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COMMENT RESPONSES TO THE
 
DRAFT ENGINEERING EVALUATION/COST ANALYSIS
 

FOR THE IRON MASK MINE AND MILL SITE
 

Prepared by: 
Pioneer Technical Services, Inc. (Pioneer) 

May 2009 

Comments by: 
Bureau of Land Management (BLM) 

Butte Field Office
 
January 2009
 

GENERAL COMMENTS: 

Comment #1 ­
Please include a glossary which includes abbreviations used. 

Response to Comment #1 
A glossary of acronyms has been added. 

Comment #2 
Please break down materials analyzed in Waste Rock Dump #1, Waste Rock Dump #2, 
Tailings #1, and Tailings #2 – this will help us make decisions about each piece of the 
reclamation. 

Response to Comment #2 
Comment incorporated.  Table 6-3 in Section 6.3 now includes target risk reductions for 
each waste source. 

Comment #3 
Please explain why the 95% is used and how it was derived, and include the 95% as a 
summary row in all the data sets. 

Response to Comment #3 
Comment incorporated in Section 5.1.2, and in Table B-2, Appendix B. 

Comment #4 
Explain better why are there more tailings samples listed on the map than sampled. 

Response to Comment #4 
Individual samples for each waste and borrow source were consolidated for laboratory 
analysis. 



 
 

   

  
 

 
 

    
 

 
 

 
   

 
 

 
 

 
  

 
 

 
 

 
 

 
  

 
 

 
 

 
 

 
 

  
 
 

  
 

 

 
 

 

Comment #5 
Please be more specific with the use of the term “soils”- we understand it is commonly 
used in these reports, but it loses the significance of the differences in waste rock, 
tailings, background soil and general soils. 

Response to Comment #5 
The term “soil”, as used in this report, refers to cover soil, borrow soil, and background 
soil. Tailings and waste rock materials are referred to as “waste material” to differentiate 
them as such.  Exposure to soil contaminated with waste material is identified as a human 
and ecological exposure route as part of the risk assessment. 

Comment #6 
Map – what does SW mean. 

Response to Comment #6 
A legend has been added to the map. 

Comment #7 
The outline in the vicinity of Tailings 1 is confusing – what does it mean, are various 
levels of contaminants significant here? 

Response to Comment #7 
The outline of TA-1 has been redrawn to incorporate the entire tailings area based on 
laboratory results. 

Comment #8 
Please include an outline of the two dump areas.  

Response to Comment #8 
Comment incorporated. 

Comment #9 
[Please add a reference to the BLM/MBMG Open-file Report to p. 2-1] 

Response to Comment #9 
A reference to the report has been added to Section 2.1, Paragraph 3. 

TECHNICAL COMMENTS: 

Comment CM1 
An abstract, or separate 1 page executive summary could address some of the formatting 
issues of including information at certain points in the main document, especially the 
different risk parameters and standards used for comparison. 



 
  

 
 

 
   

 
 

  
 

 
     

  
 

 
 

 
 

 
 

 
  

 
 

 
 

 
  

 
 

 
    

 
 

 
 

 
 

 
 

 
 

 
 
 
 

Response to Comment CM1 
Comment incorporated.  An Executive Summary has been added to the beginning of the 
document. 

Comment CM2 
Identify need for the project and EEE/CA – discovery of site, prelim. assessment, etc. 

Response to Comment CM2 
Comment incorporated in Section 1.1, Paragraph 3. 

Comment CM4 
Add brief comment about veg. types – such as some representative species found on site. 
Add description of tree type and location – goes to review questions by IDT staff. 

Response to Comment CM4 
Comment incorporated in Section 2.1.1, Paragraph 2. 

Comment J5 
Joan will check status of SHPO mitigation plan with Carrie. 

Response to Comment J5 
Section 2.1.2 has been revised to incorporate BLM comments. 

Comment J6 
Joan will check SHPO status with Carrie. 

Response to Comment J6 
Section 2.1.2 has been revised to incorporate BLM comments. 

Comment CM7 
The area is “likely” closed, but not officially so until the travel management plan NEPA 
is done and ROD signed (I think – need to verify with Pat again), so including the ATV 
risk criteria is good and closure of roads is an appropriate institutional control 
alternative. Trailheads are planned, but not established. 

Response to Comment CM7 
Comment noted. 

Comment CM8 
Insert a BLM comment regarding travel planning and potential use of the area. 

Response to Comment CM8 
Comment incorporated in Section 2.1.3, Paragraph 1. 



 

 
 

 
 

 
 

   
   

 
 

 
 

 
 

 
 

 
 

 
  

 
 

  
 

 
    

 
 

  
  

  
 

 
   

 
 

 
 

 
 

   
 

 

Comment CM9 
It is frigid bordering cryic soil temperature regime with an ustic soil moisture regime.  
Small points, but go to expectations and criteria for veg. establishment in reclamation 
design options. 

Response to Comment CM9 
Comment incorporated in Section 2.1.4, Paragraph 1. 

Comment CM10 
Add comment about depth of soil in the area and briefly characterize – sets the stage for 
reclamation limitations and opportunities – also provides setting for background soil 
samples.  Can include here or in the veg. section.  If shallow to bedrock, it may be more 
appropriate in geology section. 

Response to Comment CM10 
Comment incorporated in Section 2.1.5.2, Paragraph 3. 

Comment J12 
Include that the stream begins within the Iron Mask adit as a seep and is hydraulically 
disconnected from downstream waters (Infiltrates in ~X feet downstream). 

Response to Comment J12 
Comment incorporated in Section 2.1.6, Paragraph 1.  It should be noted that flow was 
fully infiltrating at the low to moderate flows encountered during the field investigation.  
However, it is possible that the stream is hydraulically connected to downstream waters 
during high-flow runoff events. 

Comment J14 
Add methodology section – here or somewhere – including explaining 95%tile, and what 
SPLP results mean. 

Response to Comment J14 
Comment incorporated. A sentence stating that positive SPLP results indicate a potential 
for leaching has been added to the results summaries for each of the waste sources in 
Section 3.0, and to the waste descriptions in Section 7.0. 

A brief explanation for the use of the upper 95th percentile has been added to Section 
5.1.2, Paragraph 4. 

Comment J15 
Explain the term waste rock and tailings? 

Response to Comment J15 
Comment incorporated in Section 3.0, Paragraph 3. 

Comment J16 



  
 

 
    

  
 

 
 

 
 

  
 

 
 

  
 

 
  

 
 

 
 

 
 

 
 

 
   

 
 

 
 

  
 

 
   

   
 

  
   

 
 
 
 
 

What is repository soil - tailings? 

Response to Comment J16 
Comment incorporated in Section 3.0, Paragraph 2. The term “Repository Soil” has been 
replaced with “Borrow Area Soil”. 

Comment J18 
Why use different terms for environmental media and sample types? 

Response to Comment J18 
Section 3.0 has been revised to clarify the environmental media sampled during the 
investigations. 

Comment CM19 
Agree – explain better rep. soil, tailings and waste rock. 

Response to Comment CM19 
See comment responses for J15, J16 and J18. 

Comment CM23 
Do we need to explain difference between SPLP and TCLP and why SPLP is used here?  
Appears inconsistent with previous investigation TCLP data. 

Response to Comment CM23 
Comment incorporated in Section 3.0, Paragraphs 7-9. 

Comment J25 
Better describe Waste Rock 1 and 2 (maybe move some of section 7.0 here).  The 
overburden is country rock andesite from the cross cut and Waste Rock 2 is mineralized 
vein material (include %sulfide estimates). 

Response to Comment J25 
Brief descriptions have been added in Section 3.2.2, Paragraph 2 (also see response to 
comment J15).  All three waste rock dumps exhibit some level of mineralization 
exceeding 3X background soil values. WR1 and WR3 bear similar metals contents, while 
WR2 exhibits higher metals content.  Results of ABA Total Lime Requirement have been 
added to each waste rock sample summary in order to provide a comparison of the acid 
generating potential of each waste rock source. 

Results are included in Table B-4 (ABA) which present % Sulfur in various amounts 
depending on extraction procedure utilized during analysis. Total Sulfur % has been 
added to the ABA/SMP summary paragraph for each waste source section. 



 

 
 

  
      

 
 

 
 

 
 

 
 

 
 

 
   

 
    

 
 

 
 

 
 

     
 

 
 

 
 

 
 

 
 

 
 

 

  
 

 
  

 

Comment CM26 
Perhaps Pioneer could explain this better in an introductory paragraph at the beginning 
of the section.  Actually, an introductory paragraph at the beginning of each section 
would be good to explain what the section is about? 

Response to Comment CM26 
Comment incorporated. Introductory paragraphs have been added to each section. 

Comment CM27 
Why is agronomic testing done?  What is the standard-that is recommended rates to 
establish?? On site after reclamation? 

Response to Comment CM27 
Comment incorporated in Section 3.0, Paragraphs 10-11. 

Comment CM29 
Present in micromohls/cm to be consistent with data later in the document. 

Response to Comment CM29 
Conductivity for soils (Electrical Conductivity) was reported in milliSiemens per 
centimeter (mS/cm), while surface water conductivity (Specific Conductance) was 
reported in micromhos per centimeter (µmhos/cm). The units associated with each are reported 
as such by the laboratories. 

Comment CM30 
Specify size (i.e. 2mm-75mm if using USDA classification standards). 

Response to Comment CM30 
Comment incorporated. Grain size distributions for gravel are per ASTM standards 
(4.75-75mm). 

Comment J31 
Describe rock material as stated above. 

Response to Comment J31 
Comment incorporated. See response to Comment J25. 

Comment J32 
Does this mean it will leach? 

Response to Comment J32 
Yes, the presence of metals in leachate when material is subjected to the Synthetic 
Precipitation Leaching Procedure indicates the potential to leach. 

Comment J33 
Describe rock – as I recall this material was more altered/mineralized than the host 
andesite. 



 
 

  
    

 
  

 
 

   
 

 
   

 
 

   
 

 
   

 
  

    
 

 
 

 
 

 
 

 
 

 
    

 
 

   
 

 
 

 
 

 
 

 
 

 
 

Response to Comment J33 
See response to Comment J25.  Also note that the metals results are briefly described in 
the third paragraph of each source section and included in comprehensive form in the 
data tables located in Appendix B, where the reader may compare waste sources relative 
to each other and to 3X average background soil values. 

Comment CM34 
Explain what this means – probably in an introductory section. 

Response to Comment CM34 
Comment incorporated. See also responses to Comments J32 and J14. 

Comment J35 
Describe material – processed rock, size, %sulfides… 

Response to Comment J35 
Brief descriptions have been added to Section 3.2.3, Paragraph 2. 

Results are included in Table B-4 (ABA) which present % Sulfur in various amounts 
depending on extraction procedure utilized during analysis. Total Sulfur % has been 
added to the ABA/SMP summary paragraph for each waste source section. 

Comment J36 
Might want to be clear that these are the tailings transported into the flat. 

Response to Comment J36 
Comment incorporated.  See response to Comment J35. 

Comment J37 
It would be nice to include a photo of the soils profile X-section you showed us in the 
field – 3” tails on top of soil. 

Response to Comment J37 
Comment noted, unfortunately we do not have a photo to include. 

Comment J38 
Explain. 

Response to Comment J38 
See responses to Comments CM34, J32 and J14. 

Comment CM40 
What is hardness? 

Response to Comment CM40 



    
 

 
 

 
   

 
   

 
 

    
   

   
 

 
 

 
 

 
 

 

 
 

 
 

   
     

 
  

  
 

   
     

  
 

 
    
      

 
 

 

 
 
 

Hardness is the measurement of calcium carbonate in milligrams per Liter found in the 
surface water samples.  Section 3.2.4.1, Paragraph 2 has been revised to note this. 

Comment CM41 
Add narrative description, describing rationale for these analyses.  In tabular format 
(appendix) add one line descriptions of hazards associated with these (i.e. nitrate – 
causes algae blooms in surface water and when present in ground water can cause 
Methemoglobinemia, a condition that robs the bloodstream of oxygen. 

Response to Comment CM41 
Section 3.0, Paragraph 4 has been revised to state that surface water analysis is performed 
to determine the presence of contaminants of concern, and whether they meet the DEQ-7 
standards. 

Descriptions of drinking water testing and potential effects of ingestion are provided in 
Appendix E from the Montana Department of Health and Human Services.  These 
summaries are now referenced in Section 3.2.4.1 and Section 5.1.3. 

Comment CM44 
Either indicate how much these are elevated or include a general statement if the degree 
of elevation is addressed in risk criteria, but agree that as a person reads through the 
document, the expectation is for this data is needed..  Could expectations for this be laid 
out in an intro to the section?  May relate to stand alone table of criteria which should be 
included in this document. 

Response to Comment CM44 
Because of the large amount of data, tables are provided in Appendix B to present the 
laboratory results and applicable comparison criteria for each sample. The criteria for 
each sample media is presented in conjunction with the laboratory results to allow for 
ease of comparison.  For instance, National Sediment Quality Survey criteria are included 
directly beneath the stream sediment sample results in Table B-2 as a reference for 
comparison when reviewing the data.  It would be extremely impractical to narrate the 
results of each analyte for each sample within the text. And presenting comparison 
criteria in tabular form within Section 3.0 is not particularly useful when the reader must 
refer to Appendix B for the individual sample results. 

Table B-11 has been added to Appendix B to summarize all comparison criteria.  All of 
the criteria are also tabulated separately in Section 5.0 as part of the risk assessments, 
where the degree of elevation and associated risk is determined. 

Comment CM45 
I think the methodology/process could be laid out better in an intro paragraph – i.e. Step 
1, compare to background to accomplish X; Step 2, compare to criteria Y to accomplish 
X; Step 3, risk assessment per…., etc. 



 

    
 

 
 

 
 

   

  
     

 
 

 
 

 
   

 
  

 
 

 
 

 
 

 
  

 
 

  
 

 
   

 
 

   
  

 
 

 

 
 

 
 

Response to Comment CM45 
Comment incorporated.  Section 3.0 has been revised to include basic methodology in 
conducting the sampling investigations at the site. 

Comment CM46 
Prefer to use units (%) since other parameters use units. 

