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1. INTRODUCTION AND EXECUTIVE SUMMARY 

McGinley and Associates, Inc. (MGA) has prepared this Report of Findings for assessment 
activities conducted at the Comstock Mining Inc. (Comstock) site located in Gold Hill, Nevada.  
This Report addresses a specific area of the Comstock site (Site) that the Nevada Division of 
Environmental Protection (NDEP), Bureau of Corrective Actions (BCA) identified as a potential 
risk zone within the Carson River Mercury Superfund site (CRMS), due to the location of the 
historic Hartford Mill. The potential risk zone included the Lucerne Pit, Hartford Mill Site, 
Justice Pit and Lindsay’s Mill (hereinafter “the Lucerne Pit” Area) these areas are shown on the 
attached Figures 2-21.   
 
MGA collected 246 samples from 87 locations per the NDEP-approved Sampling and Analysis 
Plan (SAP) and Addenda #2 and #5 to the SAP.  Addendum #2 was submitted to the Nevada 
Division of Environmental Protection (NDEP) on February 21, 2012 and approved by the NDEP 
on February 23, 2012.  Addendum #5 was submitted to the NDEP on March 7, 2012 and 
approved by the NDEP on March 7, 2012.  These addenda added additional sampling locations to 
support Comstock’s efforts to install geotechnical and exploration borings in the Lucerne Pit 
Area.       
 
The investigations and analyses showed that there were no exceedances of the NDEP’s 
Screening/Action Levels for lead or mercury.  
 
Arsenic, however, exceeded NDEP’s Screening/Action Level at several locations.  Comstock 
performed a number of evaluations of the site-specific and referenced regional arsenic data and 
concluded that the arsenic is related to naturally occurring concentrations of arsenic within the ore 
materials.  Based upon comments provided by NDEP dated May 4, 2012, NDEP disagreed with 
this conclusion and suggested a tiered approach to classifying materials.  NDEP believes that the 
range of site-specific background concentrations within the Lucerne Pit ore zone for arsenic are 
from 0 – 90 mg/Kg.  Within the Lucerne Pit Area there are locations which exceed this range.   
 
NDEP noted that for special cases the ceiling level for arsenic could be 131 mg/Kg if lead and 
mercury were below the NDEP-derived background levels.  There is one location which fails this 
criteria.  This is location LR-8 at the 18-24” depth.  The proposed path forward for this location 
will be discussed below. 
   

1.1 Site Name 
Comstock Mining Inc. 

1.2 Site Location 
The Site includes portions of the Comstock site potentially impacted by the CRMS in Storey and 
Lyon Counties in Nevada as shown on Figure 1. The Lucerne Pit Area portion of the Site is 
shown on Figures 2-16. 
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1.3 Responsible Agency 
This project is being conducted for the NDEP through the BCA Superfund Branch. 
 

1.4 Project Organization 
Title/Responsibility Name Phone  
Comstock 
Director of Environmental and Regulatory 
Management 

Cindi Byrns (775) 847-5272 

NDEP 
Program Coordinator for BCA Superfund 
Branch 

Jeff Collins (775) 687-9381 

Case Officer – Review SAP, quality 
assurance 

Jack Yates (775) 687-9547 

Case Officer – Review SAP, quality 
assurance 

David Friedman (775) 687-9385 

McGinley and Associates, Inc. (Contractor to Comstock) 
Principal – Senior review,  regulatory 
liaison 

Joe McGinley (775) 829-2245 

Project Manager – Project management, 
regulatory liaison, coordinate field 
activities, data review, report preparation.   

Brian A. Rakvica (702) 260-4961 

Quality Manager – Oversee 
implementation of SAP, review QA/QC 
procedures, data validation.  

Brian Giroux (775) 829-2245 

Environmental Scientist – Conduct 
sampling activities 

Doug Parcells (775) 829-2245 

CAD Operator – CAD support Tim Dory (775) 829-2245 
Administrative Assistant – Administrative 
support 

Linda Comstock (775) 829-2245 

Contractors/Vendors 
Columbia Analytical Services – drying, 
sieving and laboratory analysis of soil 
samples 

Howard Holmes  (360) 501-3364 

Castaway Trash Hauling – disposal of 
investigation-derived wastes 

Jay Gardner (775) 342-2444 

Neptune and Company, Inc. – validation 
of data. 

David Gratson (505) 662-0707 

Cascade Drilling – drilling services  Paul Snelgrove (916) 638-5611 
 

1.5 Statement of the Specific Problem 
Comstock plans to conduct exploration and mining at the Lucerne Pit Area.  Small portions of the 
site were potentially impacted by the CRMS.  Comstock assessed the Lucerne Pit Area to 
evaluate the presence or absence of contaminants of concern (COCs) where historic mining, 
milling infrastructure or mill tailings are identified.  It is noted that the names of the historic 
workings identified in NDEP’s Draft Carson River Mercury Superfund Site Long-Term Sampling 
and Response Plan (LTSRP) dated December 16, 2011 (NDEP, 2011) are not always consistent 
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with the names used by the local residents.  The Final Report uses the names identified in the 
LTSRP as well as the local names for clarity.  The analytical data was compared to the current 
screening/action levels for the CRMS as listed in the LTSRP. Based on the results of these 
comparisons, certain portions of the site may need to be remediated, mitigated, or removed from 
the CRMS.  The data and the proposed path forward for the Lucerne Pit Area are discussed 
herein. 

2. SCOPE OF SERVICES 

The environmental assessment activities discussed herein were conducted in accordance with the 
“Sampling and Analysis Plan, Comstock Mining Inc., Soils Assessment, Areas Affected by the 
Carson River Mercury Site, (January 25, 2012)” as approved by the Nevada Division of 
Environmental Protection (NDEP) and Addenda #2 and #5, also approved by the NDEP.  The 
scope of our activities included:   
 Collecting 246 soil samples, including 185 5-point composite samples; and 61 discrete 

soil samples from ten soil boring soil samples; 
 Implementation of the Site approved Health and Safety Plan for all sampling activities; 
 Obtaining Global Positioning System (GPS) coordinates for each soil sampling location; 
 Photographing all soil sample locations; 
 Submitting soil samples to an NDEP-approved laboratory under approved sample 

handling protocols; 
 Analytical testing of collected soil samples for lead (Pb), mercury (Hg) and arsenic (As);  
 Conducting data review and data validation of all analytical results; 
 Data evaluation and interpretation including performance of a geochemical evaluation of 

mineralization in the South Comstock Mineral District as it relates to arsenic, lead and 
mercury occurrence (SRK Consulting); 

 Performance of two quantitative health risk assessments (HRAs) based upon the arsenic 
data; 

 Disposing of investigation derived wastes (IDW); and, 
 Preparation of this Report of Findings. 

 

3. BACKGROUND 

Mining in the Carson River drainage basin commenced in 1850 when placer gold deposits were 
discovered near Dayton at the mouth of Gold Canyon. Throughout the 1850s, mining consisted of 
working placer deposits for gold in Gold Canyon and Sixmile Canyon. These placer deposits 
ultimately led to the discovery of the underground ore deposits known as the Comstock Lode. 
The initial ore discovered was extremely rich in gold and silver.  Gold was more abundant in 
Gold Canyon while silver was more abundant in Sixmile Canyon (NDEP, 2011).  Early mining 
methods concentrated on exposing as much of the lode as possible in wide trenches. Throughout 
1859, ore was shipped to San Francisco for processing.  After local ore processing began in 1860, 
most major mines operated their own mills, but there were also a large number of private mills.  
Initial ore processing techniques were slow and inefficient and a fair amount of trial and error 
experimentation led to the development of an effective ore-processing technique known as the 
Washoe pan process.  Refinements were aimed primarily at increasing the speed of gold and 
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silver recovery, increasing the percentage of gold and silver recovered and decreasing the amount 
of gold and silver discarded in tailings piles.  The general milling process employed before 1900 
involved pulverizing ore with stamp mills, creating a slurry, and then directing the slurry across a 
copper plate coated with mercury.  The precious metals would adhere to the mercury on the 
copper plate in an amalgamation of recoverable metals.  The millwrights would scrape the 
mercury amalgam from the copper plates and recover the precious metals through use of a 
smelting furnace.  The majority of the mercury was recovered and reused in the process, however, 
some mercury was consumed in the process because of inefficiencies and losses in the 
amalgamation process, as well as in the smelting and retort process.  After 1906, cyanide leaching 
and flotation processes replaced amalgamation and mercury use was generally discontinued. 
 
Gold and silver production from the Comstock Lode increased slowly during the early years and 
1863 was the first year of large production.  Throughout the remainder of the 1860s and most of 
the 1870s, production remained high as rich ore bodies continued to be discovered at 
progressively deeper depths.  The bottom of the lode was abruptly reached in 1877 at a depth of 
about 1,650 feet, and 1878 was the first year of dramatically reduced production.  Between 1877 
and 1878, ore production dropped from 562,519 tons to 272,909 tons and the total value 
decreased from $36,301,536 to $19,661,394.  In 1879, production and value dropped even 
further.  In 1901, the first cyanide-leaching operation began in Sixmile Canyon.  Cyanide 
leaching was capable of recovering more gold and silver from lower- grade material than was 
possible by amalgamation methods and during the early 1900s mining operations consisted of 
mining lower-grade material and reworking former ore dumps and tailings piles.  Between 
approximately 1920 and 1950, large tonnages of low-grade ores were mined (NDEP, 2011).  
  

3.1 Sampling Area Description 
The Lucerne Pit Area is approximately 53 acres as shown on Figures 2-16.  This area includes 
several features as identified in the NDEP-approved SAP.  Soil sampling activities within the 
Lucerne Pit Area specifically targeted the following: 
1. Currently used areas (roads, drill pads and other generally disturbed areas used by 

Comstock).  Surface soil sampling was performed in these areas to verify COC levels are 
acceptable for workers and adjacent residents due to dust and direct contact.  

2. Known historic workings, including a remaining foundation and associated tailings areas at 
the Hartford Mill site.  

3. Areas which may have been affected by fluvial redistribution of COCs.  As an initial step, at 
least the first quarter acre downgradient of known source areas were sampled.   

3.2 Previous Investigations/Regulatory Involvement 
In the 1970’s the United States Geological Survey (USGS) discovered high mercury levels in 
water samples in the Carson River.  Subsequently, the USEPA designated the CRMS and placed 
it on the National Priority List (NPL) regulated under the Comprehensive Environmental 
Response, Compensation, and Liability Act (CERCLA).  The USEPA divided the CRMS into 
two Operable Units (OU's):  OU1 consists of the mill sites and those areas where tailings have 
contaminated surface soil (generally the source areas), and OU2 is the Carson River itself, 
including sediments and biota (generally the depositional/ecological areas).  USEPA designated 
NDEP as the CRMS lead agency to manage OU1 of the CRMS and NDEP delegated this 
responsibility to the BCA.  Areas likely to have the highest levels of COCs include former mill 
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sites and associated drainage pathways down-gradient of mill sites as well as within the Carson 
River system itself.           

3.3 Geological Information 
The geology of the Site has been mapped as Quaternary Young Alluvium with Tertiary intrusions 
consisting of Alta Formation, Biotite Horneblende Andesite Dikes, Santiago Canyon Tuff, and 
Davidson Diorite (Hudson, 2009).  The Young Alluvium is described as poorly sorted Holocene 
deposits of boulder to silt-sized material deposited on alluvial fans and as channel deposits.  The 
Alta Formation, Biotite Horneblende Andesite Dikes, and Davidson Diorite are described as 
magmatic suites consisting of horneblende andesite dikes and intrusions.  Lastly, the Santiago 
Canyon Tuff is described as Miocene-Oligocene tuff and sediment consisting of light gray to 
pinkish gray, moderately to strongly welded, rhyolitic tuff and can be as much as 120 m thick 
(Hudson, 2009).   Additional details regarding the site geology are discussed in detail in the SRK 
geochemical evaluation contained in Appendix A (SRK, 2012).  
 
Based on State of Nevada Division of Water Resources well log data for the vicinity of the Site, 
groundwater is estimated to be between 12 and 100 feet below ground surface (bgs). 
     

3.4 Environmental and/or Human Impact 
Historic mining activities in the Comstock region used elemental mercury to amalgamate gold 
and silver.  It has been estimated that 7,500 tons (15,000,000 pounds) of elemental mercury was 
lost in the process of obtaining gold and silver.  Additionally, lead and arsenic were concentrated 
and discharged during the ore extraction and processing.  These compounds (mercury, lead and 
arsenic) migrated into soils via fluvial pathways and hence into the Carson River system along a 
75-mile stretch of the Carson River from New Empire, just east of Carson City, to its termination 
points at Carson Lake, Stillwater Wildlife Refuge and the Carson Sink.  Episodic flooding and 
fluvial deposition have produced areas with high COC levels which represent “hot spots” within a 
wider area of possible contamination.  
 
USEPA has not defined the boundaries of the CRMS.  As a preliminary method of bounding the 
Site, NDEP identified potential risk area boundaries, meaning the largest areas within the general 
CRMS site description where there is a potential that historic mill sites or tailings might be 
present and where soil might contain mercury in concentrations above 80 mg/kg. Conversely, 
USEPA and NDEP have excluded from the CRMS upland areas and areas away from historic 
mill sites.  NDEP developed a CRMS potential risk area boundary map (“NDEP Risk Area Map”) 
that was first made available to the public on the NDEP website on April 27, 2011.  
   

4. PROJECT DATA QUALITY OBJECTIVES 

Project DQOs are addressed in the NDEP-approved SAP and as such are not repeated herein. 

4.1 Data Quality Indicators (DQIs) 
Data quality indicators (precision, accuracy, representativeness, completeness, comparability and 
sensitivity (i.e., PARCCS parameters) refer to quality control criteria established for various 
aspects of data gathering, sampling, and/or analyses.  DQIs are discussed in detail in the NDEP-
approved SAP and that discussion is not repeated herein.      
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4.2 Data Review and Validation 
Data review and validation was completed per the NDEP-approved SAP.  Detailed data 
validation summary reports are provided as Appendix B to this Report.  Due to the size of these 
reports they are only provided electronically.  Data was minimally qualified and no data were 
found to be unusable. 
In addition, MGA’s QA officer supervised and performed data quality assessment tasks.  MGA 
comprehensively evaluated and documented measurement data to monitor consistency with 
measurement quality objectives (MQOs), to quantitatively assess data quality, and to identify 
potential limitations to data use.  MGA reviewed field and analytical laboratory data generated 
for this project, including the following: 
 

 Chain of custody documentation; 
 Laboratory batch QC frequency; and, 
 Results of batch and field QC analyses. 

 
These items were reviewed on a daily basis as samples were collected and delivered to the 
laboratory.  In addition, MGA maintained continuous communication with Neptune and 
Company (Neptune) as 3rd party data validation was occurring and as the Site-wide database was 
being populated. 

 

4.3 Data Management 
Sampling was conducted in accordance with MGA’s standard operating procedures (SOPs).  A 
unique identification number was assigned to each sample.  The number is an alphanumeric 
sequence that serves as an acronym to identify the sample.  The following format was used for the 
sample designation: 
 
Soil Samples: 

Sample ID: COM001-SS-01-1.0 
COM001 - MGA Project Number 
SS-01 – Soil Sample Number (i.e., #1) 
1.0 – Depth of Soil Sample (feet below ground surface) 
 

Field logs were maintained throughout the project. Soil samples were preserved or cooled as 
required for each laboratory analysis.  Samples were delivered or shipped to the laboratory under 
approved chain-of-custody protocol.     

4.4 Assessment Oversight 
Any modifications to the sampling plan were documented in the field logs and in this Final 
Report as “deviations from the sampling plan.”  Numerous minor modifications to proposed 
sampling locations were completed to allow for logistical and safety constraints in the field.  The 
sampling locations, as presented on Figures 2-16, represent the as-sampled locations.   Location 
LR-06 as shown on Figure 3 was deleted as field conditions rendered this area inaccessible.    
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5. SAMPLING RATIONALE 

The sampling rationale was discussed in detail in the NDEP-approved SAP and is summarized 
below.  The Lucerne Pit Area included 5-point composite samples and 10 deep soil borings 
(discrete samples).  The specific locations of each of the points of the composite were laid out in 
the field based upon field conditions.  For example, if visual evidence of tailings or historic 
disturbance was noted within the area of a five-point composite, such as the historic Hartford 
Mill, the sampling points of the composite were biased towards areas of visual evidence.  Every 
point of the 5-point composite was located with GIS-grade equipment and this information is 
provided as part of the Microsoft Access database and the site geodatabase provided on the 
attached disk.  Please note that the Microsoft Access database contains some data that is outside 
the Lucerne Pit Area as the sample delivery groups (SDGs) from the laboratory are grouped by 
receipt date and not location.   
 
1. If an area of the Site is designated as previously disturbed land and there is visual evidence of 

it being disturbed, it was sampled based upon the high risk designation in the Comstock 
Mining Sampling and Analysis Strategy (SAS).  Examples include currently used roads and 
drill pads; and tailings piles.   Some of these types of areas were included in the Lucerne Pit 
Area.   

a. For roads, each five point composite per quadrant was laid out in a linear fashion and 
was spread over a maximum of an equivalent one quarter acre area (approximate road 
width times an appropriate number of linear feet).  Samples were collected from 0-6”, 
6-12”, 12-18” and 18-24” bgs.   

i. In addition, as part of Addenda #2 and #5, some samples were taken only 
from the 0-6” depth interval as it was known that this would be the only 
depth disturbed to allow drill rig access. 

b. For drill pads, one five point composite was taken per drill pad due to the small size 
of drill pads.  Drill pads are less than 1/10th of an acre in size.  Samples were 
collected from 0-6”, 6-12”, 12-18” and 18-24” bgs.   

i. In addition, as part of Addenda #2 and #5, some samples were taken only 
from the 0-6” depth interval as it was known that this would be the only 
depth disturbed to allow drill rig access. 

c. For tailings piles, discrete samples were taken across, through, and below the piles.  
Based upon the depth of the tailings piles, the number and depths of samples varied.  
The current, known historic Hartford Mill tailings piles sampled in the Lucerne Pit 
Area are discussed in detail below.   

i. Tailings piles were sampled from 0-6” bgs.  Additional samples were 
collected at the 2’ bgs interval and every 2’ thereafter for tailings piles up to 
10’ in depth.  This applies only to sample location TS-01 within the Lucerne 
Pit Area.   

ii. For tailings piles greater than 20’ in depth samples were collected at 0-6” 
bgs, at the 10’ bgs depth interval and every 10’ thereafter.  This applies to all 
LP sample locations within the Lucerne Pit Area.   

iii. In addition, for all tailings piles, a sample was collected at the interface with 
native soils.   

iv. The samples below the interface with native soils could not be collected due 
to refusal. 
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2. The backfilled portion of the Lucerne Pit Area and the area immediately surrounding the 
Hartford Mill were treated as high risk designations in the Comstock SAS, as discussed in the 
NDEP-approved SAP.  Samples were collected from 0-6”, 6-12”, 12-18” and 18-24” bgs 
and/or to the depth of disturbance for areas outside the tailings.  Samples were biased towards 
areas of visual evidence of contamination.   

a. In some areas, the tailings/waste rock/ore (mixed backfill) are up to 100’ in depth.  
Boring logs are provided as Appendix C.  In these areas, discrete surface samples 
were taken from 0-6” ‘bgs; additional discrete samples were collected every 10’; and 
a sample was taken at the contact with native soils below the tailings.  Due to refusal 
samples could not be collected below the interface with native soils. 

b. In addition to these samples, Comstock collected samples whenever a notable change 
in lithology was seen.  For example, from waste rock to tailings or from tailings to 
soils or soils to bedrock.  Additionally, where differing types of tailings were 
encountered each type of tailings was sampled to verify differences in COC 
concentrations.  Within the Lucerne Pit Area, for the LP series of samples, the 
materials were found to be a heterogeneous mixture of materials without any distinct 
layers.  Due to this, samples were only collected from the prescribed sampling 
intervals as discussed above. 

c. In addition, it is noted that there are tailings near the former Hartford Mill Site as 
shown on Figure 4 as location TS-01.  The tailings were found to be 10’ in thickness 
and samples were taken at depths of 0-6”, 2’, 4’, 6’, 8’ and 10’ below ground surface. 

