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Executive Summary 

Engineering/Remediation Resources Group, Inc. conducted an engineering evaluation/cost analysis 
(EE/CA) for the Phillips Asbestos Mine Site in the Tonto National Forest, Gila County, Arizona.  The 
purpose of this EE/CA is to develop and analyze removal action alternatives to aid the U.S. Department 
of Agriculture Forest Service in reclamation of the site.   

Based on previous investigations and the results of an additional screening evaluation of risks, asbestos in 
mine wastes and site soil is likely to pose an unacceptable risk to site visitors or workers.  As a result, a 
removal action is necessary to minimize the risks associated with asbestos in soil and mine waste 
materials at the site.   

The following preliminary removal action objectives (RAOs) were developed for the site to reduce the 
risks to human health:   

▪ Reduce human exposure to asbestos fibers released from soil, waste material, and building 
materials at Subareas 1, 2, and 3. 

▪ Reduce the exposure of humans to physical hazards and asbestos at former site features such as 
open adits.   

This EE/CA considered cleanup levels that are protective of human health and the environment based on 
the site’s status as nonresidential, with recreational use or habitat for wildlife.  As a result, removal action 
alternatives were developed and evaluated for soil, waste piles, and building materials at the following 
subareas:  the Mine Camp (Subarea 1), Mill Area (Subarea 2), and Upper Workings (Subarea 3).   

The following removal action alternatives were evaluated in the EE/CA to address the RAOs: 

▪ Alternative 1:  No Action 

▪ Alternative 2:  Institutional and Engineering Controls 

▪ Alternative 3A:  Excavation and Onsite Encapsulation of Source Materials from Subareas 1, 2, 
and 3 

▪ Alternative 3B:  Excavation and Onsite Encapsulation of Source Materials from Subarea 1 and 
Subarea 3, and Consolidation of Soil and Waste Materials and Cap in Place at Subarea 2  

▪ Alternative 4:  Excavation and Offsite Disposal of Source Materials from Subareas 1, 2, and 3 
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Each alternative was analyzed for effectiveness, implementability, and cost.  Following the analysis of 
alternatives, a comparative analysis of all alternatives was conducted and the recommended removal 
action alternative was selected.  Based on the detailed and comparative analyses, Alternative 3B:  
Excavation and Onsite Encapsulation of Source Materials from Subareas 1 and 3, and 
Consolidation of Soil and Waste Materials and Cap in Place at Subarea 2 is recommended as the 
preferred remedy for the site.  Alternative 3B is recommended because (1) it achieves the RAOs; (2) it 
meets the applicable or relevant and appropriate requirements (ARARs); and (3) is more cost-effective 
than the other alternatives1, except for Alternative 1 (no action) and Alternative 2 (institutional and 
engineering controls), neither of which achieve RAOs. 

The recommended removal action alternative has the following primary components: 

▪ Repair roads as needed to gain access to the site areas.  

▪ Remove approximately 800 cubic yards of primary source materials from Subarea 1 and 5,000 
cubic yards of source materials from Subarea 3.  Waste materials would be loaded into dump 
trucks, transported to an unlined onsite repository, and covered with 2 feet of clean soil sourced 
from the repository excavation at Subarea 3. 

▪ Waste at Subarea 2 would be capped in place with 2 feet of clean cover soil sourced from the 
excavation of the Subarea 3 repository. 

▪ Shape and regrade excavated areas to match natural contours and restore the site to pre-mining 
conditions to the extent practicable. 

▪ Restore excavated and regraded areas. 

▪ Secure the openings of 16 adits.  

The estimated capital cost of the recommended removal action alternative is $1,210,465.  This cost 
represents an order-of-magnitude estimate, in accordance with the U.S. Environmental Protection 
Agency’s guidance for conducting EE/CAs, with an intended accuracy of +50 to -30 percent. 

1 The capital costs for Alternative 3B are less than the capital costs for Alternative 3A, but the long-term cost of Alternative 3A is 
less than the long-term cost for Alternative 3B.  Because the costs are so close, the final decision about the location of 
encapsulation areas should be finalized during the design process.     
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Section 1. Introduction 

Engineering/Remediation Resources Group, Inc. (ERRG) has prepared this Engineering Evaluation/Cost 
Analysis (EE/CA) for a non-time-critical removal action (NTCRA) at the Phillips Asbestos Mine Site 
located in the Tonto National Forest, Gila County, Arizona.  ERRG is conducting this EE/CA on behalf 
of the U.S. Department of Agriculture Forest Service (Forest Service) under the Regional A/E Indefinite 
Quantity Contract for Environmental Site Response Activities (AG-91S8-C-11-0001), Order No. AG-
8371-D-11-0083.  This EE/CA has been prepared in accordance with the Forest Service Statement of 
Work (Forest Service, 2011) and the U.S. Environmental Protection Agency’s (EPA) “Conducting Non-
Time-Critical Removal Actions under CERCLA” (EPA, 1993).   

The following subsections describe the regulatory framework, the purpose of the EE/CA, and the 
organization of this report. 

1.1. REGULATORY FRAMEWORK 

Authority for responding to releases from a hazardous waste site is addressed in Section 104 of the 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA).  Executive Order 
12580 delegates the authority for removal actions at Forest Service sites to the U.S. Department of 
Agriculture.  The Forest Service, under the delegation of the U.S. Department of Agriculture’s authority, 
is the lead federal agency for the environmental investigation and cleanup of the Phillips Asbestos Mine 
Site, and as such will oversee all project activities.  Other federal, state, or local agency representatives 
may be consulted, at the discretion of the Forest Service’s On-Scene Coordinator.  The Forest Service will 
ensure that all removal action tasks comply with CERCLA and the National Oil and Hazardous 
Substances Pollution Contingency Plan (NCP). 

EPA has classified removal actions into three types:  emergency, time-critical, and non-time-critical.  The 
classification is based on the type of situation, the urgency to take action, the threat of a release or 
potential release, and the period of time in which the action must be initiated (EPA, 1993).  The removal 
action at the Phillips Asbestos Mine Site will be non-time-critical because a 6-month period is available 
before a removal action should be taken at the site and the threat to human and ecological receptors is not 
immediate.  Section 300.415(b)(4)(i) of the NCP requires that an EE/CA is conducted for all NTCRAs to 
evaluate removal alternatives for the site. 
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Section 1 Introduction 

Asbestos is a known carcinogen and respiratory hazard; as a result, it has the potential to pose a serious 
risk to site visitors and the environment.  Mining and milling of asbestos materials at the site may have 
increased the potential for naturally occurring asbestos to become airborne, thus increasing the likelihood 
that site visitors could be exposed to asbestos fibers through the inhalation pathway.   

For solid asbestos, National Emission Standards for Hazardous Air Pollutants (NESHAP) defines “friable 
asbestos material” as any material containing more than 1 percent asbestos using the method specified in 
Title 40 Code of Federal Regulations, Part 763, Subpart E, Appendix E, Section 1, Polarized Light 
Microscopy (PLM).  Additionally, the California Air Resources Board’s (CARB) Asbestos Airborne 
Toxics Control Measure for Surfacing Applications indicates that “restricted material” includes ultramafic 
rock and any material that has been tested and found to have an asbestos content of 0.25 percent or 
greater, as measured by PLM2.  California guidance was reviewed to evaluate the potential hazard 
associated with asbestos in soil because no federal or Arizona regulations have been established for 
naturally occurring asbestos or asbestos in soil, particularly at low concentrations (ERRG, 2012; Arizona 
Department of Air Quality, 2012).   

For asbestos in air, no methods are currently available that reliably predict the concentration of asbestos 
in air based on concentrations in source materials (i.e., soil, waste material, or building materials) 
(EPA, 2008).  However, whenever asbestos is found in soil, some amount of risk is assumed to exist.  As 
indicated by EPA, disturbance of soil or other bulk materials with asbestos concentrations below the level 
of detection may still result in potentially hazardous airborne exposures (EPA, 2008).  EPA considers 
activity-based sampling the most appropriate method for estimating risk from asbestos.  Ongoing 
investigations by EPA have indicated that airborne exposures associated with the disturbance of 
contaminated soil depend upon a number of factors such as environmental conditions, soil composition, 
releasability and friability of the asbestos materials present, and the nature of the disturbance activities 
(EPA, 2007 and 2008).  As a result, activity-based sampling and further data evaluation are required at 
asbestos-contaminated sites to fully evaluate the potential exposure of site visitors to asbestos via the 
inhalation pathway. 

1.2. PURPOSE 

The purpose of the EE/CA is to develop and analyze removal action alternatives in accordance with 
CERCLA and to recommend a removal action alternative that is protective of human health and the 
environment, and that complies with applicable or relevant and appropriate requirements (ARARs).  In 
accordance with EPA guidance, the EE/CA is completed to (1) meet the environmental review 
requirements for removal actions; (2) satisfy administrative record requirements for documentation of the 
selected removal action alternative; and (3) identify the objectives of a removal action and analyze the 

2 Title 17 California Code of Regulations Section 93106 
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Section 1 Introduction 

effectiveness, implementability, and cost of various alternatives that may satisfy these objectives 
(EPA, 1993). 

1.3. REPORT ORGANIZATION 

Following Section 1, this EE/CA is organized as follows: 

▪ Section 2, Site Characterization – describes the site location and features, summarizes the site 
background, and describes the physical setting of the site.   

▪ Section 3, Source, Nature, and Extent of Contamination – summarizes the source, nature, and 
extent of contamination based on previous investigations at the site. 

▪ Section 4, Streamlined Risk Evaluation – discusses the selection and screening of chemicals of 
potential concern (COPCs), summarizes the site conceptual exposure model (SCEM), and 
summarizes the results of the screening evaluation of site risks to human health and the 
environment. 

▪ Section 5, Identification of Removal Action Goals and Objectives – identifies the removal action 
goals and removal action objectives (RAOs) that, if met, will result in the protection of human 
health and the environment, pursuant to CERCLA criteria. 

▪ Section 6, Applicable or Relevant and Appropriate Requirements – describes the chemical-
specific, location-specific, and action-specific ARARs that aid in establishing cleanup criteria for 
the site. 

▪ Section 7, Identification and Analysis of Removal Action Alternatives – describes the removal 
action alternatives and analyzes each alternative for effectiveness, implementability, and cost.  

▪ Section 8, Comparative Analysis of Removal Action Alternatives – provides a comparative 
analysis of the removal action alternatives against each other for effectiveness, implementability, 
and cost to recommend a removal action alternative for the site. 

▪ Section 9, Recommended Removal Action Alternative – presents the recommended removal 
action alternative based of the findings of the comparative analysis. 

▪ Section 10, References – lists the reports and guidance documents used to prepare the EE/CA. 

Figures and tables are presented following Section 10.  The following supplemental information is 
appended to this EE/CA: 

▪ Appendix A. Photographic Log 

▪ Appendix B. Summary of Previous Sample Results  

▪ Appendix C. Laboratory Analytical Results from the Phillips Asbestos Mine Site EE/CA 

▪ Appendix D. Alternative Cost Estimate Summary 
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Section 2. Site Characterization 

This section describes the Phillips Asbestos Mine Site, its background, and its physical characteristics, 
and summarizes the source, nature, and extent of known contamination based on analytical data from 
previous environmental investigations conducted at the site.  This section provides the basis for 
understanding the COPCs and media of potential concern at the site. 

2.1. SITE DESCRIPTION 

The Phillips Asbestos Mine Site is approximately 362 acres in size and is located in the Globe Ranger 
District of the Tonto National Forest, in Gila County, Arizona, in Sections 28 and 33, Township 5 North, 
Range 17 East, Gila and Salt River Base Line Meridian.  The site is reached by heading north out of the 
city of Globe, Arizona, on U.S. Highway 60 for approximately 26 miles to Forest Road (FR) 473.  Follow 
FR 473 for approximately 4 miles to the site (Forest Service, 2009).  The first 1.25 miles of FR 473 from 
U.S. Highway 60 are on land under the jurisdiction of the San Carlos Apache Indian Reservation.  
Figure 1 shows the location and vicinity of the site.   

The site is an abandoned chrysotile asbestos mine that consists of numerous adits with three mine 
workings areas, a mill, and a mine camp (Figure 2).  The ground elevation at the site ranges from 4,600 to 
5,600 feet above mean sea level.  The exact operational dates of the mine are unknown; however, the first 
mention of the site in the Bureau of Mines Mineral Yearbooks is in 1940, and no references are made to 
operations at the site after 1970 (Forest Service, 2009).  The following four tributaries to the Salt River 
traverse the site:  Upper Tributary, Middle Tributary, Mill Tributary, and Phillips Canyon Tributary 
(Figure 2). 

The site consists of the following five geographic subareas (Figure 2):   

▪ Mine Camp  

▪ Mill Area  

▪ Upper Workings Area located around a knoll above the Mine Camp  

▪ Lower Workings Area in the cliffs of the Mill Tributary below the Mill Area  

▪ Phillips Canyon Workings Area in the cliffs of Phillips Canyon  

The following subsections describe the site features in each of the five subareas.  Appendix A contains 
photographs of the site features. 
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Section 2 Site Characterization 

2.1.1. Mine Camp 

The Mine Camp was the base of operations for the mine and is bisected by FR 2298.  During a site visit in 
June 2012, the following historical site features were identified at the Mine Camp (Figure 3): 

▪ A former residence, office, a dorm building, a shop building, a generator shed, and an 
unidentified shed made of either asbestos-containing plaster and concrete or wood (as identified 
in the Removal Preliminary Assessment [RPA] and confirmed through personal communication 
with Ms. Anne Fischer of the Forest Service [Forest Service, 2012a]).  The shop building contains 
a barred basement room, which may have been used as a jail (Appendix A, Photographs A-1 
through A-11).  Additionally, stained soil was observed near the generator shed, indicating a 
possible release of petroleum hydrocarbons. 

▪ Six foundations, including the former shop building and town mill.  A fireplace with a chimney is 
present on the foundation north of the former residence and may have been part of another 
residence or kitchen outbuilding (Appendix A, Photographs A-12 through A-16).  

▪ Miscellaneous debris, including an abandoned vehicle, a collapsed shed (around a pit), and a 
metal tank.  General metal debris can be seen in various locations around the Mine Camp, 
particularly near the buildings (Appendix A, Photographs A-17 through A-22).  

▪ A partially collapsed culvert made of asbestos cement pipe, which was identified during the RPA 
(Forest Service, 2009), is believed to run through the Mine Camp and is visible above ground in 
at least one location (Figure 3).   

An asbestos processing or fiber storage facility is also believed to have been located in the Mine Camp 
(Forest Service, 2009), but evidence of a processing or storage facility was not observed at the Mine 
Camp during the 2012 site visit.  Based on field observations, the volume of asbestos-containing building 
materials potentially requiring removal is estimated to be 200 cubic yards.  Additionally, asbestos debris 
can be seen all around the Mine Camp.  White fibrous material, which appears to contain asbestos fibers, 
was observed in several areas of the camp.  These areas are not distinct piles.  Figure 3 shows the main 
areas where significant amounts of white fibrous material were observed.  The volume of contaminated 
soil potentially requiring removal is estimated to be 600 cubic yards.  Figure 3 also shows several areas of 
special concern.  These areas have been identified as potential cultural resource areas, where prehistoric 
artifacts may exist.  Table 1 lists the estimated volume of building materials and soil requiring removal 
from the Mine Camp.   

In addition to the historical mine features, the following modern features were also identified at the Mine 
Camp: 
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▪ A makeshift shooting area, which consists of objects found at the site such as cans and metal 
debris stacked up and used for target practice.  The area surrounding the stacked objects had 
several shell casings and items with holes shot into them.  Based on the debris observed, this area 
appears to be used infrequently and is not a likely source of potential lead contamination 
(Appendix A, Photograph A-23).  

▪ A plastic water tank, which may be  used for drinking water for cattle.  Cattle were seen on the 
road near the Mine Camp but not in the camp area itself, during the 2012 site visit (Appendix A, 
Photograph A-24).  

▪ A 6-inch-diameter groundwater well was located next to the shed adjacent to the generator 
building (Forest Service 2012a).  During the 2012 site visit, ERRG attempted to measure the well 
depth and water level using a 100-foot water level sounder, but the depth to water was greater 
than 100 feet.  The well has a cap with a small access hole, but was not sealed.  No permanent 
pump was observed in the well.  The Arizona Department of Water Resources well registry3 was 
searched, and no record of this well or any other wells at the site was found.  This well may be 
the source of water contained in the plastic tank (Appendix A, Photographs A-25 and A-26). 

▪ Two wood- and wire-fenced corral areas, one in disrepair and one that may currently be in use by 
range permittees (Appendix A, Photographs A-27 and A-28). 

Figure 3 shows the site features of the Mine Camp.   

2.1.2. Mill Area 

The Mill Area is accessed via FR 2298 (Figure 4).  The Mill Area is approximately 1 mile from the Mill 
Camp, but vehicle access to this area is blocked at about a 0.5 miles by a collapsed culvert, similar to the 
one visible at the Mine Camp.   

Site features present at the Mill Area include one standing cable car pulley tower and the remnants of two 
cable car pulley towers (Appendix A, Photographs A-29 and A-30), the mill building (Appendix A, 
Photographs A-31 through A-32), miscellaneous pieces of mill equipment and debris, and waste and 
tailings from processing of asbestos-containing minerals (Appendix A, Photographs A-33 through A-40).  
Of the three pulley towers previously identified at the Mill Area, only the lowest tower along the canyon 
edge was standing during the 2012 site visit; however, it had been partially cut with a cutting torch.  The 
other two pulley towers were missing, with only the stumps of the legs remaining on the foundation pads.  
Vandals have recently removed metal debris from several areas at the Mill Area, presumably to be sold as 
scrap.  A review of previous site photographs indicated that conspicuous bare areas observed at the site 
were previously covered with metal (Forest Service, 2012d).  It is likely that vandals cut up the two 
towers and removed them from the site. 

Two asbestos waste piles were previously identified in the Mill Area; however, the exact extent of the 
piles was not delineated (Forest Service, 2009).  In addition, approximately 5 acres of the Mill Area was 

3 https://gisweb.azwater.gov/waterresourcedata/WellRegistry.aspx 
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Section 2 Site Characterization 

observed to be covered with waste material containing asbestos fibers.  During the 2012 site visit, the 
piles observed on site were not distinct; rather, asbestos fibers were clearly visible mixed with soil over 
the entire Mill Area.  Several small piles (approximately 5 feet in diameter and 3 feet high) were also 
observed directly adjacent to the mill building.  Approximately 1,600 cubic yards of asbestos-
contaminated soil and approximately 100 cubic yards of asbestos-containing building debris are estimated 
to be present in the Mill Area.  Figure 4 shows the most concentrated areas of waste material at the Mill 
Area.  Table 1 presents the estimated volumes of waste.   

2.1.3. Upper Workings Area 

The Upper Workings Area can be accessed from the north via an approximately 0.25-mile two-track road 
from the Mine Camp that ends at the workings area.  All-terrain vehicle (ATV) tracks on a knoll lead 
from the two-track road to the Upper Workings Area.  Fourteen adits and 1 test pit were identified around 
the knoll at the Upper Workings Area (shown on Figure 5 and Appendix A, Photographs A-41 through A-
58).  In some cases, the adit openings are large enough to see that they interconnect below ground 
(Appendix A, Photograph A-49).  Adits 1, 2, 2A, 3, and 4 are located on the south, east, northeast, and 
north sides of the knoll (Figure 5).  Adits 1 through 4 are accessible on foot, via a severely degraded 
roadbed around the perimeter of the knoll.  Small waste piles are present near the openings of Adits 1, 2A, 
and 4 (Appendix A, Photographs A-59 through A-63).  Adits 5 through 12 are clustered along the 
northwest side of the knoll and can be easily accessed on foot or by four-wheel drive vehicle (Figure 5).  
Approximately 5,000 cubic yards of waste rock material containing asbestos fibers is present at the 
openings of Adits 5 through 8 (Appendix A, Photographs A-64 through A-66).   