Response to Comment CM46 
The reference to organic matter in this paragraph was intended to provide a visual 
description of the soil profile as encountered in the field.  This reference has been deleted 
in favor of the organic matter (%) content reported from sampling results in Paragraph 5 
of the same section. This edit was also applied to Section 3.2.5.2 (BA-2). 

Comment CM47 
3” is using USDA criteria. 

Response to Comment CM47 
Rock content as described within the text was estimated visually in the field. Sizes listed 
were based on the most prevalent range(s) observed in the test pits, and are intended to 
provide a basic idea of the amount and size of rock encountered. The fact that these 
estimations were made in the field has been emphasized in the paragraphs describing 
rock content. 

Comment CM48 
Is this a generic descriptor, or trying to convey cobble and stone content vs. gravel? 

Response to Comment CM48 
See response to Comment CM47. 

Comment CM49 
For BA-1 – this comment applies to the other similarly formatted paragraphs too. 

Response to Comment CM49 
Sentence deleted. See also response to Comment CM47. 

Comment J64 
Explain/reiterate that the residential scenario will most likely never happen – lands 
acquired by BLM for elk habitat….Also please add BLM criteria – Residential, camper, 
ATV. 

Response to Comment J64 
Comment incorporated in Section 5.1.2, Paragraph 2.  Ford Camper criteria have been 
substituted for the previously presented Tetra Tech Recreational criteria. 

Comment J65 
Please explain why the routes of cont. are combined. 



 
  

  
  
 

 
 

 

 
 

 
  

  
  

 
 

   
 

 
 

 
 

   
 

 
    

  
      

  
 
 

 
 

 
 

 
 

 
  

 
 

 
 

 
    

Response to Comment J65 
The EPA combines all routes of exposure in development of Regional Screening Levels 
(RSLs). This is extraneous information in the context of this document and has been 
deleted. 

Comment CM66 
Assumed what?  Please describe rationale for this method (i.e. removing outliers, etc)? Is 
this an EPA method or is it a manner to search for the most limiting condition given 
outliers? 

Response to Comment CM66 
Comment incorporated in Section 5.1.2, Paragraph 4. The term ‘assumed’ has been 
replaced with ‘utilized’, and an explanation for the use of the upper 95th percentile 
concentration has been added in Paragraph 5. 

Comment J67 
Explain why – is this standard EPA practice? 

Response to Comment J67 
See response to comment CM66. 

Comment J68 
Do not combine waste rock and tails – they are different materials and different areas. 

Response to Comment J68 
The EPA Regional Screening Levels (RSLs) and Ford Recreational criteria do not 
differentiate between types of waste materials. The criteria are applied wholly to all waste 
sources present on site, regardless of material type, in order to evaluate site-wide risk and 
determine the primary contaminants of concern (CoCs).  Waste sources are further 
evaluated separately in Section 6.0 to determine the level of risk reduction required for 
each source, which can then be used to identify and evaluate different cleanup options. 

Comment CM69 
General table formatting comment: please format in a manner so that Characterization 
Data appears distinct in the title.  The reason is that it is not apparent at first glance that 
some tables are criteria, HQ, or data. 

Response to Comment CM69 
Comment incorporated.  Table headings, and the order by which the tables appear in the 
document, have been revised in attempt to make it easier for the reader to follow. 

Comment J70 
It is ok to combine wastes for the residential scenario, but please be very specific that the 
samples are combined because this is such an unlikely scenario.  Also please be very 
specific what “solid Media” is – that includes waste rock and tailings. 



 
 

 
 

 
 

 
 

 
 

 
 

  
   

 
 

  
 

 
 

 
  

 
 

 
 

 
  

  
 

 
  

 
 

 
 

 
 

 
 

 
 

  
  

   
    

Response to Comment J70 
See response to Comment J68. 

Comment CM74 
Concur. Note what standards and why (how criteria reflect current and reasonably 
foreseeable possible rec. use of the area). 

Response to Comment CM74 
Comment incorporated in Section 5.1.2, Paragraph 3. 

Comment J76 
Please separate into Waste Rock 1, Waste Rock 2, Tailings 1, and tailings 2 as stated 
above recommended separating out into geographic areas – so we know how to address 
each area. 

Response to Comment J76 
See response to Comment J68. 

Comment J77 
It is confusing to use different comparison standards for waste rock and tails (e.g. like 
comparing apples and oranges, the comparison methods be either both in 95th or 
maximum #s?  Or provide a detailed explanation why this difference is used and justify 
the small sample basis.  Also it would be nice to have a column for BLM standards in this 
table. 

Response to Comment J77 
See response to Comment CM66.  Note that BLM criteria have been substituted for the 
previously presented Tetra Tech criteria (see Table 5-2), and no longer differentiates 
between waste rock and tailings. 

Comment J78 
Break out wastes individually. 

Response to Comment J78 
See response to Comment J68. 

Comment CM80 
BLM criteria should be described here.  Tetra Tech rec scenario assessment criteria can 
also be described.  This describes in more detail the argument presented in 5.1.2. 

Response to Comment CM80 
An additional reference to the toxicity data cited in the Ford report has been added in 
Section 5.1.3, as toxicity effects due to exposures above the risk management criteria are 
simply referred to as “adverse health effects” by Ford.  Individual ATSDR summaries 
published by the EPA for the nine CoCs have also been added to Appendix E.   



 
 

  
 

 
 

 
 

  
 

 
 

  
 

 
   

 
 

   
 

 
  

  
 

 
 

  
 

 
 

  
   

  
 

 
 

 
 

 
 

 
   

  
 
 
 

Comment J81 
Need to be clear exactly what the source of these numbers is. 

Response to Comment J81 
Comment incorporated. 

Comment CM82 
Please describe why the CoCs are a concern if they are not carcinogenic.  If this requires 
a lot of description, a table of effects by CoC could be included in the appendix. 

Response to Comment CM82 
See response to Comment CM80. 

Comment J83 
Same comment as above – what is the exactly source of these numbers, and describe their 
basis, if they are federal standards describe in MUCH MORE detail where they are from 
and why they are used. Did you average the sources?  The way this if formatted it is 
unclear if PRGs are a reference or if it is the contents of the table – clarify title. 

Response to Comment J83 
Comment incorporated.  Table headings have been revised, and the locations of the tables 
in the document have been changed so they appear in a more direct relationship with their 
descriptive text. 

Comment J85 
Why just use Tetra Tech numbers here what happened to EPA, can we add BLM #s to this 
table? 

Response to Comment J85 
Recreational Scenario criteria are presented in Table 5-2 (formerly Table 5-4).  EPA does 
not provide recreational criteria.  Note that BLM criteria have been substituted for the 
previously presented Tetra Tech criteria. 

Comment J88 
Break out individual wastes, tailings. 

Response to Comment J88 
See response to Comment J68. 

Comment J89 
Interesting that these CoCs generally agree with the BLM standards – we should write 
that good comparison in somewhere. 



 
     

 
    

 
 

 
 

 
 

 
 

 
   

 
 

 
 

 
 

 
   

 
 

 
 

 
  

 
  

  
 

 

 
 

 
  

  
  

 
 

 
 

 
 

Response to Comment J89 
Comment noted. In actuality, the BLM criteria are much stricter and result in HQ values 
that are nearly an order of magnitude higher for many CoCs than those previously 
presented using Tetra Tech criteria. Note that the Tetra Tech criteria are no longer 
referenced within the document. 

Comment CM90 
Explain a little more.  Excess makes it sound like the BLM is OK with the public getting 
some cancer from the site.  What is this standard based on? 

Response to Comment CM90 
Comment incorporated.  The standard is based on EPA criteria as explained in Section 
5.1.4, Paragraph 3.  The terms ‘cancer’ and ‘excess’ have been removed, and the text has 
been revised to emphasize these values are for residential occupation, and that the 
anticipated land use does not include residential occupation. 

Comment J91 
But should reiterate that people do not and will not live at this site, that this value was 
calculated for a maximum risk evaluation. 

Response to Comment J91 
See response to Comment CM90.  It could be argued that the BLM cannot guarantee non­
residential use in perpetuity, thus the reason for including the residential scenario in risk 
assessment. 

Comment CM92 
Agree. I want to see a subsection at the end of section 5 that summarizes all of the risk 
assessments (human, ecological, etc). 

Response to Comment CM92 
Comment incorporated in Section 5.3, Summary of Risk Analysis. 

Comment CM93 
Add BLM Big horn Sheep (Cu criteria is more limiting than for deer). Also add cattle to 
discussion and possibly table (note deer is more stringent, etc).  Ranchers and range staff 
will be concerned about this. 

Response to Comment CM93 
Comment incorporated.  Bighorn Sheep have been added to the group of receptors, and 
the lowest concentrations of the receptors is included in Table 5-8.  Cattle have been 
added to the terrestrial mammal discussion in Section 5.2.3, Paragraph 4. 

Comment J94 
Break out by waste type, WR1, WR2, T1, T2. 

Response to Comment J94 



  
  
 

 
 

  
 

 
 

 
 

   
 

 
 

   
 

 
 

 
  

  
 

 
   

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  

    
  

     
      

 

See response to Comment J68.  As with the human health risk assessment, the ecological 
risk assessment determines risk at the site as a whole, not by individual waste source. 
Risk reduction requirements for individual waste sources are presented in Section 6.0. 

Comment J95 
Be specific about which have no ecological toxicity data. 

Response to Comment J95 
Comment incorporated. 

Comment J96 
Check…No fish present in stream – it flows only from adit to where it infiltrates in 
meadow below. 

Response to Comment J96 
See response to Comment J12.  Although no fish were specifically observed during the 
2008 investigation, the stream could be hydraulically connected as a tributary to 
downstream fisheries during high flow events. 

Comment J99 
Either add row with WQB-7 standards or reference Table 5-9 – although that table is 
benchmark concentrations not standards… 

Response to Comment J99 
DEQ-7 criteria are specified in Table 5-8 (formerly Table 5-9).  This is a comprehensive 
table of criteria used for comparison to the site characterization data listed in Tables 5-6 
and 5-7. 

Comment J100 
Separate waste rock and tailings in this review. 

Response to Comment J100 
See response to Comment J94. 

Comment CM101 
Briefly describe—do CoCs kill the animals, shorten their lives, induce cancer, pass along 
contaminants to hunters, or in the case of cattle, pass along contaminants to the beef 
consuming public? 

Response to Comment CM101 
General ecological toxicity information published by the EPA has been added in 
Appendix E.  Section 5.2.3 has also been revised to direct the reader to the references for 
toxicity data cited within the Ford report.  No specific toxicity profiles detailing the 
effects on species at exposure levels above the risk management criteria were included in 
his report; rather he simply characterized them as “adverse toxic effects”. 



 
  

 
 

 
  

  
   

  
   

   
 

 
   

 
 

 
   

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  
 

 
 

 
 

 
 

 
 

 
 

Comment J102 
Are the criteria, standards and benchmark concentrations the same thing?  If not, what 
does “These” refer to?  Explain Benchmark Concentrations a bit more. 

Response to Comment J102 
Comment incorporated.  For consistency, the term “benchmark” has been removed in lieu 
of using “criteria” to describe comparison criteria. The term “standards” applies to the 
DEQ-7 water quality standards established as an ARAR. Table 5-8 (formerly Table 5-9) 
has been re-titled as “Ecological Criteria for Contaminants of Concern”, and the 
individual criteria are referenced within the table.  Descriptions for each criteria are 
provided in the paragraphs directly following the table. 

Comment J103 
Explain the difference in WQB-7 and these values – is it hardness, if so specifically 
explain how you reached these values. 

Response to Comment J103 
The values listed in Table 5-8 are DEQ values.  Several of the standards are calculated as 
a function of hardness.  Section 5.2.3, Paragraph 2 has been clarified to state that the 
hardness calculation utilizes DEQ methodology. 

Comment J104 
Add source for each of these criteria. 

Response to Comment J104 
Comment incorporated. 

Comment J106 
Same question as above. 

Response to Comment J106 
See response to Comment J102. 

Comment J107 
Explain T50 and why it was used. 

Response to Comment J107 
Comment incorporated in Section 5.2.3, Paragraph 3. 

Comment CM108 
Add sheep and cattle. 

Response to Comment CM108 
Comment incorporated. See response to Comment CM93. 



 
 

 
 

  
 

 
  

 
  

    
   

   
   

 
 

 
 

  
 

  
 

 
 

 
 

 
  

  
   

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  

Comment CM109 
Add a summary paragraph or two. 

Response to Comment CM109 
Comment incorporated in Section 5.3, Summary of Risk Analysis. 

Comment CM111 
Are these more stringent than BLM standards? 

Response to Comment CM111 
A comparison of the BLM-Camper criteria from Table 5-2 to the DEQ standards from 
Table 6-1 shows that the DEQ HHS-SW are more stringent.  Ford refers to the EPA 
ambient water quality standards for use as BLM-Ecological criteria, which closely 
resemble the DEQ AALS when corrected for hardness. 

Comment J113 
Break out wastes to individual components. 

Response to Comment J113 
Table 6-2 lists proposed clean up goals to meet residential, recreational, and ecologic 
criteria for solid media. These goals (which are the same criteria used in Sections 5.1 and 
5.2) apply to all solid media, and do not differentiate between waste sources. 

Comment J114 
Break out wastes to individual components. 

Response to Comment J114 
Comment incorporated. Table 6-3 lists target risk reductions necessary for each waste 
source to meet the clean up criteria.  As shown by the table, Ecological risk reduction 
goals for Zinc are identical for all waste sources, and Recreational risk reduction goals 
for Arsenic are nearly identical, with a variance of only 6%. 

Comment CM115 
Yes—and by location? 

Response to Comment CM115 
Comment incorporated. See response to comment J114. 

Comment CM116 
Briefly recap problems to be solved. 

Response to Comment CM116 
Comment incorporated in Section 7.0, Paragraph 2. 

Comment CM117 
Maybe move/copy some of this into the Background section? 



 
 

  
 

 
 

 
 
 

 
 

 
 

 
  

 
 

 
  

 
 

 

 
 

 
 

 
 

  
 

 
 

    
 

 
 

   
 

  

  
 

 
 

Response to Comment CM117 
Comment incorporated in Section 3.0, Paragraph 3.  See also response to Comment J25. 