3. If an area appeared to be potentially affected by fluvial redistribution it was sampled based 
upon the perceived risk levels of adjacent source areas.  For example, if the redistribution 
area is near a former mill site it was sampled as a high risk area.  For the Lucerne Pit Area 
this issue was addressed by the sheer number of samples taken within roads and surrounding 
the former Hartford Mill Site.  No additional samples were needed. 

 
Each of these areas is presented on Figures 2-16.  246 samples were collected as part of this 
sampling effort.   
 

5.1 Soil Sampling 
The depth of soil sampling is discussed above.  All soil samples were lab sieved to 250 microns 
(60 mesh). All soil samples from 0-2’ bgs were collected using hand tools, a powered auger or a 
direct push drill rig.      

6. REQUEST FOR ANALYSIS 

Laboratory analyses are discussed in Section 6.1 below. 

6.1 Soil Samples 
The soil samples were collected as described above and analyzed for the following (per the 
NDEP’s LTSRP guidance): 

 Mercury – USEPA Method 7471A or B sieved to 250 microns (60 mesh) 
 Arsenic and Lead – USEPA Method 6010B or C, digestion 3050,  sieved to 250 microns 

(60 mesh) 
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6.2 Analytical Laboratory 
All analytical testing was conducted by Columbia Analytical Services (CAS).  Analytical testing 
and sample handling was conducted in accordance with CAS’s SOPs (as detailed in the NDEP-
approved SAP).     

7. FIELD METHODS AND PROCEDURES 

Field methods and procedures were per the NDEP-approved SAP.  No deviations were noted. 

8. SAMPLE CONTAINERS, PRESERVATION AND STORAGE 

Sample containers, preservation and storage were per the NDEP-approved SAP.  No deviations 
were noted. 

9. DISPOSAL OF RESIDUAL MATERIALS 

Waste generated during this investigation includes decontamination fluids, used personal 
protective equipment (PPE) and disposable sampling equipment.   
Decontamination fluids consisted of deionized or distilled water, residual contaminants, and 
water with non-phosphate detergent.  The water and water with detergent were poured into 
drums.  These fluids were subsequently placed into a Comstock-owned zero discharge pond for 
evaporation.   
Waste soil was drummed and disposed of after analytical data were received from the laboratory. 
Drums were labeled as waste with “characterization pending” until the analytical data were 
received.  While waiting for the analytical data, the drums were stored on-site in a secure 
location.  Based upon the analytical data, the drums were disposed of at an appropriate regulated 
facility. 
Disposable sampling equipment and used PPE were double bagged and disposed of in a 
municipal refuse dumpster.  

10. SAMPLE DOCUMENTATION AND SHIPMENT 

10.1 Field Notes 
10.1.1 Field Logbooks 

 
Field logs were completed describing all field activities, as discussed in the NDEP-approved 
SAP. 

 
10.1.2 Photographs 
Photographs were taken as discussed in the NDEP-approved SAP.   Photos of sampling in the 
Lucerne Pit Area are provided as Appendix D. 

 

10.2 Labeling 
All samples collected were labeled in a clear and precise manner for proper identification in the 
field and for tracking in the laboratory.  The samples had pre-assigned, identifiable, and unique 
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numbers as discussed above.   
 

10.3 Sample Chain-of-Custody Forms and Custody Seals 
All samples were delivered to the laboratory under chain-of-custody protocol.  Laboratory 
supplied custody seals were used to seal the screw lid of each sample container.   

10.4 Packaging and Shipment 
Samples were placed in a sturdy cooler.  Bubble wrap was placed in the bottom of the cooler.  
Sample containers were placed in containers provided by the laboratory.  Ice was packed in 
zipper-locked, double plastic bags.  Empty space in the cooler was filled with bubble wrap.    

11. QUALITY CONTROL 

11.1 Assessment of Field Variability (Field Duplicates or Co-
located Samples) 

Duplicate soil samples were collected for laboratory quality control purposes for each discrete 
area sampled or for one in every 20 samples.  In addition, it is noted that the USEPA or NDEP 
may request to take splits or duplicate samples; however, no USEPA or NDEP split or duplicate 
samples were requested and none were collected in the Lucerne Pit Area. 

11.2 Laboratory Quality Control Samples   
Laboratory QC (e.g., matrix spike/matrix spike duplicate samples) samples were analyzed to 
monitor the precision and accuracy of its analytical procedures.  These samples are discussed in 
detail in the data validation summary reports contained in Appendix B.     

12. DATA EVALUATION 

12.1 Mercury 
Mercury data is presented on Table 1 and Figures 12-16.  There were no exceedances of the 
NDEP’s Residential Screening/Action Level.  The range of concentrations is from 0.011 to 32 
mg/Kg.  The mean concentration is 1.16 mg/Kg.  These data show that the mercury 
concentrations within the Lucerne Pit Area are well below the NDEP’s Residential 
Screening/Action Level of 80 mg/Kg, which is consistent with the general lack of historic 
processing in the area.  The site will be used for mineral exploration and mining and the NDEP’s 
Commercial Screening/Action Level is 300 mg/Kg as a point of reference. 
 
NDEP derived site-specific background values and provided a range of 0 - 1.5 mg/Kg for 
mercury.  There are a number of locations at the site which exceed 1.5 mg/Kg, however, all 
locations are below NDEP’s Screening/Action Levels and/or site-specific background values as 
derived by the NDEP.  These are all classified as Category 3 materials as defined in the NDEP’s 
May 4, 2012 letter and hence are not regulated under CERCLA.     

12.2 Lead 
Lead data is presented on Table 1 and Figures 7-11.  There were no exceedances of the NDEP’s 
Residential Screening/Action Level.  The range of concentrations is from 2.7 to 138 mg/Kg.  The 
mean concentration is 29.08 mg/Kg.  These data show that the lead concentrations within the 
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Lucerne Pit Area are well below the NDEP’s Residential Screening/Action Level of 400 mg/Kg, 
which is consistent with the general lack of historic workings in the area.  The site will be used 
for mineral exploration and mining and the NDEP’s Commercial Screening/Action Level is 800 
mg/Kg as a point of reference. 
 
NDEP derived site-specific background values and provided a range of 0 - 63 mg/Kg for lead.  
There are four locations at the site which exceed 63 mg/Kg, however, all locations are below 
NDEP’s Screening/Action Levels and/or site-specific background values as derived by the 
NDEP.  These are all classified as Category 3 materials as defined in the NDEP’s May 4, 2012 
letter and hence are not regulated under CERCLA.    

12.3 Arsenic 
Arsenic data is presented on Table 1 and Figures 2-6.  There were a number of exceedances of 
NDEP’s Residential Screening/Action Level of 32 mg/Kg.  The range of concentrations is from 
8.7 to 139 mg/Kg.  The mean concentration is 34.77 mg/Kg.  The site mean concentration is only 
marginally above the NDEP’s Residential Screening/Action Level. 
 
Comstock evaluated these data as the arsenic data was elevated versus the NDEP’s Residential 
Screening/Action Level, however, there were no detections of other COCs above the NDEP’s 
Residential Screening/Action Levels.  The absence of concentrations above the pertinent NDEP 
Screening/Action Levels for the other COCs is a strong line of evidence that this portion of the 
Site is not impacted by historic mine or mill activities.  The site history and conceptual site model 
(CSM) discussed in the NDEP’s LTSRP indicates that the COCs should occur together.  
Furthermore, the LTSRP notes that both lead and arsenic should have been concentrated in the 
wastes along with the mercury.  The presence of arsenic above the NDEP’s Screening/Action 
Level in the absence of elevated levels of mercury and lead indicate that the arsenic values are 
representative of background conditions.  This is further supported by the evaluations discussed 
below.   
 
On behalf of Comstock, SRK Consulting has conducted a geochemical evaluation of 
mineralization in the South Comstock Mineral District as it relates to arsenic, lead and mercury 
occurrence. This evaluation is attached as Appendix A to this Report and demonstrates that the 
geochemical controls on the occurrence of arsenic and lead in the South Comstock Mineral 
District are different than the controls on mercury dispersion. The SRK study concludes that 
arsenic concentrations in the Lucerne Pit Area are naturally elevated and related to primary 
mineralization in the bedrock. The occurrence of lead can also be related to primary 
mineralization but, in some locations, was also shown to be related to concentration by extraction 
and processing techniques. By contrast, negligible mercury was found to be associated with 
mineralized bedrock, indicating mercury was introduced into the area by historic mercury 
amalgamation during past mineral processing.   This evaluation demonstrates that the absence of 
mercury in the presence of elevated arsenic concentrations is indicative of primary mineralization 
associated with ore materials as opposed to CRMS waste-impacted materials.  Thus, a vast 
majority of the arsenic data is indicative of naturally-occurring concentrations of arsenic.  
 
Furthermore, on behalf of Comstock, Patton Boggs LLP conducted a legal evaluation of the 
regulation of arsenic under these conditions.  This evaluation is contained as Appendix E to this 
Report.  This evaluation demonstrates that the naturally occurring arsenic concentrations, 
unrelated to the mercury contamination relating to the historic mining activities at the site are not 
properly regulated as a COC under the Comprehensive Environmental Response, Compensation, 
and Liability Act (CERCLA), the Draft Carson River Mercury Superfund Site Long-Term 
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Sampling and Response Plan (LTSRP), or the SAP.  Clearly, the data and geochemical evaluation 
enable a distinction to be made between lead and arsenic found in the presence of elevated 
mercury, indicative of metals concentration through the historic mercury amalgamation process 
versus arsenic or lead present in primary mineralization associated with ore materials.  Arsenic or 
lead found in this latter, naturally-occurring context, cannot legally be regulated under CERCLA. 
Rather, these materials are comprehensively regulated by NDEP through Comstock’s air, water, 
reclamation, and operational permits. 
 
As an additional level of analysis to determine whether Comstock’s proposed activities in the 
Lucerne Pit Area would present a human health risk  MGA conducted a quantitative health risk 
assessment (HRA) using the site-specific arsenic data.  This HRA was provided as Attachment 1 
to MGA’s February 10, 2012 submittal and is attached as Appendix F to this Report.  MGA 
demonstrated via a variety of potential exposure scenarios that the arsenic concentrations present 
at the site will not present an adverse health risk to off-site residents.  This HRA demonstrated 
that concentrations of arsenic up to 300 mg/Kg could be disturbed for 24 hours per day, 365 days 
per year for 30 years and still be at the most conservative end of the acceptable USEPA risk range 
(1E-06).  This HRA was developed in a manner that it could be applied to any area of the site as a 
means of assessing the protectiveness of any proposed mitigative measures, as necessary.   
 
As a supplement to this, MGA conducted an additional HRA for the on-site workers and has 
included this as Appendix G to this Report. This HRA also demonstrates via a variety of 
scenarios that the arsenic concentrations present at the site will not present an adverse health risk 
to on-site workers.  This HRA demonstrated that concentrations of arsenic up to 370 mg/Kg could 
be disturbed for 12 hours per day, 250 days per year for 25 years and still be at the most 
conservative end of the acceptable USEPA risk range (1E-06).  These exposure durations are 
standard for days per year and number of years for a commercial worker.  A 12 hour shift was 
assumed as this is typical within a mining scenario.  This HRA was developed in a manner that it 
could be applied to any area of the site as a means of assessing the protectiveness of any proposed 
mitigative measures, as necessary.     
 
In summary, based upon the preponderance of evidence as provided by multiple lines of 
evidence, MGA has determined that the arsenic concentrations within the Lucerne Pit Area are 
naturally occurring in association with primary mineralization in the bedrock or at concentrations 
which are protective of human health and the environment.  Consequently, no mitigation 
measures are needed, other than compliance with existing permits, to allow Comstock to proceed 
with exploration and mining in the Lucerne Pit Area of the Site. 
 
NDEP disagreed with these evaluations in their May 4, 2012 comments and through statistical 
analysis of the data throughout the site derived what NDEP has termed site-specific background 
values and provided a range of 0 - 90 mg/Kg for arsenic.  There are six locations in the Lucerne 
Pit Area which exceed 90 mg/Kg, however, five of these locations meet NDEP’s special criteria 
of being at or below the ceiling of 131 mg/Kg because lead and mercury are consistent with the 
NDEP-derived background values.  These five locations are classified as Category 3 materials per 
the NDEP’s May 4, 2012 comments and are not CERCLA regulated.  The final location (LR-08 
at 18-24” bgs) is above 131 mg/Kg, however, lead and mercury are consistent with the NDEP-
derived background values.  In addition, this location is underneath a road above the pit area cut 
in to native materials.  Given the above–described lines of evidence, including the location of LR-
08, Comstock believes this material is naturally occurring mineralization but at NDEP’s request, 
this location is designated as CERCLA-regulated material (classified as Category 4 materials per 
NDEP’s May 4, 2012 comments).    
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12.4 Hartford Mill Site – Potential CRMS Historic Workings 
It is especially notable that the only visually identified historic working within the Lucerne Pit 
Area was the Hartford Mill Site.  There were identified tailings within this area.  Samples taken 
from the Hartford Mill Site and the related tailings included samples HM-02 and TS-01.  For 
these samples for all depths and all analytes the concentrations of COCs were below NDEP’s 
Screening/Action Levels.  Mercury concentrations ranged from 0.049 to 0.626 mg/Kg; lead 
concentrations ranged from 18.1 – 56.4 mg/Kg; and arsenic concentrations ranged from 13.5 – 
30.7 mg/Kg.  While the presence of tailings shows a potential presence of CRMS-impacted 
material, concentrations are all positive indications of the absence of CRMS-related COCs.  To 
the extent that NDEP considers the tailings to be CRMS material, the concentrations are below 
risk levels and no mitigation is needed to be protective.   

13. PROPOSED MITIGATIVE MEASURES 

As noted above, Comstock does not believe that any mitigative measures are necessary as the 
concentrations of COCs present throughout the Lucerne Pit Area are within acceptable health-
based levels.  There was only one location within the Lucerne Pit Area that failed NDEP’s criteria 
for defining CERCLA applicability, location LR-08 at the 18-24” bgs depth.  This location is 
elevated for arsenic only (139 mg/Kg).  NDEP’s ceiling for arsenic is 131 mg/Kg.  Mercury 
concentrations are extremely low at 0.066 mg/Kg versus the NDEP’s background range of 0 – 1.5 
mg/Kg; the NDEP’s Screening/Action Level of 80 mg/Kg (residential); and the NDEP’s 
Screening/Action Level of 300 mg/Kg (commercial/industrial).  Lead is also extremely low at 
13.5 mg/Kg versus the NDEP’s background range of 0 – 63 mg/Kg; the NDEP’s 
Screening/Action Level of 400 mg/Kg (residential); and the NDEP’s Screening/Action Level of 
800 mg/Kg (commercial/industrial).  In addition, this location is above the Lucerne Pit within 
bench materials where a road was cut into native materials.  Comstock disagrees that this material 
should be considered CERCLA waste, nevertheless, at NDEP’s direction the area will be 
managed as such.  The area where NDEP believes that CERCLA applies is shown on Figure 19.  
This area is within an existing road right-of-way, at depth and is not scheduled to be mined.  The 
existing usage as a road functions as a cap and is not expected to affect the 18-24” depth.  The 
location will remain undisturbed as blading the road and related maintenance activities will only 
impact the top several inches.  Accordingly, Comstock does not propose any additional mitigative 
measures at this time.  If this area has a change in usage such that the 18-24” bgs depth will be 
disturbed Comstock will propose additional mitigative measures including potentially  proposing 
additional sampling to define the nature and extent of the COCs. 

14. TRENDS 

In the May 4, 2012 letter, BCA has requested that Comstock include a discussion of data 
trends and discoveries over the entire sampling area including: evidence for or against 
historic aerial deposition of COCs; whether site COCs were spatially found to be regular, 
predictable and continuous or unpredictable, irregular and isolated, and what COC trends 
were encountered with depth. 

Comstock has submitted substantial sampling data for two areas to-date, based upon 
available, complete and verified data.  Those two areas are the Process Area and the Lucerne 
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Pit Area.  They are substantially different in character and location and we do not see any 
trends that would encompass both areas.  Specifically, there is no known historic working 
located in the Process Area, so no exceedances of COC action levels were expected, and 
none were found.  The Lucerne Pit Area samples identified naturally occurring minerals and 
were consistently less than COC action levels for mercury and lead and variable above and 
below action levels for arsenic.  The location and variation in concentrations is consistent 
with a structure driven ore body.  The Hartford Mill samples while elevated, were not above 
COC action levels.  As sampling analyses are complete and quality verified, Comstock 
continues to work to compile these additional data for future reporting to NDEP. 

15. CONCLUSIONS AND PATH FORWARD 

The Historic Hartford Mill is located at the original Hartford Pit site.  The COC’s associated 
with the Hartford Mill did not exceed the NDEP’s Screening/Action levels.  This area is 
within the Categories 1-3 designations per NDEP’s definition and is not CERCLA-regulated. 
Comstock recommends no further action be taken and the area be removed from the NDEP’s 
potential risk zone map. 

Naturally occurring materials may not be regulated under Superfund, as discussed in the 
Patton Boggs report. 

