:53 05/16/18 05:58 1Barium 56

0.50 mg/Kg 05/10/18 18:53 05/16/18 05:58 1Cadmium ND

2.0 mg/Kg 05/10/18 18:53 05/16/18 05:58 1Chromium 4.6

1.0 mg/Kg 05/10/18 18:53 05/17/18 10:38 1Lead 11

2.0 mg/Kg 05/10/18 18:53 05/16/18 05:58 1Manganese 300

5.0 mg/Kg 05/10/18 18:53 05/17/18 10:38 1Selenium ND

2.5 mg/Kg 05/10/18 18:53 05/16/18 05:58 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.059 mg/Kg 05/10/18 18:50 05/15/18 02:14 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier
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Client Sample Results
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Lab Sample ID: 550-102643-52Client Sample ID: DUP-3
Matrix: SolidDate Collected: 05/08/18 13:00

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 21 3.0 mg/Kg 05/10/18 18:53 05/17/18 10:46 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

4.9 mg/Kg 05/10/18 18:53 05/16/18 06:03 1Barium 50

0.49 mg/Kg 05/10/18 18:53 05/16/18 06:03 1Cadmium 74

2.0 mg/Kg 05/10/18 18:53 05/16/18 06:03 1Chromium 6.0

0.99 mg/Kg 05/10/18 18:53 05/17/18 10:46 1Lead 980

39 mg/Kg 05/10/18 18:53 05/17/18 10:43 20Manganese 4200 D2

4.9 mg/Kg 05/10/18 18:53 05/17/18 10:46 1Selenium ND

2.5 mg/Kg 05/10/18 18:53 05/16/18 06:03 1Silver 3.2

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.060 mg/Kg 05/10/18 18:50 05/15/18 02:16 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

Lab Sample ID: 550-102643-55Client Sample ID: BH5-7
Matrix: SolidDate Collected: 05/08/18 12:00

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 4.9 3.0 mg/Kg 05/10/18 18:53 05/17/18 10:59 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

5.0 mg/Kg 05/10/18 18:53 05/16/18 06:09 1Barium 50

0.50 mg/Kg 05/10/18 18:53 05/16/18 06:09 1Cadmium ND

2.0 mg/Kg 05/10/18 18:53 05/16/18 06:09 1Chromium 4.9

1.0 mg/Kg 05/10/18 18:53 05/17/18 10:59 1Lead 11

2.0 mg/Kg 05/10/18 18:53 05/16/18 06:09 1Manganese 300

5.0 mg/Kg 05/10/18 18:53 05/17/18 10:59 1Selenium ND

2.5 mg/Kg 05/10/18 18:53 05/16/18 06:09 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.057 mg/Kg 05/10/18 18:50 05/15/18 02:17 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

Lab Sample ID: 550-102643-56Client Sample ID: BH5-8
Matrix: SolidDate Collected: 05/08/18 12:00

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 4.2 3.0 mg/Kg 05/10/18 18:53 05/17/18 11:07 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

5.0 mg/Kg 05/10/18 18:53 05/16/18 06:14 1Barium 53

0.50 mg/Kg 05/10/18 18:53 05/16/18 06:14 1Cadmium ND

2.0 mg/Kg 05/10/18 18:53 05/16/18 06:14 1Chromium 4.6

1.0 mg/Kg 05/10/18 18:53 05/17/18 11:07 1Lead 12

2.0 mg/Kg 05/10/18 18:53 05/16/18 06:14 1Manganese 280

5.0 mg/Kg 05/10/18 18:53 05/17/18 11:07 1Selenium ND

2.5 mg/Kg 05/10/18 18:53 05/16/18 06:14 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.060 mg/Kg 05/10/18 18:50 05/15/18 02:18 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier
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Client Sample Results
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Lab Sample ID: 550-102643-57Client Sample ID: BH5-9
Matrix: SolidDate Collected: 05/08/18 12:00

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 5.5 3.0 mg/Kg 05/10/18 18:53 05/17/18 11:15 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

4.9 mg/Kg 05/10/18 18:53 05/16/18 06:19 1Barium 55

0.49 mg/Kg 05/10/18 18:53 05/16/18 06:19 1Cadmium ND

2.0 mg/Kg 05/10/18 18:53 05/16/18 06:19 1Chromium 5.6

0.99 mg/Kg 05/10/18 18:53 05/17/18 11:15 1Lead 12

2.0 mg/Kg 05/10/18 18:53 05/16/18 06:19 1Manganese 320

4.9 mg/Kg 05/10/18 18:53 05/17/18 11:15 1Selenium ND

2.5 mg/Kg 05/10/18 18:53 05/16/18 06:19 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.059 mg/Kg 05/10/18 18:50 05/15/18 02:19 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

Lab Sample ID: 550-102643-58Client Sample ID: BH5-10
Matrix: SolidDate Collected: 05/08/18 12:00

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 3.8 3.0 mg/Kg 05/10/18 18:53 05/17/18 11:23 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

4.9 mg/Kg 05/10/18 18:53 05/16/18 06:24 1Barium 45

0.49 mg/Kg 05/10/18 18:53 05/16/18 06:24 1Cadmium ND

2.0 mg/Kg 05/10/18 18:53 05/16/18 06:24 1Chromium 4.9

0.99 mg/Kg 05/10/18 18:53 05/17/18 11:23 1Lead 10

2.0 mg/Kg 05/10/18 18:53 05/16/18 06:24 1Manganese 250

4.9 mg/Kg 05/10/18 18:53 05/17/18 11:23 1Selenium ND

2.5 mg/Kg 05/10/18 18:53 05/16/18 06:24 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.058 mg/Kg 05/10/18 18:50 05/15/18 02:20 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

Lab Sample ID: 550-102643-59Client Sample ID: BH2-4
Matrix: SolidDate Collected: 05/08/18 10:35

Date Received: 05/09/18 10:16

Method: 6010C - Metals (ICP)
RL MDL

Arsenic 3.6 3.0 mg/Kg 05/10/18 18:53 05/17/18 11:28 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier

4.9 mg/Kg 05/10/18 18:53 05/16/18 06:30 1Barium 41

0.49 mg/Kg 05/10/18 18:53 05/16/18 06:30 1Cadmium ND

2.0 mg/Kg 05/10/18 18:53 05/16/18 06:30 1Chromium 4.4

0.99 mg/Kg 05/10/18 18:53 05/17/18 11:28 1Lead 15

2.0 mg/Kg 05/10/18 18:53 05/16/18 06:30 1Manganese 240

4.9 mg/Kg 05/10/18 18:53 05/17/18 11:28 1Selenium ND

2.5 mg/Kg 05/10/18 18:53 05/16/18 06:30 1Silver ND

Method: 7471B - Mercury (CVAA)
RL MDL

Mercury ND 0.058 mg/Kg 05/10/18 18:50 05/15/18 02:22 1

Analyte Dil FacAnalyzedPreparedUnit DResult Qualifier
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QC Sample Results
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Method: 6010C - Metals (ICP)

Client Sample ID: Method BlankLab Sample ID: MB 550-146890/1-A
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147310 Prep Batch: 146890

RL MDL

Barium ND 4.9 mg/Kg 05/10/18 15:08 05/15/18 23:54 1

MB MB

Analyte Dil FacAnalyzedPreparedDUnitResult Qualifier

ND 0.49 mg/Kg 05/10/18 15:08 05/15/18 23:54 1Cadmium

ND 2.0 mg/Kg 05/10/18 15:08 05/15/18 23:54 1Chromium

ND 2.0 mg/Kg 05/10/18 15:08 05/15/18 23:54 1Manganese

ND 2.5 mg/Kg 05/10/18 15:08 05/15/18 23:54 1Silver

Client Sample ID: Method BlankLab Sample ID: MB 550-146890/1-A
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147463 Prep Batch: 146890

RL MDL

Arsenic ND 3.0 mg/Kg 05/10/18 15:08 05/17/18 02:19 1

MB MB

Analyte Dil FacAnalyzedPreparedDUnitResult Qualifier

ND 0.98 mg/Kg 05/10/18 15:08 05/17/18 02:19 1Lead

ND 4.9 mg/Kg 05/10/18 15:08 05/17/18 02:19 1Selenium

Client Sample ID: Lab Control SampleLab Sample ID: LCS 550-146890/2-A
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147310 Prep Batch: 146890

Barium 49.6 49.2 mg/Kg 99 84 - 111

Analyte

LCS LCS

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits

Cadmium 49.6 47.4 mg/Kg 96 82 - 104

Chromium 49.6 48.2 mg/Kg 97 85 - 112

Manganese 49.6 51.0 mg/Kg 103 85 - 112

Silver 3.72 3.42 mg/Kg 92 87 - 111

Client Sample ID: Lab Control SampleLab Sample ID: LCS 550-146890/2-A
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147463 Prep Batch: 146890

Arsenic 49.6 43.6 mg/Kg 88 77 - 105

Analyte

LCS LCS

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits

Lead 49.6 44.3 mg/Kg 89 83 - 108

Selenium 49.6 44.4 mg/Kg 90 77 - 107

Client Sample ID: Lab Control Sample DupLab Sample ID: LCSD 550-146890/3-A
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147310 Prep Batch: 146890

Barium 49.5 48.2 mg/Kg 97 84 - 111 2 20

Analyte

LCSD LCSD

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits LimitRPD

RPD

Cadmium 49.5 46.3 mg/Kg 94 82 - 104 2 20

Chromium 49.5 47.2 mg/Kg 95 85 - 112 2 20

Manganese 49.5 49.9 mg/Kg 101 85 - 112 2 20

Silver 3.72 3.35 mg/Kg 90 87 - 111 2 20
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QC Sample Results
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Method: 6010C - Metals (ICP) (Continued)

Client Sample ID: Lab Control Sample DupLab Sample ID: LCSD 550-146890/3-A
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147463 Prep Batch: 146890

Arsenic 49.5 43.0 mg/Kg 87 77 - 105 1 20

Analyte

LCSD LCSD

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits LimitRPD

RPD

Lead 49.5 43.8 mg/Kg 88 83 - 108 1 20

Selenium 49.5 43.6 mg/Kg 88 77 - 107 2 20

Client Sample ID: BH1-1Lab Sample ID: 550-102643-1 MS
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147310 Prep Batch: 146890

Barium 43 49.7 101 mg/Kg 117 75 - 125

Analyte

MS MS

DUnitResult Qualifier %Rec

Spike

Added

Sample

Result

Sample

Qualifier

%Rec.

Limits

Cadmium ND 49.7 46.5 mg/Kg 93 75 - 125

Chromium 4.3 49.7 51.1 mg/Kg 94 75 - 125

Manganese 270 M3 R4 49.7 389 M3 mg/Kg 231 75 - 125

Silver ND 3.73 3.29 mg/Kg 88 75 - 125

Client Sample ID: BH1-1Lab Sample ID: 550-102643-1 MS
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147463 Prep Batch: 146890

Arsenic 4.3 49.7 46.8 mg/Kg 85 75 - 125

Analyte

MS MS

DUnitResult Qualifier %Rec

Spike

Added

Sample

Result

Sample

Qualifier

%Rec.

Limits

Lead 34 M2 49.7 75.8 mg/Kg 84 75 - 125

Selenium ND M2 49.7 35.5 M2 mg/Kg 72 75 - 125

Client Sample ID: BH1-1Lab Sample ID: 550-102643-1 MSD
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147310 Prep Batch: 146890

Barium 43 49.5 92.4 mg/Kg 100 75 - 125 9 20

Analyte

MSD MSD

DUnitResult Qualifier %Rec

Spike

Added

Sample

Result

Sample

Qualifier

%Rec.

Limits LimitRPD

RPD

Cadmium ND 49.5 45.4 mg/Kg 91 75 - 125 2 20

Chromium 4.3 49.5 49.9 mg/Kg 92 75 - 125 2 20

Manganese 270 M3 R4 49.5 313 M3 R4 mg/Kg 79 75 - 125 21 20

Silver ND 3.71 3.26 mg/Kg 88 75 - 125 1 20

Client Sample ID: BH1-1Lab Sample ID: 550-102643-1 MSD
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147463 Prep Batch: 146890

Arsenic 4.3 49.5 46.8 mg/Kg 86 75 - 125 0 20

Analyte

MSD MSD

DUnitResult Qualifier %Rec

Spike

Added

Sample

Result

Sample

Qualifier

%Rec.

Limits LimitRPD

RPD

Lead 34 M2 49.5 68.9 M2 mg/Kg 70 75 - 125 10 20

Selenium ND M2 49.5 35.0 M2 mg/Kg 71 75 - 125 2 20
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QC Sample Results
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Method: 6010C - Metals (ICP) (Continued)

Client Sample ID: Method BlankLab Sample ID: MB 550-146901/1-A
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147311 Prep Batch: 146901

RL MDL

Barium ND 5.0 mg/Kg 05/10/18 17:14 05/16/18 02:18 1

MB MB

Analyte Dil FacAnalyzedPreparedDUnitResult Qualifier

ND 0.50 mg/Kg 05/10/18 17:14 05/16/18 02:18 1Cadmium

ND 2.0 mg/Kg 05/10/18 17:14 05/16/18 02:18 1Chromium

ND 2.0 mg/Kg 05/10/18 17:14 05/16/18 02:18 1Manganese

ND 2.5 mg/Kg 05/10/18 17:14 05/16/18 02:18 1Silver

Client Sample ID: Method BlankLab Sample ID: MB 550-146901/1-A
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147464 Prep Batch: 146901

RL MDL

Arsenic ND 3.0 mg/Kg 05/10/18 17:14 05/17/18 05:22 1

MB MB

Analyte Dil FacAnalyzedPreparedDUnitResult Qualifier

ND 5.0 mg/Kg 05/10/18 17:14 05/17/18 05:22 1Selenium

Client Sample ID: Method BlankLab Sample ID: MB 550-146901/1-A
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147581 Prep Batch: 146901

RL MDL

Lead ND 1.0 mg/Kg 05/10/18 17:14 05/17/18 23:48 1

MB MB

Analyte Dil FacAnalyzedPreparedDUnitResult Qualifier

Client Sample ID: Lab Control SampleLab Sample ID: LCS 550-146901/2-A
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147311 Prep Batch: 146901

Barium 48.6 47.9 mg/Kg 99 84 - 111

Analyte

LCS LCS

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits

Cadmium 48.6 46.2 mg/Kg 95 82 - 104

Chromium 48.6 46.9 mg/Kg 96 85 - 112

Manganese 48.6 49.6 mg/Kg 102 85 - 112

Silver 3.65 3.31 mg/Kg 91 87 - 111

Client Sample ID: Lab Control SampleLab Sample ID: LCS 550-146901/2-A
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147464 Prep Batch: 146901

Arsenic 48.6 43.5 mg/Kg 89 77 - 105

Analyte

LCS LCS

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits

Selenium 48.6 44.5 mg/Kg 91 77 - 107

Client Sample ID: Lab Control SampleLab Sample ID: LCS 550-146901/2-A
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147581 Prep Batch: 146901

Lead 48.6 45.2 mg/Kg 93 83 - 108

Analyte

LCS LCS

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits
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QC Sample Results
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Method: 6010C - Metals (ICP) (Continued)

Client Sample ID: Lab Control Sample DupLab Sample ID: LCSD 550-146901/3-A
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147311 Prep Batch: 146901

Barium 49.3 47.9 mg/Kg 97 84 - 111 0 20

Analyte

LCSD LCSD

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits LimitRPD

RPD

Cadmium 49.3 46.3 mg/Kg 94 82 - 104 0 20

Chromium 49.3 46.9 mg/Kg 95 85 - 112 0 20

Manganese 49.3 49.8 mg/Kg 101 85 - 112 0 20

Silver 3.70 3.33 mg/Kg 90 87 - 111 0 20

Client Sample ID: Lab Control Sample DupLab Sample ID: LCSD 550-146901/3-A
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147464 Prep Batch: 146901

Arsenic 49.3 43.5 mg/Kg 88 77 - 105 0 20

Analyte

LCSD LCSD

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits LimitRPD

RPD

Selenium 49.3 44.2 mg/Kg 90 77 - 107 1 20

Client Sample ID: Lab Control Sample DupLab Sample ID: LCSD 550-146901/3-A
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147581 Prep Batch: 146901

Lead 49.3 45.1 mg/Kg 92 83 - 108 0 20

Analyte

LCSD LCSD

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits LimitRPD

RPD

Client Sample ID: BH5-1Lab Sample ID: 550-102643-21 MS
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147311 Prep Batch: 146901

Barium 47 50.0 92.0 mg/Kg 90 75 - 125

Analyte

MS MS

DUnitResult Qualifier %Rec

Spike

Added

Sample

Result

Sample

Qualifier

%Rec.

Limits

Cadmium 2.1 50.0 45.9 mg/Kg 88 75 - 125

Chromium 4.9 50.0 48.7 mg/Kg 88 75 - 125

Manganese 300 M3 50.0 305 M3 mg/Kg 12 75 - 125

Silver ND 3.75 3.27 mg/Kg 87 75 - 125

Client Sample ID: BH5-1Lab Sample ID: 550-102643-21 MS
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147464 Prep Batch: 146901

Arsenic 4.4 50.0 46.0 mg/Kg 83 75 - 125

Analyte

MS MS

DUnitResult Qualifier %Rec

Spike

Added

Sample

Result

Sample

Qualifier

%Rec.

Limits

Selenium ND M2 50.0 36.6 M2 mg/Kg 73 75 - 125

Client Sample ID: BH5-1Lab Sample ID: 550-102643-21 MS
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147581 Prep Batch: 146901

Lead 34 M2 50.0 68.0 M2 mg/Kg 67 75 - 125

Analyte

MS MS

DUnitResult Qualifier %Rec

Spike

Added

Sample

Result

Sample

Qualifier

%Rec.

Limits
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QC Sample Results
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Method: 6010C - Metals (ICP) (Continued)

Client Sample ID: BH5-1Lab Sample ID: 550-102643-21 MSD
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147311 Prep Batch: 146901

Barium 47 49.4 97.2 mg/Kg 102 75 - 125 5 20

Analyte

MSD MSD

DUnitResult Qualifier %Rec

Spike

Added

Sample

Result

Sample

Qualifier

%Rec.

Limits LimitRPD

RPD

Cadmium 2.1 49.4 46.0 mg/Kg 89 75 - 125 0 20

Chromium 4.9 49.4 49.0 mg/Kg 89 75 - 125 1 20

Manganese 300 M3 49.4 356 M3 mg/Kg 114 75 - 125 15 20

Silver ND 3.71 3.22 mg/Kg 87 75 - 125 2 20

Client Sample ID: BH5-1Lab Sample ID: 550-102643-21 MSD
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147464 Prep Batch: 146901

Arsenic 4.4 49.4 46.8 mg/Kg 86 75 - 125 2 20

Analyte

MSD MSD

DUnitResult Qualifier %Rec

Spike

Added

Sample

Result

Sample

Qualifier

%Rec.

Limits LimitRPD

RPD

Selenium ND M2 49.4 33.2 M2 mg/Kg 67 75 - 125 10 20

Client Sample ID: BH5-1Lab Sample ID: 550-102643-21 MSD
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147581 Prep Batch: 146901

Lead 34 M2 49.4 78.8 mg/Kg 90 75 - 125 15 20

Analyte

MSD MSD

DUnitResult Qualifier %Rec

Spike

Added

Sample

Result

Sample

Qualifier

%Rec.

Limits LimitRPD

RPD

Client Sample ID: Method BlankLab Sample ID: MB 550-146913/1-A
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147313 Prep Batch: 146913

RL MDL

Barium ND 5.0 mg/Kg 05/10/18 18:53 05/16/18 04:35 1

MB MB

Analyte Dil FacAnalyzedPreparedDUnitResult Qualifier

ND 0.50 mg/Kg 05/10/18 18:53 05/16/18 04:35 1Cadmium

ND 2.0 mg/Kg 05/10/18 18:53 05/16/18 04:35 1Chromium

ND 2.0 mg/Kg 05/10/18 18:53 05/16/18 04:35 1Manganese

ND 2.5 mg/Kg 05/10/18 18:53 05/16/18 04:35 1Silver

Client Sample ID: Method BlankLab Sample ID: MB 550-146913/1-A
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147468 Prep Batch: 146913

RL MDL

Arsenic ND 3.0 mg/Kg 05/10/18 18:53 05/17/18 08:41 1

MB MB

Analyte Dil FacAnalyzedPreparedDUnitResult Qualifier

ND 1.0 mg/Kg 05/10/18 18:53 05/17/18 08:41 1Lead

ND 5.0 mg/Kg 05/10/18 18:53 05/17/18 08:41 1Selenium

Client Sample ID: Lab Control SampleLab Sample ID: LCS 550-146913/2-A
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147313 Prep Batch: 146913

Barium 49.5 48.7 mg/Kg 98 84 - 111

Analyte

LCS LCS

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits

Cadmium 49.5 47.0 mg/Kg 95 82 - 104

Chromium 49.5 47.6 mg/Kg 96 85 - 112
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QC Sample Results
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Method: 6010C - Metals (ICP) (Continued)

Client Sample ID: Lab Control SampleLab Sample ID: LCS 550-146913/2-A
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147313 Prep Batch: 146913

Manganese 49.5 50.3 mg/Kg 102 85 - 112

Analyte

LCS LCS

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits

Silver 3.71 3.35 mg/Kg 90 87 - 111

Client Sample ID: Lab Control SampleLab Sample ID: LCS 550-146913/2-A
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147468 Prep Batch: 146913

Arsenic 49.5 43.9 mg/Kg 89 77 - 105

Analyte

LCS LCS

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits

Lead 49.5 44.6 mg/Kg 90 83 - 108

Selenium 49.5 44.8 mg/Kg 91 77 - 107

Client Sample ID: Lab Control Sample DupLab Sample ID: LCSD 550-146913/3-A
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147313 Prep Batch: 146913

Barium 49.8 49.2 mg/Kg 99 84 - 111 1 20

Analyte

LCSD LCSD

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits LimitRPD

RPD

Cadmium 49.8 47.6 mg/Kg 96 82 - 104 1 20

Chromium 49.8 48.2 mg/Kg 97 85 - 112 1 20

Manganese 49.8 50.8 mg/Kg 102 85 - 112 1 20

Silver 3.73 3.38 mg/Kg 90 87 - 111 1 20

Client Sample ID: Lab Control Sample DupLab Sample ID: LCSD 550-146913/3-A
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147468 Prep Batch: 146913

Arsenic 49.8 44.5 mg/Kg 89 77 - 105 1 20

Analyte

LCSD LCSD

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits LimitRPD

RPD

Lead 49.8 45.4 mg/Kg 91 83 - 108 2 20

Selenium 49.8 45.6 mg/Kg 92 77 - 107 2 20

Client Sample ID: BH9-2Lab Sample ID: 550-102643-41 MS
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147313 Prep Batch: 146913

Barium 50 49.4 96.1 mg/Kg 94 75 - 125

Analyte

MS MS

DUnitResult Qualifier %Rec

Spike

Added

Sample

Result

Sample

Qualifier

%Rec.

Limits

Cadmium 35 49.4 75.5 mg/Kg 82 75 - 125

Chromium 5.3 49.4 49.9 mg/Kg 90 75 - 125

Manganese 800 M3 49.4 876 M3 mg/Kg 154 75 - 125

Silver 4.0 M1 R4 3.71 7.19 mg/Kg 87 75 - 125

Client Sample ID: BH9-2Lab Sample ID: 550-102643-41 MS
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147468 Prep Batch: 146913

Arsenic 23 M1 49.4 79.4 mg/Kg 113 75 - 125

Analyte

MS MS

DUnitResult Qualifier %Rec

Spike

Added

Sample

Result

Sample

Qualifier

%Rec.

Limits
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QC Sample Results
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Method: 6010C - Metals (ICP) (Continued)

Client Sample ID: BH9-2Lab Sample ID: 550-102643-41 MS
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147468 Prep Batch: 146913

Lead 1400 M3 R4 49.4 1550 M3 mg/Kg 270 75 - 125

Analyte

MS MS

DUnitResult Qualifier %Rec

Spike

Added

Sample

Result

Sample

Qualifier

%Rec.

Limits

Selenium ND M2 49.4 34.1 M2 mg/Kg 69 75 - 125

Client Sample ID: BH9-2Lab Sample ID: 550-102643-41 MSD
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147313 Prep Batch: 146913

Barium 50 49.2 100 mg/Kg 103 75 - 125 4 20

Analyte

MSD MSD

DUnitResult Qualifier %Rec

Spike

Added

Sample

Result

Sample

Qualifier

%Rec.

Limits LimitRPD

RPD

Cadmium 35 49.2 83.1 mg/Kg 98 75 - 125 10 20

Chromium 5.3 49.2 50.2 mg/Kg 91 75 - 125 1 20

Manganese 800 M3 49.2 873 M3 mg/Kg 149 75 - 125 0 20

Silver 4.0 M1 R4 3.69 10.4 M1 R4 mg/Kg 173 75 - 125 36 20

Client Sample ID: BH9-2Lab Sample ID: 550-102643-41 MSD
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147468 Prep Batch: 146913

Arsenic 23 M1 49.2 85.8 M1 mg/Kg 127 75 - 125 8 20

Analyte

MSD MSD

DUnitResult Qualifier %Rec

Spike

Added

Sample

Result

Sample

Qualifier

%Rec.

Limits LimitRPD

RPD

Lead 1400 M3 R4 49.2 2210 M3 R4 mg/Kg 1603 75 - 125 35 20

Selenium ND M2 49.2 36.6 M2 mg/Kg 74 75 - 125 7 20

Method: 7471B - Mercury (CVAA)

Client Sample ID: Method BlankLab Sample ID: MB 550-146891/1-A
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147219 Prep Batch: 146891

RL MDL

Mercury ND 0.058 mg/Kg 05/10/18 15:13 05/15/18 00:35 1

MB MB

Analyte Dil FacAnalyzedPreparedDUnitResult Qualifier

Client Sample ID: Lab Control SampleLab Sample ID: LCS 550-146891/2-A
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147219 Prep Batch: 146891

Mercury 0.970 1.05 mg/Kg 108 80 - 120

Analyte

LCS LCS

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits

Client Sample ID: Lab Control Sample DupLab Sample ID: LCSD 550-146891/3-A
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147219 Prep Batch: 146891

Mercury 0.956 1.05 mg/Kg 110 80 - 120 0 20

Analyte

LCSD LCSD

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits LimitRPD

RPD
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QC Sample Results
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Method: 7471B - Mercury (CVAA) (Continued)

Client Sample ID: BH1-1Lab Sample ID: 550-102643-1 MS
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147219 Prep Batch: 146891

Mercury ND 0.974 1.08 mg/Kg 111 80 - 120

Analyte

MS MS

DUnitResult Qualifier %Rec

Spike

Added

Sample

Result

Sample

Qualifier

%Rec.

Limits

Client Sample ID: BH1-1Lab Sample ID: 550-102643-1 MSD
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147219 Prep Batch: 146891

Mercury ND 0.977 1.08 mg/Kg 111 80 - 120 0 20

Analyte

MSD MSD

DUnitResult Qualifier %Rec

Spike

Added

Sample

Result

Sample

Qualifier

%Rec.

Limits LimitRPD

RPD

Client Sample ID: Method BlankLab Sample ID: MB 550-146902/1-A
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147222 Prep Batch: 146902

RL MDL

Mercury ND 0.060 mg/Kg 05/10/18 17:17 05/15/18 01:16 1

MB MB

Analyte Dil FacAnalyzedPreparedDUnitResult Qualifier

Client Sample ID: Lab Control SampleLab Sample ID: LCS 550-146902/2-A
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147222 Prep Batch: 146902

Mercury 0.973 1.08 mg/Kg 111 80 - 120

Analyte

LCS LCS

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits

Client Sample ID: Lab Control Sample DupLab Sample ID: LCSD 550-146902/3-A
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147222 Prep Batch: 146902

Mercury 0.946 1.04 mg/Kg 110 80 - 120 3 20

Analyte

LCSD LCSD

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits LimitRPD

RPD

Client Sample ID: BH5-1Lab Sample ID: 550-102643-21 MS
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147222 Prep Batch: 146902

Mercury ND 0.982 1.09 mg/Kg 111 80 - 120

Analyte

MS MS

DUnitResult Qualifier %Rec

Spike

Added

Sample

Result

Sample

Qualifier

%Rec.

Limits

Client Sample ID: BH5-1Lab Sample ID: 550-102643-21 MSD
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147222 Prep Batch: 146902

Mercury ND 0.972 1.08 mg/Kg 111 80 - 120 1 20

Analyte

MSD MSD

DUnitResult Qualifier %Rec

Spike

Added

Sample

Result

Sample

Qualifier

%Rec.

Limits LimitRPD

RPD

Client Sample ID: Method BlankLab Sample ID: MB 550-146912/1-A
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147224 Prep Batch: 146912

RL MDL

Mercury ND 0.057 mg/Kg 05/10/18 18:50 05/15/18 01:53 1

MB MB

Analyte Dil FacAnalyzedPreparedDUnitResult Qualifier
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QC Sample Results
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Client Sample ID: Lab Control SampleLab Sample ID: LCS 550-146912/2-A
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147224 Prep Batch: 146912

Mercury 0.960 1.01 mg/Kg 105 80 - 120

Analyte

LCS LCS

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits

Client Sample ID: Lab Control Sample DupLab Sample ID: LCSD 550-146912/3-A
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147224 Prep Batch: 146912

Mercury 0.955 1.03 mg/Kg 108 80 - 120 2 20

Analyte

LCSD LCSD

DUnitResult Qualifier %Rec

Spike

Added

%Rec.

Limits LimitRPD

RPD

Client Sample ID: BH9-2Lab Sample ID: 550-102643-41 MS
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147224 Prep Batch: 146912

Mercury 0.069 0.976 1.09 mg/Kg 104 80 - 120

Analyte

MS MS

DUnitResult Qualifier %Rec

Spike

Added

Sample

Result

Sample

Qualifier

%Rec.

Limits

Client Sample ID: BH9-2Lab Sample ID: 550-102643-41 MSD
Matrix: Solid Prep Type: Total/NA
Analysis Batch: 147224 Prep Batch: 146912

Mercury 0.069 0.958 1.04 mg/Kg 102 80 - 120 4 20

Analyte

MSD MSD

DUnitResult Qualifier %Rec

Spike

Added

Sample

Result

Sample

Qualifier

%Rec.

Limits LimitRPD

RPD
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QC Association Summary
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Metals

Prep Batch: 146890

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

Solid 3050B550-102643-1 BH1-1 Total/NA

Solid 3050B550-102643-2 BH1-2 Total/NA

Solid 3050B550-102643-3 BH1-3 Total/NA

Solid 3050B550-102643-4 BH1-4 Total/NA

Solid 3050B550-102643-5 BH1-5 Total/NA

Solid 3050B550-102643-6 BH1-6 Total/NA

Solid 3050B550-102643-7 BH2-0-4 Total/NA

Solid 3050B550-102643-8 BH2-5 Total/NA

Solid 3050B550-102643-9 BH2-6 Total/NA

Solid 3050B550-102643-10 BH3-1 Total/NA

Solid 3050B550-102643-11 BH3-2 Total/NA

Solid 3050B550-102643-12 BH3-3 Total/NA

Solid 3050B550-102643-13 BH3-4 Total/NA

Solid 3050B550-102643-14 BH3-5 Total/NA

Solid 3050B550-102643-15 BH3-6 Total/NA

Solid 3050B550-102643-16 BH4-1 Total/NA

Solid 3050B550-102643-17 BH4-2 Total/NA

Solid 3050B550-102643-18 BH4-2-4 Total/NA

Solid 3050B550-102643-19 BH4-4-6 Total/NA

Solid 3050B550-102643-20 BH4-6-8 Total/NA

Solid 3050BMB 550-146890/1-A Method Blank Total/NA

Solid 3050BLCS 550-146890/2-A Lab Control Sample Total/NA

Solid 3050BLCSD 550-146890/3-A Lab Control Sample Dup Total/NA

Solid 3050B550-102643-1 MS BH1-1 Total/NA

Solid 3050B550-102643-1 MSD BH1-1 Total/NA

Prep Batch: 146891

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

Solid 7471B550-102643-1 BH1-1 Total/NA

Solid 7471B550-102643-2 BH1-2 Total/NA

Solid 7471B550-102643-3 BH1-3 Total/NA

Solid 7471B550-102643-4 BH1-4 Total/NA

Solid 7471B550-102643-5 BH1-5 Total/NA

Solid 7471B550-102643-6 BH1-6 Total/NA

Solid 7471B550-102643-7 BH2-0-4 Total/NA

Solid 7471B550-102643-8 BH2-5 Total/NA

Solid 7471B550-102643-9 BH2-6 Total/NA

Solid 7471B550-102643-10 BH3-1 Total/NA

Solid 7471B550-102643-11 BH3-2 Total/NA

Solid 7471B550-102643-12 BH3-3 Total/NA

Solid 7471B550-102643-13 BH3-4 Total/NA

Solid 7471B550-102643-14 BH3-5 Total/NA

Solid 7471B550-102643-15 BH3-6 Total/NA

Solid 7471B550-102643-16 BH4-1 Total/NA

Solid 7471B550-102643-17 BH4-2 Total/NA

Solid 7471B550-102643-18 BH4-2-4 Total/NA

Solid 7471B550-102643-19 BH4-4-6 Total/NA

Solid 7471B550-102643-20 BH4-6-8 Total/NA

Solid 7471BMB 550-146891/1-A Method Blank Total/NA

Solid 7471BLCS 550-146891/2-A Lab Control Sample Total/NA

Solid 7471BLCSD 550-146891/3-A Lab Control Sample Dup Total/NA
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QC Association Summary
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Metals (Continued)

Prep Batch: 146891 (Continued)

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

Solid 7471B550-102643-1 MS BH1-1 Total/NA

Solid 7471B550-102643-1 MSD BH1-1 Total/NA

Prep Batch: 146901

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

Solid 3050B550-102643-21 BH5-1 Total/NA

Solid 3050B550-102643-22 BH5-2 Total/NA

Solid 3050B550-102643-23 BH5-3 Total/NA

Solid 3050B550-102643-24 BH5-4 Total/NA

Solid 3050B550-102643-25 BH5-5 Total/NA

Solid 3050B550-102643-26 BH5-6 Total/NA

Solid 3050B550-102643-27 BH6-1 Total/NA

Solid 3050B550-102643-28 BH6-2 Total/NA

Solid 3050B550-102643-29 BH6-3 Total/NA

Solid 3050B550-102643-30 BH6-4 Total/NA

Solid 3050B550-102643-31 BH6-5 Total/NA

Solid 3050B550-102643-32 BH6-6 Total/NA

Solid 3050B550-102643-33 BH7-1 Total/NA

Solid 3050B550-102643-34 BH7-2 Total/NA

Solid 3050B550-102643-35 BH7-3 Total/NA

Solid 3050B550-102643-36 BH7-4-5 Total/NA

Solid 3050B550-102643-37 BH8-1 Total/NA

Solid 3050B550-102643-38 BH8-2 Total/NA

Solid 3050B550-102643-39 BH8-3 Total/NA

Solid 3050B550-102643-40 BH9-1 Total/NA

Solid 3050BMB 550-146901/1-A Method Blank Total/NA

Solid 3050BLCS 550-146901/2-A Lab Control Sample Total/NA

Solid 3050BLCSD 550-146901/3-A Lab Control Sample Dup Total/NA

Solid 3050B550-102643-21 MS BH5-1 Total/NA

Solid 3050B550-102643-21 MSD BH5-1 Total/NA

Prep Batch: 146902

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

Solid 7471B550-102643-21 BH5-1 Total/NA

Solid 7471B550-102643-22 BH5-2 Total/NA

Solid 7471B550-102643-23 BH5-3 Total/NA

Solid 7471B550-102643-24 BH5-4 Total/NA

Solid 7471B550-102643-25 BH5-5 Total/NA

Solid 7471B550-102643-26 BH5-6 Total/NA

Solid 7471B550-102643-27 BH6-1 Total/NA

Solid 7471B550-102643-28 BH6-2 Total/NA

Solid 7471B550-102643-29 BH6-3 Total/NA

Solid 7471B550-102643-30 BH6-4 Total/NA

Solid 7471B550-102643-31 BH6-5 Total/NA

Solid 7471B550-102643-32 BH6-6 Total/NA

Solid 7471B550-102643-33 BH7-1 Total/NA

Solid 7471B550-102643-34 BH7-2 Total/NA

Solid 7471B550-102643-35 BH7-3 Total/NA

Solid 7471B550-102643-36 BH7-4-5 Total/NA

Solid 7471B550-102643-37 BH8-1 Total/NA

Solid 7471B550-102643-38 BH8-2 Total/NA
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QC Association Summary
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Metals (Continued)

Prep Batch: 146902 (Continued)

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

Solid 7471B550-102643-39 BH8-3 Total/NA

Solid 7471B550-102643-40 BH9-1 Total/NA

Solid 7471BMB 550-146902/1-A Method Blank Total/NA

Solid 7471BLCS 550-146902/2-A Lab Control Sample Total/NA

Solid 7471BLCSD 550-146902/3-A Lab Control Sample Dup Total/NA

Solid 7471B550-102643-21 MS BH5-1 Total/NA

Solid 7471B550-102643-21 MSD BH5-1 Total/NA

Prep Batch: 146912

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

Solid 7471B550-102643-41 BH9-2 Total/NA

Solid 7471B550-102643-42 BH9-3 Total/NA

Solid 7471B550-102643-43 BH9-4 Total/NA

Solid 7471B550-102643-44 BH9-5 Total/NA

Solid 7471B550-102643-45 BH9-6 Total/NA

Solid 7471B550-102643-46 BH9-7 Total/NA

Solid 7471B550-102643-47 BH9-8 Total/NA

Solid 7471B550-102643-48 BH9-9 Total/NA

Solid 7471B550-102643-49 BH9-10 Total/NA

Solid 7471B550-102643-50 DUP-1 Total/NA

Solid 7471B550-102643-51 DUP-2 Total/NA

Solid 7471B550-102643-52 DUP-3 Total/NA

Solid 7471B550-102643-55 BH5-7 Total/NA

Solid 7471B550-102643-56 BH5-8 Total/NA

Solid 7471B550-102643-57 BH5-9 Total/NA

Solid 7471B550-102643-58 BH5-10 Total/NA

Solid 7471B550-102643-59 BH2-4 Total/NA

Solid 7471BMB 550-146912/1-A Method Blank Total/NA

Solid 7471BLCS 550-146912/2-A Lab Control Sample Total/NA

Solid 7471BLCSD 550-146912/3-A Lab Control Sample Dup Total/NA

Solid 7471B550-102643-41 MS BH9-2 Total/NA

Solid 7471B550-102643-41 MSD BH9-2 Total/NA

Prep Batch: 146913

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

Solid 3050B550-102643-41 BH9-2 Total/NA

Solid 3050B550-102643-42 BH9-3 Total/NA

Solid 3050B550-102643-43 BH9-4 Total/NA

Solid 3050B550-102643-44 BH9-5 Total/NA

Solid 3050B550-102643-45 BH9-6 Total/NA

Solid 3050B550-102643-46 BH9-7 Total/NA

Solid 3050B550-102643-47 BH9-8 Total/NA

Solid 3050B550-102643-48 BH9-9 Total/NA

Solid 3050B550-102643-49 BH9-10 Total/NA

Solid 3050B550-102643-50 DUP-1 Total/NA

Solid 3050B550-102643-51 DUP-2 Total/NA

Solid 3050B550-102643-52 DUP-3 Total/NA

Solid 3050B550-102643-55 BH5-7 Total/NA

Solid 3050B550-102643-56 BH5-8 Total/NA

Solid 3050B550-102643-57 BH5-9 Total/NA

Solid 3050B550-102643-58 BH5-10 Total/NA
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QC Association Summary
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Metals (Continued)

Prep Batch: 146913 (Continued)

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

Solid 3050B550-102643-59 BH2-4 Total/NA

Solid 3050BMB 550-146913/1-A Method Blank Total/NA

Solid 3050BLCS 550-146913/2-A Lab Control Sample Total/NA

Solid 3050BLCSD 550-146913/3-A Lab Control Sample Dup Total/NA

Solid 3050B550-102643-41 MS BH9-2 Total/NA

Solid 3050B550-102643-41 MSD BH9-2 Total/NA

Analysis Batch: 147219

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

Solid 7471B 146891550-102643-1 BH1-1 Total/NA

Solid 7471B 146891550-102643-2 BH1-2 Total/NA

Solid 7471B 146891550-102643-3 BH1-3 Total/NA

Solid 7471B 146891550-102643-4 BH1-4 Total/NA

Solid 7471B 146891550-102643-5 BH1-5 Total/NA

Solid 7471B 146891550-102643-6 BH1-6 Total/NA

Solid 7471B 146891550-102643-7 BH2-0-4 Total/NA

Solid 7471B 146891550-102643-8 BH2-5 Total/NA

Solid 7471B 146891550-102643-9 BH2-6 Total/NA

Solid 7471B 146891550-102643-10 BH3-1 Total/NA

Solid 7471B 146891550-102643-11 BH3-2 Total/NA

Solid 7471B 146891550-102643-12 BH3-3 Total/NA

Solid 7471B 146891550-102643-13 BH3-4 Total/NA

Solid 7471B 146891550-102643-14 BH3-5 Total/NA

Solid 7471B 146891550-102643-15 BH3-6 Total/NA

Solid 7471B 146891550-102643-16 BH4-1 Total/NA

Solid 7471B 146891550-102643-17 BH4-2 Total/NA

Solid 7471B 146891550-102643-18 BH4-2-4 Total/NA

Solid 7471B 146891550-102643-19 BH4-4-6 Total/NA

Solid 7471B 146891550-102643-20 BH4-6-8 Total/NA

Solid 7471B 146891MB 550-146891/1-A Method Blank Total/NA

Solid 7471B 146891LCS 550-146891/2-A Lab Control Sample Total/NA

Solid 7471B 146891LCSD 550-146891/3-A Lab Control Sample Dup Total/NA

Solid 7471B 146891550-102643-1 MS BH1-1 Total/NA

Solid 7471B 146891550-102643-1 MSD BH1-1 Total/NA

Analysis Batch: 147222

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

Solid 7471B 146902550-102643-21 BH5-1 Total/NA

Solid 7471B 146902550-102643-22 BH5-2 Total/NA

Solid 7471B 146902550-102643-23 BH5-3 Total/NA

Solid 7471B 146902550-102643-24 BH5-4 Total/NA

Solid 7471B 146902550-102643-25 BH5-5 Total/NA

Solid 7471B 146902550-102643-26 BH5-6 Total/NA

Solid 7471B 146902550-102643-27 BH6-1 Total/NA

Solid 7471B 146902550-102643-28 BH6-2 Total/NA

Solid 7471B 146902550-102643-29 BH6-3 Total/NA

Solid 7471B 146902550-102643-30 BH6-4 Total/NA

Solid 7471B 146902550-102643-31 BH6-5 Total/NA

Solid 7471B 146902550-102643-32 BH6-6 Total/NA

Solid 7471B 146902550-102643-33 BH7-1 Total/NA

Solid 7471B 146902550-102643-34 BH7-2 Total/NA
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QC Association Summary
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Metals (Continued)

Analysis Batch: 147222 (Continued)

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

Solid 7471B 146902550-102643-35 BH7-3 Total/NA

Solid 7471B 146902550-102643-36 BH7-4-5 Total/NA

Solid 7471B 146902550-102643-37 BH8-1 Total/NA

Solid 7471B 146902550-102643-38 BH8-2 Total/NA

Solid 7471B 146902550-102643-39 BH8-3 Total/NA

Solid 7471B 146902550-102643-40 BH9-1 Total/NA

Solid 7471B 146902MB 550-146902/1-A Method Blank Total/NA

Solid 7471B 146902LCS 550-146902/2-A Lab Control Sample Total/NA

Solid 7471B 146902LCSD 550-146902/3-A Lab Control Sample Dup Total/NA

Solid 7471B 146902550-102643-21 MS BH5-1 Total/NA

Solid 7471B 146902550-102643-21 MSD BH5-1 Total/NA

Analysis Batch: 147224

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

Solid 7471B 146912550-102643-41 BH9-2 Total/NA

Solid 7471B 146912550-102643-42 BH9-3 Total/NA

Solid 7471B 146912550-102643-43 BH9-4 Total/NA

Solid 7471B 146912550-102643-44 BH9-5 Total/NA

Solid 7471B 146912550-102643-45 BH9-6 Total/NA

Solid 7471B 146912550-102643-46 BH9-7 Total/NA

Solid 7471B 146912550-102643-47 BH9-8 Total/NA

Solid 7471B 146912550-102643-48 BH9-9 Total/NA

Solid 7471B 146912550-102643-49 BH9-10 Total/NA

Solid 7471B 146912550-102643-50 DUP-1 Total/NA

Solid 7471B 146912550-102643-51 DUP-2 Total/NA

Solid 7471B 146912550-102643-52 DUP-3 Total/NA

Solid 7471B 146912550-102643-55 BH5-7 Total/NA

Solid 7471B 146912550-102643-56 BH5-8 Total/NA

Solid 7471B 146912550-102643-57 BH5-9 Total/NA

Solid 7471B 146912550-102643-58 BH5-10 Total/NA

Solid 7471B 146912550-102643-59 BH2-4 Total/NA

Solid 7471B 146912MB 550-146912/1-A Method Blank Total/NA

Solid 7471B 146912LCS 550-146912/2-A Lab Control Sample Total/NA

Solid 7471B 146912LCSD 550-146912/3-A Lab Control Sample Dup Total/NA

Solid 7471B 146912550-102643-41 MS BH9-2 Total/NA

Solid 7471B 146912550-102643-41 MSD BH9-2 Total/NA

Analysis Batch: 147310

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

Solid 6010C 146890550-102643-1 BH1-1 Total/NA

Solid 6010C 146890550-102643-2 BH1-2 Total/NA

Solid 6010C 146890550-102643-3 BH1-3 Total/NA

Solid 6010C 146890550-102643-4 BH1-4 Total/NA

Solid 6010C 146890550-102643-5 BH1-5 Total/NA

Solid 6010C 146890550-102643-6 BH1-6 Total/NA

Solid 6010C 146890550-102643-7 BH2-0-4 Total/NA

Solid 6010C 146890550-102643-8 BH2-5 Total/NA

Solid 6010C 146890550-102643-9 BH2-6 Total/NA

Solid 6010C 146890550-102643-10 BH3-1 Total/NA

Solid 6010C 146890550-102643-11 BH3-2 Total/NA

Solid 6010C 146890550-102643-12 BH3-3 Total/NA
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QC Association Summary
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Metals (Continued)

Analysis Batch: 147310 (Continued)

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

Solid 6010C 146890550-102643-13 BH3-4 Total/NA

Solid 6010C 146890550-102643-14 BH3-5 Total/NA

Solid 6010C 146890550-102643-15 BH3-6 Total/NA

Solid 6010C 146890550-102643-16 BH4-1 Total/NA

Solid 6010C 146890550-102643-17 BH4-2 Total/NA

Solid 6010C 146890550-102643-18 BH4-2-4 Total/NA

Solid 6010C 146890550-102643-19 BH4-4-6 Total/NA

Solid 6010C 146890550-102643-20 BH4-6-8 Total/NA

Solid 6010C 146890MB 550-146890/1-A Method Blank Total/NA

Solid 6010C 146890LCS 550-146890/2-A Lab Control Sample Total/NA

Solid 6010C 146890LCSD 550-146890/3-A Lab Control Sample Dup Total/NA

Solid 6010C 146890550-102643-1 MS BH1-1 Total/NA

Solid 6010C 146890550-102643-1 MSD BH1-1 Total/NA

Analysis Batch: 147311

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

Solid 6010C 146901550-102643-21 BH5-1 Total/NA

Solid 6010C 146901550-102643-22 BH5-2 Total/NA

Solid 6010C 146901550-102643-23 BH5-3 Total/NA

Solid 6010C 146901550-102643-24 BH5-4 Total/NA

Solid 6010C 146901550-102643-25 BH5-5 Total/NA

Solid 6010C 146901550-102643-26 BH5-6 Total/NA

Solid 6010C 146901550-102643-27 BH6-1 Total/NA

Solid 6010C 146901550-102643-28 BH6-2 Total/NA

Solid 6010C 146901550-102643-29 BH6-3 Total/NA

Solid 6010C 146901550-102643-30 BH6-4 Total/NA

Solid 6010C 146901550-102643-31 BH6-5 Total/NA

Solid 6010C 146901550-102643-32 BH6-6 Total/NA

Solid 6010C 146901550-102643-33 BH7-1 Total/NA

Solid 6010C 146901550-102643-34 BH7-2 Total/NA

Solid 6010C 146901550-102643-35 BH7-3 Total/NA

Solid 6010C 146901550-102643-36 BH7-4-5 Total/NA

Solid 6010C 146901550-102643-37 BH8-1 Total/NA

Solid 6010C 146901550-102643-38 BH8-2 Total/NA

Solid 6010C 146901550-102643-39 BH8-3 Total/NA

Solid 6010C 146901550-102643-40 BH9-1 Total/NA

Solid 6010C 146901MB 550-146901/1-A Method Blank Total/NA

Solid 6010C 146901LCS 550-146901/2-A Lab Control Sample Total/NA

Solid 6010C 146901LCSD 550-146901/3-A Lab Control Sample Dup Total/NA

Solid 6010C 146901550-102643-21 MS BH5-1 Total/NA

Solid 6010C 146901550-102643-21 MSD BH5-1 Total/NA

Analysis Batch: 147313

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

Solid 6010C 146913550-102643-41 BH9-2 Total/NA

Solid 6010C 146913550-102643-42 BH9-3 Total/NA

Solid 6010C 146913550-102643-43 BH9-4 Total/NA

Solid 6010C 146913550-102643-44 BH9-5 Total/NA

Solid 6010C 146913550-102643-45 BH9-6 Total/NA

Solid 6010C 146913550-102643-46 BH9-7 Total/NA

Solid 6010C 146913550-102643-47 BH9-8 Total/NA
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QC Association Summary
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Metals (Continued)