2.1.4. Lower Workings Area 

The Lower Workings Area is located below the Mill Area, along the Mill Tributary Canyon, and is 
mostly inaccessible (Figures 2 and 6).  The area includes at least nine open adits, only one of which is 
accessible.  Records for the site indicate that the Lower Workings Area consists of a series of adits on 
both sides of the Mill Tributary’s canyon walls (Forest Service, 2009).  During the RPA, the Forest 
Service documented eight adits:  four on the north-facing cliff slopes across from the mill and four on the 
south-facing cliff face below the mill.  These eight adits are visible from the Mill Site or Phillips Canyon 
(Forest Service, 2012d; Attachment 1).  Small amounts of waste are present below at least two of the 
adits, eroding down the steep slopes into the canyon of the Mill Tributary.  The volume of waste present 
in the Lower Workings is unknown but based on photographs it is believed to be minimal relative to other 
areas of the site (Forest Service, 2012d).  Additional adits may exist in inaccessible locations that are not 
visible from the site.  Access to these areas may require specialized training and climbing equipment (e.g., 
ropes and harnesses).   
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During the 2012 sampling event, one adit in the Lower Workings Area was found that could be accessed.  
The adit is identified as the accessible Lower Workings adit in Photographs A-67 and A-68 in 
Appendix A.  No waste pile was associated with this adit.   

Figure 6 shows the approximate locations of the eight inaccessible and one accessible adit at the Lower 
Workings Area.  

2.1.5. Phillips Canyon Workings Area 

The Phillips Canyon Workings Area is located on the north-facing cliff face of Phillips Canyon and is 
mostly inaccessible (Figure 2 and Figure 7).  Portions of the area may be accessed on foot, although with 
difficulty, via a severely degraded mining road (FR 2299).  Two adits and associated waste piles were 
identified in the Phillips Canyon Workings Area (Figure 7; Appendix A, Photographs A-69 through A-
74).  Some mining debris and tower foundations remain near the adits (Appendix A, Photographs A-75 
through A-81).  One of the adits is collapsed but was identified because a large waste rock pile was 
present and a collapsed area in the cliff above the pile was observed.  In Phillips Canyon, waste rock 
extends from the adits down toward the Phillip Canyon Tributary on nearly vertical slopes (Figure 7 and 
Photograph A-82).   

Maps and aerial photographs indicated that, at one time, FR 2299 continued farther to the east; however, 
during the 2012 site visit, boulders and fallen rock prevented access to the road beyond the second waste 
pile.   

2.2. SITE BACKGROUND 

The following subsections summarize the operational history of the site, the search for potentially 
responsible parties (PRPs), the current and future land use of the site, and surrounding land use and 
populations. 

2.2.1. Operational History 

The following site history information is taken from “Removal Preliminary Assessment Report, Phillips 
Asbestos Mine, Mill, and Mine Camp” (Forest Service, 2009).   

Chrysotile asbestos was first discovered in Arizona near the Grand Canyon in 1869.  The success of 
mining this deposit led to an intensive search of the nearby area and the Sierra Ancha Mountains.  By late 
1915, approximately 500 claims were located between Globe and Young, Arizona (Arizona Bureau of 
Mines, 1928).  Development was spurred on by the high prices for Crude No. 14 in 1921 (U.S. 

4 From U.S. Department of Interior, Bureau of Mines, 1955:  Crude No. 1 is unmilled (or mechanically cobbed crude fiber) 
asbestos with 3/4 inch or longer fibers.  Crude No. 2 is unmilled asbestos with 3/8 to 3/4 inch fibers  
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Department of Interior, Bureau of Mines, 1955).  Early in 1921, legislation allowed for prospecting, 
locating, and leasing of asbestos claims on the Fort Apache and San Carlos Apache Indian Reservations.   

The first mention of the site in the Bureau of Mines Mineral Yearbooks is in 1940.  The Phillips Asbestos 
Mine may have gone by the name of Crosthwaite-Steward prior to this date.  The Phillips Asbestos Mine 
was named after Mr. Guy Phillips.  He operated the mine until he was shot to death at the Mine Camp in 
1962.  After his death, ownership of the mine passed to his wife but it was operated by Western Asbestos 
Manufacturing Group.  No reference is made to operations at the site after 1970.  New regulations 
governing asbestos began to appear that year.  

2.2.2. Potentially Responsible Party Search, 2010 

Science Applications International Corporation (SAIC) conducted a PRP search in 2010.  The intent of 
the search was to identify any parties who may bear some financial responsibility for site investigation 
and cleanup.  The PRP search consisted of research into the various companies and individuals who held 
mining claims over the years and who conducted mining operations at the site.  The PRP Report 
concluded that no viable PRPs were identified for the site.  The companies that operated the mine and 
mill are no longer in business, and the individuals who held mining claims and conducted mining 
operations at the site were either impossible to locate or deceased (SAIC, 2010).   

2.2.3. Current and Future Land Use 

The Phillips Asbestos Mine Site is currently not in operation; however, many areas of the site are 
frequently used by the public for recreational purposes.  Common recreational activities at the site are 
ATV riding and hiking.    

Evidence of recreational activities at the site was observed during a site visit in 2012.  Two quad-style 
ATV riders passed through the Mine Camp during the 2012 site visit.  The ATV riders said that they had 
previously witnessed vandals removing scrap metal and cutting down pulley towers in the Mill Area.  
Parts of the Mine Camp and areas directly adjacent to the Mine Camp are used for grazing cattle.  Modern 
features associated with ranching (a plastic water tank and a corral) and a groundwater well (presumed to 
be supplying the water tank) were observed at the Mine Camp.  It is anticipated that the site will continue 
to be used in a similar capacity in the future. 

2.2.4. Surrounding Land Use and Populations 

The site is within the Tonto National Forest, which is bordered on the north and west by the Fort Apache 
Indian Reservation and on the east by the San Carlos Apache Indian Reservation, with populations of 
approximately 13,400 and 10,050, respectively (based on data from the 2010 census5).  The nearest 

5 http://edrp.arid.arizona.edu/tribes.html 
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highway is U.S. Highway 60 between the cities of Globe and Show Low, Arizona, with populations of 
approximately 7,500 and 10,600, respectively (based on data from the 2010 census6).   

The Salt River is below and downstream of the site and is a popular recreational river for whitewater 
rafting.  The area is popular with hunters, and recreational ATV use appears to be increasing 
(Forest Service, 2009). 

2.3. PHYSICAL SETTING 

This section summarizes the physical setting, including geology and soil, hydrology and hydrogeology, 
climate, vegetation and sensitive ecosystems, and cultural resources, of the Phillips Asbestos Mine Site.  

2.3.1. Geology and Soil 

The site is located in the Arizona Transition Zone, which is a northwest-to-southeast trending 
metamorphic region across central Arizona.  The area is characterized by rugged mountain ranges and 
valleys formed primarily from sediments that have undergone metamorphism and erosion 
(Arizona Geological Survey, 2012).  The lithologic unit of concern at the site is the Mescal Limestone 
that contains chrysotile-bearing serpentinite zones.  The Mescal Limestone normally consists of up to 300 
feet of medium- to thin-bedded, hard, cherty, dolomitic limestone.  In the Sierra Ancha/Chrysotile region, 
the middle part of the Mescal is often a pure, crystalline, magnesian limestone.  Metamorphism of the 
Mescal Limestone resulted in the development of chrysotile asbestos.  Veins of asbestos within the 
serpentinite range from microscopic to 14 inches thick, with an average thickness of 2 inches (Wilson and 
Butler, 1928).  

The chrysotile-bearing serpentinite zones in Arizona are described as soft and weakly resistant to 
weathering.  The zones are commonly exposed in cliffs and steep slopes, protected by the more resistant, 
overlying metamorphic limestone, which reduces the exposure of serpentinite and chrysotile to erosion 
(U.S. Geological Survey, 1986). 

2.3.2. Hydrology and Hydrogeology 

The site is on the edge of the Salt River Canyon gorge and is approximately 1 mile from the Salt River.  
No perennial drainages are present in the Mine Camp, Mill Area, or Upper Workings Area.  Any surface 
water drainages in these areas are either ephemeral or intermittent, responding to rain or snowmelt 
conditions.  Four tributaries of the Salt River run through the canyons of the Lower and Phillips Canyon 
Workings Areas (Forest Service, 2009).  These four tributaries are referred to as the Upper Tributary, the 
Middle Tributary, the Mill Tributary, and the Phillips Canyon Tributary, as shown on Figure 2.  The 
Phillips Spring is located adjacent to the Mine Camp area in the Mill Tributary (Figure 2).  Depth to 

6 http://quickfacts.census.gov/qfd/states/04000.html 
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groundwater at the Mine Camp, as measured during the 2012 site visit, was estimated to be greater than 
100 feet below ground surface.   

2.3.3. Climate  

Monthly climate data collected from August 1, 1975, through December 31, 2008, at a meteorological 
data station (#023500) in nearby Globe, Arizona, were reviewed to characterize the climate at the site.  
Winter temperatures in Globe range from 32°F to 69°F, with an average daily high temperature of 61°F.  
Summer temperatures ranged from 60°F to 99°F, with an average daily high temperature of 92°F.  
Average annual precipitation is 15.28 inches, with most precipitation occurring during July, August, and 
the winter months (Western Regional Climate Center, 2011). 

Thunderstorms are common in the afternoons during July and August.  These storms can be sudden, 
causing flash floods.  Gentle rains and some snow may occur from December through March.  The winter 
weather can result in road closures because of snow or the conditions becoming too slippery to drive 
safely (Forest Service, 2009).  

2.3.4. Vegetation and Sensitive Ecosystems 

The site contains a diverse mixture of vegetation.  The following species of common vegetation are found 
at the Phillips Asbestos Mine Site:  pinyon pine (Pinus monophylla), alligator juniper (Juniperus 
deppeana), One-seed juniper (Juniperus monosperma), Emory oak (Quercus emoryi), Arizona white oak 
(Quercus arizonica), Sonoran scrub oak (Quercus turbinella), pointleaf manzanita (Arctostaphylos 
pungens), deerbrush (Ceanothus integerrimus), catclaw (Acacia greggii), wait-a-minute-bush (Mimosa 
biuncifera), banna yucca (Yucca baccata), agave (Agave spp.), and sideoats grama (Bouteloua 
curtipendula) (Forest Service, 2009). 

The Salt River is located about 1 mile from the site and is the nearest and largest sensitive ecosystem.  A 
query was submitted to the Arizona Game and Fish Department (AZGFD)7 to identify state-listed and 
federally listed species that may occur near the site.  Table 2 presents the query results obtained from the 
AZGFD.  Query results indicated three fish species—Desert Sucker (Catostomus clarki), Sonora Sucker 
(Catostomus insignis), and Roundtail Chub (Gila robusta)—are present within a 3-mile radius of the site.  
No fish or associated habitat is present at the site (Forest Service, 2012b); however, fish are present in the 
Salt River, downstream of the site and were retained as a species of concern.  However, designated 
critical habitat for the federally endangered Razorback Sucker (Xyrauchen Texanus) is present 
downstream of the site, along the Salt River.  Results also indicated three bird species—Golden Eagle 
(Aquila chrysaetos), Bald Eagle (Haliaeetus leucocephalus) and Common Black-Hawk (Buteogallus 
anthracinus)—are present within a 3-mile radius of the site, thus these bird species were retained as 
species of concern at the site.  

7 AZGFD Environmental Review On-Line Tool at <http://www.azgfd.gov/hgis/>. 
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2.3.5. Cultural Resources 

The Mine Camp and Mill Area are historical sites with structures dating to the early 1940s that were 
associated with the production of asbestos during World War II and later.  Prehistoric artifacts are 
present; mitigations and avoidance measures for this project will be addressed during the design and 
fieldwork periods (Forest Service, 2009).  Further investigation of the archaeological resources in the area 
is needed to ensure that any removal action on the site does not damage historical features. 
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Section 3. Source, Nature, and Extent of 
Contamination 

This section summarizes the source, nature, and extent of contamination based on analytical data 
collected during the 2012 site visit and previous investigations conducted at the Phillips Asbestos Mine 
Site.  This section summarizes the results of these investigations and relevant data from primary areas that 
are further evaluated in the streamlined risk evaluation (SRE) (Section 4).  

3.1. REMOVAL PRELIMINARY ASSESSMENT REPORT, 2009 

In 2008, the Forest Service performed an RPA of the Phillips Asbestos Mine Site (Forest Service, 2009).  
The objective the RPA was to identify any releases or threats of release of asbestos at the site.  Samples 
were collected from buildings, soil, and tailings in the Mine Camp and Mill Area to evaluate (1) the size 
range of onsite asbestos fibers, (2) whether building materials contained asbestos, and (3) the potential for 
onsite asbestos fibers to move.  Sample results were compared against the 1 percent threshold established 
by the NESHAP.  Sample results ranged from 0 percent to 80 percent asbestos; therefore, material at the 
site was classified as asbestos-containing.  Asbestos in building materials in each structure was 
consistently found to be both friable and present in excess of 30 percent, with a maximum concentration 
of 80 percent.  The high percentage and friable nature of asbestos in building materials indicate that 
asbestos in building materials is a potential site hazard.  Tailings samples were collected from the Mill 
Area where asbestos was detected at concentrations ranging from less than 1 percent to 40 percent.  
Appendix B summarizes the RPA results.  

In addition to identifying potential environmental and human health hazards, the RPA identified several 
types of cultural resources at the Mine Camp and Mill Area.  Remaining structures at the site may date to 
the early 1940s and are associated with World War II production of asbestos (Forest Service, 2009).  
Prehistoric artifacts, consisting of ceramic shards and chipped stone artifacts dating between 750 and 
1,000 years ago, have also been found at the Mine Camp (Forest Service, 2009).  It is likely that 
additional artifacts are present in the subsurface of the Mine Camp.  

3.2. 2012 SITE VISIT AND SAMPLING EVENT 

In July 2012, ERRG, on behalf of the Forest Service, visited the site to document site features and collect 
additional samples to supplement data obtained during the RPA (Forest Service, 2009) and to evaluate the 
nature and extent of asbestos and metals and total petroleum hydrocarbons (TPH) at the site.  The 
following samples were collected: 
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▪ Air Samples 
• Ambient air samples 
• Activity-based air samples  
• Background activity-based samples and ambient air samples 

▪ Solid Matrix and Water Samples 
• Soil and waste material samples  
• Sediment samples 
• Surface water samples  
• Groundwater samples  
• Background soil and sediment samples 

All background samples were collected in areas unimpacted by mining activities (see Figure 8) and in the 
same manner as their corresponding air, solid matrix, and water samples.  The following sections describe 
the sample collection methods; laboratory analysis of the air, solid matrix, and water samples; deviations 
from the work plan; and the sample results. 

3.2.1. Sample Collection 

This section describes the collection of air and solid matrix and water samples during the 2012 site visit.  
Appendix A presents a photographic log of field activities including sampling locations. 

3.2.1.1. Air Samples 

Ambient air samples were collected concurrently with all other sampling activities to evaluate the ambient 
air quality each day that samples were collected.  Initially, the ambient sampling stations were placed 
upwind and downwind and far enough away from the active work areas (hiking and ATV activity-based 
sampling) to ensure that the upwind sample represented a true undisturbed ambient sample.  However, 
because the wind direction fluctuated throughout the day, the stations were subsequently placed in 
accessible locations on either side of the site, where ambient conditions were most likely.  The ambient 
sampling equipment consisted of a stationary pump with a preloaded asbestos filter cassette that was fixed 
to an immobile object such as a tree, signpost, or stake. 

As discussed in Section 1.1, collection of activity-based samples is the most appropriate method for 
evaluating the risk to humans from asbestos in air.  Activity-based air samples were collected under the 
following two scenarios, which represent the likely recreational uses at the site:  hiking (modified jogger 
scenario) and ATV riding.  The hiking activity-based samples were collected from the Mine Camp, Mill 
Area, and Upper Workings Area (Figures 3, 4, and 5).  At each area, two samplers, one 5 feet in front of 
the other, walked the subarea and collected the sample.  The ATV activity-based samples were collected 
while riding an ATV along specified routes at the site (see Figure 9).  Two ATVs were used, with one 
driven in front of the other.  The distances between the riders varied based on speed and surface 
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conditions; the trailing rider made sure to stay within the dust cloud generated by the lead rider.  
Equipment for activity-based sampling consisted of a personal air sample pump with a preloaded asbestos 
filter cassette.  Activity-based samples were collected in accordance with EPA’s SOP-2084 (EPA, 2007) 
and the EE/CA Work Plan (ERRG, 2012). 

3.2.1.2. Solid Matrix and Water Samples 

Soil, Waste Material, and Sediment 

Soil and waste material samples were collected from across the Mine Camp, the Mill Area, the Upper 
Workings Area, and the Phillip Canyon Workings Area and along two ATV routes (Figure 9).  All soil 
samples were collected from along the activity-based air sampling routes.  Figures 3, 4, 5, and 7 show the 
locations where samples were collected.  Sediment samples were collected from the upstream locations at 
the Upper Tributary, Mill Tributary, and Phillips Canyon Tributary.  Samples were collected from as 
close to the center of the tributary as possible.  No water was present in the tributaries at the locations 
where sediment samples were collected.  Sediment samples could not be collected from below the cliffs 
downstream of the site because the terrain was steep and impassable.     

Soil, waste, and sediment samples were collected using a disposable trowel into a zip-top plastic bag or a 
laboratory-provided sample jar.  Three aliquots were collected within a 10-foot radius of the sample 
location and composited for laboratory analysis.  Soil, waste, and sediment samples were packed, labeled, 
and transported in accordance with the EE/CA Work Plan (ERRG, 2012).  Samples for asbestos analysis 
were transported to EMSL Analytical, Inc., and samples for analysis of metals and TPH were transported 
to TestAmerica; both laboratories are located in Phoenix, Arizona. 

Surface Water and Groundwater 

A surface water sample was collected from the Mill Tributary upstream of the Mill Area.  No water was 
flowing in the tributary when the sample was collected.  However, a sample was collected of stagnant 
water present in the creek bed by dipping a plastic bottle into the water.  Figure 9 shows the location 
where the surface water sample was collected.  A groundwater sample was collected from the well at the 
Mine Camp.  The groundwater sample was collected using a Teflon-lined disposable bailer and placed in 
laboratory-provided containers (plastic bottles and an amber glass bottle).  Figure 3 shows the well 
location where the groundwater sample was collected. 

The surface water and groundwater samples were also filtered in the field using a disposable syringe and 
0.45-micron (µm) filter to remove any metals suspended in the water, so that dissolved metals 
concentrations could be evaluated.  Samples were collected in plastic bottles pre-preserved with nitric 
acid. 

Surface water and groundwater samples were packed, labeled, and transported in accordance with the 
EE/CA Work Plan (ERRG, 2012).  Samples for asbestos analysis were transported to EMSL Analytical, 
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Inc., and samples for analysis of metals and TPH were transported to TestAmerica; both laboratories are 
located in Phoenix, Arizona. 

3.2.2. Laboratory Analysis 

This section summarizes the laboratory analysis of the air and solid matrix and water samples. 