The Lucerne ore body is generally low in mercury and lead and generally elevated in 
arsenic.  The concentrations of each of the COC’s is variable within the ore body, as 
discussed in the SRK report. 

The material within the Lucerne Pit, with the exception of the Hartford Mill and the backfill 
material is naturally occurring, as discussed in the SRK report, supported by the drill logs 
prepared during sampling, and evidenced by the other lines of evidence discussed above in 
this Report. 

The Pit backfill material did not exceed any COC action level.  This material is within the 
NDEP Categories 1-3 designations.  Comstock recommends no further action be taken and 
the area be removed from the NDEP’s potential risk zone map. 

With the exception of the single point identified by BCA’s statistical evaluation, the Lucerne 
Pit Area is within NDEP Categories 1-3 and requires no further action.  Comstock 
recommends that the entire Lucerne Pit Area be removed from the BCA potential risk zone 
map including location LR-08 from 18-24” bgs. 

The BCA has applied a statistical study to the existing data and made the determination that 
one point within the Lucerne Pit Area is subject to CERCLA.  The following information 
addresses BCA’s evaluation: the lead and mercury are significantly below the NDEP’s 
Screening/Action level; the arsenic level in the one location is above the NDEP’s 131mg/kg 
statistical level but cross-gradient from the only known historic mill in the vicinity and below 
the HRA levels for both employees and neighbors.  Details regarding the soil/rock type of 
each sample location is described above in this Report. Generally, the 24 inch deep samples 
collected throughout the Lucerne Pit were primarily bedrock/native materials, while the 
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upper portion of the sample may consist of looser material disturbed by a dozer or blade.  
While Comstock maintains that the samples collected away from the Hartford Mill & 
Tailings and the backfilled material is naturally occurring, NDEP has designated the material 
at location LR-08 from 18-24” bgs as Category 4.  Nonetheless, no further action is required 
for location LR-08 because the sample was collected from 18-24” below ground surface and 
is below an existing haul road which is not scheduled to be mined.  The location will remain 
undisturbed as blading and road maintenance activities will only impact the top several 
inches.  Thus, the road functions as a cap.  Should Comstock change the use of that location 
in the future, additional mitigation measures will be evaluated and proposed for BCA’s 
consideration and approval. 

In response to comments 5 and 6 in BCA’s May 4, 2012 letter, CMI is providing: an updated 
map to conform to the map comments provided by BCA; the above discussion of the 
mitigation of the single location of interest within the Lucerne Pit as identified by BCA; and, 
an a second update to the Results of Environmental Findings for the Lucerne Pit.  Comstock 
will solicit BCA comment and/or approval prior to disturbing any soils (excluding bedrock 
materials) within any CRMS potential risk zone and outside of the Lucerne Pit area examined 
in this report. Comstock requests BCA’s approval of this Report and concurrence from BCA 
that, with the exception of LR-08, the Lucerne Pit is available for unrestricted mining 
activities. 
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TABLE 



Sample Beginning Depth (in) Ending Depth (in) Result (mg/kg) Result (mg/kg) Result (mg/kg)
Mercury Lead Arsenic

COM001-SS-GL1 0 6 2.16 38.5 35 3, based upon arsenic
COM001-SS-GL2 0 6 0.307 18.7 33.5 2
COM001-SS-GL3 0 6 1.45 27.8 48.3 2
COM001-SS-GL4-0-6" 0 6 0.884 35.8 17.2 1
COM001-SS-H5-04-0-6 0 6 0.243 38.5 45.4 2
COM001-SS-H5-04-06-12 6 12 0.212 37.1 54.5 2
COM001-SS-H5-04-12-18 12 18 0.369 41 46.3 2
COM001-SS-H5-04-18-24 18 24 0.308 24.3 38.4 2
COM001-SS-H5-05-0-6 0 6 0.151 27.9 29.7 1
COM001-SS-H5-05-06-12 6 12 0.092 33.1 18.1 1
COM001-SS-H5-05-12-18 12 18 0.077 38.1 13.4 1
COM001-SS-H5-05-18-24 18 24 0.035 36.1 7.2 1
COM001-SS-HM-02-0-6" 0 6 0.447 47.1 26.8 1
COM001-SS-HM-02-06-12" 6 12 0.426 43.5 26.3 1
COM001-SS-HM-02-12-18" 12 18 0.626 28.7 25.3 1
COM001-SS-HM-02-18-24" 18 24 0.539 29.9 25.5 1
COM001-SS-HM-03-0-6" 0 6 0.073 31.9 19.4 1
COM001-SS-HM-03-06-12" 6 12 0.077 31.8 19.4 1
COM001-SS-HM-03-12-18" 12 18 0.078 33.7 20.2 1
COM001-SS-HM-03-18-24" 18 24 0.069 32.6 20.3 1
COM001-SS-HM-05-0-6" 0 6 0.37 27 23.8 1
COM001-SS-HM-05-06-12" 6 12 0.801 34 29.2 1
COM001-SS-HM-05-12-18" 12 18 0.809 34.1 28.1 1
COM001-SS-HM-05-18-24" 18 24 0.451 35.4 36.1 2
COM001-SS-HM-06-0-6" 0 6 0.327 29.8 33.1 2
COM001-SS-HM-06-06-12" 6 12 0.208 22.9 24.8 1
COM001-SS-HM-06-12-18" 12 18 0.063 25.1 16.1 1
COM001-SS-HM-06-18-24" 18 24 0.528 23.1 18.2 1
COM001-SS-HM-07-0-6" 0 6 0.243 17.5 36.7 2
COM001-SS-HM-07-06-12" 6 12 0.21 14.6 35.8 2
COM001-SS-HM-07-12-18" 12 18 0.392 16.1 84.3 2
COM001-SS-HM-07-18-24" 18 24 0.373 23.5 49.1 2
COM001-SS-HM-08-0-6" 0 6 0.198 35.9 25.6 1
COM001-SS-HM-08-06"-12" 6 12 0.146 23 15.6 1
COM001-SS-HM-08-12"-18" 12 18 0.39 34.9 32 2
COM001-SS-HM-08-18"-24" 18 24 0.236 25.4 32.5 2
COM001-SS-HM-09-0-6" 0 6 0.205 29.1 46.3 2
COM001-SS-HM-09-06-12" 6 12 0.129 27.4 46.1 2
COM001-SS-HM-09-12-18" 12 18 0.108 21.4 36.4 2
COM001-SS-HM-09-18-24" 18 24 0.091 20.3 35.3 2
COM001-SS-HM-10-0-6" 0 6 0.212 20.4 20.1 1
COM001-SS-HM-10-06"-12" 6 12 0.212 21.9 23.6 1
COM001-SS-HM-10-12"-18" 12 18 0.156 21.2 18.9 1
COM001-SS-HM-10-18"-24" 18 24 0.067 14.2 13.1 1

Table 1: Data Summary for Lucerne Pit Area

Material Category Per NDEP 5/4/12 Letter



Sample Beginning Depth (in) Ending Depth (in) Result (mg/kg) Result (mg/kg) Result (mg/kg)
Mercury Lead Arsenic

Table 1: Data Summary for Lucerne Pit Area

Material Category Per NDEP 5/4/12 Letter
COM001-SS-HM-11-0-6" 0 6 0.639 24.6 31.7 1
COM001-SS-HM-11-06-12" 6 12 1.25 29.3 27.1 1
COM001-SS-HM-11-12-18" 12 18 2.61 39.3 30.8 3, based upon mercury
COM001-SS-HM-11-18-24" 18 24 0.216 20.7 27.9 1
COM001-SS-HM-12-0-6" 0 6 0.216 43.9 22.8 1
COM001-SS-HM-12-06"-12" 6 12 0.38 29.4 39.2 2
COM001-SS-HM-12-12"-18" 12 18 0.108 13.5 18.4 1
COM001-SS-HM-12-18"-24" 18 24 0.149 20.5 21.1 1
COM001-SS-HM-13-0-6" 0 6 0.283 19.5 53.1 2
COM001-SS-HM-13-06"-12" 6 12 0.252 15.3 36.1 2
COM001-SS-HM-13-12"-18" 12 18 0.285 14.1 43.2 2
COM001-SS-HM-13-18"-24" 18 24 0.287 10.5 85.3 2
COM001-SS-HM-14-0-6" 0 6 0.274 22.5 17.2 1
COM001-SS-HM-14-06-12" 6 12 0.369 22.5 14.2 1
COM001-SS-HM-14-12-18" 12 18 0.34 21 14.9 1
COM001-SS-HM-14-18-24" 18 24 0.255 21.6 14.3 1
COM001-SS-HM-15-0-6" 0 6 0.229 30.3 26.6 1
COM001-SS-HM-15-06-12" 6 12 0.121 22.9 25.7 1
COM001-SS-HM-15-12-18" 12 18 0.072 24.5 20.9 1
COM001-SS-HM-15-18-24" 18 24 0.12 19.8 19.1 1
COM001-SS-HM-16-0-6" 0 6 0.344 53.8 51.6 2
COM001-SS-HM-16-06-12" 6 12 0.412 52.8 67.4 2
COM001-SS-HM-16-12-18" 12 18 0.25 53.5 47.4 2
COM001-SS-HM-16-18-24" 18 24 0.317 57.1 57.4 2
COM001-SS-HM-17-0-6" 0 6 0.23 47.2 40.9 2
COM001-SS-HM-17-06"-12" 6 12 0.199 39.6 33.8 2
COM001-SS-HM-17-12"-18" 12 18 0.188 46 34.2 2
COM001-SS-HM-17-18"-24" 18 24 0.257 44.8 39.3 2
COM001-SS-HM-18-0-6" 0 6 0.225 28.9 36.8 2
COM001-SS-HM-18-06"-12" 6 12 0.196 35.2 39.7 2
COM001-SS-HM-18-12"-18" 12 18 0.195 24.9 39 2
COM001-SS-HM-18-18"-24" 18 24 0.162 23.1 29 1
COM001-SS-HM-19-0-6" 0 6 0.188 45.4 29.8 1
COM001-SS-HM-19-06-12" 6 12 0.179 46.4 28.8 1
COM001-SS-HM-19-12-18" 12 18 0.226 41.9 32.6 2
COM001-SS-HM-19-18-24" 18 24 0.19 43.9 31.2 1
COM001-SS-HM-20-0-6" 0 6 0.145 17.8 26 1
COM001-SS-HM-20-06"-12" 6 12 0.043 10.6 33.9 2
COM001-SS-HM-20-12"-18" 12 18 0.164 13.9 54.3 2
COM001-SS-HM-20-18"-24" 18 24 0.087 14.7 53.2 2
COM001-SS-HM-21-0-6 0 6 0.181 46.6 22.3 1
COM001-SS-HM-22-0-6 0 6 0.389 32.5 20.9 1
COM001-SS-HM-23-0-6 0 6 0.208 55.2 18.8 1
COM001-SS-HM-24-0-6 0 6 0.158 32.3 16.3 1



Sample Beginning Depth (in) Ending Depth (in) Result (mg/kg) Result (mg/kg) Result (mg/kg)
Mercury Lead Arsenic

Table 1: Data Summary for Lucerne Pit Area

Material Category Per NDEP 5/4/12 Letter
COM001-SS-HM-25-0-6 0 6 0.279 39.6 37 2
COM001-SS-JP-03-0-6 0 6 0.381 29.4 26.1 1
COM001-SS-JP1 0 6 0.105 18.2 20 1
COM001-SS-JP2 0 6 0.307 22.5 24.7 1
COM001-SS-JP-4-0-6 0 6 0.359 34.8 37.4 2
COM001-SS-JP-5-0-6" 0 6 0.637 33.1 43.5 2
COM001-SS-L5-01-0-6 0 6 0.098 16 27.3 1
COM001-SS-L5-01-06-12 6 12 0.047 15.7 25.5 1
COM001-SS-L5-01-12-18 12 18 0.054 20.7 35.9 2
COM001-SS-L5-01-18-24 18 24 0.045 17.5 31.4 1
COM001-SS-L5-02-0-6 0 6 0.261 23.6 40.7 2
COM001-SS-L5-02-06-12 6 12 0.136 22.1 38.6 2
COM001-SS-L5-02-12-18 12 18 0.263 21.9 40.5 2
COM001-SS-L5-02-18-24 18 24 0.235 24.9 37.7 2
COM001-SS-L5-03-0-6 0 6 3.24 138 32 3, based upon mercury, lead and arsenic
COM001-SS-L5-03-06-12 6 12 3.42 100 37.3 3, based upon mercury and arsenic
COM001-SS-L5-03-12-18 12 18 1.74 40.2 22.9 3, based upon mercury
COM001-SS-L5-03-18-24 18 24 1.92 35.9 28.6 3, based upon mercury
COM001-SS-LP-01-0-6" 0 6 22.5 52.1 43.6 3, based upon mercury and arsenic
COM001-SS-LP-01-10' 6 120 0.414 10.9 15.9 1
COM001-SS-LP-01-20' 120 240 0.994 18.4 30 1
COM001-SS-LP-01-30' 240 360 7.02 36.9 34.7 3, based upon mercury and arsenic
COM001-SS-LP-01b-35' 360 420 1.52 42.7 33.6 3, based upon mercury and arsenic
COM001-SS-LP-02-000-6" 0 6 1.86 14.3 23.4 3, based upon mercury
COM001-SS-LP-02-010' 6 120 5.85 75.7 27.4 3, based upon lead
COM001-SS-LP-02-020' 120 240 3.39 21.5 33.6 3, based upon mercury and arsenic
COM001-SS-LP-02-030' 240 360 0.773 14.8 85.9 2
COM001-SS-LP-02-040' 360 480 4.21 27.1 49.6 3, based upon mercury and arsenic
COM001-SS-LP-02-050' 480 600 19.8 55.7 43.1 3, based upon mercury and arsenic
COM001-SS-LP-02-060' 600 720 8.81 56.1 77.3 3, based upon mercury and arsenic
COM001-SS-LP-02-070' 720 840 32 76.1 23.4 3, based upon mercury and lead
COM001-SS-LP-02-090' 840 1080 21.3 95.9 48.3 3, based upon mercury, lead and arsenic
COM001-SS-LP-02-100' 960 1200 13.2 46.6 65.8 3, based upon mercury and arsenic
COM001-SS-LP-03-0-6" 0 6 0.121 17.9 34.5 2
COM001-SS-LP-03-10' 6 120 0.094 19.4 33.2 2
COM001-SS-LP-03-20' 120 240 1.09 20.9 26.6 1
COM001-SS-LP-03-30' 240 360 0.225 23.5 63.9 2
COM001-SS-LP-03-40' 360 480 0.086 11.5 21.3 1
COM001-SS-LP-03-45' 480 540 0.078 18.7 40 2
COM001-SS-LP-04-0-6" 0 6 0.163 18.6 49.7 2
COM001-SS-LP-04-10' 6 120 0.084 27.3 50.5 2
COM001-SS-LP-04-20' 120 240 3.16 44.8 46.1 3, based upon mercury and arsenic
COM001-SS-LP-04-30' 240 360 1.09 22.4 58.5 2
COM001-SS-LP-04-40' 360 480 0.31 39.2 45.7 2



Sample Beginning Depth (in) Ending Depth (in) Result (mg/kg) Result (mg/kg) Result (mg/kg)
Mercury Lead Arsenic

Table 1: Data Summary for Lucerne Pit Area

Material Category Per NDEP 5/4/12 Letter
COM001-SS-LP-04-50' 480 600 0.361 33.5 22.1 1
COM001-SS-LP-04-60' 600 720 0.145 30.7 33.9 2
COM001-SS-LP-05-0-6" 0 6 0.67 34.1 52 2
COM001-SS-LP-05-10' 6 120 0.077 13.9 23.5 1
COM001-SS-LP-05-20' 120 240 0.112 19.4 15.8 1
COM001-SS-LP-05-30' 240 360 0.139 37 30.5 1
COM001-SS-LP-05-40' 360 480 0.222 27.1 35.2 2
COM001-SS-LP-05-50' 480 600 0.096 25.4 47.3 2
COM001-SS-LP-06-00-6" 0 6 1.28 16.8 22.2 1
COM001-SS-LP-06-05' 6 60 1.49 18.6 24 1
COM001-SS-LP-06-10' 60 120 1.15 14.5 20.8 1
COM001-SS-LP-06-15' 120 180 0.617 10.6 20.2 1
COM001-SS-LP-06-20' 180 240 0.36 18.8 53.1 2
COM001-SS-LP-07-00-6" 0 6 1.32 40.2 63.9 2
COM001-SS-LP-07-05' 6 60 0.229 32.9 78.9 2
COM001-SS-LP-07-10' 60 120 1.58 32.6 71 3, based upon mercury and arsenic
COM001-SS-LP-07-15' 120 180 1.35 25.3 76.4 2
COM001-SS-LP-07-19' 180 228 0.118 14.7 17.9 1
COM001-SS-LP-08-0-6" 0 6 2.04 38.6 25.6 3, based upon mercury
COM001-SS-LP-08-10' 6 120 0.329 12.6 23.2 1
COM001-SS-LP-08-20' 120 240 0.365 14.2 22.3 1
COM001-SS-LP-08-30' 240 360 0.46 15.3 24.2 1
COM001-SS-LP-08-40' 360 480 0.605 23 33.5 2
COM001-SS-LP-08-50' 480 600 1.28 22.4 21.2 1
COM001-SS-LP-08-54' 600 648 0.245 11.4 45.3 2
COM001-SS-LP-09-0-6" 0 6 0.671 26.6 45.3 2
COM001-SS-LP-09-10' 6 120 1.39 30.6 107 3, based upon arsenic, special case at or below 131 mg/Kg
COM001-SS-LP-09-20' 120 240 7.36 43.8 47 3, based upon mercury and arsenic
COM001-SS-LP-09-30' 240 360 0.25 20.3 39.2 2
COM001-SS-LP-09-40' 360 480 0.187 32.9 86.7 2
COM001-SS-LP-09-43' 480 516 0.127 13.1 58.2 2
COM001-SS-LP-10-0-6" 0 6 0.809 42.4 33.8 2
COM001-SS-LP-10-10' 6 120 0.203 25 95.1 3, based upon arsenic, special case at or below 131 mg/Kg
COM001-SS-LP-10-20' 120 240 0.499 30.9 38.8 2
COM001-SS-LP-10-30' 240 360 0.887 21.4 131 3, based upon arsenic, special case at or below 131 mg/Kg
COM001-SS-LP-10-35' 360 420 0.215 19.4 27.9 1
COM001-SS-LR-01-0-6" 0 6 7.81 33.7 40.2 3, based upon mercury and arsenic
COM001-SS-LR-01-06-12" 6 12 8.59 34.2 42 3, based upon mercury and arsenic
COM001-SS-LR-01-12-18" 12 18 5.2 27.2 37.6 3, based upon mercury and arsenic
COM001-SS-LR-01-18-24" 18 24 2.7 22.4 28.8 3, based upon mercury
COM001-SS-LR-02-0-6" 0 6 1.9 38.2 33.1 3, based upon arsenic
COM001-SS-LR-02-06-12" 6 12 0.3 21.5 30.9 1
COM001-SS-LR-02-12-18" 12 18 0.295 21.7 34.8 2
COM001-SS-LR-02-18-24" 18 24 0.402 13.1 18.8 1