Analysis Batch: 147313 (Continued)

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

Solid 6010C 146913550-102643-48 BH9-9 Total/NA

Solid 6010C 146913550-102643-49 BH9-10 Total/NA

Solid 6010C 146913550-102643-50 DUP-1 Total/NA

Solid 6010C 146913550-102643-51 DUP-2 Total/NA

Solid 6010C 146913550-102643-52 DUP-3 Total/NA

Solid 6010C 146913550-102643-55 BH5-7 Total/NA

Solid 6010C 146913550-102643-56 BH5-8 Total/NA

Solid 6010C 146913550-102643-57 BH5-9 Total/NA

Solid 6010C 146913550-102643-58 BH5-10 Total/NA

Solid 6010C 146913550-102643-59 BH2-4 Total/NA

Solid 6010C 146913MB 550-146913/1-A Method Blank Total/NA

Solid 6010C 146913LCS 550-146913/2-A Lab Control Sample Total/NA

Solid 6010C 146913LCSD 550-146913/3-A Lab Control Sample Dup Total/NA

Solid 6010C 146913550-102643-41 MS BH9-2 Total/NA

Solid 6010C 146913550-102643-41 MSD BH9-2 Total/NA

Analysis Batch: 147463

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

Solid 6010C 146890550-102643-1 BH1-1 Total/NA

Solid 6010C 146890550-102643-2 BH1-2 Total/NA

Solid 6010C 146890550-102643-3 BH1-3 Total/NA

Solid 6010C 146890550-102643-4 BH1-4 Total/NA

Solid 6010C 146890550-102643-5 BH1-5 Total/NA

Solid 6010C 146890550-102643-6 BH1-6 Total/NA

Solid 6010C 146890550-102643-7 BH2-0-4 Total/NA

Solid 6010C 146890550-102643-8 BH2-5 Total/NA

Solid 6010C 146890550-102643-9 BH2-6 Total/NA

Solid 6010C 146890550-102643-10 BH3-1 Total/NA

Solid 6010C 146890550-102643-11 BH3-2 Total/NA

Solid 6010C 146890550-102643-12 BH3-3 Total/NA

Solid 6010C 146890550-102643-13 BH3-4 Total/NA

Solid 6010C 146890550-102643-14 BH3-5 Total/NA

Solid 6010C 146890550-102643-15 BH3-6 Total/NA

Solid 6010C 146890550-102643-16 BH4-1 Total/NA

Solid 6010C 146890550-102643-17 BH4-2 Total/NA

Solid 6010C 146890550-102643-18 BH4-2-4 Total/NA

Solid 6010C 146890550-102643-19 BH4-4-6 Total/NA

Solid 6010C 146890550-102643-20 BH4-6-8 Total/NA

Solid 6010C 146890MB 550-146890/1-A Method Blank Total/NA

Solid 6010C 146890LCS 550-146890/2-A Lab Control Sample Total/NA

Solid 6010C 146890LCSD 550-146890/3-A Lab Control Sample Dup Total/NA

Solid 6010C 146890550-102643-1 MS BH1-1 Total/NA

Solid 6010C 146890550-102643-1 MSD BH1-1 Total/NA

Analysis Batch: 147464

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

Solid 6010C 146901550-102643-21 BH5-1 Total/NA

Solid 6010C 146901550-102643-22 BH5-2 Total/NA

Solid 6010C 146901550-102643-23 BH5-3 Total/NA

Solid 6010C 146901550-102643-24 BH5-4 Total/NA

Solid 6010C 146901550-102643-25 BH5-5 Total/NA
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QC Association Summary
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Metals (Continued)

Analysis Batch: 147464 (Continued)

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

Solid 6010C 146901550-102643-26 BH5-6 Total/NA

Solid 6010C 146901550-102643-27 BH6-1 Total/NA

Solid 6010C 146901550-102643-28 BH6-2 Total/NA

Solid 6010C 146901550-102643-29 BH6-3 Total/NA

Solid 6010C 146901550-102643-30 BH6-4 Total/NA

Solid 6010C 146901550-102643-31 BH6-5 Total/NA

Solid 6010C 146901550-102643-32 BH6-6 Total/NA

Solid 6010C 146901550-102643-33 BH7-1 Total/NA

Solid 6010C 146901550-102643-34 BH7-2 Total/NA

Solid 6010C 146901550-102643-35 BH7-3 Total/NA

Solid 6010C 146901550-102643-36 BH7-4-5 Total/NA

Solid 6010C 146901550-102643-37 BH8-1 Total/NA

Solid 6010C 146901550-102643-38 BH8-2 Total/NA

Solid 6010C 146901550-102643-39 BH8-3 Total/NA

Solid 6010C 146901550-102643-40 BH9-1 Total/NA

Solid 6010C 146901MB 550-146901/1-A Method Blank Total/NA

Solid 6010C 146901LCS 550-146901/2-A Lab Control Sample Total/NA

Solid 6010C 146901LCSD 550-146901/3-A Lab Control Sample Dup Total/NA

Solid 6010C 146901550-102643-21 MS BH5-1 Total/NA

Solid 6010C 146901550-102643-21 MSD BH5-1 Total/NA

Analysis Batch: 147468

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

Solid 6010C 146913550-102643-41 BH9-2 Total/NA

Solid 6010C 146913550-102643-42 BH9-3 Total/NA

Solid 6010C 146913550-102643-43 BH9-4 Total/NA

Solid 6010C 146913550-102643-44 BH9-5 Total/NA

Solid 6010C 146913550-102643-45 BH9-6 Total/NA

Solid 6010C 146913550-102643-46 BH9-7 Total/NA

Solid 6010C 146913550-102643-47 BH9-8 Total/NA

Solid 6010C 146913550-102643-48 BH9-9 Total/NA

Solid 6010C 146913550-102643-49 BH9-10 Total/NA

Solid 6010C 146913550-102643-50 DUP-1 Total/NA

Solid 6010C 146913550-102643-51 DUP-2 Total/NA

Solid 6010C 146913550-102643-52 DUP-3 Total/NA

Solid 6010C 146913550-102643-52 DUP-3 Total/NA

Solid 6010C 146913550-102643-55 BH5-7 Total/NA

Solid 6010C 146913550-102643-56 BH5-8 Total/NA

Solid 6010C 146913550-102643-57 BH5-9 Total/NA

Solid 6010C 146913550-102643-58 BH5-10 Total/NA

Solid 6010C 146913550-102643-59 BH2-4 Total/NA

Solid 6010C 146913MB 550-146913/1-A Method Blank Total/NA

Solid 6010C 146913LCS 550-146913/2-A Lab Control Sample Total/NA

Solid 6010C 146913LCSD 550-146913/3-A Lab Control Sample Dup Total/NA

Solid 6010C 146913550-102643-41 MS BH9-2 Total/NA

Solid 6010C 146913550-102643-41 MSD BH9-2 Total/NA

Analysis Batch: 147581

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

Solid 6010C 146901550-102643-21 BH5-1 Total/NA

Solid 6010C 146901550-102643-22 BH5-2 Total/NA
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QC Association Summary
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Metals (Continued)

Analysis Batch: 147581 (Continued)

Lab Sample ID Client Sample ID Prep Type Matrix Method Prep Batch

Solid 6010C 146901550-102643-23 BH5-3 Total/NA

Solid 6010C 146901550-102643-24 BH5-4 Total/NA

Solid 6010C 146901550-102643-25 BH5-5 Total/NA

Solid 6010C 146901550-102643-26 BH5-6 Total/NA

Solid 6010C 146901550-102643-27 BH6-1 Total/NA

Solid 6010C 146901550-102643-28 BH6-2 Total/NA

Solid 6010C 146901550-102643-29 BH6-3 Total/NA

Solid 6010C 146901550-102643-30 BH6-4 Total/NA

Solid 6010C 146901550-102643-31 BH6-5 Total/NA

Solid 6010C 146901550-102643-32 BH6-6 Total/NA

Solid 6010C 146901550-102643-33 BH7-1 Total/NA

Solid 6010C 146901550-102643-34 BH7-2 Total/NA

Solid 6010C 146901550-102643-35 BH7-3 Total/NA

Solid 6010C 146901550-102643-36 BH7-4-5 Total/NA

Solid 6010C 146901550-102643-37 BH8-1 Total/NA

Solid 6010C 146901550-102643-38 BH8-2 Total/NA

Solid 6010C 146901550-102643-39 BH8-3 Total/NA

Solid 6010C 146901550-102643-40 BH9-1 Total/NA

Solid 6010C 146901MB 550-146901/1-A Method Blank Total/NA

Solid 6010C 146901LCS 550-146901/2-A Lab Control Sample Total/NA

Solid 6010C 146901LCSD 550-146901/3-A Lab Control Sample Dup Total/NA

Solid 6010C 146901550-102643-21 MS BH5-1 Total/NA

Solid 6010C 146901550-102643-21 MSD BH5-1 Total/NA
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Lab Chronicle
Client: Brown and Caldwell TestAmerica Job ID: 550-102643-1
Project/Site: Metals in Soil

Client Sample ID: BH1-1 Lab Sample ID: 550-102643-1
Matrix: SolidDate Collected: 05/08/18 10:00

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 15:08 EXZ146890 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147310 05/16/18 00:18 ARE TAL PHXTotal/NA

Prep 3050B 146890 05/10/18 15:08 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147463 05/17/18 02:54 ARE TAL PHXTotal/NA

Prep 7471B 146891 05/10/18 15:13 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147219 05/15/18 00:42 JTG TAL PHXTotal/NA

Client Sample ID: BH1-2 Lab Sample ID: 550-102643-2
Matrix: SolidDate Collected: 05/08/18 10:00

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 15:08 EXZ146890 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147310 05/16/18 00:24 ARE TAL PHXTotal/NA

Prep 3050B 146890 05/10/18 15:08 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147463 05/17/18 03:02 ARE TAL PHXTotal/NA

Prep 7471B 146891 05/10/18 15:13 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147219 05/15/18 00:43 JTG TAL PHXTotal/NA

Client Sample ID: BH1-3 Lab Sample ID: 550-102643-3
Matrix: SolidDate Collected: 05/08/18 10:00

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 15:08 EXZ146890 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147310 05/16/18 00:29 ARE TAL PHXTotal/NA

Prep 3050B 146890 05/10/18 15:08 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147463 05/17/18 03:09 ARE TAL PHXTotal/NA

Prep 7471B 146891 05/10/18 15:13 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147219 05/15/18 00:45 JTG TAL PHXTotal/NA

Client Sample ID: BH1-4 Lab Sample ID: 550-102643-4
Matrix: SolidDate Collected: 05/08/18 10:00

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 15:08 EXZ146890 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147310 05/16/18 00:34 ARE TAL PHXTotal/NA

Prep 3050B 146890 05/10/18 15:08 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147463 05/17/18 03:17 ARE TAL PHXTotal/NA

Prep 7471B 146891 05/10/18 15:13 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147219 05/15/18 00:46 JTG TAL PHXTotal/NA
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Lab Chronicle
Client: Brown and Caldwell TestAmerica Job ID: 550-102643-1
Project/Site: Metals in Soil

Client Sample ID: BH1-5 Lab Sample ID: 550-102643-5
Matrix: SolidDate Collected: 05/08/18 10:00

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 15:08 EXZ146890 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147310 05/16/18 00:37 ARE TAL PHXTotal/NA

Prep 3050B 146890 05/10/18 15:08 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147463 05/17/18 03:22 ARE TAL PHXTotal/NA

Prep 7471B 146891 05/10/18 15:13 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147219 05/15/18 00:47 JTG TAL PHXTotal/NA

Client Sample ID: BH1-6 Lab Sample ID: 550-102643-6
Matrix: SolidDate Collected: 05/08/18 10:00

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 15:08 EXZ146890 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147310 05/16/18 00:42 ARE TAL PHXTotal/NA

Prep 3050B 146890 05/10/18 15:08 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147463 05/17/18 03:33 ARE TAL PHXTotal/NA

Prep 7471B 146891 05/10/18 15:13 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147219 05/15/18 00:48 JTG TAL PHXTotal/NA

Client Sample ID: BH2-0-4 Lab Sample ID: 550-102643-7
Matrix: SolidDate Collected: 05/08/18 10:35

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 15:08 EXZ146890 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147310 05/16/18 00:47 ARE TAL PHXTotal/NA

Prep 3050B 146890 05/10/18 15:08 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147463 05/17/18 03:38 ARE TAL PHXTotal/NA

Prep 7471B 146891 05/10/18 15:13 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147219 05/15/18 00:49 JTG TAL PHXTotal/NA

Client Sample ID: BH2-5 Lab Sample ID: 550-102643-8
Matrix: SolidDate Collected: 05/08/18 10:35

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 15:08 EXZ146890 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147310 05/16/18 00:53 ARE TAL PHXTotal/NA

Prep 3050B 146890 05/10/18 15:08 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147463 05/17/18 03:46 ARE TAL PHXTotal/NA

Prep 7471B 146891 05/10/18 15:13 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147219 05/15/18 00:50 JTG TAL PHXTotal/NA
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Lab Chronicle
Client: Brown and Caldwell TestAmerica Job ID: 550-102643-1
Project/Site: Metals in Soil

Client Sample ID: BH2-6 Lab Sample ID: 550-102643-9
Matrix: SolidDate Collected: 05/08/18 10:35

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 15:08 EXZ146890 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147310 05/16/18 00:58 ARE TAL PHXTotal/NA

Prep 3050B 146890 05/10/18 15:08 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147463 05/17/18 03:51 ARE TAL PHXTotal/NA

Prep 7471B 146891 05/10/18 15:13 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147219 05/15/18 00:52 JTG TAL PHXTotal/NA

Client Sample ID: BH3-1 Lab Sample ID: 550-102643-10
Matrix: SolidDate Collected: 05/08/18 11:20

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 15:08 EXZ146890 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147310 05/16/18 01:03 ARE TAL PHXTotal/NA

Prep 3050B 146890 05/10/18 15:08 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147463 05/17/18 03:56 ARE TAL PHXTotal/NA

Prep 7471B 146891 05/10/18 15:13 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147219 05/15/18 00:53 JTG TAL PHXTotal/NA

Client Sample ID: BH3-2 Lab Sample ID: 550-102643-11
Matrix: SolidDate Collected: 05/08/18 11:20

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 15:08 EXZ146890 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147310 05/16/18 01:17 ARE TAL PHXTotal/NA

Prep 3050B 146890 05/10/18 15:08 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147463 05/17/18 04:06 ARE TAL PHXTotal/NA

Prep 7471B 146891 05/10/18 15:13 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147219 05/15/18 00:56 JTG TAL PHXTotal/NA

Client Sample ID: BH3-3 Lab Sample ID: 550-102643-12
Matrix: SolidDate Collected: 05/08/18 11:20

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 15:08 EXZ146890 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147310 05/16/18 01:22 ARE TAL PHXTotal/NA

Prep 3050B 146890 05/10/18 15:08 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147463 05/17/18 04:11 ARE TAL PHXTotal/NA

Prep 7471B 146891 05/10/18 15:13 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147219 05/15/18 00:57 JTG TAL PHXTotal/NA
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Lab Chronicle
Client: Brown and Caldwell TestAmerica Job ID: 550-102643-1
Project/Site: Metals in Soil

Client Sample ID: BH3-4 Lab Sample ID: 550-102643-13
Matrix: SolidDate Collected: 05/08/18 11:20

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 15:08 EXZ146890 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147310 05/16/18 01:28 ARE TAL PHXTotal/NA

Prep 3050B 146890 05/10/18 15:08 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147463 05/17/18 04:17 ARE TAL PHXTotal/NA

Prep 7471B 146891 05/10/18 15:13 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147219 05/15/18 00:59 JTG TAL PHXTotal/NA

Client Sample ID: BH3-5 Lab Sample ID: 550-102643-14
Matrix: SolidDate Collected: 05/08/18 11:20

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 15:08 EXZ146890 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147310 05/16/18 01:30 ARE TAL PHXTotal/NA

Prep 3050B 146890 05/10/18 15:08 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147463 05/17/18 04:22 ARE TAL PHXTotal/NA

Prep 7471B 146891 05/10/18 15:13 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147219 05/15/18 01:00 JTG TAL PHXTotal/NA

Client Sample ID: BH3-6 Lab Sample ID: 550-102643-15
Matrix: SolidDate Collected: 05/08/18 11:20

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 15:08 EXZ146890 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147310 05/16/18 01:32 ARE TAL PHXTotal/NA

Prep 3050B 146890 05/10/18 15:08 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147463 05/17/18 04:27 ARE TAL PHXTotal/NA

Prep 7471B 146891 05/10/18 15:13 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147219 05/15/18 01:01 JTG TAL PHXTotal/NA

Client Sample ID: BH4-1 Lab Sample ID: 550-102643-16
Matrix: SolidDate Collected: 05/08/18 11:45

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 15:08 EXZ146890 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147310 05/16/18 01:37 ARE TAL PHXTotal/NA

Prep 3050B 146890 05/10/18 15:08 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147463 05/17/18 04:40 ARE TAL PHXTotal/NA

Prep 7471B 146891 05/10/18 15:13 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147219 05/15/18 01:02 JTG TAL PHXTotal/NA

TestAmerica Phoenix

Page 58 of 79 5/23/2018

1

2

3

4

5

6

7

8

9

10

11

12

13

14



Lab Chronicle
Client: Brown and Caldwell TestAmerica Job ID: 550-102643-1
Project/Site: Metals in Soil

Client Sample ID: BH4-2 Lab Sample ID: 550-102643-17
Matrix: SolidDate Collected: 05/08/18 11:45

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 15:08 EXZ146890 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147310 05/16/18 01:43 ARE TAL PHXTotal/NA

Prep 3050B 146890 05/10/18 15:08 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147463 05/17/18 04:45 ARE TAL PHXTotal/NA

Prep 7471B 146891 05/10/18 15:13 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147219 05/15/18 01:03 JTG TAL PHXTotal/NA

Client Sample ID: BH4-2-4 Lab Sample ID: 550-102643-18
Matrix: SolidDate Collected: 05/08/18 11:45

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 15:08 EXZ146890 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147310 05/16/18 01:48 ARE TAL PHXTotal/NA

Prep 3050B 146890 05/10/18 15:08 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147463 05/17/18 04:53 ARE TAL PHXTotal/NA

Prep 7471B 146891 05/10/18 15:13 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147219 05/15/18 01:04 JTG TAL PHXTotal/NA

Client Sample ID: BH4-4-6 Lab Sample ID: 550-102643-19
Matrix: SolidDate Collected: 05/08/18 11:45

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 15:08 EXZ146890 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147310 05/16/18 01:53 ARE TAL PHXTotal/NA

Prep 3050B 146890 05/10/18 15:08 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147463 05/17/18 05:01 ARE TAL PHXTotal/NA

Prep 7471B 146891 05/10/18 15:13 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147219 05/15/18 01:06 JTG TAL PHXTotal/NA

Client Sample ID: BH4-6-8 Lab Sample ID: 550-102643-20
Matrix: SolidDate Collected: 05/08/18 11:45

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 15:08 EXZ146890 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147310 05/16/18 01:59 ARE TAL PHXTotal/NA

Prep 3050B 146890 05/10/18 15:08 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147463 05/17/18 05:09 ARE TAL PHXTotal/NA

Prep 7471B 146891 05/10/18 15:13 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147219 05/15/18 01:07 JTG TAL PHXTotal/NA
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Lab Chronicle
Client: Brown and Caldwell TestAmerica Job ID: 550-102643-1
Project/Site: Metals in Soil

Client Sample ID: BH5-1 Lab Sample ID: 550-102643-21
Matrix: SolidDate Collected: 05/08/18 12:00

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 17:14 EXZ146901 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147311 05/16/18 02:42 ARE TAL PHXTotal/NA

Prep 3050B 146901 05/10/18 17:14 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147464 05/17/18 05:57 ARE TAL PHXTotal/NA

Prep 3050B 146901 05/10/18 17:14 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147581 05/18/18 00:12 ARE TAL PHXTotal/NA

Prep 7471B 146902 05/10/18 17:17 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147222 05/15/18 01:23 JTG TAL PHXTotal/NA

Client Sample ID: BH5-2 Lab Sample ID: 550-102643-22
Matrix: SolidDate Collected: 05/08/18 12:00

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 17:14 EXZ146901 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147311 05/16/18 02:47 ARE TAL PHXTotal/NA

Prep 3050B 146901 05/10/18 17:14 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147464 05/17/18 06:05 ARE TAL PHXTotal/NA

Prep 3050B 146901 05/10/18 17:14 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147581 05/18/18 00:17 ARE TAL PHXTotal/NA

Prep 7471B 146902 05/10/18 17:17 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147222 05/15/18 01:24 JTG TAL PHXTotal/NA

Client Sample ID: BH5-3 Lab Sample ID: 550-102643-23
Matrix: SolidDate Collected: 05/08/18 12:00

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 17:14 EXZ146901 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147311 05/16/18 02:52 ARE TAL PHXTotal/NA

Prep 3050B 146901 05/10/18 17:14 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147464 05/17/18 06:13 ARE TAL PHXTotal/NA

Prep 3050B 146901 05/10/18 17:14 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147581 05/18/18 00:22 ARE TAL PHXTotal/NA

Prep 7471B 146902 05/10/18 17:17 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147222 05/15/18 01:25 JTG TAL PHXTotal/NA

Client Sample ID: BH5-4 Lab Sample ID: 550-102643-24
Matrix: SolidDate Collected: 05/08/18 12:00

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 17:14 EXZ146901 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA
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Lab Chronicle
Client: Brown and Caldwell TestAmerica Job ID: 550-102643-1
Project/Site: Metals in Soil

Client Sample ID: BH5-4 Lab Sample ID: 550-102643-24
Matrix: SolidDate Collected: 05/08/18 12:00

Date Received: 05/09/18 10:16

Analysis 6010C 05/16/18 02:58 ARE1 147311 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Prep 3050B 146901 05/10/18 17:14 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147464 05/17/18 06:21 ARE TAL PHXTotal/NA

Prep 3050B 146901 05/10/18 17:14 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147581 05/18/18 00:28 ARE TAL PHXTotal/NA

Prep 7471B 146902 05/10/18 17:17 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147222 05/15/18 01:26 JTG TAL PHXTotal/NA

Client Sample ID: BH5-5 Lab Sample ID: 550-102643-25
Matrix: SolidDate Collected: 05/08/18 12:00

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 17:14 EXZ146901 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147311 05/16/18 03:00 ARE TAL PHXTotal/NA

Prep 3050B 146901 05/10/18 17:14 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147464 05/17/18 06:26 ARE TAL PHXTotal/NA

Prep 3050B 146901 05/10/18 17:14 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147581 05/18/18 00:30 ARE TAL PHXTotal/NA

Prep 7471B 146902 05/10/18 17:17 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147222 05/15/18 01:28 JTG TAL PHXTotal/NA

Client Sample ID: BH5-6 Lab Sample ID: 550-102643-26
Matrix: SolidDate Collected: 05/08/18 12:00

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 17:14 EXZ146901 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147311 05/16/18 03:05 ARE TAL PHXTotal/NA

Prep 3050B 146901 05/10/18 17:14 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147464 05/17/18 06:40 ARE TAL PHXTotal/NA

Prep 3050B 146901 05/10/18 17:14 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147581 05/18/18 00:35 ARE TAL PHXTotal/NA

Prep 7471B 146902 05/10/18 17:17 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147222 05/15/18 01:29 JTG TAL PHXTotal/NA

Client Sample ID: BH6-1 Lab Sample ID: 550-102643-27
Matrix: SolidDate Collected: 05/08/18 13:10

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 17:14 EXZ146901 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147311 05/16/18 03:11 ARE TAL PHXTotal/NA
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Lab Chronicle
Client: Brown and Caldwell TestAmerica Job ID: 550-102643-1
Project/Site: Metals in Soil

Client Sample ID: BH6-1 Lab Sample ID: 550-102643-27
Matrix: SolidDate Collected: 05/08/18 13:10

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 17:14 EXZ146901 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147464 05/17/18 06:48 ARE TAL PHXTotal/NA

Prep 3050B 146901 05/10/18 17:14 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147581 05/18/18 00:40 ARE TAL PHXTotal/NA

Prep 7471B 146902 05/10/18 17:17 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147222 05/15/18 01:30 JTG TAL PHXTotal/NA

Client Sample ID: BH6-2 Lab Sample ID: 550-102643-28
Matrix: SolidDate Collected: 05/08/18 13:10

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 17:14 EXZ146901 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147311 05/16/18 03:16 ARE TAL PHXTotal/NA

Prep 3050B 146901 05/10/18 17:14 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147464 05/17/18 06:56 ARE TAL PHXTotal/NA

Prep 3050B 146901 05/10/18 17:14 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147581 05/18/18 00:45 ARE TAL PHXTotal/NA

Prep 7471B 146902 05/10/18 17:17 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147222 05/15/18 01:31 JTG TAL PHXTotal/NA

Client Sample ID: BH6-3 Lab Sample ID: 550-102643-29
Matrix: SolidDate Collected: 05/08/18 13:10

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 17:14 EXZ146901 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147311 05/16/18 03:21 ARE TAL PHXTotal/NA

Prep 3050B 146901 05/10/18 17:14 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147464 05/17/18 07:04 ARE TAL PHXTotal/NA

Prep 3050B 146901 05/10/18 17:14 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147581 05/18/18 00:51 ARE TAL PHXTotal/NA

Prep 7471B 146902 05/10/18 17:17 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147222 05/15/18 01:32 JTG TAL PHXTotal/NA

Client Sample ID: BH6-4 Lab Sample ID: 550-102643-30
Matrix: SolidDate Collected: 05/08/18 13:10

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 17:14 EXZ146901 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147311 05/16/18 03:27 ARE TAL PHXTotal/NA

Prep 3050B 146901 05/10/18 17:14 EXZ TAL PHXTotal/NA
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Lab Chronicle
Client: Brown and Caldwell TestAmerica Job ID: 550-102643-1
Project/Site: Metals in Soil

Client Sample ID: BH6-4 Lab Sample ID: 550-102643-30
Matrix: SolidDate Collected: 05/08/18 13:10

Date Received: 05/09/18 10:16

Analysis 6010C 05/17/18 07:09 ARE1 147464 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Prep 3050B 146901 05/10/18 17:14 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147581 05/18/18 00:56 ARE TAL PHXTotal/NA

Prep 7471B 146902 05/10/18 17:17 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147222 05/15/18 01:33 JTG TAL PHXTotal/NA

Client Sample ID: BH6-5 Lab Sample ID: 550-102643-31
Matrix: SolidDate Collected: 05/08/18 13:10

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 17:14 EXZ146901 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147311 05/16/18 03:37 ARE TAL PHXTotal/NA

Prep 3050B 146901 05/10/18 17:14 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147464 05/17/18 07:19 ARE TAL PHXTotal/NA

Prep 3050B 146901 05/10/18 17:14 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147581 05/18/18 01:04 ARE TAL PHXTotal/NA

Prep 7471B 146902 05/10/18 17:17 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147222 05/15/18 01:37 JTG TAL PHXTotal/NA

Client Sample ID: BH6-6 Lab Sample ID: 550-102643-32
Matrix: SolidDate Collected: 05/08/18 13:10

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 17:14 EXZ146901 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147311 05/16/18 03:43 ARE TAL PHXTotal/NA

Prep 3050B 146901 05/10/18 17:14 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147464 05/17/18 07:27 ARE TAL PHXTotal/NA

Prep 3050B 146901 05/10/18 17:14 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147581 05/18/18 01:09 ARE TAL PHXTotal/NA

Prep 7471B 146902 05/10/18 17:17 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147222 05/15/18 01:38 JTG TAL PHXTotal/NA

Client Sample ID: BH7-1 Lab Sample ID: 550-102643-33
Matrix: SolidDate Collected: 05/08/18 13:30

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 17:14 EXZ146901 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147311 05/16/18 03:48 ARE TAL PHXTotal/NA

Prep 3050B 146901 05/10/18 17:14 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147464 05/17/18 07:35 ARE TAL PHXTotal/NA
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Lab Chronicle
Client: Brown and Caldwell TestAmerica Job ID: 550-102643-1
Project/Site: Metals in Soil

Client Sample ID: BH7-1 Lab Sample ID: 550-102643-33
Matrix: SolidDate Collected: 05/08/18 13:30

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 17:14 EXZ146901 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147581 05/18/18 01:14 ARE TAL PHXTotal/NA

Prep 7471B 146902 05/10/18 17:17 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147222 05/15/18 01:39 JTG TAL PHXTotal/NA

Client Sample ID: BH7-2 Lab Sample ID: 550-102643-34
Matrix: SolidDate Collected: 05/08/18 13:30

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 17:14 EXZ146901 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147311 05/16/18 03:50 ARE TAL PHXTotal/NA

Prep 3050B 146901 05/10/18 17:14 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147464 05/17/18 07:40 ARE TAL PHXTotal/NA

Prep 3050B 146901 05/10/18 17:14 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147581 05/18/18 01:17 ARE TAL PHXTotal/NA

Prep 7471B 146902 05/10/18 17:17 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147222 05/15/18 01:40 JTG TAL PHXTotal/NA

Client Sample ID: BH7-3 Lab Sample ID: 550-102643-35
Matrix: SolidDate Collected: 05/08/18 13:30

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 17:14 EXZ146901 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147311 05/16/18 03:55 ARE TAL PHXTotal/NA

Prep 3050B 146901 05/10/18 17:14 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147464 05/17/18 07:48 ARE TAL PHXTotal/NA

Prep 3050B 146901 05/10/18 17:14 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147581 05/18/18 01:22 ARE TAL PHXTotal/NA

Prep 7471B 146902 05/10/18 17:17 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147222 05/15/18 01:42 JTG TAL PHXTotal/NA

Client Sample ID: BH7-4-5 Lab Sample ID: 550-102643-36
Matrix: SolidDate Collected: 05/08/18 13:30

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 17:14 EXZ146901 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147311 05/16/18 04:01 ARE TAL PHXTotal/NA

Prep 3050B 146901 05/10/18 17:14 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147464 05/17/18 08:02 ARE TAL PHXTotal/NA

Prep 3050B 146901 05/10/18 17:14 EXZ TAL PHXTotal/NA
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Lab Chronicle
Client: Brown and Caldwell TestAmerica Job ID: 550-102643-1
Project/Site: Metals in Soil

Client Sample ID: BH7-4-5 Lab Sample ID: 550-102643-36
Matrix: SolidDate Collected: 05/08/18 13:30

Date Received: 05/09/18 10:16

Analysis 6010C 05/18/18 01:27 ARE1 147581 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Prep 7471B 146902 05/10/18 17:17 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147222 05/15/18 01:43 JTG TAL PHXTotal/NA

Client Sample ID: BH8-1 Lab Sample ID: 550-102643-37
Matrix: SolidDate Collected: 05/08/18 13:45

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 17:14 EXZ146901 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147311 05/16/18 04:03 ARE TAL PHXTotal/NA

Prep 3050B 146901 05/10/18 17:14 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147464 05/17/18 08:07 ARE TAL PHXTotal/NA

Prep 3050B 146901 05/10/18 17:14 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147581 05/18/18 01:30 ARE TAL PHXTotal/NA

Prep 7471B 146902 05/10/18 17:17 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147222 05/15/18 01:44 JTG TAL PHXTotal/NA

Client Sample ID: BH8-2 Lab Sample ID: 550-102643-38
Matrix: SolidDate Collected: 05/08/18 13:45

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 17:14 EXZ146901 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147311 05/16/18 04:08 ARE TAL PHXTotal/NA

Prep 3050B 146901 05/10/18 17:14 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147464 05/17/18 08:15 ARE TAL PHXTotal/NA

Prep 3050B 146901 05/10/18 17:14 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147581 05/18/18 01:35 ARE TAL PHXTotal/NA

Prep 7471B 146902 05/10/18 17:17 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147222 05/15/18 01:45 JTG TAL PHXTotal/NA

Client Sample ID: BH8-3 Lab Sample ID: 550-102643-39
Matrix: SolidDate Collected: 05/08/18 13:45

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 17:14 EXZ146901 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147311 05/16/18 04:11 ARE TAL PHXTotal/NA

Prep 3050B 146901 05/10/18 17:14 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147464 05/17/18 08:20 ARE TAL PHXTotal/NA

Prep 3050B 146901 05/10/18 17:14 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147581 05/18/18 01:37 ARE TAL PHXTotal/NA
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Lab Chronicle
Client: Brown and Caldwell TestAmerica Job ID: 550-102643-1
Project/Site: Metals in Soil

Client Sample ID: BH8-3 Lab Sample ID: 550-102643-39
Matrix: SolidDate Collected: 05/08/18 13:45

Date Received: 05/09/18 10:16

Prep 7471B 05/10/18 17:17 EXZ146902 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 7471B 1 147222 05/15/18 01:46 JTG TAL PHXTotal/NA

Client Sample ID: BH9-1 Lab Sample ID: 550-102643-40
Matrix: SolidDate Collected: 05/08/18 14:30

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 17:14 EXZ146901 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147311 05/16/18 04:16 ARE TAL PHXTotal/NA

Prep 3050B 146901 05/10/18 17:14 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147464 05/17/18 08:28 ARE TAL PHXTotal/NA

Prep 3050B 146901 05/10/18 17:14 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147581 05/18/18 01:43 ARE TAL PHXTotal/NA

Prep 7471B 146902 05/10/18 17:17 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147222 05/15/18 01:47 JTG TAL PHXTotal/NA

Client Sample ID: BH9-2 Lab Sample ID: 550-102643-41
Matrix: SolidDate Collected: 05/08/18 14:30

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 18:53 EXZ146913 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147313 05/16/18 04:59 ARE TAL PHXTotal/NA

Prep 3050B 146913 05/10/18 18:53 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147468 05/17/18 09:16 ARE TAL PHXTotal/NA

Prep 7471B 146912 05/10/18 18:50 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147224 05/15/18 02:01 JTG TAL PHXTotal/NA

Client Sample ID: BH9-3 Lab Sample ID: 550-102643-42
Matrix: SolidDate Collected: 05/08/18 14:30

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 18:53 EXZ146913 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147313 05/16/18 05:05 ARE TAL PHXTotal/NA

Prep 3050B 146913 05/10/18 18:53 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147468 05/17/18 09:24 ARE TAL PHXTotal/NA

Prep 7471B 146912 05/10/18 18:50 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147224 05/15/18 02:02 JTG TAL PHXTotal/NA

TestAmerica Phoenix

Page 66 of 79 5/23/2018

1

2

3

4

5

6

7

8

9

10

11

12

13

14



Lab Chronicle
Client: Brown and Caldwell TestAmerica Job ID: 550-102643-1
Project/Site: Metals in Soil

Client Sample ID: BH9-4 Lab Sample ID: 550-102643-43
Matrix: SolidDate Collected: 05/08/18 14:30

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 18:53 EXZ146913 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147313 05/16/18 05:10 ARE TAL PHXTotal/NA

Prep 3050B 146913 05/10/18 18:53 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147468 05/17/18 09:37 ARE TAL PHXTotal/NA

Prep 7471B 146912 05/10/18 18:50 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147224 05/15/18 02:03 JTG TAL PHXTotal/NA

Client Sample ID: BH9-5 Lab Sample ID: 550-102643-44
Matrix: SolidDate Collected: 05/08/18 14:30

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 18:53 EXZ146913 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147313 05/16/18 05:15 ARE TAL PHXTotal/NA

Prep 3050B 146913 05/10/18 18:53 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147468 05/17/18 09:45 ARE TAL PHXTotal/NA

Prep 7471B 146912 05/10/18 18:50 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147224 05/15/18 02:04 JTG TAL PHXTotal/NA

Client Sample ID: BH9-6 Lab Sample ID: 550-102643-45
Matrix: SolidDate Collected: 05/08/18 14:30

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 18:53 EXZ146913 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147313 05/16/18 05:21 ARE TAL PHXTotal/NA

Prep 3050B 146913 05/10/18 18:53 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147468 05/17/18 09:53 ARE TAL PHXTotal/NA

Prep 7471B 146912 05/10/18 18:50 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147224 05/15/18 02:05 JTG TAL PHXTotal/NA

Client Sample ID: BH9-7 Lab Sample ID: 550-102643-46
Matrix: SolidDate Collected: 05/08/18 14:30

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 18:53 EXZ146913 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147313 05/16/18 05:26 ARE TAL PHXTotal/NA

Prep 3050B 146913 05/10/18 18:53 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147468 05/17/18 09:58 ARE TAL PHXTotal/NA

Prep 7471B 146912 05/10/18 18:50 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147224 05/15/18 02:06 JTG TAL PHXTotal/NA
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Lab Chronicle
Client: Brown and Caldwell TestAmerica Job ID: 550-102643-1
Project/Site: Metals in Soil

Client Sample ID: BH9-8 Lab Sample ID: 550-102643-47
Matrix: SolidDate Collected: 05/08/18 14:30

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 18:53 EXZ146913 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147313 05/16/18 05:31 ARE TAL PHXTotal/NA

Prep 3050B 146913 05/10/18 18:53 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147468 05/17/18 10:03 ARE TAL PHXTotal/NA

Prep 7471B 146912 05/10/18 18:50 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147224 05/15/18 02:07 JTG TAL PHXTotal/NA

Client Sample ID: BH9-9 Lab Sample ID: 550-102643-48
Matrix: SolidDate Collected: 05/08/18 14:30

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 18:53 EXZ146913 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147313 05/16/18 05:45 ARE TAL PHXTotal/NA

Prep 3050B 146913 05/10/18 18:53 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147468 05/17/18 10:17 ARE TAL PHXTotal/NA

Prep 7471B 146912 05/10/18 18:50 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147224 05/15/18 02:09 JTG TAL PHXTotal/NA

Client Sample ID: BH9-10 Lab Sample ID: 550-102643-49
Matrix: SolidDate Collected: 05/08/18 14:30

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 18:53 EXZ146913 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147313 05/16/18 05:50 ARE TAL PHXTotal/NA

Prep 3050B 146913 05/10/18 18:53 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147468 05/17/18 10:25 ARE TAL PHXTotal/NA

Prep 7471B 146912 05/10/18 18:50 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147224 05/15/18 02:10 JTG TAL PHXTotal/NA

Client Sample ID: DUP-1 Lab Sample ID: 550-102643-50
Matrix: SolidDate Collected: 05/08/18 10:30

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 18:53 EXZ146913 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147313 05/16/18 05:56 ARE TAL PHXTotal/NA

Prep 3050B 146913 05/10/18 18:53 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147468 05/17/18 10:33 ARE TAL PHXTotal/NA

Prep 7471B 146912 05/10/18 18:50 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147224 05/15/18 02:11 JTG TAL PHXTotal/NA
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Lab Chronicle
Client: Brown and Caldwell TestAmerica Job ID: 550-102643-1
Project/Site: Metals in Soil

Client Sample ID: DUP-2 Lab Sample ID: 550-102643-51
Matrix: SolidDate Collected: 05/08/18 11:00

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 18:53 EXZ146913 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147313 05/16/18 05:58 ARE TAL PHXTotal/NA

Prep 3050B 146913 05/10/18 18:53 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147468 05/17/18 10:38 ARE TAL PHXTotal/NA

Prep 7471B 146912 05/10/18 18:50 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147224 05/15/18 02:14 JTG TAL PHXTotal/NA

Client Sample ID: DUP-3 Lab Sample ID: 550-102643-52
Matrix: SolidDate Collected: 05/08/18 13:00

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 18:53 EXZ146913 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147313 05/16/18 06:03 ARE TAL PHXTotal/NA

Prep 3050B 146913 05/10/18 18:53 EXZ TAL PHXTotal/NA

Analysis 6010C 20 147468 05/17/18 10:43 ARE TAL PHXTotal/NA

Prep 3050B 146913 05/10/18 18:53 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147468 05/17/18 10:46 ARE TAL PHXTotal/NA

Prep 7471B 146912 05/10/18 18:50 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147224 05/15/18 02:16 JTG TAL PHXTotal/NA

Client Sample ID: BH5-7 Lab Sample ID: 550-102643-55
Matrix: SolidDate Collected: 05/08/18 12:00

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 18:53 EXZ146913 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147313 05/16/18 06:09 ARE TAL PHXTotal/NA

Prep 3050B 146913 05/10/18 18:53 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147468 05/17/18 10:59 ARE TAL PHXTotal/NA

Prep 7471B 146912 05/10/18 18:50 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147224 05/15/18 02:17 JTG TAL PHXTotal/NA

Client Sample ID: BH5-8 Lab Sample ID: 550-102643-56
Matrix: SolidDate Collected: 05/08/18 12:00

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 18:53 EXZ146913 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147313 05/16/18 06:14 ARE TAL PHXTotal/NA

Prep 3050B 146913 05/10/18 18:53 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147468 05/17/18 11:07 ARE TAL PHXTotal/NA

Prep 7471B 146912 05/10/18 18:50 EXZ TAL PHXTotal/NA
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Lab Chronicle
Client: Brown and Caldwell TestAmerica Job ID: 550-102643-1
Project/Site: Metals in Soil

Client Sample ID: BH5-8 Lab Sample ID: 550-102643-56
Matrix: SolidDate Collected: 05/08/18 12:00

Date Received: 05/09/18 10:16

Analysis 7471B 05/15/18 02:18 JTG1 147224 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Client Sample ID: BH5-9 Lab Sample ID: 550-102643-57
Matrix: SolidDate Collected: 05/08/18 12:00

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 18:53 EXZ146913 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147313 05/16/18 06:19 ARE TAL PHXTotal/NA

Prep 3050B 146913 05/10/18 18:53 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147468 05/17/18 11:15 ARE TAL PHXTotal/NA

Prep 7471B 146912 05/10/18 18:50 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147224 05/15/18 02:19 JTG TAL PHXTotal/NA

Client Sample ID: BH5-10 Lab Sample ID: 550-102643-58
Matrix: SolidDate Collected: 05/08/18 12:00

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 18:53 EXZ146913 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147313 05/16/18 06:24 ARE TAL PHXTotal/NA

Prep 3050B 146913 05/10/18 18:53 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147468 05/17/18 11:23 ARE TAL PHXTotal/NA

Prep 7471B 146912 05/10/18 18:50 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147224 05/15/18 02:20 JTG TAL PHXTotal/NA

Client Sample ID: BH2-4 Lab Sample ID: 550-102643-59
Matrix: SolidDate Collected: 05/08/18 10:35

Date Received: 05/09/18 10:16

Prep 3050B 05/10/18 18:53 EXZ146913 TAL PHX

Type

Batch Batch

MethodPrep Type LabAnalystRun

Prepared

or Analyzed

Batch

Number

Dilution

Factor

Total/NA

Analysis 6010C 1 147313 05/16/18 06:30 ARE TAL PHXTotal/NA

Prep 3050B 146913 05/10/18 18:53 EXZ TAL PHXTotal/NA

Analysis 6010C 1 147468 05/17/18 11:28 ARE TAL PHXTotal/NA

Prep 7471B 146912 05/10/18 18:50 EXZ TAL PHXTotal/NA

Analysis 7471B 1 147224 05/15/18 02:22 JTG TAL PHXTotal/NA

Laboratory References:

TAL PHX = TestAmerica Phoenix, 4625 East Cotton Ctr Blvd, Suite 189, Phoenix, AZ 85040, TEL (602)437-3340
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Page 70 of 79 5/23/2018

1

2

3

4

5

6

7

8

9

10

11

12

13

14



Accreditation/Certification Summary
Client: Brown and Caldwell TestAmerica Job ID: 550-102643-1
Project/Site: Metals in Soil

Laboratory: TestAmerica Phoenix
Unless otherwise noted, all analytes for this laboratory were covered under each accreditation/certification below.

Authority Program EPA Region Identification Number Expiration Date

Arizona AZ07289State Program 06-09-18

Analysis Method Prep Method Matrix Analyte

TestAmerica Phoenix

Page 71 of 79 5/23/2018

1

2

3

4

5

6

7

8

9

10

11

12

13

14



Method Summary
TestAmerica Job ID: 550-102643-1Client: Brown and Caldwell

Project/Site: Metals in Soil

Method Method Description LaboratoryProtocol

SW8466010C Metals (ICP) TAL PHX

SW8467471B Mercury (CVAA) TAL PHX

SW8463050B Preparation,  Metals TAL PHX

SW8467471B Preparation, Mercury TAL PHX

Protocol References:

SW846 = "Test Methods For Evaluating Solid Waste, Physical/Chemical Methods", Third Edition, November 1986 And Its Updates.

Laboratory References:

TAL PHX = TestAmerica Phoenix, 4625 East Cotton Ctr Blvd, Suite 189, Phoenix, AZ 85040, TEL (602)437-3340

TestAmerica Phoenix
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Login Sample Receipt Checklist

Client: Brown and Caldwell Job Number: 550-102643-1

Login Number: 102643

Question Answer Comment

Creator: Gravlin, Andrea

List Source: TestAmerica Phoenix

List Number: 1

TrueRadioactivity wasn't checked or is </= background as measured by a survey 
meter.

TrueThe cooler's custody seal, if present, is intact.

TrueSample custody seals, if present, are intact.

TrueThe cooler or samples do not appear to have been compromised or 
tampered with.

TrueSamples were received on ice.

TrueCooler Temperature is acceptable.

TrueCooler Temperature is recorded.

TrueCOC is present.

TrueCOC is filled out in ink and legible.

TrueCOC is filled out with all pertinent information.

TrueIs the Field Sampler's name present on COC?

TrueThere are no discrepancies between the containers received and the COC.

TrueSamples are received within Holding Time (excluding tests with immediate 
HTs)

TrueSample containers have legible labels.

TrueContainers are not broken or leaking.

TrueSample collection date/times are provided.

TrueAppropriate sample containers are used.

TrueSample bottles are completely filled.

TrueSample Preservation Verified.

TrueThere is sufficient vol. for all requested analyses, incl. any requested 
MS/MSDs

TrueContainers requiring zero headspace have no headspace or bubble is 
<6mm (1/4").

TrueMultiphasic samples are not present.

TrueSamples do not require splitting or compositing.

FalseResidual Chlorine Checked. Check done at department level as required.
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Section 1 

Introduction 

Brown and Caldwell (BC) on behalf of Amax Arizona, Inc. (Amax) has prepared this Data Summary Report 

for the Northeast Area Infiltration Basin (NE Area DSR) in support of activities planned at the former 

Eagle Picher Mill Site (Site) under the Arizona Department of Environmental Quality’s (ADEQ’s) Voluntary 

Remediation Program (VRP). The Site is jointly owned by Amax, an indirect subsidiary of Freeport 

Minerals Corporation, and Anaconda Arizona, Inc., an indirect subsidiary of British Petroleum. The Site, 

now known as “Parcel 30,” is located in Sahuarita, Arizona (Figure 1) and consists of a historical mill site 

and tailings deposition area. The Site was historically used for processing lead-zinc ores. 

This NE Area DSR documents the activities and findings of soil investigation work conducted pursuant to 

the Sampling and Analysis Plan for Amax Parcel 30 – Northeast Area Infiltration Basin (NE Area SAP; BC, 

2021b), which is included as Appendix A. The soil investigation was conducted in the vicinity of a 

planned infiltration basin in the northeast area of the Site (Figure 2), which will be constructed to capture 

sediment from runoff as part of the surface water management component of upcoming remedial 

activities. The investigation was conducted to determine whether the soils beneath the proposed 

infiltration basin are free of Site contamination. Soil samples were analyzed for arsenic, lead, and 

manganese, which are historically associated with Site operations and have been found to exceed 

Arizona residential soil remediation levels (rSRLs) and non-residential soil remediation levels (nrSRLs) at 

other areas in the Site. Soil data from the NE Area investigation have been compared to rSRLs, nrSRLs, 

and Site-specific alternative groundwater protection levels (GPLs). 

Section 2 of this NE Area DSR presents a summary of Site history and background. Section 3 presents a 

summary of the scope of work presented in the NE Area SAP. Section 4 documents the field investigation 

methods. Section 5 presents the findings of the investigation. Section 6 provides the conclusions of the 

investigation. Section 7 provides references cited in this NE Area DSR. 
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Section 2 

Site Description and Background 

A detailed Site description and background information is provided in the Amax Parcel 30 – Voluntary 

Remediation Program Remedial Work Plan (BC, 2019) and is summarized here. The Site is the former 

location of the mill and tailings deposition area for the Eagle Picher Mill facility, which processed 

lead-zinc ores between 1943 and 1959. Reclamation of the Site in the late 1960s included removing 

the buildings and capping the tailings area with a vegetated soil cover. 

The Site consists of five key areas described below and shown on Figure 2, each bounded by a solid red 

line boundary. Area 1-Tailings denotes the area of tailings deposition, which includes non-economic 

mineralized materials and tailings that were milled for processing lead-zinc ores. Area 2-Mill Site 

encompasses the old mill site area. Area 3 is referred to as the Pole Area and is directly south of the old 

mill area. Both Areas 2 and 3 include a portion of the abandoned rail spur and associated berm and are 

located west of Area 1. Area 4-North is north of Areas 1 and 2 and includes an ephemeral wash that 

traverses the Site generally from west to east. A proposed infiltration basin is located in the eastern 

portion of Area 4. Area 5-South is the area south of the Union Pacific Railroad right-of-way and is not 

considered to have been impacted by the historical mill operations that were conducted in Areas 1 and 

2. 