3.2.2.1. Air Samples 

Air Sample Analysis 

Air samples were analyzed using a transmission electron microscope (TEM) to distinguish between 
asbestos fibers and non-asbestos fibers in accordance with the work plan (ERRG, 2012).  Consistent with 
EPA’s recommendations for activity-based sampling (EPA, 2008), the TEM analysis was performed in 
accordance with the International Organization for Standardization Method 10312.  Asbestos 
concentrations were reported in terms of Phase Contrast Microscopy Equivalent fibers, which are defined 
as fibers greater than 5 µm long, with a width between 0.25 and 3.0 µm and a length-to-width ratio of 
greater than 3:1.  Fibers of this size form the basis for the EPA inhalation unit risk for asbestos and have 
been most closely linked to asbestos-related diseases (EPA, 2008).   

TEM analysis was conducted by visual analysis of the samples.  Following sample preparation and 
equipment calibration, each grid opening in a given sample was visually analyzed under magnification.  
The analyst conducted a systematic visual observation of the grid opening, looking for suspect asbestos 
fibers and fiber structures.  The asbestos concentration in the sample was then extrapolated from the 
number of observed structures based on the number of grid openings evaluated, the volume of the air 
sample, and the size of the air filter evaluated.  The achieved analytical sensitivity varies slightly from 
sample to sample as discussed in Section 3.2.4.1.  

Air Data Sensitivity 

As outlined in the EE/CA Work Plan (ERRG, 2012), an analytical sensitivity of 0.0004 structures per 
cubic centimeter (str/cc) was proposed for the ambient air samples and an analytical sensitivity of 
0.004 str/cc was proposed for the activity-based air samples for both hikers and ATV riders.  The 
analytical sensitivity is defined as the smallest value that can be counted, or the smallest number of str/cc 
that can be analyzed.  A complete discussion of sensitivities achieved is presented in Section 3.2.3.1. 

3.2.2.2. Solid Matrix and Water Samples 

The laboratory analyzed the solid matrix and water samples for the following analytical groups: 

▪ Asbestos  
• By PLM CARB Method 435 for solid matrix samples 
• Asbestos by EPA 100.2 (TEM) for water 
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▪ Metals (i.e., arsenic, barium, cadmium, chromium [total], cobalt, copper, lead, magnesium, 
manganese, nickel, selenium, silver, uranium, and zinc) by EPA Method 6010/6020 and 7471 (for 
mercury) for both solid matrix and water samples 

▪ TPH as diesel-range range organics by EPA Method 8015 in soil and groundwater only 

3.2.3. Deviations from the Work Plan 

During the sampling event, several deviations from the work plan occurred.  The details of each deviation 
and the potential impact on the data are discussed below.  

3.2.3.1. Air Data Sensitivity 

During development of the EE/CA Work Plan, ERRG evaluated equipment available for sampling 
asbestos that would be able to obtain the necessary flow rates (between 2 to 5 liters per minute (L/min]) to 
achieve the desired analytical sensitivities.  Available sample pumps were only able to achieve a rate of 
1.9 L/min to 2.9 L/min, with an average flow rate of 2.3 L/min.  During the 2012 sampling event, the 
battery life on the pumps was anticipated to last a full day; however, the average battery life was about 
4 hours.  Because the flow rate was low and the sampling duration was shorter than anticipated, the 
sample volume was lower than anticipated.  To accommodate for the lower sample volume, the laboratory 
increased the number of grid openings counted under the microscope to achieve the analytical sensitivities 
identified in the EE/CA Work Plan (ERRG, 2012)8.   

Increasing the grid openings during analysis of asbestos is a standard approach to ensure that sensitivities 
are met.  Using this approach, the proposed analytical sensitivity of 0.004 str/cc was achieved for the 
hiking and ATV riding activity-based samples.  However, the analytical sensitivity of 0.0004 str/cc for the 
ambient air samples could not be achieved.  As a result, an alternative analytical sensitivity of 0.002 str/cc 
was developed for the ambient air samples based on the highest sensitivity, which would allow the data to 
be used to evaluate risk (i.e., would still achieve the target cancer risk values needed).  The methods used 
to develop the alternate sensitivity are presented in Section 4.3.1.1.   

3.2.3.2. Water Data Sensitivity 

One surface water sample was collected from the Mill Tributary above the mill.  Asbestos was not 
detected at concentrations greater than the laboratory reporting limit of 24 million fibers per liter (MFL) 
in the sample.  The analytical sensitivity of 7 MFL was not achieved because excessive particulate matter 
was present in the sample.  These data are not usable to determine if asbestos is present in surface water at 
the site.  In addition, the sample was collected from the mill tributary above the Mill Area, so it would not 

8 The following equation was used to determine the number of grid openings required to meet the analytical sensitivities 
established in the Work Plan (ERRG, 2012):  S = At/(K × Ag × V × CF), where:  S = analytical sensitivity, in structures per 
cubic centimeter (str/cc); At = active area, in mm2 of the collection media; K = number of grid openings examined; Ag = mean 
area, in mm2, of the grid openings examined; V = volume of air in liters (L); CF = conversion factor, cubic centimeters per liter 
(1,000 cc/L) 
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reflect asbestos concentrations downstream of the site.  Further discussion of asbestos in surface water is 
presented in Section 3.2.3.3.  

3.2.3.3. Inaccessible Sample Areas 

The EE/CA Work Plan included documenting site features (such as adits) and collecting sediment and 
surface water samples from the Lower Workings Area and at five downstream locations on four 
tributaries at the site, if accessible.  Because of the steep terrain, most of the Lower Workings Area and all 
of the downstream sampling locations could not be accessed during the site visit.  Additionally, while a 
sample was collected from the waste rock piles at Phillips Canyon, only a small portion of the piles were 
accessible.  Figure 2 outlines the approximate extent of the inaccessible area of the site.  

Lower Workings Area and Phillips Canyon Workings Area 

Most of the Lower Workings Area could not be accessed because of the steep terrain.  As a result, the exact 
locations of eight adits in the Lower Workings Area were not recorded and no samples of waste material in 
the Lower Workings Area could be collected.  Some parts of the Lower Workings Area have been 
documented visually from the Mill Area and the Phillips Canyon Workings, as discussed in Section 2.1.4.  
Figures 2 and 6 show the approximate location of adits and waste piles in the Lower Workings Area; the 
adits and waste material are also shown in Appendix A.   

As specified in the Work Plan, one soil sample was collected from the Phillips Canyon Workings Area.  
However, except for the portions of piles that intersected with the access trail, the waste piles were 
inaccessible to sampling personnel.  Because hiking on the piles to collect additional material was 
considered unsafe, the sample that was collected consists of material from the top of the piles only.    

Downstream Surface Water and Sediment Sampling 

All five downstream surface water and sediment sampling locations identified in the EE/CA Work Plan 
were inaccessible during the 2012 sampling event.  As a result, no data could be collected to evaluate the 
downstream erosion or transport of asbestos material from the waste piles or workings areas and a data 
gap exists for surface water and sediment at the site.  To address this data gap, these areas would need to 
be accessed, by either hiking up to the locations from downstream (requiring permission to cross the San 
Carlos Apache Indian Reservation), hiking or rafting down to the locations from upstream, climbing 
down to the locations from the site (requiring technical climbing gear), or flying in to the locations via 
helicopter.  However, if sediment samples were collected from the tributaries, they are unlikely to provide 
data that could be used to quantify risk because (1) no screening criteria are available for asbestos in 
sediment and (2) literature on quantifying risks from ingestion of asbestos in sediment is not available.  
Section 4.3.1.1 presents the qualitative discussion of possible risks associated with the surface water 
pathway.  
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Waste rock from the Lower Workings and Phillips Canyon Workings Areas are most likely to enter the 
surface water pathway in the Mill Tributary and Phillips Canyon Tributary, respectively.  If surface water 
samples were collected from the tributaries during high flow, sample results could be compared with 
available surface water criteria (Agency for Toxic Substances and Disease Control [ATSDR], 2001).  
However, collecting surface water samples would be logistically challenging for the same reasons as 
discussed in Section 3.2.3.3.  The Salt River is the nearest perennial water source that is easily accessible 
for sampling.  However, results for surface water samples from the Salt River could not be used to 
quantify risks from the site because the Salt River receives water from many other upstream sources and 
asbestos occurs naturally at many points along the river.  Based on these limitations, it is not 
recommended that this data gap be addressed at this time. 

3.2.4. Analytical Results 

This section summarizes the asbestos and metals and TPH results for the samples collected during the 
2012 site visit.  The results are used in this EE/CA in conjunction with sampling results from previous 
investigations to (1) perform the human and ecological SRE (Section 4) and (2) further evaluate physical 
characteristics of the site to support the preparation of cost estimates for the EE/CA.  Tables 3 through 7 
summarize the results of the 2012 sampling event.  Figures 3 through 9 show the sampling locations and 
routes.  Appendix A presents a photographic log of field activities, including sampling locations, and 
Appendix C presents the complete analytical results of the 2012 sampling event. 

3.2.4.1. Asbestos Results 

Asbestos was not detected in ambient air samples collected at the site.  The achieved analytical 
sensitivities for the ambient samples ranged from 0.0018 to 0.0019 str/cc, which is more sensitive than 
revised sensitivity target of 0.002 str/cc presented in Section 3.2.3.1.   

Asbestos fibers (which are referred to as “structures” during laboratory analysis) were detected in four 
activity-based air samples at concentrations ranging from 0.0175 str/cc to 0.0385 str/cc (Table 3).  Results 
of the TEM analysis are statistical.  Because of the extreme magnification of TEM, analysis of the entire 
385 square millimeters (mm2) area of a filter is impractical.  As previously noted in Section 3.2.2.1, the 
calculated asbestos concentration was extrapolated from a relatively small area, which was then applied to 
the entire sample.  As a result, some asbestos fibers are likely present in samples, but the results may 
indicate that asbestos is not present in a quantifiable amount or is present at concentrations lower than the 
analytical sensitivity.  In some activity-based samples from the site, asbestos structures were observed, 
but not in amounts that could be quantified below the selected sensitivity.  In these instances, asbestos is 
assumed to be present at concentrations lower than the selected analytical sensitivities.  Because the 
analytical sensitivities used in the analysis were selected based on the lower end of the risk management 
range, asbestos concentrations lower than the analytical sensitivities do not present a risk to potential 
future receptors.   
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Asbestos fibers were detected in 15 out of 20 source area soil or waste samples at concentrations ranging 
from 0.25 percent to 13.75 percent.  Asbestos was not detected in the upstream sediment, surface water, 
or groundwater samples (Table 4).   

3.2.4.2. Metals and TPH Results 

Arsenic, barium, cadmium, chromium, cobalt, copper, lead, magnesium, manganese, nickel, mercury, 
uranium, and zinc were detected in one or more soil or waste samples.  Barium, magnesium, manganese, 
dissolved barium, and dissolved magnesium were detected in both surface water and groundwater 
samples.  Copper was detected in surface water only.  TPH was detected in one soil sample collected at 
the Mine Camp.  Tables 5, 6, and 7 summarize the results for metals and TPH in soil and waste, sediment, 
and water samples. 

3.3. EE/CA AREAS OF CONCERN 

Based on the results of the RPA and 2012 site visit, the following five subareas were identified at the 
Phillips Asbestos Mine Site (Figure 2):  

▪ Mine Camp (Subarea 1) 

▪ Mill Area (Subarea 2) 

▪ Upper Workings Area (Subarea 3) 

▪ Lower Workings Area (Subarea 4) 

▪ Phillips Canyon Workings (Subarea 5) 

In total, 24 open or partially open adits were identified at the site.  Because asbestos is present within the 
adits and the adits are open and unsupported, they may pose a risk or safety hazard to site visitors who 
enter them.  Of the 24 adits, 16 are considered accessible to site visitors.  Closure of the 16 accessible 
adits is required to ensure the safety of site visitors.  Open adits requiring closure are present in all three 
of the workings areas (Subareas 3, 4, and 5).  Eight of the adits (all located in Subarea 4) are not 
accessible without specialized equipment and will not require closure (Forest Service, 2012c).  Because 
adits may also provide suitable habitat for bats, bat surveys should be conducted to evaluate whether the 
adits currently serve as bat habitat and ensure appropriate bat-friendly closure methods are employed. 
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Section 4. Streamlined Risk Evaluation 

This section summarizes the SRE of potential risks to human health and the environment from exposure 
to asbestos, metals, and TPH at the Phillips Asbestos Mine Site.  Potential risks were evaluated for 
exposure to air, soil and waste materials, sediment, surface water, and groundwater.  The SRE is typically 
used to qualitatively evaluate rather than quantify potential risks to justify a removal action and develop 
appropriate removal action alternatives to reduce risk.  Accordingly, the potential risks to human and 
ecological receptors from exposure to asbestos, metals, and TPH were evaluated in a qualitative manner 
by comparing COPCs to appropriate benchmarks, as discussed below.  The SRE only evaluates potential 
exposure of human and ecological receptors to potential chemical hazards and does not evaluate the 
potential risks from physical hazards such as open adits or steep hillsides. 

The SRE for asbestos was performed in accordance with EPA’s “Framework for Investigating Asbestos-
Contaminated Superfund Sites” (EPA, 2008).  The EPA framework outlines a methodology to calculate 
quantitatively the excess lifetime cancer risk (ELCR) to human receptors at a given site.  Cancer risk is 
the estimated probability that a person will develop cancer from exposure to site contaminants, and is 
generally expressed as an upper-bound probability.  For example, a 1 in 10,000 (1 × 10-4) chance is a risk 
that for every 10,000 people, one additional cancer case may occur as a result of exposure to asbestos at 
the site.  A 1 in 1,000,000 chance (1 × 10-6) is a risk that for every 1,000,000 people, one additional 
cancer case may occur as a result of exposure to asbestos at the site.  This EE/CA adopted a conservative 
approach and used the cancer risk of 1 × 10-6, which meets the most conservative end of the risk 
management range established by EPA (1 × 10-4 to 1 × 10-6).   

Although ingestion of asbestos can contribute to an increased cancer risk, EPA has not established a dose-
response relationship for these endpoints (EPA, 2008).  In addition, EPA has not established a dose-
response relationship for noncancer health effects.  As a result, the risk from asbestos to human receptors 
from other pathways such as ingestion of asbestos in soil or drinking water was evaluated qualitatively. 

The following sections summarize the SRE, including the selection and screening of COPCs, the SCEM, 
and the SRE results. 

4.1. SELECTION AND SCREENING OF CHEMICALS OF POTENTIAL CONCERN  

All analytical data collected during the 2012 sampling event were initially tabulated (Tables 3 and 4 for 
asbestos, and Tables 5, 6, and 7 for metals and TPH).  Based on EPA guidance (EPA, 2008), asbestos was 
selected as a COPC because it was detected in samples collected at the site.   
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Metals data were screened against site-specific background concentrations.  Metals concentrations that 
exceeded their respective background concentrations were retained as COPCs and further evaluated in the 
SRE, whereas metals not detected in any sample for a given medium or detected at concentrations less 
than the background concentrations, were removed from the risk evaluation as a COPC. 

One background soil sample (sample PA-BG-SS-01) was collected as part of the 2012 sampling event to 
establish background concentrations for metals at the site.  The background sample was not used to screen 
for asbestos at the site because asbestos had been previously established as present at the site.  Results of 
soil, waste rock and tailings samples were screened against the site-specific background concentrations for 
13 metals (arsenic, barium, cadmium, chromium, cobalt, copper, lead, magnesium, manganese, mercury, 
nickel, selenium, uranium, and zinc) (Table 5).  Based on the background screening results, arsenic, 
cadmium, chromium, cobalt, copper, lead, manganese, nickel, uranium, and zinc were retained as COPCs 
in soil and waste for further analysis in the SRE.  Although magnesium was detected in soil and waste 
samples at concentrations exceeding background, it was eliminated for further assessment in the SRE 
because it is an essential nutrient9.  Table 5 compares the data for soil and waste samples against the 
background concentrations. 

Three background sediment samples (samples PA-UT-SD-01, PA-MT-SD-01, and PA-PT-SD-01) were 
collected to establish background concentrations for metals at the site.  As discussed in Section 3.2.3.2, 
downstream sediment samples were not collected because the downstream areas could not be accessed; 
therefore, metals results for upstream background samples and downstream samples could not be 
compared.  However, metals that were detected in the upstream samples were carried forward for further 
evaluation in the SRE.  Metals detected in sediment included barium, chromium, cobalt, copper, lead, 
manganese, nickel, and zinc.  Although magnesium was detected in sediment, it was eliminated for further 
assessment in the SRE because it is an essential nutrient.  Table 6 summarizes the metals results for 
sediment. 

Background concentrations were not established for metals in surface water and groundwater.  As a 
result, all detected metals were selected as COPCs for further evaluation in the SRE for surface water and 
groundwater.  Metals detected in surface water and groundwater included barium, copper, and 
manganese.  Table 7 summarizes the metals results for surface water and groundwater. 

Background concentrations do not exist for TPH, so TPH was selected as a COPC and further evaluated in 
the SRE.  Tables 5 and 7 summarize the TPH results for soil and water, respectively. 

9 Removing magnesium from consideration as a COPC because it is an essential nutrient is standard risk assessment practice and 
is consistent with EPA guidance (EPA, 2000a), which states: “… chemicals which may be eliminated based on essential nutrients 
are calcium, chloride, iodine, magnesium, phosphorus, potassium, and sodium.” 
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4.2. SITE CONCEPTUAL EXPOSURE MODEL 

The SCEM is a descriptive and graphical presentation of the physical, chemical, and biological 
relationships between sources of contaminants and potentially exposed populations.  Figures 10 and 11 
present the SCEM for asbestos and metals and TPH at the Phillips Asbestos Mine Site.  As shown on 
Figure 10, the primary source of asbestos contamination is from buildings and waste rock at the site.  As 
shown on Figure 11, the primary source of metals and TPH contamination is from waste rock and 
generator use.  The primary release mechanisms asbestos and metals and TPH are weathering and 
demolition of building materials, handling and crushing of rock during mining operations, erosion, and 
spills and leaks from the site generator. 

The transport mechanisms are the physical means by which the source materials are transported to the 
potential exposure media.  Potential transport mechanisms at the site include airborne dust, leaching and 
infiltration, erosion and runoff, and deposition of source materials.  Potential exposure media at the site 
include particulates in air, surface and subsurface soil, groundwater, surface water, and sediment. 

The potential routes of exposure to asbestos, as well as metals and TPH, are inhalation of particulates; 
ingestion and direct contact with surface and subsurface soil, surface water, and sediment; and ingestion 
of groundwater.  The only complete pathway at the site to human and ecological receptors is inhalation of 
asbestos fibers in air.   

All other exposure pathways are insignificant or incomplete.  Inhalation of metals and TPH is considered 
a potentially complete but insignificant pathway because human receptors are unlikely to disturb surface 
soil at the site for long durations of time.  Although inhalation is a possible exposure route for ecological 
receptors, under most exposure conditions, inhalation pathways do not contribute significantly to risk to 
ecological receptors (EPA, 2005).  Incidental ingestion of asbestos or metals and TPH in surface soil is 
potentially complete but considered insignificant and not to be quantified because human and ecological 
receptors are unlikely to ingest site soil.  Additionally, EPA has not established a dose-response 
relationship for ingestion of asbestos and increased cancer risk or a dose-response relationship for 
noncancer health effects.  Ingestion and dermal exposure to asbestos and metals and TPH in subsurface 
soil is considered an incomplete pathway because site visitors and ecological receptors are unlikely to 
come in contact with subsurface soil and controls would be implemented to protect future construction 
workers during a removal action.  Ingestion and direct contact of site visitors with groundwater, surface 
water, and sediment are considered potentially complete but insignificant pathways because groundwater 
is more than 100 feet below the ground surface and the site is dry most of the year.  The potential 
exposure route of asbestos to humans or wildlife via surface water is considered insignificant.  However, 
as a conservative measure, risks to human health from asbestos in surface water are qualitatively 
evaluated to assess the data gaps discussed in Section 3.2.3.3. 