Sample Beginning Depth (in) Ending Depth (in) Result (mg/kg) Result (mg/kg) Result (mg/kg)
Mercury Lead Arsenic

Table 1: Data Summary for Lucerne Pit Area

Material Category Per NDEP 5/4/12 Letter
COM001-SS-LR-03-0-6" 0 6 0.433 14.8 17.5 1
COM001-SS-LR-03-06-12" 6 12 0.265 9.3 15.1 1
COM001-SS-LR-03-12-18" 12 18 0.12 8.3 12.6 1
COM001-SS-LR-03-18-24" 18 24 0.222 6.4 11 1
COM001-SS-LR-04-0-6" 0 6 0.219 11.4 19.7 1
COM001-SS-LR-04-06-12" 6 12 0.137 6.5 13.8 1
COM001-SS-LR-04-12-18" 12 18 0.018 4.1 12.9 1
COM001-SS-LR-04-18-24" 18 24 0.011 2.7 8.7 1
COM001-SS-LR-05-0-6" 0 6 0.302 10.5 19.1 1
COM001-SS-LR-05-06-12" 6 12 0.162 7.2 18.1 1
COM001-SS-LR-05-12-18" 12 18 0.027 4.6 11.7 1
COM001-SS-LR-05-18-24" 18 24 0.031 5.1 13.5 1
COM001-SS-LR-07-0-6" 0 6 0.173 11.8 30.3 1
COM001-SS-LR-07-06-12" 6 12 0.111 8 23.8 1
COM001-SS-LR-07-12-18" 12 18 0.1 9.1 27.6 1
COM001-SS-LR-07-18-24" 18 24 0.064 4.2 17.7 1
COM001-SS-LR-08-0-6" 0 6 0.141 16 60.1 2
COM001-SS-LR-08-06-12" 6 12 0.11 16.9 65.3 2
COM001-SS-LR-08-12-18" 12 18 0.078 15.1 102 3, based upon arsenic, special case below 131 mg/Kg
COM001-SS-LR-08-18-24" 18 24 0.066 13.5 139 4, based upon arsenic 
COM001-SS-LR-09-0-6" 0 6 0.354 29.1 47.1 2
COM001-SS-LR-09-06-12" 6 12 0.501 30.2 78.3 2
COM001-SS-LR-09-12-18" 12 18 0.387 28.3 62.6 2
COM001-SS-LR-09-18-24" 18 24 0.609 30 93.6 3, based upon arsenic, special case below 131 mg/Kg
COM001-SS-PH-BK-19AB 0 6 2.25 55.8 31 3, based upon mercury
COM001-SS-PH-BK-20 0 6 1.77 72.6 26.7 3, based upon mercury
COM001-SS-PH-BK-21AB 0 6 3.85 48.8 28.2 3, based upon mercury
COM001-SS-PH-BK-23AB 0 6 1.99 36.7 24.6 3, based upon mercury
COM001-SS-PH-BK-27A 0 6 2.33 52.1 22 1
COM001-SS-PH-BK-29A 0 6 0.822 21 29.3 1
COM001-SS-PH-GT-03-0-6 0 6 0.293 22.4 44 2
COM001-SS-PH-GT-03-06-12 6 12 0.101 6.9 18.6 1
COM001-SS-PH-GT-03-12-18 12 18 0.116 6 24.3 1
COM001-SS-PH-GT-03-18-24 18 24 0.191 10.7 82 2
COM001-SS-PH-GT-07 0 6 0.127 38.2 45.8 2
COM001-SS-PH-GT-08-0-6 0 6 0.604 23.3 22.7 1
COM001-SS-PH-GT-08-06-12 6 12 0.33 17.2 23.3 1
COM001-SS-PH-GT-08-12-18 12 18 0.159 14.4 19.3 1
COM001-SS-PH-GT-08-18-24 18 24 0.3 17.3 22.2 1
COM001-SS-PHGT-09-0-6 0 6 0.126 27.8 30 1
COM001-SS-PHGT-09-06-12 6 12 0.072 23.4 18.9 1
COM001-SS-PHGT-09-12-18 12 18 0.063 27.5 19.1 1
COM001-SS-PHGT-09-18-24 18 24 0.059 13.8 16.4 1
COM001-SS-PH-GT-11A 0 6 1.01 25.4 28.1 1



Sample Beginning Depth (in) Ending Depth (in) Result (mg/kg) Result (mg/kg) Result (mg/kg)
Mercury Lead Arsenic

Table 1: Data Summary for Lucerne Pit Area

Material Category Per NDEP 5/4/12 Letter
COM001-SS-PH-GT-12 0 6 0.086 18.7 16.1 1
COM001-SS-PH-GT-13A 0 6 1.98 23.7 23.2 3, based upon mercury
COM001-SS-PH-HL-111 0 6 0.21 57.6 17.2 1
COM001-SS-PH-HL-116 0 6 0.121 36.4 16.4 1
COM001-SS-PH-HL-126-0-6 0 6 0.111 47 11.2 1
COM001-SS-PH-HL-128AB 0 6 0.167 51.1 17.3 1
COM001-SS-PH-HL-29-0-6 0 6 0.124 83 18.3 1
COM001-SS-PH-HL-90AB 0 6 0.161 51 16.7 1
COM001-SS-PH-HL-92-0-6 0 6 0.213 51.5 20.8 1
COM001-SS-PH-HL-92-0-6 0 6 0.215 68 18.4 1
COM001-SS-PH-JL-21-0-6 0 6 0.283 24.5 28.6 1
COM001-SS-PH-JL-23-0-6 0 6 0.397 49.2 27.8 1
COM001-SS-PH-JL-27-0-6" 0 6 0.49 36.1 43.4 2
COM001-SS-PH-JL-28-0-6" 0 6 0.655 36.8 44 2
COM001-SS-PH-JL-32-0-6" 0 6 0.852 43 54 2
COM001-SS-PH-JL-54/63 0 6 0.38 23.8 26.4 1
COM001-SS-PH-JL-56 0 6 0.237 17.9 25.1 1
COM001-SS-PHJL-59/0-6 0 6 0.242 20.3 26.6 1
COM001-SS-PH-PL-28 0 6 0.275 20 34.6 2
COM001-SS-PH-PL-93AB 0 6 0.155 29.1 12.8 1
COM001-SS-TS1-00-6" 0 6 0.495 56.4 27.3 1
COM001-SS-TS1-02' 2 24 0.049 19.4 30.7 1
COM001-SS-TS1-04' 24 48 0.123 18.1 16.2 1
COM001-SS-TS1-06' 48 72 0.147 28.9 13.5 1
COM001-SS-TS1-08' 72 96 0.115 18.3 19.6 1
COM001-SS-TS1-10' 96 120 0.172 27.6 28 1

Minimum = 0.011 2.7 7.2 1
Maximum = 32 138 139 2

Mean = 1.16 28.87 34.51 1.39
Standard Deviation = 3.43 17.23 20.36 0.49

Notes:  
1.  NDEP Screening/Action Levels 
 Arsenic - 32 mg/Kg 
 Lead - 400 mg/Kg 
 Mercury - 80 mg/Kg 
2.  Shading indicates a data point greater than NDEP Screening/Action Level 
3.  Per NDEP's 5/4/12 Letter categories 1-3 are not CERCLA-regulated materials. 
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 EXECUTIVE SUMMARY 
SRK have evaluated the source, dispersion and geochemical profile of mercury, lead and arsenic in 
the South Comstock Mineral District, Nevada. The primary purpose of this study is to evaluate the 
principal sources of these elements observed in the mineralized zones, surface sediments/dump 
material and also soils within the areas held by Comstock Mining, Inc. The available data have been 
analyzed to identify the principal sources of mercury, lead and arsenic. 

Nevada soils are known to contain elevated levels of arsenic as well as other trace elements. The 
principal cause of this enrichment is the widespread precious metal mineralization throughout the 
state and the Comstock district is no different. In addition to arsenic, the Comstock orebody also 
contains the lead sulfide mineral galena (PbS), which results in elevated lead concentrations in the 
district. Arsenic-bearing minerals identified in the Comstock mineralization as part of the current 
study included arsenopyrite and arsenic-bearing silver sulfosalts such as proustite and pearceite. In 
addition, pyrite in the mineralized lodes has been analyzed and determined to host up to 12 wt% 
arsenic and is likely to represent the most abundant mineral in terms of the volume of arsenic 
bearing materials in the mineralized lodes. Hematite and goethite can also host trace levels of 
arsenic. Although arsenolite and scorodite have been reported in the oxide zone of mines in the 
central part of the Comstock, only scorodite was identified in samples collected as part of this study. 
In contrast, mercury minerals were found to be generally absent from the Comstock mineralization 
and mercury was only observed as a trace element in sphalerite and as rare grains of mercury 
amalgam. This indicates that the majority of mercury in the area is most likely an artifact of mineral 
processing techniques commonly practiced during the major period of mining operations on the 
Comstock from 1860 through to 1893, that of mercury amalgamation to recover gold and silver. 
Therefore, the absence of mercury in the presence of elevated arsenic concentrations is indicative of 
primary mineralization associated with ore materials as opposed to Carson River Mercury Site 
(CRMS) waste-impacted materials.  

In accordance with the Sampling and Analysis Plan (McGinley, 2012), numerous soil samples have 
been collected in 2012 from the Lucerne/Hartford Resource area and from the vicinity of the Dayton 
Mill Site. This sampling program is currently ongoing and at the time this report was prepared, 
preliminary results were available for 377 sample locations. The soils were sampled from a range of 
depths, varying from near-surface (<0.5 feet) to a maximum of 100 feet and analysis of mercury, 
lead and arsenic was carried out on the retrieved soil samples. Although lead and arsenic 
concentrations in the soil samples were elevated above average crustal concentrations, they were 
found to be within the typical range for western Nevada (USGS, 2001). The elevated arsenic and 
lead concentrations found are most likely related to the mineralization in this area. This conclusion is 
supported by the occurrence of generally higher arsenic and lead concentrations in the Lucerne Pit 
area where the mineralization is near-surface. Higher lead concentrations were also observed 
around the former Hartford tailings area and mill site, which is likely related to the concentration of 
lead by extraction and processing techniques. However, lead concentrations were typically less than 
NDEP residential soil screening/action levels. Median arsenic concentrations in the uppermost 20 
feet of soil are also typically less than residential soil screening/action levels and elevated arsenic 
concentrations were not observed in the vicinity of the historic mill sites. 
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Soil mercury concentrations were found to be more variable with depth in the soil profile, decreasing 
from a median concentration of 0.23 mg/kg at surface to 0.13 mg/kg at a depth of 2 feet. Below this 
depth, mercury concentrations were seen to increase, reaching a maximum of 32 mg/kg at 70 feet at 
one locality; still below the residential screening level of 80 mg/kg. This may be a function of the 
relative mobility of mercury (particularly in the presence of chloride), which will allow transport 
through the soil profile. Additionally, and most importantly for purposes of the CRMS, elevated 
mercury concentrations were generally not found together with elevated arsenic concentrations.  

This preliminary study has demonstrated that the geochemical controls on the occurrence of arsenic 
and lead in the South Comstock Mineral District are different to the controls on mercury dispersion. 
From this study, it can be asserted that arsenic concentrations in the area reflect natural 
geochemical anomalies related to Au-Ag mineralization in the bedrock. Further, there is no evidence 
that arsenic is concentrated by historic processing and as such the source of arsenic is not 
anthropogenic. The occurrence of lead can also be related to primary mineralization but is also 
shown to be related to concentration by extraction and processing techniques. By contrast, mercury 
geochemistry reflects an anthropogenic source with negligible mercury associated with bedrock 
mineralization. Mercury was introduced into the area through mineral processing, (i.e., mercury 
amalgamation) during the late nineteenth century, the most active period of mining activity in the 
Comstock area. 
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2.1 Review of Soil Geochemistry in Southwestern USA 
The southwestern states of Nevada, California and Arizona are commonly cited as having significant 
examples of elevated arsenic concentrations in the USA. The major source for the elevated arsenic 
concentrations is the underlying hydrothermal gold mineralization (Boyle and Jonasson, 1973 JGE), 
which hosts arsenopyrite and arsenic-bearing sulfosalts in addition to other arsenic-bearing minerals.  

The maps presented in Figure 3 and Figure 4 clearly demonstrate that arsenic is elevated in western 
Nevada compared to other areas of the US, with a pattern of higher arsenic concentrations along the 
Carlin trend (i.e. associated with the gold mineralization). Soil lead concentrations also show a 
similar pattern (Figure 5), with elevated lead concentrations in Nevada generally being attributable to 
the presence of the mineral galena (PbS) in sulfide mineralization. In contrast to arsenic and lead, 
mercury is more restricted in distribution and therefore not shown to be regionally anomalous in soils 
of the western part of Nevada (Figure 6). As such, a mercury anomaly from the mineralization at the 
Comstock is less likely and any surface soil enriched in mercury is likely related to anthropogenic 
impacts associated with historic mining and mineral processing. Therefore, mercury dispersion in the 
South Comstock Mineral District needs to be decoupled from any discussion of lead or arsenic 
geochemistry in the district as the two groups of elements have very different origins. 

The NDEP recognizes that soil arsenic concentrations in Nevada are naturally elevated above the 
average crustal abundance of 1.8 mg/kg (Mason, 1966) and have therefore introduced a regional 
screening/action level for arsenic. As part of this process, a total of 397 soil samples were collected 
from the Carson River Basin. The results of this exercise showed that arsenic concentrations in 
surface soils in the Carson River area range from a minimum of 1 mg/kg to a maximum 73 mg/kg, 
with an average concentration of 13.1 mg/kg and a 95th percentile of 32 mg/kg. These naturally-
elevated concentrations can be attributed to the underlying hydrothermal gold mineralization and, as 
such, the NDEP have implemented a soil screening/action level of 32 mg/kg based on the 95% 
percentile of the natural background population in the Carson River Basin. This can be compared to 
the US EPA Regional Screening Level (RSL) of 0.39 mg/kg (US EPA, 2009), which is applied to 
residential soils in other areas of the US. 
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3 Mining Activities in the Comstock District 
The initial ore discovered in the Comstock District was extremely rich in gold and silver; with gold 
being more abundant in Gold Canyon and silver being more abundant in Six Mile Canyon and 
Virginia City. The early mining methods concentrated on exposing as much of the lode as was 
possible in wide trenches. Until 1859, ore was shipped to San Francisco and Swansea, Wales for 
processing. After local ore processing began in 1860, most major mining companies operated their 
own mills, but there were also a large number of smaller private mills. Initial ore processing 
techniques were slow and inefficient and a fair amount of trial and error experimentation went into 
the development of an effective ore-processing technique. Refinements were aimed primarily at 
increasing the speed of gold and silver recovery, increasing the percentage of gold and silver 
recovered, and decreasing the amount of gold and silver discarded in tailings piles. The general 
milling process employed before 1900 involved pulverizing ore with stamp mills, creating a slurry and 
adding mercury to the mixture. Mercury forms an amalgam with the precious metals which is then 
gravity separated from the solution and retorted. The most widely used version of this ore-processing 
method during the Comstock era was the "Washoe Process". With this process, the raw ore is wet 
crushed with stamps, the crushed ore is separated from the slurry in a settling tank and then the 
crushed ore is charged with mercury (approximately 10 percent of the weight of the ore) in the 
amalgamation pan. The amalgam is separated from the slurry and the silver and gold is separated 
from the amalgam with a retort. 

After 1900, cyanide leaching and flotation processes gradually replaced amalgamation. The bottom 
of the lode was abruptly reached in 1877 at a depth of about 1,650 feet, and 1878 was the first year 
of dramatically reduced production. Between 1877 and 1878, ore production dropped from 562,519 
tons to 272,909 tons and the total value decreased from $36,301,536 to $19,661,394. In 1879, 
production and value dropped even further. In 1901, the first cyanide-leaching operation began in Six 
Mile Canyon. Cyanide leaching was capable of recovering more gold and silver from lower-grade 
material than was possible by amalgamation methods. Therefore, during the early 1900s mining 
operations consisted of mining lower-grade material and reworking former ore dumps and tailings 
piles. Between approximately 1920 and 1950, large tonnages of low-grade ores were mined at 
surface. Since about 1950, mining operations in the Comstock District have been extremely limited in 
scope.  

It is thought that the majority of the mercury released to the environment was associated with tailings 
which were separated from the amalgam slurry and discharged into the drainage. Other possible 
release mechanisms would have included air emissions from the retort, fugitive air emissions 
throughout the process, and spilling throughout the process where mercury was handled. It is 
estimated that the loss of mercury exceeded 1 pound for each ton of ore milled which translates to 
approximately 14,000,000 pounds of elemental mercury. Additionally, two other metal(loid)s had the 
potential to be concentrated and discharged as a result of the Comstock ore extraction and 
processing, namely lead and arsenic. These elements are naturally present in the mineralization at 
Comstock, but may be concentrated by mineral processing as sulfides are separated from the 
gangue phases and concentrated. The mercury, lead and arsenic subsequently migrated into soils 
via fluvial pathways, ultimately affecting a 75-mile stretch of the Carson River system (NDEP, 2011). 
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4 Carson River Basin Superfund Site 
The Carson River basin, from New Empire to Stillwater and the Carson Sink, was designated a 
National Priority Listed (NPL) site under the Comprehensive Environmental Response 
Compensation and Liability Act (CERCLA or Superfund) in August, 1990 related to mercury 
contamination from mineral processing of the Comstock ore. In particular, the main concern is 
mercury pollution related to the former practice of mercury amalgamation to recover gold and silver. 
Mercury is toxic to humans and other organisms. It affects the central nervous system as well as the 
brain, kidneys and developing fetus. Mercury can also bioaccumulate; that is, increase in 
concentration through the food chain, particularly through consumption of local river trout.  