Comment J118 
Would be useful to estimate a %. 

Response to Comment J118 
See response to Comment J25. 

Comment J119 
Leachable? 

Response to Comment J119 
Yes, “which indicates a potential to leach if left untreated” has been added to the last 
sentence in Section 7.0, Paragraph 5. 

Comment J120 
Explain tailings are the processed ore.  They are generally uniform in size and sulfide 
content is ~X%, metal content…etc…This way folks can understand the difference in 
waste and tails. 

Response to Comment J120 
See responses to Comments J25 and J15.  Characterization data is described in Section 
3.0. 

Comment J122 
Leachable? 

Response to Comment J122 
Yes, “which indicates a potential to leach if left untreated” has been added to the last 
sentence in Section 7.0, Paragraph 6. 

Comment J123 
Isn’t it also based on the fact that As is so low in the water – and what could be done 
about that low level contaminant? 

Response to Comment J123 
In the case of the Iron Mask site, no reductions in surface water contamination are 
necessary as all contaminant concentrations are currently below criteria for acute aquatic 
life and recreational use.  However, even if contaminants exceeded the criteria, the 
presumption would continue to be made that reclamation of the waste sources would 
effectively reduce the surface water contamination. 

Comment CM124 
Add travel restrictions specifically? 



 
 

 
 

 
   

 
 

   

  
 

Response to Comment CM124 
Comment incorporated in Section 7.1.2, Paragraph 1. 

Comment J125 
5C – tilling… 

Response to Comment J125 
Tilling was removed from consideration as an alternative due to the administrative 
difficulties involved with proving its effectiveness, and the fact it would require non­
standard construction equipment be utilized at the site which would offset much of the 
potential cost savings. 



EXECUTIVE SUMMARY 


This Iron Mask Mine and M ill Site Ex panded Engineering Evaluation/Cost Analysis (EEE/CA) 
was prepared for the U.S. Army Corps of Engineers (USACE)-Omaha District and the U.S. 
Department of In teri or/Bureau of Land Management (BLM) by Pioneer Technical Services, Inc. 
(Pioneer). The primary purpose of thi s EEE/CA is to present analyses of rec lamation 
alternatives fo r the Iron Mask Mine and Mill Site in accordance with the National Oil and 
Hazardous Substances Pollution Contingency Plan (NCP) and Comprehensive Environmental 
Response. Compensation, and Liability Act (CERCLA) responses on Public Lands (40 Code of 
Federal Regulations [CFR] § 300.410 b). 

Waste sources, including several waste rock dumps, tai lings deposits and a free-draining ad it, 
were identified at the site during a preliminary investigation and subsequent Phase I 
Environmenta l Site Assessment conducted by BLM in 2005 . Pioneer conducted a supplemental 
fie ld investigation in 2008 to evaluate the mine and mill wastes at the site, and generate a 
database that meets the requirements necessary to complete a baseline risk assessment and 
detailed analysi s of reclamation alternatives. 

ln order to assess the ri sks to human health and the environm ent. laboratory results for samples 
obtained during the 2008 supplemental investigation were compared to criteria published 
primarily by the U.S. Environmental Protection Agency (EPA) and BLM. and to water quality 
standards publi shed by the Montana Department of Envi ronmental Quality (DEQ). The human 
health risk assessment fo und that arsenic concentrations in soil are more than 40 times higher at 
the site than considered "safe" for recreational activities. The ecologic ri sk evaluation found that 
several contaminants eva luated at the site are li kely adversely affecting eco logic receptors 
through exposures to soi l and stream sediment. 

E ight reclamation alternatives were considered, ranging fro m taking no fu rther action at the site, 
to complete removal and consolidation of wastes into a lined on-s ite repository. Those 
alternatives were then subjected to prel iminary screening with regards to effectiveness in 
meeting the reclamation objectives and goals. Seven of the alternatives (including the No Action 
Alternative) were then selected for a detailed evaluation (Section 8.0) of the fo llowing NCP 
criteria: 

Overall Protection of Human Health and the Environment; 
Compliance with ARARs; 
Long-Term Effectiveness and Perforn1ance; 

• 	 Reduction of Toxicity, Mobility, or Volume through Treatment; 
Short-Term E ffectiveness; 
Im plementability; and 
Cost. 

Based on the conclusions of the comparative analysis of alternatives. Alternative 4b ­
Conso lidation of All Waste in On-Site Repository with Cover Soi l Cap is a cost effective 
solution that is expected to provide a high degree of protection to human health and the 
environment, and provide a stable location for waste materials at the Iron Mask M ine and Mill 
S ite. 
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1.0 INTRODUCTION 

1.1 PURPOSE AND OBJECTIVES 

This Draft Final EEE/CA for the Iron Mask Mine and Mill Site has been prepared fo r the 
USACE-Omaha District and the BLM by Pioneer, under Engineering Services Contract Number 
W9128F-04-0013, Delivery Order Number 007, and Task Modification # I G6CT3ECB071614. 

The Iron Mask Mine and Mill Site is located approximately seven miles northwest ofTownsend, 
Montana, in Broadwater County (Figure 1-1 ). The mine is located in the northern Elkhorn 
Mountains and is positioned at the head ofWhipcracker Gulch. 

The need for an EEE/CA was identified during a preliminary investigation and subsequent Phase 
I Environmental Site Assessment conducted by the BLM in 2005. 

The NCP requires the BLM, as the lead agency, to complete removal site evaluations for releases 
or threatened releases identified for possible CERCLA responses on Public Lands ( 40 CFR 
§300.41 0 b). The BLM is also responsible, under the guidance of the National Environmental 
Policy Act (NEPA), for making decisions that are based on the understanding of environmental 
consequences, and taking actions that protect, restore, and enhance the environment (40 CFR, 
§ 1500). 

The primary purpose of this report is to present the detailed analysis of reclamation alternati ves 
for the Iron Mask Mine and Mill Site in accordance with the NCP. Additionally, the site 
background, waste characteristics, applicable or relevant and appropriate requirements (ARARs), 
risk assessment, and preliminary development and screening of reclamation alternatives are 
presented herein. The purpose of providing this supplemental infom1ation with the detailed 
analysis of alternatives is to give the reviewers and risk managers a comprehensive "stand-alone" 
decision making tool. 

1.2 REPORT ORGANIZATION 

This EEE/CA is organized into 11 sections. The contents of Sections 2.0 through 11.0 are 
briefly described in the following paragraphs: 

SECTION 2.0 BACKGROUND-presents a background desctiption of the Iron Mask Mine 
and Mill Site. Significant site features described in this section include: a detailed history of past 
mining and milling activities, geologic, hydrologic, and climatic characteristics of the site; the 
biological setting, such as the wildlife and fi sheries resources and the vegetation indigenous to 
the area; and threatened and endangered species concerns, as well as the cultural setting issues, 
such as present and future land uses. 

SECTION 3.0 IRON MASK MINE AND MILL SITE DATA COLLECTION-describes 
the characteri stics of the wastes present at the upper and lower sites and along the creek, 
including waste types, volume estimates, and contaminant concentrations, as well as an 
evaluation of existing data deri ved from previous response actions or investigations. A 
description of the characteristics of the proposed borrow site and repositories is included. 
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SECTION 4.0 SUMMARY OF THE APPLICABLE OR RELEVANT AND 
APPROPRIATE REQUIREMENTS-presents the Montana State and Federal government 
requirements which are considered ARARs for the reclamation effort. Requirements discussed 
in this section are chemical-, location-, and action-specific in nature. 

SECTION 5.0 BASELINE HUMAN HEALTH AND ECOLOGICAL RISK 
ASSESSMENTS-presents a summary of the human health and ecological risk assessments 
perfonned for the site. Contaminant sources, routes of exposure, and receptors are evaluated to 
determine the relative threats posed by each source within the project boundary and each 
exposure pathway. 

SECTION 6.0 RECLAMATION OBJECTIVES AND GOALS-presents the reclamation 
objectives and applicable cleanup standards. 

SECTION 7.0 DEVELOPMENT AND SCREENING OF RECLAMATION 
ALTERNATIVES-preliminarily identifies and screens potentially applicable reclamation 
alternatives. Reclamation alternatives are evaluated based on effectiveness, implementabi lity, 
and cost. 

SECTION 8.0 DETAILED ANALYSIS OF RECLAMATION ALTERNATIVES-presents 
the detailed analysis of reclamation alternatives pertaining to seven of the nine NCP evaluation 
criteria. 

SECTION 9.0 COMPARATIVE ANALYSIS OF RECLAMATION ALTERNATIVES­
presents a comparative analysis ofthe reclamation alternatives consistent with the NCP. 

SECTION 10.0 PREFERRED ALTERNATIVE-presents the preferred alternative and 
summarizes the reasoning behind selecting thi s alternative. 

SECTION I 1.0 REFERENCES-lists the references cited in this text. 
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2.0 BACKGROUND 

Significant site features include and are described in this section: a detai led history of past 
mining and milling activities, geologic, hydrologic, and climatic characteristi cs of the site; the 
biological setting, such as the wildlife and fisheries resources and the vegetation indigenous to 
the area; and threatened and endangered species concerns, as well as the cultural setting issues, 
such as present and future land uses. 

2.1 CURRENT SITE SETTfNG 

The Iron Mask Mine and Mill Site is located in Broadwater County approximately seven miles 
northwest ofTownsend, Montana. The mine is located in the northern Elkhorn Mountains and is 
positioned at the head ofWhjpcracker Gulch. Elevation at the site is approximately 6,000 feet 
above mean sea level (amsl). The terrain is generally mountainous with m oderately steep slopes. 

The Iron Mask Mine and Mill S ite is accessed by traveling on U.S. Highway 287 approximately 
1.3 miles northwest of Townsend, Montana, then traveling west on Indian Creek Road fo r 
approximately 4 miles, and then traveling northwest along an unmai ntained dirt/gravel road for 
approximately 3 miles. The legal description for the Iron Mask Mine and Mill Site is Northwest 
Y<l of the Northwest Y<l, Section 30, Township 07 North, Range 0 1 East (see Figure 1-1 ). 

This site was not inventori ed as part of the 1995 Montana Department of Environmental 
Quality/Mine Waste Cleanup Bureau (DEQ/MWCB) Abandoned Hardrock Mine Priority Sites 
report. The site was documented in the Open-file Report - Abandoned/inactive Mines of 
Montana publi shed by the Montana Bureau of Mines and Geology and BLM (MB MG/BLM 
1997). 

Mining-related features associated with the Iron Mask Mine and Mill Site include a discharging 
adit and three waste rock dumps, a mill and scattered tailings, two shop buildings, several 
apparent outhouses, boarding/rooming houses, a root cellar and remnants of a flume. A lmost all 
structures are in poor condition, with building superstructures coll apsed and/or completely gone. 

The site can be divided into two principal areas of concern as follows: 

Waste rock dumps located directly below and south of the adit opening. Water discharging 
from the adit runs adjacent to the toe of the northern most waste rock dump. Based on the 
site inventory conducted by Pioneer, approximately 11 ,500 cubic yards ( cy) of waste rock are 
contained within the waste rock dumps. 

An apparent tai lings impoundment area is located downgradient of the mill site, and scattered 
surficial tailings deposited throughout the lower end of the si te. Based on the site inventory 
conducted by Pioneer, approximately 1,900 cy of tailings are present withjn the site. 

2. 1.1 Vegetation/Wildlife 

The Iron Mask Mine and Mill Site is located on a moderately timbered easterly-facing slope. 
The surrounding topography is generally steep mountainous terrain consisting of moderately 
forested lands and open grasslands that are important habitat for a variety of big game animals, 
furbearers, and birds. With the exception ofthe waste rock dumps, the Iron Mask Min e and Mill 
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Site is moderately to well vegetated with native and non-native grass and fo rb species. The 
waste rock dumps are barren of vegetation. 

Vegetation primarily consists of cool season range grasses, sage brush and juniper dominant on 
southern-facing slopes. Alder and aged cottonwoods are prevalent along Whipcracker Gulch. 

There are no wetlands or riparian areas located within the Iron Mask Mine and Mill Site proj ect 
area. The Whipcracker Gulch drainage located directly downg1·adient of the project area is a 
riparian zone with small wetland areas scattered along the drainage. 

A survey of the Montana Heritage Program (MHP) web site has recorded two species of concern 
within the general vicinity of the Iron Mask Mine and Mill Site, the Olive-sided Flycatcher 
(Contopus cooperi) and Canada Lynx (Lynx Canadensis) (see Appendix A). No threatened or 
endangered terrestri al species were noted; however, the surrounding area is known to provide 
important habitat for the Grey W olf(Canis Lupus), Grizzly Bear (Ursus arctos horribi/is), Black 
Bear, (Ursus americanus) and Wolverine (Gulo gulo luscus). The surrounding area is also 
considered ctitical summer and winter range for elk, deer and bighorn sheep. 

As part of determining if threatened or endangered or sensitive tetTestrial species are present, 
Pioneer sent letters to the following agencies (see Appendix A): 

Ms. Sarah LeMarr, Butte BLM Field Office; 
Mr. Tom Carlson, Montana Depmiment of Fish Wildlife and Parks; 
Ms. Shawna Campbell , U.S. Forest Service; and 
Ms. Katrina Dixon, U.S. Fish and Wildlife Service. 

Mr. R. Mark Wilson with the U.S. Fish and Wildlife Service provided the only response. Mr. 
Wilson stated that, "Considering the location ofthe project, the service does not anticipate 
effects to the f ederally listed threatened, endangered, candidate or proposed species". 