C:\Users\Plovato\Documents\Public-Forests\R3\Tonto\2013 Draft EECA_Phillips (3).Docx 

4-3 



Section 4 Streamlined Risk Evaluation 

Based on the current and future land use at the site, the potential human receptors include recreational 
visitors (i.e., hikers and ATV riders on site and possibly river rafters downstream), future construction 
workers, and Forest Service personnel.  Because the site is in a remote location, residential development 
is unlikely; therefore, the risk of long-term exposure of humans to contaminants at the site is considered 
low.  Potential ecological receptors at the site include terrestrial wildlife (birds, invertebrates, reptiles, and 
mammals).  Species identified within the vicinity of the project area are presented in Section 2.3.4 and 
Table 2.  

4.3. RISK SCREENING 

Potential risks to human receptors from asbestos were evaluated by quantifying risks based on asbestos 
concentrations in air samples collected during activity-based sampling.  Potential risks to human and 
ecological receptors to metals and TPH were evaluated by comparing concentrations in each medium 
(soil, waste material, and water) with appropriate screening benchmarks developed for protection of 
human health and the environment.  COPC results that exceeded screening benchmarks were retained as 
chemicals of concern (COCs).   

The following sections summarize the results of the SRE for human and ecological receptors. 

4.3.1. Human Receptors 

This section describes the SRE of potential risks to human receptors from asbestos and metals and TPH in 
soil, waste materials, and surface water at the Phillips Asbestos Mine Site. 

4.3.1.1. Asbestos 

Ambient air and activity-based air samples were collected at the Phillips Asbestos Mine Site to evaluate 
the potential risk to site visitors during various activities that could occur on the site (as presented in 
Section 3.2.1.1).  As discussed previously, only the air pathway is quantitatively evaluated in the SRE for 
asbestos in soil and waste materials.  In addition, a qualitative risk evaluation was conducted to evaluate 
the potential risk from asbestos fibers from the Philips Asbestos Mine Site entering the Salt River through 
erosion.  

Air Pathway 

EPA’s “Framework for Investigating Asbestos-Contaminated Superfund Sites” identifies procedures to 
calculate the time weighting factor (TWF) for various exposure scenarios and the inhalation unit risk 
(IUR) for less-than-lifetime exposure scenarios (EPA, 2008).  The TWF is calculated as the percentage of 
time a receptor would spend on site within a year.  The basic equation for calculating the ELCR from 
exposure to asbestos is: 

Risk (ELCR) = EPC × TWF × IUR (Equation 4-1) 
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where: 

ELCR  =  excess lifetime cancer risk, which is the risk of developing cancer as a result of 
site-related exposure 

EPC  =  exposure point concentration, the concentration of asbestos in air (str/cc) for the 
specific activity being assessed 

TWF  =  time weighting factor for the scenario being assessed  
IUR  =  inhalation unit risk (str/cc)-1, corresponding to the age at first exposure and 

exposure duration for the exposure scenario 

To ensure that data quality (i.e., sensitivity) met the requirements of the SRE, equation 4-1 was 
rearranged to calculate an exposure point concentration (EPC) equivalent to the desired sensitivity as 
follows: 

EPC (str/cc) = Target Risk / (TWF × IUR) (Equation 4-2) 

Based upon recreational use of the site, it is likely that a recreational receptor (hikers or ATV riders) 
would use the site for 2.5 hours per day, 20 days per year (a total of 50 hours per year).  As a conservative 
measure, the risk calculations assumed that a recreational receptor would use the site for a total of 156 
hours per year, resulting in a TWF of 0.018, consistent with EPA guidance (Table 1 in EPA, 2008).  It 
was further assumed that the age of first exposure for recreational receptor is 10 years, with the exposure 
duration being 20 years, resulting in an IUR of 0.094 (str/cc)-1 (Table 2 in EPA, 2008).  Using an ELCR 
of 1 × 10-6, which is the lower end of EPA’s risk management range, the required sensitivity was 
calculated to be 0.002 str/cc.  All data from the activity-based sampling met the recalculated sensitivity 
and are considered usable. 

Using the data presented in Table 3, the risks from exposure of human receptors to asbestos were 
quantitatively assessed.  Equation 4-1 was used to calculate the estimated ELCR from exposure to 
asbestos for likely receptors at the Phillips Asbestos Mine Site.  Table 8 summarizes the results of the 
evaluation of risk to human health from exposure to asbestos. 

As presented in Table 8, asbestos was detected in three activity-based air samples collected in Subarea 2, 
and one sample collected in Subarea 3.  Asbestos concentrations in the activity-based air samples in 
Subarea 2 ranged from 0.0180 str/cc in sample PA-MA-AM-05 to 0.0385 str/cc in sample PA-MA-AM-
02, with the estimated ELCR ranging from 3.0 × 10-7 to 6.5 × 10-7.  Asbestos was detected at a 
concentration of 0.0175 str/cc in sample PA-UW-AM-04 in Subarea 3, with an estimated ELCR of 3.2 × 
10-7.  Additionally, the laboratory analyst found asbestos structures (one to three fibers) in eight other 
samples.  As discussed in Section 3.2.4.1, because the results of the TEM analysis are statistical and a 
relatively small area of the sample is observed for asbestos, a certain number of asbestos fibers must be 
observed to reliably extrapolate the concentration across the entire sample.  Additionally, the sample 
results with observed asbestos structures with nonreportable concentrations of asbestos were compared to 
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a calculated risk-based EPC.  Using Equation 4-2 an EPC of 0.06 str/cc correlates to a cancer risk of 1 × 
10-4, the upper end of the risk management range.  Conservatively assuming that the reporting limit is 
equal to the actual concentration of asbestos, results for all eight samples are less than the risk 
management range. 

As discussed in Section 3.2.2.2, soil samples were also analyzed directly for asbestos.  Table 4 
summarizes the soil sample results.  Currently, no available methods can reliably predict the 
concentration of asbestos in air based on concentrations in soil (EPA, 2008).  However, some amount of 
risk is assumed to exist wherever asbestos is present in soil.  As indicated by EPA, disturbance of 
contaminated soil and other bulk materials at concentrations less than the detection level of currently 
available methods may still result in potentially hazardous airborne exposures (EPA, 2008).   

While activity-based sample results can be used to identify a quantitative level of risk associated with 
asbestos at Subarea 2 and Subarea 3, a qualitative assessment of risk associated with other areas of the 
site can be conducted in areas where asbestos was identified in soil and could potentially contribute to 
asbestos concentrations in air.  Asbestos was detected at concentrations of at least 0.25 percent in all four 
accessible site areas and along ATV Route 1.  Two of the seven soil samples collected along ATV Route 
1 contained asbestos.  Those two samples, however, coincide with parts of the route that crossed Subareas 
1 and 2, so the results were considered indicative of asbestos detections within Subareas 1 and2 rather 
than along the portions of the road connecting the two areas.  Asbestos was not detected in soil samples 
collected along ATV route 2.  Figure 9 shows the sample locations for ATV Routes 1 and 2.  
Concentrations in excess of 0.25 percent were detected at Subarea 1 (in the sample collected as part of 
ATV route 1), Subareas 2 and 3.  Concentrations did not exceed 1 percent at Subarea 5 or in the 
background sampling area.  Sample locations are presented on Figures 3, 4, 5, 7, 8, and 9.  No samples 
were collected in Subarea 4, due to the inaccessible nature of the area.  

Surface Water Pathway 

To evaluate the potential risk to human health from asbestos fibers in surface water at the Philips 
Asbestos Mine Site, concentrations of asbestos in surface water were compared with existing regulatory 
benchmarks.  As discussed in Section 3.2.2.2, one surface water sample (PA-MT-SW-01) was collected 
from the Mill Tributary above the Mill Area and analyzed for asbestos.  No additional surface water 
samples were collected because water was not present or the tributaries were not accessible.  Asbestos 
was not detected at concentrations greater than the laboratory reporting limit of 24 MFL in the sample 
(further discussion of the reporting limit for this sample are presented in Section 3.2.3.3).   

Subareas 4 and 5 are the primary contributors of asbestos to downstream or downgradient areas where 
humans may be exposed via the surface water pathway.  As a result, concentrations of asbestos fibers in 
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surface water were qualitatively evaluated to assess the potential risk to humans.  The qualitative10 
evaluation consisted of the following steps: 

▪ Review existing literature to identify available surface water or sediment benchmarks for 
comparison purposes 

▪ Review existing literature for toxicological information on ingestion of asbestos in water and 
likely risks 

▪ Review regional data from other sources of asbestos similar to those at the Phillips Asbestos 
Mines Site to approximate the concentrations of asbestos that could migrate from waste piles at 
the site to surface water 

Identification of Surface Water and Sediment Benchmarks 

Based on a review of available literature, no surface water or sediment benchmarks exist for asbestos.  
The only water benchmark identified for asbestos is the EPA’s maximum contaminant level goal (MCLG) 
for asbestos in drinking water, which is 7 MFL for fibers greater than 10 µm in length (ATSDR, 2001).  
As defined by EPA, MCLGs are the “level of a contaminant in drinking water below which there is no 
known or expected risk to health.  MCLGs allow for a margin of safety and are non-enforceable public 
health goals” (EPA, 2013a).  Specifically, the potential health effects from long-term exposure to asbestos 
above the MCLG include “increased risk of developing benign intestinal polyps” (EPA, 2013b).  Based 
on the equation used to derive the MCLG, a person is assumed to consume 2 liters of water every day 
over the course of 1 year for a lifetime.  However, it is unlikely that recreational users (e.g., river rafters, 
swimmers, or boaters) of the Salt River would ingest 2 liters of unfiltered river water per day because (1) 
they would be using the river seasonally and not 12 months of the year, (2) they would not be using 
unfiltered river water as their drinking water source, and (3) ingestion of river water would be incidental 
(e.g., swallowing water while swimming in the river)11.  It is more likely that recreational visitors would 
ingest 0.2 liters or fewer per day.  Because the MCLG is considered a safe exposure level and is based on 
the amount of water consumed, no adverse health effects are expected if less than 2 liters of water per day 
is consumed, even if the concentration of asbestos in the water is higher.  For example, if water 

10 Because no data are available for surface water or sediment downstream of the site, this qualitative evaluation makes 
conservative assumptions to evaluate a worst-case scenario.  It is standard practice to make worst-case assumptions in the 
absence of data.  If future data become available, the conclusions of this qualitative assessment may be revised. 
11 Although the Salt River is not designated as a drinking water source, it is possible that some recreational users (e.g., river 
rafters) drink water from the Salt River that they filter themselves through portable filtration systems such as the Platypus Gravity 
Works filter system produced by Cascade Designs, Inc.  These personal-use filters are typically capable of filtering particulates to 
0.2 µm.  The MCLG for asbestos drinking water is based on particles that are 10 µm in diameter or greater (ATSDR, 2001).  
Because asbestos fibers are elongate, they are further defined by their aspect ratio.  Asbestos fibers are defined as having aspect 
ratios of between 3:1 and 5:1 (ASTDR, 2001).  Thus, the minimum asbestos particle size of concern in drinking water is assumed 
to be 3 µm, an order of magnitude larger than the typical filtration capability (0.2 µm) of a standard backcountry water filter.  
Although this EE/CA does not evaluate potential risks to recreational users who choose to consume non-potable water from the 
Salt River, it is assumed that any such users would use a portable filtration device that would eliminate asbestos fibers larger than 
0.2 µm, thereby eliminating potential exposure to harmful asbestos fibers (fibers that fall within the range identified by EPA in 
developing the MCLG). 
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consumption was 0.2 liters per day rather than 2 liters per day, a human receptor would be able to 
consume water with a concentration of 70 MFL with no significant adverse health effects (i.e., a risk 
corresponding to 1 × 10-6).  Based on the concentrations of asbestos present at the site and the distance 
from the site to the Salt River, it is very unlikely that the site is contributing asbestos to the Salt River at 
concentrations in excess of 70 MFL. 

For sediment, the possibility exists that asbestos from the site could travel downstream and be deposited 
as beach sand along the banks of the Salt River, where recreational users (e.g., river rafters or hikers) 
could come into contact with it.  The primary exposure route of concern at these locations would be 
inhalation of asbestos fibers present in beach sands.  While it is not possible to quantify the amount of 
asbestos likely to be transported and deposited in this manner, it is very unlikely that concentrations 
downstream would exceed those in waste piles (source materials) present on site.  It is conservative to 
assume that concentrations downstream equal those at the site.  No detections of asbestos in activity-
based air samples from the site exceeded the risk management range (see Air Pathway discussion above).  
Therefore, no risk from site-derived asbestos12 is likely to be present downstream from these locations, in 
areas where material sourced from the piles is being redeposited. 

Toxicological Information on Ingestion of Asbestos in Water 

While the health hazards associated with the inhalation of asbestos have been widely publicized and are 
well known, a link between ingestion of asbestos in drinking water and adverse health effects has not 
been established.  The World Health Organization (WHO) has stated that “although asbestos is a known 
human carcinogen by the inhalation route, available epidemiological studies do not support the hypothesis 
that an increased cancer risk is associated with the ingestion of asbestos in drinking water.  Moreover, in 
extensive feeding studies in animals, asbestos has not consistently increased the incidence of tumors of 
the gastrointestinal tract.  There is therefore no consistent, convincing evidence that ingested asbestos is 
hazardous to human health…” (WHO, 2003).  This conclusion is consistent with conclusions from the 
Arizona Geological Survey that the risk from ingestion of water is negligible compared to the risk from 
inhalation (Arizona Geological Survey, 2003). 

Review of Regional Asbestos Data 

Based on the lack of available site-specific data for surface water, additional research was conducted to 
qualitatively evaluate the potential for asbestos to erode from waste piles to the Salt River, which is 
located approximately 1 mile downstream of the site.  The purpose of the evaluation was to establish a 
range of concentrations of asbestos in regional surface water that could be used to qualitatively identify 
the typical concentration of asbestos in surface water downstream of the site.  Based on a review of 
available data, concentrations of asbestos fibers in waters of the U.S. vary widely, with most areas having 

12 This does not mean no risk from asbestos inhalation exists downstream.  Other sources of asbestos may contribute fibers to the 
Salt River and its beaches.  The scope of this EE/CA does not include evaluating all potential upgradient sources of asbestos to 
the Salt River. 
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Section 4 Streamlined Risk Evaluation 

concentrations less than 1 MFL (ATSDR, 2001).  However, higher concentrations have been reported at 
sites contaminated by erosion from natural asbestos deposits or from mining operations.  At such sites, 
asbestos fibers in water ranged from 1 to 100 MFL or higher (ATSDR, 2001).  Similar to those sites, the 
area of the Philips Asbestos Mine Site has higher known concentrations of asbestos that are likely to 
erode to surface water.  The primary areas of the site where asbestos is likely to enter surface water are 
the Phillips Canyon Tributary and the Mill Tributary.  At the Phillips Canyon Tributary, waste piles were 
observed to be in direct contact with the canyon floor (i.e., the surface water pathway).  At the Mill 
Tributary, waste piles from the Lower Workings Area are eroding down the cliff face.  Asbestos in water 
may be further transported from these tributaries downstream to the Salt River.  Because the canyons 
draining the Phillips Canyon Workings Area are dry much of the year, it is likely that elevated asbestos 
concentrations in surface water only occur during the wet season (January through March) or the 
monsoon season (July through September), when water is more likely to flow in the canyons.  

Although some asbestos-containing sediment may be transported to the canyons draining the site and 
eventually to the Salt River, it is not likely that human receptors in these canyons would be exposed to 
asbestos at concentrations that would pose a health concern, as discussed above.  

Qualitative Evaluation of Risk from Ingestion of Surface Water 

Asbestos fibers are insoluble and tend to settle out of water and deposit in soil or sediment 
(ATSDR, 2001).  Longer asbestos fibers (greater than 10 µm long), which are heavy, would settle out in 
soil or sediment more readily and travel over shorter distances.  Shorter fibers (less than 10 µm in length), 
which are light, would stay suspended in the water and travel over farther distances.  The MCLG for 
asbestos is based on fibers longer than 10 µm, because shorter fibers are not linked to adverse health 
effects in water (ATSDR, 2001; EPA, 2013c).   

Assuming a worst-case scenario, if a concentration of 100 MFL or more is released from wastes piles 
along the Phillips Canyon Tributary in contact with the canyon floor, the concentration is likely to be 
much lower at the point where the tributary converges with the Salt River (about 1 mile downstream).  
Asbestos concentrations would be even lower once they reach the nearest surface water intake (i.e., Lake 
Roosevelt Reservoir, approximately 50 miles downstream), which is where the MCGL would be an 
appropriate benchmark.  In addition, any asbestos still suspended in water by the time it reaches the 
drinking water intake would be highly diluted by other sources of water contributing to the Salt River and 
the Lake Roosevelt Reservoir.  For these reasons, as well as the conclusion that recreational users would 
ingest less than 0.2 liters of unfiltered river water per day, it is unlikely for asbestos from the site to be 
present in excess of 70 MFL in downstream surface water.  The results of this qualitative assessment, 
based on worst-case assumptions, indicate that asbestos from the site is not migrating downstream at 
harmful concentrations either in water or in sediment (beach deposits). 
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Section 4 Streamlined Risk Evaluation 

4.3.1.2. Metals and TPH 

Because the primary human receptors at the site are recreational users (i.e., hikers and ATV riders), the 
following benchmarks were selected as the most appropriate to screen risk to human health from exposure 
to metals and TPH in soil and waste, sediment, surface water, and groundwater at the Phillips Asbestos 
Mine Site: 

▪ Primary soil and sediment screening criteria: Arizona non-residential soil remediation levels13.  
These criteria were selected because the site is not residential. 

▪ Secondary soil and sediment screening criteria: Bureau of Land Management (BLM) risk 
management criteria (RMC) for campers and ATV riders (BLM, 2004).  These criteria were 
selected because the site is used for recreational purposes.  BLM RMC are not available for 
hikers, and the camper RMC is the most conservative (i.e., protective) nonresidential criteria.  
ATV riders are included because they are known to use the area. 

▪ Primary surface and groundwater screening criteria:  EPA Region 9 regional screening levels 
for tap water (EPA, 2012b).  These criteria were selected because no Arizona specific criteria 
have been developed.  

▪ Secondary surface and groundwater screening criteria: BLM RMC for surface water and 
groundwater for campers and workers (BLM, 2004).  These criteria were selected because the site 
is used for recreational purposes.  BLM RMC are not available for hikers, and the camper RMC 
is the most conservative (i.e., protective) nonresidential criteria.  Screening criteria for workers 
was included as an additional point of comparison for risk screening.  

As a conservative approach, the lowest available screening criteria were used to screen risk to human 
health.  When a chemical concentration exceeded the lowest screening criterion, then it was identified as a 
COC.  Based on the SRE results, metals (except for magnesium and manganese) and TPH were less than 
their respective screening criteria, thus they were not identified as site COCs.  Magnesium does not have 
any published risk-based criteria because it is considered an essential nutrient.   