Elevated mercury levels in the Carson River drainage basin were discovered in the early 1970s 
when sampling conducted by the U.S. Geological Survey (USGS) revealed elevated levels in river 
sediment and unfiltered surface water from the Carson River downstream from pre-1900 ore milling 
sites. Subsequent studies by a number of investigators have further delineated the extent of mercury 
in river and lake sediment. Based largely on the information presented in these studies, the United 
States Environmental Protection Agency (EPA) added the CRMS to the NPL in August, 1990 due to 
the widespread presence of mercury. Sources of mercury in the Carson drainage basin and Washoe 
Valley include mercury imported from the Almaden area of San Jose, California during the Comstock 
era and, possibly, naturally occurring mercury. There is insufficient information to characterize the full 
extent and significance of naturally occurring mercury in the Carson River drainage basin and 
Washoe Valley. However, according to reports which characterize the geology of the Carson River 
drainage basin, naturally occurring deposits of mercury of economic importance do not exist in the 
basin (Bonham, 1969).  

Less significant natural occurrences of mercury can be associated with mineralized zones and hot 
springs deposits. Although it is possible that there are such natural occurrences of mercury in the 
region, such sources are not considered important relative to the large amount of mercury imported 
to the region during the Comstock era. 

Several historic mill sites were located in and along Gold Creek Canyon down to Dayton (Figure 2). 
Tailings may have been deposited in and along the canyon and at Dayton from other up-gradient 
source areas.  

In the areas where mercury was thought to occur, the EPA assumed that the highest levels of 
mercury would occur at and around historic mill sites and tailing piles because there would be 
minimal dilution caused by transport. Thus, the EPA’s remedial investigation included an exhaustive 
research effort to identify the Comstock mills and then map the mill sites. Out of this research, the 
locations of 131 mills were identified. At each of the mill sites, 5 to 25 surface soil samples were 
collected to evaluate if levels of mercury, lead and arsenic were significant. Although subsurface soil 
was also sampled at mill sites, the main objective was to evaluate whether incidental ingestion of 
surface soil was an exposure pathway of concern at the mill sites. Surface soil samples were 
collected at locations where mercury was thought likely to occur. 

As a result of the EPA's work and its objective “to reduce human health risks by reducing direct 
exposure to surface soils containing mercury at concentrations equal to or greater than 80 milligrams 
per kilogram (mg/kg) in residential areas” (Record of Decision, Carson River Mercury Site, March 30, 
1995 (ROD), page 1), six sites were identified (five residential yards and one ditch) but the EPA 
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determine that mercury-contaminated surface soil removal was necessary only for the five residential 
properties. The cleanup included the excavation of contaminated soils to a depth up to two feet, 
offsite disposal of the soil, replacement of the contaminated soil with clean fill, grading and surface 
contouring to restore the property to pre-cleanup conditions, and re-vegetation of the affected areas. 
EPA and its contractors began their work in August, 1998 and concluded their activity in December, 
1999.  

The Operable Unit 1 cleanup dealt only with the identified highly contaminated soils in and around 
existing residences. Area alluvial fans and the Carson River floodplain have yet to be characterized. 
Delineation of contamination in these areas could be a monumental task and would be prohibitively 
expensive. Accordingly, the site boundaries for the Carson River Mercury Site (CRMS) have been 
defined. For this additional characterization and definition of site boundaries, the EPA, in cooperation 
with State and local governments, require the collection of baseline environmental data, provided 
through the Long Term Sampling and Response Plan (LTSRP). The results of these assessments 
will allow for site boundary definition and for educated decisions to be made with regard to the need 
for mitigation and/or cleanup within the site. In the interim, the LTSRP includes certain institutional 
controls. Further, on April 27, 2011, the State of Nevada Division of Environmental Protection 
(NDEP) issued a map showing the CRMS risk zones as another tool under the LTSRP and, within 
the risk zones, soil testing for mercury, lead, and arsenic is required prior to soil disturbance. 
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5 Geology of the South Comstock District 
The southern portion of the Comstock district is characterized by scattered and generally isolated 
small orebodies. The geology is similar to that of the main district to the North (Hudson, 1998). A 
simplified geology map of the Comstock district is shown in Figure 7. 

The mineralization is hosted in Miocene age hydrothermal systems developed within a series of 
Mesozoic metasedimentary and igneous rocks that are overlain by Oligocene to Miocene ash-flow 
tuffs. Mineralization in the Comstock Mining Leases (CML) area is hosted in andesitic volcanic rocks. 
An extensive hydrothermal alteration halo surrounds the deposit comprising of silicification, quartz-
sericite and alunite alteration in the centre with peripheral propylitic and argillic alteration. 
Hematization, manganese oxide precipitation and argillic overprint is a late stage overprint 
throughout the district, particularly close to surface.  

Within the CML, mineralization is focused into vein matter of banded quartz, stockworks and 
cemented breccias. In the Billy the Kid pit, quartz stockworks with or without fine grained adularia 
host the majority of gold-silver ore, with a common spatial association of oxide leachable gold with 
manganese oxide precipitates. Typically lodes in this part of the Comstock are narrow, being of the 
order of 5 m or less.  

The lodes in the southern area of the Comstock district display greater oxidation close to surface 
than those to the North but the mineralogy is typical of the district with abundant sphalerite and 
galena associated with pyrite, chalcopyrite, arsenopyrite and molybdenite. The dominant silver 
mineral is acanthite with minor native silver and chlorargyrite in the surface pits. Pyrite dissemination 
in the wallrock is not as noticeable as elsewhere in the district, with typically less than 5% pyrite in 
the altered wallrock and overall the sulfide content of altered wallrock and mineralized veins appears 
lower than in mineralization to the north. Another feature of the southern part of the Comstock is the 
widespread presence of calcite and Mn-calcite in pods associated with the mineralized lodes. Zones 
of intense illite alteration and locally silica gouge, occasionally with amethystine quartz, are also 
present in zones up to 5 m adjacent to the lodes.  

Mercury minerals are in general absent from the Comstock mineralization and the majority of 
mercury is present as a trace element in sphalerite with only two known mercury phases including 
Moschellandsbergite (Ag2Hg3), identified in museum material from the Gould and Curry mine, and 
Kolymite (Cu7Hg6) also identified in museum material province from the Consolidated Virginia mine. 
Both of these occurrences are negligible in volume from material in the North and Central part of the 
Comstock Lode. 
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Table 1: Summary mineralogy of samples from Comstock Mining Leases 

 

 

SRK Sample ID SRK- N1 SRK-9 SRK-12 SRK-13 SRK-14 SRK19 SRK21 SRK23 SRK27 BK-01 HM-01 HM-02 HM-03
Mineral Phase Chemistry - - - - - - - - - - - -

Quartz SiO2 xxx xxx xxx xxx xxx xxx xxx xxx xxx xxx xxx xxx xxx

K-Feldspar (Orthoclase) KALSi3O8 x xx  x  x   xxx     

Illite K0.65Al2.65Si3.35O10(OH)2 xxx xxx xxx xx xx xx xxx xxx xxx xx xx xx xx
Kaolinite Al2Si2O4(OH)4 xx xx xxx xxx xxx xx xx xx xx xxx xx xxx xx

Goethite FeO(OH) xx xx xx x xx x x
Apatite Ca5(PO4)3F x x x x x x x x
Monazite (Ce,La,Nd,Th) PO4 x x x x x x

Muscovite KAl2(Si,Al)4O10(OH)2 x

Chlorite (Mg,Fe, Al, Mn, Li)4-6(Al,FeSi)4O10(OH)2 x x x x
Calcite CaCO3 x xx x x x

Siderite FeCO3 x xx xx xx xx

Haematite Fe2O3 x xx xx xx xx xxx xx xxx
Barite BaSO4 x x x

Scorodite FeAsO4.2H2O xx x  x

Arsenolite As2O3 x  x  
Rutile TiO2 x x x x x x x  

Clausthalite PbSe x
Churchite YPO4 •2H2O x x

Native Silver Ag x
Magnetite Fe3O4 x x x   x

Manganese Oxide MnOx x xx xx xx xxx
Pyrite FeS2 xx xx x xx x xx xx xx x x x x

Acanthite Ag2S x x  x x x

Arsenopyrite FeAsS x x x
Chalcopyrite CuFeS2 x x x x x x xx x x x

Chalcocite Cu2S x x x x x x x

Bornite Cu5FeS4 x
Enargite Cu3AsS3 x x

Galena PbS x x x x x x x x
Pyargyrite-Proustite Ag3(Sb,As)S3

Sphalerite ZnS x x x x
Uytenboogaardite Ag3AuS2 x x  x

Stephenite Ag3SbS2 x x x x x

Gold Au x x x x x

x   = Trace Minerals (<1% by area)
xx = Minor Minerals (1-10% by area)

xxx = Major Minerals (> 10% by area)
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7 Geochemistry of the Comstock Mineralization 
The geochemistry of the Comstock mineralization has previously been investigated by Hudson 
(2003). This study involved the collection of surface samples from mineralized lodes, albeit 
generally low grade material. The data are summarized and compared to average crustal 
concentrations in Table 2, which shows that trace element concentrations are generally low in 
the surface mineralized materials.  

An additional 20 samples of ore material were collected by Comstock Mining from a recent core 
holes drilled within the mineralized area and analyzed for mercury, lead and arsenic. These data 
are presented in Table 3 and show enrichment of arsenic, and to a lesser extent lead, in 
comparison to average crustal concentrations.  

Arsenic geochemistry in Comstock ore samples reflects the widespread distribution of pyrite, 
which is volumetrically the most significant arsenic-bearing mineral in the ore. In addition, 
electron microprobe analysis demonstrates that pyrite from Billie the Kid and Chollar projects on 
the Comstock can host up to 12 wt% arsenic in the crystal lattice. Other additional important 
minerals are arsenopyrite and silver sulfosalts (Table 1). Trace but widespread secondary 
arsenic minerals from the oxide zone (arsenolite and scorodite) demonstrate that arsenic mobility 
is relatively restricted due to limitations of oxygen transfer and/or presence of high iron and iron 
minerals in the oxide zone.  

From Table 2, lead is elevated above the average crustal abundance. This can be related to 
galena (PbS), chalcopyrite (CuFeS2) and sphalerite (ZnS) being widespread in the lodes. 
Mercury concentrations in the Table 2 and 3 are generally at or below the average crustal 
abundance for mercury.  A few mercury anomalies are present in the samples but generally at a 
level of two to three orders of magnitude less than lead or arsenic.  
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Table 2: Multi-element geochemistry of Comstock lode mineralized samples (modified from Hudson, 2003)  

Vein Type Au Ag As B Ba Bi Cd Cu F Hg Mn Mo Pb Sb Se Te Tl Zn 
Average crustal abundance (Mason, 1966) 0.004 0.07 1.8 10 425 0.2 0.2 55 625 0.08 950 1.5 13 0.2 0.05 0.01 0.5 70 

COM-191 Stockwork 0.65 15 30 <10 500 <1 <0.1 30 <100 0.12 300 <5 10 2 <1 <0.05 2.25 40 

COM-105 Stockwork 0.23 10 20 <10 500 <1 0.3 30 <100 0.22 700 <5 15 6 <1 0.05 1.9 70 

COM-420 Stockwork 0.65 150 10 10 300 <1 0.6 30 300 0.22 200 <5 70 <2 <1 0.05 2.7 95 

COM-421 Stockwork 0.8 50 10 15 300 <1 0.4 70 <100 0.42 1000 <5 30 4 <1 <0.05 1.65 70 

COM-421A Stockwork 1.35 100 10 15 300 <1 0.2 30 <100 0.62 150 <5 50 6 1.7 0.1 1.85 40 

COM-422 Stockwork 0.2 15 10 <10 300 <1 0.3 50 <100 0.04 300 10 150 <2 <1 0.1 2.35 55 

COM-423 Stockwork 0.3 10 <10 10 300 <1 1 100 <100 0.04 300 15 150 <2 <1 0.05 1.4 250

COM-423A Stockwork 0.05 10 <10 <10 500 <1 1.7 150 <100 0.28 500 7 200 <2 <1 0.1 1.45 300

COM-429 Stockwork <0.05 1 10 10 300 2 0.3 30 <100 0.1 150 <5 50 <2 <1 0.05 1.13 55 

COM-429A Stockwork 0.05 7 <10 10 200 <1 0.2 50 <100 0.36 100 15 150 <2 1.2 0.3 1.02 15 

COM-772 Stockwork <0.05 10 <10 <10 300 1 0.8 30 <100 0.06 200 10 700 <2 <1 1.3 1.2 70 

COM-774 Stockwork 0.05 1.5 50 <10 300 <1 <0.1 20 200 0.08 500 20 3 <2 <1 0.1 1.4 70 

COM-796 Stockwork <0.05 0.5 <10 15 300 <1 0.8 30 <100 0.04 300 20 150 <2 <1 0.15 0.8 95 

COM-872 Stockwork 0.15 <0.5 <10 <10 300 <1 <0.1 20 <100 0.04 200 <5 30 <2 <1 <0.05 0.8 15 

COM-421B Quartz 1.05 70 <10 10 70 <1 0.4 20 <100 0.22 50 <5 70 <2 <1 <0.05 0.3 40 

COM-419 Calcite <0.05 3 20 10 700 <1 0.1 30 100 0.12 500 <5 20 <2 <1 <0.05 2.25 70 

All concentrations reported as mg/kg. 
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Table 3: Mercury, lead and arsenic content of Comstock mineralized samples 

Sample Depth  
(feet bgs) 

Mercury 
(mg/kg) 

Lead 
(mg/kg) 

Arsenic 
(mg/kg) 

COM001-SS-OB13 71.5 0.039 6 3.9 
COM001-SS-OB2 26 0.04 7 8.9 
COM001-SS-OB15 59 0.042 8.5 10.1 
COM001-SS-OB14 93.7 0.051 8.8 14.3 
COM001-SS-OB12 169.3 0.058 9.6 14.4 
COM001-SS-OB11 109 0.062 10.6 16.6 
COM001-SS-OB20 15.5 0.064 10.9 19.5 
COM001-SS-OB17 164.2 0.08 11 20.7 
COM001-SS-OB19 64 0.082 11.6 21.9 
COM001-SS-OB18 177.2 0.086 12.2 22.5 
COM001-SS-OB7 113 0.092 12.7 23.4 
COM001-SS-OB10 104 0.111 13.4 25.6 
COM001-SS-OB8 37.5 0.114 15.8 26.8 
COM001-SS-OB9 91 0.133 17.7 42.7 
COM001-SS-OB1 99.5 0.158 21 59.5 
COM001-SS-OB3 95 0.194 21.2 76.6 
COM001-SS-OB16 88 0.211 22.6 77.7 
COM001-SS-OB6 86 0.558 25.1 130 
COM001-SS-OB5 72.5 0.84 25.7 178 
COM001-SS-OB4 105.7 0.855 34 797 
Average Crustal Abundance 

(Mason, 1966) -- 0.1 13 1.8 

All concentrations reported as mg/kg. 
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8 Geochemistry of Comstock Surface Grab Samples 
In 2011, a number of surface grab samples were collected by Comstock Mining and analyzed for 
their total metal(loid) content, including mercury, lead and arsenic. These surface grab samples were 
primarily collected from talus, dump or chipped material in the pits and former mining areas and 
sampling was typically focused on areas of mineralized rock. The sample collection was carried out 
as part of the exploration program and as such samples were not sieved. The sample locations are 
illustrated in Figure 13 and box and whisker plots showing arsenic, mercury and lead concentration 
according to sample location are provided in Figure 14 to Figure 16. Also highlighted on these 
figures is the average crustal abundance for mercury, lead and arsenic in addition to the NDEP soil 
residential screening/action level for these elements.  

The results show that arsenic is elevated above average crustal concentrations in the surface 
material, with concentrations reaching a maximum of 3,000 mg/kg in the Oest area (see Figure 14). 
Arsenic was also found to be elevated above the residential soil screening/action level of 32 mg/kg in 
57% of grab samples tested. The elevated arsenic concentrations are likely to be attributable to the 
primary mineralization at Comstock, where arsenopyrite and arsenic-bearing silver sulfosalts have 
been identified. Pyrite has also been recognized as hosting up to 12 wt% arsenic. Furthermore, the 
elevated arsenic concentrations observed in the surface grab samples may be partially related to the 
sampling method, with samples being preferentially collected from mineralized rock and waste rock 
dumps, where trace elements are likely to be concentrated. Lead was also found to be elevated in 
the majority of grab samples, with concentrations exceeding 10,000 at Oest, compared to an 
average crustal abundance of 13 mg/kg (Mason, 1966). Again, this is likely related to the primary 
mineralization at Comstock, with galena (PbS) having been identified as an abundant accessory 
sulfide mineral. Nonetheless, lead concentrations in the surface grab samples were typically below 
the residential soil screening/action level of 400 mg/kg (see Figure 15).  

Mercury concentrations in the surface grab samples were more variable between sampling areas, 
with samples collected from Lucerne and Hartford typically being characterized by higher mercury 
contents than samples collected from the Comet and Justice Pit areas. This may be related to the 
greater number of former mill sites identified in the Lucerne and Hartford Resource area (see Figure 
13). Although approximately 38% of samples collected contained mercury at concentrations greater 
than average crustal abundance, no samples were characterized by mercury content greater than 
the residential soil screening/action level of 80 mg/kg. Scatter plots showing the relationship between 
mercury, lead and arsenic content of the surface grab samples are provided in Figure 17, Figure 18 
and Figure 19. This shows that there is generally a poor correlation between elemental 
concentrations. 
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Figure 18: Scatter plot of lead vs. mercury in the surface grab samples 
 

 
Figure 19: Scatter plot of lead vs. arsenic in the surface grab samples 
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In the surface materials the weak positive association of mercury, lead and arsenic reflects the fact 
that arsenic and lead occur in the ore, while mercury was used to process the ore. Consequently any 
tailings are enriched in all three elements (Table 2). The correlations for the surface grab samples 
are very different to the mineralogy samples analyzed by Hudson (see Table 4), which demonstrates 
that although the elements are associated in surface soils, this does not reflect natural geochemistry 
of the ore body as reflected in Hudson’s rock geochemistry data. Thus, the spatial association of the 
elements in the surface alone cannot be used to infer a generic or geochemical association since the 
resulting geochemistry is a combination of natural or background geochemistry overprinted by 
anthropogenic factors in a historic mining and processing district. 