Based on several environmental Site investigations and Site characterization efforts, soil is the only 

affected medium at the Site. Area 1-Tailings has been documented to have exceedances of both the 

rSRLs and nrSRLs for arsenic, lead, and manganese, as have soils in and around the former mill site 

(Area 2) and the Pole Area (Area 3). Alluvial deposits in Area 4-North have also been documented to have 

rSRL and nrSRL exceedances of these metals. 
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Section 3 

Scope of Work 

The scope of the NE Area soil investigation included the following tasks: 

• Completion of soil borings at 42 locations within the footprint of the proposed infiltration basin; 

• Laboratory analysis of the soil samples for concentrations of arsenic, lead, and manganese; 

• Laboratory analysis of select samples for concentrations of arsenic, lead, and manganese in 

Synthetic Precipitation Leaching Procedure (SPLP) leachate; 

• Calculation of alternative GPLs; 

• Soil screening through comparison of soil concentrations to GPLs, rSRLs, and nrSRLs; and 

• Data verification and validation. 

A summary of the scope of work is provided below, and the findings of the investigation are presented in 

Section 5 of this NE Area DSR. 

3.1 Soil Borings 

The 42 soil boring locations are shown on Figure 2 and summarized in Table 1. Twenty-eight sample 

locations (G1 through G28) were distributed within the proposed base area of the infiltration basin and 

another 14 (P1 through P14) were distributed around its perimeter in the proposed embankment area. 

The base area samples were drilled as close as possible to a 30-foot grid spacing, with adjustments 

made in the field to accommodate for topography and vegetation that would restrict drill rig access. As 

summarized in Table 1, ninety-four soil samples were collected from the 42 sample locations. 

Samples were collected from depth intervals corresponding to the first two feet below the proposed base 

elevation of the infiltration basin. For example, if the proposed basin bottom elevation is eight feet below 

ground surface (bgs) at a sample location, then soil samples were collected from intervals of 8 to 9 feet 

bgs and 9 to 10 feet bgs. In addition, soil samples were collected from 0 to 1-foot bgs at ten sample 

locations to facilitate determination of alternative GPLs. 

3.2 Laboratory Analysis 

Soil samples were analyzed for concentrations of arsenic, lead, and manganese using U.S. 

Environmental Protection Agency (EPA) Method 60101. Initially, only the shallow (0 to 1-foot bgs) 

samples and the samples corresponding to the first soil interval below the proposed bottom of the 

infiltration basin were analyzed. The deepest samples were held for analysis by the laboratory pending 

the results of the overlying samples. If the overlying samples indicated concentrations above applicable 

criteria, then the deeper samples were also analyzed. In addition, following the initial laboratory 

analytical results, the laboratory was instructed by BC to subject five of the ten samples collected from 

the 0- to 1-foot interval to SPLP via EPA Method 13122 with analysis of the leachate for arsenic, lead, 

and manganese. Table 2 summarizes the laboratory analytical methods. 

 
1 https://www.epa.gov/esam/epa-method-6010d-sw-846-inductively-coupled-plasma-atomic-emission-spectrometry 

2 https://www.epa.gov/sites/production/files/2015-12/documents/1312.pdf 
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3.3 Alternative Groundwater Protection Levels 

Alternative GPLs were calculated following ADEQ’s 1996 guidance (ADEQ, 1996) and calculations 

contained in the ADEQ GPL Model (https://azdeq.gov/groundwater-protection). The alternative GPL 

calculations, which are described in greater detail in Section 5 of this NE Area DSR, used the soil 

concentration and SPLP data to determine soil concentration levels that are protective of impacts to 

groundwater. 

3.4 Comparison of Soil Concentrations to GPLs, rSRLs, and nrSRLs 

The alternative GPLs, in conjunction with Arizona rSRLs and nrSRLs, provide the remediation levels that 

must not be exceeded beneath the proposed infiltration basin to demonstrate that the basin area is free 

of Site contamination. Comparison of soil data from the NE Area investigation to the GPLs, rSRLs, and 

nrSRLs is presented in Section 5. 

3.5 Data Verification and Validation 

BC performed Level II validation review on 100 percent of the soil sample results. The following 

verification and validation activities were performed: 

• Review of sample chain-of-custody (COC) documents to confirm that all analyses requested were 

performed and that sampling dates were accurately reflected in the laboratory reports; 

• Review of laboratory reports to confirm that samples were received by the laboratory and analyzed 

within acceptable holding times;  

• Review of laboratory reports confirm that analyte reporting limits were appropriate for the analytical 

method; 

• Review of equipment rinsate blank results; 

• Comparison of primary and field duplicate sample results; 

• Review of matrix spike/matrix spike duplicate (MS/MSD) sample recoveries; and 

• Review of internal laboratory control samples. 
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Section 4 

Field Investigation Methods 

Field investigation activities associated with the NE Area soil investigation were performed from June 21 

to June 23, 2021, which included: 

• Location stake-out, utility identification, and clearance 

• Borehole advancement and soil sampling 

• Equipment decontamination 

Field investigation activities were implemented in accordance with methods and procedures defined in 

the NE Area SAP (Appendix A) and the Site-specific Health and Safety Plan (BC, 2021a). Field notes from 

the investigation are provided in Appendix B. 

4.1 Location Stake-Out, Utility Identification, and Clearance 

The proposed boring locations listed in the NE Area SAP were initially identified in the field using a 

hand-held Global Positioning System (GPS) unit. The locations were adjusted as needed to 

accommodate for topography and vegetation that would restrict drill rig access (see Figure 2 for final 

boring locations). The coordinates of the final staked boring locations were measured with the GPS unit 

and were recorded in the field notes (Appendix B). 

Prior to intrusive activities, an Arizona Blue Stake call was initiated by BC to identify and mark any public 

utilities in the vicinity of the Site. Following borehole location stake-out, a private utility locator 

(Underground Detection Services, Inc.) was contracted on June 21 to assist in identifying potential 

subsurface utilities or anomalies in and around the proposed borings using ground penetrating radar. 

4.2 Borehole Advancement and Soil Sampling 

The boreholes were advanced by the drilling contractor (Geomechanics Southwest, Inc.) using a 

direct-push rig (AMS 9410-VTR) equipped with 2-3/8-inch outside diameter dual tube sampling 

equipment. Drilling began in the afternoon on June 21 and finished in the morning on June 23. The 

boreholes were advanced to the depths listed in Table 1. 

Drilling at each location progressed in 4-foot runs (or less if a 4-foot run would have exceeded the target 

boring depth). The polyvinyl chloride sampling tube liner was removed from each run and split open for 

soil characterization/sampling. Borehole logs describing the soils encountered and the percent recovery 

of each run are provided in Appendix C. 

Soils were collected from the target sample intervals listed in Table 1. The soils from each interval were 

placed in a zip-lock bag and homogenized by kneading the bag for one minute. A new zip-lock bag was 

used for each sample. Sample containers were filled from the bag of homogenized soils, labeled, and 

immediately placed in a cooler with ice. The ice was replenished as needed throughout the field 

investigation to keep the samples cool. Samples were shipped on the morning of June 24 priority 

overnight via FedEx to Pace Analytical in Mt. Juliet, Tennessee for laboratory analysis using COC records 

and custody seal procedures as listed in the NE Area SAP (Appendix A). 

The boreholes were backfilled with a combination of leftover soil core materials and surrounding surface 

soils. 
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4.2.1 Quality Assurance/Quality Control Samples 

Quality assurance/quality control (QA/QC) samples were collected to aid with achieving the data quality 

objectives discussed in Section 6 of the NE Area SAP (Appendix A). QA/QC samples included the 

following: 

• Blind field duplicate samples, collected at a frequency of 1 field duplicate per 20 samples, for a total 

of 5 duplicate samples based on a total of 94 primary soil samples. 

• MS/MSD samples, collected at a frequency of 1 MS/MSD per 20 samples, for a total of 5 MS/MSD 

samples based on a total of 94 primary soil samples. 

• Equipment rinsate blank samples, collected at a frequency of 1 sample per day. 

Field duplicate samples were collected at the five sample locations indicated in Table 1. Each field 

duplicate sample was collected from the same homogenized soil as the primary sample. 

MS/MSD samples were collected at the five sample locations indicated in Table 1. Each MS/MSD 

sample was collected from the same homogenized soil as the primary sample. 

Equipment rinsate blank samples were collected by pouring de-ionized or distilled water over 

decontaminated sampling equipment (e.g., trowel/scoop, drilling rods, etc.) and collecting the water in a 

laboratory-supplied container. 

4.3 Equipment Decontamination 

All reusable sampling equipment (e.g., trowel/scoop, drilling rods, etc.) was decontaminated between 

samples to prevent cross-contamination between sampling locations/intervals. Disposable equipment 

(e.g., zip-lock bags, nitrile gloves) was used whenever possible to further reduce the chances of 

cross-contamination. Decontamination of reusable equipment consisted of the following: 

• Solid material (i.e., soil) was removed from the equipment to the extent possible using clean rags or 

paper towels. 

• Equipment was washed using de-ionized or distilled water with low phosphate detergent (e.g., 

Alconox®, Liquinox®, or equivalent). 

• Equipment was rinsed with de-ionized or distilled water. 

• Equipment was dried with air and/or new paper towels. 
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Section 5 

Soil Investigation Findings 

This section presents the results of the NE Area soil investigation. Soil laboratory analytical results are 

provided in Table 3 for reference throughout this section. Laboratory analytical reports are provided in 

Appendix D. 

5.1 Alternative Groundwater Protection Levels 

ADEQ’s VRP requires that, in addition to meeting applicable soil remediation levels, soil concentrations 

remaining on a remediated site must also be at a level that is protective of groundwater. ADEQ has 

published minimum GPLs for metals that are protective of groundwater under a set of conservative 

assumptions. The minimum GPLs were calculated by ADEQ using a mixing model that determines the 

soil concentrations that will not result in exceedances of the Arizona aquifer water quality standards 

assuming that 100 percent of contaminant mass in the soil is able to leach and enter groundwater. 

ADEQ allows for sites in the VRP to calculate alternative GPLs using Site-specific data demonstrating the 

relationship between total and leachable metals concentrations. The resulting alternative GPLs are 

compared to ADEQ’s minimum GPLs and, if the alternative GPLs are higher, they may be used as 

Site-specific remediation levels. 

Of the three metals analyzed in the soil samples, GPLs are only established by ADEQ for arsenic and 

lead. Alternative GPLs for arsenic and lead were calculated following ADEQ’s 1996 guidance (ADEQ, 

1996) and calculations contained in the ADEQ GPL Model (https://azdeq.gov/groundwater-protection). 

Following initial receipt of laboratory analytical results, the data were reviewed by BC and the laboratory 

was instructed to subject five of the ten samples collected in the 0- to-1-foot bgs interval to SPLP 

analysis. The five samples were selected to be representative of a wide range of soil concentrations 

observed on the 0- to-1-foot bgs interval (see Table 3), and included: 

• G1, 0-1-foot bgs 

• G5, 0-1-foot bgs 

• G8, 0-1-foot bgs 

• G14, 0-1-foot bgs 

• G21, 0-1-foot bgs 

Alternative GPLs are calculated by the ADEQ GPL model using the following equation: 

 

�� = 292.9 × � × 	
 

 

where: 

�� is the alternative GPL in milligrams per liter (mg/L); 

� is equal to the ratio of soil to leachate concentration, calculated as 	��� 	��������⁄ ; 

	��� is the total metal concentration in a soil sample in milligrams per kilogram (mg/kg); 

	�������� is the leachate metal concentration from an SPLP test of the soil sample in mg/L; 

	
 is the aquifer water quality standard in mg/L; and 
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292.9 a unitless constant resulting from the assumptions of ADEQ’s mixing model (e.g., mixing 

cell dimensions, groundwater flow rate, and infiltration rate). 

The results of the alternative GPL calculations are provided in Table 4. The alternative GPLs for arsenic 

ranged between 10,551 and 30,089 mg/kg, and the alternative GPLs for lead ranged between 45,436 

and 633,454 mg/kg. The alternative GPLs are all higher than the minimum GPLs, and thus will be used 

as Site-specific remediation levels that are protective of groundwater instead of the minimum GPLs. Per 

the ADEQ guidance (ADEQ, 1996), the lowest alternative GPL for each metal was selected as the 

controlling alternative GPL for the Site. The lowest alternative GPL for arsenic was 10,551 mg/kg, and 

the lowest alternative GPL for lead was 45,436 mg/kg. 

5.2 Comparison of Soil Concentrations to GPLs, rSRLs, and nrSRLs 

Soil concentrations in Table 3 were compared to alternative GPLs, rSRLs, and nrSRLs. For each metal, 

the lowest of the GPL, rSRL, and nrSRL is the remediation level that must not be exceeded beneath the 

proposed infiltration basin to demonstrate that the basin area is free of Site contamination. For arsenic, 

the controlling remediation level is the alternative GPL of 10,551 mg/kg; for lead, the controlling 

remediation level is the rSRL of 400 mg/kg; for manganese, the controlling remediation level is the rSRL 

of 3,300 mg/kg. 

Following initial receipt of laboratory analytical results, the data were reviewed by BC to determine 

whether metals concentrations exceeded remediation levels in any of the sample intervals 

corresponding to the planned bottom elevation of the infiltration basin. Exceedances in soils at the 

proposed basin depth were observed in samples from locations G1, G7, P1, P2, and P13 (Table 3). 

Exceedances occurred for lead at all five locations and manganese at P1 only. The laboratory was 

instructed by BC to analyze the deeper samples from these five locations, which had been held for 

analysis by the laboratory pending analytical results from the shallower samples3. Metals concentrations 

in the deeper samples were below remediation levels with the exception of location P1 (Table 3). 

The five locations where exceedances were observed at depth are all located in the southwest corner of 

the proposed infiltration basin area (Figure 2), which is the portion of the area closest to the historically 

impacted Area 1-Tailings. 

5.3 Data Verification and Validation 

BC performed Level II validation review on 100 percent of the soil sample results. The following activities 

were performed: 

• Sample COC documents were reviewed, confirming that all analyses requested were performed and 

that sampling dates were accurately reflected in the laboratory reports; 

• Laboratory reports were reviewed to ensure that samples were received by the laboratory and 

analyzed within acceptable holding times;  

• Laboratory reports were reviewed to ensure that analyte reporting limits were appropriate for the 

analytical method; 

• Equipment rinsate blank results were reviewed; 

• Primary and field duplicate samples results were compared; 

• MS/MSD sample recoveries were reviewed; and 

• Internal laboratory control samples were reviewed. 

 
3 The laboratory was also instructed to analyze the deeper samples from locations G10, G19, and P9 for QA/QC purposes. Field 

duplicate samples had inadvertently been collected from the deeper intervals at these locations, and thus the primary samples 
needed to be analyzed for comparison to the field duplicates. 
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The Level II review determined that the laboratory reports were accurate, sample holding times were 

met, and reporting limits were appropriate. Equipment rinsate blanks, field duplicate samples, MS/MSD 

samples, and laboratory control samples are discussed in the following sections. 

5.3.1 Equipment Rinsate Blanks 

Acceptance criteria for Level II validation review were presented in the NE Area SAP (Appendix A) and 

were derived from EPA’s National Functional Guidelines for Inorganic Superfund Methods Data Review 

(EPA, 2017). The acceptance criterion for equipment rinsate blank analysis is: 

• No contaminants should be found in the equipment rinsate blanks. 

One equipment rinsate blank was collected by pouring de-ionized or distilled water over decontaminated 

sampling equipment at the end of day of field work, for a total of three rinsate blank samples. Laboratory 

analytical results for the rinsate blanks are provided in the laboratory reports in Appendix D. 

The rinsate blank collected at the end of the day on the first day of field work (June 21) was non-detect 

for arsenic but recorded detected concentrations of lead and manganese at 75.4 and 75.3 micrograms 

per liter (µg/L), respectively. The detected lead and manganese reflect possible cross contamination 

between samples on June 21. However, samples were only collected from two locations that day: G1 and 

G2. Lead and manganese concentrations at G1 are among the highest concentrations observed in the 

NE Area soil samples (Table 3), which may have led to the detected concentrations in the rinsate blank. 

Soil concentrations at G2 were found to be below remediation levels, as were concentrations in the 

deepest sample depth at G1. Therefore, impacted soils at G1 and G2 appear to be fully characterized at 

depth, and any potential cross contamination between the two locations appears to be negligible. The 

detected concentrations of lead and manganese in the rinsate blank are not of concern.  

The rinsate blank collected at the end of the day on the second day of field work (June 22) was 

non-detect for all three metals, which meets the acceptance criterion. 

The rinsate blank collected at the end of the day on the third day of field work (June 23) was non-detect 

for arsenic and lead but recorded a low-level manganese concentration of 1.43 µg/L. The manganese 

concentration was qualified by the laboratory as being below the laboratory minimum reporting level but 

above the method detection limit. The low-level manganese concentration in the rinsate blank is not of 

concern because no soil samples collected on June 23 recorded manganese concentrations above 

remediation levels (Table 3). 

5.3.2 Field Duplicate Samples 

The acceptance criteria for field duplicate samples presented in the NE Area SAP (Appendix A) are: 

• For samples with concentrations greater than five times the reporting limit, the relative percent 

difference (RPD) between concentrations in the primary and field duplicate samples for each analyte 

should be within 35 percent. 

• For samples with concentrations less than five times the reporting limit, the absolute value of the 

difference in concentration between the primary sample and field duplicate sample for each analyte 

should be less than two times the reporting limit. 

A total of five field duplicate samples were collected during the NE Area soil investigation (Table 1). The 

laboratory analytical results for the duplicate and associated primary samples, as well as absolute 

difference and RPD calculations4, are presented in Table 5. 

 
4 RPD is calculated as ��� =

|���|

����� �⁄
× 100, where   is the concentration in the primary sample and � is the concentration in 

the duplicate sample (EPA, 2017). 
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All arsenic concentrations in the field duplicate samples and associated primary samples are less than 

five times the reporting limit, and the absolute differences are all below the acceptance criterion of two 

times the reporting limit. 

All lead concentrations in the field duplicate samples and associated primary samples are greater than 

five times the reporting limit. Three of the five samples have RPDs exceeding the acceptance criterion of 

35 percent (Table 5). For two of these samples, the primary and duplicate sample concentrations are 

well below the rSRL of 400 mg/L. For the third sample that exceeds the acceptance criterion, the 

primary and duplicate sample concentrations are both above the rSRL. Therefore, the elevated RPDs of 

these three samples do not affect the ability of the data to inform decisions on the extent of soil impacts 

in the NE Area. 

All manganese concentrations in the field duplicate samples and associated primary samples are 

greater than five times the reporting limit. Three of the five samples have RPDs exceeding the 

acceptance criterion of 35 percent (Table 5). In all three of these samples, the primary and duplicate 

sample concentrations are well below the rSRL of 3,300 mg/L. Therefore, the elevated RPDs of these 

three samples do not affect the ability of the data to inform decisions on the extent of soil impacts in the 

NE Area. 

5.3.3 MS/MSD Samples 

The acceptance criteria for MS/MSD samples presented in the NE Area SAP (Appendix A) are: 

• The percent recoveries of measured to true concentrations in MS samples should be between 75 

and 125 percent for samples where the original sample concentration is less than four times the 

spike added. 

• The RPD between concentrations in the primary MS sample and MSD sample for each analyte 

should be within 35 percent. 

A total of five MS/MSD samples were collected during the NE Area soil investigation (Table 1). 

Laboratory analytical results for the MS/MSD samples are provided in the laboratory reports in 

Appendix D. 

All MS/MSD samples recorded percent recoveries and RPDs within the acceptance criteria limits for 

arsenic and lead. For manganese, three of the five MS/MSD samples achieved low percent recoveries 

and one of the five recorded a high percent recovery. In addition, RPDs exceeded the acceptance 

criterion of 35 percent for two of the five samples. Overall, the generally low percent recoveries for 

manganese could indicate low bias in the soil concentrations. 

As previously discussed, manganese concentrations in the NE Area soil investigation were consistently 

measured below the rSRL at all but one location. At the one location where an exceedance did occur, it 

was accompanied by a lead exceedance. Thus, given the generally low manganese concentrations and 

reliability of lead as an indicator of impacted soil, the low spike recoveries in some MS/MSD samples for 

manganese are not of concern. 
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5.3.4 Laboratory Control Samples 

The acceptance criterion for laboratory control samples presented in the NE Area SAP (Appendix A) is: 

• The percent recoveries of measured to true concentrations in laboratory control samples should be 

between 70 and 130 percent. 

The analytical laboratory evaluated a total of five control samples for soil and two control samples for 

water. Laboratory analytical results for the control samples are provided in the laboratory reports in 

Appendix D. Percent recoveries for the control samples ranged between 91.0 and 98.8 percent, which is 

within the acceptance criterion range. 

Additionally, the laboratory analyzed five soil and two water laboratory method blank samples. Like the 

equipment rinsate blanks, the acceptance criterion for laboratory method blanks is no detection of 

contaminants in the blanks. All seven method blank samples reported non-detect concentrations 

(Appendix D). 
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Section 6 

Conclusions 

Based on the findings discussed above, the following conclusions have been made: 

• Soil concentrations of arsenic, lead, and manganese are below applicable remediation levels at the 

depth of the planned infiltration basin in the northeast area of the Site throughout most of the basin 

footprint. At five locations (G1, G7, P1, P2, and P13), exceedances of remediation levels were 

observed at the planed basin depth. The basin design will need to be modified around these 

locations (e.g., additional excavation or over-excavation with backfilling) to encounter soils that are 

free of Site contamination. The five locations in question are all located in the southwest corner of 

the proposed infiltration basin area (Figure 2), which is the portion of the area closest to the 

historically impacted Area 1-Tailings. 

• Site-specific alternative GPLs were developed using measured concentrations of arsenic and lead in 

soil samples and SPLP leachate. The alternative GPLs for these metals are higher than ADEQ’s 

published minimum GPLs, and thus will be used as Site-specific remediation levels that are 

protective of groundwater instead of the minimum GPLs. For arsenic, the alternative GPL of 

10,551 mg/kg is lower than other applicable remediation levels (i.e., the rSRL and nrSRL), and thus 

is the controlling remediation level for the Site. For lead, the alternative GPL of 45,436 mg/kg is 

higher than the rSRL and nrSRL, and thus the rSRL of 400 mg/kg is the controlling remediation level 

for the Site. 
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Table 1. Soil Boring Location Summary 

Sample 

Location 

Northinga 

(feet) 

Eastinga 

(feet) 

Approximate 

Ground Surface 

Elevationb 

(feet msl) 

Approximate 

Proposed Basin 

Bottom Elevationb 

(feet msl) 

Proposed Basin 

Depth  

(feet bgs) 

Total Boring 

Depth  

(feet bgs) 

Soil Sample 

Intervals  

(feet bgs) 

Field 

Duplicate 

Matrix Spike/ 

Matrix Spike 

Duplicate 

G1 347,958.799 993,239.556 2634.0 2626.0 8 10 0-1, 8-9, 9-10 X  

G2 347,957.553 993,263.452 2633.6 2626.0 8 10 8-9, 9-10   

G3 347,957.427 993,290.749 2633.3 2626.1 7 9 7-8, 8-9   

G4 347,988.701 993,330.800 2632.4 2626.0 6 8 6-7, 7-8   

G5 347,986.929 993,294.524 2632.4 2626.0 6 8 0-1, 6-7, 7-8   

G6 347,987.747 993,263.188 2633.0 2626.0 7 9 7-8, 8-9  X 

G7 347,987.498 993,234.653 2633.6 2626.0 8 10 8-9, 9-10   

G8 348,016.858 993,263.864 2632.5 2626.0 7 9 0-1, 7-8, 8-9   

G9 348,016.776 993,296.124 2632.0 2626.0 6 8 6-7, 7-8   

G10 348,018.852 993,325.573 2631.7 2626.0 6 8 6-7, 7-8 X  

G11 348,016.921 993,354.437 2631.4 2626.0 5 7 5-6, 6-7   

G12 348,046.762 993,355.417 2630.9 2626.0 5 7 0-1, 5-6, 6-7   

G13 348,046.502 993,325.642 2631.1 2626.0 5 7 5-6, 6-7   

G14 348,044.752 993,291.847 2631.6 2626.0 6 8 0-1, 6-7, 7-8   

G15 348,045.246 993,265.167 2632.0 2626.0 6 8 6-7, 7-8  X 

G16 348,096.915 993,265.956 2631.5 2626.0 5 7 0-1, 5-6, 6-7   

G17 348,076.051 993,293.125 2630.8 2626.0 5 7 5-6, 6-7   

G18 348,077.782 993,324.748 2630.2 2626.0 4 6 0-1, 4-5, 5-6   

G19 348,077.079 993,369.111 2630.3 2626.0 4 6 4-5, 5-6 X  

G20 348,107.130 993,310.844 2630.0 2626.0 4 6 4-5, 5-6   

G21 348,104.111 993,298.463 2630.6 2626.0 5 7 0-1, 5-6, 6-7   

G22 348,106.737 993,265.871 2631.9 2626.0 6 8 6-7, 7-8   

G23 348,105.388 993,236.415 2632.0 2626.0 6 8 6-7, 7-8   

G24 348,138.471 993,233.645 2632.0 2626.0 6 8 6-7, 7-8  X 
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Table 1. Soil Boring Location Summary 

Sample 

Location 

Northinga 

(feet) 

Eastinga 

(feet) 

Approximate 

Ground Surface 

Elevationb 

(feet msl) 

Approximate 

Proposed Basin 

Bottom Elevationb 

(feet msl) 

Proposed Basin 

Depth  

(feet bgs) 

Total Boring 

Depth  

(feet bgs) 

Soil Sample 

Intervals  

(feet bgs) 

Field 

Duplicate 

Matrix Spike/ 

Matrix Spike 

Duplicate 

G25 348,133.993 993,262.531 2632.0 2626.0 6 8 0-1, 6-7, 7-8   

G26 348,134.707 993,302.538 2630.3 2626.0 4 6 4-5, 5-6   

G27 348,167.624 993,280.848 2632.0 2626.0 6 8 6-7, 7-8   

G28 348,167.970 993,237.109 2632.0 2626.0 6 8 0-1, 6-7, 7-8 X  

P1 347,857.705 993,119.777 2637.8 2633.9 4 6 4-5, 5-6   

P2 347,909.080 993,128.634 2636.7 2631.5 5 7 5-6, 6-7   

P3 347,955.021 993,181.895 2635.3 2628.2 7 9 7-8, 8-9   

P4 348,015.265 993,206.494 2633.6 2629.5 4 6 4-5, 5-6   

P5 348,076.503 993,219.917 2632.0 2627.8 4 6 4-5, 5-6  X 

P6 348,134.168 993,199.252 2632.7 2627.7 5 7 5-6, 6-7   

P7 348,196.329 993,235.000 2632.0 2628.4 4 6 4-5, 5-6   

P8 348,194.327 993,297.365 2631.0 2629.4 2 4 2-3, 3-4   

P9 348,135.911 993,357.120 2629.9 2629.1 1 3 1-2, 2-3 X  

P10 348,076.215 993,395.174 2630.1 2627.3 3 5 3-4, 4-5   

P11 348,017.195 993,385.764 2631.1 2626.3 5 7 5-6, 6-7   

P12 347,968.107 993,347.109 2632.4 2627.0 5 7 5-6, 6-7   

P13 347,907.258 993,294.909 2635.9 2632.0 4 6 4-5, 5-6   

P14 347,901.078 993,212.144 2635.9 2628.9 7 9 7-8, 8-9  X 

Notes: 

aHorizontal datum: NAD83 Arizona State Plane, Central Zone; Final locations were surveyed during the field investigation after adjustment from the proposed locations. 

bVertical datum: NAVD88; Approximate elevations are based on the proposed soil boring locations in the NE Area SAP (Appendix A), not the final locations. 

Abbreviations: 

msl = mean sea level 

bgs = below ground surface 
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Table 2. Laboratory Analytical Methods 

Matrix Method 

Sample 

Volumea Analyte Units 

Detection 

Limit 

Reporting 

Limit 

Holding 

Time 

Arizona 

rSRL 

Arizona 

nrSRL 

Soil EPA 6010 1 liter 

Arsenic 

mg/kg 

0.518 2 

180 days 

10 10 

Lead 0.208 0.5 400 800 

Manganese 0.133 1 3,300 32,000 

SPLP 

Leachate 
EPA 1312 1 liter 

Arsenic 

mg/L 

0.0044 0.01 

180 days 

NA NA 

Lead 0.00299 0.006 NA NA 

Manganese 0.000934 0.01 NA NA 

Notes: 

aA sample volume of 1 liter is sufficient for all primary samples as well as matrix spike/matrix spike duplicate and SPLP analysis, where 

applicable. 

Abbreviations: 

EPA = U.S. Environmental Protection Agency 

mg/kg = milligram per kilogram 

mg/L = milligram per liter 

NA = Not applicable 

nrSRL = Non-residential Soil Remediation Level 

rSRL = Residential Soil Remediation Level 

SPLP = Synthetic Precipitation Leaching Procedure 
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Table 3. Soil Sample Results 

Sample 

Location 

Sample 

Depth 

Interval 

(feet bgs) 

Field 

Sample ID 

Lab 

Sample ID 

Constituent Arsenic Lead Manganese 

Units mg/kg mg/kg mg/kg 

Arizona rSRLa 76,000 400 3,300 

Arizona nrSRLa 920,000 800 32,000 

Alternative GPLb 10,551 45,436 NA 

Sample 

Date 
Result Qualifier Result Qualifier Result Qualifier 

G1 

0-1 G1-0-1-20210621 L1371240-01 6/21/2021 9.04  1,700  1,720  

8-9 G1-8-9-20210621 L1371240-02 6/21/2021 5.18  883  803  

9-10 G1-9-10-20210621 L1380182-02 6/21/2021 4.95  77.2  762  

G2 8-9 G2-8-9-20210621 L1371240-05 6/21/2021 4.39  91.7  564  

G3 7-8 G3-7-8-20210622 L1371240-08 6/22/2021 2.21  9.5  165  

G4 6-7 G4-6-7-20210622 L1371240-10 6/22/2021 3.31  13.4  264  

G5 
0-1 G5-0-1-20210622 L1371240-12 6/22/2021 4.68  260  511  

6-7 G5-6-7-20210622 L1371240-13 6/22/2021 2.80  13.3  310  

G6 7-8 G6-7-8-20210622 L1371240-15 6/22/2021 5.97  37.4  656  

G7 
8-9 G7-8-9-20210622 L1371240-17 6/22/2021 5.58  735  809  

9-10 G7-9-10-20210622 L1380182-04 6/22/2021 3.90  42.1  603  

G8 
0-1 G8-0-1-20210622 L1371240-19 6/22/2021 3.17  112  343  

7-8 G8-7-8-20210622 L1371240-20 6/22/2021 6.31  22.4  650  

G9 6-7 G9-6-7-20210622 L1371240-22 6/22/2021 5.09  17.1  495  

G10 
6-7 G10-6-7-20210622 L1371240-24 6/22/2021 4.68  16.2  453  

7-8 G10-7-8-20210622 L1380182-06 6/22/2021 3.93  22.7  654  

G11 5-6 G11-5-6-20210622 L1371240-27 6/22/2021 4.43  14.6  407  

G12 
0-1 G12-0-1-20210622 L1371240-29 6/22/2021 7.78  1,120  1,680  

5-6 G12-5-6-20210622 L1371240-30 6/22/2021 3.54  21.6  578  

G13 5-6 G13-5-6-20210622 L1371240-32 6/22/2021 3.21  20.7  589  

G14 
0-1 G14-0-1-20210622 L1371240-34 6/22/2021 6.00  778  1,720  

6-7 G14-6-7-20210622 L1371240-35 6/22/2021 3.88  22.8  662  

G15 6-7 G15-6-7-20210622 L1371240-37 6/22/2021 3.72  22.4  660  

G16 
0-1 G16-0-1-20210622 L1371240-39 6/22/2021 5.12  351  834  

5-6 G16-5-6-20210622 L1371240-40 6/22/2021 3.12  18.3  515  

G17 5-6 G17-5-6-20210622 L1371240-42 6/22/2021 2.36  12.2  346  

G18 
0-1 G18-0-1-20210622 L1371240-44 6/22/2021 3.14  310  591  

4-5 G18-4-5-20210622 L1371240-45 6/22/2021 3.38  23.3  694  

G19 
4-5 G19-4-5-20210622 L1371240-47 6/22/2021 3.36  55.4  491  

5-6 G19-5-6-20210622 L1380182-08 6/22/2021 2.17  9.3  291  

G20 4-5 G20-4-5-20210622 L1371240-50 6/22/2021 2.67  15.1  411  

G21 
0-1 G21-0-1-20210622 L1371240-52 6/22/2021 8.86  1,090c  2,140  

5-6 G21-5-6-20210622 L1371240-53 6/22/2021 2.85  16.8  460  
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Table 3. Soil Sample Results 

Sample 

Location 

Sample 

Depth 

Interval 

(feet bgs) 

Field 

Sample ID 

Lab 

Sample ID 

Constituent Arsenic Lead Manganese 

Units mg/kg mg/kg mg/kg 

Arizona rSRLa 76,000 400 3,300 

Arizona nrSRLa 920,000 800 32,000 

Alternative GPLb 10,551 45,436 NA 

Sample 

Date 
Result Qualifier Result Qualifier Result Qualifier 

G22 6-7 G22-6-7-20210622 L1371240-55 6/22/2021 4.26  19.0  573  

G23 6-7 G23-6-7-20210622 L1371240-57 6/22/2021 4.01  16.8  501  

G24 6-7 G24-6-7-20210622 L1371240-59 6/22/2021 4.56  20.4  588  

G25 
0-1 G25-0-1-20210622 L1371240-61 6/22/2021 4.76  168  691  

6-7 G25-6-7-20210622 L1371240-62 6/22/2021 4.02  18.5  541  

G26 4-5 G26-4-5-20210622 L1371240-64 6/22/2021 4.31  18.1  543  

G27 6-7 G27-6-7-20210622 L1371240-66 6/22/2021 3.51  15.7  437  

G28 
0-1 G28-0-1-20210622 L1371240-68 6/22/2021 4.13  150  640  

6-7 G28-6-7-20210622 L1371240-69 6/22/2021 3.82  19.7  604  

P1 
4-5 P1-4-5-20210622 L1371240-86 6/22/2021 10.5  2,240  3,300  

5-6 P1-5-6-20210622 L1380182-11 6/22/2021 5.12  1,100  1,660  

P2 
5-6 P2-5-6-20210622 L1371240-84 6/22/2021 3.16  875  758  

6-7 P2-6-7-20210622 L1380182-10 6/22/2021 0.736 E4 9.8  150  

P3 7-8 P3-7-8-20210622 L1371240-82 6/22/2021 2.73  11.7  308  

P4 4-5 P4-4-5-20210622 L1371240-80 6/22/2021 2.50  12.7  349  

P5 4-5 P5-4-5-20210622 L1371240-78 6/22/2021 4.11  19.4  501 M3 

P6 5-6 P6-5-6-20210622 L1371240-77 6/22/2021 6.25  22.6  657  

P7 4-5 P7-4-5-20210622 L1371240-74 6/22/2021 2.88  15.5  453  

P8 2-3 P8-2-3-20210622 L1371240-72 6/22/2021 2.78  74.1  417  

P9 
1-2 P9-1-2-20210623 L1371240-99 6/23/2021 2.60  14.3  380  

2-3 P9-2-3-20210623 L1380182-13 6/23/2021 2.90  13.8  422  

P10 3-4 P10-3-4-20210623 L1371240-98 6/23/2021 2.38  16.9  322  

P11 5-6 P11-5-6-20210623 L1371240-96 6/23/2021 1.65 E4 12.3  271  

P12 5-6 P12-5-6-20210623 L1371240-94 6/23/2021 1.23 E4 10.1  160  

P13 
4-5 P13-4-5-20210623 L1371240-90 6/23/2021 3.53  589  1,020  

5-6 P13-5-6-20210623 L1380182-12 6/23/2021 2.81  17.6  397  

P14 7-8 P14-7-8-20210623 L1371240-88 6/23/2021 2.24  15.6  343  

Notes: 

aSource: Arizona Administrative Code, Title 18, Ch. 7 (https://apps.azsos.gov/public_services/Title_18/18-07.pdf) 

bThe calculation of alternative GPLs is discussed in Section 5.1 of this NE Area DSR. 

Bolded results indicate concentrations that equal or exceed the rSRL, nrSRL, or alternative GPL. 

Bolded and italicized results indicate concentrations that equal or exceed the rSRL, nrSRL, or alternative GPL in the deepest sample collected at a 

boring location. 
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Data Qualifiers: 

E4 = Concentration estimated. Analyte was detected below laboratory minimum reporting level but above method detection limit. 

M3 = The spike recovery value is unusable since the analyte concentration in the sample is disproportionate to the spike level. The associated blank 

spike recovery was acceptable. 

Abbreviations: 

bgs = below ground surface 

mg/kg = milligram per kilogram 

NA = not applicable 
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Table 4. Alternative GPL Calculations 

Sample Location G1 G5 G8 G14 G21 

Depth Interval (feet bgs) 0-1 0-1 0-1 0-1 0-1 

Field Sample ID G1-0-1-20210621 G5-0-1-20210622 G8-0-1-20210622 G14-0-1-20210622 G21-0-1-20210622 

Arsenic 

Minimum GPL (mg/kg) 290 

�� (mg/L) 0.05 

�����  (mg/kg) 9.04 4.68 3.17 6 8.86 

����	
���  (mg/L) <0.0044 0.00496 E4 <0.0044 <0.0044 <0.0044 

� (L/kg) 2054.55 943.55 720.45 1363.64 2013.64 

� – Alternative GPL (mg/kg) 30,089 13,818 10,551 19,970 29,490 

Lead 

Minimum GPL (mg/kg) 290 

�� (mg/L) 0.05 

�����  (mg/kg) 1700 260 112 778 1090 

����	
���  (mg/L) 0.264 0.0605 0.0361 0.0245 0.0252 

� (L/kg) 6439.39 4297.52 3102.49 31755.10 43253.97 

� – Alternative GPL (mg/kg) 94,305 62,937 45,436 465,053 633,454 

Notes: 

Bolded alternative GPL values are the lowest values from the five samples, and thus are the controlling alternative GPLs for the Site. 

Data Qualifiers: 

E4 = Concentration estimated. Analyte was detected below laboratory minimum reporting level but above method detection limit. 

< denotes a non-detect concentration. The value used in the alternative GPL calculation is the value of the method detection limit. 

Abbreviations: 

bgs = below ground surface 

mg/kg = milligram per kilogram 

mg/L = milligram per liter 
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Table 5. Field Duplicate Sample Results 

Sample 

Location 

Sample 

Depth 

Interval 

(feet bgs) 

Field 

Sample ID 

Lab 

Sample ID 

Constituent Arsenic Lead Manganese 

Units mg/kg mg/kg mg/kg 

Reporting Limit 2 0.5 1 

2x Reporting 

Limit 
4 1.0 2 

5x Reporting 

Limit 
10 2.5 5 

Arizona rSRLa 76,000 400 3,300 

Arizona nrSRLa 920,000 800 32,000 

Alternative GPLb 10,551 45,436 NA 

Sample 

Date 
Result 

Absolute  

Difference 
RPD Result 

Absolute  

Difference 
RPD Result 

Absolute  

Difference 
RPD 

G1 0-1 
G1-0-1-20210621 L1371240-01 

6/21/2021 
9.04 

2.77 36.2% 
1,700 

890 70.9% 
1,720 

863 67.0% 
DUP-1 L1371240-03 6.27 810 857 

G10 7-8 
G10-7-8-20210622 L1380182-06 

6/22/2021 
3.93 

0.90 20.5% 
22.7 

5.1 25.3% 
654 

217 39.8% 
DUP-2 L1371240-26 4.83 17.6 437 

G19 5-6 
G19-5-6-20210622 L1380182-08 

6/22/2021 
2.17 

1.31 46.4% 
9.3 

29.9 123.3% 
291 

173 45.8% 
DUP-3 L1371240-49 3.48 39.2 464 

G28 0-1 
G28-0-1-20210622 L1371240-68 

6/22/2021 
4.13 

0.57 12.9% 
150 

98 49.2% 
640 

191 26.0% 
DUP-4 L1371240-71 4.70 248 831 

P9 2-3 
P9-2-3-20210623 L1380182-13 

6/23/2021 
2.90 

0.04 1.4% 
13.8 

3.3 21.4% 
422 

17 3.9% 
DUP-5 L1371240-101 2.86 17.1 439 

Notes: 

aSource: Arizona Administrative Code, Title 18, Ch. 7 (https://apps.azsos.gov/public_services/Title_18/18-07.pdf) 

bThe calculation of alternative GPLs is discussed in Section 5.1 of this NE Area DSR. 

Bolded results indicate concentrations that equal or exceed the rSRL, nrSRL, or alternative GPL. 

Abbreviations: 

bgs = below ground surface 

mg/kg = milligram per kilogram 

NA = not applicable 

RPD = relative percent difference 
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SAP04022021 - Parcel 30 NE Area 

Section 1 

Introduction 
This Sampling and Analysis Plan (SAP) has been prepared by Brown and Caldwell (BC) on behalf of 
Amax Arizona, Inc. (Amax) in support of activities planned at the former Eagle Picher Mill Site (Site) 
under the Arizona Department of Environmental Quality’s (ADEQ’s) Voluntary Remediation Program 
(VRP). The Site is jointly owned by Amax, an indirect subsidiary of Freeport Minerals Corporation, and 
Anaconda Arizona, Inc., an indirect subsidiary of British Petroleum. The Site, now known as “Parcel 
30,” is located in Sahuarita, Arizona (Figure 1) and consists of a historical mill site and tailings 
deposition area. The Site was historically used for processing lead-zinc ores. 

This SAP has been prepared to facilitate the collection of soil samples in the vicinity of a planned 
infiltration basin in the northeast area of the Site (Figure 2), which will be constructed to capture 
sediment from runoff as part of the surface water management component of upcoming remedial 
activities. The SAP serves as a plan for the field sampling methods, analytical laboratory analyses, 
and quality assurance methods that will be used in the collection, processing, and analysis of the soil 
samples. 

The soil samples will be analyzed for concentrations of specific metals (i.e., arsenic, lead, and 
manganese) that have been historically linked with Site operations and have been found to exceed 
Arizona residential soil remediation levels (rSRLs) and non-residential soil remediation levels 
(nrSRLs). The soil concentrations will be compared to the rSRLs, nrSRLs, and statewide background 
level study findings to determine whether the soils beneath the proposed infiltration basin are free of 
Site contamination. Soil samples will also be collected for use in developing alternative groundwater 
protection levels (GPLs), which will be used to ensure that concentrations in soils beneath the 
proposed basin are at or below levels that are protective of groundwater. 
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Section 2 

Site Description and Background 
A detailed Site description and background information is provided in the Amax Parcel 30 – 
Voluntary Remediation Program Remedial Work Plan (BC, 2019) and is summarized here. The Site is 
the former location of the mill and tailings deposition area for the Eagle Picher Mill facility, which 
processed lead-zinc ores between 1943 and 1959. Reclamation of the Site in the late 1960s 
included removing the buildings and capping the tailings area with a vegetated soil cover. 

The Site consists of five key areas described below and shown on Figure 2, each bounded by a solid 
red line boundary. Area 1-Tailings denotes the area of tailings deposition, which includes non-
economic mineralized materials and tailings that were milled for processing lead-zinc ores. Area 2-
Mill Site encompasses the old mill site area. Area 3 is referred to as the Pole Area and is directly 
south of the old mill area. Both Areas 2 and 3 include a portion of the abandoned rail spur and 
associated berm and are located west of Area 1. Area 4-North is north of Areas 1 and 2 and includes 
an ephemeral wash that traverses the site generally from west to east. A proposed infiltration basin 
is located in the eastern portion of Area 4. Area 5-South is the area south of the Union Pacific 
Railroad right-of-way and is not considered to have been impacted by the historical mill operations 
that were conducted in Areas 1 and 2. 

Based on several environmental site investigations and site characterization efforts, soil is the only 
affected medium at the Site. Area 1-Tailings has been documented to have exceedances of both the 
rSRLs and nrSRLs for arsenic, lead and manganese, as have soils in and around the former mill site 
(Area 2) and the Pole Area (Area 3). Alluvial deposits in Area 4-North have also been documented to 
have rSRL and nrSRL exceedances of these metals. 
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Section 3 

Soil Sampling 
This section describes the proposed sampling locations, rationale, and procedures that will be 
utilized. 

3.1 Sample Locations 
The soil sample locations are shown on Figure 2. Twenty-eight sample locations have been selected 
on a 30-foot grid spacing within the proposed base area of the infiltration basin and another 14 have 
been selected around its perimeter in the proposed embankment area. Ninety-four soil samples will 
be collected from the 42 sample locations. 

Samples will be collected from depth intervals corresponding to the first two feet below the proposed 
base elevation of the infiltration basin. For example, if the proposed basin bottom elevation is eight 
feet below ground surface (bgs) at a sample location, then soil samples would be collected from 
intervals of 8 to 9 feet bgs and 9 to 10 feet bgs. In addition, soil samples will be collected from 0 to 1 
foot bgs at ten sample locations to facilitate determination of alternative GPLs. Table 1 summarizes 
the soil sample locations and depth intervals. Quality Assurance/Quality Control (QA/QC) samples, 
which are discussed in Section 3.3 of this SAP, are also summarized in Table 1. 

 



Sampling and Analysis Plan for Amax Parcel 30 – Northeast Area Infiltration Basin Section 3 

 

 
3-2 

SAP04022021 - Parcel 30 NE Area 

Table 1. Soil Sample Location Summary 

Sample 
Location 

Northinga 

(feet) 
Eastinga 

(feet) 

Ground Surface 
Elevationb 
(feet msl) 

Proposed Basin 
Bottom Elevation2 

(feet msl) 

Proposed Basin 
Depth (feet bgs) 

Total Boring 
Depth (feet bgs) 

Soil Sample 
Intervals (feet bgs) 

Field 
Duplicate 

Matrix Spike/ 
Matrix Spike Duplicate 

G1 347956.5757 993238.837 2634.0 2626.0 8 10 0-1, 8-9, 9-10 X  

G2 347956.5757 993268.837 2633.6 2626.0 8 10 8-9, 9-10   

G3 347956.5757 993298.837 2633.3 2626.1 7 9 7-8, 8-9   

G4 347986.5757 993328.837 2632.4 2626.0 6 8 6-7, 7-8   

G5 347986.5757 993298.837 2632.4 2626.0 6 8 0-1, 6-7, 7-8   

G6 347986.5757 993268.837 2633.0 2626.0 7 9 7-8, 8-9  X 

G7 347986.5757 993238.837 2633.6 2626.0 8 10 8-9, 9-10   

G8 348016.5757 993268.837 2632.5 2626.0 7 9 0-1, 7-8, 8-9   

G9 348016.5757 993298.837 2632.0 2626.0 6 8 6-7, 7-8   

G10 348016.5757 993328.837 2631.7 2626.0 6 8 6-7, 7-8 X  

G11 348016.5757 993358.837 2631.4 2626.0 5 7 5-6, 6-7   

G12 348046.5757 993358.837 2630.9 2626.0 5 7 0-1, 5-6, 6-7   

G13 348046.5757 993328.837 2631.1 2626.0 5 7 5-6, 6-7   

G14 348046.5757 993298.837 2631.6 2626.0 6 8 0-1, 6-7, 7-8   

G15 348046.5757 993268.837 2632.0 2626.0 6 8 6-7, 7-8  X 

G16 348076.5757 993268.837 2631.5 2626.0 5 7 0-1, 5-6, 6-7   

G17 348076.5757 993298.837 2630.8 2626.0 5 7 5-6, 6-7   

G18 348076.5757 993328.837 2630.2 2626.0 4 6 0-1, 4-5, 5-6   

G19 348076.5757 993358.837 2630.3 2626.0 4 6 4-5, 5-6 X  

G20 348106.5757 993328.837 2630.0 2626.0 4 6 4-5, 5-6   

G21 348106.5757 993298.837 2630.6 2626.0 5 7 0-1, 5-6, 6-7   

G22 348106.5757 993268.837 2631.9 2626.0 6 8 6-7, 7-8   

G23 348106.5757 993238.837 2632.0 2626.0 6 8 6-7, 7-8   

G24 348136.5757 993238.837 2632.0 2626.0 6 8 6-7, 7-8  X 
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Table 1. Soil Sample Location Summary 

Sample 
Location 

Northinga 

(feet) 
Eastinga 

(feet) 

Ground Surface 
Elevationb 
(feet msl) 

Proposed Basin 
Bottom Elevation2 

(feet msl) 

Proposed Basin 
Depth (feet bgs) 

Total Boring 
Depth (feet bgs) 

Soil Sample 
Intervals (feet bgs) 

Field 
Duplicate 

Matrix Spike/ 
Matrix Spike Duplicate 

G25 348136.5757 993268.837 2632.0 2626.0 6 8 0-1, 6-7, 7-8   

G26 348136.5757 993298.837 2630.3 2626.0 4 6 4-5, 5-6   

G27 348166.5757 993268.837 2632.0 2626.0 6 8 6-7, 7-8   

G28 348166.5757 993238.837 2632.0 2626.0 6 8 0-1, 6-7, 7-8 X  

P1 347860.2032 993115.4809 2637.8 2633.9 4 6 4-5, 5-6   

P2 347913.8539 993136.4001 2636.7 2631.5 5 7 5-6, 6-7   

P3 347956.5757 993178.837 2635.3 2628.2 7 9 7-8, 8-9   

P4 348016.5757 993208.837 2633.6 2629.5 4 6 4-5, 5-6   

P5 348076.5757 993224.7987 2632.0 2627.8 4 6 4-5, 5-6  X 

P6 348136.5757 993199.3079 2632.7 2627.7 5 7 5-6, 6-7   

P7 348196.5757 993238.837 2632.0 2628.4 4 6 4-5, 5-6   

P8 348196.5757 993298.837 2631.0 2629.4 2 4 2-3, 3-4   

P9 348136.5757 993358.837 2629.9 2629.1 1 3 1-2, 2-3 X  

P10 348076.5757 993401.6269 2630.1 2627.3 3 5 3-4, 4-5   

P11 348016.5757 993388.837 2631.1 2626.3 5 7 5-6, 6-7   

P12 347969.4547 993352.6254 2632.4 2627.0 5 7 5-6, 6-7   

P13 347906.4071 993299.3842 2635.9 2632.0 4 6 4-5, 5-6   

P14 347901.4663 993209.9055 2635.9 2628.9 7 9 7-8, 8-9  X 

Notes: 
aHorizontal datum: NAD83 Arizona State Plane, Central Zone. 
bVertical datum: NAVD88. 
Abbreviations: 
msl = mean sea level. 

bgs = below ground surface. 
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3.2 Sample Collection Procedures 
Samples will be collected by direct-push drilling. The direct-pish drill rig advances a 2-3/8-inch 
outside diameter probe that collects a continuous core from the borehole in a 1-1/2-inch diameter 
disposable polyvinyl chloride (PVC) liner. The PVC liner is then cut open along its length with a utility 
knife to remove the sample. 