Manganese concentrations in groundwater exceeded the BLM RMC but were less than the EPA’s RSL 
for tap water, thus manganese is not considered a COC.  Manganese concentrations in surface water from 
Subarea 2 exceeded the BLM RMC and EPA’s RSL for tap water in the unfiltered surface water sample 
collected from Subarea 2.  The filtered sample did not contain elevated concentrations of manganese.  It is 
likely that manganese detected in surface water at this location is sorbed to particulates present in the 
unfiltered sample.  Because humans are unlikely to ingest unfiltered water at this location, manganese is 
not considered a COC.  Tables 5, 6, and 7 present the results of the screening evaluation for risk to human 
health from exposure to metals and TPH in soil and waste, sediment, and surface water and groundwater. 

13 http://www.azsos.gov/public_services/Title_18/18-07.htm 
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Section 4 Streamlined Risk Evaluation 

4.3.2. Ecological Receptors 

Asbestos screening criteria for ecological receptors have not yet been developed; therefore, a SRE was 
not performed for exposure of ecological receptors to asbestos.  Based on the ecological receptors (birds, 
invertebrates, reptiles, and mammals) identified in the SCEM, the following screening criteria were 
selected as the most appropriate to screen risk to ecological receptors from metals and TPH at the Phillips 
Asbestos Mine Site: 

▪ BLM RMC for protection of wildlife (specifically the deer mouse and median wildlife) 
(BLM, 2004) 

▪ EPA’s ecological soil screening levels for invertebrates, birds, and mammals (EPA, 2012a) 

The lowest available ecological screening criteria were used for screening purposes.  Based on the SRE 
results, metals (except for copper) and TPH concentrations were less than their respective screening 
benchmarks in soil or waste material, sediment, surface water, or groundwater (Tables 5, 6 and 7).  
Copper was detected in one unfiltered surface water sample at a concentration exceeding the EPA 
freshwater aquatic life exposure for chronic exposure, but not for acute exposure.  The concentration of 
copper detected was 0.011 mg/L, while the chronic exposure benchmark is 0.009 mg/L.  Based on the low 
magnitude of this exceedance, and the fact that wildlife are likely to use this tributary intermittently (i.e., 
the tributary does not provide year-round habitat to fish, birds, or mammals), copper is not considered a 
COC at the site. 

4.3.3. Streamlined Risk Evaluation Conclusions 

The following sections present the conclusions of the SRE for asbestos and metals and TPH at the Phillips 
Asbestos Mine Site. 

4.3.3.1. Asbestos 

Based on the results of the SRE, asbestos fibers in air in Subareas 2 and 3 are likely to pose unacceptable 
risk to human receptors.  The risk to human receptors is highest in Subarea 2, where asbestos was 
detected in three of the five activity-based samples.  In addition, asbestos was detected in soil samples in 
Subarea 2 at concentrations of 0.50 to 9.50 percent.  It is likely that disturbing soil in these areas has the 
potential to release more asbestos fibers than activities in other areas of the site. 

At Subarea 3, asbestos was detected in one of five activity-based air samples.  Asbestos was detected in 
two soil samples at Subarea 3 at low concentrations of 0.25 to 0.50 percent.  Three waste rock samples 
were collected from the largest and most accessible waste pile at Subarea 3.  Asbestos was detected in all 
three waste rock samples at concentrations ranging from 2.25 to 13.75 percent.  Samples were not 
collected from the three small waste rock piles in Subarea 3.  These piles are not considered to be a 
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significant risk at the site because they are difficult to access and were not observed to be eroding into 
waterways.   

No waste or activity-based samples were collected from Subarea 4 because most of the area was 
inaccessible and no waste piles were identified in the accessible portion of the AOC.  Additionally, 
asbestos was detected at low concentrations in waste material at Subarea 5 (0.25 percent), but no activity-
based samples were collected in this area because it could not be safely accessed.  Because field personnel 
could not access these areas, it is also unlikely they would be accessible to recreational visitors.  
Additionally, the likelihood that asbestos fibers would be released to the air in either of these areas is very 
low.  As presented in Section 4.3.1.1, asbestos in these areas is not likely to be transported via the surface 
water pathway at concentrations that would pose a threat to recreational visitors using the Salt River or 
negatively affect drinking water supplies at Lake Roosevelt (50 miles downstream). 

Although no asbestos was detected in air samples at Subarea 1, low concentrations of asbestos were found 
in soil.  The absence of measurable concentrations of asbestos in air could indicate that no risk is 
associated with this AOC.  However, risk may still be associated with this area because there is no 
reliable way to fully assess the direct exposure risk where low concentrations of asbestos are found in 
soil.  In addition, asbestos has been identified in buildings at Subarea 1 that pose risk to site visitors.  
Subarea 1 is also one of the most accessible areas of the site, which may increase the risk of exposure to 
asbestos.  

Based on the results of the SRE, an unacceptable risk is posed to humans in Subareas 1, 2, and 3.  
Therefore, these areas are retained in this EE/CA for evaluation of removal action alternatives.  Subareas 
4 and 5 are eliminated from analysis for removal action alternatives because risk to human health in these 
AOCs is minimal, while the cost to access and remove the waste materials in these areas and danger 
caused by the steep cliff sides are high (Section 4.3.1.1). 

4.3.3.2. Metals and TPH 

The SRE concluded that metals and TPH in soil and waste material, sediment, and surface water and 
groundwater at the Phillips Asbestos Mine Site do not pose an unacceptable risk to human and ecological 
receptors.  Sediment samples downstream from the site could not be collected because of the steep terrain, 
so the risk to human and ecological receptors in downstream sediments could not be evaluated.  However, 
given the terrain and the lack of access, it is not likely that human and ecological receptors would be 
directly exposed to sediment or surface water immediately downstream of the site.  No action is required 
to address metals and TPH in soil and waste material, sediment, and surface water and groundwater. 
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Section 5. Identification of Removal Action Goals 
and Objectives 

The purpose of this EE/CA is to develop and analyze removal action alternatives in accordance with 
CERCLA and to recommend a removal action alternative that is protective of human health and the 
environment and compliant with ARARs.  The removal action alternative will be selected in an Action 
Memorandum, which is to be prepared by the lead federal agency (i.e., the Forest Service).  The following 
sections describe the removal action goals and RAOs for the Phillips Asbestos Mine Site, as well as the 
removal action schedule.  The goals for the site may be altered following the submittal of this EE/CA, if 
additional information becomes available from stakeholders or other interested parties that requires 
reevaluation of the RAOs.  As such, the final removal action goals and RAOs will reflect the alterations 
and refinements, if any, and will be defined in the Action Memorandum. 

5.1. REMOVAL ACTION GOALS AND OBJECTIVES 

Based on the results of the SRE, the overall goal of the removal action is to minimize risks posed to 
human health from asbestos in soil, waste material, and building materials at the Phillips Asbestos Mine 
Site.  In addition, open adits identified at the site pose a risk to site visitors.  The following preliminary 
RAOs were developed to reduce the risks to human receptors at the site:   

▪ Reduce exposure of humans to asbestos fibers released from soil, waste material, and building 
materials at Subareas 1, 2, and 3. 

▪ Reduce the exposure of humans to physical hazards and asbestos at former site features such as 
open adits.   

These objectives will be achieved through attainment of the ARAR-based and risk-based goals.  The 
NTCRA in this EE/CA would cleanup asbestos to a level that is protective of human health based on the 
nonresidential and recreational use of the site.  The primary source materials (i.e., soil, waste material, 
and building materials) contain the highest concentrations of asbestos at the site.  Therefore, the scope of 
the removal action focuses on the removal of primary source materials. 

5.2. CLEANUP ACTION LEVELS 

Based on results of the SRE, asbestos in waste material, soil, and building materials pose a potential risk 
to human receptors at Subareas 1, 2, and 3.  Asbestos was detected at other areas of the site in soil but was 
not detected in activity-based air samples.  Regulatory standards and risk-based screening concentrations, 
along with site use considerations, were used to develop the cleanup action levels.  The cleanup action 
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levels deemed most appropriate for the site were based on reducing risks to acceptable levels for humans 
that could potentially use the site.   

Asbestos was detected in soil samples collected from Subareas 1, 2, and 3 and ATV Route 1.  However, 
reportable concentrations of asbestos were only detected in activity-based air samples collected within 
Subareas 2 and 3, which are also the only areas where asbestos in soil was detected at concentrations 
greater than 1 percent.  The results of the risk evaluation indicate that, although asbestos may be present 
in soil, no significant risk is posed to potential receptors from asbestos at low concentrations (less than or 
equal to 1 percent).  In addition, the site is an area of naturally occurring asbestos, and asbestos fibers 
were reported in background samples.  To eliminate risk to human receptors, a cleanup level of 1 percent 
detected asbestos fibers in soil has been selected for use at this site.  The only asbestos detected in the 
background area was in background sample PA-AM-BG-02 at a concentration below the detection limit 
(of less than 0.0175 str/cc).  This value was selected as a concentration that reflects site background 
conditions and was deemed appropriate for use as the cleanup action level for air.  

No cleanup action levels for ecological receptors have been selected because insufficient data exist to 
evaluate at what concentrations ecological communities may be exposed to asbestos or how asbestos may 
affect ecological receptors.  However, compliance with the cleanup action levels for human health (less 
than 1 percent asbestos in soil and less than 0.0175 str/cc in air) is considered sufficient for protection of 
ecological receptors.  

5.3. REMOVAL SCHEDULE 

The Forest Service has determined that an NTCRA is appropriate at the site.  The NTCRA process could 
begin within 3 months following approval of this EE/CA.  Based on past experience with implementation 
of removal actions similar to those proposed in this EE/CA and the volume of material to be removed, it 
is estimated that the removal action will require up to approximately 5 months to implement.  Actual 
duration of the removal action will depend on the final project requirements and scope of work. 
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Section 6. Applicable or Relevant and Appropriate 
Requirements  

Section 300.415(j) of the NCP provides that removal actions must attain ARARs to the extent practical, 
considering the exigencies of the situation.   

Applicable requirements are those cleanup standards, standards of control, and other substantive 
environmental protection requirements, criteria, or limitations promulgated under federal or state law that 
specifically address the situation at a CERCLA site.  The requirement is applicable if the jurisdictional 
prerequisites of the law or regulation directly address the circumstances at the site.  An applicable federal 
requirement is considered an ARAR.  An applicable state requirement is an ARAR only if it is more 
stringent than federal ARARs. 

If the requirement is not legally applicable, then the requirement is evaluated to determine whether it is 
relevant and appropriate.  Relevant and appropriate requirements are those cleanup criteria or limitations 
promulgated under federal or state law that, while not applicable, address problems or situations similar to 
the circumstances of the proposed removal action and are well suited to the conditions of the site 
(EPA, 1988).  A requirement must be determined to be both relevant and appropriate to be considered an 
ARAR. 

To qualify as a state ARAR under CERCLA and the NCP, a state requirement must be a promulgated 
law, substantive, consistently applied, and more stringent than a federal requirement.  Provisions of 
generally relevant federal and state statutes and regulations that were determined to be procedural or non-
environmental, including permit requirements, are not considered to be ARARs.  Non-promulgated 
advisories or guidance issued by federal or state governments are not legally binding and do not have the 
status of ARARs.  However, such requirements may be useful and are “to be considered” (TBC) for 
guiding decisions regarding cleanup levels or methods when regulatory standards are not available.   

EPA has developed the following three categories of ARARs to assist in the identification of site 
requirements:  (1) chemical-specific, (2) location-specific, (3) and action-specific.  EPA guidance 
recognizes that some requirements do not fall neatly into this classification; however, the following 
definitions provide a general guideline for each of these categories: 

  

C:\Users\Plovato\Documents\Public-Forests\R3\Tonto\2013 Draft EECA_Phillips (3).Docx 

6-1 



Section 6 Applicable or Relevant and Appropriate Requirements  

▪ Chemical-Specific ARARs are usually health- or risk-based numerical values or methodologies 
that, when applied to site-specific conditions, result in the establishment of numeric values (i.e., 
cleanup levels).  These values establish the acceptable amount or concentration of a chemical that 
may be found in or discharged to the ambient environment. 

▪ Location-Specific ARARs are restrictions placed on the concentration of hazardous substances or 
the conduct of activities solely because they occur in special locations.  Location-specific ARARs 
relate to the geographical or physical position of the site (e.g., presence of wetlands, sensitive 
species, floodplains, etc.).  

▪ Action-Specific ARARs are activity-based requirements or limitations on actions taken with 
respect to hazardous substances. 

The federal and state ARARs that are presented in this document are considered to be preliminary.  Other 
federal and state advisories, criteria, or guidance may, as appropriate, be considered in formulating the 
removal action.  Tables 9 through 12 summarize the preliminary potential ARARs for this project. 
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Section 7. Identification and Analysis of Removal 
Action Alternatives 

To identify removal action alternatives for the Phillips Asbestos Mine Site, potential response actions 
were selected based on the RAOs, ARARs, and EPA guidance (EPA, 1993).  The technologies and 
process options specific to the response actions are screened, and the retained technologies and process 
options of each general response action are assembled into removal action alternatives.  The selected 
removal action alternatives are then evaluated with respect to their effectiveness, implementability, and 
cost. 

Based on the guidelines presented in the “Guidance on Conducting Non-Time-Critical Removal Actions 
Under CERCLA” (EPA, 1993), only the most qualified technologies that apply to the media or source of 
contamination should be discussed in the EE/CA.  Limiting the number of alternatives to those that have 
been selected in the past at similar sites or for similar contaminants provides an immediate focus to the 
discussion and selection of alternatives. 

The remainder of this section summarizes the general response actions, presents the evaluation criteria, 
identifies the removal action alternatives, and summarizes the analysis of alternatives with respect to the 
evaluation criteria. 

7.1. GENERAL RESPONSE ACTIONS 

General response actions applicable to the site were identified based on a review of the alternatives used 
at similar mine sites.  Preliminary response actions considered, included no action, institutional controls, 
in-situ treatment, engineering controls, and offsite disposal.  Of these response actions, in-situ treatment 
was not considered a viable response action because no published studies were found where large-scale 
asbestos contamination had successfully been treated on site.  Several published studies documented some 
success at binding asbestos through small-batch in-drum-mixing using binders (e.g., Environment 
Agency, 2004) or through biologic treatment (or “bioweathering”) using a fungi or lichen to enhance 
asbestos breakdown (Daghino et al., 2008; Daghino et al., 2009), although the latter were laboratory-scale 
studies only.  The in-drum-mixing approach was not considered for this site because large quantities of 
asbestos would need to be batched and treated.  The biological treatments were also not deemed 
appropriate because (1) additional study (e.g., treatability studies) would be required to determine whether 
organisms that were studied in the laboratory could be used at full-scale; (2) the fungi and lichen that have 
been shown to break down asbestos at the laboratory-scale are not native to the region of the site, thus 
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these biological treatments would need to be carefully contained and controlled throughout the duration of 
treatment; and (3) the likely duration needed to treat the volume of asbestos present on site in containers 
is considered excessive (tens of years).   

As a result four general response actions were considered for this EE/CA:  

1. No Action 

2. Institutional Controls 

3. Engineering Controls 

4. Offsite Disposal of Source Materials 

The no-action category is retained throughout the evaluation process as required by the NCP to provide a 
baseline for comparison with other alternatives.  Table 13 summarizes the screening of technologies and 
processes associated with the general response actions.  The removal action alternatives were identified 
based on the general response actions and are discussed in Section 7.3. 

7.2. REMOVAL ACTION ALTERNATIVES EVALUATION CRITERIA  

The analysis of removal action alternatives is qualitative in nature and is based on the following three 
evaluation criteria, as recommended by EPA (1993):  effectiveness, implementability, and relative cost.  
The following subsections summarize each criterion. 

7.2.1. Effectiveness 

Alternatives are evaluated for effectiveness based on the following criteria:  

▪ Overall Protection of Human Health and the Environment:  This criterion assesses the ability of 
the alternative to be protective of human health and the environment under present and future 
land use conditions. 

▪ Compliance with ARARs:  Identifies whether or not implementation of the alternative would 
comply with all chemical-specific, action-specific, and location-specific ARARs. 

▪ Long-Term Effectiveness:  This criterion addresses the magnitude of residual risk remaining at 
the conclusion of removal activities.  It addresses the adequacy and reliability of controls 
established by a removal action alternative to maintain reliable protection of human health and 
the environment over time. 

▪ Reduction of Toxicity, Mobility, or Volume through Treatment:  Identifies whether or not 
implementation of the alternative would reduce contaminant toxicity (e.g., reduction of metals), 
mobility, or actual volume of the hazardous substances. 

▪ Short-Term Effectiveness:  This criterion addresses the effects of an alternative during the 
construction and implementation phase until the RAOs are met.  This criterion includes the time 
with which the remedy achieves protectiveness and the potential to create adverse impacts on 
human health and the environment during construction and implementation of the remedy. 
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7.2.2. Implementability 

Alternatives are evaluated for implementability based on the following criteria:  

▪ Technical Feasibility:  Evaluates constructability and operational considerations, as well as 
demonstrated performance/useful life. 

▪ Administrative Feasibility:  Evaluates those activities such as statutory limits, permitting 
requirements, easements and rights of way, and impacts on adjoining property  

▪ Availability of Services and Materials:  Evaluates the availability of qualified contractors to 
provide the necessary services, materials, and equipment (with the preferred technologies being 
those that are commercially developed and readily available, or innovative technologies that have 
been field-tested with documented results).  Also evaluates the availability of disposal facilities 
that are licensed to accept solid and liquid waste classified as hazardous and nonhazardous.   

▪ State Acceptance:  The concurrence of the State of Arizona with the proposed alternatives.  

▪ Community Acceptance:  The acceptance of the proposed alternatives by the community. 

7.2.3. Cost 

Technologies were evaluated based on qualitative costs.  Alternatives with lower costs were preferred if 
the effectiveness and implementability criteria were judged to be similar.  Cost estimates were prepared to 
aid in the evaluation of alternatives using information that is currently available.  These costs are order-
of-magnitude estimates with an intended accuracy of +50 to -30 percent (EPA, 2000b).  These costs are 
not construction bid costs, nor are they final project costs.  Final project costs will depend on actual labor 
and material costs, actual engineering design costs, actual site conditions (including the actual quantities 
of mine waste excavated and the amount of material that may be classified as hazardous waste), 
competitive market conditions, the final project scope, the final project schedule, and other variables.  As 
a result, the final project costs will vary from these estimates. 

7.3. ANALYSIS OF REMOVAL ACTION ALTERNATIVES 

The following removal action alternatives were developed for the Phillips Asbestos Mine Site based on 
the screening of technologies and process options described in Section 7.1: 

▪ Alternative 1:  No action (required under CERCLA). 

▪ Alternative 2:  Institutional and Engineering Controls 

▪ Alternative 3A:  Excavation and Onsite Encapsulation of Source Materials from Subareas 1, 2, 
and 3  

▪ Alternative 3B:  Excavation and Onsite Encapsulation of Source Materials from Subarea 1 and 
Subarea 3, and Consolidation of Soil and Waste Materials and Cap in Place at Subarea 2 

▪ Alternative 4:  Excavation and Offsite Disposal of Source Materials from Subareas 1, 2, and 3 
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Each alternative was analyzed for its capability to reduce the risks detailed in Section 4.  Specifically, the 
alternatives are analyzed for effectiveness, implementability, and cost.  Following the individual analysis 
of alternatives, each removal action alternative was compared against the others (Section 8) to select the 
recommended removal action (Section 9).  