Table 4: Calculated Pearson Product Moment correlation coefficients  

Data set 
Pearson Product Moment 
Correlation Coefficient (r) 

As vs. Pb As vs. Hg Hg vs. Pb 
Hudson (2003) mineralogy samples -0.31 -0.22 -0.21 

CML surface grab samples (2011) -0.03 0.06 0.22 

McGinley soil samples (2012) 0.004 0.16 0.08 
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9 Soil Geochemistry 
9.1 Distribution of Mercury, Lead and Arsenic in Soils of the South 

Comstock District 
In January 2012, a Sampling and Analysis Plan was prepared by McGinley and Associates for 
Comstock Mining to provide an assessment of soils in areas affected by the CRMS. In accordance 
with this SAP, numerous soil samples have been collected from within the Lucerne/Hartford 
Resource area and in the vicinity of the Dayton Mill site. This sampling program is currently ongoing 
and at the time this report was prepared, preliminary results were available for 377 sample locations 
as illustrated in Figure 25 to Figure 30. The soils were sampled from a range of depths, varying from 
near-surface (<0.5 feet) to a maximum of 100 feet and analysis of mercury, lead and arsenic was 
carried out on the retrieved soil samples. The results have been grouped according to sample depth 
and are presented in the box and whisker plots in Figure 20 to Figure 22. Also highlighted on these 
plots are the average crustal abundances of mercury, lead and arsenic and the Nevada residential 
soil screening/action level for these elements. Line plots showing typical depth-dependent variations 
in mercury, lead and arsenic concentrations for selected shallow soil profiles (<2 feet) are presented 
in Figure 23 and for selected deep profiles (>50 feet) in Figure 24.  

Figure 20 shows that soil arsenic concentrations in the retrieved samples are uniformly elevated 
above average crustal concentrations and range from ~8 mg/kg at surface to approximately 
45 mg/kg at a depth of 100 feet. Arsenic in the surface soil is within the typical range for western 
Nevada (see Figure 3 and Figure 4) and is likely to be related to the primary mineralization. This is 
supported by the box and whisker plot presented in Figure 20, which shows the arsenic 
concentrations in the soils are within the typical range observed in the ore samples from Table 3. 
Spatially, the highest arsenic concentrations are typically observed in the vicinity of the Lucerne Pit 
(see Figure 25), which is consistent with the observation that the arsenic is associated with the 
primary mineralization. From Figure 21, median arsenic concentrations in the uppermost 20 feet of 
soil are typically less than residential soil screening/action levels and elevated arsenic 
concentrations were not observed in the vicinity of the historic mill sites.  

Lead concentrations are generally more consistent throughout the soil profile (see Figure 21), with 
median concentrations typically ranging between 15 and 20 mg/kg and only increasing below a 
depth of 50 feet. Figure 5 shows that these concentrations are within the typical range for soils within 
western Nevada. Again, this is likely related to the primary mineralization, with galena (PbS) having 
been identified as an accessory sulfide mineral in the deposit. This is supported by the relatively 
consistent lead concentrations throughout the soil profile and also the generally higher lead 
concentrations in the vicinity of the Lucerne Pits, indicating that the majority of lead is in-situ. 
Elevated lead concentrations were also observed in the vicinity of the Hartford Mill Site and tailings 
area (Figure 26) ) and also near the Dayton Mill Site (Figure 29). This may be attributed to the 
concentration of lead by extraction and processing techniques.  

Soil mercury concentrations were found to be more variable with depth (see Figure 22), decreasing 
from 0.23 mg/kg at surface to 0.13 mg/kg at a depth of 2 feet. Below this depth, mercury 
concentrations were seen to increase, reaching a maximum of 32 mg/kg at 70 feet in LP-02. This 
pattern is shown clearly in the line-plots presented in Figure 23 to Figure 24 and may be a function of 
the relative mobility of mercury (particularly in the presence of chloride), which will allow transport 



SRK Consultin
South Comsto
 

RW/RB 

 

thro
the
min
ext
the

Sca
are
ars
obs
ext

Fig
de

ng 
ock Mineral Distri

ough the soil 
e ore (Figure
neralization) 
raction techn

e Dayton Mill A

atter plots sho
e provided in F
senic concent
served in Figu
raction techn

gure 20: Bo
pth 

ict: Relationship 

Coms

profile. The 
e 22), indica
but from an 

niques). This 
Area (Figure 3

owing the rela
Figure 31 to F
rations and le
ure 34, sugge
iques).  

ox and whis

of Hg, Pb and A

stock_As_Pb_Hg_Rep

mercury cont
ting that the
anthropogen

is supported 
30).  

ationship betw
Figure 33. Th
ead and merc
esting the sou

sker plot s

s

port_360000_03_RW_

tent of the so
e mercury is 
nic or introdu
by the highe

ween mercury
his shows that
cury. A weak l
urce of lead m

howing soi

_RB_20120405_FNL

oil samples wa
 not from a
uced source 

er concentratio

y, lead and ar
t there is gen
linear correla

may be simila

il arsenic c

as found to b
an “in-situ” s

(i.e. related
ons of mercu

rsenic conten
nerally a poor 
tion between 
r to mercury 

concentratio

A

be much high
ource (i.e., 
 to processi

ury observed 

nt of the soil s
correlation b
lead and me

(i.e., process

 

ons accord

Page 25 

April 2012 

her than 
primary 
ng and 
around 

samples 
between 
ercury is 
ing and 

ding to 



SRK Consultin
South Comsto
 

RW/RB 

 

Fig

Fig
de

ng 
ock Mineral Distri

gure 21: Box

gure 22: Bo
pth 

ict: Relationship 

Coms

x and whisk

ox and whis

of Hg, Pb and A

stock_As_Pb_Hg_Rep

ker plot sho

sker plot sh

s

port_360000_03_RW_

owing soil le

howing soil

_RB_20120405_FNL

ead concen

l mercury c

ntrations ac

concentratio

A

 

ccording to 

 

ons accord

Page 26 

April 2012 

depth 

ding to 



SRK Consulting 
South Comstock Mineral District: Relationship of Hg, Pb and As Page 27 
 

RW/RB Comstock_As_Pb_Hg_Report_360000_03_RW_RB_20120405_FNL April 2012 

 

 

  

Figure 23: Line plot showing concentrations of arsenic, mercury and lead according 
to depth in selected shallow (<2 feet) profiles 

  

Figure 24: Line plot showing concentrations of arsenic, mercury and lead according 
to depth in selected deep (>50 feet) profiles 
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Figure 31: Scatter plot of arsenic vs. lead in the soil samples 
 

 
Figure 32: Scatter plot of arsenic vs. mercury in the soil samples 
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Figure 33: Scatter plot of lead vs. mercury in the soil samples 
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10 Conclusions 
This report reviews the available information on the source, dispersion and geochemical profile of 
mercury, lead and arsenic in the South Comstock Mineral District, Nevada. The primary purpose of 
the study is to evaluate the principal sources of these elements observed in mineralized zones, 
surface sediments/dump material and also soils within the mineral interest areas held by Comstock 
Mining. 

10.1 Geochemistry of the Comstock Mineralization 
A preliminary mineralogical study has been completed on ore and wallrock samples collected from 
the Billy the Kid and Lucerne pits. Arsenic-bearing minerals identified in the study included 
arsenopyrite and arsenic-bearing silver sulfosalts such as proustite and pearceite. Pyrite in the 
mineralized lodes can also host up to 12 wt% arsenic and is likely to represent the most abundant 
mineral in terms of the volume of arsenic bearing materials in the mineralized lodes. Hematite and 
goethite can also host trace levels of arsenic.  

Although arsenolite and scorodite have been reported in the oxide zone of mines in the central part 
of the Comstock, only scorodite was identified in samples collected as part of this study. In contrast, 
mercury minerals were found to be generally absent from the Comstock mineralization and mercury 
was only observed as a trace element in sphalerite. This indicates that the majority of mercury is 
most likely introduced from anthropogenic sources and is associated with mineral processing and 
extraction activity, rather than with the primary mineralization. Therefore, the absence of mercury in 
the presence of elevated arsenic concentrations is indicative of primary mineralization associated 
with ore materials as opposed to CRMS waste-impacted materials.  

10.2 Geochemistry of Surface Materials 
A number of surface grab samples were collected in 2011 and analyzed for their total metal(loid) 
content, including mercury, lead and arsenic. The rock samples were primarily collected from talus, 
dump or chipped material in the pits and former mining areas and sampling was focused on areas of 
mineralized rock. Arsenic and lead were found to be generally elevated above average crustal 
concentrations, with levels reaching 3,000 mg/kg arsenic and 10,000 mg/kg lead in the Oest area. 
These elevated concentrations may be partially related to the sampling method, with grab samples 
being preferentially collected from mineralized rock and waste rock dumps, where trace elements 
are likely to be concentrated.  

Mercury concentrations in the surface grab samples were found to be more variable between 
sampling areas, with samples collected from Lucerne and Hartford typically being characterized by 
higher mercury contents than samples collected from the Comet and Justice Pit areas. This is may 
be related to the greater number of former mill sites identified in the Lucerne and Hartford Resource 
area, where mercury contamination is more noticeable as a direct consequence of greater 
processing activity as reflected in the geochemical data maps. 
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10.3 Geochemistry of Soils 
In accordance with the Sampling and Analysis Plan (McGinley, 2012), numerous soil samples have 
been collected in 2012 from the Lucerne/Hartford Resource area and from the vicinity of the Dayton 
Mill Site. This sampling program is currently ongoing and at the time this report was prepared, 
preliminary results were available for 377 sample locations The soils were sampled from a range of 
depths, varying from near-surface (<0.5 feet) to a maximum of 100 feet and analysis of lead, arsenic 
and mercury was carried out on the retrieved soil samples. Although lead and arsenic concentrations 
in the surface soil were elevated above average crustal concentrations, they were found to be within 
the typical range for western Nevada (USGS, 2001). The elevated arsenic and lead concentrations 
found are most likely related to the mineralization in this area. This conclusion is supported by the 
occurrence of generally higher arsenic and lead concentrations in the Lucerne Pit area where the 
mineralization is near-surface. Higher lead concentrations were also observed around the Hartford 
former tailings area and mill site, which is likely to relate to the concentration of lead by extraction 
and processing techniques. However, lead concentrations were typically less than NDEP residential 
soil screening/action levels. Median arsenic concentrations in the uppermost 20 feet of soil are also 
typically less than residential soil screening/action levels and elevated arsenic concentrations were 
not observed in the vicinity of the historic mill sites. 

Soil mercury concentrations were found to be more variable with depth in the soil profile, decreasing 
from a median concentration of 0.23 mg/kg at surface to 0.13 mg/kg at a depth of 2 feet. Below this 
depth, mercury concentrations were seen to increase, reaching a maximum of 32 mg/kg at 70 feet at 
one locality; still below the residential screening level of 80 mg/kg. This may be a function of the 
relative mobility of mercury (particularly in the presence of chloride), which will allow transport 
through the soil profile. Additionally, and most importantly for purposes of the CRMS, elevated 
mercury concentrations were generally not found together with elevated arsenic concentrations.  

This preliminary study has demonstrated that the geochemical controls on the occurrence of arsenic 
and lead in the South Comstock Mineral District are different to the controls on mercury dispersion. 
From this study, it can be asserted that arsenic concentrations in the area reflect natural 
geochemical anomalies related to Au-Ag mineralization in the bedrock. Further, there is no evidence 
that arsenic is concentrated by historic processing and as such the source of arsenic is not 
considered to be anthropogenic. The occurrence of lead can also be related to primary 
mineralization but is also shown to be related to concentration by extraction and processing 
techniques. By contrast, mercury geochemistry reflects an anthropogenic source with negligible 
mercury associated with bedrock mineralization. Mercury was introduced into the area through 
mineral processing, (i.e., mercury amalgamation) during the late nineteenth century, the most active 
period of mining activity in the Comstock area. 
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LP-1COM001

CRMS Soils Assessment

Comstock Mining Inc.

Gold Hill

D. Parcells

B. Giroux

Ground Surface
Fill
Yellowish brown, dry.  50% subangular to subrounded coarse gravel and 
cobbles (>2").  25% subangular to subrounded well graded gravel (small to 
large) and sand (very fine to coarse).  25% moderately plastic fines.

Material becomes moist.
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GeoProbe

1/19/12

Lithologic description based on visual/manual sample identification.

2" None

None

None

Bentonite/Cement
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COM001 LP-1

Rock
Hard rock, geoprobe refusal.

End of Borehole
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LP-2COM001

CRMS Soils Assessment

Comstock Mining Inc.

Gold Hill

D. Parcells

B. Giroux

Ground Surface
Fill
Dark yellowish brown, dry.  50% subangular to subrounded coarse gravel 
and cobbles (>2").  25% subangular to subrounded well graded gravel (small 
to large) and sand (very fine to coarse).  25% moderately plastic fines.

Material becomes moist.
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Lithologic description based on visual/manual sample identification.
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Bentonite/Cement
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COM001 LP-2

Burnt wood debris present.
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COM001 LP-2

Fill
Dark yellowish brown, moist.  95% medium plastic fines.  Some subangular 
to subrounded well graded gravel and sand.

Material becomes wet.

No sample recovery from 80 foot target.

Organic material (wood and roots) present.
Rock
Blue-grey hard rock, geoprobe refusal.

End of Borehole
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LP-3COM001

CRMS Soils Assessment

Comstock Mining Inc.

Gold Hill

D. Parcells

B. Giroux

Ground Surface
Fill
Dark yellowish brown, damp.  10% angular to sub-angular coarse gravel and 
cobbles (1/4 to 3").  5% sub-angular to sub-rounded fine to coarse sand.  
85% low plasticity fines.  Stiff.    

Becomes yellowish brown.

Fill
Grayish brown, moist.  50% sub-angular to angular coarse gravel (1/4 to 1"). 
50% non-plastic fines.  Dense.
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GeoProbe

1/27/12

Lithologic description based on visual/manual sample identification.

2" None

None

None

Bentonite/Cement
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COM001 LP-3

Becomes moist, very dense.

Fill
Grayish olive green, moist.  80% sub-angular to angular coarse gravel and 
cobbles (1/2 to 2").  20% non-plastic fines. Dense.

Pale gray, damp.  90% sub-angular to angular coarse gravel and cobbles (1/4 
to 3").  10% non-plastic fines.  Very dense.

Rock
Hard rock, geoprobe refusal.

End of Borehole
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LP-4COM001

CRMS Soils Assessment

Comstock Mining Inc.

Gold Hill

D. Parcells

B. Giroux

Ground Surface
Fill
Dark yellowish brown, wet.  2.5% sub-rounded to rounded coarse gravel 
(1/4 to 3/4").  2.5% sub-rounded to rounded, fine to coarse sand.  95% 
medium plasticity fines. Stiff.

Fill
Pale gray, dry.  Sub-angular to angular coarse gravel and cobbles (1/4 to 3"). 
10% non-plastic fines.  Very dense.

Fill
Dark yellowish brown/reddish brown, moist.  50% sub-angular to angular 
coarse gravel and cobbles (1/4 to 2").  50% low plasticity fines.  Dense.
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1/25/12

Lithologic description based on visual/manual sample identification.

2" None

None

None

Bentonite/Cement
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COM001 LP-4

Becomes gray, dry.  No plasticity. 

Rock
Hard rock, geoprobe refusal.

End of Borehole
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LP-5COM001

CRMS Soils Assessment

Comstock Mining Inc.

Gold Hill

D. Parcells

B. Giroux

Ground Surface
Fill
Dark yellowish brown, moist.  10% sub-angular to angular coarse gravel 
(1/4 to 1").  5% sub-angular to sub-rounded, fine to coarse, poorly graded 
sand.  85% low plasticity fines.  Firm.  

Yellowish brown,dry.  40% angular coarse gravel and cobbles (1/4 to 2").  
10% sub-angular to sub-rounded, fine to coarse, poorly graded sand.  50% 
non-plastic fines.  Stiff.

Fill
Pale yellowish brown, dry.  95% angular coarse gravel and cobbles (1/4 to 
3").  5% non-plastic fines.  Very dense.

Yellowish brown, dry.  Angular coarse gravel and cobbles (1/4 to 3").  20% 
sub-angular to sub-rounded fine to medium sand.  5% non-plastic fines.  
Very dense.

H
yd

ra
te

d 
B

en
to

ni
te

 S
ea

l

Cascade Drilling

GeoProbe

1/26/12

Lithologic description based on visual/manual sample identification.
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Bentonite/Cement
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COM001 LP-5

Rock
Hard rock, geoprobe  refusal.

End of Borehole
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LP-6COM001

CRMS Soils Assessment

Comstock Mining Inc.

Gold Hill

D. Parcells

B. Giroux

Ground Surface
Fill
Dark yellowish brown, wet.  10% angular, poorly graded, coarse gravel and 
cobbles (1/4 to 2").  10% sub-angular to sub-rounded, poorly graded sand.  
80% low plasticity fines.  Firm.

Fill
Yellowish brown, dry.  90% angular, poorly graded coarse gravel and 
cobbles (1/4 to 2").  10% non-plastic fines.  Very dense.

Becomes pale yellowish brown.

Rock
Hard rock, geoprobe refusal.

End of Borehole
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Lithologic description based on visual/manual sample identification.
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LP-7COM001

CRMS Soils Assessment

Comstock Mining Inc.

Gold Hill

D. Parcells

B. Giroux

Ground Surface
Fill
Dark yellowish brown, wet.  20% angular, poorly graded, coarse gravel and 
cobbles (1/4 to 2").  5%sub-angular to sub-rounded, poorly graded 
sand.  75% low plasticity fines.  Stiff.
Fill
Dark yellowish brown, wet.   40% angular, poorly graded coarse gravel and 
cobbles (1/4 to 22").  40% sub-angular to sub-rounded, poorly graded sand.  
20% low plasticity fines.  Very dense.

Becomes yellowish brown.  Non-plastic.

Yellowish brown.  Angular, poorly graded coarse gravel and cobbles (1/4 to 
3").  10% non-plastic fines.  Very dense.  
Rock
Hard rock, geoprobe refusal.

End of Borehole
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Lithologic description based on visual/manual sample identification.
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Bentonite/Cement
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LP-8COM001

CRMS Soils Assessment

Comstock Mining Inc.

Gold Hill

D. Parcells

B. Giroux

Ground Surface
Fill
Dark yellowish brown, wet.  30% angular, poorly graded coarse gravel and 
cobbles (1/4 to 3").  20% sub-angular to sub-rounded poorly graded sand.  
50% low plasticity fines.  Medium stiff.   

Fill
Becomes yellowish brown, dry.  10% angular, poorly graded coarse gravel 
and cobbles (1/4 to 3").  90% non-plastic fines.  Firm.

Increasing gravel and cobbles to 2" (40%).

Increasing gravel and cobbles to 2" (50%).
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GeoProbe

1/25/12

Lithologic description based on visual/manual sample identification.

2" None

None

None

Bentonite/Cement
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COM001 LP-8

Fill
Yellowish brown, dry.  40% angular, poorly graded coarse gravel and 
cobbles (1/4 to 2").  60% non-plastic fines.  

Fill
Increasing gravel to 3" (75%).

Rock
Hard rock, geoprobe refusal.