To extent practical (i.e., as permitted by soil recovery in the probe), samples will consist of 1-foot 
intervals of the continuous core at the intervals specified in Table 1. The samples will be transferred 
directly to new 1-gallon zip top bags or to a clean bowl. The samples will be homogenized by 
kneading the bag or stirring soil in the bowl for at least 1 minute. A sufficient volume of soil will then 
be transferred from the bag/bowl to completely fill the laboratory-supplied sample container(s) (see 
Section 5 for required sample volumes). The sample containers will immediately be labeled and 
placed in a cooler with ice. 

The boreholes will be backfilled with a combination of leftover soil core materials and surrounding 
surface soils. 

3.3 Quality Assurance/Quality Control Samples 
QA/QC samples will be collected to aid with achieving the data quality objectives discussed in 
Section 6 of this SAP. QA/QC samples will include the following: 
• Blind field duplicate samples, collected at a frequency of 1 field duplicate per 20 samples, for a 

total of 5 samples (note: there are 94 primary soil samples listed in Table 1). 
• Matrix spike/matrix spike duplicate (MS/MSD) samples, collected at a frequency of 1 MS/MSD 

per 20 samples, for a total of 5 samples (note: there are 94 primary soil samples listed in 
Table 1). 

• Equipment rinsate blank samples, to be collected at a frequency of 1 sample per day. 

Field duplicate samples will be collected at the five sample locations indicated in Table 1. The field 
geologist will select the depth interval for each field duplicate from any of the sample depth intervals 
associated with the respective location. Each field duplicate sample will be collected from the same 
homogenized soil as the primary sample. 

MS/MSD samples will be collected at the five sample locations indicated in Table 1. The field 
geologist will select the depth interval for each MS/MSD from any of the sample depth intervals 
associated with the respective location. The MS/MSD sample will be collected from the same 
homogenized soil as the primary sample. 

Equipment rinsate blank samples will be collected by pouring de-ionized or distilled water over 
decontaminated sampling equipment (e.g., trowel/shovel, scoop, homogenization container) and 
collecting the water in a laboratory-supplied container. A rinsate blank will be collected at the end of 
each day of sampling. 

3.4 Sample Nomenclature 
A sample naming convention has been developed to identify the location and depth where each 
sample will be collected as well as the date of sampling. The sample naming convention is illustrated 
below: 
• A sample collected from an interval of 0 to 1 foot bgs at location G1 on April 2, 2021 would be 

named G1-0-1-20210402. 
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• A sample collected from an interval of 5 to 6 feet at location G17 on May 18, 2021 would be 
named G17-5-6-20210518. 

Blind field duplicate samples will be assigned identifications that do not allow the analytical 
laboratory to infer that the samples are field duplicates. The association between primary and field 
duplicate sample names will be clearly recorded in the field logbook. 

MS/MSD samples do not need additional labeling because the material is taken from the primary 
sample volume. The MS/MSD analysis for the sample will be requested on the chain of custody 
(COC) form. 

Equipment rinsate blanks will be labeled as such with the date of the sample (e.g., Rinsate-
20210402). 

3.5 Decontamination Procedures 
Decontamination for sampling activities will be performed on any reusable sampling equipment (e.g., 
trowel/shovel, scoop, homogenization container) to prevent cross-contamination between sample 
locations. When appropriate, dedicated, or disposable sampling equipment such disposable pie 
plates/tin pans will be used to assist in preventing cross-contamination. In addition, personal 
protective equipment will be used and will include disposable gloves to prevent sample cross-
contamination. A new pair of gloves will be used during the collection of each sample.  

Used sampling equipment will be decontaminated using the following process prior to collecting 
each sample: 
• Solid material (i.e., soil) will be removed from the equipment to the extent possible using clean 

rags or paper towels. 
• Equipment will be washed using de-ionized or distilled water with low phosphate detergent (e.g., 

Alconox®, Liquinox®, or equivalent). 
• Equipment will be rinsed with de-ionized or distilled water. 
• Equipment will be dried with air and/or new paper towels. 

3.6 Health and Safety 
A site-specific Health and Safety Plan (HASP) has been prepared for implementing this SAP. The 
HASP documents the Site hazards, including contaminants of concern, air monitoring requirements, 
and safe work practices that will be followed. 
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Section 4 

Field Documentation 
This section describes the field documentation procedures for the soil sampling. 

4.1 Chain-of-Custody Procedures 
A COC form will be completed by the sampler for all soil samples collected and the samples will 
allremain in control of the sampler until delivery to the analytical laboratory or to a courier for 
delivery to the laboratory. All samples will be transported in a cooler with a custody seal. Pace 
Analytical, the analytical laboratory for this project, will provide sample containers, labels, coolers, 
and COC forms. The COC forms will require the following minimum information to be recorded: 
• Company name (i.e., Brown and Caldwell) 
• Project and client name 
• Project location 
• Sample identification 
• Date and time of sample collection 
• Sample matrix 
• Preservation method, if any 
• Requested analytical method(s) 
• Requested turnaround time 
• Special remarks, if any (e.g., which samples will be subjected to MS/MSD analysis [see Section 

3.3], or which samples will be held for analysis [see Section 5]) 
• Name and signature of sampler 
• Relinquished and received by names and signatures 

An example COC form is included as Appendix A. 

4.2 Field Logbook 
BC will maintain a yellow, Rite-in-the-Rain® field logbook to document field activities in sufficient 
detail to recreate daily events. Recorded information will include dates, field personnel, 
subcontractors, weather conditions, general progress of borings, etc. The field logbook will also be 
used for any field drawings used to describe field observations or potential changes to the sampling 
locations (e.g., shifting a boring location to avoid trees/bushes). 

4.3 Sample Location Log 
During sampling activities, brown and Caldwell will maintain a sample location log in the field 
logbook that will serve as the field record of sample identities and locations. The log will identify the 
sample identification, depth, remarks about the physical sampling area, soil type, and notes about 
any photographs taken. 
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4.4 Photographs 
Digital photographs will be taken periodically to create a visual record of field activities and 
document pertinent features, findings of borings, and sample locations. A photographic log will be 
maintained in the field logbook to document the photographs. 
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Section 5 

Analytical Laboratory Analyses 
This section describes the laboratory analytical methods that will be used to analyze the soil 
samples. Soil samples will be shipped priority overnight via FedEx to Pace Analytical in Mt. Juliet 
Tennessee for analysis of arsenic, lead, and manganese using U.S. Environmental Protection Agency 
(EPA) Method 60101 with standard turnaround time (5 to 7 days). The second deepest sample at 
each sampling location will be subjected to analysis while the deepest samples will be held for 
analysis pending the results of the shallower samples. In addition, following the initial laboratory 
analytical results, the laboratory will be instructed by Brown and Caldwell to subject five of the ten 
samples collected from the 0- to 1-foot interval to Synthetic Precipitation Leaching Procedure (SPLP) 
via EPA Method 13122 with analysis of the leachate for arsenic, lead, and manganese. Table 2 
summarizes the laboratory methods. 

 
Table 2. Laboratory Analytical Methods 

Matrix Method 
Sample 
Volumea 

Analyte Units 
Detection 

Limit 
Reporting 

Limit 
Holding 

Time 
Arizona 

rSRL 
Arizona 
nrSRL 

Soil EPA 6010 1 liter 

Arsenic 

mg/kg 

0.518 2 

180 days 

10 10 

Lead 0.208 0.5 400 800 

Manganese 0.133 1 3,300 32,000 

SPLP 
Leachate 

EPA 1312 1 liter 

Arsenic 

mg/L 

0.0044 0.01 

180 days 

NA NA 

Lead 0.00299 0.006 NA NA 

Manganese 0.000934 0.01 NA NA 

Notes: 
aA sample volume of 1 liter is sufficient for all primary samples as well as MS/MSD and SPLP analysis, where applicable. 
Abbreviations: 
EPA = U.S. Environmental Protection Agency 

mg/kg = milligram per kilogram 
mg/L = milligram per liter 
NA = Not applicable 

rSRL = Residential Soil Remediation Level 
nrSRL = Non-residential Soil Remediation Level 

 

 
1 https://www.epa.gov/esam/epa-method-6010d-sw-846-inductively-coupled-plasma-atomic-emission-spectrometry 
2 https://www.epa.gov/sites/production/files/2015-12/documents/1312.pdf 

https://www.epa.gov/esam/epa-method-6010d-sw-846-inductively-coupled-plasma-atomic-emission-spectrometry
https://www.epa.gov/sites/production/files/2015-12/documents/1312.pdf


 

 

 
6-1 

SAP04022021 - Parcel 30 NE Area 

Section 6  

Data Verification and Validation 
Upon receipt of complete and final analytical reports from the laboratory, BC will perform Level II 
validation review on 100 percent of the soil sample results. At a minimum, the following activities will 
be performed: 
• Sample COC documents will be reviewed, confirming that all analyses requested were performed 

and that sampling dates are accurately reflected in the laboratory reports; 
• Laboratory reports will be reviewed to ensure that samples were received by the laboratory and 

analyzed within acceptable holding times;  
• Laboratory reports will be reviewed to ensure that analyte reporting limits are appropriate for the 

analytical method; 
• Equipment rinsate blank results will be reviewed; 
• Primary and field duplicate samples results will be compared; 
• Matrix spike sample recoveries will be reviewed; and 
• Internal laboratory control samples will be reviewed. 

The acceptance criteria to be applied during the Level II review of the analytical data are provided 
below (EPA, 2017): 
• Evaluation of equipment rinsate blanks. No contaminants should be found in the equipment 

rinsate blanks. 
• Comparison of primary and field duplicate sample analytical results. For samples with 

concentrations greater than five times the reporting limit, the relative percent difference 
between concentrations in the primary and field duplicate samples for each analyte should be 
within 35 percent. For samples with concentrations less than five times the reporting limit, the 
absolute value of the difference in concentration between the primary sample and field 
duplicate sample for each analyte should be less than two times the reporting limit. 

• Evaluation of matrix spike recoveries. The percent recoveries of measured to true concentrations 
in matrix spike samples should be between 75 and 125 percent for samples where the original 
sample concentration is less than four times the spike added. The relative percent difference 
between concentrations in the primary matrix spike sample and matrix spike duplicate sample 
for each analyte should be within 35 percent. 

• Evaluation of laboratory control samples. The percent recoveries of measured to true 
concentrations in laboratory control samples should be between 70 and 130 percent. 
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Section 7 
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Appendix A: COC Form 



** Preservative Types: (1) nitric acid, (2) sulfuric acid, (3) hydrochloric acid, (4) sodium hydroxide, (5) zinc acetate, 
(6) methanol, (7) sodium bisulfate, (8) sodium thiosulfate, (9) hexane, (A) ascorbic acid, (B) ammonium sulfate, 
(C) ammonium hydroxide, (D) TSP, (U) Unpreserved, (O) Other ______________

Customer Remarks / Special Conditions / Possible Hazards:

* Matrix Codes (Insert in Matrix box below): Drinking Water (DW), Ground Water (GW), Wastewater (WW), 
Product (P), Soil/Solid (SL), Oil (OL), Wipe (WP), Air (AR), Tissue (TS), Bioassay (B), Vapor (V), Other (OT)

Type of Ice Used:    Wet     Blue    Dry     None SHORT HOLDS PRESENT (<72 hours):     Y     N      N/A

Packing Material Used: Lab Tracking #:

Radchem sample(s) screened (<500 cpm):      Y       N       NA
Samples received via:
        FEDEX        UPS      Client      Courier        Pace Courier

MTJL LAB USE ONLY

Table #:
Acctnum: 
Template:
Prelogin: 

PM: 
PB:

Lab Sample Temperature Info:
Temp Blank Received:       Y    N    NA    
Therm ID#:  __________________    
Cooler 1 Temp Upon Receipt: _____oC    
Cooler 1 Therm Corr. Factor: ______oC 
Cooler 1 Corrected Temp: ________oC    
Comments:   

Trip Blank Received:      Y       N       NA
     HCL       MeOH         TSP         Other

Non Conformance(s): 
YES   /   NO

Page: _______
of:  _______

CHAIN-OF-CUSTODY Analytical Request Document

Chain-of-Custody is a LEGAL DOCUMENT - Complete all relevent fields
Company: Billing Information:

Address: 

Report To: Email To:

Copy To:

Customer Project Name/Number:

Site Collection Info/Address: 

State:         County/City:            
            /

Time Zone Collected: 
[   ] PT [   ] MT [   ] CT [   ] ET

Phone:
Email:

Site/Facility ID #: Compliance Monitoring?
  [   ]  Yes           [   ] No

Collected By (print): Purchase Order #: 
Quote #:

DW PWS ID #: 
DW Location Code: 

Collected By (signature): Turnaround Date Required: Immediately Packed on Ice: 

[   ] Yes            [   ] No
Sample Disposal:
[   ] Dispose as appropriate  [   ] Return 
[   ] Archive: ______________
[   ] Hold:_________________

Rush:
[   ] Same Day      [   ] Next Day

[   ] 2 Day    [   ] 3 Day    [   ] 4 Day    [   ] 5 Day 
(Expedite Charges Apply)

Field Filtered (if applicable):
[   ] Yes            [   ] No

Analysis: ___________________

Customer Sample ID Matrix *
Comp / 

Grab
Collected (or 

Composite Start) Composite End Res
Cl

# of 
Ctns

Date Time Date Time

LAB USE ONLY- Affix Workorder/Login Label Here or List Pace Workorder Number or 
MTJL Log-in Number Here

ALL SHADED AREAS are for LAB USE ONLY
Container Preservative Type ** Lab Project Manager:

Analyses Lab Profile/Line:
Lab Sample Receipt Checklist:

Custody Seals Present/Intact Y N NA
Custody Signatures Present   Y N NA
Collector Signature Present  Y N NA

Y N NA
Y N NA
Y N NA
Y N NA

   Y N NA
Y N NA
Y N NA

Bottles Intact
Correct Bottles 
Sufficient Volume
Samples Received on Ice
VOA - Headspace Acceptable 
USDA Regulated Soils 
Samples in Holding Time 
Residual Chlorine Present    Y N NA
Cl Strips: _____________________
Sample pH Acceptable Y N NA
pH Strips: _____________________ 
Sulfide Present              Y N NA 
Lead Acetate Strips: ___________

LAB USE ONLY:
Lab Sample # / Comments:

Relinquished by/Company: (Signature) Date/Time: Received by/Company: (Signature) Date/Time:

Relinquished by/Company: (Signature) Date/Time: Received by/Company: (Signature) Date/Time:

Relinquished by/Company: (Signature) Date/Time: Received by/Company: (Signature) Date/Time:
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ANALYTICAL REPORT
July 12,  2021

Brown & Caldwell - Phoenix, AZ

Sample Delivery Group: L1371240

Samples Received: 06/25/2021

Project Number: 156438.002

Description: Amax Parcel 30 - Sahuarita AZ

Report To: Carter Coolidge

2 North Central Ave Suite 1600

Phoenix, AZ  85004

Entire Report Reviewed By:

July 12,  2021

[Preliminary Report]

Daphne Richards
Pro ject  Manager

Results relate only to the items tested or calibrated and are reported as rounded values. This test report shall not be 
reproduced, except in full, without written approval of the laboratory. Where applicable, sampling conducted by Pace 
Analytical National is performed per guidance provided in laboratory standard operating procedures ENV-SOP-MTJL-0067 and 
ENV-SOP-MTJL-0068. Where sampling conducted by the customer, results relate to the accuracy of the information provided, 
and as the samples are received.
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SAMPLE SUMMARY

Collected by Collected date/time Received date/time

G1-0-1-20210621  L1371240-01  Solid R. Stolar 06/21/21 17:11 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1697038 1 07/01/21 17:17 07/03/21 14:43 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

G1-8-9-20210621  L1371240-02  Solid R. Stolar 06/21/21 17:16 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1697038 1 07/01/21 17:17 07/03/21 14:52 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

DUP-1  L1371240-03  Solid R. Stolar 06/21/21 12:00 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1697038 1 07/01/21 17:17 07/03/21 14:55 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

G2-8-9-20210621  L1371240-05  Solid R. Stolar 06/21/21 17:50 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1697038 1 07/01/21 17:17 07/03/21 14:58 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

RINSATE-20210621  L1371240-07  WW R. Stolar 06/21/21 17:30 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 200.7 WG1702500 1 07/09/21 11:58 07/09/21 19:02 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

G3-7-8-20210622  L1371240-08  Solid R. Stolar 06/22/21 07:58 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1697038 1 07/01/21 17:17 07/03/21 15:01 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

G4-6-7-20210622  L1371240-10  Solid R. Stolar 06/22/21 08:06 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1697038 1 07/01/21 17:17 07/03/21 15:04 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

G5-0-1-20210622  L1371240-12  Solid R. Stolar 06/22/21 08:15 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1697038 1 07/01/21 17:17 07/03/21 15:07 KMG Mt. Juliet, TN
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SAMPLE SUMMARY

Collected by Collected date/time Received date/time

G5-6-7-20210622  L1371240-13  Solid R. Stolar 06/22/21 08:19 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1697038 1 07/01/21 17:17 07/03/21 15:09 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

G6-7-8-20210622  L1371240-15  Solid R. Stolar 06/22/21 08:34 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1697038 1 07/01/21 17:17 07/03/21 15:13 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

G7-8-9-20210622  L1371240-17  Solid R. Stolar 06/22/21 08:50 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1697038 1 07/01/21 17:17 07/03/21 15:16 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

G8-0-1-20210622  L1371240-19  Solid R. Stolar 06/22/21 09:16 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1697038 1 07/01/21 17:17 07/03/21 15:18 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

G8-7-8-20210622  L1371240-20  Solid R. Stolar 06/22/21 09:20 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1697038 1 07/01/21 17:17 07/03/21 15:27 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

G9-6-7-20210622  L1371240-22  Solid R. Stolar 06/22/21 10:15 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1697038 1 07/01/21 17:17 07/03/21 15:30 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

G10-6-7-20210622  L1371240-24  Solid R. Stolar 06/22/21 10:23 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1697038 1 07/01/21 17:17 07/03/21 15:33 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

DUP-2  L1371240-26  Solid R. Stolar 06/22/21 12:00 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1697038 1 07/01/21 17:17 07/03/21 15:37 KMG Mt. Juliet, TN
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SAMPLE SUMMARY

Collected by Collected date/time Received date/time

G11-5-6-20210622  L1371240-27  Solid R. Stolar 06/22/21 10:34 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1697038 1 07/01/21 17:17 07/03/21 15:40 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

G12-0-1-20210622  L1371240-29  Solid R. Stolar 06/22/21 10:42 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1697038 1 07/01/21 17:17 07/03/21 15:43 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

G12-5-6-20210622  L1371240-30  Solid R. Stolar 06/22/21 10:46 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1697083 1 07/01/21 06:14 07/03/21 14:27 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

G13-5-6-20210622  L1371240-32  Solid R. Stolar 06/22/21 10:54 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1697083 1 07/01/21 06:14 07/03/21 14:30 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

G14-0-1-20210622  L1371240-34  Solid R. Stolar 06/22/21 11:38 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1696987 1 07/01/21 17:03 07/03/21 16:54 KMG Mt. Juliet, TN

Metals (ICP) by Method 6010D WG1696987 5 07/01/21 17:03 07/03/21 18:51 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

G14-6-7-20210622  L1371240-35  Solid R. Stolar 06/22/21 11:42 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1696987 1 07/01/21 17:03 07/03/21 17:03 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

G15-6-7-20210622  L1371240-37  Solid R. Stolar 06/22/21 11:52 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1696987 1 07/01/21 17:03 07/03/21 16:33 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

G16-0-1-20210622  L1371240-39  Solid R. Stolar 06/22/21 12:04 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1696987 1 07/01/21 17:03 07/03/21 17:06 KMG Mt. Juliet, TN
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SAMPLE SUMMARY

Collected by Collected date/time Received date/time

G16-5-6-20210622  L1371240-40  Solid R. Stolar 06/22/21 12:08 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1696987 1 07/01/21 17:03 07/03/21 17:09 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

G17-5-6-20210622  L1371240-42  Solid R. Stolar 06/22/21 12:34 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1696987 1 07/01/21 17:03 07/03/21 17:12 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

G18-0-1-20210622  L1371240-44  Solid R. Stolar 06/22/21 12:42 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1696987 1 07/01/21 17:03 07/03/21 17:15 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

G18-4-5-20210622  L1371240-45  Solid R. Stolar 06/22/21 12:46 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1696987 1 07/01/21 17:03 07/03/21 17:18 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

G19-4-5-20210622  L1371240-47  Solid R. Stolar 06/22/21 12:54 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1696987 1 07/01/21 17:03 07/03/21 17:21 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

DUP-3  L1371240-49  Solid R. Stolar 06/22/21 13:00 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1696987 1 07/01/21 17:03 07/03/21 17:24 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

G20-4-5-20210622  L1371240-50  Solid R. Stolar 06/22/21 13:02 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1696987 1 07/01/21 17:03 07/03/21 17:27 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

G21-0-1-20210622  L1371240-52  Solid R. Stolar 06/22/21 13:29 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1696987 1 07/01/21 17:03 07/03/21 17:30 KMG Mt. Juliet, TN

Metals (ICP) by Method 6010D WG1696987 5 07/01/21 17:03 07/03/21 18:54 KMG Mt. Juliet, TN
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SAMPLE SUMMARY

Collected by Collected date/time Received date/time

G21-5-6-20210622  L1371240-53  Solid R. Stolar 06/22/21 13:34 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1696987 1 07/01/21 17:03 07/03/21 17:39 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

G22-6-7-20210622  L1371240-55  Solid R. Stolar 06/22/21 13:42 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1697079 1 07/01/21 17:49 07/03/21 17:10 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

G23-6-7-20210622  L1371240-57  Solid R. Stolar 06/22/21 13:50 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1697079 1 07/01/21 17:49 07/03/21 17:13 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

G24-6-7-20210622  L1371240-59  Solid R. Stolar 06/22/21 14:12 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1697079 1 07/01/21 17:49 07/03/21 17:16 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

G25-0-1-20210622  L1371240-61  Solid R. Stolar 06/22/21 14:20 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1697079 1 07/01/21 17:49 07/03/21 17:24 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

G25-6-7-20210622  L1371240-62  Solid R. Stolar 06/22/21 14:24 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1697079 1 07/01/21 17:49 07/03/21 17:26 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

G26-4-5-20210622  L1371240-64  Solid R. Stolar 06/22/21 14:32 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1697079 1 07/01/21 17:49 07/03/21 17:29 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

G27-6-7-20210622  L1371240-66  Solid R. Stolar 06/22/21 14:40 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1697079 1 07/01/21 17:49 07/03/21 17:32 KMG Mt. Juliet, TN
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SAMPLE SUMMARY

Collected by Collected date/time Received date/time

G28-0-1-20210622  L1371240-68  Solid R. Stolar 06/22/21 14:48 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1697079 1 07/01/21 17:49 07/03/21 17:35 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

G28-6-7-20210622  L1371240-69  Solid R. Stolar 06/22/21 14:52 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1697079 1 07/01/21 17:49 07/03/21 17:37 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

DUP-4  L1371240-71  Solid R. Stolar 06/22/21 14:00 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1697079 1 07/01/21 17:49 07/03/21 17:40 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

P8-2-3-20210622  L1371240-72  Solid R. Stolar 06/22/21 16:02 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1697079 1 07/01/21 17:49 07/03/21 17:43 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

P7-4-5-20210622  L1371240-74  Solid R. Stolar 06/22/21 16:10 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1697079 1 07/01/21 17:49 07/03/21 17:45 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

P6-5-6-20210622  L1371240-77  Solid R. Stolar 06/22/21 16:18 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1697079 1 07/01/21 17:49 07/03/21 17:48 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

P5-4-5-20210622  L1371240-78  Solid R. Stolar 06/22/21 16:30 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1697079 1 07/01/21 17:49 07/03/21 16:57 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

P4-4-5-20210622  L1371240-80  Solid R. Stolar 06/22/21 17:00 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1697079 1 07/01/21 17:49 07/03/21 17:56 KMG Mt. Juliet, TN
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SAMPLE SUMMARY

Collected by Collected date/time Received date/time

P3-7-8-20210622  L1371240-82  Solid R. Stolar 06/22/21 17:10 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1697079 1 07/01/21 17:49 07/03/21 17:59 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

P2-5-6-20210622  L1371240-84  Solid R. Stolar 06/22/21 17:20 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1697079 1 07/01/21 17:49 07/03/21 18:01 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

P1-4-5-20210622  L1371240-86  Solid R. Stolar 06/22/21 17:30 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1697079 1 07/01/21 17:49 07/03/21 18:04 KMG Mt. Juliet, TN

Metals (ICP) by Method 6010D WG1697079 5 07/01/21 17:49 07/03/21 18:46 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

P14-7-8-20210623  L1371240-88  Solid R. Stolar 06/23/21 07:40 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1697083 1 07/01/21 06:14 07/03/21 13:22 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

P13-4-5-20210623  L1371240-90  Solid R. Stolar 06/23/21 07:48 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1697079 1 07/01/21 17:49 07/03/21 18:07 KMG Mt. Juliet, TN

Metals (ICP) by Method 6010D WG1697079 5 07/01/21 17:49 07/03/21 18:48 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

RINSATE-20210622  L1371240-92  WW R. Stolar 06/22/21 17:27 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 200.7 WG1702500 1 07/09/21 11:58 07/09/21 19:13 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

P12-5-6-20210623  L1371240-94  Solid R. Stolar 06/23/21 08:24 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1697079 1 07/01/21 17:49 07/03/21 18:10 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

P11-5-6-20210623  L1371240-96  Solid R. Stolar 06/23/21 08:28 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1697083 1 07/01/21 06:14 07/03/21 14:33 KMG Mt. Juliet, TN

1

Cp

2

Tc

3

Ss

4

Cn

5

Sr

6

Qc

7

Gl

8

Al

9

Sc

ACCOUNT: PROJECT: SDG: DATE/TIME: PAGE:

Brown & Caldwell - Phoenix, AZ 156438.002 L1371240 07/12/21 09:53 10 of 90

ACCOUNT: PROJECT: SDG: DATE/TIME: PAGE:

Brown & Caldwell - Phoenix, AZ 156438.002 L1371240 07/12/21 13:41 10 of 90



SAMPLE SUMMARY

Collected by Collected date/time Received date/time

P10-3-4-20210623  L1371240-98  Solid R. Stolar 06/23/21 08:40 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1697083 1 07/01/21 06:14 07/03/21 14:36 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

P9-1-2-20210623  L1371240-99  Solid R. Stolar 06/23/21 08:44 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1697083 1 07/01/21 06:14 07/03/21 14:39 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

DUP-5  L1371240-101  Solid R. Stolar 06/23/21 12:00 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1697083 1 07/01/21 06:14 07/03/21 14:18 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

RINSATE-20210623  L1371240-102  WW R. Stolar 06/23/21 10:50 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 200.7 WG1702500 1 07/09/21 11:58 07/09/21 19:11 KMG Mt. Juliet, TN
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CASE NARRATIVE

All sample aliquots were received at the correct temperature, in the proper containers, with the 
appropriate preservatives, and within method specified holding times, unless qualified or notated within
the report.  Where applicable, all MDL (LOD) and RDL (LOQ) values reported for environmental samples
have been corrected for the dilution factor used in the analysis.  All Method and Batch Quality Control 
are within established criteria except where addressed in this case narrative, a non-conformance form 
or properly qualified within the sample results. By my digital signature below, I affirm to the best of my 
knowledge, all problems/anomalies observed by the laboratory as having the potential to affect the 
quality of the data have been identified by the laboratory, and no information or data have been 
knowingly withheld that would affect the quality of the data.

[Preliminary Report]

Daphne Richards
Pro jec t  Manager
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SAMPLE RESULTS - 01
L 1 3 7 1 2 4 0

G1-0-1-20210621
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 1 / 2 1  1 7 : 1 1

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 9.04 0.518 2.00 1 07/03/2021 14:43 WG1697038

Lead 1700 0.208 0.500 1 07/03/2021 14:43 WG1697038

Manganese 1720 0.133 1.00 1 07/03/2021 14:43 WG1697038

1

Cp

2

Tc

3

Ss

4

Cn

5

Sr

6

Qc

7

Gl

8

Al

9

Sc

ACCOUNT: PROJECT: SDG: DATE/TIME: PAGE:

Brown & Caldwell - Phoenix, AZ 156438.002 L1371240 07/12/21 09:53 13 of 90

ACCOUNT: PROJECT: SDG: DATE/TIME: PAGE:

Brown & Caldwell - Phoenix, AZ 156438.002 L1371240 07/12/21 13:41 13 of 90



SAMPLE RESULTS - 02
L 1 3 7 1 2 4 0

G1-8-9-20210621
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 1 / 2 1  1 7 : 1 6

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 5.18 0.518 2.00 1 07/03/2021 14:52 WG1697038

Lead 883 0.208 0.500 1 07/03/2021 14:52 WG1697038

Manganese 803 0.133 1.00 1 07/03/2021 14:52 WG1697038
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SAMPLE RESULTS - 03
L 1 3 7 1 2 4 0

DUP-1
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 1 / 2 1  1 2 : 0 0

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 6.27 0.518 2.00 1 07/03/2021 14:55 WG1697038

Lead 810 0.208 0.500 1 07/03/2021 14:55 WG1697038

Manganese 857 0.133 1.00 1 07/03/2021 14:55 WG1697038
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SAMPLE RESULTS - 05
L 1 3 7 1 2 4 0

G2-8-9-20210621
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 1 / 2 1  1 7 : 5 0

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 4.39 0.518 2.00 1 07/03/2021 14:58 WG1697038

Lead 91.7 0.208 0.500 1 07/03/2021 14:58 WG1697038

Manganese 564 0.133 1.00 1 07/03/2021 14:58 WG1697038
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SAMPLE RESULTS - 07
L 1 3 7 1 2 4 0

RINSATE-20210621
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 1 / 2 1  1 7 : 3 0

Metals (ICP) by Method 200.7

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte ug/l ug/l ug/l date / time

Arsenic U 6.45 10.0 1 07/09/2021 19:02 WG1702500

Lead 75.4 2.27 5.00 1 07/09/2021 19:02 WG1702500

Manganese 75.3 0.855 10.0 1 07/09/2021 19:02 WG1702500
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SAMPLE RESULTS - 08
L 1 3 7 1 2 4 0

G3-7-8-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  0 7 : 5 8

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 2.21 0.518 2.00 1 07/03/2021 15:01 WG1697038

Lead 9.50 0.208 0.500 1 07/03/2021 15:01 WG1697038

Manganese 165 0.133 1.00 1 07/03/2021 15:01 WG1697038
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SAMPLE RESULTS - 10
L 1 3 7 1 2 4 0

G4-6-7-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  0 8 : 0 6

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 3.31 0.518 2.00 1 07/03/2021 15:04 WG1697038

Lead 13.4 0.208 0.500 1 07/03/2021 15:04 WG1697038

Manganese 264 0.133 1.00 1 07/03/2021 15:04 WG1697038
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SAMPLE RESULTS - 12
L 1 3 7 1 2 4 0

G5-0-1-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  0 8 : 1 5

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 4.68 0.518 2.00 1 07/03/2021 15:07 WG1697038

Lead 260 0.208 0.500 1 07/03/2021 15:07 WG1697038

Manganese 511 0.133 1.00 1 07/03/2021 15:07 WG1697038
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SAMPLE RESULTS - 13
L 1 3 7 1 2 4 0

G5-6-7-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  0 8 : 1 9

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 2.80 0.518 2.00 1 07/03/2021 15:09 WG1697038

Lead 13.3 0.208 0.500 1 07/03/2021 15:09 WG1697038

Manganese 310 0.133 1.00 1 07/03/2021 15:09 WG1697038
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SAMPLE RESULTS - 15
L 1 3 7 1 2 4 0

G6-7-8-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  0 8 : 3 4

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 5.97 0.518 2.00 1 07/03/2021 15:13 WG1697038

Lead 37.4 0.208 0.500 1 07/03/2021 15:13 WG1697038

Manganese 656 0.133 1.00 1 07/03/2021 15:13 WG1697038
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SAMPLE RESULTS - 17
L 1 3 7 1 2 4 0

G7-8-9-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  0 8 : 5 0

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 5.58 0.518 2.00 1 07/03/2021 15:16 WG1697038

Lead 735 0.208 0.500 1 07/03/2021 15:16 WG1697038

Manganese 809 0.133 1.00 1 07/03/2021 15:16 WG1697038
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SAMPLE RESULTS - 19
L 1 3 7 1 2 4 0

G8-0-1-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  0 9 : 1 6

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 3.17 0.518 2.00 1 07/03/2021 15:18 WG1697038

Lead 112 0.208 0.500 1 07/03/2021 15:18 WG1697038

Manganese 343 0.133 1.00 1 07/03/2021 15:18 WG1697038
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SAMPLE RESULTS - 20
L 1 3 7 1 2 4 0

G8-7-8-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  0 9 : 2 0

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 6.31 0.518 2.00 1 07/03/2021 15:27 WG1697038

Lead 22.4 0.208 0.500 1 07/03/2021 15:27 WG1697038

Manganese 650 0.133 1.00 1 07/03/2021 15:27 WG1697038
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SAMPLE RESULTS - 22
L 1 3 7 1 2 4 0

G9-6-7-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  1 0 : 1 5

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 5.09 0.518 2.00 1 07/03/2021 15:30 WG1697038

Lead 17.1 0.208 0.500 1 07/03/2021 15:30 WG1697038

Manganese 495 0.133 1.00 1 07/03/2021 15:30 WG1697038
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SAMPLE RESULTS - 24
L 1 3 7 1 2 4 0

G10-6-7-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  1 0 : 2 3

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 4.68 0.518 2.00 1 07/03/2021 15:33 WG1697038

Lead 16.2 0.208 0.500 1 07/03/2021 15:33 WG1697038

Manganese 453 0.133 1.00 1 07/03/2021 15:33 WG1697038
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SAMPLE RESULTS - 26
L 1 3 7 1 2 4 0

DUP-2
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  1 2 : 0 0

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 4.83 0.518 2.00 1 07/03/2021 15:37 WG1697038

Lead 17.6 0.208 0.500 1 07/03/2021 15:37 WG1697038

Manganese 437 0.133 1.00 1 07/03/2021 15:37 WG1697038
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SAMPLE RESULTS - 27
L 1 3 7 1 2 4 0

G11-5-6-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  1 0 : 3 4

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 4.43 0.518 2.00 1 07/03/2021 15:40 WG1697038

Lead 14.6 0.208 0.500 1 07/03/2021 15:40 WG1697038

Manganese 407 0.133 1.00 1 07/03/2021 15:40 WG1697038
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SAMPLE RESULTS - 29
L 1 3 7 1 2 4 0

G12-0-1-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  1 0 : 4 2

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 7.78 0.518 2.00 1 07/03/2021 15:43 WG1697038

Lead 1120 0.208 0.500 1 07/03/2021 15:43 WG1697038

Manganese 1680 0.133 1.00 1 07/03/2021 15:43 WG1697038
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SAMPLE RESULTS - 30
L 1 3 7 1 2 4 0

G12-5-6-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  1 0 : 4 6

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 3.54 0.518 2.00 1 07/03/2021 14:27 WG1697083

Lead 21.6 0.208 0.500 1 07/03/2021 14:27 WG1697083

Manganese 578 0.133 1.00 1 07/03/2021 14:27 WG1697083
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SAMPLE RESULTS - 32
L 1 3 7 1 2 4 0

G13-5-6-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  1 0 : 5 4

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 3.21 0.518 2.00 1 07/03/2021 14:30 WG1697083

Lead 20.7 0.208 0.500 1 07/03/2021 14:30 WG1697083

Manganese 589 0.133 1.00 1 07/03/2021 14:30 WG1697083
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SAMPLE RESULTS - 34
L 1 3 7 1 2 4 0

G14-0-1-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  1 1 : 3 8

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 6.00 0.518 2.00 1 07/03/2021 16:54 WG1696987

Lead 778 0.208 0.500 1 07/03/2021 16:54 WG1696987

Manganese 1720 0.665 5.00 5 07/03/2021 18:51 WG1696987
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SAMPLE RESULTS - 35
L 1 3 7 1 2 4 0

G14-6-7-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  1 1 : 4 2

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 3.88 0.518 2.00 1 07/03/2021 17:03 WG1696987

Lead 22.8 0.208 0.500 1 07/03/2021 17:03 WG1696987

Manganese 662 0.133 1.00 1 07/03/2021 17:03 WG1696987
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SAMPLE RESULTS - 37
L 1 3 7 1 2 4 0

G15-6-7-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  1 1 : 5 2

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 3.72 0.518 2.00 1 07/03/2021 16:33 WG1696987

Lead 22.4 0.208 0.500 1 07/03/2021 16:33 WG1696987

Manganese 660 0.133 1.00 1 07/03/2021 16:33 WG1696987
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SAMPLE RESULTS - 39
L 1 3 7 1 2 4 0

G16-0-1-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  1 2 : 0 4

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 5.12 0.518 2.00 1 07/03/2021 17:06 WG1696987

Lead 351 0.208 0.500 1 07/03/2021 17:06 WG1696987

Manganese 834 0.133 1.00 1 07/03/2021 17:06 WG1696987
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SAMPLE RESULTS - 40
L 1 3 7 1 2 4 0

G16-5-6-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  1 2 : 0 8

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 3.12 0.518 2.00 1 07/03/2021 17:09 WG1696987

Lead 18.3 0.208 0.500 1 07/03/2021 17:09 WG1696987

Manganese 515 0.133 1.00 1 07/03/2021 17:09 WG1696987
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SAMPLE RESULTS - 42
L 1 3 7 1 2 4 0

G17-5-6-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  1 2 : 3 4

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 2.36 0.518 2.00 1 07/03/2021 17:12 WG1696987

Lead 12.2 0.208 0.500 1 07/03/2021 17:12 WG1696987

Manganese 346 0.133 1.00 1 07/03/2021 17:12 WG1696987

1

Cp

2

Tc

3

Ss

4

Cn

5

Sr

6

Qc

7

Gl

8

Al

9

Sc

ACCOUNT: PROJECT: SDG: DATE/TIME: PAGE:

Brown & Caldwell - Phoenix, AZ 156438.002 L1371240 07/12/21 09:53 38 of 90

ACCOUNT: PROJECT: SDG: DATE/TIME: PAGE:

Brown & Caldwell - Phoenix, AZ 156438.002 L1371240 07/12/21 13:41 38 of 90



SAMPLE RESULTS - 44
L 1 3 7 1 2 4 0

G18-0-1-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  1 2 : 4 2

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 3.14 0.518 2.00 1 07/03/2021 17:15 WG1696987

Lead 310 0.208 0.500 1 07/03/2021 17:15 WG1696987

Manganese 591 0.133 1.00 1 07/03/2021 17:15 WG1696987
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SAMPLE RESULTS - 45
L 1 3 7 1 2 4 0

G18-4-5-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  1 2 : 4 6

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 3.38 0.518 2.00 1 07/03/2021 17:18 WG1696987

Lead 23.3 0.208 0.500 1 07/03/2021 17:18 WG1696987

Manganese 694 0.133 1.00 1 07/03/2021 17:18 WG1696987
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SAMPLE RESULTS - 47
L 1 3 7 1 2 4 0

G19-4-5-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  1 2 : 5 4

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 3.36 0.518 2.00 1 07/03/2021 17:21 WG1696987

Lead 55.4 0.208 0.500 1 07/03/2021 17:21 WG1696987

Manganese 491 0.133 1.00 1 07/03/2021 17:21 WG1696987
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SAMPLE RESULTS - 49
L 1 3 7 1 2 4 0

DUP-3
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  1 3 : 0 0

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 3.48 0.518 2.00 1 07/03/2021 17:24 WG1696987

Lead 39.2 0.208 0.500 1 07/03/2021 17:24 WG1696987

Manganese 464 0.133 1.00 1 07/03/2021 17:24 WG1696987
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SAMPLE RESULTS - 50
L 1 3 7 1 2 4 0

G20-4-5-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  1 3 : 0 2

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 2.67 0.518 2.00 1 07/03/2021 17:27 WG1696987

Lead 15.1 0.208 0.500 1 07/03/2021 17:27 WG1696987

Manganese 411 0.133 1.00 1 07/03/2021 17:27 WG1696987
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SAMPLE RESULTS - 52
L 1 3 7 1 2 4 0

G21-0-1-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  1 3 : 2 9

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 8.86 0.518 2.00 1 07/03/2021 17:30 WG1696987

Lead 1090 0.208 0.500 1 07/03/2021 17:30 WG1696987

Manganese 2140 0.665 5.00 5 07/03/2021 18:54 WG1696987
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SAMPLE RESULTS - 53
L 1 3 7 1 2 4 0

G21-5-6-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  1 3 : 3 4

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 2.85 0.518 2.00 1 07/03/2021 17:39 WG1696987

Lead 16.8 0.208 0.500 1 07/03/2021 17:39 WG1696987

Manganese 460 0.133 1.00 1 07/03/2021 17:39 WG1696987
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SAMPLE RESULTS - 55
L 1 3 7 1 2 4 0

G22-6-7-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  1 3 : 4 2

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 4.26 0.518 2.00 1 07/03/2021 17:10 WG1697079

Lead 19.0 0.208 0.500 1 07/03/2021 17:10 WG1697079

Manganese 573 0.133 1.00 1 07/03/2021 17:10 WG1697079
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SAMPLE RESULTS - 57
L 1 3 7 1 2 4 0

G23-6-7-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  1 3 : 5 0

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 4.01 0.518 2.00 1 07/03/2021 17:13 WG1697079

Lead 16.8 0.208 0.500 1 07/03/2021 17:13 WG1697079

Manganese 501 0.133 1.00 1 07/03/2021 17:13 WG1697079
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SAMPLE RESULTS - 59
L 1 3 7 1 2 4 0

G24-6-7-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  1 4 : 1 2

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 4.56 0.518 2.00 1 07/03/2021 17:16 WG1697079

Lead 20.4 0.208 0.500 1 07/03/2021 17:16 WG1697079

Manganese 588 0.133 1.00 1 07/03/2021 17:16 WG1697079
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SAMPLE RESULTS - 61
L 1 3 7 1 2 4 0

G25-0-1-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  1 4 : 2 0

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 4.76 0.518 2.00 1 07/03/2021 17:24 WG1697079

Lead 168 0.208 0.500 1 07/03/2021 17:24 WG1697079

Manganese 691 0.133 1.00 1 07/03/2021 17:24 WG1697079

1

Cp

2

Tc

3

Ss

4

Cn

5

Sr

6

Qc

7

Gl

8

Al

9

Sc

ACCOUNT: PROJECT: SDG: DATE/TIME: PAGE:

Brown & Caldwell - Phoenix, AZ 156438.002 L1371240 07/12/21 09:53 49 of 90

ACCOUNT: PROJECT: SDG: DATE/TIME: PAGE:

Brown & Caldwell - Phoenix, AZ 156438.002 L1371240 07/12/21 13:41 49 of 90



SAMPLE RESULTS - 62
L 1 3 7 1 2 4 0

G25-6-7-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  1 4 : 2 4

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 4.02 0.518 2.00 1 07/03/2021 17:26 WG1697079

Lead 18.5 0.208 0.500 1 07/03/2021 17:26 WG1697079

Manganese 541 0.133 1.00 1 07/03/2021 17:26 WG1697079
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SAMPLE RESULTS - 64
L 1 3 7 1 2 4 0

G26-4-5-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  1 4 : 3 2

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 4.31 0.518 2.00 1 07/03/2021 17:29 WG1697079

Lead 18.1 0.208 0.500 1 07/03/2021 17:29 WG1697079

Manganese 543 0.133 1.00 1 07/03/2021 17:29 WG1697079
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SAMPLE RESULTS - 66
L 1 3 7 1 2 4 0

G27-6-7-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  1 4 : 4 0

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 3.51 0.518 2.00 1 07/03/2021 17:32 WG1697079

Lead 15.7 0.208 0.500 1 07/03/2021 17:32 WG1697079

Manganese 437 0.133 1.00 1 07/03/2021 17:32 WG1697079
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SAMPLE RESULTS - 68
L 1 3 7 1 2 4 0

G28-0-1-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  1 4 : 4 8

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 4.13 0.518 2.00 1 07/03/2021 17:35 WG1697079

Lead 150 0.208 0.500 1 07/03/2021 17:35 WG1697079

Manganese 640 0.133 1.00 1 07/03/2021 17:35 WG1697079
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SAMPLE RESULTS - 69
L 1 3 7 1 2 4 0

G28-6-7-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  1 4 : 5 2

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 3.82 0.518 2.00 1 07/03/2021 17:37 WG1697079

Lead 19.7 0.208 0.500 1 07/03/2021 17:37 WG1697079

Manganese 604 0.133 1.00 1 07/03/2021 17:37 WG1697079
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SAMPLE RESULTS - 71
L 1 3 7 1 2 4 0

DUP-4
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  1 4 : 0 0

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 4.70 0.518 2.00 1 07/03/2021 17:40 WG1697079

Lead 248 0.208 0.500 1 07/03/2021 17:40 WG1697079

Manganese 831 0.133 1.00 1 07/03/2021 17:40 WG1697079
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SAMPLE RESULTS - 72
L 1 3 7 1 2 4 0

P8-2-3-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  1 6 : 0 2

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 2.78 0.518 2.00 1 07/03/2021 17:43 WG1697079

Lead 74.1 0.208 0.500 1 07/03/2021 17:43 WG1697079

Manganese 417 0.133 1.00 1 07/03/2021 17:43 WG1697079
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SAMPLE RESULTS - 74
L 1 3 7 1 2 4 0

P7-4-5-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  1 6 : 1 0

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 2.88 0.518 2.00 1 07/03/2021 17:45 WG1697079

Lead 15.5 0.208 0.500 1 07/03/2021 17:45 WG1697079

Manganese 453 0.133 1.00 1 07/03/2021 17:45 WG1697079
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SAMPLE RESULTS - 77
L 1 3 7 1 2 4 0

P6-5-6-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  1 6 : 1 8

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 6.25 0.518 2.00 1 07/03/2021 17:48 WG1697079

Lead 22.6 0.208 0.500 1 07/03/2021 17:48 WG1697079

Manganese 657 0.133 1.00 1 07/03/2021 17:48 WG1697079
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SAMPLE RESULTS - 78
L 1 3 7 1 2 4 0

P5-4-5-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  1 6 : 3 0

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 4.11 0.518 2.00 1 07/03/2021 16:57 WG1697079

Lead 19.4 0.208 0.500 1 07/03/2021 16:57 WG1697079

Manganese 501 M3 0.133 1.00 1 07/03/2021 16:57 WG1697079
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SAMPLE RESULTS - 80
L 1 3 7 1 2 4 0

P4-4-5-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  1 7 : 0 0

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 2.50 0.518 2.00 1 07/03/2021 17:56 WG1697079

Lead 12.7 0.208 0.500 1 07/03/2021 17:56 WG1697079

Manganese 349 0.133 1.00 1 07/03/2021 17:56 WG1697079
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SAMPLE RESULTS - 82
L 1 3 7 1 2 4 0

P3-7-8-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  1 7 : 1 0

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 2.73 0.518 2.00 1 07/03/2021 17:59 WG1697079

Lead 11.7 0.208 0.500 1 07/03/2021 17:59 WG1697079

Manganese 308 0.133 1.00 1 07/03/2021 17:59 WG1697079
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SAMPLE RESULTS - 84
L 1 3 7 1 2 4 0

P2-5-6-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  1 7 : 2 0

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 3.16 0.518 2.00 1 07/03/2021 18:01 WG1697079