2.1.2 Historic or Archaeologically Signi ficant Features 

A Class III cultural resource inventory has been performed in the proj ect area, and consultation 
with the Montana State Historic Preservation Office (SHPO) is proceeding. Tn the event that 
SHPO ag1·ees with BLM 's findings, this proj ect will have "no effect" on hi stori c properties in the 
proj ect area. IfSHPO does not concur with BLM's fi ndings, a Memorandum of Understanding 
(MOU) will be developed to resolve the issues. The MOU will be sent to the Advisory Council 
on Histori c Preservation for resolution of the effects of the undertaking on historic properties. 

fn 2007, Renewable Technologies, Inc. (RTI) conducted intensive reconnaissance-level cul tural 
resources inventori es in the vicinity of the Iron Mask Tunnel and Mill Site and at the nearby 
Light Bulb Ad it located approximately 2 miles northeast of the proj ect area (see Figure 1-1 ). 
RTI concluded through fil e searches and field investigations that eight hist01i c sites or districts 
and one isolate find is located within the project area. Two sites are prehistori c artifact scatters 
located at the far north end of the reconnaissance area. Four of the sites were recorded by others 
several yem·s ago and were not evaluated for their National Register eligibility. The four 
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previously recorded sites are hi storic and are mining-related, and include the Park-Indian Creek 
Historic Mine District, a historic road apparently built to serve mines along Indian Creek, the 
Light Bulb Adit itself, and another small mine site that historically was likely associated with the 
Light Bulb Adit. None of these four are eligible for listing in the National Register of Historic 
Places. The two newly-recorded sites are the Iron Mask Mine Tmmel and Mill Site and the 
Lookout Mine. The Iron Mask Mine Tunnel and Mill Site is a complex of 13 industrial and 
residential structures and building ruins dating between 19 19 and 1949. It lacks both the 
significance and integrity to be considered National Register eligible. The Lookout Mine is 
located at the far southwest corner of the reconnaissance area, straddling the line between private 
and public property. It includes just three mine openings and a small depression, dating between 
the late nineteenth and mid-twentieth centuries. It too has nei ther the significance nor integrity 
required to be considered National Register eligible (RTI, 2007). BLM agrees with RTI ' s 
findings of eligibility. 

2.1.3 Land Use and Popul ation 

Existing land use in the vicini ty of the mine site consists primarily of cattle grazing and 
recreation including hunting, camping, hiking and 4-wheeling. Future land use for the site is 
anticipated to include continued grazing, and implementation of a travel management plan which 
may impose motorized travel restrictions to provide additional elk habi tat. 

Townsend has a population of 1,867 (2000 U.S. Bureau of Census) and is the nearest community 
located approximately 7 miles to the southeast (see Figure 1-1 ). The Greymont Western U.S. 
(Greymont) Indian Creek limestone mine and processing plant are located approximately four 
miles southeast of the site. 

2. 1.4 Climate 

The Iron Mask Mill and Mine Site area is subject to a cool and dry, continental-dominated 
climate (WRCC, 2008). It is a frigid (bordering cryic) soil temperature regime with an ustic soil 
moisture regime. 

This region's temperature is generally low and marked by wide seasonal and daily variations. 
During winter months, the average temperature is in the range of I 0 degrees Fahrenheit (°F) to 
30° F. The summers are usually wann and mid with night temperatures rather cool. The frost­
free period (32° For greater) is approximately 150 days, from mid-April to late September. 

Precipitation at the site is affected by the "rain shadow" effect of the Elkhorn Mountains, and is 
not abundant in the region (averaging between 6 and 10 inches annually). Stormy weather 
usually brings the first snows during September; however, they are generally followed by several 
weeks of fair weather. The area is subject to a distinct spring/summer rainy season with May 
and June usually being the wettest months of the yem·. On average, May and June receive 36% 
of the precipitation. 
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2. I .5 Geology 

2. 1.5. 1 Regional Setting 

The Iron Mask Mine and Mill Site is located in the central Li mestone Hills in the northem 
Elkhom Mountains, which are underlain by Tertiary andesites. Veins in the area are thin and 
sparsely distributed. Alterati on is isolated to zones around the veins; otherwise the country rock 
is relatively fresh. 

2.1.5.2 Local Geologic Setting 

The Iron Mask vein is a m ineralized fracture filling and replacement in andesite. It strikes North 
15° West and dips 75° to 85° Northeast. The vein ranges from 1.5 feet to greater than 4 feet 
wide. Ore shoots are described as 1 to 4.5 feet wide discontinuous lenses striking along the trend 
of the main system. Ore consists of silicified andesite with galena, sphalerite, and limoni te. 
Chalcopyrite and tetrahedri te were documented in some ore shoots (Reed, 195 1 ). 

Two add itional veins are also described in the area. One subparallel vein 15 feet west of the 
main vein was assumed to be low grade because it is highly oxidized. The third vein averaging 1 
to 5 feet wide was mined for 350 feet. The shike of this vein varies from North 10° East to 
Notih 10° West and dips average 7T East (Reed, 1951). 

Surficial soils in the vicinity of the site consist of silty sands with abundant gravels and cobbles. 
Bedrock is relati vely close to the surface and is typically encountered at depths shallower than I 0 
feet, often exposed as outcrops. 

2 .1.6 Hydrology and Hydrogeology 

The topography above the mine area is the headwaters of Whipcraker Gulch and encompasses 
approximately I 00 acres. The Iron Mask adit typically discharges approximately 5-20 gallons 
per minute (gpm). This is likely due to the mine workings intersecting water-bearing faults. 
Discharge fro m the adit fl ows through Whipcracker Gulch and fully infiltrates within I ,500 feet 
during low to moderate fl ows. 

A review of standard hydrogeologic literature sources found that no publ ished information 
specific to this area has been assembled. Therefore, the interpretations of hydrogeologic 
conditions presented here are based on accepted hydrogeologic principles, local observations, 
and avai lable geologic infonnation. The mountainous terrain and lack of other groundwater 
seepage or springs in the general area indicates that the groundwater table is approximately I00 
feet below ground surface (bgs). 

2.2 MINING HISTORY 

The Iron Mask M ine and Mill Site is located within the Park (Indian Creek) Histotic Mining 
District. The Park Mining District is a very large area, covering thousands of acres in and 
around the Indian Creek drainage along the east side of the Elkhorn Mountains. 
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In November 1887, local prospectors J .N. Thompson and George Kerwin di scovered and 
claimed the Iron Mask lode on top of a high ridge between Indian Creek to the west and the 
Missouri River to the east. Over the next few years, no more than a few hundred tons of rich 
silver-lead ore was extracted from the mine. 

After lying idle for a while, reports ofmining activity and ore production began to appear in the 
mining press in early 1895 and continued on an intermittent basis for the next three years. 
Mining through the Iron Mask shaft continued sporadically in the early 20th century, with 
activity in 1906 and again beginning in 1917. This resulted in excavation of the Iron Mask 
Tunnel and, much later, construction of the nearby mill. 

By 191 8, the S amar Copper Company was at work at the Iron Mask under bond and lease. By 
the end of the year, Bamar Copper had sent several shipments oflron Mask ore outside of the 
district for treatment. 

By October 1927, S amar Copper convinced another speculator in Butte, William Creden, to 
assume its holdings at the Iron Mask Mine. By 1929, Creden Mines has mined and shipped a 
few carloads of lead-zinc ore. The company abandoned work at the Iron Mask after thi s time. 

Over the next couple of years various people tried their luck at the mine. J n the spring and 
summer of 1942, a modest 50-ton flotation mill was built at Iron Mask under the ownership of 
the Broadwater Zinc and Lead Company. By late 1943, the company had run I ,200 tons or zinc­
lead ore through its mill and shipped another 1,612 tons of ore directly to a smelter. In 1949, the 
Broadwater Zinc and Lead Company treated 1,400 tons ofzinc-lead ore before it ceased work for 
good in early June (RTI, 2007). 

Bureau of Land Management records show the site has no active claimant(s) and the mine and 
mill is abandoned. 
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3.0 IRON MASK MINE AND MILL SITE DATA COLLECTION 

The following sections describe the characteristics of the wastes present at the Iron Mask Mine 
and Mill Site, including waste types, volume estimates, and contaminant concentrations, as well 
as an evaluation of existing data derived from previous response actions or investigations. A 
description of the characteristics of the proposed boJTow site and repositories is included. 
Environmental media sampled as part of the field investigations include background soil, borrow 
area soil, tailings, waste rock, stream sediment and surface water. 

Background soil consists of native, undisturbed soil that surrounds the site, and is sampled to 
obtain baseline data representati ve of natural soil conditions. Borrow area soil is uncontaminated 
soil obtained from a suitable location that is used to backfill and provide growth media for areas 
excavated during reclamation. 

Tailings are generally uniform and finely ground rock particles from which most of the 
commercial minerals have been extracted, usually di sposed along stream channels or within 
impoundments. Waste rock consists ofnon-mineralized and low-grade mineralized rock which 
has been removed from areas adjacent to the ore and stockpiled near the mine opening. Sample 
results for tai lings and waste rock are compared to background soil results to determine if 
contamination is present. Contamination is considered to be elevated when results exceed three 
times the average concentration of background soi l. 

Stream sediment consists of fine soil particles deposited in the stream bed as a result of erosion, 
and are carried by surface water to the point of disposition. Stream sediments and surface water 
are sampled to dete1111ine if contaminants are present in amounts which exceed applicable 
comparison cri teria. 

Each environmental medium is discussed individually and includes available sample locations, 
descriptions, and summaries of analytical results. Figure 3- 1 illustrates locations of samples that 
were collected during fi eld activities associated with previous investigations and the 
investigations conducted in 2008 for this EEE/CA. Laboratory results and applicable 
comparison crite1ia are presented in Appendix B, and are tabulated as follows: 

• Table B-1 Source Sampling Summary; 

Table B-2 Total Metals- Solid Media; 

Table B-3 Total Metals - XRF Data (BLM, 2005) and Pioneer's 2008 Site Investigation; 

Table B-4 Acid-Base Accounting (ABA) and Shoemaker, McLean, Pratt buffer (SMP); 

• Table B-5 Synthetic Precipitation Leach Procedure (SPLP); 

Table B-6 Agronomic Properties; 

Table B-7 Physical Properties; 

Table B-8 Total Metals - Surface Water; 
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• Table B-9 Dissolved Metals- Surface Water; 

• Table B- 10 Wet Chemistry - Surface Water; and 

• Table B-1 I Contaminant of Concern (COC) Compari son Criteria. 

Results which indicate metals concentrations are elevated are identified as COCs and are further 
analyzed in Section 5.0, where they are compared to selected cri te1ia for so lid media and surface 
water to dete1mine the human health and ecological risks present at the site. 

The SPLP and the Toxicity Characteristic Leaching Procedure (TCLP) tests are used to 
detennine the leach ability of waste materials through the use of low pH solution. The TCLP test 
is used to characterize an industrial waste stream or other waste materials as defined by Resource 
Conservation and Recovery Act (RCRA). The TCLP defines if a waste is hazardous and 
therefore must be disposed in a hazardous waste facility or can be placed in a typical municipal 
landfi ll . The TCLP test uses either a sodium acetate solution at pH 4.93 standard units (s.u.) or a 
dilute acetic acid solution with a pH of2.8 s.u. depending on the pH of the wastes being tested. 
The sample is then tumbled in the appropriate extraction fluid for 18 hours and then analyzed. 

The SPLP test was developed by the U. S. Environmental Protection Agency (EPA) to simulate 
acid rain effects on soil waste materials. Thjs test simulates the actual environmental 
precipitation that the soil will be exposed to and the concentration of contaminant that wi ll leach 
from soil under these conditions. The extraction fluid pH used in the SPLP is a function of the 
region where the sample site is located. For samples located east of the Mississippi River the 
extraction fluid is pH 4.2 s.u., for srunples west of the Mississippi Rjver the extraction flu id is pH 
5.0 s.u. As with the TCLP test, the sample is then tumbled in the appropriate extraction fluid for 
18 hours and then analyzed. 

For abandoned mine site investigations, such as that completed at the Iron Mask Mine and Mill 
Site in 2008, the use of the SPLP is more realistic in terms of what the waste rock and tail ings 
materials are exposed to at the site (i.e. , rain and snow fall) and what may leach from these 
materials under this condition. The results of the SPLP are then used as part of the ri sk 
assessment for the site. Additionally, the extraction and beneficiation of ore materi als are 
excluded under Subtitle C of RCRA from regulation as hazardous waste under the Bevill 
exclusion amendment. 

Agronomic testing is completed on all potential borrow area locations to detennine the suitability 
of the soil for use as a vegetative growth media. Agronomic testing is also completed on the 
exposed waste sources to determine if the limited vegetation at the site is from agronomic and/or 
physical parameters or chemical factors. The amendment recommendations are based on the 
establishment of dry-land pasture. 

There is currently no vegetative success standard for reclaimed abandoned mine sites. Typically 
a site is considered "successful" when the reclaimed area vegetative cover percentage, density 
and production are equal or better than the surrounding non-impacted areas surrounding the site. 
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3.1 PREVIOUS INVESTIGATIONS 


Previous data collection efforts at the site include the Phase I Environmental Site Assessment 
Report Proposed Real Property Acquisition Iron Mask Property (BLM, 2005). This report was 
completed by the BLM Butte Field Office prior to the acquisition of thi s property from the 
Rocky Mountain Elk Foundation. 

As part of the Phase I assessment, soil tests were conducted using x-ray fluorescence (XRF) 
analysis to dete1mine metal concentrations (see Table B-3 in Appendix B). Composite samples 
were collected from the waste rock dump near the adit, waste rock dump near the mill site and 
downstream tailings, and compared to background sample concentrations from near each area. 
Results from this investigation depict the following elements as being significantly elevated 
above background (>3X background): 

• 	 North waste rock dump - Pb, Mn, Hg, Ni, and Zn; 
Mi ll site - Pb and Mn; and 

• 	 Tail ings area - As, Fe, Mn, Pb, and Zn. 

Additionall y, composite samples from each area were submitted to Energy Laboratories in 
Helena, Montana, for TCLP analysis to detenn ine if the materials would be considered a RCRA 
characteristic hazardous waste (see Table B-5 Appendix B fo r sample results). The TCLP test 
results indicate that only the mill site sample exceeded the regulatory limit concentrations for 
cadmium (Cd) and Pb for hazardous waste classification. Consequently, this material satisfies 
the criteria to be considered a RCRA characteristic hazardous waste (EPA hazardous waste 
numbers 0 006, and 0008, respectively); however, the Bevill Amendment excludes this waste 
from RCRA regulations because the waste was derived from the extraction, beneficiation, and/or 
processing of ores or minerals. The TCLP data for the samples collected from the north waste 
rock d!-Jmp and tailings area are below the regulatory limits for hazardous waste classification. 