End of Borehole

Project #: Log: www.mcgin.com

SAMPLES/LITHOLOGIC/MEASUREMENTS BOREHOLE/WELL

D
ep

th
 (f

bg
s)

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

Sa
m

pl
e 

In
te

rv
al

Li
th

ol
og

ic
 

S
ym

bo
l Lithologic Description Construction/Completion

Schematic



LP-9COM001

CRMS Soils Assessment

Comstock Mining Inc.

Gold Hill

D. Parcells

B. Giroux

Ground Surface
Fill
Dark yellowish brown, wet.  50% angular, poorly graded coarse gravel and 
cobbles (1/4 to 2").  50% medium plasticity fines.  Medium dense.   

Becomes yellowish brown and dry.

Yellow brown, dry.  70% angular, poorly graded coarse gravel and cobbles 
(1/4 to 2").  30% non-plastic fines.  Very dense.
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Lithologic description based on visual/manual sample identification.

2" None

None

None

Bentonite/Cement
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COM001 LP-9

Fill
Pale yellowish brown, dry.  20% angular, poorly graded coarse gravel and 
cobbles (1/4 to 2").  80% non-plastic fines.  Stiff.  
.

Rock
Hard rock, geoprobe refusal.

End of Borehole
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LP-10COM001

CRMS Soils Assessment

Comstock Mining Inc.

Gold Hill

D. Parcells

B. Giroux

Ground Surface
Fill
Dark yellowish brown, moist.  50% sub-angular to sub-rounded medium 
gravel.  50% low plasticity fines. Dense.  

Fill
Reddish brown and greenish-grey, damp.  100% low plasticity fines.   Some 
organic material. Hard. 
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1/23-24/12

Lithologic description based on visual/manual sample identification.

2" None

None
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Bentonite/Cement
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COM001 LP-10

Fill
Yellowish brown, dry.  40%  sub-rounded poorly graded gravel to 1 inch.  
20% sub-angular to sub-rounded, fine to coarse poorly graded sand.  40% 
medium plasticity fines. Dense. 

Rock
Hard rock, geoprobe refusal.

End of Borehole

Project #: Log: www.mcgin.com
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Assessment of Off-Site Residential Exposure to Arsenic via 
Inhalation of Resuspended Particles During Soil Disturbance 
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 The Fehling Group, LLC 

Memo 
To: Brian Rakvica, P.E. – McGinley and Associates  
From: Kurt Fehling and Joanne Otani, RN, MSN, PHN 

Date: February 9, 2012 

Re: Assessment of Off-Site Residential Exposure to Arsenic via Inhalation of 
Resuspended Particulates During Soil Disturbance Activities at the Comstock Mine, 
Nevada 

This technical memorandum presents an assessment of the potential human health risks from 
arsenic in soil to off-site residents located near the Comstock Mine during soil disturbance 
(e.g., drilling, samples, etc.) activities. This assessment was conducted in accordance with 
current United States Environmental Protection Agency (U.S. EPA) guidance for assessing 
off-site residential exposures during construction activities (e.g., soil removal) (U.S. EPA, 
1989; U.S. EPA, 2002; and U.S. EPA, 2009). 
 
Exposure Point Concentration of Arsenic in Soil 
 
The U.S. EPA’s risk assessment guidance for Superfund, Part A recommends that the 
exposure point concentration (EPC) for the assessment of risks be based on the 95 percent 
upper confidence limit of the arithmetic mean (95% UCL) (see excerpt pages attached).  
However, as a conservative measure of potential exposure, the maximum detected arsenic 
concentration of 120 mg/kg was used (B. Rakvica, personal communication, 2012).  
 
Off-Site Residential Exposure Scenario 
 
According to U.S. EPA’s Supplemental Guidance for Developing Soil Screening Levels for 
Superfund Sites (2002), off-site residential exposures during construction (e.g., soil removal 
activities) are related to the resuspension and off-site dispersion of soil particulates. This 
assessment uses the default exposure parameters and off-site particulate emission factor (PEF) 
for off-site residents (see excerpt pages attached). The one exception to the exposure 
assumptions is the length of time for the soil removal activities. This assessment assumes an 
exposure frequency of 20 days based on professional judgment (four geotechnical holes at five 
days or less per hole) and the number of days drilling activities are expected to occur at the 
site. 
 
Risk estimates for inhalation exposures follow U.S. EPA’s Risk Assessment Guidance for 
Superfund, Volume I: Human Health Evaluation Manual (Part F, Supplemental Guidance for 
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Inhalation Risk Assessment) (U.S. EPA, 2009). That is, the concentration of a chemical in air 
is used as the exposure metric (e.g., mg/m3), rather than inhalation intake of a chemical in air 
based on inhalation rate and body weight (e.g., mg/kg-day). The generic equation for 
calculating inhalation exposures is: 

 

where: 
  EC  exposure concentration (in µg/m3 or mg/m3) 

 Cair  chemical concentration in air (in mg/m3); calculated by arsenic soil 
concentration of 120 mg/kg divided by the off-site particulate emission factor of 
4.4x108 m3/kg 

  ET   exposure time (hours per day) 
 ED  exposure duration (years of exposure) 
 EF  exposure frequency (number of days per year) 

  AT  averaging time; same as the ED for non-carcinogens and 613,200 hours (i.e., 70 
years; average lifetime) for carcinogens 

 
Table 1 presents the exposure assumptions used to calculate off-site residential exposures. 
 
Arsenic Toxicity Criteria  
 
Toxicity values, when available, are published by the U.S. EPA in the on-line Integrated Risk 
Information System [IRIS]; USEPA 2012).  Inhalation unit risks (IURs) represent the upper-
bound excess lifetime cancer risk from continuous exposure to a chemical at a concentration 
of 1 µg/m3. A higher value implies a more potent carcinogenic potential. Reference dosages 
(RfDs) are experimentally derived “no-effect” levels used to quantify the extent of toxic 
effects other than cancer due to exposure to chemicals (in units of mg/kg-d). Similarly, a 
reference concentration (RfC) is the derived “no-effect” concentration for a lifetime of 
continuous inhalation exposure (in units of mg/m3). With RfDs or RfCs, a lower value implies 
a more potent toxicant. These criteria are generally developed by U.S. EPA risk assessment 
work groups and listed in the USEPA risk assessment guidance documents and databases. 
 
For arsenic, the U.S. EPA’s IRIS has a published IUR of 4.3x10-3 (µg/m3)-1. The U.S. EPA’s 
IRIS does not have a published RfC for arsenic. However, the California’s EPA has a 
published value of 1.5x10-5 (mg/m3) (CalEPA, 2012). In the absence of a USEPA value and to 
be conservative (e.g., health protective), the CalEPA value was used in this assessment. 
 
Arsenic Risk Characterization 
 
In the last step of a risk assessment, the estimated rate at which a receptor intakes a chemical is 
compared with information about the toxicity of that chemical to estimate the potential risks 
posed by exposure to the chemical. This step is known as risk characterization. The methods 
used for assessing cancer risks and non-cancer adverse health effects are discussed below. 
 

 AT
EF x ED x ET x C = EC air
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According to U.S. EPA (1989), this approach is appropriate for theoretical upper-bound 
incremental lifetime cancer risks (ILCRs) of less than 1x10-2. The following equations 
were used to calculate arsenic risks: 

 
𝐼𝐿𝐶𝑅 = 𝐸𝐶_𝑐 × 𝐼𝑈𝑅 

 
where: 

  EC_c   exposure concentration cancer endpoint (µg/m3) 
   IUR   inhalation unit risk (µg/m3)-1 
  

Carcinogenic risk estimates were compared to the USEPA de minimis risk level of 1 in 1 
million (10-6).If the estimated risk are below this risk level, the chemical is considered unlikely 
to pose an unacceptable carcinogenic risk to individuals under the given exposure conditions. 
 
Non-cancer adverse health effects are estimated by comparing the estimated average exposure 
rate (i.e., EC_nc estimated in the exposure assessment) with an exposure level at which no 
adverse health effects are expected to occur for a long period of exposure (e.g., the RfC). 
EC_nc and RfC is compared by dividing the EC_nc by the RfC to obtain the EC_nc:RfC 
ratio, as follows: 

𝐻𝑄 =  
𝐸𝐶_𝑛𝑐
𝑅𝑓𝐶

 

where: 
  HQ  hazard quotient 
  EC_nc  exposure concentration noncancer endpoint (mg/m3) 
  RfC  reference concentration (mg/m3) 
 
The EC_nc-to-RfC ratio is known as a hazard quotient (HQ). If a person’s average exposure is 
less than the RfC (i.e., if the HQ is less than 1), the chemical is considered unlikely to pose a 
significant non-carcinogenic health hazard to individuals under the given exposure conditions. 
 
Summary of Risk Results 
 
As shown in Table 1, the resultant ILCR for an off-site resident is 3x10-8. This value is below 
USEPA’s de minimis risk level of 1x10-6.  In addition, the HQ is 0.001. This value is below 
the target non-carcinogenic health hazard value of 1. Therefore, exposure to arsenic during 
soil disturbance activities is not expected to pose significant adverse health effects to off-site 
residents. 
 
Uncertainty Analysis 
 
This assessment assumed an exposure frequency of 20 days of soil removal activities based on 
professional judgment and the expected number of sampling days.  If soil disturbance 
activities occurred over a longer period of time, the ILCR and HQ for arsenic would increase. 
Even if the U.S. EPA default residential exposure frequency of (350 days/year) is assumed, 
the resultant ILCR and HQ would still be below 1x10-6 (5 x10-7) and a HQ of 1 (0.017) as 
presented in Table 2.  
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An additional scenario was also run to determine the maximum arsenic concentration that 
would not exceed the de minimis risk level and assuming 350 days per year exposure 
frequency.  Table 3, shows such a scenario that assumes a drilling operation runs 24 hours per 
day, 7 days per week, for 30 years.  Under this extremely conservative scenario, a maximum 
arsenic concentration of 300 mg/kg could be assumed as the exposure point concentration.  
The resultant ILCR and HQ would still meet the de minimis risk level of 1x10-6 (1 x10-6) and a 
HQ of 1 (0.045). 
 
Limitations 
 
The services described in this technical memorandum were performed consistent with 
generally accepted professional consulting principles and practices. No other warranty, 
expressed or implied, is made. These services were performed consistent with the agreement 
with the client.  This report is solely for the use and information of the client. Any reliance on 
this report by a third party is at such party’s sole risk. 
 
Opinions and recommendations contained in this technical memorandum apply to conditions 
existing when services were performed and are intended only for the client, purposes, 
locations, time frames, and project parameters indicated. The Fehling Group, LLC is not 
responsible for the impacts of any changes in environmental standards, practices, or regulation 
subsequent to performance of services and does not warrant the accuracy of information 
supplied by others, or the use of segregated portions of this technical memorandum. 
 
References 
 
CalEPA, 2012. Toxicity Criteria Database, Office of Environmental Health Hazard 
Assessment. www.oehha.ca.gov/risk/chemicalDB/ 

  
 U.S. Environmental Protection Agency (USEPA). 1989. Risk Assessment Guidance for 

Superfund: Volume I—Human Health Evaluation Manual (Part A). Interim Final. Office of 
Emergency and Remedial Response, Washington, D.C. USEPA/540/1-89/002. December. 

  
 U.S. Environmental Protection Agency (USEPA). 2002b. Supplemental Guidance for 

Developing Soil Screening Levels for Superfund Sites. Office of Solid Waste and Emergency 
Response, Washington, DC. OSWER 9355.4-24. December. 

 
 U.S. Environmental Protection Agency (USEPA). 2009. Risk Assessment Guidance for 

Superfund, Volume I: Human Health Evaluation Manual (Part F, Supplemental Guidance for 
Inhalation Risk Assessment). EPA-540-R-070-002. http://www.epa.gov/oswer/ 
riskassessment/ ragsf/. 

  
 U.S. Environmental Protection Agency (USEPA). 2012. Integrated Risk Information System. 

USEPA on-line database: http://www.epa.gov/iris/index.html 

http://www.epa.gov/oswer/
http://www.epa.gov/iris/index.html


Table 1. Estimation of Theoretical Cancer Risk and Noncancer Hazard Due to Arsenic

Symbol Value Units Notes
Arsenic concentration in soil (Csoil) Csoil 120 mg/kg Site-specific; Maximum
Exposure time ET 24 hrs/day Assumes continuous exposed soil during removal activites
Exposure freqency EF 20 days/year Professional judgment; length of time for removal activities
Exposure duration ED 30 years USEPA, 1989

Particulate Emission Factor PEF 4.40E+08 m3/kg
Off-site resident PEF from construction scenario for USEPA (2002) 
SSLs

Averaging Time - cancer AT_c 613200 hours USEPA, 2009
Averaging Time - noncancer AT_nc 262800 hours USEPA, 2009
Conversion Factor CF 1.00E+03 µg/mg USEPA, 1989

Arsenic Inhalation Unit Risk IUR 4.30E-03 (µg/m3)-1 USEPA, 2012
Arsenic Reference Concentration RfC 1.50E-05 mg/m3 USEPA, 2012

Inhalation EC cancer EC_c 6.40E-06 µg/m3 Calculated value
Inhalation EC noncancer EC_nc 1.49E-08 mg/m3 Calculated value
Theoretical cancer risk 3E-08
Noncancer hazard quotient 0.001



Table 2. Estimation of Theoretical Cancer Risk and Noncancer Hazard Due to Arsenic

Symbol Value Units Notes
Arsenic concentration in soil (Csoil) Csoil 120 mg/kg Site-specific; Maximum
Exposure time ET 24 hrs/day Assumes continuous exposed soil during removal activites
Exposure freqency EF 350 days/year Professional judgment; length of time for removal activities
Exposure duration ED 30 years USEPA, 1989

Particulate Emission Factor PEF 4.40E+08 m3/kg
Off-site resident PEF from construction scenario for USEPA (2002) 
SSLs

Averaging Time - cancer AT_c 613200 hours USEPA, 2009
Averaging Time - noncancer AT_nc 262800 hours USEPA, 2009
Conversion Factor CF 1.00E+03 µg/mg USEPA, 1989

Arsenic Inhalation Unit Risk IUR 4.30E-03 (µg/m3)-1 USEPA, 2012
Arsenic Reference Concentration RfC 1.50E-05 mg/m3 USEPA, 2012

Inhalation EC cancer EC_c 1.12E-04 µg/m3 Calculated value
Inhalation EC noncancer EC_nc 2.62E-07 mg/m3 Calculated value
Theoretical cancer risk 5E-07
Noncancer hazard quotient 0.017



Table 3. Estimation of Theoretical Cancer Risk and Noncancer Hazard Due to Arsenic

Symbol Value Units Notes
Arsenic concentration in soil (Csoil) Csoil 300 mg/kg Risk based concentration (see text)
Exposure time ET 24 hrs/day Assumes continuous exposed soil during removal activites
Exposure freqency EF 365 days/year Professional judgment; length of time for removal activities
Exposure duration ED 30 years USEPA, 1989

Particulate Emission Factor PEF 4.40E+08 m3/kg
Off-site resident PEF from construction scenario for USEPA (2002) 
SSLs

Averaging Time - cancer AT_c 613200 hours USEPA, 2009
Averaging Time - noncancer AT_nc 262800 hours USEPA, 2009
Conversion Factor CF 1.00E+03 µg/mg USEPA, 1989

Arsenic Inhalation Unit Risk IUR 4.30E-03 (µg/m3)-1 USEPA, 2012
Arsenic Reference Concentration RfC 1.50E-05 mg/m3 USEPA, 2012

Inhalation EC cancer EC_c 2.92E-04 µg/m3 Calculated value
Inhalation EC noncancer EC_nc 6.82E-07 mg/m3 Calculated value
Theoretical cancer risk 1E-06
Noncancer hazard quotient 0.045
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 The Fehling Group, LLC 

Memo 
To: Brian Rakvica, P.E. – McGinley and Associates  
From: Kurt Fehling and Joanne Otani, RN, MSN, PHN 

Date: March 9, 2012 

Re: Calculation of Risk-Based Concentrations for an On-Site Worker Exposed to Arsenic 
via Inhalation of Resuspended Particulates During Soil Removal Activities at the 
Comstock Mine, Nevada 

This technical memorandum presents risk-based concentrations (RBCs) for arsenic in 
resuspended soil particulates inhaled by on-site workers at the Comstock Mine during soil 
routine mine activities. The RBCs were calculated in accordance with current United States 
Environmental Protection Agency (U.S. EPA) guidance for assessing on-site worker 
exposures during soil removal activities via inhalation (e.g., trucks driving on unpaved roads, 
soil handling activities) (U.S. EPA, 2002).  It is expected that inhalation of resuspended 
particulates will be the primary exposure route for an on-site worker because this individual 
will be driving a truck in an enclosed cab fully clothed (e.g., wearing coveralls and closed-toed 
boots). Therefore, direct contact exposures such as incidental soil ingestion and dermal contact 
exposure are anticipated to be minimal if not incomplete. However, for completeness, RBCs 
that include direct contact exposures are also presented in the Uncertainty Analysis section of 
this technical memorandum.  The U.S. EPA’s target risk range of 1x10-6 to 1x10-4 was used to 
derive all of the arsenic RBCs.  
 
Calculation of On-Site Worker Risk-Based Concentrations for Arsenic in Resuspended 
Dust  
 
At the Comstock Mine, the primary exposure pathway for on-site workers to arsenic in soil is 
understood to be the inhalation of resuspended dust during routine mine activities (e.g., truck 
traffic on unpaved roads, soil handling activities). The RBCs calculated follow the U.S. EPA’s 
Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites (2002). 
This evaluation uses the default exposure parameters for quantifying inhalation exposure to 
particulates and calculation of the Generic Particulate Emission Factor (PEF) for on-site 
workers during construction (soil disturbance activities). In addition, a second calculation was 
performed using a refined approach to calculate a Site-Specific PEF based upon 50 ton truck 
traffic. It is our understanding that this is the maximum size truck to be used at the Site.  The 
equations used are presented below: 
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Risk Based Concentration Equation 
 

𝐴𝑠 𝑅𝐵𝐶 =  
𝑇𝑅 × 𝐴𝑇𝑐𝑎𝑛𝑐𝑒𝑟 × 𝑃𝐸𝐹

𝐸𝑇 × 𝐸𝐹 × 𝐸𝐷 × 𝐶𝐹 × 𝐼𝑈𝑅
 

 
Where: 
 

As RBC Risk based concentration for arsenic based on the specified target risk 
level (mg/kg); 

TR  Target risk level (unitless; 1 x 10-6 to 1 x 10-4); 
ATcancer Averaging time for carcinogens (hrs; 70 years = 613,200 hrs); 
PEF  Particulate emission factor for soil removal activities (m3/kg); 
ET  Exposure time (hrs/day; 12 hrs); 
EF  Exposure frequency (days/year; 250 days/year); 
ED  Exposure duration (years; 25 years);  
CF  Conversion factor (1,000 µg/mg); and  
IUR  Inhalation unit risk for arsenic (0.0043 (µg/m3)-1; U.S. EPA, 2012). 