Lead 875 0.208 0.500 1 07/03/2021 18:01 WG1697079

Manganese 758 0.133 1.00 1 07/03/2021 18:01 WG1697079
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SAMPLE RESULTS - 86
L 1 3 7 1 2 4 0

P1-4-5-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  1 7 : 3 0

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 10.5 0.518 2.00 1 07/03/2021 18:04 WG1697079

Lead 2240 0.208 0.500 1 07/03/2021 18:04 WG1697079

Manganese 3300 0.665 5.00 5 07/03/2021 18:46 WG1697079
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SAMPLE RESULTS - 88
L 1 3 7 1 2 4 0

P14-7-8-20210623
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 3 / 2 1  0 7 : 4 0

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 2.24 0.518 2.00 1 07/03/2021 13:22 WG1697083

Lead 15.6 0.208 0.500 1 07/03/2021 13:22 WG1697083

Manganese 343 0.133 1.00 1 07/03/2021 13:22 WG1697083
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SAMPLE RESULTS - 90
L 1 3 7 1 2 4 0

P13-4-5-20210623
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 3 / 2 1  0 7 : 4 8

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 3.53 0.518 2.00 1 07/03/2021 18:07 WG1697079

Lead 589 0.208 0.500 1 07/03/2021 18:07 WG1697079

Manganese 1020 0.665 5.00 5 07/03/2021 18:48 WG1697079
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SAMPLE RESULTS - 92
L 1 3 7 1 2 4 0

RINSATE-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  1 7 : 2 7

Metals (ICP) by Method 200.7

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte ug/l ug/l ug/l date / time

Arsenic U 6.45 10.0 1 07/09/2021 19:13 WG1702500

Lead U 2.27 5.00 1 07/09/2021 19:13 WG1702500

Manganese U 0.855 10.0 1 07/09/2021 19:13 WG1702500
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SAMPLE RESULTS - 94
L 1 3 7 1 2 4 0

P12-5-6-20210623
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 3 / 2 1  0 8 : 2 4

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 1.23 E4 0.518 2.00 1 07/03/2021 18:10 WG1697079

Lead 10.1 0.208 0.500 1 07/03/2021 18:10 WG1697079

Manganese 160 0.133 1.00 1 07/03/2021 18:10 WG1697079
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SAMPLE RESULTS - 96
L 1 3 7 1 2 4 0

P11-5-6-20210623
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 3 / 2 1  0 8 : 2 8

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 1.65 E4 0.518 2.00 1 07/03/2021 14:33 WG1697083

Lead 12.3 0.208 0.500 1 07/03/2021 14:33 WG1697083

Manganese 271 0.133 1.00 1 07/03/2021 14:33 WG1697083
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SAMPLE RESULTS - 98
L 1 3 7 1 2 4 0

P10-3-4-20210623
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 3 / 2 1  0 8 : 4 0

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 2.38 0.518 2.00 1 07/03/2021 14:36 WG1697083

Lead 16.9 0.208 0.500 1 07/03/2021 14:36 WG1697083

Manganese 322 0.133 1.00 1 07/03/2021 14:36 WG1697083
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SAMPLE RESULTS - 99
L 1 3 7 1 2 4 0

P9-1-2-20210623
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 3 / 2 1  0 8 : 4 4

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 2.60 0.518 2.00 1 07/03/2021 14:39 WG1697083

Lead 14.3 0.208 0.500 1 07/03/2021 14:39 WG1697083

Manganese 380 0.133 1.00 1 07/03/2021 14:39 WG1697083
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SAMPLE RESULTS - 101
L 1 3 7 1 2 4 0

DUP-5
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 3 / 2 1  1 2 : 0 0

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 2.86 0.518 2.00 1 07/03/2021 14:18 WG1697083

Lead 17.1 0.208 0.500 1 07/03/2021 14:18 WG1697083

Manganese 439 0.133 1.00 1 07/03/2021 14:18 WG1697083
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SAMPLE RESULTS - 102
L 1 3 7 1 2 4 0

RINSATE-20210623
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 3 / 2 1  1 0 : 5 0

Metals (ICP) by Method 200.7

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte ug/l ug/l ug/l date / time

Arsenic U 6.45 10.0 1 07/09/2021 19:11 WG1702500

Lead U 2.27 5.00 1 07/09/2021 19:11 WG1702500

Manganese 1.43 E4 0.855 10.0 1 07/09/2021 19:11 WG1702500
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QUALITY CONTROL SUMMARYWG1702500
M e t a l s  ( I C P )  b y  M e t h o d  2 0 0 . 7 L 1 3 7 1 2 4 0 - 0 7 , 9 2 , 1 0 2

Method Blank (MB)

(MB) R3677796-1  07/09/21 18:04

 MB Result MB Qualifier MB MDL MB RDL

Analyte ug/l ug/l ug/l

Arsenic U 6.45 10.0

Lead U 2.27 5.00

Manganese U 0.855 10.0

Laboratory Control Sample (LCS)

(LCS) R3677796-2  07/09/21 18:07

 Spike Amount LCS Result LCS Rec. Rec. Limits LCS Qualifier

Analyte ug/l ug/l % %

Arsenic 1000 958 95.8 85.0-115

Lead 1000 965 96.5 85.0-115

Manganese 1000 975 97.5 85.0-115

L1371082-01 Original Sample (OS) • Matrix Spike (MS) • Matrix Spike Duplicate (MSD)

(OS) L1371082-01  07/09/21 18:10 • (MS) R3677796-4  07/09/21 18:15 • (MSD) R3677796-5  07/09/21 18:18

 Spike Amount Original Result MS Result MSD Result MS Rec. MSD Rec. Dilution Rec. Limits MS Qualifier MSD Qualifier RPD RPD Limits

Analyte ug/l ug/l ug/l ug/l % % % % %

Arsenic 1000 U 974 907 97.4 90.7 1 70.0-130 7.13 20

Lead 1000 3.32 980 910 97.7 90.7 1 70.0-130 7.43 20

Manganese 1000 13.5 998 929 98.5 91.6 1 70.0-130 7.19 20

L1371057-01 Original Sample (OS) • Matrix Spike (MS) • Matrix Spike Duplicate (MSD)

(OS) L1371057-01  07/09/21 18:20 • (MS) R3677796-6  07/09/21 18:23 • (MSD) R3677796-7  07/09/21 18:26

 Spike Amount Original Result MS Result MSD Result MS Rec. MSD Rec. Dilution Rec. Limits MS Qualifier MSD Qualifier RPD RPD Limits

Analyte ug/l ug/l ug/l ug/l % % % % %

Arsenic 1000 U 932 954 93.2 95.4 1 70.0-130 2.29 20

Lead 1000 U 936 954 93.6 95.4 1 70.0-130 1.92 20

Manganese 1000 2.91 952 971 94.9 96.9 1 70.0-130 2.00 20
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QUALITY CONTROL SUMMARYWG1696987
M e t a l s  ( I C P )  b y  M e t h o d  6 0 1 0 D L 1 3 7 1 2 4 0 - 3 4 , 3 5 , 3 7 , 3 9 , 4 0 , 4 2 , 4 4 , 4 5 , 4 7 , 4 9 , 5 0 , 5 2 , 5 3

Method Blank (MB)

(MB) R3675367-1  07/03/21 16:27

 MB Result MB Qualifier MB MDL MB RDL

Analyte mg/kg mg/kg mg/kg

Arsenic U 0.518 2.00

Lead U 0.208 0.500

Manganese U 0.133 1.00

Laboratory Control Sample (LCS)

(LCS) R3675367-2  07/03/21 16:30

 Spike Amount LCS Result LCS Rec. Rec. Limits LCS Qualifier

Analyte mg/kg mg/kg % %

Arsenic 100 93.6 93.6 80.0-120

Lead 100 95.2 95.2 80.0-120

Manganese 100 94.7 94.7 80.0-120

L1371240-37 Original Sample (OS) • Matrix Spike (MS) • Matrix Spike Duplicate (MSD)

(OS) L1371240-37  07/03/21 16:33 • (MS) R3675367-5  07/03/21 16:42 • (MSD) R3675367-6  07/03/21 16:45

 Spike Amount Original Result MS Result MSD Result MS Rec. MSD Rec. Dilution Rec. Limits MS Qualifier MSD Qualifier RPD RPD Limits

Analyte mg/kg mg/kg mg/kg mg/kg % % % % %

Arsenic 100 3.72 101 101 97.2 97.7 1 75.0-125 0.506 20

Lead 100 22.4 130 129 107 106 1 75.0-125 0.659 20

Manganese 100 660 778 754 118 94.0 1 75.0-125 3.10 20
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QUALITY CONTROL SUMMARYWG1697038
M e t a l s  ( I C P )  b y  M e t h o d  6 0 1 0 D L 1 3 7 1 2 4 0 - 0 1 , 0 2 , 0 3 , 0 5 , 0 8 , 1 0 , 1 2 , 1 3 , 1 5 , 1 7 , 1 9 , 2 0 , 2 2 , 2 4 , 2 6 , 2 7 , 2 9

Method Blank (MB)

(MB) R3675356-1  07/03/21 14:18

 MB Result MB Qualifier MB MDL MB RDL

Analyte mg/kg mg/kg mg/kg

Arsenic U 0.518 2.00

Lead U 0.208 0.500

Manganese U 0.133 1.00

Laboratory Control Sample (LCS)

(LCS) R3675356-2  07/03/21 14:21

 Spike Amount LCS Result LCS Rec. Rec. Limits LCS Qualifier

Analyte mg/kg mg/kg % %

Arsenic 100 91.2 91.2 80.0-120

Lead 100 91.4 91.4 80.0-120

Manganese 100 92.1 92.1 80.0-120

L1371211-01 Original Sample (OS) • Matrix Spike (MS) • Matrix Spike Duplicate (MSD)

(OS) L1371211-01  07/03/21 14:24 • (MS) R3675356-5  07/03/21 14:32 • (MSD) R3675356-6  07/03/21 14:35

 Spike Amount Original Result MS Result MSD Result MS Rec. MSD Rec. Dilution Rec. Limits MS Qualifier MSD Qualifier RPD RPD Limits

Analyte mg/kg mg/kg mg/kg mg/kg % % % % %

Arsenic 100 3.78 104 98.7 101 95.0 1 75.0-125 5.60 20

Lead 100 10.2 115 107 104 97.3 1 75.0-125 6.41 20

Manganese 100 301 461 357 160 56.4 1 75.0-125 M1 M2 R5 25.3 20
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QUALITY CONTROL SUMMARYWG1697079
M e t a l s  ( I C P )  b y  M e t h o d  6 0 1 0 D L 1 3 7 1 2 4 0 - 5 5 , 5 7 , 5 9 , 6 1 , 6 2 , 6 4 , 6 6 , 6 8 , 6 9 , 7 1 , 7 2 , 7 4 , 7 7 , 7 8 , 8 0 , 8 2 , 8 4 , 8 6 , 9 0 , 9 4

Method Blank (MB)

(MB) R3675362-1  07/03/21 16:52

 MB Result MB Qualifier MB MDL MB RDL

Analyte mg/kg mg/kg mg/kg

Arsenic U 0.518 2.00

Lead U 0.208 0.500

Manganese U 0.133 1.00

Laboratory Control Sample (LCS)

(LCS) R3675362-2  07/03/21 16:54

 Spike Amount LCS Result LCS Rec. Rec. Limits LCS Qualifier

Analyte mg/kg mg/kg % %

Arsenic 100 91.1 91.1 80.0-120

Lead 100 91.0 91.0 80.0-120

Manganese 100 92.1 92.1 80.0-120

L1371240-78 Original Sample (OS) • Matrix Spike (MS) • Matrix Spike Duplicate (MSD)

(OS) L1371240-78  07/03/21 16:57 • (MS) R3675362-5  07/03/21 17:05 • (MSD) R3675362-6  07/03/21 17:07

 Spike Amount Original Result MS Result MSD Result MS Rec. MSD Rec. Dilution Rec. Limits MS Qualifier MSD Qualifier RPD RPD Limits

Analyte mg/kg mg/kg mg/kg mg/kg % % % % %

Arsenic 100 4.11 87.6 91.6 83.5 87.5 1 75.0-125 4.41 20

Lead 100 19.4 103 109 83.6 89.6 1 75.0-125 5.68 20

Manganese 100 501 502 567 1.18 66.4 1 75.0-125 M3 M3 12.2 20
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QUALITY CONTROL SUMMARYWG1697083
M e t a l s  ( I C P )  b y  M e t h o d  6 0 1 0 D L 1 3 7 1 2 4 0 - 3 0 , 3 2 , 8 8 , 9 6 , 9 8 , 9 9 , 1 0 1

Method Blank (MB)

(MB) R3675364-1  07/03/21 13:17

 MB Result MB Qualifier MB MDL MB RDL

Analyte mg/kg mg/kg mg/kg

Arsenic U 0.518 2.00

Lead U 0.208 0.500

Manganese U 0.133 1.00

Laboratory Control Sample (LCS)

(LCS) R3675364-2  07/03/21 13:19

 Spike Amount LCS Result LCS Rec. Rec. Limits LCS Qualifier

Analyte mg/kg mg/kg % %

Arsenic 100 93.1 93.1 80.0-120

Lead 100 94.6 94.6 80.0-120

Manganese 100 93.7 93.7 80.0-120

L1371240-88 Original Sample (OS) • Matrix Spike (MS) • Matrix Spike Duplicate (MSD)

(OS) L1371240-88  07/03/21 13:22 • (MS) R3675364-5  07/03/21 13:31 • (MSD) R3675364-6  07/03/21 13:33

 Spike Amount Original Result MS Result MSD Result MS Rec. MSD Rec. Dilution Rec. Limits MS Qualifier MSD Qualifier RPD RPD Limits

Analyte mg/kg mg/kg mg/kg mg/kg % % % % %

Arsenic 100 2.24 89.3 86.7 87.1 84.5 1 75.0-125 2.95 20

Lead 100 15.6 108 107 92.8 91.3 1 75.0-125 1.38 20

Manganese 100 343 435 426 91.8 83.1 1 75.0-125 2.03 20
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GLOSSARY OF TERMS

Guide to Reading and Understanding Your Laboratory Report

The information below is designed to better explain the various terms used in your report of analytical results from the Laboratory.  This is not 
intended as a comprehensive explanation, and if you have additional questions please contact your project representative.

Results Disclaimer - Information that may be provided by the customer, and contained within this report, include Permit Limits, Project Name, 
Sample ID, Sample Matrix, Sample Preservation, Field Blanks, Field Spikes, Field Duplicates, On-Site Data, Sampling Collection Dates/Times, and 
Sampling Location. Results relate to the accuracy of this information provided, and as the samples are received.

Abbreviations and Definitions

MDL Method Detection Limit.

RDL Reported Detection Limit.

Rec. Recovery.

RPD Relative Percent Difference.

SDG Sample Delivery Group.

U Not detected at the Reporting Limit (or MDL where applicable).

Analyte The name of the particular compound or analysis performed. Some Analyses and Methods will have multiple analytes 
reported.

Dilution

If the sample matrix contains an interfering material, the sample preparation volume or weight values differ from the 
standard, or if concentrations of analytes in the sample are higher than the highest limit of concentration that the 
laboratory can accurately report, the sample may be diluted for analysis. If a value different than 1 is used in this field, the 
result reported has already been corrected for this factor.

Limits
These are the target % recovery ranges or % difference value that the laboratory has historically determined as normal 
for the method and analyte being reported. Successful QC Sample analysis will target all analytes recovered or 
duplicated within these ranges.

Original Sample The non-spiked sample in the prep batch used to determine the Relative Percent Difference (RPD) from a quality control 
sample. The Original Sample may not be included within the reported SDG.

Qualifier
This column provides a letter and/or number designation that corresponds to additional information concerning the result
reported. If a Qualifier is present, a definition per Qualifier is provided within the Glossary and Definitions page and 
potentially a discussion of possible implications of the Qualifier in the Case Narrative if applicable.

Result

The actual analytical final result (corrected for any sample specific characteristics) reported for your sample. If there was 
no measurable result returned for a specific analyte, the result in this column may state “ND” (Not Detected) or “BDL” 
(Below Detectable Levels). The information in the results column should always be accompanied by either an MDL 
(Method Detection Limit) or RDL (Reporting Detection Limit) that defines the lowest value that the laboratory could detect 
or report for this analyte.

Uncertainty 
(Radiochemistry) Confidence level of 2 sigma.

Case Narrative (Cn)
A brief discussion about the included sample results, including a discussion of any non-conformances to protocol 
observed either at sample receipt by the laboratory from the field or during the analytical process. If present, there will 
be a section in the Case Narrative to discuss the meaning of any data qualifiers used in the report.

Quality Control 
Summary (Qc)

This section of the report includes the results of the laboratory quality control analyses required by procedure or 
analytical methods to assist in evaluating the validity of the results reported for your samples. These analyses are not 
being performed on your samples typically, but on laboratory generated material.

Sample Chain of 
Custody (Sc)

This is the document created in the field when your samples were initially collected. This is used to verify the time and 
date of collection, the person collecting the samples, and the analyses that the laboratory is requested to perform. This 
chain of custody also documents all persons (excluding commercial shippers) that have had control or possession of the 
samples from the time of collection until delivery to the laboratory for analysis.

Sample Results (Sr)
This section of your report will provide the results of all testing performed on your samples. These results are provided 
by sample ID and are separated by the analyses performed on each sample. The header line of each analysis section for
each sample will provide the name and method number for the analysis reported.

Sample Summary (Ss) This section of the Analytical Report defines the specific analyses performed for each sample ID, including the dates and
times of preparation and/or analysis.

Qualifier Description

E4 Concentration estimated.  Analyte was detected below laboratory minimum reporting level (MRL) but above MDL.

M1 Matrix spike recovery was high, the method control sample recovery was acceptable.

M2 Matrix spike recovery was low, the method control sample recovery was acceptable.

M3 The spike recovery value is unusable since the analyte concentration in the sample is disproportionate to the spike level.
The associated blank spike recovery was acceptable.

R5 MS/MSD RPD exceeded the laboratory acceptance limit.  Recovery met acceptance criteria.
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Pace Analytical National    12065 Lebanon Rd Mount Juliet, TN 37122
Alabama 40660  Nebraska NE-OS-15-05

Alaska 17-026  Nevada TN000032021-1

Arizona AZ0612  New Hampshire 2975

Arkansas 88-0469  New Jersey–NELAP TN002

California 2932  New Mexico ¹ TN00003

Colorado TN00003  New York 11742

Connecticut PH-0197  North Carolina Env375

Florida E87487  North Carolina ¹ DW21704

Georgia NELAP  North Carolina ³ 41

Georgia ¹ 923  North Dakota R-140

Idaho TN00003  Ohio–VAP CL0069

Illinois 200008  Oklahoma 9915

Indiana C-TN-01  Oregon TN200002

Iowa 364  Pennsylvania 68-02979

Kansas E-10277  Rhode Island LAO00356

Kentucky ¹ ⁶ KY90010  South Carolina 84004002

Kentucky ² 16  South Dakota n/a

Louisiana AI30792  Tennessee ¹ ⁴ 2006

Louisiana LA018  Texas T104704245-20-18

Maine TN00003  Texas ⁵ LAB0152

Maryland 324  Utah TN000032021-11

Massachusetts M-TN003  Vermont VT2006

Michigan 9958  Virginia 110033

Minnesota 047-999-395  Washington C847

Mississippi TN00003  West Virginia 233

Missouri 340  Wisconsin 998093910

Montana CERT0086  Wyoming A2LA

A2LA – ISO 17025 1461.01  AIHA-LAP,LLC EMLAP 100789

A2LA – ISO 17025 ⁵ 1461.02  DOD 1461.01

Canada 1461.01  USDA P330-15-00234

EPA–Crypto TN00003    

ACCREDITATIONS & LOCATIONS

 

¹ Drinking Water   ² Underground Storage Tanks   ³ Aquatic Toxicity   ⁴ Chemical/Microbiological   ⁵ Mold   ⁶ Wastewater      n/a Accreditation not applicable

* Not all certifications held by the laboratory are applicable to the results reported in the attached report. 

* Accreditation is only applicable to the test methods specified on each scope of accreditation held by Pace Analytical.
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ANALYTICAL REPORT
July 26,  2021

Brown & Caldwell - Phoenix, AZ

Sample Delivery Group: L1380182

Samples Received: 06/25/2021

Project Number: 156438.002

Description: Amax Parcel 30 - Sahuarita AZ

Report To: Carter Coolidge

2 North Central Ave Suite 1600

Phoenix, AZ  85004

Entire Report Reviewed By:

July 26,  2021

[Preliminary Report]

Daphne Richards
Pro ject  Manager

Results relate only to the items tested or calibrated and are reported as rounded values. This test report shall not be 
reproduced, except in full, without written approval of the laboratory. Where applicable, sampling conducted by Pace 
Analytical National is performed per guidance provided in laboratory standard operating procedures ENV-SOP-MTJL-0067 and 
ENV-SOP-MTJL-0068. Where sampling conducted by the customer, results relate to the accuracy of the information provided, 
and as the samples are received.

Pace Analytical National
12065 Lebanon  Rd   Mount  Ju l ie t ,  TN  37122   615 -758-5858  800-767-5859  www.pacenat iona l . com
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SAMPLE SUMMARY

Collected by Collected date/time Received date/time

G1-0-1-20210621  L1380182-01  GW R. Stolar 06/21/21 17:11 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Preparation by Method 1312 WG1710576 1 07/23/21 12:31 07/23/21 12:31 CJW Mt. Juliet, TN

Metals (ICP) by Method 6010D WG1711731 1 07/25/21 11:30 07/25/21 20:22 EL Mt. Juliet, TN

Collected by Collected date/time Received date/time

G1-9-10-20210621  L1380182-02  Solid R. Stolar 06/21/21 17:21 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1709357 1 07/23/21 09:41 07/23/21 21:15 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

G5-0-1-20210622  L1380182-03  GW R. Stolar 06/22/21 08:15 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Preparation by Method 1312 WG1710576 1 07/23/21 12:31 07/23/21 12:31 CJW Mt. Juliet, TN

Metals (ICP) by Method 6010D WG1711731 1 07/25/21 11:30 07/25/21 20:25 EL Mt. Juliet, TN

Collected by Collected date/time Received date/time

G7-9-10-20210622  L1380182-04  Solid R. Stolar 06/22/21 08:54 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1709357 1 07/23/21 09:41 07/23/21 21:17 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

G8-0-1-20210622  L1380182-05  GW R. Stolar 06/22/21 09:16 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Preparation by Method 1312 WG1710576 1 07/23/21 12:31 07/23/21 12:31 CJW Mt. Juliet, TN

Metals (ICP) by Method 6010D WG1711731 1 07/25/21 11:30 07/25/21 20:27 EL Mt. Juliet, TN

Collected by Collected date/time Received date/time

G10-7-8-20210622  L1380182-06  Solid R. Stolar 06/22/21 10:27 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1709357 1 07/23/21 09:41 07/23/21 21:26 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

G14-0-1-20210622  L1380182-07  GW R. Stolar 06/22/21 11:38 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Preparation by Method 1312 WG1710576 1 07/23/21 12:31 07/23/21 12:31 CJW Mt. Juliet, TN

Metals (ICP) by Method 6010D WG1711731 1 07/25/21 11:30 07/25/21 20:30 EL Mt. Juliet, TN

Collected by Collected date/time Received date/time

G19-5-6-20210622  L1380182-08  Solid R. Stolar 06/22/21 12:58 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1709357 1 07/23/21 09:41 07/23/21 21:28 KMG Mt. Juliet, TN
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SAMPLE SUMMARY

Collected by Collected date/time Received date/time

G21-0-1-20210622  L1380182-09  GW R. Stolar 06/22/21 13:29 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Preparation by Method 1312 WG1710576 1 07/23/21 12:31 07/23/21 12:31 CJW Mt. Juliet, TN

Metals (ICP) by Method 6010D WG1711731 1 07/25/21 11:30 07/25/21 20:10 EL Mt. Juliet, TN

Collected by Collected date/time Received date/time

P2-6-7-20210622  L1380182-10  Solid R. Stolar 06/22/21 17:25 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1709357 1 07/23/21 09:41 07/23/21 21:31 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

P1-5-6-20210622  L1380182-11  Solid R. Stolar 06/22/21 17:35 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1709357 1 07/23/21 09:41 07/23/21 21:34 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

P13-5-6-20210623  L1380182-12  Solid R. Stolar 06/23/21 07:52 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1709357 1 07/23/21 09:41 07/23/21 21:37 KMG Mt. Juliet, TN

Collected by Collected date/time Received date/time

P9-2-3-20210623  L1380182-13  Solid R. Stolar 06/23/21 08:48 06/25/21 09:00

Method Batch Dilution Preparation Analysis Analyst Location

date/time date/time  

Metals (ICP) by Method 6010D WG1709357 1 07/23/21 09:41 07/23/21 21:39 KMG Mt. Juliet, TN
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CASE NARRATIVE

All sample aliquots were received at the correct temperature, in the proper containers, with the 
appropriate preservatives, and within method specified holding times, unless qualified or notated within
the report.  Where applicable, all MDL (LOD) and RDL (LOQ) values reported for environmental samples
have been corrected for the dilution factor used in the analysis.  All Method and Batch Quality Control 
are within established criteria except where addressed in this case narrative, a non-conformance form 
or properly qualified within the sample results. By my digital signature below, I affirm to the best of my 
knowledge, all problems/anomalies observed by the laboratory as having the potential to affect the 
quality of the data have been identified by the laboratory, and no information or data have been 
knowingly withheld that would affect the quality of the data.

[Preliminary Report]

Daphne Richards
Pro jec t  Manager
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SAMPLE RESULTS - 01
L 1 3 8 0 1 8 2

G1-0-1-20210621
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 1 / 2 1  1 7 : 1 1

Preparation by Method 1312

 Result Qualifier Prep Batch

Analyte date / time

SPLP Extraction - 7/23/2021 12:31:45 PM WG1710576

Fluid 2 7/23/2021 12:31:45 PM WG1710576

Final pH 9.31 7/23/2021 12:31:45 PM WG1710576

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte ug/l ug/l ug/l date / time

Arsenic U 4.40 10.0 1 07/25/2021 20:22 WG1711731

Lead 264 2.99 6.00 1 07/25/2021 20:22 WG1711731

Manganese 172 0.934 10.0 1 07/25/2021 20:22 WG1711731
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SAMPLE RESULTS - 02
L 1 3 8 0 1 8 2

G1-9-10-20210621
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 1 / 2 1  1 7 : 2 1

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 4.95 0.518 2.00 1 07/23/2021 21:15 WG1709357

Lead 77.2 0.208 0.500 1 07/23/2021 21:15 WG1709357

Manganese 762 0.133 1.00 1 07/23/2021 21:15 WG1709357
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SAMPLE RESULTS - 03
L 1 3 8 0 1 8 2

G5-0-1-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  0 8 : 1 5

Preparation by Method 1312

 Result Qualifier Prep Batch

Analyte date / time

SPLP Extraction - 7/23/2021 12:31:45 PM WG1710576

Fluid 2 7/23/2021 12:31:45 PM WG1710576

Final pH 8.31 7/23/2021 12:31:45 PM WG1710576

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte ug/l ug/l ug/l date / time

Arsenic 4.96 E4 4.40 10.0 1 07/25/2021 20:25 WG1711731

Lead 60.5 2.99 6.00 1 07/25/2021 20:25 WG1711731

Manganese 26.4 0.934 10.0 1 07/25/2021 20:25 WG1711731
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SAMPLE RESULTS - 04
L 1 3 8 0 1 8 2

G7-9-10-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  0 8 : 5 4

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 3.90 0.518 2.00 1 07/23/2021 21:17 WG1709357

Lead 42.1 0.208 0.500 1 07/23/2021 21:17 WG1709357

Manganese 603 0.133 1.00 1 07/23/2021 21:17 WG1709357
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SAMPLE RESULTS - 05
L 1 3 8 0 1 8 2

G8-0-1-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  0 9 : 1 6

Preparation by Method 1312

 Result Qualifier Prep Batch

Analyte date / time

SPLP Extraction - 7/23/2021 12:31:45 PM WG1710576

Fluid 2 7/23/2021 12:31:45 PM WG1710576

Final pH 8.59 7/23/2021 12:31:45 PM WG1710576

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte ug/l ug/l ug/l date / time

Arsenic U 4.40 10.0 1 07/25/2021 20:27 WG1711731

Lead 36.1 2.99 6.00 1 07/25/2021 20:27 WG1711731

Manganese 59.4 0.934 10.0 1 07/25/2021 20:27 WG1711731
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SAMPLE RESULTS - 06
L 1 3 8 0 1 8 2

G10-7-8-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  1 0 : 2 7

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 3.93 0.518 2.00 1 07/23/2021 21:26 WG1709357

Lead 22.7 0.208 0.500 1 07/23/2021 21:26 WG1709357

Manganese 654 0.133 1.00 1 07/23/2021 21:26 WG1709357
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SAMPLE RESULTS - 07
L 1 3 8 0 1 8 2

G14-0-1-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  1 1 : 3 8

Preparation by Method 1312

 Result Qualifier Prep Batch

Analyte date / time

SPLP Extraction - 7/23/2021 12:31:45 PM WG1710576

Fluid 2 7/23/2021 12:31:45 PM WG1710576

Final pH 8.14 7/23/2021 12:31:45 PM WG1710576

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte ug/l ug/l ug/l date / time

Arsenic U 4.40 10.0 1 07/25/2021 20:30 WG1711731

Lead 24.5 2.99 6.00 1 07/25/2021 20:30 WG1711731

Manganese 17.6 0.934 10.0 1 07/25/2021 20:30 WG1711731

1

Cp

2

Tc

3

Ss

4

Cn

5

Sr

6

Qc

7

Gl

8

Al

9

Sc

ACCOUNT: PROJECT: SDG: DATE/TIME: PAGE:

Brown & Caldwell - Phoenix, AZ 156438.002 L1380182 07/26/21 10:51 12 of 32

ACCOUNT: PROJECT: SDG: DATE/TIME: PAGE:

Brown & Caldwell - Phoenix, AZ 156438.002 L1380182 07/26/21 11:23 12 of 32



SAMPLE RESULTS - 08
L 1 3 8 0 1 8 2

G19-5-6-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  1 2 : 5 8

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 2.17 0.518 2.00 1 07/23/2021 21:28 WG1709357

Lead 9.30 0.208 0.500 1 07/23/2021 21:28 WG1709357

Manganese 291 0.133 1.00 1 07/23/2021 21:28 WG1709357
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SAMPLE RESULTS - 09
L 1 3 8 0 1 8 2

G21-0-1-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  1 3 : 2 9

Preparation by Method 1312

 Result Qualifier Prep Batch

Analyte date / time

SPLP Extraction - 7/23/2021 12:31:45 PM WG1710576

Fluid 2 7/23/2021 12:31:45 PM WG1710576

Final pH 8.03 7/23/2021 12:31:45 PM WG1710576

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte ug/l ug/l ug/l date / time

Arsenic U 4.40 10.0 1 07/25/2021 20:10 WG1711731

Lead 25.2 2.99 6.00 1 07/25/2021 20:10 WG1711731

Manganese 15.5 0.934 10.0 1 07/25/2021 20:10 WG1711731
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SAMPLE RESULTS - 10
L 1 3 8 0 1 8 2

P2-6-7-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  1 7 : 2 5

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 0.736 E4 0.518 2.00 1 07/23/2021 21:31 WG1709357

Lead 9.76 0.208 0.500 1 07/23/2021 21:31 WG1709357

Manganese 150 0.133 1.00 1 07/23/2021 21:31 WG1709357
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SAMPLE RESULTS - 11
L 1 3 8 0 1 8 2

P1-5-6-20210622
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 2 / 2 1  1 7 : 3 5

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 5.12 0.518 2.00 1 07/23/2021 21:34 WG1709357

Lead 1100 0.208 0.500 1 07/23/2021 21:34 WG1709357

Manganese 1660 0.133 1.00 1 07/23/2021 21:34 WG1709357
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SAMPLE RESULTS - 12
L 1 3 8 0 1 8 2

P13-5-6-20210623
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 3 / 2 1  0 7 : 5 2

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 2.81 0.518 2.00 1 07/23/2021 21:37 WG1709357

Lead 17.6 0.208 0.500 1 07/23/2021 21:37 WG1709357

Manganese 397 0.133 1.00 1 07/23/2021 21:37 WG1709357
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SAMPLE RESULTS - 13
L 1 3 8 0 1 8 2

P9-2-3-20210623
C o l l e c t e d  d a t e / t i m e :   0 6 / 2 3 / 2 1  0 8 : 4 8

Metals (ICP) by Method 6010D

 Result Qualifier MDL RDL Dilution Analysis Batch

Analyte mg/kg mg/kg mg/kg date / time

Arsenic 2.90 0.518 2.00 1 07/23/2021 21:39 WG1709357

Lead 13.8 0.208 0.500 1 07/23/2021 21:39 WG1709357

Manganese 422 0.133 1.00 1 07/23/2021 21:39 WG1709357
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QUALITY CONTROL SUMMARYWG1709357
M e t a l s  ( I C P )  b y  M e t h o d  6 0 1 0 D L 1 3 8 0 1 8 2 - 0 2 , 0 4 , 0 6 , 0 8 , 1 0 , 1 1 , 1 2 , 1 3

Method Blank (MB)

(MB) R3683468-1  07/23/21 20:18

 MB Result MB Qualifier MB MDL MB RDL

Analyte mg/kg mg/kg mg/kg

Arsenic U 0.518 2.00

Lead U 0.208 0.500

Manganese U 0.133 1.00

Laboratory Control Sample (LCS)

(LCS) R3683468-2  07/23/21 20:20

 Spike Amount LCS Result LCS Rec. Rec. Limits LCS Qualifier

Analyte mg/kg mg/kg % %

Arsenic 100 95.5 95.5 80.0-120

Lead 100 96.2 96.2 80.0-120

Manganese 100 96.4 96.4 80.0-120

L1379966-21 Original Sample (OS) • Matrix Spike (MS) • Matrix Spike Duplicate (MSD)

(OS) L1379966-21  07/23/21 20:23 • (MS) R3683468-5  07/23/21 20:32 • (MSD) R3683468-6  07/23/21 20:34

 Spike Amount Original Result MS Result MSD Result MS Rec. MSD Rec. Dilution Rec. Limits MS Qualifier MSD Qualifier RPD RPD Limits

Analyte mg/kg mg/kg mg/kg mg/kg % % % % %

Arsenic 99.8 3.82 89.4 97.9 85.6 94.1 1 75.0-125 9.10 20

Lead 99.8 8.21 94.5 97.7 86.3 89.5 1 75.0-125 3.36 20

Manganese 99.8 218 342 249 125 31.2 1 75.0-125 M2 R5 31.6 20
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QUALITY CONTROL SUMMARYWG1711731
M e t a l s  ( I C P )  b y  M e t h o d  6 0 1 0 D L 1 3 8 0 1 8 2 - 0 1 , 0 3 , 0 5 , 0 7 , 0 9

Method Blank (MB)

(MB) R3683790-1  07/25/21 20:05

 MB Result MB Qualifier MB MDL MB RDL

Analyte ug/l ug/l ug/l

Arsenic U 4.40 10.0

Lead U 2.99 6.00

Manganese U 0.934 10.0

Laboratory Control Sample (LCS)

(LCS) R3683790-2  07/25/21 20:08

 Spike Amount LCS Result LCS Rec. Rec. Limits LCS Qualifier

Analyte ug/l ug/l % %

Arsenic 1000 959 95.9 80.0-120

Lead 1000 988 98.8 80.0-120

Manganese 1000 983 98.3 80.0-120

L1380182-09 Original Sample (OS) • Matrix Spike (MS) • Matrix Spike Duplicate (MSD)

(OS) L1380182-09  07/25/21 20:10 • (MS) R3683790-4  07/25/21 20:16 • (MSD) R3683790-5  07/25/21 20:19

 Spike Amount Original Result MS Result MSD Result MS Rec. MSD Rec. Dilution Rec. Limits MS Qualifier MSD Qualifier RPD RPD Limits

Analyte ug/l ug/l ug/l ug/l % % % % %

Arsenic 1000 U 968 975 96.8 97.5 1 75.0-125 0.681 20

Lead 1000 25.2 1000 1010 97.7 98.0 1 75.0-125 0.375 20

Manganese 1000 15.5 971 984 95.6 96.9 1 75.0-125 1.33 20
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GLOSSARY OF TERMS

Guide to Reading and Understanding Your Laboratory Report

The information below is designed to better explain the various terms used in your report of analytical results from the Laboratory.  This is not 
intended as a comprehensive explanation, and if you have additional questions please contact your project representative.

Results Disclaimer - Information that may be provided by the customer, and contained within this report, include Permit Limits, Project Name, 
Sample ID, Sample Matrix, Sample Preservation, Field Blanks, Field Spikes, Field Duplicates, On-Site Data, Sampling Collection Dates/Times, and 
Sampling Location. Results relate to the accuracy of this information provided, and as the samples are received.

Abbreviations and Definitions

MDL Method Detection Limit.

RDL Reported Detection Limit.

Rec. Recovery.

RPD Relative Percent Difference.

SDG Sample Delivery Group.

U Not detected at the Reporting Limit (or MDL where applicable).

Analyte The name of the particular compound or analysis performed. Some Analyses and Methods will have multiple analytes 
reported.

Dilution

If the sample matrix contains an interfering material, the sample preparation volume or weight values differ from the 
standard, or if concentrations of analytes in the sample are higher than the highest limit of concentration that the 
laboratory can accurately report, the sample may be diluted for analysis. If a value different than 1 is used in this field, the 
result reported has already been corrected for this factor.

Limits
These are the target % recovery ranges or % difference value that the laboratory has historically determined as normal 
for the method and analyte being reported. Successful QC Sample analysis will target all analytes recovered or 
duplicated within these ranges.

Original Sample The non-spiked sample in the prep batch used to determine the Relative Percent Difference (RPD) from a quality control 
sample. The Original Sample may not be included within the reported SDG.

Qualifier
This column provides a letter and/or number designation that corresponds to additional information concerning the result
reported. If a Qualifier is present, a definition per Qualifier is provided within the Glossary and Definitions page and 
potentially a discussion of possible implications of the Qualifier in the Case Narrative if applicable.

Result

The actual analytical final result (corrected for any sample specific characteristics) reported for your sample. If there was 
no measurable result returned for a specific analyte, the result in this column may state “ND” (Not Detected) or “BDL” 
(Below Detectable Levels). The information in the results column should always be accompanied by either an MDL 
(Method Detection Limit) or RDL (Reporting Detection Limit) that defines the lowest value that the laboratory could detect 
or report for this analyte.

Uncertainty 
(Radiochemistry) Confidence level of 2 sigma.

Case Narrative (Cn)
A brief discussion about the included sample results, including a discussion of any non-conformances to protocol 
observed either at sample receipt by the laboratory from the field or during the analytical process. If present, there will 
be a section in the Case Narrative to discuss the meaning of any data qualifiers used in the report.

Quality Control 
Summary (Qc)

This section of the report includes the results of the laboratory quality control analyses required by procedure or 
analytical methods to assist in evaluating the validity of the results reported for your samples. These analyses are not 
being performed on your samples typically, but on laboratory generated material.

Sample Chain of 
Custody (Sc)

This is the document created in the field when your samples were initially collected. This is used to verify the time and 
date of collection, the person collecting the samples, and the analyses that the laboratory is requested to perform. This 
chain of custody also documents all persons (excluding commercial shippers) that have had control or possession of the 
samples from the time of collection until delivery to the laboratory for analysis.

Sample Results (Sr)
This section of your report will provide the results of all testing performed on your samples. These results are provided 
by sample ID and are separated by the analyses performed on each sample. The header line of each analysis section for
each sample will provide the name and method number for the analysis reported.

Sample Summary (Ss) This section of the Analytical Report defines the specific analyses performed for each sample ID, including the dates and
times of preparation and/or analysis.

Qualifier Description

E4 Concentration estimated.  Analyte was detected below laboratory minimum reporting level (MRL) but above MDL.

M2 Matrix spike recovery was low, the method control sample recovery was acceptable.

R5 MS/MSD RPD exceeded the laboratory acceptance limit.  Recovery met acceptance criteria.
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Pace Analytical National    12065 Lebanon Rd Mount Juliet, TN 37122
Alabama 40660  Nebraska NE-OS-15-05

Alaska 17-026  Nevada TN000032021-1

Arizona AZ0612  New Hampshire 2975

Arkansas 88-0469  New Jersey–NELAP TN002

California 2932  New Mexico ¹ TN00003

Colorado TN00003  New York 11742

Connecticut PH-0197  North Carolina Env375

Florida E87487  North Carolina ¹ DW21704

Georgia NELAP  North Carolina ³ 41

Georgia ¹ 923  North Dakota R-140

Idaho TN00003  Ohio–VAP CL0069

Illinois 200008  Oklahoma 9915

Indiana C-TN-01  Oregon TN200002

Iowa 364  Pennsylvania 68-02979

Kansas E-10277  Rhode Island LAO00356

Kentucky ¹ ⁶ KY90010  South Carolina 84004002

Kentucky ² 16  South Dakota n/a

Louisiana AI30792  Tennessee ¹ ⁴ 2006

Louisiana LA018  Texas T104704245-20-18

Maine TN00003  Texas ⁵ LAB0152

Maryland 324  Utah TN000032021-11

Massachusetts M-TN003  Vermont VT2006

Michigan 9958  Virginia 110033

Minnesota 047-999-395  Washington C847

Mississippi TN00003  West Virginia 233

Missouri 340  Wisconsin 998093910

Montana CERT0086  Wyoming A2LA

A2LA – ISO 17025 1461.01  AIHA-LAP,LLC EMLAP 100789

A2LA – ISO 17025 ⁵ 1461.02  DOD 1461.01

Canada 1461.01  USDA P330-15-00234

EPA–Crypto TN00003    

ACCREDITATIONS & LOCATIONS

 

¹ Drinking Water   ² Underground Storage Tanks   ³ Aquatic Toxicity   ⁴ Chemical/Microbiological   ⁵ Mold   ⁶ Wastewater      n/a Accreditation not applicable

* Not all certifications held by the laboratory are applicable to the results reported in the attached report. 

* Accreditation is only applicable to the test methods specified on each scope of accreditation held by Pace Analytical.
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Appendix E 

 

Area 5 Data Summary Report 
  



Amax Parcel 30 – Voluntary Remediation Program  
Remedial Work Plan  

Appendix E – Borrow Source Data Summary 
A cover system consisting of 2 feet of clean cover soil will be placed over the entirety of Area 1 (Tailing 
Impoundment Area), and in other areas where impacted soils have been removed to achieve design 
grades. The proposed borrow source for the cover soil is a stockpile at the AMAX Arizona, Inc. (AMAX) 
Twin Buttes facility located approximately 2 miles southwest of Parcel 30. Four Peaks Environmental & 
Engineering conducted a one-time sampling event in 2011 of the K Overburden Stockpile as a means to 
supplement previous characterization efforts. AMAX plans to use the top 5 feet of soil in the area around 
composite sample K-Dump #26 0-30 ft, and therefore the data for this sample were assumed to be 
representative of the borrow soil and future surface conditions in Area 1.  

Sample K-Dump #26 0-30 ft was collected through sonic drilling using a 6-inch bore diameter and 10-foot-
long core barrel.  Sampling intervals were composited in the field based upon lithology and field 
parameters for further analytical testing. Sample K-Dump #26 0-30 ft was analyzed using EPA Methods 
6010B and 7471A for 13 total priority pollutant metals, along with the following six additional constituents: 
aluminum, barium, fluoride, manganese, molybdenum, and vanadium. 

Table 1 presents the analytical results for K-Dump #26 0-30 ft as well as USEPA regional screening 
levels (USEPA 2021) and Arizona background soil concentrations (ADEQ 1991, Smith et al. 2013) for 
comparison. 

Table 1. K-Dump #26 Analytical Results 
Analyte K-Dump #26 0-30 ft 

Result (mg/kg) 
USEPA 

Residential RSL 
(mg/kg) 

ADEQ (1991) 
Background Soil 
Range (mg/kg) 

USGS (Smith et al 2013) 
Arizona A Horizon Soil 

Range (mg/kg) 
Aluminum 4900 7700 6200 - 16817 1200 - 9000 
Antimony <2 3.1 ND - 3.8 0.11 - 5.5 
Arsenic <2.5 0.68 3.1 - 24 1.2 - 31.1 
Barium 44.3 1500 72.6 - 230 186 - 1450 
Beryllium 0.271 16 0.3 - 2 0.3 - 6 
Cadmium 0.3 0.71 ND - 1.7 0.1 - 1 
Chromium 37.5 12000 5.4 - 34 2 - 361 
Copper 110 310 6 - 27 3.7 - 275 
Fluoride 2.4 310 -- -- 
Lead 4.35 400 ND - 24.5 6.9 - 92.1 
Manganese 149 180 NA 99 - 2050 
Mercury <0.033 2.3 ND - 0.25 0.01 - 0.35 
Molybdenum 8.99 39 -- 0.07 - 4.66 
Nickel 9.32 150 9.2 - 28 2.3 - 239 
Selenium <4 39 ND - 1.0 0.2 - 1 
Silver <0.5 39 ND - 0.8 -- 
Thallium <1.5 0.078 0.5 - <1 0.1 - 1.5 
Vanadium 23.2 39 ND - 23.8 6 - 433 
Zinc 18.9 2300 15 - 81 8 - 183 

Notes:  mg/kg – milligrams per kilogram, RSL – Regional Screening Level  
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Acronyms and Abbreviations 

Amax Amax Arizona, Inc. 

BC Brown and Caldwell 

bgs below ground surface 

COC chain of custody 

GPL groundwater protection level 

HASP Health and Safety Plan 

HHRA Human Health Risk Assessment 

mg/kg milligram per kilogram 

MS/MSD matrix spike / matrix spike duplicate  

msl mean sea level 

NA Not Applicable 

NAD83 North American Datum of 1983  

NAVD88 North American Vertical Datum of 1988  

QA/QC quality assurance/quality control 

RSD relative standard deviation 

RSD relative standard deviation 

rSRL residential Soil Remediation Level 

RWP Remedial Workplan 

SAP Sampling and Analysis Plan 

Site Former Eagle Picher Mill Site 

SRM standard reference materials 

SSCL Site-specific clean-up level 

UCL upper confidence limit 

USEPA United States Environmental Protection Agency  

XRF X-ray Fluorescence 
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1 Introduction 

This Sampling and Analysis Plan (SAP) was prepared by Brown and Caldwell (BC) on behalf of Amax 

Arizona, Inc. (Amax) and subsequently amended by Arcadis in support of excavation activities planned at 

the former Eagle Picher Mill Site (Site) under the Arizona Department of Environmental Quality’s 

Voluntary Remediation Program. The Site is jointly owned by Amax, an indirect subsidiary of Freeport 

Minerals Corporation, and Anaconda Arizona, Inc., an indirect subsidiary of British Petroleum. The Site, 

now known as “Parcel 30,” is located in Sahuarita, Arizona (Figure 1) and consists of a historical mill site 

and tailings deposition area. The Site was historically used for processing lead-zinc ores. 

This SAP has been prepared to facilitate the collection of post-excavation soil samples to support the 

implementation of the Remedial Workplan (RWP) (BC 2022). These samples will be collected in the 

vicinity of a planned infiltration basin in the northeast area of the Site (Figure 2), which will be constructed 

to capture sediment from runoff as part of the surface water management component of upcoming 

remedial activities, and areas where impacted soils in the southwestern exceedance area will be removed 

to facilitate consolidation and construction of a two-foot soil cover. The SAP serves as a plan for the field 

sampling methods, analytical laboratory analyses, and quality assurance methods that will be used in the 

collection, processing, and analysis of the soil samples. 

The soil samples will be analyzed for concentrations of specific metals (i.e., arsenic, lead, and 

manganese) that have been historically linked with Site operations and have been found to exceed 

Arizona residential soil remediation levels (rSRLs). Soil samples will be analyzed by an analytical 

laboratory and pre-screened using a handheld X-ray Fluorescence Spectrometer (XRF). 

 

1.1 Rationale for Sampling Frequency 

Based on site investigations and characterization efforts, soil is the only affected medium at the site. The 

Town of Sahuarita has expressed an interest in utilizing the site, once remediated, for recreational use. 

The published rSRLs for arsenic, lead, and manganese were used to design the planned consolidation. 

SSCLs were calculated as part of preparation of a HHRA, as described in the RWP. The SSCLs are 150 

mg/kg, 73.6 mg/kg, 18,500 mg/kg, 236,000 mg/kg, and 2,100 mg/kg for arsenic, cadmium, manganese, 

zinc, and lead, respectively. Based upon the expected recreator use, the 95 percent upper confidence 

limit (UCL) on the mean concentrations for arsenic, cadmium, manganese and zinc are less than their 

respective SSCLs, and the average sitewide concentration of lead is less than its respective SSCL. That 

said remedial action is required to consolidate eroded material and any visible tailing. 

Based on this information, post-excavation soil samples will be collected for documentation purposes and 

to verify that excavation activities have met the objectives stated in the RWP. 
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2 Site Description and Background 

A detailed Site description and background information is provided in the Amax Parcel 30 – Voluntary 

Remediation Program Remedial Work Plan (BC, 2019) and is summarized here. The Site is the former 

location of the mill and tailings deposition area for the Eagle Picher Mill facility, which processed lead-zinc 

ores between 1943 and 1959. Reclamation of the Site in the late 1960s included removing the buildings 

and capping the tailings area with a vegetated soil cover. 