One water sample was collected on May 16, 200 I from the mine portal. The results indicate that 
the water flowing from the mine adit is good quality and did not exceed the Maximum 
Contaminant Levels (MCLs) for metals. Only copper (Cu) at 4 micrograms per li ter (!lg/L) and 
Zn at 2.4 11g/L were above the laboratory detection limit. Field conducti vity was measured at 
220 micromhos per centimeter (!lmhos/cm) at a pH of 8.0 s.u. 

3.2 SUPPLEMENTAL FIELD IN VESTIGATION 

On June 16-1 8, 2008, Pioneer personnel conducted a supplemental fi eld investigation in 
accordance with the Draft Sampling and Analysis Plan for the Iron Mask Mine and Mill Site 
(Pioneer-USACE/BLM, 2007). The objective of the 2008 Iron Mask Mine and Mill Site 
Investigation was to evaluate the mine and mill wastes at the site whi le generating a database that 
meets the requirements necessary to complete a baseline risk assessment and detai led analysis of 
reclamation alternatives. 
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Additional data required to support thi s EEE/CA included the following: 

• 	 Characterization of heavy metal concentrations in the waste rock dumps and mill tailings at 
the site; 

• 	 Evaluation of the physical and chemical properties of the source material that may affect 
contaminant migration including the following: leaching properties, pH, buffering capacity, 
organic carbon content, and particle size distribution; 

• 	 Contaminant concentration variations and leaching charactetistics of the wastes at the site 
(porosity, hydraulic conductivity, and SPLP data); 
Physical and construction characteristics of the wastes; 

• 	 Generate estimates ofvolume and surface area of the wastes; 
Detailed topographic and location mapping of the site; and 

• 	 Revegetation parameters for waste rock and mill tailings including: soil texture and grain 
size, percent organic matter, liming requirements, native vegetation determination, and 
fertilizer recommendation analyses. 

The supplemental sampling included investigating three waste rock duinps, mill tailings, stream 
sediment and surface water from Whipcracker Gulch that originates from the mine adit, and 
background soils. 

Energy Laboratories of Helena, Montana, completed the chemical analysis. Pioneer's Materials 
Testing Laboratory in Helena analyzed physical properties and Midwest Laboratories of Omaha, 
Nebraska, conducted the agronomic analysis. ln addition to the samples submitted for laboratory 
analysis, Pioneer utilized XRF analysis in the field for reconnaissance purposes. 

The following sections di scuss each individual investigation area sampled by Pioneer in 2008. 

3.2.1 Background Samples 

Five background soil samples were collected from the area surrounding the Iron Mask Mine and 
Mill Site (see Figure 3-1) to evaluate natural soil concentrations for comparison to samples 
obtained within areas containing waste materials. 

Samples [ron Mask-BG-1 through BG-3 were obtained from the undisturbed hillsides 
surrounding the adit, to the south, west and north, respectively. Iron Mask-BG-04 was sampled 
from the area across Whipcracker Gulch directly north of the lower east end of the site. Iron 
Mask-BG-05 was obtained from the hillside south of the iron pipe gate located at the mine site 
entrance. 

Results of the background sampling are relatively consistent, with no concentration exceeding 3 
times the lowest value for each analyte. 

Background sample results were averaged across the five samples for each analyte, and then 
multiplied by 3 to obtain values for direct comparison to concentrations of waste matetial 
samples. 
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3.2.2 Waste Rock Dumps 

Nine samples were collected from the three waste rock dumps during the supplemental 
investigation (see Figure 3-1 ). Samples for Iron Mask-WR 1 were collected from the largest 
waste rock dump located directly in front of the mine adit. Samples for Iron Mask-WR2 were 
collected from a smaller waste rock dump located around and above the mill site. Samples for 
Iron Mask-WR3 were collected from the smallest waste rock dump located along the main 
access road to the mine site, near the iron pipe entrance gate approximately 850 feet southeast of 
the adit. 

Waste Rock Dump 1 and WR3 consist ofmineralized rock, presumably low grade overburden 
material removed while tunneling toward the higher grade ore. Waste Rock Dump 2 is 
composed ofrock with a higher mineral content than that of the other two waste dumps, and may 
be ore material which was overcast from the bin at the upper end of the mill. 

3.2.2.1 IronMask-WRI 

WRI encompasses an area of approximately 0.7 acres directly in front of the adit, and contains 
an estimated I 0,000 cy of material. Three test pits were excavated into WR I in order to obtain 
samples representative of the material encountered throughout the upper surface of the dump. 
Two composite samples and two discrete samples were collected from the test pits and submitted 
for laboratory analysis. 

Composite sample Iron Mask-WR1-A represented waste material collected from the 0 to 6-inch 
interval in each of the 3 test pits; composite sample lron Mask-WR1-B represented material 
collected from the 6-inch interval to the bottom of the excavations, which varied from 6 to t 2 
feet. Iron Mask-WR 1-C was a discrete sample collected from WR 1-TP-03 within the 6 to 50­
inch interval and Iron Mask-WR 1-D was a di screte sample collected from WR1-TP-03 wi thin 
the 50 to I 08-inch interval. 

Results ofTotal Metals analysis show that concentrations of As, Cd, Cu, Pb, Mn, and Zn are 
significantly elevated (>3 times) in all four samples collected from WRl , when compared to 
average background concentrations of soils surrounding the site. Concentrations of si lver (Ag) 
are also significantly elevated in samples WRt-B and WRl-C. 

The ABA/SMP buffering capacity results for sample WR 1-B indicate that WR 1 is not 
considered a potential acid producer, and would not require lime treatment. Total Sulfur for 
WRl-B is 2.5%. The SPLP data shows all metal concentrations below laboratory detection 
limits, which indicates no leaching potential. 

Agronomic analysis results for sample WR1-8 indicate recommended fertil izer application rates 
of 100 pounds of nitrogen (N), 60 pounds of phosphate (P20 5) and 65 pounds of potash (K20) 
are required per acre. Organic matter content of the sample material is reported as 3.3%; the pH 
is neutral at 7.2 s.u.; the Cation Exchange Capacity (CEC) is 23.8 milliequivilence per I00 grams 
(meq/1 OOg), which indicates a moderate potential for attenuating heavy metals. Conductivity of 
the sample is reported as 2.74 milliSiemens per centimeter (mS/cm). 
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Physical property analysis for sample WRI-B depicts this sample as sandy loam based on U.S. 
Department of Agriculture (USDA) soi l classification for particle sizes <2mm. The gradation 
distribution shows a gravel content of 60% based on the American Society for Testing and 
Materials (ASTM) for particle sizes 4.75 to 75mm. Rock content was visually estimated in the 
field at 40 to 80% rock by vo lume of 8-inch minus diameter material. 

3.2.2.2 Iron Mask-WR2 

Waste Rock Dump 2 encompasses an area of approximately 0.5 acres surrounding the mill site, 
and contains an estimated 1 ,000 cy of material. Three test pits were excavated into WR2 in order 
to obtain samples representative of the material encountered above and around the mill site. Two 
composite samples and one di screte sample were collected from the test pits and submitted for 
laboratory analysis. 

Composite sample Iron Mask-WR2-A represented waste material collected from the 0 to 6-inch 
interval in each ofthe 3 test pits; and composite sample Iron Mask-WR2-B represented material 
collected from the 6-inch interval to the bottom of the excavations, which varied from 15 to 32 
inches. Iron Mask-WR2-2-B was a discrete sample collected fi·om WR2-TP-02 within the 6 to 
18-inch interval. 

Results ofTotal Metals analysis show that concentrations of As, Cd, Cu, Pb, Mn, Ag and Zn in 
samples WR2-A and WR2-B are significantly elevated (>3 times) above average background 
concentrations of soils surrounding the site. The concentration of antimony (Sb) was also 
elevated in sample WR2-B. Concentrations of As, Cd, Pb, Ag and Zn are significantly elevated 
in sample WR2-2B. 

The ABA/SMP buffering capacity results for samples WR2-B and WR2-2B indicate that WR2 is 
considered a potential acid producer, with a liming requirement of 85 tons/ 1,000 tons. Total 
Sulfur for WR2-B is 3.2%. The SPLP data show the presence ofCd, Mn, and Zn, which 
indicates a potential for leaching; however, concentrations found in laboratory leachate are 
below Montana Numeric Water Quality Standards (DEQ/WQB, 2008) Human Health Standards 
(HHS) for groundwater. 

Agronomic analysis results for sample WR2-B indicate recommended fertilizer appl ication rates 
of 100 pounds N, 70 pounds of P20 5 and 80 pounds of K20 are required per acre. Organic 
matter content of the sample material is reported as 3. 1 %; the pH is slightly acidic at 6.0 s.u. , and 
the CEC is 50.4 meq/1 OOg, indicating a moderate potential for attenuating heavy metals. 
Conductivity of the sample is reported as 3.57 mS/cm. 

Physical property analysis for sample WR2-B depicts this sample as sandy loam based on USDA 
soil classification for particle sizes <2mm. The gradation distribution shows a gravel content of 
55% based on the ASTM for parti cle sizes 4.75 to 75mm. Rock content was visuall y estimated 
in the field at 50 to 90% rock by volume of 8-inch minus diameter matetial. 
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3.2.2.3 Iron Mask-WR3 

Waste Rock Dump 3 is a relatively small waste rock dump near the iron pipe entrance gate to the 
site, encompassing an area of approximately 0. 1 acres and containing an estimated 500 cy of 
material. One test pit was excavated into WR3 , and 2 samples were collected and submitted for 
laboratory analysis. 

Sample Iron Mask-WR3-A represented waste material collected from the 0 to 6-inch interval and 
Iron Mask-WR3-B represented material collected from the 6-inch interval to the bottom of the 
excavation at 7 feet. 

Results of Total Metals analysis show that concentrations of As, Cd, Cu, Pb, Hg, Ag and Zn in 
both samples are significantly elevated (>3 times) when compared to average background 
concentrations of soils surrounding the site. The concentration ofMn is also significantly 
elevated in sample WR3-B. 

The ABNSMP buffering capacity results for sample WR3-B indicate that WR3 is considered a 
potential acid producer, with a liming requirement of 41 tonsil ,000 tons. Total Sulfur for WR3­
B is 0.9%. The SPLP data show the presence ofCd, Mn, and Zn, which indicates a potential for 
leaching; however, concentrations found in laboratory leachate are below Montana Numeric 
Water Quality Standards (DEQ/WQB, 2008) HHS for groundwater. 

Agronomic analysis results for sample WR3-B indicate recommended ferti lizer application rates 
of 100 pounds N, 65 pounds of P20s and 65 pounds of K20 are required per acre. Organic 
matter content of the sample material is reported as 1.4%; the pH is acidic at 5.0 s.u., and the 
CEC is 26.6 meq/1 OOg, indicating a moderate potential for attenuating heavy metals. 
Conductivity of the sample is reported as 4.03 mS/cm. 

Physica l property analysis for sample WR3-B depicts this sample as loamy sand based on USDA 
soil classification for particle sizes <2mm. The gradation di stribution shows a gravel content of 
73% based on the ASTM for particle sizes 4.75 to 75mm. Rock content was visually estimated 
in the fi eld at 60 to 80% rock by volume of 8-inch minus diameter material. 

3.2.3 Tailings Areas 

Five samples were collected from two tailings impacted areas during the supplemental 
investigation (see Figure 3-1 ). Samples for Iron Mask-TAl were collected from an area 
containing shallow tailings deposits located near the lower-east end of the site. Samples for Iron 
Mask-TA2 were collected from a suspected mill tailings impoundment located southeast of the 
mill site. 

Tailings Area I is comprised of fine-grained processed material that is presumed to have been 
transported downgradient from the mill site and deposited over a large area as the result of a high 
flow stom1 event or impoundment failure. Tai lings Area 2 consists of similar material that is 
contained behind a small earthen embankment directly below the mill site. In general, theTA1 
material contains a higher concentration of metals than T A2. 
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3.2.3.1 Iron Mask-TAl 

Tailings Area l is comprised of an area approximately 2.0 acres in size. Approximately I ,600 cy 
of waste material is estimated to be contained within this area; however estimation is extremely 
difficult due to the scattered nature of the shallow waste deposits which vary from 0 to 3 inches 
in depth. Seven test pits were excavated in the areas within and surrounding the deposits, and 
three samples were collected and submitted for laboratory analysis. 

Sample Iron Mask-T A 1-W was collected from visible surficial waste material located directly 
west of the lower site road. Sample Iron Mask-TA 1-A represented material collected from the 0 
to 6-inch interval in each of the 7 test pits, and lron Mask-T A 1-B represented material collected 
from the 6-inch interval to the bottom of the test pit excavations. Excavation depths ranged from 
1 0 to 14 feet. 

Results ofTotal Metals analysis show that concentrations of Sb, As, Cd, Cu, Ph, Mn, Hg, Ag and 
Zn in sample TA1-W are significantly elevated (>3 times) when compared to average 
background concentrations of soils surrounding the site. No analyte concentrations were 
significantly elevated in sample TA l-B. 

The ABNSMP buffering capacity results for samples TA 1-Wand TA1-B indicate that TA I is 
not considered a potential acid producer. Total Sulfur for TA 1-W is 0. 7%. The SPLP data for 
sample TA 1-W shows the presence ofFe, Ph, Mn and Zn, which indicates a potential for 
leaching; however, concentrations found in laboratory leachate are below Montana Numeric 
Water Quality Standards (DEQ/WQB, 2008) HHS for groundwater. 

Agronomic analysis results for sample TA l-A indicate recommended fertilizer application rates 
of 100 pounds N and 15 pounds of P20 5 are required per acre. Organic matter content of the 
sample material is reported as 2.8%; the pH is neutral at 6.9 s.u., and the CEC is 14.3 meq/ I OOg, 
indicating a moderate potential for attenuating heavy metals. Conductivity of the sample is 
reported as 0.70 mS/cm. 

Agronomic analysis results for sample T A 1-B indicate recommended fertili zer application rates 
of 100 pounds ofN, 60 pounds ofP205 and 65 pounds ofK20 are required per acre. Organic 
matter content of the sample material is reported as 1.3%; the pH is alkaline at 8. 1 s.u., and the 
CEC is 17.8 meq/1 OOg, indicating a moderate potential for attenuating heavy metals. 
Conductivity of the sample is reported as 1 .02 mS/cm. 