7.3.1. Alternative 1:  No Action 

Under Alternative 1, no removal action would be taken at the site under current or future land use 
scenarios.  As such, the human health risks relating to the site would remain unchanged.  The no-action 
alternative is evaluated as required by the NCP to provide a baseline for comparison with other 
alternatives. 

7.3.1.1. Effectiveness 

Alternative 1 would not provide short-term or long-term protection of public health.  This alternative 
would not comply with ARARs.  The time required to achieve the RAOs is indefinite, and risks to current 
and future receptors would remain indefinitely.  The toxicity, mobility, and volume of contamination at 
the site would not be reduced through treatment and potential receptor exposure pathways would remain 
for current and future receptors 

7.3.1.2. Implementability 

Alternative 1 would be readily technically and administratively feasible, and no services or materials are 
needed for implementation  

7.3.1.3. Cost 

No costs are associated with this alternative.  

7.3.2. Alternative 2:  Institutional and Engineering Controls  

Under Alternative 2, no direct removal action would be taken at the site.  Institutional controls consisting 
of road closures and signage would be used to discourage recreational users from accessing the site.  
Engineering controls such as fences and roadblocks to prevent access to hazardous areas would be 
constructed.  

The road connecting Subarea 3 to Subarea 2 (FR 2298), which passes through Subarea 1, would be 
blocked or obliterated using onsite materials.  Because no asbestos contamination was detected on the 
road, except where it passes through Subareas 1, 2, and 3, only sections of the road that access or cross 
those areas would be blocked.  The section of road immediately to the west of Subarea 2 is in severe 
disrepair and would be fully obliterated by regrading the roadbed to blend with the natural topography 
and placing boulders across the remaining portions of the road.  Similarly, the section of road that allows 
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access to Subarea 3 would be returned to a natural hillslope at a point downslope from all adits and mine 
waste.   

Unlike the other AOCs, Subarea 1 is in a flat area and access to this area is much more difficult to restrict 
through physical means.  This area, which did not have unacceptable levels of airborne asbestos and 
asbestos in soil, would be controlled by closing the road through the Mine Camp with gates at either end 
of the camp and installing fencing around the entire area.  Camp structures would be secured from entry 
by boarding up doorways and windows to prevent unauthorized entry.  Signs illustrating the dangers of 
entry to the site and to site buildings would be placed at access points to this AOC.  Annual inspections 
would be required to ensure that all closures and signage are in place.  

All adits that may be accessed on foot would be secured, either with a foam plug closure or an appropriate 
bat-friendly closure.  Bat surveys should be conducted prior to adit closures to evaluate whether the adits 
currently serve as bat habitat and ensure appropriate bat-friendly closure methods are employed.  

7.3.2.1. Effectiveness 

Institutional and engineering controls would provide overall protection to humans if the controls are 
sufficiently maintained to ensure site visitors do not disturb asbestos-containing materials.  However, 
waste material would remain on site and could be accessed by people climbing over fences and bypassing 
road closures.  Exposure to visitors would not be reduced if site closure measures are breached.  This 
alternative would comply with all chemical-, location-and action-specific ARARs but would not comply 
with the following TBC criterion:  “Framework for Evaluating Asbestos Contaminated CERCLA Sites” 
(EPA, 2008).  The toxicity, mobility, or volume of contamination at site would not be reduced through 
treatment.  Risks to current and future receptors would not be reduced to levels considered protective of 
human health.  This alternative is not considered to be reliable based on accepted industry standards for 
similar projects.  This alternative would not meet the RAO for effectively reducing the exposure of humans 
to asbestos-containing materials at the site.  

Long-term risks to current and future receptors related to asbestos at the site would not be minimized 
because waste would remain in place.  Long-term periodic inspection and maintenance of the site closure 
measures would be required to ensure the long-term integrity of the closures.  Removal activities 
associated with this alternative are not anticipated to have severe or lasting harmful effects on the 
sensitive species at and downstream of the site.  Institutional and engineering controls would not be a 
durable or long-term solution, exposed waste materials would remain on site, and it is likely that site 
visitors would breach the closure measures.    

Construction activities (such as road closures and fence installation) would be implemented using best 
management practices (BMPs) such that short-term impacts to humans (including site construction 
workers) and the environment would be minimized.  Worker protection would be provided during 
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implementation of the remedy through strict adherence to a site-specific safety and health plan.  An 
exclusion zone, a decontamination zone, and a staging zone would be established at the site to reduce 
potential migration of contamination to adjacent areas.  The exclusion zone would encompass the 
contaminated areas, and any persons entering this zone would be required to don the appropriate personal 
protective equipment (PPE).  The decontamination zone would be used to remove contamination from 
equipment and PPE before it is cleared to leave the exclusion zone.  The staging zone is where 
decontaminated equipment would be stored when not in use in the exclusion zone. 

To meet action-specific ARARs, dust generation would be suppressed by applying water and performing 
real-time dust monitoring.  Airborne asbestos is a potential hazard to human health at the site and strict 
controls must be implemented to ensure worker safety during construction.  Real-time dust monitoring 
instrumentation would detect particulate concentrations greater than applicable dust action levels.  
Respiratory protection would be required for all site workers; however, use of water trucks is generally 
highly effective and may eliminate the need to use respiratory protection.  Air monitoring to establish daily 
airborne asbestos levels for various work types may be conducted to establish the effectiveness of dust 
suppression techniques and down grade the level of respiratory protection if warranted.  Airborne dust 
monitoring would be completed using portable hand-held dust monitors to verify and document daily dust-
suppression efforts.  These dust control methods would also reduce the migration of dust onto adjacent 
properties.   

7.3.2.2. Implementability 

This alternative would be technically feasible and services and materials are readily available in the 
vicinity of the site.  This alternative could be implemented in a way that would minimize environmental 
impacts and could be performed within one construction season.  The site access road is in fair condition 
and would likely not require major reconditioning to allow the small-scale equipment required to 
implement the site closure measures identified for Alternative 2.  The services, equipment, and materials 
to implement this alternative are common and would be readily available in the site vicinity within the 
community of Globe, Arizona.  This alternative would also be administratively feasible.  Access 
agreements to cross the adjacent private property may be required, but based on the small scale of the 
removal action, a minimum of equipment and supplies would need to be transported to the site.  Other 
permits, access agreements, and easements are either not required or would be granted by the Forest 
Service, which is both the property owner and is acting as the lead agency in this removal action.  A Work 
Plan, with an associated site-specific health and safety plan, would be required prior to the start of work.  
No impacts to adjacent property are anticipated for this action.     

It is unlikely this alternative would be acceptable to the state and the community because it would limit 
recreational use of a popular recreational area.  In addition, it may not meet the RAOs, if site control 
measures are breached and site visitors are exposed to asbestos.  
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7.3.2.3. Cost 

The estimated total capital cost for implementing this alternative is $797,852.  The long-term total cost for 
implementing this alternative is $1,222,052, with a present value cost of $1,110,932.  Appendix D 
provides the detailed cost estimate.  The following major assumptions were used in developing the cost 
for Alternative 2: 

▪ Site personnel would consist of a site superintendent, a site quality control (QC) engineer who 
would also provide health and safety oversight, and up to two operators and one laborer. 

▪ A bulldozer, tracked skidsteer with grapple bucket, and backhoe would be required to disturb 
roads to block access, install road closure gates, and install perimeter fencing and signage.  Other 
necessary equipment would include a water truck and hand tools. 

▪ Four road closure gates would be installed 

▪ Five post-mounted signs would be installed 

▪ A total of 2,500 feet of fence would be installed around Subarea 1 

▪ A total of 16 accessible adits would be secured (8 adits would be sealed, and 8 adits would be 
secured with appropriate bat-friendly closures).  Bat surveys would be conducted for each adit to 
evaluate whether the adits currently serve as bat habitat and ensure appropriate bat-friendly 
closure methods are employed.  

▪ The estimated duration of field activities is 40 days. 

▪ Biannual inspections of site closure features would be conducted.  

7.3.3. Alternative 3A:  Excavation and Onsite Encapsulation of Source Materials from 
Subareas 1, 2, and 3  

Alternative 3A includes removal and relocation of primary source materials (i.e., soil, waste materials, 
and building materials) and site debris from Subareas 1, 2, and 3 to a designated onsite repository located 
in a flat area west of Subarea 3, between roads FR 382, FR 2290, and FR 473.  Approximately 11,500 
cubic yards of primary source material and site debris would be relocated.  A soil cap would be placed to 
encapsulate the materials to reduce future exposure of humans or wildlife to asbestos in soil and airborne 
asbestos.  Figure 12 shows the proposed repository area in blue. 

In Subarea 1, up to 3 feet of soil would be removed from areas that have been identified as containing 
contaminated asbestos waste (Figure 3), for a total of approximately 600 cubic yards.  The soil would be 
hauled to the repository for encapsulation.  Approximately 200 cubic yards of asbestos-containing 
building materials would be removed from structures and hauled to the repository.  In total, 800 cubic 
yards of source materials would be relocated from Subarea 1 for encapsulation.  Concrete foundations 
would remain in place.  Archaeological surveys would be required prior to site work, and archaeological 
oversight would be required during implementation of the removal action to ensure the protection of any 
archaeological resources identified at the site.   
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In Subarea 2, up to 3 feet of soil would be removed from areas that have been identified as containing 
contaminated asbestos waste (Figure 4), for a total of approximately 5,600 cubic yards.  Archaeological 
surveys would be required prior to site work, and archaeological oversight would be required during 
implementation of the removal action to ensure the protection of any archaeological resources identified 
at the site.  The soil would be hauled to the repository for encapsulation.  Approximately 100 cubic yards 
of asbestos-containing building materials would be removed from the former mill building and hauled to 
the repository.  In total, 5,700 cubic yards of source materials would be relocated for encapsulation.  
Concrete foundations would remain in place.     

In Subarea 3, approximately 5,000 cubic yards of waste material would be removed and hauled to the 
repository for encapsulation.   

All source materials would be removed using an excavator.  Material would be loaded into off-road dump 
trucks and transported to the repository location.  Repairs to the access road (FR 2290) would be required 
to ensure that the waste piles at Subareas 2 and 3 could be accessed.  Road repairs would be completed 
using an excavator and a bulldozer.      

A repository would be constructed at an appropriate location as determined in consultation with the Forest 
Service (Figure 12 shows one possible location for the repository).  An excavator would be used to 
excavate a repository that could receive up to 12,000 cubic yards of source materials.  Because asbestos is 
nonsoluble and nonleachable, no lining, drainage, or leachate collection system would be required for the 
repository.  A brightly colored fabric demarcation layer would be placed between the top of the waste and 
the bottom of the clean cover material to mark the depth of the cap and discourage future site workers 
from exposing the waste material during maintenance activities.  The clean soil removed during 
excavation of the repository would be stockpiled and used as backfill for road repairs (up to 
approximately 12,000 cubic yards) and clean cover material for the repository cap (approximately 
2,000 cubic yards).  The soil cap would consist of at least 2 feet of clean onsite native soil and would be 
graded to closely match natural topography   

Minimal backfilling of the excavated areas would be required to restore, to the degree practicable, the 
natural contours of the areas where material has been removed.  Restoration would be completed using an 
excavator and a bulldozer.  Backfilled material would be compacted with an excavator and covered with 
biodegradable erosion control mat.  Roads that are improved to facilitate the removal of waste material 
would be scarified, water-barred, and seeded after the removal action is completed. 

This alternative would require a final engineering study and design to establish site requirements for the 
onsite repository and to ensure appropriate requirements are met in terms of waste placement and 
capping.  The selection of the exact repository site would consider current drainage patterns, and the 
effect of construction activities on drainage patterns at the site would be evaluated.  Engineering controls 
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such as grading, drainage ditches, and culverts would be used where needed to divert water away from the 
repository and ensure that the repository is not impacted by drainage across the site.  

Future institutional controls may be required to accompany the engineering control design, such as 
placing signs, natural barriers, or fencing around the onsite repository to reduce the potential for erosion 
of the cap by site visitors until permanent vegetation is established.  In addition, annual inspections and 
site operations and maintenance (O&M) of the cap would be conducted in the long-term. 

All adits that could be accessed on foot would be secured, either with a foam plug closure or an 
appropriate bat-friendly closure.  Bat surveys would be conducted for each adit, prior to closure, to 
evaluate whether the adits currently serve as bat habitat and ensure appropriate bat-friendly closure 
methods are employed.  

7.3.3.1. Effectiveness 

Onsite encapsulation of excavated materials would provide overall protection of humans and the 
environment.  Source materials would be encapsulated such that exposure of humans to asbestos would be 
reduced.  This alternative would comply with all chemical-, location-, and action-specific ARARs and 
TBC criteria.  However, detailed planning, as described below, is needed to comply with location-specific 
and action-specific ARARs.  The toxicity, mobility, or volume of contamination at site would not be 
reduced through treatment.  Risks to current and future receptors would be reduced by removing asbestos to 
levels considered protective of human health.  This alternative would be reliable based on accepted industry 
standards for similar projects. 

Long-term risks to current and future receptors related to asbestos at the site would be minimized by 
encapsulating waste and covering it with a 2-foot-thick soil cap.  The finished surface would be smooth, 
compacted, and free from irregular surface changes.  The final grades would provide positive drainage of 
surface water to minimize erosion.  Long-term periodic inspection and maintenance of the soil cap would 
be required to ensure the long-term integrity of the cap (i.e., to ensure that it is not compromised by 
natural erosion or human activities) to provide long-term protection of human health.  Removal activities 
associated with this alternative are not anticipated to have severe or lasting harmful effects on the 
sensitive species at and downstream of the site.  While a soil cover is considered a durable and long-term 
solution, waste materials would remain on site and the risk of a breach of the soil cover would still exist.   

Measures would be implemented to minimize the short-term impacts to waterways at the site.  
Construction activities would be implemented using BMPs such that short-term impacts to humans 
(including site construction workers) and the environment would be minimized.  Worker protection would 
be provided during implementation of the remedy through strict adherence to a site-specific safety and 
health plan.  An exclusion zone, a decontamination zone, and a staging zone would be established at the site 
to reduce potential migration of contamination to adjacent areas.  The exclusion zone would encompass the 

C:\Users\Plovato\Documents\Public-Forests\R3\Tonto\2013 Draft EECA_Phillips (3).Docx 

7-9 



Section 7 Identification and Analysis of Removal Action Alternatives 

contaminated areas, and any persons entering this zone would be required to don the appropriate PPE.  The 
decontamination zone would be used to remove contamination from equipment and PPE before it is cleared 
to leave the exclusion zone.  The staging zone is where decontaminated equipment would be stored when 
not in use in the exclusion zone. 

To meet action-specific ARARs, dust generation would be suppressed by applying water and performing 
real-time dust monitoring.  Airborne asbestos is a potential hazard to human health at the site and strict 
controls must be implemented to ensure worker safety during construction.  Real-time dust monitoring 
instrumentation would detect particulate concentrations greater than applicable dust action levels.  
Respiratory protection would be required for all site workers; however, use of water trucks is generally 
highly effective and may eliminate the need to use respiratory protection.  Air monitoring to establish daily 
airborne asbestos levels for various work types may be conducted to establish the effectiveness of dust 
suppression techniques and down grade the level of respiratory protection if warranted.  Airborne dust 
monitoring would be completed using portable hand-held dust monitors to verify and document daily dust-
suppression efforts.  These dust control methods would also reduce the migration of dust onto otherwise 
undisturbed areas.   

7.3.3.2. Implementability 

This alternative would be technically feasible, and services and materials are readily available in the 
vicinity of the site.  Excavation and onsite encapsulation is a proven method for removing the exposure 
pathway to site receptors and reducing the risk posed to human health and the environment.  This 
alternative could be implemented in a way that would minimize environmental impacts and could be 
performed within one construction season.  Some road repairs would be required to allow heavy 
equipment transported to the site and for import materials to be transported across the site.  The services, 
equipment, and materials to implement this alternative are common and readily available in the site 
vicinity from the community of Globe, Arizona.  This alternative would also be administratively feasible.  
Access agreements to cross the adjacent tribal lands may be required, but neither waste material nor 
backfill material would need to be transported on this section of road so the use of the road would be 
minimal, except for mobilization and demobilization of earthmoving equipment, water trucks, and 
passenger vehicles; if needed, this section of road would be repaired prior to completion of the NTCRA.  
Other permits, access agreements, and easements are either not required or would be granted by the Forest 
Service, which is both the property owner and is acting as the lead agency in this removal action.  A 
Remedial Design and a Work Plan, with an associated sampling and analysis plan and site-specific health 
and safety plan, would be required prior to the start of work.  No impacts to adjacent property are 
anticipated for this action.     

Because mine waste is exempt from waste disposal criteria provided in the Resource Conservation and 
Recovery Act while it is located within a mining area [Title 40 Code of Federal Regulations (CFR) 
Section (§) 261.4(b)(7)], onsite encapsulation of waste materials would not be regulated under hazardous 
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waste disposal and landfill regulations.  However, other federal or state requirements regarding 
appropriate siting, construction, and long-term inspection and maintenance may apply [e.g., regulations 
for corrective action management units at Title 40 CFR Part 264, Subpart S, and § 264.552(c)]. 

The open area west of Subarea 1 would be a suitable location for a repository, with enough capacity to 
accept the estimated volume of waste material (11,500 cubic yards; Figure 12).  This location is relatively 
open with gradual slopes, virtually no vegetation, and includes approximately 1.5 acres.    

This alternative would likely be acceptable to the state and the community because it would meet the 
RAOs, would improve the site for recreational use, and would require minimal long-term maintenance.  

The final decision regarding the location for the encapsulation unit would be made during the design 
phase of the project; however, it is unlikely that another location within the site would be as suitable for 
consolidating all removed materials. 

7.3.3.3. Cost 

The estimated total capital cost for implementing this alternative is $1,289,593.  The long-term total cost 
for implementing this alternative is $2,002,393, with a present value cost of $1,896,628.  Appendix D 
provides the detailed cost estimate.  The following major assumptions were used in developing the cost 
for Alternative 3A: 

▪ Site personnel would consist of a site superintendent, a site QC engineer who would also provide 
health and safety oversight, and up to three operators, two laborers, and three truck drivers. 

▪ An excavator, bulldozer, and backhoe would be required to grade roads, excavate, and build the 
repository.  Other necessary equipment would include a water truck and hand tools.   

▪ The estimated quantity of waste material to be encapsulated in the repository is 11,500 cubic 
yards.  The repository would have a surface area of approximately 27,000 square feet and depth 
of 14 feet, including 2 feet of clean cover.  Material excavated while constructing the repository 
would be stockpiled and used as clean cover for the repository site (2,000 cubic yards) and 
borrow materials for roadwork and restoration (12,000 cubic yards). 

▪ Loading and hauling of waste to the repository would be done with a tracked loader and 20-cubic 
yard dump trucks.  The steepness of the slopes at Subarea 3 was used to estimate costs and rates.  
Estimated quantities of waste loaded and hauled are 800 cubic yards from Subarea 1 (600 cubic 
yards of soil and waste and 200 cubic yards of asbestos-containing building materials), 
5,700 cubic yards from Subarea 2 (5,600 cubic yards of soil and waste and 100 cubic yards of 
asbestos-containing building materials), and 5,000 cubic yards of waste from Subarea 3. 

▪ No liner is necessary for encapsulation, but demarcation fabric would be placed between the top 
of the waste and the bottom of the clean cover.  A bulldozer and vibrating roller would be used to 
place and compact clean cover. 
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▪ Disturbed waste removal areas (approximately 24,000 square feet) would be restored to natural 
grade, seeded with native plants, and covered with erosion control blankets where effective. 