 
The equation above follows the U.S. EPA Region 9 calculation for inhalation of particulates for 
cancer (http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/usersguide.htm).   

 
The exposure parameters listed above conservatively assume a 12-hour work shift and a 25-
year duration.  Both of these scenarios are unlikely and are hence conservative. 

 
Particulate Emission Factor (PEF) Equations  

 
The following equations were used to calculate the PEF (Generic and Site-Specific): 

 

𝑃𝐸𝐹 = Q/C ×  
1
𝐹𝐷

 × ��
𝑇 × 𝐴𝑅
𝑀𝑟𝑜𝑎𝑑

� + �
𝐴𝑠𝑖𝑡𝑒  × (3,600 𝑠𝑒𝑐/𝐻𝑟)

𝐸 × 𝑀𝐴𝑇 × �1,000 𝑔
𝑘𝑔�

�� 

Where: 
 

PEF Particulate emission factor (m3/kg); 
Q/C  One hour USEPA (2002) SSL construction worker dispersion factor (g/m2-sec 

per kg/m3); 
FD USEPA (2002) construction worker dispersion correction term (unitless); 
T Total time over which emissions occur (seconds); 
AR Area of unpaved road emissions (m2); 
Mroad Mass of particulates emitted due to traffic over unpaved areas (g); 
Asite Area of the site (m2); 
E AP-42 emission factor for soil and aggregate handling during excavation  

  (USEPA, 2006) (kg/Mg excavated), and; 
MAT Mass of material handled (Mg). 

http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/usersguide.htm
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The Q/C was calculated based on a site area of 30 acres using the following equation using A, 
B, and C values from USEPA (2002) for Winnemucca, Nevada: 
 

Q/C = 𝐴 × 𝑒𝑥𝑝 �
(ln(𝐴𝑠𝑖𝑡𝑒) −  𝐵)2

𝐶
� 

 
Where: 

 
Asite Area of the site (30 acres); 
A Constant (12.87); 
B Constant (18.0), and; 
C Constant (204.1). 

 
The Generic PEF, the USEPA (2002) default value of 255,000 g for Mroad was used.  This 
value was estimated from the off-site residential PEF of 4.4 x 108 m3/kg for the construction 
work scenario from USEPA (2002) by solving Equation 5-9 for Mroad based on the default 
values presented in the same section of USEPA (2002).  The resulting equation is: 
 

𝑀𝑟𝑜𝑎𝑑 =  �
𝑄/𝐶off  × Asite  × ED x CF

𝑃𝐸𝐹𝑜𝑓𝑓
� −  𝑀𝑤𝑖𝑛𝑑 

 
Where:  
 

Mroad Mass of particulates emitted due to traffic over unpaved areas (g); 
Q/Coff USEPA (2002) SSL off-site residential dispersion factor (89.03 g/m2-sec per 

kg/m3); 
Asite Area of the site (2,024 m2); 
ED Residential exposure duration (30 years); 
CF Time conversion factor of 3.15 x 107 sec/yr; 
PEFoff The off-site residential PEF of 4.4 x 108 m3/kg, and;  
Mwind Unit mass of soil emitted due to wind erosion (132,000 g). 

 
Table 1 presents all parameters and equations used in the derivation of the Generic PEF. 
 
For the Site-Specific PEF, the value for Mroad was estimated using the following equation from 
USEPA (2002): 

𝑀𝑠𝑜𝑖𝑙 = 556 × �
𝑊
3
�
0.4

 × �
365 − 𝑝

365
�  ×  �𝑉𝐾𝑇 

 
Where: 
 

Mroad Mass of particulates emitted due to traffic over unpaved areas (g); 
W Vehicle weight (tons); 
P Number of days with at least 0.01 inches of precipitation (days), and; 
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ΣVKT Sum of vehicle kilometers traveled per work day. 
 
For the Site-Specific PEF, it was assumed that site vehicles weigh 50 tons and two trucks per 
hour drive 1 km over the site during a 12 hour day for 24 vehicles kilometers (2 x 12 x 1).  In 
addition, the number of days with at least 0.01 inches of precipitation was conservatively set 
equal to 51 given the limited amount of annual precipitation (WRCC, 2009).  Table 2 presents 
all the parameters and equations used in the calculation of the Site-Specific PEF. 
 
For both the generic and site-specific PEF, particulate emissions due to excavation activities 
were estimated using the following equation from the USEPA (2006) AP-42 Section 13.2.4 
for soil and aggregate handling: 
 

𝐸 = 0.0013 × 𝑘 ×  
� 𝑈2.2�

1.3

 �𝑀2 �
1.4   

 
Where: 
 

E Emission factor (kg/Mg excavated); 
k Particle size multiplier (0.74 for PM30); 
U Mean wind speed (m/sec), and; 
M Material moisture content (%). 
 

The mean wind speed for Reno, NV of 2.95 m/sec (6.6 mph) based on 60 years of 
observations was used (NOAA, 2012).  The moisture content of 0.92%, which is associated 
with waste material from an iron and steel facility (USEPA, 2006) was used. We have 
assumed that the moisture content of the iron and steel facility waste material is similar to site 
soil.  
 
In addition, it was assumed that 500 yds3 of material with a bulk density of 1.5 g/cm3 was 
handled per hour.  This gives a mass of material excavated of 1.15 Mg.  For both the generic 
and site-specific PEF, particulate emissions due to excavation activities were estimated using 
the following equation from the USEPA (2006) AP-42 Section 13.2.4 for soil and aggregate 
handling: 

 

𝐸ℎ𝑎𝑛𝑑𝑙𝑒 =
𝐸 × 𝑀𝐴𝑇 × 1000 𝑔/𝑘𝑔
𝐴𝑅𝐸𝐴 × 3600 𝑠𝑒𝑐/ℎ𝑜𝑢𝑟

 

 
Where: 
 

AREA Area of the site (m2); 
E AP-42 emission factor for soil and aggregate handling during excavation  

  (USEPA, 2006) (kg/Mg excavated), and; 
MAT Mass of material handled (Mg). 
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Summary of Risk-Based Concentrations for Arsenic via Inhalation of Resuspended 
Particulates 
 
As shown in Tables 3 through 5, the arsenic inhalation RBCs for the Generic PEF ranges from 
65 (1 x 10-6) to 6,527 (1 x 10-4) mg/kg.  For the Site-Specific PEF, the arsenic inhalation RBCs 
range from 370 (1 x 10-6) to 36,957 (1 x 10-4) mg/kg. 
 
Uncertainty Analysis 
 
To address potential direct contact exposures (incidental ingestion and dermal contact), arsenic 
RBCs that include all three exposure pathways were calculated using the Generic and Site-
Specific PEFs. U.S. EPA default exposure parameters for “construction workers” and U.S. 
EPA RSL equations were used for the on-site mine worker. In addition, an oral bioavailability 
factor of 30 percent was used (http://ndep.nv.gov/bmi/docs/arsenic_memo091408.pdf). Table 
3 presents the combined arsenic RBC based on the Generic PEF and a target risk level of 
1x10-6. Incidental soil ingestion is the driving exposure pathway. Table 4 presents the 
combined arsenic RBC based on the Site-Specific PEF and a target risk level of 1x10-6. As 
shown in Table 5 the combined arsenic RBCs for the Generic PEF ranges from 1.45 (1 x 10-6) 
to 145 (1 x 10-4) mg/kg.  For the Site-Specific PEF, the combined arsenic RBCs range from 
1.48 (1 x 10-6) to 148 (1 x 10-4) mg/kg. The combined arsenic RBCs assumes an on-site mine 
worker incidentally ingests 330 mg of soil per day, with dermal contact to his head, forearms 
and hands for 250 days per year for 25 years. These assumptions likely overestimate   
 
It should be noted that the resultant RBC for arsenic based on non-cancer health effects using 
the U.S. EPA RSL equation for inhalation of particulates for non-cancer, the inhalation 
reference concentration of 1.5x10-5 (mg/m3) (CalEPA, 2012), and the Generic PEF 
(3.243x10+7 m3/kg) is 1,500 mg/kg. This value is within the range of inhalation RBCs for 
arsenic based on the U.S. EPA target risk range. The combined arsenic RBC based on non-
cancer using the U.S. EPA RSL equations for direct contact and inhalation of particulates is 
204 mg/kg. This value is higher than the combined arsenic RBCs based on the cancer 
endpoint. 
 
In addition, this evaluation does not consider the effects of the stringent dust control 
requirements by the State of Nevada Division of Environmental Protection (NDEP), which are 
especially stringent at this site due to the proximity to off-site residents.  All work surfaces are 
required to be maintained in a damp condition which reduces the generation of dust from 
moving vehicles.  Drilling activities are additionally conducted using wet drilling techniques, 
which greatly reduces the dust generated from these activities.  None of these measures are 
considered and thus the calculations above are considered to be conservative. 

http://ndep.nv.gov/bmi/docs/arsenic_memo091408.pdf
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Limitations 
 
The services described in this technical memorandum were performed consistent with 
generally accepted professional consulting principles and practices. No other warranty, 
expressed or implied, is made. These services were performed consistent with the agreement 
with the client.  This report is solely for the use and information of the client. Any reliance on 
this report by a third party is at such party’s sole risk. 
 
Opinions and recommendations contained in this technical memorandum apply to conditions 
existing when services were performed and are intended only for the client, purposes, 
locations, time frames, and project parameters indicated. The Fehling Group, LLC is not 
responsible for the impacts of any changes in environmental standards, practices, or regulation 
subsequent to performance of services and does not warrant the accuracy of information 
supplied by others, or the use of segregated portions of this technical memorandum. 
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Table 1. Estimation of a Particulate Emission Factor due to Onsite Activities.
Short term SSL Q/C factor and Generic Unpaved Traffic

Parameter Symbol Value Units Notes

Particle size multiplier k 0.74 unitless Multiplier associated with PM <30 microns
Mean wind speed U 2.95 m/sec Average daily wind speed for Reno, NV

Moisture content M 0.92 %
Moisture content associated with slag from iron and steel facilities 
from Table 13.2.4-1 of AP-42 Section 13.2.4

Emission factor E 0.00417766 kg/Mg Emission factor from AP-42 Section 13.2.4 for aggregating handling

Mass of material handled per hour MAT 1.147 Mg/hr
Equivalent of 500 cubic yards per hour assuming 1.5 g/cm3 bulk 
density.

Area of emissions AREA 121,410 m2 30 acres in terms of m2.
Emission rate ER_handle 1.10E-08 g/m2-sec ER_handle = E*MAT*1000 g/kg)/(AREA*3600 sec/hr)

Mean vehicle weight W NA tons
Number of vehicles per hour VEH NA veh/hr
Trip frequency FREQ NA per day
Distance travelled DIST NA km
Mass of particulate emissions M 2.55E+05 g From USEPA (2002)
Area of road emissions A_emit 274.213 m2 From USEPA (2002)
Exposure duration ED 25 yrs
Number of days with precipitation >0.01 
inches p 51 days Based on average for Reno, NV
Emission rate ER_road 1.10E-06 g/m2-sec ER_road = M/(ED*(3.15E7 sec/day)*A_emit)

Site area AREA 30 acres Area of site
Dispersion factor coefficient A A 2.45
Dispersion factor coefficient B B 17.6
Dispersion factor coefficient C C 189.0

Dispersion factor Q/C 38.09
g/m2-sec 
per kg/m3

Corrected Short-term dispersion factor for construction work 
calculated based on site area from equation in USEPA (2002).

Particulate emission factor PEF 3.43E+07 m3/kg PEF = Q/C /(ER_handle + ER_road) 

Equations taken from U.S. EPA 2002.

Particulate Emissions due to Soil and Aggregate Handling

Particulate Emissions due to Traffic over Unpaved Roads

PEF Calculation for Both Particulate Sources



Table 2. Estimation of a Particulate Emission Factor due to Onsite Activities.
Long-term Winnemucca Q/C factor

Parameter Symbol Value Units Notes

Particle size multiplier k 0.74 unitless Multiplier associated with PM <30 microns
Mean wind speed U 2.95 m/sec Average daily wind speed for Reno, NV

Moisture content M 0.92 %
Moisture content associated with slag from iron and steel facilities 
from Table 13.2.4-1 of AP-42 Section 13.2.4

Emission factor E 0.00417766 kg/Mg Emission factor from AP-42 Section 13.2.4 for aggregating handling

Mass of material handled per hour MAT 1.147 Mg/hr
Equivalent of 500 cubic yards per hour assuming 1.5 g/cm3 bulk 
density.

Area of emissions AREA 121,410 m2 30 acres in terms of m2.
Emission rate ER_handle 1.10E-08 g/m2-sec ER_handle = (E*MAT*1000 g/kg)/(AREA*3600 sec/hr)

Mean vehicle weight W 50 tons Size of trucks onsite
Number of vehicles per hour VEH 2 veh/hr Number of vehicles per hour
Trip frequency FREQ 12 per day Site active for 12 hrs per day
Distance travelled DIST 1 km Length based on area of the site
Mass of particulate emissions M 4.11E+04 g 556*(W/3)^0.4*VEH*FREQ*DIST
Area of road emissions A_emit 274.213 m2 From USEPA (2002)
Exposure duration ED 25 yrs
Number of days with precipitation >0.01 
inches p 51 days Based on average for Reno, NV
Emission rate ER_road 1.77E-07 g/m2-sec ER_road = M/(ED*(3.15E7 sec/day)*A_emit)

Site area AREA 30 acres Area of site
Dispersion factor coefficient A A 12.87
Dispersion factor coefficient B B 18.0
Dispersion factor coefficient C C 204.1

Dispersion factor Q/C 36.57
g/m2-sec 
per kg/m3

Long term dispersion factor based on data from Winnemucca, NV 
(USEPA, 2002)

Particulate emission factor PEF 1.94E+08 m3/kg PEF = Q/C /(ER_handle + ER_road) 

Equations taken from U.S. EPA 2002.

Particulate Emissions due to Soil and Aggregate Handling

Particulate Emissions due to Traffic over Unpaved Roads

PEF Calculation for Both Particulate Sources



Table 3. Estimation of Risk-Based Concentration for Arsenic (Generic PEF)

Parameter Symbol Value Units Notes
Arsenic Combined RBC Csoil 1.4 mg/kg Combined inhalation plus direct contact pathways

Arsenic Inhalation Unit Risk IUR 4.30E-03 (µg/m3)-1 USEPA, 2012
Arsenic Oral Slope Factor SF_o 1.5 (mg/kg-day)-1 USEPA, 2012
Target cancer risk TR 1E-06
Exposure time ET 12 hrs/day Assumes continuous exposed soil during removal activites
Exposure freqency EF 250 days/year Professional judgment; length of time for removal activities
Exposure duration ED 25 years USEPA, 1989
Averaging Time - cancer AT_c 70 years
Body weight BW 70 kg
Conversion Factor CF 1.00E-06 kg/mg

Particulate Emission Factor PEF 3.43E+07 m3/kg

Generic PEF for construction worker as a function of exposure 
duration based on equations from USEPA (2002) SSL for onsite 
construction worker.

Averaging Time - cancer AT_c 613200 hours USEPA, 2009
Conversion Factor CF 1.00E+03 µg/mg USEPA, 1989
Arsenic Inhalation RBC Cinhal 65.3 mg/kg

Soil ingestion rate IRS 330 mg/day
Oral bioavailability BIO 30% unitless http://ndep.nv.gov/bmi/docs/arsenic_memo091408.pdf
Arsenic Soil  ingestion RBC Cing 1.9 mg/kg

Exposed skin surface area SA 3300 cm2/day
Soil adherence factor AF 0.3 mg/cm2

Soil absorption ABS 3% unitless
Arsenic Dermal RBC Cderm 6.4 mg/kg

http://ndep.nv.gov/bmi/docs/arsenic_memo091408.pdf


Table 4. Estimation of Risk-Based Concentration for Arsenic (Site-Specific PEF)

Parameter Symbol Value Units Notes
Arsenic Combined RBC Csoil 1.5 mg/kg Combined inhalation plus direct contact pathways

Arsenic Inhalation Unit Risk IUR 4.30E-03 (µg/m3)-1 USEPA, 2012
Arsenic Oral Slope Factor SF_o 1.5 (mg/kg-day)-1 USEPA, 2012
Target cancer risk TR 1E-06
Exposure time ET 12 hrs/day Assumes continuous exposed soil during removal activites
Exposure freqency EF 250 days/year Professional judgment; length of time for removal activities
Exposure duration ED 25 years USEPA, 1989
Averaging Time - cancer AT_c 70 years
Body weight BW 70 kg
Conversion Factor CF 1.00E-06 kg/mg

Particulate Emission Factor PEF 1.94E+08 m3/kg
Site-specific PEF based on USEPA (2002) long term dispersion 
factor for Winnemucca, NV

Averaging Time - cancer AT_c 613200 hours USEPA, 2009
Conversion Factor CF 1.00E+03 µg/mg USEPA, 1989
Arsenic Inhalation RBC Cinhal 370 mg/kg

Soil ingestion rate IRS 330 mg/day
Oral bioavailability BIO 30% unitless http://ndep.nv.gov/bmi/docs/arsenic_memo091408.pdf
Arsenic Soil ingestion RBC Cing 1.9 mg/kg

Exposed skin surface area SA 3300 cm2/day
Soil adherence factor AF 0.3 mg/cm2

Soil absorption ABS 0.03 unitless
Arsenic Dermal RBC Cderm 6.4 mg/kg

http://ndep.nv.gov/bmi/docs/arsenic_memo091408.pdf


Table 5.  Summary of RBCs for Arsenic Based upon Inhalation of Arsenic Including Uncertainty Analysis of Direct Contact Pathways

Target Risk Level Generic PEF Site Specific PEF Generic PEF + Direct Contact Site Specific PEF + Direct Contact
Arsenic Concentration Arsenic Concentration Arsenic Concentration Arsenic Concentration

mg/kg mg/kg mg/kg mg/kg

10-6 65.27 370 1.45 1.48
10-5 652.7 3696 14.5 14.8
10-4 6527 36957 145 148

Notes:
Inhalation exposures primary pathway based on anticipated on-site worker in enclosed truck cab, coveralls, and closed-toed boots.
Direct contact includes incidental soil ingestion and dermal contact exposure pathways in addition to inhalation of resupended soil particulates

Uncertainty Analysis - Outdoor Mine WorkerOutdoor Mine Worker - Inhalation Only