Physical property analysis for sample TA 1-B depicts thjs sample as sandy loam based on USDA 
soil classification for particle sizes <2mm. The gradation distribution shows a gravel content of 
22% based on the ASTM for particle sizes 4.75 to 75mm. Rock content was visually estimated 
in the field at 30 to 60% rock by volume of 6-inch minus diameter material. 

3.2.3.2 Iron Mask-TA2 

Tailings Area 2 is a relati vely small tailings impoundment located in a timbered area, southeast 
and downgradient of the mill site. The impoundment covers approximately I ,875 square feet 
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and contains an estimated 300 cy ofmaterial. Three test pits were excavated by hand into the 
impoundment and two samples were submitted for laboratory analysis. 

Sample Iron Mask-TA2-A represented material collected from the 0 to 6-inch interval in each of 
the 3 test pits, and Iron Mask-T A2-B represented material collected from the 6-inch interval to 
the bottom of the test pit excavations. Excavation depths ranged from 12 to 22 inches. 

Results ofTotal Metals analysis show that concentrations of As, Cd, Cu, Pb, Mn, Ag and Zn in 
both samples are significantly elevated (>3 times) when compared to average background 
concentrations of so ils surrounding the site. 

The ABAJSMP buffering capacity results for samples TA2-A and TA2-B indicate that T A2 is 
not considered a potential acid producer. Total Sulfur for TA2-A is 2.0%. The SPLP data for 
sample TA2-B shows all analyte concentrations are below laboratory reporting limits, which 
indicate no potential for leaching. 

Agronomic analysis results for sample T A2-B indicate recommended fertil izer application rates 
of 100 pounds ofN, 60 pounds of P20 5 and 65 pounds of K20 are required per acre. Organic 
matter content of the sample material is reported as 3.0%; the pH is alkaline at 8.0 s.u. , and the 
CEC is I I . 9 meq/ 1 OOg, indicating a moderate potential for attenuating heavy metals. 
Conductivity of the sample is reported as 1.06 mS/cm. 

Physical prope1ty analysis for sample TA2-B depicts this sample as sandy loam based on USDA 
soil classification for particle sizes <2mm. The gradation distribution shows a gravel content of 
0.8% based on the ASTM for particle sizes 4.75 to 75mm. Rock content was visually estimated 
in the field at <10% rock by volume of3-inch minus diameter material. 

3.2.4 Stream Sediment and Surface Water Sampling Results 

Four surface water samples and 5 stream sediment samples were collected along Whipcraker 
Gulch during the supplemental investigation beginning at the Iron Mask Adit and continuing 
downstream to a point approximately 600 feet downgradient from the lower site access road (see 
Figure 3- 1 ). 

3.2.4.1 Surface Water 

Four surface water samples (Iron Mask-SW-01 through SW-04) were collected along the surface 
water flow that originates from the Iron Mask Adit and continues intermittently downstream 
through Whipcracker Gulch. Surface water flows encountered during the investigation varied 
from an estimated 1.56 to 9.25 gpm, and full y infiltrated immediately downgradient of SW-04. 

Laboratory analysis was conducted for Total Metals and Dissolved Metals in addition to wet 
chemistry parameters (total dissolved solids [TDS], chloride, sulfate, nitrate-nitrite, and calcium 
carbonate concentration [hardness]). Field parameters (pH, conductivity, alkalinity, and 
temperature) were also analyzed. Tables B-8, B-9 and B-1 0 provided in Appendix B present the 
surface water quality results for the Iron Mask Mine and Mill Site. Explanations of tests 
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pertaining to drinking water are published by the Montana Department of Health and Human 
Services and included in Appendix E. 

Exceedances for Pb were reported for the 2 downstream surface water samples (SW-03 and SW­
04) when compared to Montana Numeric Water Quality Standards (DEQ/WQB, 2008) for 
human health. Values for pH were slightly alkaline and ranged from 7.8 to 8.4 s.u. 

3.2.4.2 Stream Sediments 

Five stream sediment samples (Iron Mask-S E-O 1 through SE-05) were collected from 
Whipcracker Gulch. Iron Mask-SE-01 through SE-04 were collected in conjunction with the 
surface water samples. Iron Mask-SE-05 was collected from a dry area of the gulch 
approximately 600 feet downgradient of the lower access road. Each stream sediment sample 
was submitted to the laboratory for metals analysis. 

Concentrations of As, Pb, Ag and Zn in stream sediment samples SE-03, SE-04 and SE-05 
collected downgradient of the waste sources exceeded criteria specified in the National Sediment 
Quality Survey (EPA, 2004). Table B-2 in Appendix B presents the laboratory results for the 
stream sediment samples. 

3.2.5 Repository/Borrow Investigation 

Two potential borrow area/repository sites were explored during the supplemental investigation 
(see Figure 3-1 ). The first area, referred to as Iron Mask BA I , is located in an area bound by the 
lower and upper site access roads and directly south ofTA l. The second area, Iron Mask BA2, 
is located north ofTA 1 across Whipcracker Gulch. The sites were chosen for sampling due to 
their close proximity to the site and relatively flat topography conducive to repository 
construction. 

3.2.5.1 IronMaskBAl 

A total of 8 test pits were excavated at Iron Mask BA 1. The test pit locations were selected at 
random and ranged in depth from to 5.0 to I 0.8 feet bgs. Groundwater was not encountered in 
any of the test pits. 

In general, BA I consisted of a layer of silty loam topsoil typically 1 foot in depth, containing 
woody debris, grasses, and root mass. The topsoil layer was underlain by several feet of silty 
sand, light brown to gray in color with some angular gravels and cobbles increasing in amount 
with depth. 

Rock content was visually estimated in the field. The rock content varied, but generally ranged 
from 10% to 45% rock < 4 inches in diameter at depths less than 3 feet, and 55% to 95% rock < 
8 inches at depths ranging from approximately 3 to 10 feet below ground surface (bgs). The 
deepest rock was layered to an extent to cause backhoe refusal; however, this material is likely 
rippable with a bulldozer if excavation in these areas is necessary during repository construction. 
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Two composite samples were collected and submitted for laboratory analysis. Sample Iron 
Mask-BA 1-A was a composite sample collected from the 0 to 6-inch layer in each of the 8 test 
pits. Iron Mask-BAl-B was a composite sample representing materials from 6 inches to the 
bottom of the test pits. 

Agronomic analysis results for sample BA 1-A indicate recommended fet1ilizer application rates 
of l 00 pounds ofN required per acre. Organic matter content of the sample material is reported 
as 3. 1 %; the pH is slightly acidic at 6.5 s.u., and the CEC is 14.7 meq/ l OOg, indicating a 
moderate potential for attenuating heavy metals. Conductivity of the sample is reported as 0.61 
mS/cm. 

Agronomic analysis resul ts for sample BA1-B indicate recommended fertilizer application rates 
of 100 pounds ofN, 70 pounds of P20 5 and 80 pounds of K20 are required per acre. Organic 
matter content of the sample material is reported as 1.3%; the pH is moderately alkaline at 
8.1 s.u. , and the CEC is 15.8 meq/1 OOg, indicating a moderate potential for attenuating heavy 
metals. Conductivity of the sample is repm1ed as 0.43 mS/cm. 

Physical property analysis for sample BAl-B depicts this sample as sandy loam based on USDA 
soil classification for particle sizes <2mm. The gradation distribution shows a gravel content of 
27% based on the ASTM for particle sizes 4.75 to 75mm. 

Physical property analysis for sample BA 1-B assigned a USDA so il classification of Sandy 
Loam (for particle sizes <2mm) to the BA I material. Grain size disttibution shows gravel 
content of27% (ASTM 4.75-75mm particle size) for the sample. 

Although no large volume/bulk gradation analyses were conducted, the visual evaluation of the 
soil indicated a high percentage of oversize rock (four-inch plus material). Consequently, a fo ur­
inch or six-inch grizzly would be desirable to screen the excavated material during construction 
to eliminate oversize reject rock and create higher quality cover soil. Roughly 75% of the 
excavated volume would be eliminated as reject oversize rock. In other words, to create the 
quantity of cover soil needed for the project, approximately 175% of the required cover soil 
volume would have to be excavated from the BAl. Bon·ow Area I is not considered a practical 
source of cover soil for the reclamation project. 

3.2.5.2 Iron Mask BA2 

A total of 16 test pits were excavated at Iron Mask BA2. The test pit locations were selected at 
random and ranged in depth from to 2.6 to 8.3 feet bgs. Groundwater was not encountered in any 
of the test pits. 

In general, BA2 consisted of a layer of silty loam topsoil typically 0.5 to 3 feet in depth, 
containing woody debris, grasses, and root mass. The topsoil was underlain by a layer of si lty 
sand, light brown to gray in color with some angular gravels and cobbles increasing in amount 
with depth. 

Higher rock content and shallower depths-to-bedrock were more prevalent at the northwest end 
of the borrow area. Rock content was visually estimated in the field. The rock content in TP-0 I, 
06, 09, l 0, 12 and 13 generally ranged from 85% to I 00% rock < 6 inches in diameter at depths 
ranging from 0.5 to 5.5 feet bgs. Rock content in the remainder of the test pits was much lower, 
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generally 30% to 60% within the subsoil profile which measured 2 to 5 feet thick. Overall , 
bedrock ranged in depth from 2.6 to 8.3 feet bgs. The deepest rock was layered to an extent to 
cause backhoe refusal and is not likely rippable with a bulldozer if excavation in these areas is 
necessary during repository construction. 

Two composite samples were collected and submitted for laboratory analysis. Sample Iron 
Mask-BA2-A was a composite sample collected from the 0 to 6-inch layer in each of the 8 test 
pits. Iron Mask-BA2-B was a composite sample representing materials from 6 inches to the 
bottom of the test pits. 

Agronomic analysis resu lts for sample BA2-A indicate recommended fertilizer application rates 
of 100 pounds ofN, 55 pounds ofP205 and 40 pounds ofK20 are required per acre. Organic 
matter content of the sample material is reported as 2.2%; the pH is neutral at 7.6 s.u. , and the 
CEC is 18.3 meq/1 OOg, ind icating a moderate potential for attenuating heavy metals. 
Conductivity of the sample is reported as 0.67 mS/cm. 

Agronomic analysis results for sample BA2-B indicate recommended ferti lizer application rates 
of 100 pounds ofN, 60 pounds ofP205 and 80 pounds ofK20 are required per acre. Organic 
matter content of the sample material is rep01ted as 0.8%; the pH is moderately alkaline at 8.3 
s.u., and the CEC is 14.0 meq/ I OOgms, indicating a moderate potential for attenuating heavy 
metals. Conductivity of the sample is reported as 0.44 mS/cm. 

Physical property analysis for sample BA2-B depicts this sample as sandy loam based on USDA 
soil classification for particle sizes <2mm. The gradation distribution shows a gravel content of 
25% based on the ASTM for particle sizes 4.75 to 75mm. 

Although no large volume/bulk gradation analyses were conducted, the visual evaluation of the 
soil indicated a high percentage of oversize rock (four-inch plus material). Consequently, a four­
inch or six-inch grizzly would be desirable to screen the excavated material during construction 
to eliminate oversize reject rock and create higher quality cover soil. Roughly 85% of the 
excavated volume would be eliminated as reject oversize rock. In other words, to create the 
quantity of cover soil needed for the project, approximately 185% of the required cover soil 
volume would have to be excavated from the BA2. Borrow Area 2 is not considered a practical 
source of cover soil for the reclamation project. 
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4.0 	 SUMMARY OF APPLICABLE OR RELEVANT AND APPRO PRJATE 
REQUIREMENTS (ARARs) 

This section presents the Montana State and Federal government requirements which are 
considered ARARs for the reclamation effort. Requirements discussed in this section are 
chemical-, location-, and action-specific in nature. 

Section 121 (d)(2) ofCERCLA, 42 United States Code (USC) § 9621 (d)(2), certain provisions of 
the current NCP, 40 CFD Part 300 (1990), and guidance policy issued by the EPA require that 
Remedial Actions (RAs) taken pursuant to CERCLA authority shall require or achieve 
compliance with substantive provisions of ARARs, criteria, or limitations from the State 
environmental and facility citing laws, and from Federal environmental laws at the completion of 
RA, and/or during implementation of the RA, unless a waiver is granted. These requirements are 
threshold standards that any selected remedy must meet. The EPA calls standards, requirements, 
criteria, or limi tations identified pursuant to Section 121 (d) "ARARs." 

Two general types ofclean up actions are recogrtized under CERCLA: removal actions and 
RAs. A removal action is an action to abate, prevent, minimize, stabilize, mitigate, or eliminate 
a release or threat of release. This action is often temporarily taken to alleviate the most acute 
threats or to prevent future spread of contamination until more comprehensive action can be 
taken. A Remedial Investigation (RT) is a thorough investigation, evaluation of alternatives, and 
detennination and implementation of a comprehensive and fully protective remedy for the site. 

The ARARs are either applicable or relevant and appropriate. Applicable requirements are those 
standards, requirements, criteria, or limitations promulgated under Federal or State 
environmental or facility citing laws that specifically address a hazardous substance, pollutant or 
contaminant, RA, location, or other circumstances found at a CERCLA site. Relevant and 
appropriate requirements are those standards, requirements, criteria, or limitations promulgated 
under Federal environmental or State environmental of facility citing laws that, while not 
"applicable" to hazardous substances, pollutants, contaminants, RAs, locations, or other 
circumstances found at a CERCLA site, address problems or situations sufficiently similar to 
those encountered at the CERCLA site such that their use is well suited to the particular site. 
Factors that may be considered in making this detennination are presented in 40 CFR § 
300.400(g)(2). Compliance with both ARARs is mandatory. 