The Site consists of five key areas described below and shown on Figure 2, each bounded by a solid red 

line boundary. Area 1-Tailings denotes the area of tailings deposition, which includes non- economic 

mineralized materials and tailings that were milled for processing lead-zinc ores. Area 2- Mill Site 

encompasses the old mill site area. Area 3 is referred to as the Pole Area and is directly south of the old 

mill area. Both Areas 2 and 3 include a portion of the abandoned rail spur and associated berm and are 

located west of Area 1. Area 4-North is north of Areas 1 and 2 and includes an ephemeral wash that 

traverses the site generally from west to east. A proposed infiltration basin is located in the eastern 

portion of Area 4. Area 5-South is the area south of the Union Pacific Railroad right-of-way and is not 

considered to have been impacted by the historical mill operations that were conducted in Areas 1 and 2. 

Based on several environmental site investigations and site characterization efforts, soil is the only affected 

medium at the Site. Area 1-Tailings has been documented to have exceedances of the rSRLs for arsenic, 

lead and manganese, as have soils in and around the former mill site (Area 2) and the Pole Area (Area 3). 

Alluvial deposits in Area 4-North have also been documented to have rSRL exceedances of these metals. 
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3 Sampling Approach 

There are two areas where post-excavation sampling will be performed: the southwest exceedance area, 

and the northeast basin area (Figure X). These areas are described in greater detail below. 

Sampling will be performed for metals with SSCLs (arsenic, cadmium, manganese, zinc, and lead), as 

defined in the HHRA (Arcadis 2022) to document concentrations that will remain in soils at locations 

under the proposed cover following excavation of potentially impacted materials for consolidation in the 

Tailings Area. Samples will be collected and analyzed using the methods described in Section 4. 

This section describes the proposed sampling locations, rationale, and procedures that will be utilized. 

3.1 Northeast Basin (Area 4) 

Investigation activities in 2021 have confirmed with laboratory analysis the depth of impacted materials 

that are required to be removed during construction of the Northeast Basin. Table 1 below summarizes 

the previous soil sample locations where over-excavation is required to complete removal of soils 

exceeding the rSRLs and to construct the basin. 

Table 1 Northeast Basin Exceedances Below Design Depth 

Sample 

Location 

Sample 

Depth 

Interval 

(feet bgs) 

Field  

Sample ID 

Lab  

Sample ID 

Constituent Arsenic Lead Manganese 

Units mg/kg mg/kg mg/kg 

Arizona rSRLa 10 400 3,300 

Sample Date Result Qualifier Result Qualifier Result Qualifier 

G1 0-1 G1-0-1-20210621 L1371240-01 6/21/2021 9.04  1,700  1,720  

8-9 G1-8-9-20210621 L1371240-02 6/21/2021 5.18  883  803  

9-10 G1-9-10-20210621 L1380182-02 6/21/2021 4.95  77.2  762  

G7 8-9 G7-8-9-20210622 L1371240-17 6/22/2021 5.58  735  809  

9-10 G7-9-10-20210622 L1380182-04 6/22/2021 3.90  42.1  603  

P1 4-5 P1-4-5-20210622 L1371240-86 6/22/2021 10.5  2,240  3,300  

5-6 P1-5-6-20210622 L1380182-11 6/22/2021 5.12  1,100  1,660  

P2 5-6 P2-5-6-20210622 L1371240-84 6/22/2021 3.16  875  758  

6-7 P2-6-7-20210622 L1380182-10 6/22/2021 0.736 E4 9.8  150  

P13 4-5 P13-4-5-20210623 L1371240-90 6/23/2021 3.53  589  1,020  

5-6 P13-5-6-20210623 L1380182-12 6/23/2021 2.81  17.6  397  

Notes: 

a Source: Arizona Administrative Code, Title 18, Ch. 7 (https://apps.azsos.gov/public_services/Title_18/18-07.pdf) 

Bold results indicate concentrations that equal or exceed the rSRL, 

Bold and italicized results indicate concentrations that equal or exceed the rSRL, in the deepest sample collected at a boring location. 

Data Qualifiers: 

E4 = Concentration estimated. Analyte was detected below laboratory minimum reporting level but above method detection limit.  

Abbreviations: 

bgs = below ground surface 

mg/kg = milligram per kilogram  

NA = not applicable 
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Table 2 Northeast Basin Post-Excavation Sampling 

Sample 

Location 

Northinga 

(feet) 

Eastinga  

(feet) 

Approximate 

Ground Surface 

Elevationb  

(feet msl) 

Approximate 

Proposed Basin 

Bottom 

Elevationb  

(feet msl) 

Soil 

Sample 

Intervals  

(feet bgs) 

Field 

Duplicate 

Matrix Spike/ 

Matrix Spike 

Duplicate 

P1 347,857.705 993,119.777 2637.8 2633.9 6-7 X X 

Notes: 

a Horizontal datum: NAD83 Arizona State Plane, Central Zone; Final locations were surveyed during the field investigation after adjustment from the 

proposed locations. 

b Vertical datum: NAVD88; Approximate elevations are based on the proposed soil boring locations in the NE Area SAP (Appendix A), not the final locations. 

Abbreviations: 

msl = mean sea level 

bgs = below ground surface 

 

3.2 Southwest Exceedance Area (Areas 2 and 3) 

The southwest area will require removal of soils exceeding rSRLs to reach design grades and to permit 

placement of the two-foot clean cover. After these materials have been removed, sampling will be 

performed on a 100x100 ft grid to document the post-removal conditions prior to backfill. A sampling grid 

is provided on Figure 2. Perimeter sample locations will be established around the 100x100 ft grid based 

on the extent of soil impacts determined through prior Site investigations. These samples will be used to 

document the lateral extent of post-removal Site conditions. Samples will be collected within and around 

the perimeter of the grid following excavation and removal of materials as required to achieve base grade 

(i.e., two feet below final design grade to allow for placement of the two feet of clean cover). Samples will 

be collected and analyzed using the methods described in Section 4. There are approximately 50 grids 

within the southwest exceedance area that will require sampling. 

Based on the 100x100 ft sample grid, sample locations will be identified by their grid location, i.e., 

samples collected from Row 3 and Column D will be described as Sample D3. QA/QC samples will be 

collected at the frequency described below at locations determined by the sampler. 

3.3 Sample Collection 

All samples collected will be grab samples taken from the sample location with a decontaminated or 

disposable trowel. The location where the sample was collected will be recorded using a field GPS or other 

measuring tool. The samples will be transferred directly to new 1-gallon zip top bags or to a clean bowl. 

The samples will be homogenized by kneading the bag or stirring soil in the bowl for at least 1 minute. A 

sufficient volume of soil will then be transferred from the bag/bowl to completely fill the laboratory-supplied 

sample container(s) (see Section 4 for required sample volumes). Sample containers will immediately be 

labeled and placed in a cooler with ice. 

3.4 Quality Assurance/Quality Control Samples 

QA/QC samples will be collected to aid with achieving the data quality objectives discussed in Section 6 

of this SAP. QA/QC samples will be collected for samples to be analyzed by analytical laboratory. 
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Analytical Laboratory QA/QC: 

• Blind field duplicate samples, collected at a frequency of 1 field duplicate per 20 samples, for a 

total of 3 samples (note: one duplicate will be collected during post-excavation sampling at the 

Northeastern Basin, and two will be collected from sampling activities in the Southwest 

Exceedance Area). Each field duplicate sample will be collected from the same homogenized soil 

as the primary sample. 

• Matrix spike/matrix spike duplicate (MS/MSD) samples, collected at a frequency of 1 MS/MSD per 

20 samples, for a total of 3 samples (note: one duplicate will be collected during post-excavation 

sampling at the Northeastern Basin, and two will be collected from sampling activities in the 

Southwest Exceedance Area). The field geologist will select the depth interval for each MS/MSD 

from any of the sample depth intervals associated with the respective location. The MS/MSD 

sample will be collected from the same homogenized soil as the primary sample. 

• Equipment blank samples, to be collected at a frequency of 1 sample per day. 

o Laboratory samples require an equipment rinsate blank, collected by pouring de- ionized or 

distilled water over decontaminated sampling equipment (e.g., trowel/shovel, scoop, 

homogenization container) and collecting the water in a laboratory-supplied container. A 

rinsate blank will be collected at the end of each day of sampling. 

3.5 Sample Nomenclature 

A sample naming convention has been developed to identify the location and depth where each sample 

will be collected as well as the date of sampling. The sample naming convention is illustrated below: 

• A sample collected from an interval of 0 to 1 foot bgs at location G1 on April 2, 2021 would be 

named G1-0-1-20210402. 

• A sample collected from an interval of 5 to 6 feet at location G17 on May 18, 2021 would be named 

G17-5-6-20210518. 

Blind field duplicate samples will be assigned identifications that do not allow the analytical laboratory to 

infer that the samples are field duplicates. The association between primary and field duplicate sample 

names will be clearly recorded in the field logbook. 

MS/MSD samples do not need additional labeling because the material is taken from the primary sample 

volume. The MS/MSD analysis for the sample will be requested on the chain of custody (COC) form. 

Equipment rinsate blanks will be labeled as such with the date of the sample (e.g., Rinsate- 20210402). 

3.6 Health and Safety 

A site-specific Health and Safety Plan (HASP) has been prepared for implementing this SAP. The HASP 

documents the Site hazards, including contaminants of concern, air monitoring requirements, and safe 

work practices that will be followed. 
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4 Analytical Laboratory Analyses 

This section describes the laboratory analytical methods that will be used to analyze the soil samples. 

Soil samples will be shipped priority overnight via FedEx to Pace Analytical in Mt. Juliet Tennessee for 

analysis of arsenic, lead, and manganese using U.S. Environmental Protection Agency (USEPA) Method 

6010 with standard turnaround time (5 to 7 days) as summarized on the table below. 

Table 3 Laboratory Analytical Methods 

Matrix Method 
Sample 

Volumea 
Analyte Units 

Detection 

Limit 

Reporting 

Limit 

Holding 

Time 

Arizona 

rSRL 

Arizona 

nrSRL 

Soil EPA 6010 1 liter Arsenic mg/kg 0.518 2 180 days 10 10 

Cadmium   39 510 

Lead 0.208 0.5 400 800 

Manganese 0.133 1 3,300 32,000 

Zinc   23,000 310,000 

SPLP 

Leachate 

EPA 1312 1 liter Arsenic mg/L 0.0044 0.01 180 days NA NA 

Cadmium   NA NA 

Lead 0.00299 0.006 NA NA 

Manganese 0.000934 0.01 NA NA 

Zinc   NA NA 

Notes: 

a A sample volume of 1 liter is sufficient for all primary samples as well as MS/MSD and SPLP analysis, where applicable. 

Abbreviations: 

EPA = U.S. Environmental Protection Agency  

mg/kg = milligram per kilogram 

mg/L = milligram per liter  

NA = Not applicable 

rSRL = Residential Soil Remediation Level  

nrSRL = Non-residential Soil Remediation Level 
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5 XRF Soil Sampling Methodology 

The XRF will be used as a pre-screening tool only to inform when it is appropriate to collect a post 

excavation sample for analysis by a laboratory. This section describes the sampling procedures that will 

be used to conduct the field XRF screening. XRF samples will be screened in the field using an Innov-X 

Systems, ALPHA Series handheld XRF Spectrometer, or equivalent device. Specific manufacturer 

calibration and operation procedures will also be used. 

5.1 Training for Field XRF Operators 

Personnel who use XRF analyzers will be qualified and receive formal training including an explanation of 

XRF theory, how the specific analyzer works, and how to interpret the results. 

5.1.1 Field Calibration 

The field calibration procedure that will be used prior to and during the field sampling program will be in 

accordance with the manufacturer’s recommendations. 

5.1.2 Calibration Check 

1. Re-standardize each instrument a minimum of once each 4 hours of operation. 

2. The calibration check standard (Supplied instrument blank) will be analyzed analyzed anytime the 

instrument is powered down and restarted. 

5.1.3 Startup 

1. Power up the Innov-X analyzer. 

2. The instrument will automatically perform an initialization procedure, which lasts for 60 seconds. 

3. Following initialization, place the stainless-steel standardization clip over the instrument’s 

sampling window 

4. Click the “Standardize” button on the Palm Pilot with stylist. The instrument will perform an 

internal 60-second standardization procedure. During standardization, and any other time the x- 

ray tube is on, the red light on top of unit will flash. When the x-ray tube is off, the red light will 

remain on solid. 

5. Following standardization, an information window will pop up. Click OK. A second window will pop 

up displaying the analyzer resolution. Record the resolution in the XRF Logbook along with the 

Run number automatically assigned by the analyzer. 

6. The analyzer is now ready to analyze calibration check samples. 

5.2 Sample Preparation 

In-situ analysis requires that any non-representative debris, such as rocks and leaves is removed, and the 

soil surface is smooth so the probe window can make good contact with the soil surface. If the samples are 

to be analyzed in-situ, then the exposed sample area can be covered with a clear plastic wrap. 
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For semi-quantitative analysis of ex-situ samples, every effort should be made to homogenize the soil. At 

a minimum, the moisture content of the soil must be low (see below), large nonrepresentative debris 

removed, and the soil sample placed in a plastic bag for hand mixing prior to analysis. For quantitative 

data, the ex-situ samples must be oven dried, sieved, and homogenized. 

To obtain the best quantitative XRF results (i.e. ex-situ samples), a uniform volume of soil material of 

generally the same particle size will be used. The sample should be prepared in the following manner. 

1. Disaggregate and remove foreign objects such as rocks, twigs, roots, etc. and homogenize sample; 

2. Dry sample placed in a clean or disposable, aluminum bowl or tray or equivalent in an oven set at 

approximately 105°C or air dry. High moisture content can interfere with the analysis. In situ 

analysis cannot occur if there is ponded water. For ex-situ semi-quantitative analysis, if the moisture 

content is greater than approximately 20 percent, then the sample should be air dried, or preferably 

dried in a convection or toaster oven. Oven drying is always part of the sample preparation protocol 

for quantitative analysis. Microwave drying should not be used because it can increase the 

variability of results and arcing can occur when metal fragments are present in the sample. 

3. If oven-dried, cool sample to room temperature. 

4. Optional: Sieve sample through a clean 2 mm nonmetallic sieve. 

5. Homogenize sample. 

6. Place sample in a clean, Ziploc-type, clear plastic bag. 

5.3 XRF Analysis 

1. Following successful calibration check, click Edit from the main menu bar and select Edit Sample 

Information. 

2. Enter all applicable information about the first sample to be analyzed, using the dropdown menus 

and manually type in info about the sample. The sample id will include the sample name and 

depth. Click OK. 

3. Soil samples will be prepared according to the steps outlined in Section 5.2 above. 

4. Place the analyzer’s sampling window over the sample ensuring that the soil and bag or wrap are 

in as close contact with the window as possible. 

5. Click the Start button on the XRF unit, this will initiate test. The analyzer will measure the metal 

content of each sample corresponding to a surface area of 1 square centimeter (cm2) and a 

depth of approximately 2 millimeters (mm). 

6. Each sample will be analyzed for 2 minutes (120 seconds) either in-situ or in a Ziploc bag. 

7. The data being acquired will appear in the Chemistry window in the center of the palm pilot 

screen during analysis. 

8. After the total 2 minutes analysis time, the analyzer will stop, and the results will appear in the 

Results window on the palm pilot. 

9. A running list of the analyses will appear in the window at the center of the palm pilot screen. 

Record results from the test in logbook. 
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10. Repeat steps 4 through 9 two more times for the same sample, for a total of three readings per 

sample. The average of the three readings will be used for data analysis. 

11. Proceed to the next sample. 

12. The sample information will remain from the previous test; enter the info for the next test, sample 

number and depth. 

13. Repeat for remaining samples, until ready for shutdown at the end of the day. 

5.4 Equipment Decontamination 

Any equipment used to collect soil for XRF analysis will be decontaminated either using the protocol below 

or dedicated for one time use. These protocols minimize the possibility of sampling device cross 

contamination. In addition, personal protective equipment will be used and will include disposable gloves to 

prevent sample cross-contamination. A new pair of gloves will be used during the collection of each sample. 

Reusable sampling equipment will be decontaminated using the following process prior to collecting each 

sample: 

• Solid material (i.e., soil) will be removed from the equipment to the extent possible using clean 

rags or paper towels. 

• Equipment will be washed using de-ionized or distilled water with low phosphate detergent (e.g., 

Alconox®, Liquinox®, or equivalent). 

• Equipment will be rinsed with de-ionized or distilled water. 

• Equipment will be dried with air and/or new paper towels. 
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6 Field Documentation 

This section describes the field documentation procedures for the post-excavation soil sampling. 

6.1 Chain-of-Custody Procedures 

A COC form will be completed by the sampler for all soil samples collected for submittal to analytical 

laboratory, and the samples will all remain in control of the sampler until delivery to the laboratory or to a 

courier for delivery to the laboratory. All samples will be transported in a cooler with a custody seal. Pace 

Analytical, the analytical laboratory for this project, will provide sample containers, labels, coolers, and 

COC forms. The COC forms will require the following minimum information to be recorded: 

• Company name (i.e., Brown and Caldwell) 

• Project and client name 

• Project location 

• Sample identification 

• Date and time of sample collection 

• Sample matrix 

• Preservation method, if any 

• Requested analytical method(s) 

• Requested turnaround time 

• Special remarks, if any (e.g., which samples will be subjected to MS/MSD analysis [see Section 

3], or which samples will be held for analysis) 

• Name and signature of sampler 

• Relinquished and received by names and signatures 

6.2 Field Logbook 

Arcadis will maintain a yellow, Rite-in-the-Rain® field logbook to document field activities in sufficient detail to 

recreate daily events. Recorded information will include dates, field personnel, subcontractors, weather 

conditions, general progress of borings, etc. The field logbook will also be used for any field drawings used to 

describe field observations or potential changes to the sampling locations (e.g., shifting a sample location). 

6.3 Sample Location Log 

During sampling activities, Arcadis will maintain a sample location log in the field logbook that will serve as 

the field record of sample identities and locations. The log will identify the sample identification, depth, 

remarks about the physical sampling area, soil type, and notes about any photographs taken. 
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6.4 Photographs 

Digital photographs will be taken periodically to create a visual record of field activities and document 

pertinent features, findings, and sample locations. A photographic log will be maintained in the field 

logbook to document the photographs. 
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7 Data Verification and Validation 

Upon receipt of complete and final analytical reports from the laboratory, Arcadis will perform Level II 

validation review on 100 percent of the soil sample results. At a minimum, the following activities will be 

performed: 

• Sample COC documents will be reviewed, confirming that all analyses requested were performed 

and that sampling dates are accurately reflected in the laboratory reports; 

• Laboratory reports will be reviewed to ensure that samples were received by the laboratory and 

analyzed within acceptable holding times; 

• Laboratory reports will be reviewed to ensure that analyte reporting limits are appropriate for the 

analytical method; 

• Equipment rinsate blank results will be reviewed; 

• Primary and field duplicate samples results will be compared; 

• Matrix spike sample recoveries will be reviewed; and 

• Internal laboratory control samples will be reviewed. 

The acceptance criteria to be applied during the Level II review of the analytical data are provided below 

(USEPA 2017): 

• Evaluation of equipment rinsate blanks. No contaminants should be found in the equipment 

rinsate blanks. 

• Comparison of primary and field duplicate sample analytical results. For samples with 

concentrations greater than five times the reporting limit, the relative percent difference between 

concentrations in the primary and field duplicate samples for each analyte should be within 35 

percent. For samples with concentrations less than five times the reporting limit, the absolute 

value of the difference in concentration between the primary sample and field duplicate sample 

for each analyte should be less than two times the reporting limit. 

• Evaluation of matrix spike recoveries. The percent recoveries of measured to true concentrations 

in matrix spike samples should be between 75 and 125 percent for samples where the original 

sample concentration is less than four times the spike added. The relative percent difference 

between concentrations in the primary matrix spike sample and matrix spike duplicate sample for 

each analyte should be within 35 percent. 

• Evaluation of laboratory control samples. The percent recoveries of measured to true 

concentrations in laboratory control samples should be between 70 and 130 percent. 
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1. SITE ACCESS IS VIA THE ACCESS GATE NORTHEAST OF THE

TAILINGS AREA. A VEHICLE TRACKING PAD IS REQUIRED

IMMEDIATELY SOUTH OF THE ACCESS GATE TO AVOID TRACKING

MATERIAL OFFSITE.

2. THE CONTRACTOR SHALL TAKE MEASURES TO PREVENT

SEDIMENT TRANSPORT OUTSIDE OF SWPPP BOUNDARY SHOWN

ON DWG C-150.  NOTE THAT IN SOME AREAS, THE TAILINGS

EXTEND DOWN TO THE INVERT OF THE WASH, AND WILL REQUIRE

EXCAVATION TO COMPLETE THE COVER AND CHANNEL BANK

ARMORING. AVOID DISTURBING THE WASH ANY MORE THAN

NEEDED TO COMPLETE STABILIZATION OF THE TAILINGS SIDE

BANK.  CONTRACTOR AND OWNER/ENGINEER SHALL WALK THE

AREA TOGETHER TO OUTLINE THE ALLOWABLE DISTURBANCE IN

THE WASH.

3. RAIL OPERATIONS SHALL NOT BE INTERRUPTED FOR ANY REASON

DURING COMPLETION OF THE WORK. MEASURES SHALL BE TAKEN

TO ENSURE THAT EQUIPMENT AND MATERIAL ARE NOT

INTERFERING WITH THE RAIL LINE OR RAIL EQUIPMENT

OPERATING IN THE VICINITY OF THE WORK.  ALL WORK ACTIVITIES

SHALL BE OUTSIDE THE RAIL RIGHT-OF-WAY.

4. SECTION LINES AND DISTANCE/BEARING INFORMATION FOR

SECTION LINES NOT SHOWN FOR CLARITY.

5. TAILINGS AND EXCEEDANCE AREA BOUNDARIES TO BE MARKED IN

THE FIELD PRIOR TO COMMENCING WORK ACTIVITIES.  OWNER

AND ENGINEER SHALL BE NOTIFIED IF THE MARKER BOUNDARIES

DO NOT APPEAR TO BE CORRECT FOR WORK AREA

ADJUSTMENTS.

6. CONTRACTOR STAGING AREA IS APPROXIMATELY 0.8 ACRES AS

SHOWN.  THE AREA CAN BE EXPANDED TO THE WEST AS NEEDED

TO ACCOMMODATE REQUIREMENTS, WITH PRIOR APPROVAL

FROM THE CONSTRUCTION MANAGER.  STAGING AREA SHALL NOT

ENCROACH ON THE NORTHEAST EXCEEDANCE AREA.

7. NOTE THAT THE APPROXIMATE SOUTHWEST EXCEEDANCE AREA

BOUNDARY IS SHOWN ALL THE WAY DOWN TO THE ACTIVE

SOUTHERN PACIFIC RAILROAD TRACKS.  WORK WITHIN THE

50-FOOT RIGHT-OF-WAY SHALL BE COORDINATED WITH THE

CONSTRUCTION MANAGER AND THE RAILROAD COMPANY TO

AVOID DISRUPTIONS TO OPERATION OF THE RAIL LINE.

8. COVER MATERIAL PLACEMENT SHALL BE A MINIMUM OF 2 FEET

DEEP OVER ENTIRE TAILINGS AND EXCEEDANCE AREAS, AND

PLACED BELOW ANY CHANNEL OR WASH ARMORING RIPRAP.  THE

GRID SHOWN (OR SIMILAR) MUST BE ESTABLISHED TO ENSURE

THE 2 FOOT COVER DEPTH ABOVE THE INTERMEDIATE GRADE

SHOWN ON THE GRADING PLANS (C-101 THROUGH C-105), BY

SURVEYING THE INTERSECTION POINTS OF A 100 FT X 100 FT

(MAX SPACING) GRID AFTER COMPLETION OF INTERMEDIATE

GRADE AND AFTER PLACEMENT OF THE COVER.

9. NOTE THAT THE INVERT ELEVATIONS AND SIDE SLOPES ON THE

GRADING PLANS, FOR THE DRAINAGE CHANNELS ONLY, ARE

FINISHED GRADES. GRADING BELOW THE CHANNEL PRISM TO THE

INTERMEDIATE SURFACE, WITH AN ALLOWANCE FOR PLACEMENT

OF THE COVER IN THE CHANNEL BELOW THE RIPRAP ARMORING

IS REQUIRED TO MAINTAIN THE CHANNEL DEPTH TO INVERT AND

SIDE SLOPE CONFIGURATION SHOWN ON THE CHANNEL TYPICAL

SECTIONS SHOWN ON C-002, AND THE DRAINAGE CHANNEL

PROFILES SHOWN ON C-120 TO C-122.

BASIS OF BEARING

THE NORTH LINE OF THE SOUTH HALF OF THE NORTHWEST QUARTER

OF SECTION 13, THE BEARING OF WHICH IS S89°35'49"E BASED ON

GEODETIC NORTH, WGS 84.  THIS IS BASED ON ACTUAL GPS

OBSERVATIONS, BOTH STATIC AND RTK.

BASIS OF ELEVATIONS

CONTOURS AND TOPOGRAPHIC ITEMS SHOWN ARE BASED ON THE

NORTH QUARTER CORNER OF SECTION 13 TOWNSHIP 17 SOUTH,

RANGE 13 EAST OF WHICH AN NAVD88 DATUM IS SHOWN TO HAVE AN

ELEVATION = 2727.85' DERIVED FROM ONLINE POSITION USER

SERVICE (OPUS) SOLUTIONS AND FURTHER SUPPLEMENTED WITH AN

AERIAL SURVEY PERFORMED BY KENNY AERIAL MAPPING INC.

TOPO SOURCE

TOPO SUPPLIED TO BROWN AND CALDWELL FROM FREEPORT-

McMoRAN BY DRAWING CALLED CTC_180920_PAR_30 AS FLOWN ON

09/20/2018. NOTE: SURFACE AND CONTOURS WERE GENERATED FROM

"CTC_180920_PAR_30_PNT_CLD_EDIT.LAS" PER RTK BASE STATION

SET @ PT '101' (EXISTING 1" STEEL ROD AT FAR NORTH WESTERLY

CORNER OF A CONCRETE STRUCTURE), SITE HEAVILY VEGETATED,

VERTICAL ACCURACY OF CONTOURS UNKNOWN.

S 89° 35' 49" E    2510.73' (BASIS OF BEARING)

N
 
0

0
°
 
2

9
'
 
3

4
"
 
W

 
 
 
 
2

6
3

5
.
5

5
'
 
(
O

V
E

R
A

L
L

)

S
 
0

0
°
 
5

6
'
 
1

6
"
 
E

 
 
 
 
1

3
1

8
.
9

0
'

FND 1/2" REBAR

FND 1/2" REBAR

CONTROL POINT 03

ACCESS GATE

50' EASEMENT

SOUTHERN PACIFIC

TRANSPORTATION

COMPANY

150' PUBLIC AZ

ELECTRIC EASEMENT

N
 
0

0
°
 
2

9
'
 
2

4
"
 
W

 
 
 
 
1

3
1

7
.
8

1
'

60' RIGHT-OF-WAY

S
 
0

0
°
 
5

6
'
 
1

6
"
 
E

 
 
 
 
2

6
3

9
.
1

0
'
 
(
O

V
E

R
A

L
L

)

SECTION 13

1/4 CORNER

SECTION 13 WEST

1/4 CORNER

CONTROL POINT 01

60' RIGHT-OF-WAY

CONTRACTOR STAGING AREA

SEE NOTE 7

A B C D E F
1

2

3

4

5

6

7

8

9

10

11

FIGURE 2

SAMPLING GRID

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Oval

OSorensen
Typewritten Text
Interior Sample (31 Total)

OSorensen
Typewritten Text
Perimeter Sample (22 Total)



 

Arcadis. Improving quality of life. 

Arcadis U.S., Inc. 

410 N. 44th Street, Suite 1000 

Phoenix 

Arizona 85008 

Phone: 602 438 0883 

Fax: 602 438 0102 

www.arcadis.com 

 



Appendix G 

 

Remedial Design Package 
 

 



TUCSON

SA
N

TA
 C

R
U

Z

IN
TE

R
ST

AT
E 

19

R
IV

ER

PARCEL
30

S 
N

O
G

AL
ES

 H
IG

H
W

AY

INTERSTATE 10

E SAHUARITA RD

W PIMA MINE RD

W HELMET PEAK RD

W VALENCIA RD E VALENCIA RD

PROJECT
LOCATION

SAHUARITA

WILLIAMS

CASA GRANDE

SCALE IN MILES

040

YUMA

ARIZ. U.S.A.MEXICO

COLORADO

NEEDLES

RIVER

KINGMAN

PRESCOTT

BLYTHE

CA
LI

F.
AR

IZ
.

AR
IZ

.
N

EV
.

NOGALES

8040

WILCOX

HOLBROOK

GLOBE

AR
IZ.

N
.M

.

ARIZ.
UTAH

 O
ct

 2
6,

 2
02

1 
- 1

2:
07

pm
C

:\b
cp

w
\d

13
55

31
1\

C
ov

er
.d

w
g

rjo
hn

so
n

g
jp

g

100% DESIGN

SUBMITTAL: NOVEMBER 1, 2021

BC PROJECT NUMBER: 151953

DRAWING INDEX

0 5,000 10,000

SCALE IN FEET

ANAMAX SAHUARITA PARCEL 30 - REMEDIATION PLAN

FOR BIDDING

1 - COVER SHEET
2 151953-G-001 NOTES-LEGEND-ABBREVIATIONS
3 151953-C-001 DETAILS - 1
4 151953-C-002 DETAILS - 2
5 151953-C-003 DETAILS - 3
6 151953-C-004 DETAILS - 4
7 151953-C-100 EXISTING SITE PLAN
8 151953-CD-100 SITE DEMOLITION - ELECTRICAL FACILITIES
9 151953-CD-101 SITE DEMOLITION - ROAD AND RAIL FACILITIES
10 151953-CD-102 SITE DEMOLITION - MISCELLANEOUS FEATURES
11 151953-C-101 GRADING PLAN - OVERALL
12 151953-C-102 GRADING PLAN - 1
13 151953-C-103 GRADING PLAN - 2
14 151953-C-104 GRADING PLAN - 3
15 151953-C-105 GRADING PLAN - 4
16 151953-C-110 CROSS-SECTIONS - 1
17 151953-C-111 CROSS-SECTIONS - 2
18 151953-C-120 CHANNEL PROFILE - 1
19 151953-C-121 CHANNEL PROFILE - 2
20 151953-C-122 CHANNEL PROFILE - 3
21 151953-C-131 OFF-SITE BORROW AREA - 1
22 151953-C-132 OFF-SITE BORROW AREA - 2
23 151953-C-150 EROSION CONTROL PLAN
24 151953-C-200 ACB TAPERED BLOCK SECTION (CONTECH DWG)

DRAWING
NUMBER DRAWING TITLENo.

The remediation project will not impact the overall site drainage. Drainage patterns on site after completion of the remediation 
project will match existing, natural drainage patterns on the site. If any drainage and/or erosion concerns arise during the 
remediation project, these concerns will be addressed prior to the completion and closure of the project.

ISSUED FOR CONSTRUCTION BY ARCADIS AS THE ENGINEER OF RECORD

Expires 9-30-2023

5-6
-20

22



1

D

 F
M

I l
og

o.
jp

g

DATE

REVISIONS

DESCRIPTION

BC PROJECT NUMBER

FILENAME

SHEET NUMBER

DRAWING NUMBER

AT FULL SIZE

CHECKED:

APPROVED:

DRAWN:

CLIENT PROJECT NUMBER

DESIGNED:

REV

CHECKED:

2 3 4 5 6

C

B

1 2 3 4 5 6
OF

D

C

B

A

Pa
th

: C
:\B

C
PW

\D
13

55
31

1 
   

FI
LE

N
AM

E:
 1

51
95

3-
G

-0
01

.D
W

G
   

 P
LO

T 
D

AT
E:

 1
0/

26
/2

02
1 

11
:2

7 
AM

   
C

AD
 U

SE
R

: R
IC

H
AR

D
 J

O
H

N
SO

N

LINE IS 2 INCHES

A

24

ANAMAX SAHUARITA
PARCEL 30 -

REMEDIATION PLAN

100%  DESIGN

ISSUE TO BID11/1/210

151953

151953-G-001.DWG

M. MINER

R. MATTUCCI

R. JOHNSON

T. ROSSILLON

2

G-001

NOTES -
LEGEND -

ABBREVIATIONS

GENERAL

GENERAL NOTES

1
3

OR

&

@

Ø

CL

W/

PL

SYMBOLS

W/O

3:1

LINETYPES

+
110.50

EXISTING EQUIPMENT OR  MATERIALS
TO BE REMOVED

NEW FACILITIES (SOLID)

EXISTING

PROPERTY LINE, PHANTOM  LINE OR
MATCH LINE

CENTERLINE

AT

AND

ROUND OR DIAMETER

ANGLE

CENTER LINE

PLATE OR PROPERTY LINE

KEY NOTE DESIGNATION

WITH

WITHOUT

NATURAL GROUND OR GRADE

STRUCTURAL FILL

GRANULAR MATERIAL SUCH AS CRUSHED
ROCK OR GRAVEL

EXISTING PAVEMENT IN PLAN

CONCRETE IN PLAN

GRAVEL IN PLAN

FENCE - EXISTING TO REMAIN

FINISH GRADE SPOT
ELEVATION

EDGE OF WATER; FLOWLINE WITH
DIRECTIONAL ARROW

SLOPE (3 HOR. TO 1 VERT.)

CUT OR FILL SLOPE; ARROWS POINT
DOWN SLOPE

SWALE OR DEPRESSION

TREES, SHRUBS OR HEDGE

TREES, SHRUBS OR
HEDGE DEMO

ABBREVIATIONS

DRAWING

OUNCE PER SQUARE YARD

ON CENTER

MINIMUM

MAXIMUM

HIGH DENSITY POLYETHLENE

ARIZONA

MEDIAN SOIL/ROCK MATERIAL SIZE

DWG

OSY

O.C.

MIN.

MAX.

HDPE

AZ

GROUNDWATERGW

1. THE NOTE IN THE TITLEBLOCK OF THIS DRAWING WHICH READS "TWO INCHES AT FULL SCALE" APPEARS ON DRAWINGS FOR
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11. SOILS EXCAVATED FROM THE TAILINGS SLOPES AND IMMEDIATELY ADJACENT AREAS, (THE EXCEEDANCE AREAS, AND THE MILL
SITE) SHALL BE PLACED AND COMPACTED TO 95% RELATIVE DENSITY (RD) ON THE TAILINGS DURING INTERMEDIATE GRADING,
PRIOR TO PLACEMENT OF THE COVER MATERIAL.  MATERIAL EXCAVATED FROM THE ABANDONED RAIL SPUR SHALL BE USED AS
COVER MATERIAL.

12. CARE SHALL BE TAKEN TO AVOID WORK IN THE WASH, EXCEPT AS NEEDED TO EXCAVATE ADJACENT TAILINGS, ARMOR THE WASH
SIDE SLOPE OR PLACE COVER MATERIAL AND ARMORING OVER THE ADJACENT TAILINGS.  CONTRACTOR SHALL SUBMIT WORK
PLAN FOR ACTIVITIES IN WASH FOR APPROVAL BY OWNER TO MEET PERMITTING REQUIREMENTS FOR DISTURBANCE IN A MAJOR
DRAINAGEWAY.

13. THE WORK WILL TAKE PLACE IN CLOSE PROXIMITY TO THE ACTIVE RAILROAD TRACKS ON SITE.  COORDINATE WORK ACTIVITIES
WITH THE TRACK OWNER, AND AVOID BLOCKING, OBSTRUCTING, COVERING AND/OR DISTURBING THE TRACK, BALLAST AND
SUPPORTING MATERIALS, OR INTERFERING WITH RAIL OPERATIONS.

14. THIS GRADING PLAN DEPICTS THE INTERMEDIATE GRADING CONDITION, THE FINISHED SURFACE PRIOR TO PLACEMENT OF THE
COVER MATERIAL TO INDICATE AREAS OF CUT AND FILL REQUIRED TO ACCOMMODATE THE FINAL COVER.  FINAL GRADES WITH
THE COVER ARE 2.0 FEET HIGHER THAN THE ELEVATIONS SHOWN ON THIS DRAWING.

15. COVER MATERIAL SHALL BE PLACED AND COMPACTED AS SPECIFIED AND AS NOTED ON THE DRAWINGS. THE TOP 12 INCHES OF
COVER MATERIAL ON THE FINISHED SURFACE IS CONSIDERED TO BE SEED BED AND IS NOT SUBJECT TO THE COMPACTION
REQUIREMENTS FOR COVER MATERIAL.  THE TOP 12 INCHES SHALL BE AMENDED AND PREPARED IN ACCORDANCE WITH SECTION
02900, PRIOR TO SEEDING.

16. THE PLACEMENT OF COVER AND RIPRAP LINING FOR THE CHANNELS ACROSS THE TAILINGS IS SHOWN IN DETAIL ON DRAWING
C-002 FOR THE DRAINAGE CHANNELS ACROSS THE TAILINGS.  CHANNELS F AND G ARE NOT IN THE TAILINGS AREA, AND DO NOT
REQUIRE COVER MATERIAL PLACEMENT BENEATH THE RIPRAP CHANNEL LINING.

INTERMEDIATE GRADE MINOR CONTOURS

EXISTING GRADE MAJOR CONTOURS

EXISTING GRADE MINOR CONTOURS

INTERMEDIATE  GRADE MAJOR CONTOURS

CONSTRUCTION BMP SILT FENCE

D50

2

FOOTFT

ROAD RIGHT-OF-WAY

EXCEEDANCE AREA BOUNDARY (APPROXIMATE)

EXISTING WASH

TAILINGS BOUNDARY (APPROXIMATE)

OVERHEAD ELECTRICAL LINES

RAILROAD/UTILITIES EASEMENT

PROPERTY BOUNDARY

EXISTING FENCE

MONITORING WELLAXABCO-01

WATER WELL

TYPICALTYP

DEMOLITION AREA

EP-1

CROSS SECTION LOCATION

BEST MANAGEMENT PRACTICEBMP

FOUNDFND

RELATIVE DENSITY PER ASTM D698RD

PL

2652

2650

2650

ABANDONED RAILROAD SPUR

ACTIVE RAILROAD TRACK

SF
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1. THE FILTER FABRIC SHALL BE PURCHASED IN A CONTINUOUS ROLL CUT TO THE  LENGTH
OF THE BARRIER TO AVOID USE OF JOINTS.  WHEN JOINTS ARE NECESSARY,  FILTER
CLOTH SHALL BE SPLICED TOGETHER ONLY AT A SUPPORT POST, WITH A MINIMUM
6-INCH OVERLAP, AND BOTH ENDS SECURELY FASTENED TO THE POST.

2. THE FENCE POSTS SHALL BE SPACED A MAXIMUM OF 6 FEET APART AND DRIVEN
SECURELY INTO THE GROUND (MINIMUM OF 30 INCHES).

3. A TRENCH SHALL BE EXCAVATED, ROUGHLY 8 INCHES WIDE AND 12 INCHES DEEP,
UPSLOPE AND ADJACENT TO THE WOOD POST TO ALLOW THE FILTER FABRIC TO BE
BURIED.

4. FILTER FABRIC SHALL BE FASTENED SECURELY TO THE UPSLOPE SIDE OF THE POSTS
USING HEAVY-DUTY WIRE STAPLES AT LEAST 1 INCH LONG. THE FILTER FABRIC SHALL
EXTEND INTO THE TRENCH A MINIMUM OF 12 INCHES AND SHALL NOT EXTEND MORE
THAN 36 INCHES ABOVE THE ORIGINAL GROUND SURFACE.

5. THE TRENCH SHALL BE BACKFILLED WITH TYPE E GRAVEL BACKFILL.

6. UNLESS OTHERWISE NOTED, FILTER FABRIC FENCES SHALL BE REMOVED WHEN THEY
HAVE SERVED THEIR USEFUL PURPOSE, BUT NOT BEFORE THE UPSLOPE AREA HAS
BEEN PERMANENTLY STABILIZED.

7. FILTER FABRIC FENCES SHALL BE INSPECTED IMMEDIATELY AFTER EACH RAINFALL AND
AT LEAST DAILY DURING PROLONGED RAINFALL.  ANY REQUIRED REPAIRS SHALL BE
MADE IMMEDIATELY.

8. REMOVE SEDIMENT WHEN IT REACHES 12 " IN HEIGHT, AND AT SUBSTANTIAL
COMPLETION.

NOTES:

2"x2"x14 GA. WIRE
FABRIC OR EQUIVALENT

BURY BOTTOM OF FILTER FABRIC
MATERIAL IN 8"x12" TRENCH

USE STANDARD SELF-FASTENER "T" OR "U"
SECTION STEEL POSTS.
ALT: 2"x4" WOOD POSTS.

FILTER FABRIC MATERIAL 60" WIDE
ROLLS, MIRAFI 100X OR EQUIVALENT.
USE STAPLES OR WIRE RINGS TO
ATTACH FABRIC TO WIRE

FILTER FABRIC MATERIAL

2"x2"x14 GA. WIRE
FABRIC OR EQUIV

PROVIDE TYPE E GRAVEL
BACKFILL IN TRENCH AND ON
BOTH  SIDES OF FILTER FENCE
FABRIC ON THE SURFACE

6' MAX
8"

1'
-0

"

3'
-6

"
6"

2'
-6

"
3'

-6
"

6'
-6

"

STEEL FENCE POSTS
ALT: 2"x4" WOOD POST

DENUDED LIMITS / CLEARING
LIMITS / EASEMENT LINE

TYPICAL CONSTRUCTION AND SILT FENCE
PLACEMENT DETAIL

1'
 M

IN
.

SILT FENCE

SLOPE

SF SF SF SF SF SF SF SF

DETAIL

TEMPORARY CONSTRUCTION BMP
SILT FENCE

C
C-150

NO SCALE

COVER MATERIAL; COMPACT
LOWER 18 INCHES TO 90%
DENSITY, EXCEPT FOR ROADS
AND TRAILS, SEE SECTION 02200

DETAIL

COVER PLACEMENT OVER TAILINGS

D
C-150

NO SCALE

TOP OF TAILINGS (EXISTING
GRADE OR AS REGRADED PER
PLANS); SURFACE ELEVATION
SHOWN ON GRADING PLANS

2 
FT

M
IN

TOP OF COVER; PLACE AND
LIGHTLY ROLL THE UPPER 6
INCHES OF COVER FOR SEED
BED; PREP THE SEED BED IN
ACCORDANCE WITH SECTION
02900

NOTE:  IN AREAS WHERE THE COVER
MATERIAL IS OVERLAIN WITH
RIPRAP ARMORING, THE ENTIRE
COVER LAYER SHALL BE
COMPACTED TO 90% DENSITY.

12'(MIN)

30'-50'

SIDE ELEVATION

PLAN VIEW

SECTION A-A

EX
IS

T
G

R
O

U
N

D

3'

MOUNTABLE
BERM(OPTIONAL) EXISTING

PAVEMENT

DETAIL

TEMPORARY CONSTRUCTION BMP
STABILIZED CONSTRUCTION ENTRANCE

A
C-150

NO SCALE

DETAIL

PERMANENT BMP
WASH BANK ARMORING

E
VAR

NO SCALE

5 FT

11 FT

2 FT TAILINGS
COVER MATERIAL

MATCH TOE OR
ARMOR SLOPE TO
TOE OF WASH
BANK, ON TAILINGS
SIDE ONLY

EXISTING WASH

FILTER
FABRIC

GEOTEXTILE
TAILINGS

3 FT

1:1

2.5 FT2:1

2:1

PRESUMED TOP OF
NATURAL GRADE

EXCAVATE TAILINGS AS NEEDED TO CREATE 4:1 OR
FLATTER FINISHED SLOPE FOR  COVER/ARMOR
LAYER CONSISTING OF 2.5 FT THICK RIPRAP OVER
2 FT (MIN) COVER MATERIAL FOR WASH BANK

2.5 FT RIPRAP
ARMORING,
D50 = 15 IN

4:1

ANCHOR GEOTEXTILE ON ALL SIDES
USING KEY TRENCHES AS SHOWN ON
DETAIL G, AND WITH ANCHORAGE PINS
THROUGHOUT, SPACED IN
ACCORDANCE WITH MANUFACTURER'S
RECOMMENDATIONS

TAILINGS IN THE WASH CHANNEL
AND ON BANK BELOW THE RIPRAP
ARMORING MAY BE REMOVED TO
NATURAL GRADE AND REPLACED
WITH COVER MATERIAL AT THE
CONTRACTOR'S OPTION

DETAIL

TEMPORARY CONSTRUCTION BMP
FIBER ROLL

B
C-150

NO SCALE

1-INCH SQUARE BY 24 INCHES MIN. WOOD STAKE.
INSTALL 2 STAKES IN AN "X" PATTERN 12 INCHES
FROM THE ENDS OF THE ROLL AND AT A MAXIMUM
SPACING OF 5 FEET ALONG THE LENGTH OF THE
ROLL.

INSTALL 4 FT LONG EROSION CONTROL BLANKET
SCOUR APRON ALONG THE ENTIRE LENGTH OF THE
ROLL ON THE DOWNSTREAM SIDE.  ANCHOR 10
INCH OF THE BLANKET EDGE UNDER THE FIBER
ROLL AND SECURE WITH STAKES.

8 INCH METAL "U" STAKE

12 INCH MIN.
DIAMETER FIBER ROLL

KEY-IN FIBER ROLL 3
INCHES DEEP

FLOW

12 INCH MIN. DIAMETER
FIBER ROLL

B

A

B1'-0"

5'-0" MAX.

CONSTRUCT THE FIBER ROLLS SO THAT POINT "A"
IS A MINIMUM OF 12 INCHES LOWER THAN POINT "B"

NOTES:
1. PLACE FIBER ROLLS ACROSS DRAINAGE CHANNELS AS SHOWN ON THE PLANS.
2. PLACE FIBER ROLLS PERPENDICULAR TO THE FLOW LINE OF THE DITCH.
3. FIBER ROLLS MAY BE CONSTRUCTED FROM NATURAL STRAW OR COIR ONLY.
4. WHERE NECESSARY, OVERLAP ENDS OF ROLLS TO EXTEND THE LENGTH AS NEEDED TO

CROSS THE ENTIRE CHANNEL.  MINIMUM OVERLAP IS 2 FEET.
5. CONSTRUCT FIBER ROLLS SO THAT WATER DOES NOT FLOW AROUND THE ENDS.
6. REMOVE SEDIMENT AS IT ACCUMULATES AND PLACE IT IN A STABLE AREA APPROVED

BY THE ENGINEER.
7. BREAK APART FIBER ROLLS AND SPREAD THE STRAW OVER SEEDED AREAS OR REMOVE

AFTER SURROUNDING AREAS HAVE BEEN SEEDED AND MULCHED.  REMOVE EROSION
CONTROL BLANKET.

8. FIBER ROLLS SHALL BE CERTIFIED 100% WEED-FREE.

SECTION Y-Y

ELEVATION VIEW

KEY TRENCH FOR
GEOTEXTILE EDGES

GEOTEXTILE
FILTER FABRIC

6"

12" 6" 6"

DETAIL

EDGE ANCHORAGE FOR
GEOTEXTILE FILTER FABRIC

G
VAR

NO SCALE

5FT

ANCHOR GEOTEXTILE NEAR TOP
OF SLOPE AND AT ENDS USING
KEY TRENCHES AS SHOWN ON
DETAIL G, AND WITH ANCHORAGE
PINS THROUGHOUT IN
ACCORDANCE WITH
MANUFACTURER'S
RECOMMENDATIONS

GEOTEXTILE FILTER FABRIC
BETWEEN RIPRAP AND SUBGRADE
INSTALLED AND ANCHORED IN
ACCORDANCE WITH FABRIC
MANUFACTURER'S
RECOMMENDATIONS

TAILINGS

4 
FT

2.
5 

FT

2.5 FT LAYER
15" D50 RIPRAP
ARMOR

21 2:1

21 2:1
2 1

2 :1

2 1
2:1

DETAIL

RUNDOWN SECTION
(LOOKING DOWNSTREAM)

F
VAR

NO SCALE

2 FT COVER
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4:1 4:1

2.
0 

FT

4 FT.

2.
0 

FT

4:1 4:1

10 FT.

2.
0 

FT

2.
0 

FT

2.0 FT

2.
0 

FT

1.5 FT

4:1 4:1

2.0 FT

2.
0 

FT

10 FT.
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1.5 FT
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0 

FT

4:1 4:1
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CHANNEL

A

A

A

A (RUNDOWN)

B

C

D

D

E

E

E

F

F

G

G

WASH
ARMORING

FROM
STA

0+00

4+22

7+64

8+71

0+00

0+00

0+00

3+65

0+00

2+04

3+50

0+00

7+43

0+00

2+36

TO
 STA

4+22

7+64

8+71

10+02

9+34

4+83

3+65

4+25

2+04

3+50

5+24

7+43

7+92

2+36

5+22

RIPRAP
D50

3-INCH

6-INCH

6-INCH

ACB*

3-INCH

3-INCH

3-INCH

6-INCH

3-INCH

ACB*

ACB*

3-INCH

ACB*

3-INCH

ACB*

15-INCH

RIPRAP
THICKNESS

6 INCHES

12 INCHES

12 INCHES

4.75" OPEN CELL

6 INCHES

6 INCHES

6 INCHES

12 INCHES

6 INCHES

4.75" OPEN CELL

4.75" OPEN CELL

6 INCHES

4.75" OPEN CELL

6 INCHES

4.75" OPEN CELL

30 INCHES

LINING HEIGHT
ON SIDE SLOPE

2.0 FEET

2.5 FEET

2.5 FEET

4.0 FEET

2.0 FEET

2.0 FEET

2.0 FEET

2.5 FEET

2.0 FEET

2.0 FEET

2.0 FEET

2.0 FEET

2.0 FEET

2.0 FEET

2.0 FEET

5.0 FEET

CHANNEL LINING TABLE

RIGHT BANK AS SHOWN
ON C-102 & C-103

KEY NOTES:
1 MAINTAIN MINIMUM THICKNESS OF 2 FEET OF COVER MATERIAL

BENEATH ARMORED SIDE SLOPE AND BED OF DRAINAGE
CHANNEL.