▪ The soil cover (approximately 27,000 square feet) would be seeded with native plants and 
covered with erosion control blankets where effective. 

▪ A total of 16 accessible adits would be secured (8 adits would be sealed, and 8 adits would be 
secured with appropriate bat-friendly closures).  Bat surveys would be conducted for each adit, 
prior to closure, to evaluate whether the adits currently serve as bat habitat and ensure appropriate 
bat-friendly closure methods are employed.  

▪ Archaeological surveys would be required prior to the start of site work.  Archaeological 
oversight would be required during site work to ensure the protection of any archaeological 
resources identified. 

▪ The estimated duration of field activities is 70 days. 

▪ Regular inspections and site O&M of the cap would be conducted to evaluate the integrity of all 
cover elements and erosion control measures would be conducted.  

7.3.4. Alternative 3B:  Excavation and Onsite Encapsulation of Source Materials from 
Subarea 1 and Subarea 3, and Consolidation of Soil and Waste Materials and Cap 
in Place at Subarea 2 

Alternative 3B includes removal and relocation of primary source materials (soil, waste material, and 
building material) and site debris from Subarea 1 and Subarea 3 to a designated onsite repository located 
in a flat area west of Subarea 3, between roads FR 382, FR 2290, and FR 473 (shown in blue on 
Figure 12).  Soil and waste material at Subarea 2 would be consolidated and encapsulated in place with a 
soil cover (see area shown in green on Figure 12), and building materials would be hauled to the main 
repository and encapsulated.  Archaeological surveys would be required prior to site work, and 
archaeological oversight would be required during implementation of the removal action to ensure the 
protection of any archaeological resources identified at the site. 

The removal action at Subarea 1 and Subarea 3 would take place as outlined in Alternative 3A, with 
appropriate changes in the scale of the repository.  The repository capacity would be approximately 
6,500 cubic yards.  The clean soil removed during excavation of the repository would be stockpiled and 
used as clean cover material for both soil covers (approximately 1,500 cubic yards for the Subarea 1 and 
Subarea 3 repository cap and 4,000 cubic yards for the Subarea 2 soil cover); approximately 2,000 cubic 
yards of material would be available for road repairs.   

At Subarea 2, the primary area of contaminated soil and waste material would be capped in place 
(Figure 12).  Small waste piles near the mill building (approximately 400 cubic yards) would also be 
excavated and consolidated in the primary waste area.  Clean soil removed during excavation of the 
Subarea 1 and Subarea 3 repository would be transported to Subarea 2 and used to construct a clean soil 
cover.  A brightly colored fabric demarcation layer would be placed between the top of the waste and the 

C:\Users\Plovato\Documents\Public-Forests\R3\Tonto\2013 Draft EECA_Phillips (3).Docx 

7-12 



Section 7 Identification and Analysis of Removal Action Alternatives 

bottom of the clean cover material to mark the depth of the cap and discourage future site workers from 
exposing the waste material during maintenance activities.  As discussed for Alternative 3A, because 
asbestos is nonsoluble and nonleachable, no lining, drainage or leachate collection system would be 
required for the repository.  Road improvements would be required to access removal areas at Subarea 2.   

Site restoration and O&M activities for both caps would be conducted in the same manner as discussed 
for Alternative 3A.   

All adits that may be accessed on foot would be secured, either with a foam plug closure or an appropriate 
bat-friendly closure.  Bat surveys would be conducted for each adit, prior to closure, to evaluate whether 
the adits currently serve as bat habitat and ensure appropriate bat-friendly closure methods are employed.  

7.3.4.1. Effectiveness 

The effectiveness of Alternative 3B is the same as for Alternative 3A (see Section 7.3.3.1). 

7.3.4.2. Implementability 

For the most part, Alternative 3B has the same technical and administrative implementability as 
Alternative 3A (see Section 7.3.3.2).  The major difference is that two repositories would be constructed.  
The second repository would be a cap-in-place repository at Subarea 2.  Subarea 2 would be a suitable 
location for a cap-in-place repository because it is relatively open, mostly flat, with virtually no 
vegetation, and covers an area of approximately 1.5 acres.  Consolidation and encapsulation in place at 
Subarea 2 would eliminate excavation and hauling of 5,600 cubic yards of waste material; however, clean 
cover soil would need to be hauled from Subareas 1, 2, and 3.  Additionally, long-term inspection and 
maintenance would need to be performed for both repositories.  

This alternative would likely be acceptable to the state and the community because it would meet the 
RAOs, would improve the site for recreational use, and would require minimal long-term maintenance.  
The final decision regarding the location of the onsite repositories would be made during the design phase 
of the project. 

7.3.4.3. Cost 

The estimated total capital cost for implementing this alternative is $1,210,465.  The long-term total cost 
for implementing this alternative is $2,036,665, with a present value cost of $1,817,501.  Appendix D 
provides the detailed cost estimate.  The following major assumptions were used in developing the cost 
for this alternative: 
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▪ Site personnel would consist of a site superintendent, a site QC engineer who also provides health 
and safety oversight, and up to three operators, two laborers, and three truck drivers. 

▪ An excavator, bulldozer, and backhoe would be required to grade roads and excavate and build 
the repositories.  Other necessary equipment would include a water truck and hand tools. 

▪ Approximately 5,800 cubic yards of waste material would be encapsulated in the repository near 
Subarea 3.  The repository would have a surface area of approximately 20,000 square feet and 
depth of 10 feet, including 2 feet of clean cover.  Material excavated in constructing the 
repository at Subarea 3 would be stockpiled and used as clean cover for the repository cap (1,500 
cubic yards), the cap-in-place repository at Subarea 2 (4,000 cubic yards), and borrow materials 
for road work and restoration (up to 2,000 cubic yards). 

▪ Loading and hauling of waste to the repository at Subarea 3 and of clean fill to the cap-in-place 
repository at Subarea 2 would be done with a tracked loader and 20-cubic yard dump trucks.  The 
steepness of Subarea 3 was used to estimate costs and rates.  Estimated quantities of waste loaded 
and hauled are 800 cubic yards from Subarea 1 (600 cubic yards of soil and waste and 200 cubic 
yards of asbestos-containing building materials) and 5,000 cubic yards from Subarea 3; 400 cubic 
yards would be excavated and consolidated with the approximately 5,200 cubic yards of waste to 
remain in place at Subarea 2.  In total, 100 cubic yards of asbestos-containing building materials 
would be hauled from Subarea 2 to the Subarea 3 repository.   

▪ Soil cover area at Subarea 2 is approximately 54,000 square feet.  The thickness of the cap is 
assumed to be 2 feet.  

▪ No liner is necessary for encapsulation, but demarcation fabric would be placed between the top 
of the waste and the bottom of the clean cover.  A bulldozer and vibrating roller would be used to 
place and compact the clean cover. 

▪ Approximately 7,200 square feet of disturbed waste removal areas would be restored to a natural 
grade and covered with erosion control blanket.  

▪ The repository soil cover (approximately 20,000 square feet) and in-place soil cover 
(approximately 54,000 square feet) would be seeded with native plants and covered with erosion 
control blankets where effective. 

▪ A total of 16 accessible adits would be secured (8 adits would be sealed, and 8 adits would be 
secured with appropriate bat-friendly closures).  Bat surveys would be conducted for each adit, 
prior to closure, to evaluate whether the adits currently serve as bat habitat and ensure appropriate 
bat-friendly closure methods are employed.  

▪ Archaeological surveys would be required prior to the start of site work.  Archaeological 
oversight would be required during site work to ensure the protection of any archaeological 
resources identified. 

▪ The estimated duration of field activities is 55 days. 

▪ Regular inspections and site O&M of the cap would be conducted, and biannual inspections 
would be conducted to evaluate the integrity of all cover elements and erosion control measures. 
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7.3.5. Alternative 4:  Excavation and Offsite Disposal of Source Materials from Subareas 
1, 2, and 3 

Alternative 4 includes removal and relocation of primary source materials (i.e., soil, waste material, and 
building materials) and site debris from Subareas 1, 2, and 3 to an offsite disposal facility.  
Approximately 11,500 cubic yards of primary source material would be disposed of off site.  
Archaeological surveys would be required prior to site work, and archaeological oversight would be 
required during implementation of the removal action to ensure the protection of any archaeological 
resources identified at the site.  Source materials would be removed as described in Alternative 3A 
(Section 7.3.3).  Following removal, the source materials would be placed in haul trucks and trucked to an 
appropriate offsite disposal facility.  Where possible, source materials would be directly loaded into haul 
trucks; however, soil may need to be shuttled using smaller-scale trucks prior to being loaded into haul 
trucks for highway travel.  The source materials would be hauled on FR 473 to U.S. Highway 60 and then 
to a disposal facility, such as Apache Junction Landfill in Apache Junction, Arizona.  To support the 
heavy truck traffic anticipated during this removal action alternative, FR 473 would require some repairs 
and reinforcement.  Materials for these repairs would be sourced from an onsite borrow source.  Because 
this alternative would involve hauling source material across non-federal land, access arrangements 
would be required prior to implementation.  Special handling procedures, including double bagging and 
sealing, would be implemented for source materials that are removed from the site by truck.  

Site restoration would be conducted as presented in Alternative 3A.  No O&M activities would be 
required under this alternative.  

All adits that may be accessed on foot would be secured, either with a foam plug closure or an appropriate 
bat-friendly closure.  Bat surveys would be conducted for each adit, prior to closure, to evaluate whether 
the adits currently serve as bat habitat and ensure appropriate bat-friendly closure methods are employed.  

7.3.5.1. Effectiveness 

Alternative 4 would provide the most overall protection of human health because contaminated source 
materials would be removed from the site, thus completely removing the long-term risk to human health.  
In all other respects, Alternative 4 has the same effectiveness as Alternatives 3A and 3B (see 
Sections 7.3.3.1 and 7.3.4.1). 

7.3.5.2. Implementability 

Alternative 4 would be technically feasible, and equipment and materials, except for the disposal facility, 
are readily available in the vicinity of the site from the community of Globe, Arizona.  The closest landfill 
that would accept waste materials with asbestos is located in Apache Junction, Arizona, which is 95 miles 
away from the site.  Excavation and offsite disposal is a proven method for removing the exposure 
pathway to site receptors and the risk posed to human health.  This alternative could be implemented in a 

C:\Users\Plovato\Documents\Public-Forests\R3\Tonto\2013 Draft EECA_Phillips (3).Docx 

7-15 



Section 7 Identification and Analysis of Removal Action Alternatives 

way that would minimize environmental impacts; however, the project duration of construction may require 
that work be performed during two construction seasons (depending on the project schedule).  Off-hauling 
of waste from the site is estimated to take 153 days because space at the site for loading trucks is limited 
and the distance to the nearest appropriately permitted disposal facility is approximately 95 miles.  The 
daily rate for the export of waste material would also be slowed down by handling requirements for 
asbestos-containing material, which will impact loading rates.  The site access road would require 
significant repairs to accommodate heavy use by large haul trucks.  Because waste material would be 
hauled across private land between the site location and the public highway, permits, access agreements, 
and easements may be required.  A Remedial Design and a Work Plan, with an associated sampling and 
analysis plan and site-specific health and safety plan, would be required prior to the start of work.  Road 
repairs may be required on sections of road crossing adjacent tribal lands. 

This alternative would likely be acceptable to the state because it would meet the RAOs, would improve 
the site for recreational use and would require minimal long-term maintenance; however, it may not be 
acceptable to the local community because large volumes of hazardous materials would be hauled across 
private property.  

7.3.5.3. Cost 

The estimated total capital cost for implementing this alternative is $13,580,792.  The long-term total cost 
for implementing this alternative is $14,269,592, with a present value cost of $14,088,016.  Appendix D 
provides the detailed cost estimate.  The following major assumptions were used in developing the cost 
for Alternative 4: 

▪ Site personnel would consist of a site superintendent, a site QC engineer who provides health and 
safety oversight, and up to three operators, two laborers, and three truck drivers. 

▪ An excavator, bulldozer, and backhoe would be required to grade roads to access Subarea 1,  
Subarea 2, and Subarea 3.  Other necessary equipment would include a water truck and hand 
tools. 

▪ Loading and hauling of waste from  Subareas 1, 2, and 3 would be done with a tracked loader and 
20-cubic yard dump trucks.  The steepness of Subarea 3 was used to estimate costs and rates.  
Estimated quantities of waste loaded and hauled are 800 cubic yards (600 cubic yards of soil and 
waste and 200 cubic yards of asbestos-containing building materials) from Subarea 1; 5,700 cubic 
yards from Subarea 2 (5,600 cubic yards of soil and waste and 100 cubic yards of asbestos-
containing building materials); and 5,000 cubic yards of waste from Subarea 3. 

▪ Approximately 11,500 cubic yards of waste material would be hauled, stockpiled, and loaded for 
transport and disposal.  Waste would be treated as asbestos-containing material, and would be 
double wrapped in plastic and sealed shut.  Waste would be exported at a rate of 10 22-ton loads 
per day. 
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▪ Approximately 24,000 square feet of disturbed waste removal areas would be restored to natural 
grade and covered with erosion control blankets.  

▪ A total of 16 accessible adits would be secured (8 adits would be sealed, and 8 adits would be 
secured with appropriate bat-friendly closures).  Bat surveys would be conducted for each adit, 
prior to closure, to evaluate whether the adits currently serve as bat habitat and ensure appropriate 
bat-friendly closure methods are employed.  

▪ The estimated duration of field activities is 910 days. 

▪ Regular inspections and site O&M of the cap would be conducted to evaluate the integrity of all 
cover elements and erosion control measures would be conducted. 
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Section 8. Comparative Analysis of Removal Action 
Alternatives 

The removal action alternatives identified in Section 7.3 were compared with one another using the 
evaluation criteria presented Section 7.2.  This section describes the results of the comparative evaluation; 
the recommended removal action is discussed in Section 9.  Table 14 summarizes the ranking of each 
alternative compared with the evaluation criteria and in relation to one another. 

8.1. EFFECTIVENESS 

Alternative 1 is considered the least effective alternative to protect public health and the environment 
because risks to current and future receptors would remain indefinitely and the toxicity, mobility, and 
volume of contamination would not be reduced through either treatment or removal.   

Alternative 2 is the second least effective alternative because site visitors may bypass institutional and 
engineering controls (such as road closures and fences) and disturb asbestos-containing materials, thus 
being exposed to airborne asbestos.  Under Alternative 2 risks to current and future receptors would 
remain indefinitely and the toxicity, mobility, and volume of contamination would not be reduced through 
either treatment or removal.  Alternative 2 does not meet the RAOs.  

Alternatives 3A and 3B are considered equally effective alternatives to protect public health and the 
environment because risks to current and future receptors would be reduced by removal and onsite 
encapsulation of source materials.  Alternative 4 would be the most effective alternative because source 
materials would be completely removed from the site, thus the risk to current and future receptors would 
be eliminated.  Alternatives 3A, 3B, and 4 would not reduce the toxicity, mobility, and volume of 
contamination through treatment.   

8.2. IMPLEMENTABILITY 

All alternatives would be technically and administratively feasible, and the services and materials 
necessary to implement the alternatives are readily available.  Alternative 1 is the most implementable 
because no administration, services, or materials are required.  Alternative 2 is technically feasible but is 
not likely to be accepted by the community or regulatory agencies.  Alternatives 3A and 3B are very 
implementable and could be conducted within one construction season.  Alternative 4 is moderately 
implementable.  Although it is technically and administratively feasible, the required disposal services are 
not readily available (i.e., nearest waste disposal facility is 95 miles from the site).  Special handling is 
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also required for asbestos-containing waste material when transported across public roadways.  Because 
of the remote location of the site and the distance to the nearest landfill, as well as the special handling 
requirements, Alternative 4 would require more time than Alternatives 2, 3A and 3B and may need to be 
conducted during two construction seasons.  

8.3. COST 

The estimated cost for Alternative 1 is $0.  The estimated capital cost for Alternative 2 is $797,852, and 
the total cost with ongoing maintenance is $1,222,052.  The estimated capital cost for Alternative 3A is 
$1,289,593, and the total cost with ongoing maintenance is $2,002,393.  The estimated capital cost for 
Alternative 3B is $1,210,465, and the total cost with ongoing maintenance is $2,036,665.  The estimated 
capital cost for Alternative 4 is $13,580,792, and the total cost with ongoing maintenance is $14,269,592.  
Costs for Alternatives 3A and 3B are very similar, Alternative 3A has a slightly greater capital cost, 
where Alternative 3B has a slightly greater long-term cost.   
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Section 9. Recommended Removal Action 
Alternative 

The recommended removal action alternative for the Phillips Asbestos Mine Site is Alternative 3B: 
Excavation and Onsite Encapsulation of Source Materials from Subarea 1 and Subarea 3, and 
Consolidation of Soil and Waste Materials and Cap in Place at Subarea 2.  Alternative 3B would 
meet the RAOs at the site and is preferable to Alternative 3A because the work could be conducted over a 
shorter time period.14 The cost difference between Alternatives 3A and 3B is minimal.  Alternative 2 is 
significantly less effective than Alternatives 3A, 3B, and 4 and does not meet the ROAs.  The level of 
protection under Alternatives 3A and 3B is slightly less than afforded by Alternative 4, although all three 
meet the RAOs, but the cost for Alternative 4 is significantly more expensive than Alternatives 3A and 
3B.   

The primary components of the recommended alternative are as follows: 

▪ Repair roads as needed to gain access to the site areas.  

▪ Remove approximately 800 cubic yards of primary source materials from Subarea 1 and 5,000 
cubic yards of source materials from Subarea 3.  Waste materials would be loaded into dump 
trucks, transported to an unlined onsite repository, and covered with 2 feet of clean soil sourced 
from the repository excavation at Subarea 3. 

▪ Waste at Subarea 2 would be capped in place with 2 feet of clean cover soil sourced from the 
excavation of the Subarea 3 repository. 

▪ Shape and regrade excavated areas to match natural contours and restore the site to pre-mining 
conditions to the extent practicable. 

▪ Restore excavated and regraded areas. 

▪ Secure the openings of 16 adits.  

The estimated capital cost of the recommended removal action alternative is $1,210,465.  As discussed in 
Section 8.3, this cost represents an order-of-magnitude estimate with an intended accuracy of +50 to -30 
percent (EPA, 2000b).  Final project costs will depend on actual labor and material costs, actual 
engineering design costs, actual site conditions (including the actual quantities of mine waste excavated 
and the amount of material that may be classified as hazardous waste), competitive market conditions, the 
final project scope, the final project schedule, and other variables. 