Each ARAR or group of related ARARs identified here is followed by a specific statutory or 
regulatory citation, a classification describing whether the ARAR is applicable or relevant and 
appropriate and a description that summarizes the requirements, and addresses how and when 
compliance with the ARAR wi ll be measured. Some ARARs will govern the conduct of the RA, 
some will define the measure ofsuccess of the RA, and some will do both. The descriptions 
given here are provided to allow the user a reasonable understanding of the requirements without 
having to refer constantly to the statute of regulation itself. However, in the event of any 
inconsistency between the law and the summary provided in this document, the ARAR is 
ultimately the requirement stated in law, rather than any paraphrase of the law provided here. 
Finally, this list contains a non-exhaustive li st of other legal provision or requirements that 
should be complied with. ARARs are divided into contaminant-specific, location-specific, and 
action-specific requirements, as described in the NCP and EPA guidance. For contaminant­
specific ARARs, ARARs are listed according to appropriate media. 
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Contaminant-specific ARARs include those Jaws and regulations governing the release to the 
environment of materials possessing certain chemical or physical charactetistics or containing 
specific chemical compounds. Contaminant-specific ARARs generally set health or risk based 
numerical values or methodologies which when applied to site-specific conditions, result in the 
estab lishment of numerical values. These values establish the acceptable amount or 
concentration of a chemical that may be found in, or discharged to, the ambient environment. 

Location-specific ARARs are resttictions placed on the concentration of hazardous substances or 
the conduct of cleanup activities because they are in specific locations. Location-specific 
ARARs relate to the geographic or physical position of the site, rather than to the nature of the 
site contaminants. Action-specific ARARs are usually technology or activity based requirements 
on limitations on actions taken with respect to hazardous substances. 

Many requirements here are promulgated as identical or nearly identical requirements in both 
Federal and State law, usually pursuant to delegated environmental programs administered by 
EPA and the State, such as the requirements of the Federal Clean Water Act and the Montana 
Water Quality Act. The preamble to the new NCP states that such a situation results in citation 
to the state provision as the appropriate standard, but treatment of the provision as a Federal 
requirement. The ARARs and other laws that are unique to state law are identified separately by 
the State of Montana. 

Appendix D provides detailed descriptions of potential Federal and State ARARs. The 
description of the Federal and State ARARs that follows includes summaties oflegal 
requirements that in many cases attempt to set out the requirement in a simple fashion useful in 
evaluating compliance with the requirement. In the event of any inconsistency between the law 
and the summaries in this section, the ARAR is ultimately the requirement as stated in the law, 
rather than any paraphrase presented here. Table 4-l presents quick-reference summaries of 
preliminary Federal ARARs for the Iron Mask Mine and Mill Site. Table 4-2 presents quick­
reference summaties of preliminary State ARARs for the Iron Mask Mine and Mill Site. 
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Table 4-1. Summary of Preliminary Federal Applicable or Relevant and Appropriate Requirements. 

Standard, Requirement C riteria Or 
Limitation Citation Description ARAR Status 

FEDERAL CONTAMINANT-SPECIFIC 
Safe Drinking Water Act 

National Primary Drinking Water Standards 

National Secondary Drinking Water Standards 

40 usc § 300 

40 CFR Part 14 1 

40 CFR Part 143 

Establishes health-based standards 
maximum contaminant levels (MCLs) for 
public water systems. 

Establishes aesthetic-based standards 
(secondary MCLs) for public water 
systems. 

Relevant and Appropriate 

Relevant and Appropriate 

Relevant and Appropriate I 

Clean Water Act 

Water Quality Standards 

National Pollutant Discharge Elimination 
System (NPDES) 

33 USC.§ 125 1- 1376 

40 CFR Part 13 I 
Quality Criteria for 
Water 1976, 1980, 
1986 

40 CFR Part 122 

Sets criteria for water quality based on 
toxicity to aquatic organisms and human 
health. 

General permits for discharge from 
construction. 

Relevant and Appropriate 

Relevant and Appropriate 

Relevant and Appropriate 

Clean Air Act 

National Primary and Secondary Ambient Air 
Quality Standards 

42 usc§ 7409 

40 CFR Part 50 Air quality levels that protect public health. Applicable 

Resource Conservation and Recovery Act 

Lists Of Hazardous Waste 

42 usc§ 690 1 

40 CFR Part 26 1, 
Subpart D 

Defmes those solid wastes that are subject 
to regulation as hazardous wastes under 40 
CFR Parts 262-265 and Parts 124, 270 and 
27 1. 

Applicable 
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Table 4-1. Summary of Preliminary Federal Applicable or Relevant and Appropriate Requirements (continued) 

Standard, Requirement Criteria Or 
Limitation Citation Description ARARStatus 

FEDERAL LOCATION-SPECIFIC 

National Historic Preservation Act 16 usc§ 470; 36 Requires Federal Agencies to take into account the effect 
CFR Part 800; 40 of any Federally-assisted undertaking or licensing on any 
CFR 6.3 10(b) district, site, building, structure, or object that is included 

in or eligible for inclusion in the National Register of 
Historic Places and to minimize harm to any National 
Historic Landmark adversely or directly effected by an 
undertaking. 

Applicable 

Archaeological and Historic Preservation Act 16 usc § 469 ; 40 Establishes procedures to provide for preservation of 
CFR § 6.30I(c) historical and archaeological data which might be 

destroyed through alteration of terrain as a result of a 
Federal construction project or a Federally licensed 
activity or program. 

Applicable 

Protection of Wetlands Order 40 CFR Part 6, A void adverse impacts associated with destruction or loss 
Appendix A, of wetlands and avoid support of new construction in 
Executive Order No. wetlands if a practicable alternative exists. 
11 ,990 

Applicable 

Historic Sites, Buildings and Antiguities Act 
Appendix A, Executive Order No. 11 , 990 

16 usc§§ 461-467; Requires Federal agencies to consider the existence and 
40 CFR §6.30 I (a) location of landmarks on the National Registry ofNatural 

Landmarks to avoid undesirable impacts on such 
landmarks. 

Applicable 

Fish and Wildlife Coordination Act 16 usc §§ 290 1- Requires consultation when Federal department or agency 
2912; 40 CFR Part proposes or authorizes any modification ofany stream or 
6.302(g) other water body and adequate provision for protection of 

fi sh and wildlife resources. 

Applicable 

Floodglain Management Order 40 CFR Part 6 Requires Federal agencies to evaluate the potential effects 
of actions they may take in a floodplain to avoid the 
adverse impacts associated with direct development ofa 
floodplain. 

Applicable 
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Table 4-1. Summary of Preliminary Federal Applicable or Relevant and Appropriate Requirements (continued) 

Standard, Requirement Criteria Or 
Limitation Citation Description ARAR Status 
Endangered Sgecies Act 16 USC§§ 1531-1543; 40 CFR 

6.302(h); 50 CFR Part 402 
Activities may not jeopardize the 
continued existence of any threatened 
or endangered species or destroy or 
adversely modify a critical habitat. 

Applicable 

Bald Eagle Protection Act 16 usc §§ 668 Requires consultation with the 
USFWS during reclamation design 
and reclamation construction to 
ensure that any cleanup of the site 
does not unnecessarily adversely 
affect the Bald Eagle or Golden 
Eagle. 

Applicable 

MigratorY Bird Treaty Act 16 usc§§ 703 Establishes a federal responsibility for 
the protection for the international 
migratory bird resource and requires 
consultation with the USFWS during 
reclamation design and reclamation 
construction to ensure the cleanup of 
the site does not unnecessarily impact 
migratory birds. Specific mitigative 
measures may be identified for 
compliance with this requirement. 

Applicable 
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Table 4-1. Summary of Preliminary Federal Applicable or Relevant and Appropriate Requirements (continued) 

FEDERAL ACTION-SPECIFIC 

Standard, Requirement Criteria Or 
Limitation Citation Description ARAR Status 

Clean Water Act 

NPDES 

33 usc § 1342 

40 CFR Part 122 Requires permits for the discharge of 
pollutants from any point source into 
waters of the United States. 

Relevant and Appropriate 

Relevant and Appropriate 

Surface Mining Control and 
Reclamation Act 

30 usc§§ 1201-1328 Protects the environment from effects 
of surface mining activities. 

Governs underground mining perm it 
30 CFR Part 784 applications and minimum 

requirements for reclamation and 
operations plans. 

Relevant and Appropriate 

Relevant and Appropriate 
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Table 4-1. Summary of Preliminary Federal Applicable or Relevant and Appropriate Requirements (continued) 

Standard, Requirement C riteria Or 
Limitation 
Surface Mining Control and 
Reclamation Act (continued) 
Hazardous Materials TransQortation 
Act 

Citation 
30 CFR Part 8 16 

49 usc§§ 1801 - 18 13 

Description 
Outlines permanent program performance standards 
for surface mining activities. 

ARAR Status 
Relevant and 
Appropriate 
Relevant and 
Appropriate 

Standards Applicable to Transporters 
ofHazardous Waste 
Resource Conservation and Recovery 
Act 

40 CFR Part 263 Regulates transportation of hazardous waste. Relevant and 
Appropriate 

Land Disposal 40 CFR Part 268 Establishes a timetable for restriction ofburial of 
wastes and other hazardous materials. 

Applicable 

Criteria for Classification of Solid 
Waste Disposal Facilities and 
Practices 

40 CFR Part 257 Establishes criteria for use in determining which 
solid waste disposal facilities and practices pose a 
reasonable probability of adverse effects on health 
or the environment and thereby constitute 
prohibited open dumps. 

Applicable 

Standards for Transporters of 
Hazardous Waste 

40 CFR Part 263 Establishes standards which apply to persons 
transporting hazardous waste wi tl1in the U.S. if the 
transportation requires a manifest under 40 CFR 
Part 262. 

Applicable 

Standards for Owners and Operators 
of Hazardous Waste Treatment, 
Storage, and Disposal Facilities 

40 CFR Part 264 Establishes minimum national standards which 
define tl1e acceptable management ofhazardous 
waste for owners and operators of faci lities which 
treat, store, or dispose of hazardous waste. 

Applicable 
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Table 4-1. Summary of Preliminary Federal Applicable or Relevant and Appropriate Requirements (continued) 

Standard, Requirement Criteria Or 
Limitation Citation Description ARAR Status 
Occupational Safety And Health Act 29 usc § 655 

Hazardous Waste Operations And 
Emergency Response 29 CFR 19 10.120 Defines standards for employee Applicable 

protection during initial site 
characterization and analysis, 
monitoring activities, materials 
handling activities, training & ER. 
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Table 4-2. Summary of Preliminary State Applicable or Relevant and Appropriate Requirements 

Standard, Requirement Criteria Or 
Limitation Citation Description ARARStatus 
STATE CONTAMINANT­
SPECIFIC 
Montana Water Quality Act 

Regulations Establishing Ambient 
Surface Water Quali ty Standards 

Regulations Establishing Ambient 
Surface Water Quality 
Nondegradation Standards 

Regulations Establishing Waste 
Treatment Standards 

75- 101 et seq., MCA 

ARM 16.20.604-624 

ARM 16.20.707-714 

ARM 16.20.631-633 

ARM 16.20.925 

Laws to prevent, abate, and control the pollution of state waters. 

Provides the water use classification for various streams and imposes 
specific water quality standards per classification. 

Applies nondegradation requirements to any activity which could 
cause a new or increased source of pollution to State waters and 
outlines review procedures. 

Imposes waste treatment requirements to restore and maintain the 
quality of surface waters to applicable water use categories. 
Treatment standards are based on the State's policy of 
nondegradation, and present and anticipated beneficial uses of the 
receiving waters. 

Technology-based treatment for MPDES pem1its. 

Applicable 

Applicable 

Applicable 

Applicable 

Applicable 

Montana Groundwater Pollution 
Control System Regulations 

ARM 16.20. 1002 

ARM 16.20. 1003 

Classifies groundwater into Classes I through IV based on the present 
and future most beneficial uses of the groundwater and states 
groundwater is to be classified to actual quality or actual use, 
whichever places the groundwater in a higher class. 

Establishes groundwater quality standards for groundwater 
classification, and should be consulted. 

Applicable 

Applicable 
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Table 4-2. Summary of Preliminary State Applicable or Relevant and Appropriate Requirements (continued) 

Standard, Requirement Criteria Or 
Limitation 
Montana Groundwater Pollution 
Control System Regulations 
(continued) 

Citation 
ARM 16.20. 1011 

Description 
Requires that any groundwater whose existing quality is 
higher than the standard for its classification must be 
maintained a t that high quality unless degradation is 
allowed under the principles established in 75-3-303 
MCA, and the nondegradation rules at ARM 16.20.706 

ARAR Status 
Applicable 

Publ ic Water Surmlies Act 75-6-1 0 1, MCA 
et.s~. 

Establishes public policy ofMT to "protect, maintain , and 
improve the quality and potability o f water for public 
water supplies and domestic uses". 

Relevant and 
Appropriate 

Public Water Supply Regulations ARM 16.20.204 Establishes maximum contaminant levels (MCLs) for 
inorganic chemicals in community water systems. 

Relevant and 
Appropriate 

ARM 16.20.205 Establishes the maximum turbidity contaminant levels for 
public water supply systems which use surface water in 
whole or in part. 

Relevant and 
Appropriate 

ARM 16.20.922 Adopts and incorporates language for toxic pollutant 
effluent standards found in 40 CFR Part 129. 

Relevant and 
Appropriate 

ARM 16.20.923 Adopts and incorporates language for effluent limitations 
and standards of performance found in 40 CFR Subpart N 
(except 40 CFR Part 403). 

Relevant and 
Appropriate 
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Table 4-2. Summary of Preliminary State Applicable or Relevant and Appropriate Requirements (continued) 

Standard, Requirement Criteria Or 
Limitation Citation Description ARAR Status 
Clean Air Act Of Montana 

Air Quality Regulations 

75-2-102, MCA 

ARM 16.8.815 

ARM 16.8.8 18 

ARM 16.8.82 1 

ARM 16.8. 1302 

It 's Montana' s policy is to achieve and maintain 
such levels of air quality as will protect human 
health and safety and, to the greatest degree 
practicable, prevent injury to plant and animal life 
and property. 

No person shall cause or contribute to 
concentrations of lead in the ambient air which 
exceed the following 90-day average: 1.5 
micrograms per cubic meter of air. 

No person shall cause or contribute to 
concentrations of particulate matter in the ambient 
air such that the mass of settled particulate matter 
exceeds the following 30-day average: I 0 grams 
per square meter. 