2 NON-WOVEN GEOTEXTILE FOR SEPARATION/FILTER BETWEEN
RIPRAP AND SUBGRADE, SEE SECTION 02233.  ANCHOR
GEOTEXTILE ON ALL SIDES USING KEY TRENCHES AS SHOWN ON
DETAIL G/C-001, AND WITH ANCHORAGE PINS THROUGHOUT,
SPACED IN ACCORDANCE WITH MANUFACTURER'S
RECOMMENDATIONS.

3 2 FEET MINIMUM THICKNESS OF COVER MATERIAL.

4 2-FOOT COVER AT ALL CHANNEL LOCATIONS TO BE COMPACTED
TO 90% RELATIVE DENSITY.  COVER MATERIAL UNDER THE
ACB-LINED SECTIONS MUST BE IMPORTED, TYPE B, CLASS B-2
MATERIAL IN ACCORDANCE WITH SECTION 02200.

5 RIPRAP CHANNEL LINING.  SEE RIPRAP CHANNEL LINING TABLE
FOR LINING REQUIREMENTS.

6 2-FOOT COVER.  COMPACT LOWER 12 INCHES OF COVER TO 90%
RELATIVE DENSITY IN ACCORDANCE WITH SECTION 02200. UPPER
12-INCH LIFT OF COVER SHALL BE UNCOMPACTED, BUT ROLLED
AND DISKED FOR SEED PREP IN ACCORDANCE WITH SECTION
02900.

7 SCARIFY AND RECOMPACT DISTURBED TAILINGS TO BE
COMPACTED TO 95% RELATIVE DENSITY.

8 ANCHOR GEOTEXTILE NEAR TOP OF SLOPE AND AT ENDS USING
KEY TRENCHES AS SHOWN ON DETAIL G/C-001, AND WITH
ANCHORAGE PINS THROUGHOUT, IN ACCORDANCE WITH
MANUFACTURER'S RECOMMENDATIONS.

9 SCARIFY 12-INCH MINIMUM DEPTH AND RECOMPACT DISTURBED
SUBGRADE TO AT LEAST 2 FEET OUTSIDE CHANNEL LIMITS.
COMPACT TO 95% RELATIVE DENSITY.

10 FROM STA 0+00 TO STA 4+50 CHANNEL F LIES COMPLETELY
OUTSIDE THE TAILINGS AND EXCEEDANCE AREA BOUNDARIES.
USE THE SECTION FOR CHANNEL TYPE E, FOR THE INSTALLATION
FROM STA 0+00 TO STA 4+00, EXCEPT THE  BOTTOM WIDTH IS 10
FEET FOR CHANNEL F . TRANSITION OVER 20 FEET FROM THE
TYPE E (SIMILAR) CHANNEL AT STA 4+00, TO THE TYPICAL TYPE A
CHANNEL SECTION AT STA 4+20.

11 OPEN-CELL ARTICULATED CONCRETE BLOCK (SEE TABLE FOR
BLOCK THICKNESS) OVER FILTER GEOTEXTILE AND 6" THICK
GRANULAR FILTER LAYER.

CHANNEL DETAIL /
DWG NUMBER

A / C-002

B / C-002

B / C-002

F / C-001

A / C-002

A / C-002

A / C-002

B / C-002

A / C-002

C / C-002

C / C-002

A / C-002

C / C-002

D / C-002

C / C-002

E / C-001

10

4

TOP OF COVER

INTERMEDIATE GRADING
SURFACE

DETAIL

DRAINAGE CHANNEL TYPE E

D
VAR

NO SCALE

DETAIL

DRAINAGE CHANNEL TYPE A

A
VAR

NO SCALE

DETAIL

DRAINAGE CHANNEL TYPE C

C
VAR

NO SCALE

DETAIL

DRAINAGE CHANNEL TYPE B

B
VAR

NO SCALE

6

21

5

7

4

68
TYP

21

5

7

4

6
8

TYP

21

11

7

4

8
TYP

2

5

9

TOP OF COVER

INTERMEDIATE GRADING
SURFACE

8
TYP

TOP OF COVER

INTERMEDIATE GRADING
SURFACE

TOP OF COVER

INTERMEDIATE GRADING
SURFACE

ACB* - OPEN CELL CONCRETE BLOCK LINING; ARMORFLEX 40T MAT, OR APPROVED EQUAL

3

3

3

3

3

3

3
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DETAILS - 3

CIVIL

2629

2628

2627

2626

2630

2630

262990 FT

SPILL WAY CREST
EL: 2629.33

10:1 SIDE SLOPE
AT CREST (TYP.)

DETAIL

INFILTRATION POND
SPILLWAY CREST DETAIL

A
C-003

NO SCALE

GRADE BREAK; APPARENT RIDGE LINE AND/OR
HIGH POINT(S) SHOWN ON GRADING PLANS

FINISHED GRADE

FINISHED SLOPE OFCOVER
FINISHED SLOPE OF

COVER

6 FT FLAT PLANE (MIN)

3" TO 4" COMPACTED (TO
85% RD) MOUND ABOVE
THE FLAT PLANE AT
GRADE BREAK

DETAIL

SMOOTHED GRADE BREAK DETAIL

B
C-003

NO SCALE

4 
FT

2 FT

SEE NOTE 1

SEE NOTE 4

SEE NOTE 2

CONCRETE CUTOFF WALL
FOR BACKFILL, SEE NOTE 3

NOTES:

1. CHANNEL WIDTH IS 10 FEET FOR CHANNELS A THROUGH F, 4 FEET
FOR CHANNEL G AND 12 FEET FOR THE RUNDOWN.

2. MINIMUM CHANNEL DEPTH SHALL BE FROM THE CHANNEL INVERT
TO THE HEIGHT OF RIPRAP OR ACB LINING AS SHOWN IN THE TABLE
ON DRAWING C-002.  THE TOP FACE OF THE STRUCTURE SHALL
JUST BE EXPOSED, MATCHING TOP OF RIP RAP FINISHED GRADE IN
THE CHANNEL.

3. CONCRETE IS CLASS C-1 IN ACCORDANCE WITH SECTION 03300.

4. WALL THICKNESS IS 12 INCHES. REINFORCING STEEL IS #5 @12"
SPACING, EACH WAY, EACH FACE.  SEE SECTION 03200 FOR
CONCRETE REINFORCING REQUIREMENTS.

5. THE CONTRACTOR MAY CHOOSE TO SQUARE OFF THE BOTTOM OF
THE STRUCTURE RATHER THAN FORMING IT AS SHOWN, SO LONG
AS THE DEPTH OF THE STRUCTURE IS A MINIMUM OF 4 FEET BELOW
FINISHED GRADE.

6. USE COVER MATERIAL TO BACKFILL GRADE CONTROL WALLS
EXTENDING INTO THE TAILINGS. COMPACT COVER MATERIAL USED
FOR STRUCTURAL BACKFILL TO 95%.

DETAIL

GRADE CONTROL
STRUCTURE

C
C-003

NO SCALE

LOCATION D L W RIPRAP D50 T CUTOFF B

CHANNEL E 12" 6 FT 6 FT 6" 12" 5 FT

CHANNEL F 24" 8 FT 8 FT 15" 30" 5 FT

CHANNEL G 15" 7 FT 7 FT 15" 30" 5 FT

L

WD
B

CUTOFF
12" THICK

1
2

D

T

WS

1
2

UNREINFORCED
CONCRETE

CUTOFF WALL

PLAN VIEW

SECTION A-A'

A A'

DETAIL

CHANNEL DISCHARGE
IN POND DETAIL

D
C-003

NO SCALE

6" LAYER OF TYPE H MATERIAL (3"
RIPRAP), PLACED OVER NON-WOVEN
GEOTEXTILE ANCHORED INTO SUBGRADE
TOP OF RIPRAP TO MATCH GRADE AT
EDGE

50
 FT D

OW
NSLO

PE

FROM C
REST

10 FT ON APPROACH
TO SPILLWAY CREST

NON-WOVEN GEOTEXTILE;
SEPARATOR/FILTER FABRIC.
SEE SECTION 02233

TOP OF CUTOFF WALL
ELEV 2626.0

MATCH CHANNEL
SIDE SLOPE (TYP)
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C-004

DETAILS - 4

CIVIL

PLAN (IN PLACE)

DETAIL

RUNDOWN DISCHARGE
PLUNGE POOL DETAIL

C-004

NO SCALE

SEE DETAILED VIEW OF
PLUNGE POOL BELOW

RIPRAP EXTENDS
APPROX. 30 INCHES
FROM WASH BANK;

MATCH EXISTING
WASH INVERT

ELEVATION

5.0 FT

RU
ND

O
W

N

RIPRAP RUNOUT ~250 SF X
4 FT DEEP, D50=15 INCHES

17
.5

0'

7.50'

3.00'

18.00'

13
.2

5'

11
.0

0' 6.00'

2648

2645.0

2644.5

2644.5
2645.0

GRADE WALL 14' L x 1' W  x 6' H;
@ CHANNEL A STA 10+02
(SEE DETAIL ABOVE)

RUNDOWN W/
ACB LINER TO
GRADE WALL

PLUNGE POOL RIPRAP; D50 = 18", 3 FEET
THICK OVER GEOTEXTILE AND GRANULAR

FILTER USED UNDER ACB; CHANNEL LINING
AND RIPRAP ARMORING ADJACENT TO

PLUNGE POOL RIPRAP SHOWN ON PLANS

RIPRAP RUNOUT AS SHOWN
ON IN-PLACE PLAN (ABOVE)

PLUNGE POOL END SILL:
17.5' L x 1' W  x 7' H  &
7.5' L x 1' W x 7' H
(SEE DETAIL ABOVE)

3:1
TYP

4.5:1

TYP

2.
5:

1
TY

P

GRADE WALL PLUNGE POOL
END SILL

GRADE CONTROL STRUCTURE
@ CHANNEL A STA. 8+71

17.50'
14.00'

7.
00

'

6.
00

'
1.0

0'

1.0
'

7.5
0'

1.0'

T.O.W. ELEV = 2647.0
T.O.W. ELEV = 2646.5

32
 F

T 
(M

IN
.)

SEE DWG C-200 FOR
DETAILS OF ACB BLOCK
CHANNEL LINER

NOTE:  REINFORCE GRADE
WALL AND END SILL
WITH #5 REBAR EACH
WAY, EACH FACE

ISSUED FOR CONSTRUCTION BY 
ARCADIS AS THE ENGINEER OF 
RECORD
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C-100

EXISTING SITE PLAN

CIVIL

TWIN BUTTES ROAD

NORTHEAST
EXCEEDANCE AREA

(APPROXIMATE
BOUNDARY SHOWN)

SOUTHWEST
EXCEEDANCE AREA

(APPROXIMATE
BOUNDARY SHOWN)

S 
LA

 V
IL

LI
TA

 R
O

AD

UNION PACIFIC RAILROAD

ABANDONED
RAIL SPUR

EXISTING TAILINGS
BOUNDARY (APPROXIMATE)

EXISTING TAILINGS
BOUNDARY (APPROXIMATE)

SCALE IN FEET

0 120 240

NORTH

N

NOTES

REFERENCES

1. SITE ACCESS IS VIA THE ACCESS GATE NORTHEAST OF THE
TAILINGS AREA. A VEHICLE TRACKING PAD IS REQUIRED
IMMEDIATELY SOUTH OF THE ACCESS GATE TO AVOID TRACKING
MATERIAL OFFSITE.

2. THE CONTRACTOR SHALL TAKE MEASURES TO PREVENT
SEDIMENT TRANSPORT OUTSIDE OF SWPPP BOUNDARY SHOWN
ON DWG C-150.  NOTE THAT IN SOME AREAS, THE TAILINGS
EXTEND DOWN TO THE INVERT OF THE WASH, AND WILL REQUIRE
EXCAVATION TO COMPLETE THE COVER AND CHANNEL BANK
ARMORING. AVOID DISTURBING THE WASH ANY MORE THAN
NEEDED TO COMPLETE STABILIZATION OF THE TAILINGS SIDE
BANK.  CONTRACTOR AND OWNER/ENGINEER SHALL WALK THE
AREA TOGETHER TO OUTLINE THE ALLOWABLE DISTURBANCE IN
THE WASH.

3. RAIL OPERATIONS SHALL NOT BE INTERRUPTED FOR ANY REASON
DURING COMPLETION OF THE WORK. MEASURES SHALL BE TAKEN
TO ENSURE THAT EQUIPMENT AND MATERIAL ARE NOT
INTERFERING WITH THE RAIL LINE OR RAIL EQUIPMENT
OPERATING IN THE VICINITY OF THE WORK.  ALL WORK ACTIVITIES
SHALL BE OUTSIDE THE RAIL RIGHT-OF-WAY.

4. SECTION LINES AND DISTANCE/BEARING INFORMATION FOR
SECTION LINES NOT SHOWN FOR CLARITY.

5. TAILINGS AND EXCEEDANCE AREA BOUNDARIES TO BE MARKED IN
THE FIELD PRIOR TO COMMENCING WORK ACTIVITIES.  OWNER
AND ENGINEER SHALL BE NOTIFIED IF THE MARKER BOUNDARIES
DO NOT APPEAR TO BE CORRECT FOR WORK AREA
ADJUSTMENTS.

6. CONTRACTOR STAGING AREA IS APPROXIMATELY 0.8 ACRES AS
SHOWN.  THE AREA CAN BE EXPANDED TO THE WEST AS NEEDED
TO ACCOMMODATE REQUIREMENTS, WITH PRIOR APPROVAL
FROM THE CONSTRUCTION MANAGER.  STAGING AREA SHALL NOT
ENCROACH ON THE NORTHEAST EXCEEDANCE AREA.

7. NOTE THAT THE APPROXIMATE SOUTHWEST EXCEEDANCE AREA
BOUNDARY IS SHOWN ALL THE WAY DOWN TO THE ACTIVE
SOUTHERN PACIFIC RAILROAD TRACKS.  WORK WITHIN THE
50-FOOT RIGHT-OF-WAY SHALL BE COORDINATED WITH THE
CONSTRUCTION MANAGER AND THE RAILROAD COMPANY TO
AVOID DISRUPTIONS TO OPERATION OF THE RAIL LINE.

8. COVER MATERIAL PLACEMENT SHALL BE A MINIMUM OF 2 FEET
DEEP OVER ENTIRE TAILINGS AND EXCEEDANCE AREAS, AND
PLACED BELOW ANY CHANNEL OR WASH ARMORING RIPRAP.  THE
GRID SHOWN (OR SIMILAR) MUST BE ESTABLISHED TO ENSURE
THE 2 FOOT COVER DEPTH ABOVE THE INTERMEDIATE GRADE
SHOWN ON THE GRADING PLANS (C-101 THROUGH C-105), BY
SURVEYING THE INTERSECTION POINTS OF A 100 FT X 100 FT
(MAX SPACING) GRID AFTER COMPLETION OF INTERMEDIATE
GRADE AND AFTER PLACEMENT OF THE COVER.

9. NOTE THAT THE INVERT ELEVATIONS AND SIDE SLOPES ON THE
GRADING PLANS, FOR THE DRAINAGE CHANNELS ONLY, ARE
FINISHED GRADES. GRADING BELOW THE CHANNEL PRISM TO THE
INTERMEDIATE SURFACE, WITH AN ALLOWANCE FOR PLACEMENT
OF THE COVER IN THE CHANNEL BELOW THE RIPRAP ARMORING
IS REQUIRED TO MAINTAIN THE CHANNEL DEPTH TO INVERT AND
SIDE SLOPE CONFIGURATION SHOWN ON THE CHANNEL TYPICAL
SECTIONS SHOWN ON C-002, AND THE DRAINAGE CHANNEL
PROFILES SHOWN ON C-120 TO C-122.

BASIS OF BEARING
THE NORTH LINE OF THE SOUTH HALF OF THE NORTHWEST QUARTER
OF SECTION 13, THE BEARING OF WHICH IS S89°35'49"E BASED ON
GEODETIC NORTH, WGS 84.  THIS IS BASED ON ACTUAL GPS
OBSERVATIONS, BOTH STATIC AND RTK.

BASIS OF ELEVATIONS
CONTOURS AND TOPOGRAPHIC ITEMS SHOWN ARE BASED ON THE
NORTH QUARTER CORNER OF SECTION 13 TOWNSHIP 17 SOUTH,
RANGE 13 EAST OF WHICH AN NAVD88 DATUM IS SHOWN TO HAVE AN
ELEVATION = 2727.85' DERIVED FROM ONLINE POSITION USER
SERVICE (OPUS) SOLUTIONS AND FURTHER SUPPLEMENTED WITH AN
AERIAL SURVEY PERFORMED BY KENNY AERIAL MAPPING INC.

TOPO SOURCE
TOPO SUPPLIED TO BROWN AND CALDWELL FROM FREEPORT-
McMoRAN BY DRAWING CALLED CTC_180920_PAR_30 AS FLOWN ON
09/20/2018. NOTE: SURFACE AND CONTOURS WERE GENERATED FROM
"CTC_180920_PAR_30_PNT_CLD_EDIT.LAS" PER RTK BASE STATION
SET @ PT '101' (EXISTING 1" STEEL ROD AT FAR NORTH WESTERLY
CORNER OF A CONCRETE STRUCTURE), SITE HEAVILY VEGETATED,
VERTICAL ACCURACY OF CONTOURS UNKNOWN.

S 89° 35' 49" E    2510.73' (BASIS OF BEARING)

N
 0

0°
 2

9'
 3

4"
 W

   
 2

63
5.

55
' (

O
VE

R
AL

L)

S 
00

° 5
6'

 1
6"

 E
   

 1
31

8.
90

'

FND 1/2" REBAR
FND 1/2" REBAR

CONTROL POINT 03

ACCESS GATE

50' EASEMENT
SOUTHERN PACIFIC
TRANSPORTATION

COMPANY

150' PUBLIC AZ
ELECTRIC EASEMENT

N
 0

0°
 2

9'
 2

4"
 W

   
 1

31
7.

81
'

60' RIGHT-OF-WAY

S 
00

° 5
6'

 1
6"

 E
   

 2
63

9.
10

' (
O

VE
R

AL
L)

SECTION 13
1/4 CORNER

SECTION 13 WEST
1/4 CORNER
CONTROL POINT 01

60' RIGHT-OF-WAY

CONTRACTOR STAGING AREA

SEE NOTE 7
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CD-100

SITE DEMOLITION  -
ELECTRICAL
FACILITIES

CIVIL

TWIN BUTTES ROAD

NORTHEAST
EXCEEDANCE

AREA

SOUTHWEST
EXCEEDANCE

AREA

S 
LA

 V
IL

LI
TA

 R
O

AD

UNION PACIFIC RAILROAD

ABANDONED
RAIL SPUR

EXISTING TAILINGS BOUNDARY

EXISTING TAILINGS BOUNDARY

SCALE IN FEET

0 120 240

NORTH

N

EXCEEDANCE AREA
BOUNDARY (TYP)

KEY NOTES:

2

1

EXISTING WASH

1      PROTECT EXISTING OVERHEAD LINES AND POLES WITHIN THE
NORTHEAST EXCEEDANCE AREA FROM DAMAGE DURING
CONSTRUCTION ACTIVITIES.

2 REMOVE EXISTING, ABANDONED OVERHEAD POWER LINES AND
POLES/TOWERS WITHIN THE TAILINGS AND SOUTHWEST
EXCEEDANCE AREA. VERIFY THE EQUIPMENT IS ABANDONED AND
IS NOT CHARGED PRIOR TO DEMOLITION.

1     PROTECT ALL UTILITY LINES, RAIL, ROADWAYS, ETC. NOT SHOWN
FOR DEMOLITION. ALL ROADWAYS IN EXCEEDANCE AREAS SHALL
BE REMOVED (SEE KEY NOTE 2).

2. EXCEEDANCE AREA BOUNDARIES MATCH THE TAILINGS
BOUNDARY WHERE THEY COINCIDE.

3. CONSTRUCTION SWPPP PERMITS TO BE OBTAINED BY
CONTRACTOR PRIOR TO COMMENCING WORK ACTIVITIES.

4. DEMOLITION PERMITS TO BE OBTAINED BY OWNER.

5. ALL MATERIALS TO BE DISPOSED MUST BE TO AN FMI-APPROVED
LANDFILL.

6. ALL ORGANIC MATERIAL FROM DEMOLITION SHALL BE PLACED
OFF OF THE TAILINGS AREA AND OUTSIDE OF THE EXCEEDANCE
AREA BOUNDARIES, OR DISPOSED OF OFF-SITE, SUBJECT TO
APPROVAL OF THE CONSTRUCTION MANAGER.  SEE DWG C-105,
KEY NOTE 8 FOR ACCEPTABLE LOCATION  FOR PLACEMENT
ON-SITE.

CAUTION -
OVERHEAD

ELECTRIC
TO REMAIN

2

POWER LINE DEMOLITION TO EXTEND
FOR ENTIRE PROPERTY

ISSUED FOR CONSTRUCTION BY 
ARCADIS AS THE ENGINEER OF 
RECORD
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CD-101

SITE DEMOLITION -
ROAD AND RAIL

FACILITIES

CIVIL

TWIN BUTTES ROAD

NORTHEAST
EXCEEDANCE

AREA

SOUTHWEST
EXCEEDANCE

AREA

S 
LA

 V
IL

LI
TA

 R
O

AD

UNION PACIFIC RAILROAD

ABANDONED
RAIL SPUR

EXISTING TAILINGS BOUNDARY

EXISTING TAILINGS BOUNDARY

SCALE IN FEET

0 120 240

NORTH

N

EXCEEDANCE AREA
BOUNDARY (TYP)

2

KEY NOTES:

2

2

3

3

4

3

1

EXISTING WASH

1       PROTECT EXISTING OVERHEAD LINES AND POLES WITHIN THE
NORTHEAST EXCEEDANCE AREA FROM DAMAGE DURING
CONSTRUCTION ACTIVITIES.

2 EXISTING ROADWAYS WITHIN THE TAILINGS BOUNDARY SHALL BE
SCARIFIED TO A DEPTH OF 12 INCHES MINIMUM, MOISTURE
CONDITIONED, AND ROLLED TO RECOMPACT PRIOR TO PLACING
MATERIAL WITHIN THE TAILINGS BOUNDARY.

3      EXISTING ROADWAYS IN THE EXCEEDANCE AREAS SHALL BE
REMOVED AS PART OF EXCAVATING THE MATERIAL FOR
PLACEMENT ON THE TAILINGS. REMOVED ROADWAYS NEED NOT
BE RE-ESTABLISHED, UNLESS SHOWN ON THE CONSTRUCTION
PLANS.

4      REMOVE ANY REMAINING ABANDONED TRACK, TIES, OR OTHER
RAIL-RELATED IMPROVEMENTS FROM THE RAIL BERM PRIOR TO
EXCAVATING THE BERM FOR EARTH MATERIALS TO BE USED AS
COVER FOR THE TAILINGS.  DISPOSE OR SALVAGE THE
MATERIALS OFF-SITE.  DISPOSAL MUST BE TO A FMI APPROVED
LANDFILL.  SEE DRAWINGS C-104 AND C-105 FOR FINISH GRADING
OF EXCAVATED BERM.

1     PROTECT ALL UTILITY LINES, RAIL, ROADWAYS, ETC. NOT SHOWN
FOR DEMOLITION. ALL ROADWAYS IN EXCEEDANCE AREAS SHALL
BE REMOVED (SEE KEY NOTE 2).

2. EXCEEDANCE AREA BOUNDARIES MATCH THE TAILINGS
BOUNDARY WHERE THEY COINCIDE.

3. CONSTRUCTION SWPPP PERMITS TO BE OBTAINED BY
CONTRACTOR PRIOR TO COMMENCING WORK ACTIVITIES.

4. DEMOLITION PERMITS TO BE OBTAINED BY OWNER.

5. ALL MATERIALS TO BE DISPOSED MUST BE TO AN FMI-APPROVED
LANDFILL.

6. ALL ORGANIC MATERIAL FROM DEMOLITION SHALL BE PLACED
OFF OF THE TAILINGS AREA AND OUTSIDE OF THE EXCEEDANCE
AREA BOUNDARIES, OR DISPOSED OF OFF-SITE, SUBJECT TO
APPROVAL OF THE CONSTRUCTION MANAGER.  SEE DWG C-105,
KEY NOTE 8 FOR ACCEPTABLE LOCATION  FOR PLACEMENT
ON-SITE.

CAUTION -
OVERHEAD

ELECTRIC
TO REMAIN

POWER LINE DEMOLITION TO EXTEND
FOR ENTIRE PROPERTY

2

ISSUED FOR CONSTRUCTION BY 
ARCADIS AS THE ENGINEER OF 
RECORD
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CD-102

SITE DEMOLITION -
MISCELLANEOUS

FEATURES

CIVIL

TWIN BUTTES ROAD

NORTHEAST
EXCEEDANCE

AREA

SOUTHWEST
EXCEEDANCE

AREA

S 
LA

 V
IL

LI
TA

 R
O

AD

UNION PACIFIC RAILROAD

ABANDONED
RAIL SPUR

EXISTING TAILINGS BOUNDARY

EXISTING TAILINGS BOUNDARY

SCALE IN FEET

0 120 240

NORTH

N

EXCEEDANCE AREA
BOUNDARY (TYP)

KEY NOTES:

83

83

1

2

EXISTING WASH

1 PROTECT EXISTING OVERHEAD LINES AND POLES WITHIN THE
NORTHEAST EXCEEDANCE AREA FROM DAMAGE DURING
CONSTRUCTION ACTIVITIES.

2 DEMOLISH ALL BUILDING STRUCTURES AND VAULTS AT THE
SURFACE AND BURIED EXTERNAL WALLS EXTENDING DOWN A
MINIMUM OF THREE FEET BELOW GRADE.  ANY INTERIOR WALLS
OR FLOORS ABOVE THE FOUNDATION SLAB SHALL BE
DEMOLISHED.  THE DEBRIS FROM THE STRUCTURE DEMOLITION
MAY BE MIXED WITH COVER SOILS AND PLACED INSIDE THE
REMAINING STRUCTURE.  A MINIMUM OF TWO FEET CLEAN COVER
MATERIAL WITHOUT DEMOLITION DEBRIS SHALL COVER ANY
DEBRIS AND PLACED TO FINISHED GRADES SHOWN ON THE
DRAWINGS. OBTAIN A NESHAP PERMIT FROM PIMA COUNTY PRIOR
TO PARTIAL STRUCTURE DEMOLITION.

3      REMOVE MATERIAL FROM THE NORTHEAST EXCEEDANCE AREA
(APPROXIMATELY 9,000 CY) AND FROM THE SOUTHWEST
EXCEEDANCE AREA (APPROXIMATELY 27,000 CY), FOR
PLACEMENT ON THE TAILINGS. SEE SPECIFICATIONS FOR
EXCEEDANCE MATERIAL REMOVAL CONFIRMATION. THE DEPTH
OF EXCAVATION AND REQUIREMENTS FOR CONFIRMATION
SAMPLING TO ENSURE ENOUGH MATERIAL HAS BEEN EXCAVATED
IS AVAILABLE IN THE REMEDIAL WORK PLAN PREPARED FOR THIS
SITE.  EXCAVATION DEPTHS IN THE EXCEEDANCE AREAS ARE
GENERALLY IN THE RANGE OF 1 TO 2 FEET.

4      ABANDON 4 MONITORING WELLS AND 1 PRODUCTION WELL IN
ACCORDANCE WITH ADWR (PENDING APPROVAL FROM ADEQ AND
ADWR).

1     PROTECT ALL UTILITY LINES, RAIL, ROADWAYS, ETC. NOT SHOWN
FOR DEMOLITION. ALL ROADWAYS IN EXCEEDANCE AREAS SHALL
BE REMOVED (SEE KEY NOTE 2).

2. EXCEEDANCE AREA BOUNDARIES MATCH THE TAILINGS
BOUNDARY WHERE THEY COINCIDE.

3. CONSTRUCTION SWPPP PERMITS TO BE OBTAINED BY
CONTRACTOR PRIOR TO COMMENCING WORK ACTIVITIES.

4. DEMOLITION PERMITS TO BE OBTAINED BY OWNER.

5. ALL MATERIALS TO BE DISPOSED MUST BE TO AN FMI-APPROVED
LANDFILL.

6. ALL ORGANIC MATERIAL FROM DEMOLITION SHALL BE PLACED
OFF OF THE TAILINGS AREA AND OUTSIDE OF THE EXCEEDANCE
AREA BOUNDARIES, OR DISPOSED OF OFF-SITE, SUBJECT TO
APPROVAL OF THE CONSTRUCTION MANAGER.  SEE DWG C-105,
KEY NOTE 8 FOR ACCEPTABLE LOCATION  FOR PLACEMENT
ON-SITE.

CAUTION -
OVERHEAD

ELECTRIC
TO REMAIN

2

2

2 2

8

44

4

4
WATER
WELL

2
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C-101

GRADING PLAN -
OVERALL

CIVIL

SCALE IN FEET

0 120 240
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AD

TWIN BUTTES ROAD

NORTHEAST
EXCEEDANCE AREA;
EXCAVATE FOR FILL

IN TAILINGS AREA
(9,000 CY)EXISTING TAILINGS BOUNDARY;

APPROXIMATE LIMIT OF 2-FOOT
COVER

EXISTING TAILINGS BOUNDARY;
APPROXIMATE LIMIT
OF 2-FOOT COVER

SOUTHWEST
EXCEEDANCE AREA;

EXCAVATE FOR FILL IN
TAILINGS AREA, AND

BACKFILL FOR
DEMOLISHED/REMOVED

STRUCTURES IN THIS AREA
(27,400 CY)

ABANDONED
RAIL SPUR;
EXCAVATE FOR
COVER MATERIAL
(8,500 CY)

TAILINGS COVER
DRAINAGE
CHANNEL A

FINISHED GRADE CONTOURS

SOUTHERN PACIFIC RAILROAD

C-102

C-103

C-104

C-105

TAILINGS COVER
DRAINAGE

CHANNEL B

TAILINGS COVER
DRAINAGE

CHANNEL C

TAILINGS COVER
DRAINAGE
CHANNEL ETAILINGS COVER

DRAINAGE
CHANNEL D

A

NOTES

REFERENCES

KEY NOTES:

1. SITE ACCESS IS VIA THE ACCESS GATE NORTHEAST OF THE
TAILINGS AREA. A VEHICLE TRACKING PAD IS REQUIRED
IMMEDIATELY SOUTH OF THE ACCESS GATE TO AVOID TRACKING
MATERIAL OFFSITE. A NEW, LOCKABLE STEEL-FRAME ACCESS
GATE AND NEW GATE POSTS SHALL BE CONSTRUCTED AT THIS
LOCATION FOR ADEQUATE ACCESS AND SITE CONTROL FOR THIS
PROJECT.

2. THE CONTRACTOR SHALL TAKE MEASURES TO PREVENT
SEDIMENT TRANSPORT OUTSIDE OF SWPPP BOUNDARY. NOTE
THAT IN SOME AREAS, THE TAILINGS EXTEND DOWN TO THE
INVERT OF THE WASH, AND WILL REQUIRE EXCAVATION TO
COMPLETE THE COVER AND CHANNEL BANK ARMORING. AVOID
DISTURBING THE WASH TO COMPLETE STABILIZATION OF THE
TAILINGS SIDE BANK.

3. RAIL OPERATIONS SHALL NOT BE INTERRUPTED FOR ANY REASON
DURING COMPLETION OF THE WORK. MEASURES SHALL BE TAKEN
TO ENSURE THAT EQUIPMENT AND MATERIAL ARE NOT
INTERFERING WITH THE RAIL LINE OR RAIL EQUIPMENT
OPERATING IN THE VICINITY OF THE WORK.  ALL GRADING AND
EARTHWORK ACTIVITIES SHALL BE OUTSIDE THE RAIL
RIGHT-OF-WAY, AND A MINIMUM OF 20 FEET FROM THE NEAREST
RAIL.

4. FOR CROSS-SECTION, SEE DRAWING C-110, C-111, AND C-112.

5. FOR DRAINAGE CHANNEL PROFILES, SEE DRAWING C-120 AND
C-121.

6. FOR TYPICAL DRAINAGE CHANNEL DETAILS, SEE DRAWING C-102.

7. A 404 PERMIT MAY BE REQUIRED FOR WORK THAT IS LOCATED IN
OR  DISTURBS THE EXISTING WASH.  404 PERMIT(S) WILL BE
OBTAINED BY OWNER.

8. CAD VERSIONS OF THE SURFACE MODEL FILE AND GRADING PLAN
SHEET FILES WILL BE TRANSFERRED TO CONTRACTOR FOR USE
DURING CONSTRUCTION, AFTER AWARD OF THE CONTRACT.

Q100 = 800 CFS

Q100 = 495 CFS

Q100 = 450 CFS

RUNDOWN

DRAINAGE
CHANNEL G

INFILTRATION
BASIN

INTERCEPTOR DRAINAGE
CHANNEL F

INTERMEDIATE GRADING1

CUT,  TAILINGS AREA: 14,200 CY
FILL,  TAILINGS AREA: 54,000 CY 2
FILL,  NE EXCEEDANCE OVEREXCAVATION:      800 CY 3

COVER (FILL)

TAILINGS COVER AREA ~1,204,500 SF
RAIL BERM BORROW     8,500 CY
IMPORTED (OFF-SITE) 110,000 CY

RIPRAP (TAILINGS)

   3" (CHANNEL) 1,750 CY
   6" (CHANNEL)    550 CY
 15" (CHANNEL DISCHARGES)      20 CY
 18" (PLUNGE POOL/RUNOUT)      40 CY

RIP RAP (WASH) 15" 3,400 CY

ACB CHANNEL LINING    40T 2,325 SY
 (INCL. DRAIN ROCK, GEOTEXTILE AND GEOGRID)

1 - INTERMEDIATE GRADING INCLUDES PLACED MATERIAL
FROM EXCEEDANCE AREAS AND OVERLOT GRADING TO
SHAPE THE SURFACE PRIOR TO PLACEMENT OF COVER.
2 - INTERMEDIATE GRADING FILL QUANTITY BREAKDOWN:
54,800 CY FILL; 12,000 CY FROM TAILING AREA CUT; 37,200 CY
FROM EXCEEDANCE AREAS; 5,600 CY IMPORTED FILL.
3 - NORTHEAST EXCEEDANCE AREA OVEREXCAVATION IS TO
REMOVE UNSUITABLE MATERIAL FROM THIS AREA AND
DISPOSE OF IT ON THE TAILINGS FOR SUBSEQUENT COVER.
~800 YARDS OF MATERIAL WILL BE REMOVED AND SHALL BE
BACKFILLED WITH CLEAN, CLASS B2 OR C1 FILL IN
ACCORDANCE WITH SECTION 02200.

EARTH AND ROCK QUANTITIES ESTIMATE

A'B

B'

C

C'

D

D'

E

E'

F

F'

G

G'

3

12

9

7

5

2

4

1

17

15

8

1*  CHANNEL A – STA 0+00 TO 4+22 (UPPER REACH)
DESIGN Q = 13.5 CFS, SEE DWG C-103 & DETAIL A/C-002

2* CHANNEL A – STA 4+22 TO 7+64 (BETWEEN CONFLUENCES
w/ B&C)

DESIGN Q = 33.1 CFS,  SEE DWG C-103 AND DETAIL B/C-002

3* CHANNEL A – STA 7+64 TO 8+81 (BETWEEN CONFLUENCES
w/ C&D)
DESIGN Q = 63.3 CFS, SEE DWG C-103 AND DETAIL B/C-002

4* CHANNEL B – STA 0+00 TO 9+34 (FULL REACH)
DESIGN Q = 21.4 CFS, SEE DWG C-103 AND DETAIL A/C-002

5* CHANNEL C – STA 0+00 TO 4+84 (FULL REACH)
DESIGN Q = 26.2 CFS, SEE DWG C-103 AND DETAIL A/C-002

6* CHANNEL D – STA 0+00 TO 3+65 (UPPER REACH)
DESIGN Q = 17.6 CFS, SEE DWG C-102 AND DETAIL A/C-002

7* CHANNEL D – STA 3+65 TO 4+25 (LOWER REACH)
DESIGN Q = 17.6 CFS, SEE DWG C-102 AND DETAIL B/C-002

8* CHANNEL E – STA 0+00 TO 2+04 (UPPER REACH)
DESIGN Q = 8.0 CFS, SEE DWG C-102 AND DETAIL A/C-002

9* CHANNEL E – STA 2+04 TO 3+50 (MIDDLE REACH)
DESIGN Q = 16.6 CFS, SEE DWG C-102 AND DETAIL C/C-002

10* CHANNEL E – STA 3+50 TO 5+24 (TO POND DISCHARGE)
       DESIGN Q = 16.6 CFS, SEE DWG C-102 AND DETAIL D/C-002

11* CHANNEL F – STA 0+00 TO 4+00 (UPPER REACH FROM 
RAIL CHANNEL)
DESIGN Q = 29.8 CFS, SEE DWG C-102 AND DETAIL E/C-002
(SIMILAR)

12* CHANNEL F – 4+00 TO 7+43 (MIDDLE REACH)
       DESIGN Q = 29.8 CFS, SEE DWG C-102 AND DETAIL A/C-002

13* CHANNEL F – STA 7+43 TO 7+92 (REACH TO POND 
DISCHARGE)
DESIGN Q = 29.8 CFS, SEE DWG C-102 AND DETAIL C/C-002

14* CHANNEL G – STA 0+00 TO 2+36 (UPPER REACH)
       DESIGN Q = 10.1 CFS, SEE DWG C-102 AND DETAIL E/C-002

15* CHANNEL G – STA 2+36 TO 5+22 (REACH TO POND 
DISCHARGE)

       DESIGN Q – 10.1 CFS, SEE DWG C-102 AND DETAIL C/C-002

16* CHANNEL A/D TRANSITION, DOWNSTREAM FROM 
CONFLUENCE

       DESIGN Q – 80.1 CFS, SEE DWG C-103 AND DETAIL B/C-002

17* RUNDOWN CHUTE
       DESIGN Q – 80.1 CFS, SEE DWG C-102 AND DETAIL F/C-001

13

* -  FOR KEY NOTES 1-17 ON THIS SHEET, DESIGN CHANNEL
FLOWS ARE PRESENTED.  SEE THE RIPRAP CHANNEL LINING
TABLE  ON C-002 FOR THE PLACEMENT OF RIPRAP WITHIN
EACH DRAINAGE CHANNEL, INCLUDING THE EXTENTS BY
STATION, NOMINAL RIPRAP SIZE, LAYER THICKNESS, AND
VERTICAL HEIGHT UP THE CHANNEL SIDE SLOPES.

11

10

14

16

6

ISSUED FOR CONSTRUCTION BY 
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C-102

GRADING PLAN - 1
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SCALE IN FEET

0 50 100

PLAN
NORTH

N

SOUTHERN PACIFIC RAILROAD

TAILINGS
COVER
DRAINAGE
CHANNEL E

FINISHED GRADE CONTOURS

START CHANNEL E
N: 347445.34
E: 993203.67
INV EL 2647.5

START CHANNEL D
N: 347269.60
E: 992855.42
INV EL 2656.25

TAILINGS
COVER
DRAINAGE
CHANNEL D

INV EL 2627.6

ARMORED
RUNDOWN

EXISTING WASH

NORTHEAST
EXCEEDANCE AREA

EXCAVATE
APPROXIMATELY 9000 CY

(4 FEET) OF MATERIAL
FROM THIS AREA: PLACE
ON TAILINGS PRIOR TO

COVER

S 
LA

 V
IL

LI
TA

 R
O

AD

E

E'

TAILINGS
AREA
BOUNDARY

NORTHEAST
EXCEEDANCE

AREA
BOUNDARY

ACCESS
ROAD TO

WORK SITE

WASH BANK ARMORING
(L=130 FT FROM MATCHLINE

1

NOTES

REFERENCES

KEY NOTES:
1     ALL AREAS INSIDE TAILINGS BOUNDARY AND WHERE 5:1 OR

STEEPER SLOPES EXTEND OUT ACROSS THE BOUNDARY
REQUIRE 2 FEET OF COVER MATERIAL TO BE PLACED AND
COMPACTED TO 85% OF THE RELATIVE MAXIMUM DENSITY AT
OPTIMUM MOISTURE ±2%.

2    USE CLEAN COMMON FILL TO REPLACE THE EXCAVATED
MATERIAL FROM THE EXCEEDANCE AREAS.  PLACE, COMPACT
AND GRADE THE FILL TO THE FINISHED GRADES SHOWN ON THE
DRAWING.

3 ALL DISTURBED TAILINGS INCLUDING MATERIAL MOVED AND
REPLACED FROM EXCEEDANCE AREAS TO BE COMPACTED TO
95% OF THE MAXIMUM DENSITY AT OPTIMUM MOISTURE CONTENT
±2%.

4 THE 2 FEET OF COVER MATERIAL SHALL BE COMPACTED TO 85%
RD, AVOID OVERCOMPACTION.

5 TIE CHANNEL F INTO EXISTING DRAINAGE CHANNEL ON THE
NORTH SIDE OF THE RAILROAD TRACKS.  TRANSITION TO TYPICAL
SECTION AT/NEAR THE 2630 ELEVATION CONTOUR.  2 FT COVER
AT CHANNEL LOCATIONS TO BE COMPACTED TO 95%.

6 ENERGY DISSIPATION BASIN AT CHANNEL DISCHARGE TO POND
PER DETAIL D/C-003.

7 NORTHEAST EXCEEDANCE AREA OVEREXCAVATION ZONE.
OVEREXCAVATE TO A MINUMUM DEPTH OF 1 FOOT BELOW
FINISHED GRADE IN AREA 1, AND A MINIMUM OF 3 FEET BELOW
FINISHED GRADE IN AREA 2. SEE TABLE BELOW FOR THE
LOCATION OF THE OVEREXCAVATION ZONE BOUNDARIES.

1. FOR CROSS-SECTIONS, SEE DRAWING C-110 AND C-111.

2. FOR DRAINAGE CHANNEL PROFILES, SEE DRAWING C-120, C-121
AND C-122.

3. FOR TYPICAL DRAINAGE CHANNEL DETAILS, SEE DRAWING C-002.

4. SEE TABLE 1/C-002 FOR RIPRAP CHANNEL LINING SIZING AND FOR
LOCATIONS WHERE SIZE OF RIPRAP FOR CHANNEL LINING
CHANGES.

5. THIS GRADING PLAN DEPICTS THE INTERMEDIATE GRADING
CONDITION, THE FINISHED SURFACE PRIOR TO PLACEMENT OF
THE COVER MATERIAL TO INDICATED AREAS OF CUT AND FILL
REQUIRED TO ACCOMMODATE THE FINAL COVER.  FINAL GRADES
WITH THE COVER ARE 2.0 FEET HIGHER THAN THE ELEVATIONS
SHOWN ON THIS DRAWING.

6. THE PLACEMENT OF COVER AND RIPRAP LINING FOR THE
CHANNELS ACROSS THE TAILINGS IS SHOWN IN DETAIL ON
DRAWING C-002 FOR THE DRAINAGE CHANNELS ACROSS THE
TAILINGS.  CHANNELS F AND G ARE NOT IN THE TAILINGS AREA,
AND DO NOT REQUIRE COVER MATERIAL PLACEMENT BENEATH
THE RIPRAP CHANNEL LINING.

7. CAD VERSIONS OF THE SURFACE MODEL FILE AND GRADING PLAN
SHEET FILES WILL BE TRANSFERRED TO CONTRACTOR FOR USE
DURING CONSTRUCTION, AFTER AWARD OF THE CONTRACT.

8. DRAINAGE CHANNEL RIPRAP SIZE CALLOUTS ON THIS DRAWING
ARE FOR QUICK REFERENCE.  SEE THE RIPRAP CHANNEL LINING
TABLE ON DWG C-002 FOR THE SIZE OF RIPRAP TO BE PLACED
FOR EACH CHANNEL REACH.

9. SHADED AREAS ALONG DRAINAGE CHANNELS INDICATE WHERE
CHANNEL INVERT CALLOUTS AND  CONTOUR ELEVATIONS SHOW
FINISHED GRADE, TO TOP OF CHANNEL ARMORING RIPRAP.  IN
OTHER AREAS ON THE TAILINGS THE GRADE SHOWN IS
INTERMEDIATE GRADE, OR TWO FEET BELOW FINISHED GRADE,
WHERE THE COVER MATERIAL IS ON THE SURFACE.  IN THE
SHADED AREAS, THE COVER MATERIAL IS PLACED BELOW THE
PRISM OF THE CHANNEL TO MAINTAIN THE MINIMUM OF 2 FEET OF
COVER MATERIAL OVER THE TAILINGS. SEE DRAINAGE CHANNEL
DETAIL A/C-002 FOR THE CONFIGURATION OF THE PLACED
LAYERS OF FILL MATERIAL.

Q
10

0 
= 

8 
C

FS
3 4

3" RIP RAP
CHANNEL D
LINING

3" RIP RAP
CHANNEL
LINING

ARMORED PROTECTION
2 FT THICK LAYER OF 12-INCH D50 RIPRAP FOR
UPPER AREA BETWEEN WASH AND RUNDOWN.
SLOPES TO RUNDOWN AND WASH BELOW THIS
AREA ARE PROTECTED BY CHANNEL ARMOR.

3" RIP RAP
CHANNEL LINING

DRAINAGE
CHANNEL G

INV EL 2630.0
N: 347520.38
E: 993582.91

3" RIP RAP
CHANNEL LINING

STARTING AT
STA 0+00

INTERCEPTOR CHANNEL
F NEAR TOE OF TAILINGS

A

C-003
INFILTRATION POND SPILLWAY CREST

6" RIP RAP CHANNEL LINING

E

C-001

B

C-003
SMOOTHED GRADE
BREAK AT RIDGE LINE

B

C-003
SMOOTHED GRADE
BREAK AT RIDGE LINE

Q1
00

 =
 1

6.
6 

CF
S

CHANNEL GRADE
CONTROL STRUCTURE

STA 2+04

C

C-003

ACB CHANNEL LINING;
SEE DWG C-200

CHANNEL GRADE CONTROL
STRUCTURE
CHANNEL A  STA 8+71
CHANNEL D  STA 4+25

CHANNEL GRADE
CONTROL STRUCTURE
STA 7+43.0

6

6

ACB CHANNEL LINING;
SEE DWG C-200

C

C-003

C

C-003

F

F'

G

G'

A'

F

C-001

E

C-003

WASH BANK
ARMORING (L=100FT)

E

C-001

RIPRAP BED FILLS IN AREA
BETWEEN APRON, BANK OF
WASH AND SLOPE TO EAST

S ≈ 1.3%

S ≈ 1.25% S ≈ 5%

S ≈ 5%

S 
≈ 

5:
1

2

OVEREXCAVATION
AREA 2

OVEREXCAVATION
AREA 1

CREATE SHALLOW
SWALE TO CONNECT
EXISTING DRAINAGE

CHANNEL TO CHANNEL FN: 347434.57
E: 993473.82

TIE TO EXISTING
DRAINAGE

CHANNEL INVERT

CONFLUENCE
CHANNELS A & D

N: 347640.37
E: 992666.81

INV EL 2653.1

START CHANNEL G
N: 347810.51
E: 992781.27
INV EL 2644.5

N: 347867.98
E: 992794.75

A

B

C

DE

J

K
L

H

G

F

I

NORTHEAST EXCEEDANCE AREA OVEREXCAVATION
ZONE BOUNDARY COORDINATE POINTS

POINT
NO.    NORTHING EASTING

348005.47 993262.49

348005.47 993202.49

347955.24 993143.76

347929.78 993122.80

347893.36 993107.51

347884.69 993152.34

347917.00 993165.90

347866.47 993096.22

347848.83 993077.84

347848.83 993077.84

347831.28 993129.92

347830.72 993130.88L

K

J

I

H

G

F

E

D

C

B

A

COVER MATERIAL NOT
REQUIRED UNDER
CHANNEL G; LOCATED
OUTSIDE OF THE
TAILINGS AREA

CHANNEL GRADE
CONTROL STRUCTURE
STA 3+65

C

C-003 CHANNEL GRADE
CONTROL STRUCTURE
STA 3+50

C

C-003

CHANNEL GRADE
CONTROL STRUCTURE

STA 2+36
C

C-003

ACB CHANNEL LINING;
SEE DWG C-200

ACB CHANNEL LINING;
SEE DWG C-200
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C-103

GRADING PLAN - 2
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MATCHLINE - SEE  C-105

SCALE IN FEET

0 50 100

PLAN
NORTH

N

SOUTHERN PACIFIC RAILROAD

FINISHED GRADE CONTOURS

START CHANNEL C
N: 347145.54
E: 992543.64

INV EL 2658.45

TAILINGS
COVER
DRAINAGE
CHANNEL B

TAILINGS
COVER

DRAINAGE
CHANNEL C

TAILINGS
COVER
DRAINAGE
CHANNEL A

CONFLUENCE
CHANNELS A & B

N: 347680.96
E: 992282.90

INV EL 2657.4

START CHANNEL B
N: 346890.93
E: 992019.51

INV EL 2664.3

D

D'C'

B'

TAILINGS
AREA

BOUNDARY

TAILINGS
AREA

BOUNDARY

REFERENCES

WASH BANK ARMORING
(L=350 FT FROM MATCHLINE)

1

2

Q100 = 80.1 CFS

EXISTING WASH

ARMORED PROTECTION FOR AREA
BETWEEN WASH AND RUNDOWN

2 FT THICK LAYER OF D50=12 INCH RIPRAP
PLACED OVER COVER MATERIAL

3 4

3" RIP RAP
CHANNEL LINING

3" RIP RAP
CHANNEL LINING

SMOOTHED
GRADE BREAK
AT RIDGE LINE

HP EL 2665.5

HP EL 2665.3

B

C-003
SMOOTHED GRADE
BREAK AT RIDGE LINE

6" RIP RAP
CHANNEL LINING

Q100 = 53.3 CFS

3" RIP RAP
CHANNEL LINING

6" RIP RAP
CHANNEL LINING

3" RIP RAP
CHANNEL LINING

TAILINGS COVER
DRAINAGE

CHANNEL D

SMOOTHED GRADE
BREAK AT RIDGE LINE

HP EL 2659.2

HP EL 2659.2

HP EL 2659.2

CHANNEL GRADE
CONTROL STRUCTURE

CHANNEL A  STA 7+64
CHANNEL C  STA 4+83

CHANNEL GRADE
CONTROL STRUCTURE
 CHANNEL A  STA 8+71
CHANNEL D  STA 4+25

E

C-001

ACB CHANNEL;
SEE DWG C-200

7

CHANNEL GRADE
CONTROL STRUCTURE

CHANNEL A  STA 4+22
CHANNEL B  STA 9+34

C

C-003

C

C-003

C

C-003

B

C-003

B

C-003

EXTEND WASH BANK ARMORING 50 FT
BEYOND TAILINGS BOUNDARY
ENCROACHMENT WITH BANK

S ≈ 1
.6%

S ≈ 1
0%

S 
≈ 1

%

S 
≈ 3

.3%

S ≈ 2%

S ≈ 2%

S ≈ 2.5%

S ≈ 2%

S ≈ 2.5%
S ≈ 1%

S ≈ 5%

NOTES

KEY NOTES:
1     ALL AREAS INSIDE TAILINGS BOUNDARY AND WHERE 5:1 OR

STEEPER SLOPES EXTEND OUT ACROSS THE BOUNDARY
REQUIRE 2 FEET OF COVER MATERIAL TO BE PLACED AND
COMPACTED TO 85% OF THE RELATIVE MAXIMUM DENSITY AT
OPTIMUM MOISTURE ±2%.