14 Because the costs for Alternatives 3A and 3B are so similar, the design should consider both alternatives as appropriate.  
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Figure 1. Site Location and Vicinity Map 
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Figure 2. Site Features
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Figure 3. Mine Camp (Subarea 1) Site Features and Sampling Locations
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Figure 4. Mill Area (Subarea 2) Site Features and Sampling Locations
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Figure 5. Upper Workings Area (Subarea 3) Site Features and Sampling Locations 

C:\Users\Plovato\Documents\Public-Forests\R3\Tonto\2013 Draft EECA_Phillips (3).Docx 

 



 
Figure 6. Lower Workings Area (Subarea 4) Site Features and Sampling Locations 
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Figure 7. Phillips Canyon Workings Area (Subarea 5) Site Features and Sampling 

Locations 
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Figure 8. Background Hiking Area Site Features and Sampling Locations

C:\Users\Plovato\Documents\Public-Forests\R3\Tonto\2013 Draft EECA_Phillips (3).Docx 

 



 
Figure 9. ATV Routes and Sediment and Surface Water Sampling Locations  
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Figure 10. Site Conceptual Exposure Model for Asbestos
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Figure 11. Site Conceptual Exposure Model for Metals and TPH
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Figure 12. Removal Action Alternative Features
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CFR = Code of Federal Regulations 
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Appendix A. Photographic Log 

C:\Users\Plovato\Documents\Public-Forests\R3\Tonto\2013 Draft EECA_Phillips (3).Docx 

 



Appendix A. Photographic Log 

 
Photograph A-1:  ATV Route 1 and location of soil sample (PA-ATV1-SS-05) 
residence in the background, looking north. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Christine Wang (ERRG) Date: June 15, 2012 

 
Photograph A-2:  Shed in Mine Camp, looking northwest. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 16, 2012 
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Photograph A-3:  Generator shed in Mine Camp, facing northwest. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 16, 2012 

 
Photograph A-4:  View of generator in shed interior, looking southwest. 
Phillips Asbestos Mine Site, Tonto 
National Forest, Gila County, Arizona 
Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 16, 2012 
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Photograph A-5:  Residence in Mine Camp, looking southeast. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 16, 2012 

 
Photograph A-6:  Mine Camp office building, looking south. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 16, 2012 
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Photograph A-7:  Mine Camp dorm building, looking south. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 16, 2012 

 
Photograph A-8:  Interior basement of Mine Camp dorm building, looking 
northeast. Phillips Asbestos Mine Site, Tonto National Forest, Gila County, 
Arizona Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 16, 2012 

C:\Users\Plovato\Documents\Public-Forests\R3\Tonto\2013 Draft EECA_Phillips (3).Docx 

 A-4 



Appendix A. Photographic Log 

 
Photograph A-9:  Mine Camp dorm building, looking north. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 

Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 16, 2012 

 
Photograph A-10:  Mine Camp shop building, looking north. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 16, 2012 
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Photograph A-11:  Mine Camp shop building, looking south. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 16, 2012 

 
Photograph A-12:  Mine Camp chimney and foundation, looking northeast. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, 
Arizona Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 16, 2012 
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Photograph A-13:  Mill tailings material on top of the town mill 
foundation, looking east. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 16, 2012 

 
Photograph A-14:  Mine Camp town mill foundation, looking southeast. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, 
Arizona Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 16, 
2012 
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Photograph A-15:  Mine Camp pad/foundation east of the town mill with 
the dorm building in the background, looking southeast. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 16, 2012 

 
Photograph A-16:  Mine Camp pad/foundation in southeast corner of the 
site, looking southeast. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 16, 2012 
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Appendix A. Photographic Log 

 
Photograph A-17:  Mine Camp debris pile with the residence in the 
background, looking southwest. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 16, 2012 

 
Photograph A-18:  Mine Camp pit and collapsed 
shed. Possible outhouse, looking south. 
Phillips Asbestos Mine Site, Tonto National Forest, 
Gila County, Arizona 
Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 16, 2012 

C:\Users\Plovato\Documents\Public-Forests\R3\Tonto\2013 Draft EECA_Phillips (3).Docx 
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Appendix A. Photographic Log 

 
Photograph A-19:  Mine Camp dump area near the chimney, looking west. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, 
Arizona  
Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 16, 2012 

 
Photograph A-20:  Mine Camp pit, looking north. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 16, 2012 
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Appendix A. Photographic Log 

 
Photograph A-21:  Mine Camp metal tank, looking south. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 16, 2012 

 
Photograph A-22:  View of disturbed ground near an abandoned 
vehicle location at the Mine Camp, looking north. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 16, 2012 
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Appendix A. Photographic Log 

 
Photograph A-23:  Mine Camp shooting area north of the pad/foundation looking 
north.  
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona  
Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 16, 2012 

 
Photograph A-24:  Modern poly tank in Mine 
Camp, facing northeast. 
Phillips Asbestos Mine Site, Tonto National Forest, 
Gila County, Arizona 
Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 16, 2012 
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Appendix A. Photographic Log 

 
Photograph A-25:  Mill Camp shed with groundwater well in the 
foreground, looking southwest. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 17, 2012 

 
Photograph A-26:  Mine Camp groundwater well, looking west. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 17, 2012 
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Appendix A. Photographic Log 

 
Photograph A-27:  Mine Camp corral, looking southwest. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 16, 2012 

 
Photograph A-28:  Mine Camp corral and remnants of concrete 
trough, looking northwest. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 16, 2012 
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Appendix A. Photographic Log 

 
Photograph A-29:  Mill Area metal pulley structure, looking east. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Christine Wang (ERRG) Date: June 17, 2012 

 
Photograph A-30:  Mill Area building and cable car pulley tower 
remnants, looking northwest. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Christine Wang (ERRG) Date: June 17, 2012 
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Appendix A. Photographic Log 

 
Photograph A-31:  Interior of the northern section of the mill 
building in the Mill Area, looking south. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Christine Wang (ERRG) Date: June 17, 2012 

 
Photograph A-32:  Eastern section of the mill building in the Mill Area, looking 
west. Phillips Asbestos Mine Site, Tonto National Forest, Gila County, 
Arizona Photographed by: Christine Wang (ERRG) Date: June 17, 2012 
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Appendix A. Photographic Log 

 
Photograph A-33:  Asbestos pile southeast of mill building in the Mill 
Area, looking west. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Christine Wang (ERRG) Date: June 17, 2012 

 
Photograph A-34:  Metal debris in the Mill Area, looking east. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Christine Wang (ERRG) Date: June 17, 2012 
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Appendix A. Photographic Log 

 
Photograph A-35:  Soil and debris in the Mill Area, looking east. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Christine Wang (ERRG) Date: June 17, 2012 

 
Photograph A-36:  Asbestos and debris piles in the Mill Area to the 
east of mill building looking west. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Christine Wang (ERRG) Date: June 17, 2012 
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Appendix A. Photographic Log 

 
Photograph A-37:  Asbestos piles in the southwest corner of the Mill 
Area, adjacent to the trail looking south. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Christine Wang (ERRG) Date: June 17, 2012 

 
Photograph A-38:  Metal bin trailer in the Mill Area looking north. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Christine Wang (ERRG) Date: June 17, 2012 
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Appendix A. Photographic Log 

 
Photograph A-39:  View of the Mill Area from Mill Road, looking east.  A 
waste pile and the corner of the mill building can be seen from the center 
to the left 
of the photograph. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Christine Wang (ERRG) Date: June 15, 2012 

 
Photograph A-40:  View of the Mill Area from end of Mill Road, looking 
north. Phillips Asbestos Mine Site, Tonto National Forest, Gila County, 
Arizona Photographed by: Christine Wang (ERRG) Date: June 15, 2012 
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Appendix A. Photographic Log 

 
Photograph A-41:  Upper Workings Adit 1 opening, looking west. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 18, 2012 

 
Photograph A-42:  Upper Workings Adit 2, looking northwest. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 18, 2012 
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Appendix A. Photographic Log 

 
Photograph A-43:  Upper Workings Adit 2A, looking north. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 18, 2012 

 
Photograph A-44:  Upper Workings Adit 3, looking south. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 18, 2012 
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Appendix A. Photographic Log 

 
Photograph A-45:  Upper Workings Adit 3, looking southwest. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 18, 2012 

 

 
Photograph A-46:  Upper Workings Adit 4 
opening, looking north. 
Phillips Asbestos Mine Site, Tonto National Forest, 
Gila County, Arizona 
Photographed by: Samantha Caruthers-Knight 
(ERRG) Date: June 18, 2012 
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Appendix A. Photographic Log 

 
Photograph A-47:  Upper Workings Adit 5, partially collapsed, looking east. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, 
Arizona Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 18, 2012 

 
Photograph A-48:  Upper Workings Adit 6 opening, looking southeast. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 18, 2012 
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Appendix A. Photographic Log 

 
Photograph A-49:  Upper Workings Adit 6 opening, looking northeast. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 18, 2012 

 
Photograph A-50:  Upper Workings Adit 7 opening, looking west. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 18, 2012 
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Appendix A. Photographic Log 

 
Photograph A-51:  Upper Workings Adit 7 opening, looking west. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 18, 2012 

 
 

 
Photograph A-52:  Interior of Upper Workings 
Adit 7, looking west. 
Phillips Asbestos Mine Site, Tonto National Forest, 
Gila County, Arizona 
Photographed by: Samantha Caruthers-Knight 
(ERRG) Date: June 18, 2012 
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Appendix A. Photographic Log 

 
Photograph A-53:  Upper Workings Adit 8 opening, looking west. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 18, 2012 

 
 

 
Photograph A-54:  Upper Workings Adit 9 opening, looking east. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 18, 2012 
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Appendix A. Photographic Log 

 
Photograph A-55:  Upper Workings Adit 10 
opening, looking east. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 18, 2012 

 

 
Photograph A-56:  Upper Workings Adit 11 opening, looking east. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 18, 2012 
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Appendix A. Photographic Log 

 
Photograph A-57:  Upper Workings Adit 12 opening, looking east. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 18, 2012 
 
 

 
Photograph A-58:  Upper Workings Area, Test Pit , looking east. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 18, 2012 
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Appendix A. Photographic Log 

 
Photograph A-59:  Upper Workings Area waste rock pile from Upper Workings 
Adit 1, looking west. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 18, 2012 

 
 

 
Photograph A-60:  Waste pile from Upper Workings Adit 2, looking north. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, 
Arizona Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 18, 2012 
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Appendix A. Photographic Log 

 
Photograph A-61:  Possible Adit 3 waste rock at the Upper Workings 
Area, looking east. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 18, 2012 

 
 

 
Photograph A-62:  Upper Workings Area closeup of a waste rock specimen. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, 
Arizona Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 18, 2012 
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Appendix A. Photographic Log 

 
Photograph A-63:  Upper Workings Adit 4 waste pile, looking south. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 18, 2012 

 

 
Photograph A-64:  View from the Upper Workings Area adits (5-8) access 
road, looking north. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Tanner Bennett (ERRG) Date: June 18, 2012 
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Appendix A. Photographic Log 

 
Photograph A-65:  View of large waste rock piles below Upper Workings 
Area adits, looking northeast. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Tanner Bennett (ERRG) Date: June 18, 2012 

 
 

 
Photograph A-66:  Upper Workings Area waste rock pond area, looking 
south. Phillips Asbestos Mine Site, Tonto National Forest, Gila County, 
Arizona Photographed by: Tanner Bennett (ERRG) Date: June 19, 2012 
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Appendix A. Photographic Log 

 
Photograph A-67:  View of accessible Lower Workings adit across 
the tributary from the Mill Area,looking west. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Christine Wang (ERRG) Date: June 15, 2012 
 
 

 
Photograph A-68:  Accessible Lower Workings adit, looking west. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Tanner Bennett (ERRG) Date: June 19, 2012 
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Appendix A. Photographic Log 

 
Photograph A-69:  Phillips Canyon Workings Adit 2 opening, looking 
southeast. Phillips Asbestos Mine Site, Tonto National Forest, Gila 
County, Arizona Photographed by: Tanner Bennett (ERRG) Date: June 19, 2012 
 
 

 
Photograph A-70:  Side view of Phillips Canyon Workings Area waste rock pile looking east. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Tanner Bennett (ERRG) Date: June 19, 2012 
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Appendix A. Photographic Log 

 
Photograph A-71:  Top of Phillips Canyon Workings Area waste rock 
pile, looking north. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Tanner Bennett (ERRG) Date: June 19, 2012 
 
 

 
Photograph A-72:  Side view of large waste rock pile at the Phillips Canyon 
Workings Area, looking west. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Tanner Bennett (ERRG) Date: June 19, 2012 
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Appendix A. Photographic Log 

 
Photograph A-73:  Large waste rock pile below Phillips Canyon Workings 
Adit 2, continues to the bottom of the canyon, looking northwest. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Tanner Bennett (ERRG) Date: June 19, 2012 
 
 

 
Photograph A-74:  View of the Mill Area, Phillips Canyon Workings Area, and 
cable building at the lookout area from near Upper Workings Adit 2, looking 
south. Phillips Asbestos Mine Site, Tonto National Forest, Gila County, 
Arizona Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 18, 
2012 
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Appendix A. Photographic Log 

 
Photograph A-75:  Mine debris near the Phillips Canyon Workings Area 
piles, looking east. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Christine Wang (ERRG) Date: June 19, 2012 
 
 

 
Photograph A-76:  Pulley cable from Phillips Canyon Workings Adit 2 
to a structure above, looking south. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Tanner Bennett (ERRG) Date: June 19, 2012 
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Appendix A. Photographic Log 

 
Photograph A-77:  Foundation, pulley structure remnants, and pulley cable by 
Phillips Canyon Workings Adit 2, looking northeast. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Tanner Bennett (ERRG) Date: June 19, 2012 
 
 

 
Photograph A-78:  Corner of the foundation for the pulley structure at the 
Phillips Canyon Workings Area, looking north. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Tanner Bennett (ERRG) Date: June 19, 2012 
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Appendix A. Photographic Log 

 
Photograph A-79:  Metal debris downslope of the pulley structure 
foundation at the Phillips Canyon Workings Area, looking northwest. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Tanner Bennett (ERRG) Date: June 19, 2012 
 
 

 
Photograph A-80:  Metal debris down the trail, west of Phillips Canyon Workings 
Adit 2, looking west. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Tanner Bennett (ERRG) Date: June 19, 2012 
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Appendix A. Photographic Log 

 
Photograph A-81:  Pad/foundation and metal debris down the trail, west of 
Phillips Canyon Workings Adit 2, looking northeast. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Tanner Bennett (ERRG) Date: June 19, 2012 
 
 

 
Photograph A-82:  View of the Phillips Canyon Workings Area waste piles 
from the Upper Workings Area, looking east. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Tanner Bennett (ERRG) Date: June 18, 2012 
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Appendix A. Photographic Log 

 
Photograph A-83:  View of the mill tributary background sediment sample 
site, looking west. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Christine Wang (ERRG) Date: June 15, 2012 
 
 

 
Photograph A-84:  ATV Route 2 and location of soil sample 2 (PA-ATV1-SS-
02), looking west. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Christine Wang (ERRG) Date: June 15, 2012 
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Appendix A. Photographic Log 

 
Photograph A-85:  “Marker NE-E1” at Mine Camp, looking northwest. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Christine Wang (ERRG) Date: June 15, 2012 

 
 

 
Photograph A-86:  ATV Route 1 and location of soil sample (PA-ATV1-SS-
07), looking northwest. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Christine Wang (ERRG) Date: June 15, 2012 
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Appendix A. Photographic Log 

 
Photograph A-87:  Location of upper 
tributary sediment sample, looking south. 
Phillips Asbestos Mine Site, Tonto National Forest, 
Gila County, Arizona 
Photographed by: Samantha Caruthers-Knight (ERRG)Date: June 16, 2012 
 
 

 
Photograph A-88:  PA-ATV2-SS-06 sample location, looking north. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 16, 2012 
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Appendix A. Photographic Log 

 
Photograph A-89:  PA-ATV2-SS-08 sample location, looking northeast. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, 
Arizona Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 16, 2012 
 
 

 
Photograph A-90:  PA-ATV2-SS-09 sample location, looking east. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, Arizona 
Photographed by: Samantha Caruthers-Knight (ERRG) Date: June 16, 2012 
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Appendix A. Photographic Log 

 
Photograph A-91:  Mill Area from the Upper Workings Area, looking east. 
Phillips Asbestos Mine Site, Tonto National Forest, Gila County, 
Arizona Photographed by: Tanner Bennett (ERRG) Date: June 18, 2012 
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Appendix B. Summary of Previous Sample 
Results  
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Appendix C. Laboratory Analytical Results for 
EE/CA Sampling 
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NELAP #01109CA / AZ100001  Arizona DHS#AZ0728 
 

The results listed within this Laboratory Report pertain only to the samples tested in the laboratory. The analyses contained in this report 
were performed in accordance with the applicable certifications as noted. All soil samples are reported on a wet weight basis unless 

otherwise noted in the report.  This Laboratory Report is confidential and is intended for the sole use of TestAmerica and its client. This 
report shall not be reproduced, except in full, without written permission from TestAmerica. The Chain of Custody, 1 page, is included and 
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CASE NARRATIVE 

 
LABORATORY ID CLIENT ID MATRIX 

PVF1519-01   PA-MT-SD-01   Soil 
PVF1519-02  PA-ATV1-SS-01   Soil 
PVF1519-03  PA-ATV2-SS-01   Soil 
PVF1519-04    PA-MC-SS-01   Soil 
PVF1519-05    PA-MA-SS-01   Soil 
PVF1519-06   PA-MC-GW-01  Water 
PVF1519-07   PA-MC-GW-01  Water 
PVF1519-08   PA-MT-SW-01  Water 
PVF1519-09   PA-MT-SW-01  Water 
PVF1519-10   PA-VW-SS-01   Soil 
PVF1519-11   PA-VW-WP-08   Soil 
PVF1519-12    PA-BG-SS-01   Soil 
PVF1519-13    PA-PC-WP-01   Soil 
PVF1519-14    PA-PT-SD-01   Soil 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TestAmerica Phoenix 
 

Denise Harrington 
Project Manager PVF1519 <Page 1 of 33>

 



4625 East Cotton Center Blvd. Ste 189,  Phoenix, AZ  85040 (602) 437-3340  Fax:(602) 

 

 
 454-9303 
 

Engineering/Remediation Resources 
Group, Inc. 
4585 Pacheco Blvd.  
Martinez, CA 94553-2233 
Attention: Samantha Caruthers-Knight 

        Project ID: 2011-149 
 
Report Number: PVF1519 

Sampled:  06/15/12-06/19/12 
Received:  06/20/12 
 

 

SAMPLE RECEIPT:  Samples were received intact, at 2°C, on ice and with chain of custody documentation. 
 

HOLDING TIMES:  All samples were analyzed within prescribed holding times and/or in accordance with the TestAmerica 
Sample Acceptance Policy unless otherwise noted in the report. 

PRESERVATION:  Samples requiring preservation were verified prior to sample analysis. 

QA/QC CRITERIA:  All analyses met method criteria, except as noted in the report with data qualifiers. 
 

N1 = The RPD exceeded the acceptance limit due to sample matrix effects. 

COMMENTS:  No significant observations were made. 

SUBCONTRACTED:  No analyses were subcontracted to an outside laboratory. 
 

 

Reviewed By: 
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Denise Harrington 
Project Manager 

The results pertain only to the samples tested in the laboratory.  This report shall not be reproduced, 
except in full, without written permission from TestAmerica. PVF1519 <Page 2 of 33> 
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Appendix D. Alternative Cost Estimate Summary 
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Attachment 1. 2011 Forest Service Photographs of 
Lower Workings Adits 

 



Attachment 1. 2011 Forest Service Photographs of 
Lower Workings Adits 

 
 
Lower Workings in the Mill Tributary as seen from Phillips Canyon at pulley building 
 

 
 
Same as above photo as seen from the Mill site. Ledge was carved out. There is waste rock below this.  
Metal is visible on ledge. 

 



Attachment 1. 2011 Forest Service Photographs of 
Lower Workings Adits 

 
 
Mill Tributary with waste rock in bottom of drainage. 
 

 
 
Lower Workings across the Mill Tributary from Mill site 

 



Attachment 1. 2011 Forest Service Photographs of 
Lower Workings Adits 

 

 
 
Some of the Lower Workings adits across from the Mill in the Mill trib. Access is an issue but they are 
adits that are visible from the Mill. 
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