2    USE CLEAN COMMON FILL TO REPLACE THE EXCAVATED
MATERIAL FROM THE EXCEEDANCE AREAS.  PLACE, COMPACT
AND GRADE THE FILL TO THE FINISHED GRADES SHOWN ON THE
DRAWING.

3 ALL DISTURBED TAILINGS INCLUDING MATERIAL MOVED AND
REPLACED FROM EXCEEDANCE AREAS TO BE COMPACTED TO
95% OF THE MAXIMUM DENSITY AT OPTIMUM MOISTURE CONTENT
±2%.

4 THE 2 FEET OF COVER MATERIAL SHALL BE COMPACTED TO 85%
RD, AVOID OVERCOMPACTION.

5 TIE CHANNEL F INTO EXISTING DRAINAGE CHANNEL ON THE
NORTH SIDE OF THE RAILROAD TRACKS.  TRANSITION TO TYPICAL
SECTION AT/NEAR THE 2630 ELEVATION CONTOUR.  2 FT COVER
AT CHANNEL LOCATIONS TO BE COMPACTED TO 95%.

6 ENERGY DISSIPATION BASIN AT CHANNEL DISCHARGE TO POND
PER DETAIL D/C-003.

7 GRADE CONTROL STRUCTURE AT STATION 3+65, INVERT
ELEVATION 2653.51.  SEE DWG C-102 AND DETAIL C/C-003.

1. FOR CROSS-SECTIONS, SEE DRAWING C-110 AND C-111.

2. FOR DRAINAGE CHANNEL PROFILES, SEE DRAWING C-120, C-121
AND C-122.

3. FOR TYPICAL DRAINAGE CHANNEL DETAILS, SEE DRAWING C-002.

4. SEE TABLE ON DRAWING C-002 FOR RIPRAP CHANNEL LINING
SIZING AND FOR LOCATIONS WHERE SIZE OF RIPRAP FOR
CHANNEL LINING CHANGES.

5. THIS GRADING PLAN DEPICTS THE INTERMEDIATE GRADING
CONDITION, THE FINISHED SURFACE PRIOR TO PLACEMENT OF
THE COVER MATERIAL TO INDICATED AREAS OF CUT AND FILL
REQUIRED TO ACCOMMODATE THE FINAL COVER.  FINAL GRADES
WITH THE COVER ARE 2.0 FEET HIGHER THAN THE ELEVATIONS
SHOWN ON THIS DRAWING.

6. THE PLACEMENT OF COVER AND RIPRAP LINING FOR THE
CHANNELS ACROSS THE TAILINGS IS SHOWN IN DETAIL ON
DRAWING C-002 FOR THE DRAINAGE CHANNELS ACROSS THE
TAILINGS.  CHANNELS F AND G ARE NOT IN THE TAILINGS AREA,
AND DO NOT REQUIRE COVER MATERIAL PLACEMENT BENEATH
THE RIPRAP CHANNEL LINING.

7. CAD VERSIONS OF THE SURFACE MODEL FILE AND GRADING PLAN
SHEET FILES WILL BE TRANSFERRED TO CONTRACTOR FOR USE
DURING CONSTRUCTION, AFTER AWARD OF THE CONTRACT.

8. DRAINAGE CHANNEL RIPRAP SIZE CALLOUTS ON THIS DRAWING
ARE FOR QUICK REFERENCE.  SEE THE RIPRAP CHANNEL LINING
TABLE ON DWG C-002 FOR THE SIZE OF RIPRAP TO BE PLACED
FOR EACH CHANNEL REACH.

9. SHADED AREAS ALONG DRAINAGE CHANNELS INDICATE WHERE
CHANNEL INVERT CALLOUTS AND  CONTOUR ELEVATIONS SHOW
FINISHED GRADE, TO TOP OF CHANNEL ARMORING RIPRAP.  IN
OTHER AREAS ON THE TAILINGS THE GRADE SHOWN IS
INTERMEDIATE GRADE, OR TWO FEET BELOW FINISHED GRADE,
WHERE THE COVER MATERIAL IS ON THE SURFACE.  IN THE
SHADED AREAS, THE COVER MATERIAL IS PLACED BELOW THE
PRISM OF THE CHANNEL TO MAINTAIN THE MINIMUM OF 2 FEET OF
COVER MATERIAL OVER THE TAILINGS. SEE DRAINAGE CHANNEL
DETAIL A/C-002 FOR THE CONFIGURATION OF THE PLACED
LAYERS OF FILL MATERIAL.

CONFLUENCE
CHANNELS A & D

N: 347640.37
E: 992666.81

INV EL 2653.1

CONFLUENCE
CHANNELS A & C

N: 347568.67
E: 992601.30

INV EL 2654.2

START CHANNEL D
N: 347269.60
E: 992855.42

INV EL 2664.3

START CHANNEL A
N: 347621.05
E: 991884.48

INV EL 2661.0

HP EL 2662.5 HP EL 2662.5

N: 347755.73
E: 992704.23

N: 347805.40
E: 992240.61

Q
100 = 17.6 C

FS

ISSUED FOR CONSTRUCTION BY 
ARCADIS AS THE ENGINEER OF 
RECORD

Expires 9-30-2023

5-6
-20

22



1

D

 C
TC

_1
80

92
0_

PA
R

_3
0.

tif
 F

M
I l

og
o.

jp
g

DATE

REVISIONS

DESCRIPTION

BC PROJECT NUMBER

FILENAME

SHEET NUMBER

DRAWING NUMBER

AT FULL SIZE

CHECKED:

APPROVED:

DRAWN:

CLIENT PROJECT NUMBER

DESIGNED:

REV

CHECKED:

2 3 4 5 6

C

B

1 2 3 4 5 6
OF

D

C

B

A

Pa
th

: C
:\B

C
PW

\D
13

55
29

4 
   

FI
LE

N
AM

E:
 1

51
95

3-
C

-1
04

.D
W

G
   

 P
LO

T 
D

AT
E:

 1
1/

1/
20

21
 1

2:
20

 P
M

   
C

AD
 U

SE
R

: R
IC

H
AR

D
 J

O
H

N
SO

N

LINE IS 2 INCHES

A

24

ANAMAX SAHUARITA
PARCEL 30 -

REMEDIATION PLAN

100%  DESIGN

ISSUE FOR BID11/1/210

151953

151953-C-104.DWG

M. MINER

R. MATTUCCI

R. JOHNSON

T. ROSSILLON

14

C-104

GRADING PLAN - 3
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M
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- S

EE
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-1
03

MATCHLINE - SEE  C-105

SCALE IN FEET

0 50 100

PLAN
NORTH

N

UNION PACIFIC RAILROAD

ABANDONED RAIL
SPUR; EXCAVATE FOR
COVER MATERIAL

TAILINGS
AREA

BOUNDARY

A

SOUTHWEST
EXCEEDANCE
AREA
BOUNDARY

NOTES

REFERENCES

2

1

SOUTHWEST EXCEEDANCE AREA
EXCAVATE APPROXIMATELY 27,400 CY

(4 FEET) OF MATERIAL FROM THIS AREA;
PLACE ON TAILINGS PRIOR TO COVER

Q100 = 70 CFS

EXTENT OF EXCAVATION OF
APPREOXIMATELY 8,500 CY OF
RAIL SPUR EMBANKMENT;
MAINTAIN MINIMUM 2 FEET
EMBANKMENT HEIGHT TO
MAINTAIN EXISTING DRAINAGE
PATTERN

S ≈ 5%

S ≈ 2%

S 
≈ 2

%

3 4

KEY NOTES:
1     ALL AREAS INSIDE TAILINGS BOUNDARY AND WHERE 5:1 OR

STEEPER SLOPES EXTEND OUT ACROSS THE BOUNDARY
REQUIRE 2 FEET OF COVER MATERIAL TO BE PLACED AND
COMPACTED TO 85% OF THE RELATIVE MAXIMUM DENSITY AT
OPTIMUM MOISTURE ±2%.

2    USE CLEAN COMMON FILL TO REPLACE THE EXCAVATED
MATERIAL FROM THE EXCEEDANCE AREAS.  PLACE, COMPACT
AND GRADE THE FILL TO THE FINISHED GRADES SHOWN ON THE
DRAWING.

3 ALL DISTURBED TAILINGS INCLUDING MATERIAL MOVED AND
REPLACED FROM EXCEEDANCE AREAS TO BE COMPACTED TO
95% OF THE MAXIMUM DENSITY AT OPTIMUM MOISTURE CONTENT
±2%.

4 THE 2 FEET OF COVER MATERIAL SHALL BE COMPACTED TO 85%
RD, AVOID OVERCOMPACTION.

5 TIE CHANNEL F INTO EXISTING DRAINAGE CHANNEL ON THE
NORTH SIDE OF THE RAILROAD TRACKS.  TRANSITION TO TYPICAL
SECTION AT/NEAR THE 2630 ELEVATION CONTOUR.  2 FT COVER
AT CHANNEL LOCATIONS TO BE COMPACTED TO 95%.

6 ENERGY DISSIPATION BASIN AT CHANNEL DISCHARGE TO POND
PER DETAIL D/C-003.

7 RIP RAP SIZE FOR CHANNEL LINING CHANGES AT THE GRADE
BREAK IN THE CHANNEL PROFILE.  SEE TABLE ON C-002.

8. PERMANENT PLACEMENT OF MULCHED VEGETATION AND
ORGANICS FROM STRIPPING AND GRUBBING OF ABOVE- AND
BELOW-GROUND MATERIALS DURING ON-SITE PREPARATION
ACTIVITIES SHALL BE PLACED TO THE GRADES SHOWN EAST OF
THE SPUR ALONG THE REMAINING EMBANKMENT AND THE
SURFACE GRADED TO MAINTAIN POSITIVE DRAINAGE TOWARDS
THE STREAM CHANNEL NORTH OF THE SPUR ON THE WEST AND
SIDE OF THE EMBANKMENT, SHOWN ON C-105.

1. FOR CROSS-SECTIONS, SEE DRAWING C-110 AND C-111.

2. FOR DRAINAGE CHANNEL PROFILES, SEE DRAWING C-120, C-121
AND C-122.

3. FOR TYPICAL DRAINAGE CHANNEL DETAILS, SEE DRAWING C-002.

4. SEE TABLE ON DRAWING C-002 FOR RIPRAP CHANNEL LINING
SIZING AND FOR LOCATIONS WHERE SIZE OF RIPRAP FOR
CHANNEL LINING CHANGES.

5. THIS GRADING PLAN DEPICTS THE INTERMEDIATE GRADING
CONDITION, THE FINISHED SURFACE PRIOR TO PLACEMENT OF
THE COVER MATERIAL TO INDICATED AREAS OF CUT AND FILL
REQUIRED TO ACCOMMODATE THE FINAL COVER.  FINAL GRADES
WITH THE COVER ARE 2.0 FEET HIGHER THAN THE ELEVATIONS
SHOWN ON THIS DRAWING.

6. THE PLACEMENT OF COVER AND RIPRAP LINING FOR THE
CHANNELS ACROSS THE TAILINGS IS SHOWN IN DETAIL ON
DRAWING C-002 FOR THE DRAINAGE CHANNELS ACROSS THE
TAILINGS.  CHANNELS F AND G ARE NOT IN THE TAILINGS AREA,
AND DO NOT REQUIRE COVER MATERIAL PLACEMENT BENEATH
THE RIPRAP CHANNEL LINING.

7. CAD VERSIONS OF THE SURFACE MODEL FILE AND GRADING PLAN
SHEET FILES WILL BE TRANSFERRED TO CONTRACTOR FOR USE
DURING CONSTRUCTION, AFTER AWARD OF THE CONTRACT.

8. SHADED AREAS ALONG DRAINAGE CHANNELS INDICATE WHERE
CHANNEL INVERT CALLOUTS AND  CONTOUR ELEVATIONS SHOW
FINISHED GRADE, TO TOP OF CHANNEL ARMORING RIPRAP.  IN
OTHER AREAS ON THE TAILINGS THE GRADE SHOWN IS
INTERMEDIATE GRADE, OR TWO FEET BELOW FINISHED GRADE,
WHERE THE COVER MATERIAL IS ON THE SURFACE.  IN THE
SHADED AREAS, THE COVER MATERIAL IS PLACED BELOW THE
PRISM OF THE CHANNEL TO MAINTAIN THE MINIMUM OF 2 FEET OF
COVER MATERIAL OVER THE TAILINGS. SEE DRAINAGE CHANNEL
DETAIL A/C-002 FOR THE CONFIGURATION OF THE PLACED
LAYERS OF FILL MATERIAL.

8

START CHANNEL B
N: 346890.93
E: 992019.51

INV EL 2664.3
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15

C-105

GRADING PLAN - 4

CIVIL

SCALE IN FEET

0 50 100

PLAN
NORTH

N

MATCHLINE - SEE  C-104 MATCHLINE - SEE  C-103

ABANDONED RAIL SPUR;
EXCAVATE APPROXIMATELY
8,500 CY FOR COVER MATERIAL

TAILINGS
AREA

BOUNDARY

SOUTHWEST
EXCEEDANCE
AREA
BOUNDARY

C

B

EXISTING WASH

NOTES

REFERENCES

WASH BANK ARMORING
(L=140 FT)

2

1

SOUTHWEST EXCEEDANCE AREA
EXCAVATE APPROXIMATELY 27,400 CY
(4 FEET) OF MATERIAL TO BE PLACED

ON TAILINGS PRIOR TO COVER

Q100 = 800 CFS

Q100 = 450 CFS

Q
100 = 495 C

FS

EXISTING WASH

3 4

CHANNEL B

CHANNEL A

EXTENT OF
EXCAVATION OF RAIL
SPUR; MAINTAIN
MINIMUM 2 FEET
EMBANKMENT HEIGHT
TO MAINTAIN EXISTING
DRAINAGE PATTERN

CHANNEL GRADE
CONTROL STRUCTURE

CHANNEL A  STA 4+22
CHANNEL B  STA 9+34

C

C-003

SMOOTHED GRADE
BREAK AT RIDGE LINE

B

C-003

SMOOTHED GRADE
BREAK AT RIDGE LINE

E

C-001

B

C-003

KEY NOTES:
1     ALL AREAS INSIDE TAILINGS BOUNDARY AND WHERE 5:1 OR

STEEPER SLOPES EXTEND OUT ACROSS THE BOUNDARY
REQUIRE 2 FEET OF COVER MATERIAL TO BE PLACED AND
COMPACTED TO 85% OF THE RELATIVE MAXIMUM DENSITY AT
OPTIMUM MOISTURE ±2%.

2    USE CLEAN COMMON FILL TO REPLACE THE EXCAVATED
MATERIAL FROM THE EXCEEDANCE AREAS.  PLACE, COMPACT
AND GRADE THE FILL TO THE FINISHED GRADES SHOWN ON THE
DRAWING.

3. ALL DISTURBED TAILINGS INCLUDING MATERIAL MOVED AND
REPLACED FROM EXCEEDANCE AREAS TO BE COMPACTED TO
95% OF THE MAXIMUM DENSITY AT OPTIMUM MOISTURE CONTENT
±2%.

4. THE 2 FEET OF COVER MATERIAL SHALL BE COMPACTED TO 85%
RD, AVOID OVERCOMPACTION.

5. TIE CHANNEL F INTO EXISTING DRAINAGE CHANNEL ON THE
NORTH SIDE OF THE RAILROAD TRACKS.  TRANSITION TO TYPICAL
SECTION AT/NEAR THE 2630 ELEVATION CONTOUR.  2 FT COVER
AT CHANNEL LOCATIONS TO BE COMPACTED TO 95%.

6. ENERGY DISSIPATION BASIN AT CHANNEL DISCHARGE TO POND
PER DETAIL D/C-003.

7. RIP RAP SIZE FOR CHANNEL LINING CHANGES AT THE GRADE
BREAK IN THE CHANNEL PROFILE.  SEE TABLE ON C-002.

8. PERMANENT PLACEMENT OF MULCHED VEGETATION AND
ORGANICS FROM STRIPPING AND GRUBBING OF ABOVE- AND
BELOW-GROUND MATERIALS DURING ON-SITE PREPARATION
ACTIVITIES SHALL BE PLACED TO THE GRADES SHOWN EAST OF
THE SPUR ALONG THE REMAINING EMBANKMENT AND THE
SURFACE GRADED TO MAINTAIN POSITIVE DRAINAGE TOWARDS
THE STREAM CHANNEL NORTH OF THE SPUR ON THE WEST AND
SIDE OF THE EMBANKMENT, SHOWN ON C-105.

1. FOR CROSS-SECTIONS, SEE DRAWING C-110 AND C-111.

2. FOR DRAINAGE CHANNEL PROFILES, SEE DRAWING C-120, C-121
AND C-122.

3. FOR TYPICAL DRAINAGE CHANNEL DETAILS, SEE DRAWING C-002.

4. SEE TABLE ON DRAWING C-002 FOR RIPRAP CHANNEL LINING
SIZING AND FOR LOCATIONS WHERE SIZE OF RIPRAP FOR
CHANNEL LINING CHANGES.

5. THIS GRADING PLAN DEPICTS THE INTERMEDIATE GRADING
CONDITION, THE FINISHED SURFACE PRIOR TO PLACEMENT OF
THE COVER MATERIAL TO INDICATED AREAS OF CUT AND FILL
REQUIRED TO ACCOMMODATE THE FINAL COVER.  FINAL GRADES
WITH THE COVER ARE 2.0 FEET HIGHER THAN THE ELEVATIONS
SHOWN ON THIS DRAWING.

6. THE PLACEMENT OF COVER AND RIPRAP LINING FOR THE
CHANNELS ACROSS THE TAILINGS IS SHOWN IN DETAIL ON
DRAWING C-002 FOR THE DRAINAGE CHANNELS ACROSS THE
TAILINGS.  CHANNELS F AND G ARE NOT IN THE TAILINGS AREA,
AND DO NOT REQUIRE COVER MATERIAL PLACEMENT BENEATH
THE RIPRAP CHANNEL LINING.

7. CAD VERSIONS OF THE SURFACE MODEL FILE AND GRADING PLAN
SHEET FILES WILL BE TRANSFERRED TO CONTRACTOR FOR USE
DURING CONSTRUCTION, AFTER AWARD OF THE CONTRACT.

8. SHADED AREAS ALONG DRAINAGE CHANNELS INDICATE WHERE
CHANNEL INVERT CALLOUTS AND  CONTOUR ELEVATIONS SHOW
FINISHED GRADE, TO TOP OF CHANNEL ARMORING RIPRAP.  IN
OTHER AREAS ON THE TAILINGS THE GRADE SHOWN IS
INTERMEDIATE GRADE, OR TWO FEET BELOW FINISHED GRADE,
WHERE THE COVER MATERIAL IS ON THE SURFACE.  IN THE
SHADED AREAS, THE COVER MATERIAL IS PLACED BELOW THE
PRISM OF THE CHANNEL TO MAINTAIN THE MINIMUM OF 2 FEET OF
COVER MATERIAL OVER THE TAILINGS. SEE DRAINAGE CHANNEL
DETAIL A/C-002 FOR THE CONFIGURATION OF THE PLACED
LAYERS OF FILL MATERIAL.

CONFLUENCE
CHANNELS A & B

N: 347680.96
E: 992282.90

INV EL 2657.4

START CHANNEL A
N: 347621.05
E: 991884.48

INV EL 2661.0

HP EL 2662.5 HP EL 2662.5

HP EL 2665.3

N: 347805.40
E: 992240.61

N: 347862.78
E: 992054.08N: 347862.55

E: 991916.50
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SECTION

SECTION A-A' FINAL COVER

1
VAR

SCALE: 

SECTION

SECTION B-B' 2 FOOT COVER

2
VAR

SCALE: 

SECTION

SECTION C-C' 2 FOOT COVER

3
VAR

SCALE: 

NOTE:
INTERMEDIATE GRADE IS THE SURFACE AFTER
PLACING MATERIAL FROM EXCEEDANCE AREAS
AND OVERLOT GRADING ON EXISTING TAILINGS
SURFACE.  GRADING PLANS DEPICT THE
INTERMEDIATE GRADE SURFACE.

THE FINISHED GRADE (TOP OF COVER) FOR ALL
AREAS ON THE TAILINGS AND EXCEEDANCE
AREAS, EXCEPT FOR IN THE DRAINAGE
CHANNELS AND INFILTRATION BASIN, IS 2 FEET
HIGHER THAN THE CONTOURS SHOWN ON THE
GRADING PLANS.
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ARCADIS AS THE ENGINEER OF 
RECORD
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C-111

CROSS-SECTIONS -
2

CIVIL

SCALE IN FEET

0 120 240

SECTION

SECTION D-D' 2 FOOT COVER

1
VAR

SCALE: 

SECTION

SECTION E-E' 2 FOOT COVER

2
VAR

SCALE: 

SECTION

SECTION F-F' 2 FOOT COVER

3
VAR

SCALE: 

SECTION

SECTION G-G' 2 FOOT COVER

4
VAR

SCALE: 

NOTE:
INTERMEDIATE GRADE IS THE SURFACE AFTER
PLACING MATERIAL FROM EXCEEDANCE AREAS
AND OVERLOT GRADING ON EXISTING TAILINGS
SURFACE.  GRADING PLANS DEPICT THE
INTERMEDIATE GRADE SURFACE.

THE FINISHED GRADE (TOP OF COVER) FOR ALL
AREAS ON THE TAILINGS AND EXCEEDANCE
AREAS. EXCEPT FOR IN THE DRAINAGE
CHANNELS AND INFILTRATION BASIN, IS 2 FEET
HIGHER THAN THE CONTOURS SHOWN ON THE
GRADING PLANS.

ISSUED FOR CONSTRUCTION BY 
ARCADIS AS THE ENGINEER OF 
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C-120

CHANNEL PROFILE -
1

CIVIL

SCALE IN FEET

0 50 100

EXISTING GRADE
AT CHANNEL ℄

INVERT PROFILE
DRAINAGE CHANNEL A

EXISTING GRADE
AT CHANNEL ℄

INVERT PROFILE
DRAINAGE CHANNEL B

S = 0.40%

S = 0.94%

S = 5.80%

RUNDOWN
TO EXISTING

WASH

6 INCHES OF 3" RIP RAP
CHANNEL LINING OVER
2 FT COVER MATERIAL

12 INCHES OF 6" RIP RAP
CHANNEL LINING OVER

 2 FT COVER MATRERIAL

CHANNEL GRADE CONTROL STRUCTURE @
CONFLUENCE W/ CHANNEL B

STA 4+22.4
CHANNEL INV & TOP
OF GCS ELEV 2657.4

D = 4 FT

CHANNEL GRADE CONTROL
STRUCTURE @ CONFLUENCE

W/ CHANNEL C
STA 7+64.4

CHANNEL INV & TOP
OF GCS ELEV  2654.2

D = 4 FT

CHANNEL GRADE CONTROL
STRUCTURE @ CONFLUENCE

W/ CHANNEL D
STA 8+71

CHANNEL INV &TOP
OF GCS ELEV 2653.1

D = 4 FT

30 INCHES OF 15" RIP RAP
CHANNEL LINING OVER
2 FT COVER MATERIAL

12 INCHES OF 6" RIP RAP
CHANNEL LINING OVER
 2 FT COVER MATERIAL

NOTE: RIP RAP LINING
CHANGES ARE AT GRADE
CONTROL STRUCTURES

6 INCHES OF 3" RIP RAP
CHANNEL LINING OVER
2 FT COVER MATERIAL

CHANNEL GRADE CONTROL STRUCTURE @
CONFLUENCE W/ CHANNEL B

STA 9+34
CHANNEL INV & TOP
OF GCS ELEV 2657.4

D = 4 FT

SECTION

PROFILE CHANNEL A

1
VAR

SCALE: 

SECTION

PROFILE CHANNEL B

2
VAR

SCALE: 

BEGIN CHANNEL A
INV ELEV 2661.0

S = 0.85%

S = 1.03%

MATCH EXISTING INVERT
ELEVATION OF WASH

(~ELEV 2645.5)

S = 1.34%

BEGIN CHANNEL  B
INV ELEV 2664.3

ST
A 

5+
99

G
R

AD
E 

BR
EA

K
IN

V 
EL

EV
 2

66
1.

9

NOTES
1. DRAINAGE CHANNEL INVERT PROFILES/ELEVATIONS SHOWN ON

THIS SHEET AND INVERT ELEVATIONS SHOWN ON THE TAILINGS
AREA GRADING PLANS (C-102 THROUGH C-105) ARE FINAL
GRADES (TOP OF CHANNEL LINING).  SEE CROSS SECTION
DRAWINGS C-110 AND C-111, AND CHANNEL CROSS SECTIONS ON
C-002 FOR CONFIGURATION OF LAYERS UNDER THE DRAINAGE
CHANNELS.

2. COVER MATERIAL UNDER THE ACB-LINED SECTIONS MUST BE
IMPORTED, TYPE B, CLASS B-2 MATERIAL IN ACCORDANCE WITH
SECTION 02200. ISSUED FOR CONSTRUCTION BY 

ARCADIS AS THE ENGINEER OF 
RECORD

Expires 9-30-2023
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-20

22
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C-121

CHANNEL PROFILE -
2

CIVIL

SCALE IN FEET

0 50 100

EXISTING GRADE
AT CHANNEL ℄

INVERT PROFILE
DRAINAGE CHANNEL C

EXISTING GRADE
AT CHANNEL ℄

INVERT PROFILE
DRAINAGE CHANNEL E

INVERT PROFILE
DRAINAGE CHANNEL D

EXISTING GRADE
AT CHANNEL ℄

S = 0.53%

S = 0.75%

S = 0.85%

6 INCHES OF 3" RIP RAP
CHANNEL LINING OVER
2 FT COVER MATERTIAL

CHANNEL GRADE CONTROL
STRUCTURE @ CONFLUENCE

W/ CHANNEL A
STA 4+83.4

CHANNEL INV & TOP
OF GCS ELEV 2654.2

D = 4 FT 6 INCHES OF 3" RIP RAP
CHANNEL LINING OVER
2 FT COVER MATERIAL

CHANNEL GRADE CONTROL
STRUCTURE @ CONFLUENCE

W/ CHANNEL A
STA 4+25

CHANNEL INV & TOP
OF GCS ELEV 2653.1

D = 4 FT

6 INCHES OF 3" RIP RAP
CHANNEL LINING OVER
2 FT COVER MATERIAL

CHANNEL GRADE
CONTROL STRUCTURE

STA 2+04.7
CHANNEL INV & TOP
OF GCS ELEV 2646.4

D = 4 FT

36 INCHES OF 18" RIP RAP
CHANNEL LINING OVER
 2 FT COVER MATERIAL

S = 6.4%

NOTE: RIP RAP LINING
CHANGES ARE AT GRADE
CONTROL STRUCTURES

SECTION

PROFILE CHANNEL C

1
VAR

SCALE: 

SECTION

PROFILE CHANNEL D

2
VAR

SCALE: 

SECTION

PROFILE CHANNEL E

3
VAR

SCALE: 

12 INCHES OF 6" RIP RAP
CHANNEL LINING OVER
2 FT COVER MATERIAL

BEGIN CHANNEL E
INV ELEV 2647.5

CHANNEL DISCHARGES
INTO INFILTRATION BASIN:

SEE DETAIL D/C-003
ELEV 2625.8

BEGIN CHANNEL D
INV ELEV 2656.25

BEGIN CHANNEL C
INV ELEV 2658.45

NOTES

NOTE: RIP RAP LINING
CHANGES ARE AT GRADE
CONTROL STRUCTURES

D = 4 FT

CHANNEL GRADE
CONTROL STRUCTURE

STA 3+65
CHANNEL INV & TOP
OF GCS ELEV 2653.5

SEE CHANNEL A PROFILE ON
C-120 FOR PROFILE BELOW
THE CONFLUENCE / GRADE

CONTROL STRUCTURE

24 INCHES OF 12" RIP RAP
CHANNEL LINING OVER
 2 FT COVER MATERIAL

CHANNEL GRADE
CONTROL STRUCTURE

STA 3+50
CHANNEL INV & TOP
OF GCS ELEV 2637.0

D = 4 FT

S = 0.75%

1. DRAINAGE CHANNEL INVERT PROFILES/ELEVATIONS SHOWN ON
THIS SHEET AND INVERT ELEVATIONS SHOWN ON THE TAILINGS
AREA GRADING PLANS (C-102 THROUGH C-105) ARE FINAL
GRADES (TOP OF CHANNEL LINING).  SEE CROSS SECTION
DRAWINGS C-110 AND C-111, AND CHANNEL CROSS SECTIONS ON
C-002 FOR CONFIGURATION OF LAYERS UNDER THE DRAINAGE
CHANNELS.

2. COVER MATERIAL UNDER THE ACB-LINED SECTIONS MUST BE
IMPORTED, TYPE B, CLASS B-2 MATERIAL IN ACCORDANCE WITH
SECTION 02200.

ISSUED FOR CONSTRUCTION BY 
ARCADIS AS THE ENGINEER OF 
RECORD

Expires 9-30-2023
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C-122

CHANNEL PROFILE -
3

CIVIL

SCALE IN FEET

0 50 100

EXISTING GRADE
AT CHANNEL ℄

INVERT PROFILE
DRAINAGE CHANNEL G

INVERT PROFILE
DRAINAGE CHANNEL F

EXISTING GRADE
AT CHANNEL ℄

S = 2.50%

S = 0.50%

6 INCHES OF 3" RIP RAP
CHANNEL LINING OVER
2 FT COVER MATERIAL

12-INCHES OF 6" RIP RAP
CHANNEL LINING OVER
2 FT COVER MATERIAL

6 INCHES OF 3" RIP RAP
CHANNEL LINING

CHANGE GRADE
CONTROL STRUCTURE

STA 2+37
CHANNEL INV & TOP
OF GCS ELEV 2639.0

24 INCHES OF 12" RIP RAP
CHANNEL LINING

SECTION

PROFILE CHANNEL F

1
VAR

SCALE: 

SECTION

PROFILE CHANNEL G

2
VAR

SCALE: 

BEGIN CHANNEL  F
INV ELEV 2631.3
MATCH EXISTING

CHANNEL DISCHARGES
INTO INFILTRATION BASIN:

SEE DETAIL D/C-003
ELEV 2626.1

CHANNEL GRADE
CONTROL STRUCTURE

STA 7+43
CHANNEL INV & TOP

 OF GCS ELEV 2627.6

D = 4 FT

CHANNEL DISCHARGES
INTO INFILTRATION BASIN:

SEE DETAIL D/C-003
ELEV 2625.9

S =4.60%

BEGIN CHANNEL G
INV ELEV 2644.5

1 FT OVEREXCAVATION IN
THE NE EXCEEDANCE
AREA, SEE DWG C-102

NOTES
1. DRAINAGE CHANNEL INVERT PROFILES/ELEVATIONS SHOWN ON

THIS SHEET AND INVERT ELEVATIONS SHOWN ON THE TAILINGS
AREA GRADING PLANS (C-102 THROUGH C-105) ARE FINAL
GRADES (TOP OF CHANNEL LINING).  SEE CROSS SECTION
DRAWINGS C-110 AND C-111, AND CHANNEL CROSS SECTIONS ON
C-002 FOR CONFIGURATION OF LAYERS UNDER THE DRAINAGE
CHANNELS.

2. COVER MATERIAL UNDER THE ACB-LINED SECTIONS MUST BE
IMPORTED, TYPE B, CLASS B-2 MATERIAL IN ACCORDANCE WITH
SECTION 02200.

ST
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70
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64
0.

25
S = 1.89%

D = 4 FT

NOTE: RIP RAP LINING
CHANGES ARE AT GRADE
CONTROL STRUCTURES

NOTE: RIP RAP LINING
CHANGES ARE AT GRADE
CONTROL STRUCTURES

S = 3.19%

ISSUED FOR CONSTRUCTION BY 
ARCADIS AS THE ENGINEER OF 
RECORD
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C-131

OFF-SITE BORROW
AREA - 1

CIVIL

SCALE IN FEET

0 100 200

NORTH

N

NOTES

REFERENCES
IMAGERY PROVIDED BY ESRI

KEY MAP

OFF-SITE
BORROW

AREA - 1
(SEE C-131 )

OFF-SITE
BORROW
AREA - 2
(SEE C-132)

PARCEL 30
PROJECT

AREA

1. CONTOUR INTERVAL SHOWN 2 FEET.

2. CLEAR AND GRUB THE AREA(S) TO BE USED FOR BORROW IN
ACCORDANCE WITH SECTION 02100 - SITE PREPARATION.  ALL
MATERIAL GENERATED BY CLEARING AND GRUBBING
OPERATIONS SHALL BE DISPOSED OFF-SITE, OR AS AGREED TO
WITH SERRITA OPRATIONS, IN WRITING.

3. EXCAVATE FROM TOP OF THE SLOPE IN LIFTS ACROSS A PORTION
OR PORTIONS OF THE IDENTIFIED BORROW AREA.  THE LIFTS
SHALL NOT EXCEED 5 FEET IN DEPTH, AND SHOULD TERMINATE
AT LEAST 10 FEET BACK FROM THE TOP CREST OF THE SLOPE.

4. THE MAXIMUM REMAINING EARTH SLOPE ANGLE ALLOWED AFTER
EXCAVATION ON THE UPPER SLOPE BORROW AREA IS 29
DEGREES.

5. CONTRACTOR SHALL COORDINATE WITH SERRITA OPERATIONS
FOR ACCESS AND OPERATIONS AT THE BORROW AREA AND THE
REQUIREMENTS FOR SAFETY DURING AND AFTER COMPLETION
OF THE USE OF THE BORROW AREA.

6. CONTRACTOR IS RESPONSIBLE FOR PREPARING A SWPPP FOR
BORROW OPERATIONS, OBTAINING ALL THE REQUIRED
APPROVALS AND PERMITS, AND PLACING AND REMOVING BMPs
AS NECESSARY TO MAINTAIN CONTROL OF EROSION AND
SEDIMENT TRANSPORT IN ACCORDANCE WITH THE SWPPP.

7. SITE ACCESS MAY ALSO BE AVAILABLE AT THE TWIN BUTTES
ENTRANCE ON THE EAST SIDE OF THE PROPERTY OFF OF SOUTH
LA CANADA DRIVE AND THE WEST ANANMAX MINE ROAD.
COORDINATE ACCESS TO THE SITE AND HAUL ROUTE WITH
SERRITA OPERATIONS.

APPROXIMATLY 8.75 MILES
FROM ACCESS POINT OFF

OF WEST DUVAL MTN. ROAD
TO SITE VIA HAUL ROUTE ON

SOUTH LA CANADA DRVE

WEST DUVAL M
TN. R

OAD (P
AVED)

K DUMP -  UPPER SLOPE

BORROW AREA 1

APPROXIMATLY 2.5 MILES
FROM ACCESS POINT OFF
OF WEST DUVAL MTN. ROAD
TO SOUTHWEST DUMP
(BORROW AREA 2)

ACCESS TO SITE FROM
WEST DUVAL MTN. ROAD

RAILOAD TRACK
PARALLEL TO MAIN
ACCES ROAD TO SITE

EXCAVATE UPPER PORTION
OF THE SLOPE. SEE NOTE 2

TWIN BUTTES ACCESS
GATE; POSSIBLE

ALTERNATE BORROW
SITE ACESS

ISSUED FOR CONSTRUCTION BY 
ARCADIS AS THE ENGINEER OF 
RECORD
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C-132

OFF-SITE BORROW
AREA - 2

CIVIL

SCALE IN FEET

0 50 100

NORTH

N

NOTES

REFERENCES

1. CONTOUR INTERVAL SHOWN 2 FEET.

2. CLEAR AND GRUB THE AREA(S) TO BE USED FOR BORROW IN
ACCORDANCE WITH SECTION 02100 - SITE PREPARATION.  ALL
MATERIAL GENERATED BY CLEARING AND GRUBBING
OPERATIONS SHALL BE DISPOSED OFF-SITE, OR AS AGREED TO
WITH SERRITA OPRATIONS, IN WRITING.

3. EXCAVATE FROM TOP OF THE SLOPE IN LIFTS ACROSS A PORTION
OR PORTIONS OF THE IDENTIFIED BORROW AREA.  THE LIFTS
SHALL NOT EXCEED 5 FEET IN DEPTH, AND SHOULD TERMINATE
AT LEAST 10 FEET BACK FROM THE TOP CREST OF THE SLOPE.

4. THE MAXIMUM REMAINING EARTH SLOPE ANGLE ALLOWED AFTER
EXCAVATION ON THE SOUTHWEST DUMP BORROW AREA IS 36
DEGREES.

5. CONTRACTOR SHALL COORDINATE WITH SERRITA OPERATIONS
FOR ACCESS AND OPERATIONS AT THE BORROW AREA AND THE
REQUIREMENTS FOR SAFETY DURING AND AFTER COMPLETION
OF THE USE OF THE BORROW AREA.

6. CONTRACTOR IS RESPONSIBLE FOR PREPARING A SWPPP FOR
BORROW OPERATIONS, OBTAINING ALL THE REQUIRED
APPROVALS AND PERMITS, AND PLACING AND REMOVING BMPs
AS NECESSARY TO MAINTAIN CONTROL OF EROSION AND
SEDIMENT TRANSPORT IN ACCORDANCE WITH THE SWPPP.

7. SITE ACCESS MAY ALSO BE AVAILABLE AT THE TWIN BUTTES
ENTRANCE ON THE EAST SIDE OF THE PROPERTY OFF OF SOUTH
LA CANADA DRIVE AND THE WEST ANANMAX MINE ROAD.
COORDINATE ACCESS TO THE SITE AND HAUL ROUTE WITH
SERRITA OPERATIONS.

IMAGERY PROVIDED BY ESRI

KEY MAP

OFF-SITE
BORROW

AREA - 1
(SEE C-131 )

OFF-SITE
BORROW
AREA - 2
(SEE C-132)

PARCEL 30
PROJECT

AREA

APPROXIMATLY 2.5 MILES
FROM ACCESS POINT OFF
OF WEST DUVAL MTN. ROAD;
SEE DWG C-131

WEST DUVAL MTN. ROAD (PAVED)

SOUTHWEST DUMP -
BORROW AREA 2

NO DIRECT ACCESS TO SOUTHWEST DUMP
(BORROW AREA 2) IN THIS AREA;

USE ACCESS POINT SHOWN ON DWG C-131

EXCAVATE UPPER PORTION
OF THE SLOPE. SEE NOTE 2

TWIN BUTTES ACCESS
GATE; POSSIBLE

ALTERNATE BORROW
SITE ACESS
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ARCADIS AS THE ENGINEER OF 
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C-150

EROSION CONTROL
PLAN

CIVIL

TWIN BUTTES ROAD

NORTHEAST
EXCEEDANCE

AREA

SOUTHWEST
EXCEEDANCE

AREA

S 
LA

 V
IL

LI
TA

 R
O

AD

UNION PACIFIC RAILROAD

ABANDONED
RAIL SPUR

EXISTING TAILINGS
BOUNDARY

EXISTING TAILINGS BOUNDARY

SCALE IN FEET

0 120 240

NORTH

N

TAILINGS
COVER
DRAINAGE
CHANNEL D

TAILINGS
COVER
DRAINAGE
CHANNEL E

TAILINGS
COVER
DRAINAGE
CHANNEL C

TAILINGS
COVER
DRAINAGE
CHANNELB

TAILINGS
COVER

DRAINAGE
CHANNEL A

INV EL 2661.0

NOTES

REFERENCES

KEY NOTES:

1. CONTRACTOR TO COMPLY WITH THE SWPPP AND ALL OTHER
ENVIRONMENTAL PERMITS (TO BE SECURED BY OWNER) ON THIS
PROJECT.

2. ALL TEMPORARY BMPs SHOWN ON THIS DRAWING SHALL BE
REMOVED FROM THE SITE AT THE END OF THE 90-DAY
MAINTENANCE PERIOD  DEFINED IN SECTION 02900.  SHOULD
FIELD CONDITIONS WARRANT, INCLUDING LACK OF ADEQUATE
VEGETATIVE COVER OR READILY VISIBLE SIGNS OF EROSION OR
SEDIMENT TRANSPORT, THE PERIOD THAT TEMPORARY BMPs
REMAIN, OR NEW ONES BE ADDED SHALL BE EXTENDED.  PAST
THE MAINTENANCE PERIOD, THE SITE SHALL BE EVALUATED BY
THE CONTRACTOR AND CONSTRUCTION MANAGER  UNTIL THE
TEMPORARY BMPs ARE NO LONGER REQUIRED, UP TO THE END
OF THE 12-MONTH WARRANTY PERIOD.

3. THE STABILIZED CONSTRUCTION ENTRANCE(S) AND SILT FENCE
SHALL BE IN PLACE PRIOR TO LAND DISTURBANCE ACTIVITIES ON
THE SITE.  FIBER ROLLS SHALL BE PUT IN PLACE AS SOON AS THE
DRAINAGE CHANNELS ARE CUT INTO THE SURFACE, AND BE
MOVED WITH THE CHANGING SURFACE UNTIL FINAL GRADE IN
THE CHANNELS HAS BEEN REACHED, WHERE THEY WILL REMAIN
IN ACCORDANCE WITH GENERAL NOTE 2  ON THIS SHEET.

SCE
L=30' MIN

SCE

SILT FENCE
(TYP) SEE

NOTE 3

1 SEE DETAIL A/C-001 FOR STABILIZED CONSTRUCTION
ENTRANCE.

2 SWPPP BOUNDARY AND SILT FENCE PLACEMENT EXTENT.  SEE
DETAIL C/C-001 FOR SILT FENCE.

3 SEE DETAIL B/C-001 FOR FIBER ROLL.

1

2

3

3

3

3
3

3

2

2
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ARMORFLEX
CONCRETE MATTRESS

2 FT IMPORTED
COVER MATERIAL

PER SECTION 02200

N.T.S.

TAPERED BLOCK
TYPICAL SECTION

1
1

BACKFILL WITH 4,000
PSI CONCRETE ARMORFLEX

CONCRETE MATTRESS

SITE SPECIFIC GEO SYNTHETICS
(GEOTEXTILE LOWER, GEOGRID

UPPER, TYP); SEE NOTES 6" MIN THICK
DRAINAGE LAYER

BACKFILL WITH 4,000
PSI CONCRETE

CONCRETE GRADE
CONTROL STRUCTURE

CONCRETE
CUTOFF WALL

AS
 R

EQ
U

IR
ED

7'-9"
(NOMINAL DIMENSION)

NOTE:
ANGLE MATS WILL BE CONSTRUCTED BY OMITTING
THE REQUIRED UNITS SO THE REQUIRED MAT
DIMENSIONS CAN BE OBTAINED.

ANGLE MAT

REGULAR MAT

43
4"

ENDSIDE 43
4"

1 2"

TOP

PLAN

CABLE

1'-31
2"

1'
-5

1 2"

CABLE

CLASS C-1
CONCRETE; SEE

SECTION 03300

CLASS C-1 CONCRETE;
SEE SECTION 03300

REVETMENT
WASHER
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CABLE
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REVETMENT CABLE

1
1

1

SEE
PLANS

ARMORFLEX 40T
CONCRETE MATTRESS

CLASS C-1
CONCRETE;
SEE SECTION
03300

2 UNITMIN.

SITE SPECIFIC
GEOTEXTILE
(TURN ENDS UP)

6" MIN. DRAINAGE
LAYER

GEOGRID

N.T.S.

SECTION       B

1
2

ARMORFLEX
CONCRETE MATTRESS

CLASS C-1
CONCRETE; SEE
SECTION 03300

SITE SPECIFIC
GEOTEXTILE

(TURN ENDS UP)

2 FT (MIN) TAILINGS
COVER MATERIAL

UNDER
INSTALLATION

6" MIN. DRAINAGE
LAYER

GEOGRID
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                SECTION       C
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SECTION       A
N.T.S.

TYP 40T BLOCK    1

N.T.S.

TYP 40T BLOCK    2
N.T.S.

TYP 40T BLOCK    3
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TYP 40T BLOCK    4
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SECTION 03300
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COVER MATERIAL
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LAYER

GEOGRID

GRADE CONTROL
STRUCTURE; SEE

PLANS

BOND BREAK REQUIRED
BETWEEN CONCRETE

PLACEMENTS

GRADE CONTROL
STRUCTURE OR
CUTOFF WALL;
SEE PLANS

BOND BREAK REQUIRED
BETWEEN CONCRETE
PLACEMENTS

2 FT (MIN) TAILINGS
COVER MATERIAL

REVETMENT CABLE GEOTEXTILE

ARMORFLEX
CONCRETE
MATTRESS

GEOGRID6" MIN. DRAINAGE
LAYER

CLASS C-1 CONCRETE;
SEE SECTION 03300
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# # # #The design and information shown on this drawing is provided
as a service to the project owner, engineer and contractor by
Contech Engineered Solutions LLC ("Contech").  Neither this
drawing, nor any part thereof, may be used, reproduced or
modif ied in any manner without the prior written consent of
Contech.  Failure to comply is done at the user's own risk and
Contech expressly disclaims any liability or responsibility for
such use.

If discrepancies between the supplied information upon which
the drawing is based and actual field conditions are encountered
as site work progresses, these discrepancies must be reported
to Contech immediately for re-evaluation of the design.  Contech
accepts no liability for designs based on missing, incomplete or
inaccurate information supplied by others.
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C-200

ACB TAPERED
BLOCK SECTION
(CONTECH DWG)

CIVIL

NOTES

1. GEOTEXTILE FOR ACB INSTALATION: 12 OZ. NONWOVEN
GEOTEXTILE IN ACCORDANCE WITH SECTION 02233.

2. DRAINAGE LAYER:  AASHTO M43 NO. 57 STONE.

3. GEOGRID:  TENSAR LW 280, CONWED R21580-014, OR APPROVED
EQUAL.

4. OPEN CELL BACKFILL:  UNCONTAMINATED TYPE C MATERIAL PER
SECTION 02200, OR ADOT CLASS 2 AGGREGATE BASE COURSE.

5. GEOGRID TO BE SIZED FOR RETENTION OF DRAINAGE STONE,
GEOGRID APERTURE SIZE TO BE SMALLER THAN D10 OF
DRAINAGE LAYER STONE.

6. ALL ELEMENTS OF THE ACB INSTALLATION SHALL BE VERIFIED
BY THE DESIGN ENGINEER FOR THE ACB SYSTEM SELECTED,
INCLUDING BLOCK THICKNESS.  DESIGN IS BASED ON
INFORMATION PROVIDED BY CONTECH ENGINEERING
SOLUTIONS FOR THE PRODUCT SHOWN.

TURNDOWN ALONG EDGES
OF ACB MAT INSTALLATION

DATE: SCALE: CHECKED:DRAWN:PROJECT No.: SEQ. No.:
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