No person may cause or contribute to 
concentrations of PM-10 in the ambient air which 
exceed the following standard: I ) 24-hr. avg.: 150 
micrograms per cubic meter of air, with no more 
than one expected exceedance per year; 2) Annual 
avg.: 50 micrograms per cubic meter of air. 

Lists certain wastes that may not be disposed of by 
open burning, including oil or petro leum products, 
RCRA hazardous wastes, chemicals, and treated 
lumber and timbers. 

Applicable 

Applicable 

Applicable 

Relevant and 
Appropriate 
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Table 4-2. Summary of Preliminary State Applicable or Relevant and Appropriate Requirements (continued) 

Standard, Requirement Criteria Or 
Limitation Citation Description ARAR Status 
Air Quality Regulations (continued) ARM 16.8. 1401 

ARM 16.8. 1404 

ARM 16.8. 1424 

ARM 26.4.761 

States "no person shall cause or authorize the 
production, handling, transportation or storage of 
any material unless reasonable precautions to 
control emissions ofairbome particulate matter are 
taken." 

States no person shall cause opacity of20% over 6 
minutes. 

Sets forth emission standards for hazardous air 
pollutants. 

Requires a fugi tive dust control program be 
implemented in reclamation operations. 

Appl icable 

Applicable 

Applicable 

Relevant and 
Appropriate 

Occugational Health Act of Montana 

Occupational Air Contaminants 
Requirements 

Occupational Noise Regulations 

50-70-10 1, MCA 

ARM 16.42. 102 

ARM 16.42. 101 

The purpose of this act is to achieve and maintain 
such conditions of the work place as will pro tect 
human health and safety. 

Establishes maximum threshold limit values for air 
contaminants believed that nearly all workers may 
be repeatedly exposed day after day without adverse 
health effects. 

Addresses occupational noise levels and provides 
that no worker shall be exposed to noise levels in 
excess of specified levels. 

Applicable 

Applicable 

Applicable 
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Table 4-2. Summary of Preliminary State Applicable or Relevant and Appropriate Requirements (continued) 

Standard, Requirement Criteria Or 
Limitation Citation Description ARAR Status 

STATE LOCATION-SPECIFIC 

Floodglain and Floodway 
Management Act 

Floodplain Management Regulations 

76-5-401 , MCA 

76-5-402 MCA 

76-5-403, MCA 

ARM 36. 15.216 

ARM 36.15.60 1 

ARM 36.15.602 

Limits the uses permissible in a floodway and 
generally prohibits permanent structures, fi ll, or 
permanent storage of materials or equipment. 

Lists the permissible uses within the floodplain but 
outside offloodway. 

Lists certain uses which are prohibited in a 
designated floodway, including any change that will 
cause water to be diverted from the established 
floodway, cause erosion, obstruct the natural flow 
of water, or reduce the carrying capacity of the 
tloodway, or the concentration or permanent storage 
ofan object subject to flotation or movement during 
flood level periods. 

The factors to consider in determining whether a 
permit should be issued to establish or alter an 
arti ficial obstruction or nonconforming use in the 
floodplain or floodway are set forth in this section. 

Open space uses allowed in the floodway without a 
permit. 

Uses allowed in the floodway, which require a 
permit. 

Applicable 

Applicable 

Applicable 

Applicable 

Appl icable 

Applicable 
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Table 4-2. Summary of Preliminary State Applicable or Relevant and Appropriate Requirements (continued) 

Standard, Requirement Criteria Or 
Limitation 
Floodplain Management Regulations 
(continued) 

Citation 
ARM 36. 15.603 

Description 
Proposed diversions or changes in place of diversions must be 
evaluated by DNRC to determine whether they 
may significantly affect fl ood velocities. 

ARAR Status 
Applicable 

ARM 36. 15.604 
Prohibits new artificial obstructions or nonconforming uses 
that will significantly increase the upstream elevation of the 
base fl ood 0.5 feet or significantly increase flood velocities. 

Applicable 

ARM 36. 15.605 

Identifies artificial obstructions and nonconforming uses that 
are prohibited within the designated fl oodway except as 
allowed by permit and includes "a structure or excavation that 
will cause water to be diverted from the established fl oodway, 
cause erosion, obstruct the natural flow of water, or reduce the 
carrying capacity of the tloodway ..." . Solid waste di sposal and 
storage of highly toxic, fl ammable, or explosive materials are 
also prohibited. 

Applicable 

ARM 36. 15.606 

Identifies fl ood control works that are allowed with designated 
fl oodways pursuant to permit and certain conditions including: 
fl ood control levies and fl ood walls, riprap, channelization 
projects, and dams. 

Applicable 

Describes allowed uses in the fl ood fringe. 

ARM 36. 15.70 1 Applicable 
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Table 4-2. Summary of Preliminary State Applicable or Relevant and Appropriate Requirements (continued) 

Standard, Requirement Criteria Or 
Limitation Citation Description ARAR Status 
Floodplain Management Regulations 
(continued) 

ARM 36.15.703 

ARM 36.15.801 

Prohibited uses within the flood fringe including 
solid and hazardous waste disposal and storage of 
toxic, flammable, or explosive materials. 

Allowed uses where the floodway is not designated 
or where no flood elevations are available. 

Appl icable 

Applicable 

Natural Streambed and Land 
Preservation Standards 

87-5-501, 502, and 504, MCA 

ARM 36.2.404 

Fish and wildlife resources are to be protected and no 
construction project or hydraulic project shall 
adversely affect game or fish habitat. 

Proposed projects are to be evaluated by the 
appropriate conservation district based on cri teria : 
I) whether the project will pass anticipated sediment 
loads without creating harmful flooding or erosion 
problems upstream or downstream; 2) whether the 
project will minimize the amount of stream channel 
alteration; 3) whether the project will be as 
permanent a solution as possible and whether the 
method used will create a reasonably permanent and 
stable situation; 4) whether the project will minimize 
effects of fish and aquatic habitat; 5) whether tl1e 
project will minimize turbidity or other water 
pollution problems; and , 6) whether the project will 
minimize adverse effects on the natural beauty of the 
area. 

Applicable 

Applicable 
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Table 4-2. Summary of Preliminary State Applicable or Relevant and Appropriate Requirements (continued) 

Standard, Requirement Criteria Or 
Limitation Citation Description ARAR Status 
Antiquities Act 

Cultural Resource Regulations 

22-3-424, MCA 

22-3-433, MCA 

2-3-435, MCA 

ARM 12.8.503-508 

Heritage and paleontological sites are given appropriate 
consideration. 

Evaluation ofenvironmental impacts include consultation with 
State Historic Preservation Officer (SHPO). 

A heritage or paleontological site is to be reported to the SHPO. 

Procedures to ensure adequate consideration of cultural values. 

Relevant and 
Appropriate 

Relevant and 
Appropriate 

Relevant and 
Appropriate 

Relevant and 
Appropriate 

STATE ACTION SPECIFIC 

Montana Water Quality Act 

Montana Surface Water Quality 
Regulations 

75-5-605, MCA 

ARM 16.20.63 1 

ARM 16.20.604-624 

Pursuant to this section, it is unlawful to cause pollution ofany 
state waters, to place any wastes in a location where they are 
likely to cause po llution of any state waters, to violate any permit 
provision, to v iolate any provision of the Montana Water Quality 
Act, to construct, modify, o r operate a system for disposing of 
waste (including sediment, solid waste and other substances that 
may pollute state waters) which discharge into any state waters 
without a pem1it or discharge waste into any state waters. 

Industrial waste must receive treatment equivalent to the best 
practicable available control technology. 

Provides for classification of state waters. 

Applicable 

Applicable 

Applicable 
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Table 4-2. Summary of Preliminary State Applicable or Relevant and Appropriate Requirements (continued) 

Standard, Requirement Criteria Or 
Limitation Citation Description ARAR Status 
Montana Surface Water Quality 
Regulations (continued) 

Nondegradation of Water Quali ty 

Montana Groundwater Act 

Montana Groundwater Pollution 
Control System Regulations 

ARM 16.20.625 

ARM 16.20.633 

ARM 16.20.708-714 

ARM 16.20. 10 11 

ARM 16.20. 1 002 

Technology-based treatment for MPDES permits. 

Requires that the State 's surface waters be free from, 
among other things, substances that will create 
concentrations or combinations of materials that are 
harmful to human, animal, plant, or aquatic life. Moreover, 
no waste may be discharged and no activities may be 
conducted that can reasonably be expected to violate any of 
the standards. 

Applies nondegradation requirements to any activity which 
would cause a new or increased source of pollution to state 
waters and outlines review procedures. 

Requires that any ground water whose existing quali ty is 
higher than the standard for its classification must be 
maintain ed at that high quality in accordance with 75-5­
303, MCA, and ARM 16.2.701 et.seq. 

Classifies groundwater into Classes I through IV based on 
the present and future most beneficial uses of the 
groundwater and states groundwater, and states that 
groundwater is to be classified to actual quantity or actual 
use, which ever place~ the_groundwater in a higher class. 

Applicable 

Applicable 

Applicable 

Applicable 

Applicable 
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Table 4-2. Summary of Preliminary State Applicable or Relevant and Appropriate Requirements (continued) 

Standard, Requirement Criteria Or 
Limitation Citation Description ARAR Status 
Montana Groundwater Pollution ARM 16.20.1003 Establishes groundwater quality standards for groundwater Applicable 
Contro l System Regulations classification. 
(continued) 
Clean Air Act Of Montana 75-2-102, MCA It' s Montana's policy is to "achieve and maintain such Applicable 

levels of air quality as will protect human health and safety 
and, to the greatest degree practicable, prevent injury to 
plant and animal life and property, foster the comfort and 
convenience of the people, promote the economic and 
social development of this state, and faci litate the 
enjoyment of the natural attractions of this state". 

No person shall ·cause or contribute to concentrations of 
Air Qua lity Requirements ARM 16.8.8 15 lead in the ambient air which exceed tJ1e fo llowing 90-day Applicable 

average: I .5 micrograms per cubic meter of air. 

Lists certain wastes that may not be disposed ofby open 
burning. 

ARM 16.8. 1302 Applicable 
No person shall cause or authorize the production, handling, 
transporta tion or storage of any material unless reasonable 

ARM 16.8. 140 1 and 1404 precautions to control emissions of airborne particulate Applicable 
matter are taken. 

Montana Solid Waste Management 75-10-201 et.seg., MCA Public policy is to "control solid waste management Applicable 
Act systems to protect the public health and safety and to 

conserve natural resources whenever possible". 

Draft Final EEE/CA Page 4-1 8 
Iron Mask Mine and Mill Site 



Table 4-2. Summary of Preliminary State Applicable or Relevant and Appropriate Requirements (continued) 

Standard, Requirement Criteria Or 
Limitation 

Citation Description ARAR Status 

Solid Waste Management Regulations ARM 16. 14.505 and 508-509 

ARM 16. 14.520-52 1 

ARM 16. 14.523 

The standards for solid waste disposal are set forth 
in this provision and include: preclusion against 
location of solid waste disposal sites in a I 00-year 
floodplain, a requirement that sites be located onJy 
in areas that will prevent the pollution of ground 
and surface waters and public and private water 
supplies, a requirement for drainage structures to be 
installed where necessary to prevent surface runoff 
from entering disposal areas and a requirement that 
sites be located to allow for reclamation. The 
standards also provide the process for applying for a 
solid waste management system license and 
operation and maintenance plan requirements. 

General operational and maintenance requirements 
for solid waste management facilities. 

Solid waste must be transported in such a manner as 
to prevent its discharge, dumping, spilling or 
leaking from the transport vehicle. 

Applicable 

Applicable 

Applicable 

Montana Hazardous Waste Act and 
Underground Storage Tank Act 

5-10-402, MCA It's the policy of the State to "protect the public 
health and safety, the health of liv ing organisms, 
and the environn1ent from the effects of the 
improper, inadequate, or unsound management of 
hazardous wastes". 

Applicable 
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Table 4-2. Summary of Preliminary State Applicable or Relevant and Appropriate Requirements (continued) 

Standard, Requirement Criteria Or 
Limitation Citation Description ARAR Status 
Montana Hazardous Waste ARM 17.54.701-705 
Regulations 

By reference to federal regulatory requirements, these Relevant and 
sections establish standards for all penni ned hazardous Appropriate 
waste management facilities. 
l ) 40 CFR 264.11 (incorporated by reference in ARM 
17.54.702) establishes that hazardous waste management 
facilities must be closed in such a manner as to minimize 
the need for further maintenance and to control, minimize 
or eliminate, to the extent necessary to protect public health 
and the environment, post-closure escape of hazardous 
wastes, hazardous constituents, leachate, contaminated 
runoff or hazardous waste decomposition products to the 
ground or surface waters or the atmosphere. 

2) 40 CFR 264.228(a) (incorporated by reference by ARM 
17 .54. 702) requires that at closure, free liquids must be 
removed or solidified, the wastes stabilized and the waste 
management unit covered. 

3) 40 CFR 264.228 and 310 (incorporated by reference by 
ARM 17.54.702) requires that surface impoundments and 
landfill caps must: (a) provide long-term minimization of 
migration of liquids through the unit; (b) function witJJ 
minimum maintenance; (c) promote drainage and minimize 
erosion or abrasion of the final cover; 
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Table 4-2. Summary of Preliminary State Applicable or Relevant and Appropriate Requirements (continued) 

Standard, Requirement Criteria Or 
Limitation 
Montana Hazardous Waste 
Regulations (continued) 

Citation 
ARM 17.54.701 -705 (continued) 

Description 
d) accommodate settling and subsidence; and (e) have 
a permeability less than or equal to the pem1eability o f 
the na tural subsoil present. 

ARAR Status 

4) 40 CFR 264. 119 (incorporated by reference in 
ARM 17 .54. 702) requires that, no later than 60 days 
after certification of closure of each hazardous waste 
disposal unit, the owner or operator submit a record of 
the type, location, and quantity of hazardous waste 
d isposed in each unit. The regulation also gives time 
limits for recording a deed restriction, in accordance 
with state law, that will, in perpetuity, notify potential 
purchasers that the property has been used for waste 
disposal and that its use is restricted. 

ARM 17.54. 111- 11 9 Establishes permit conditions, duration of permits, 
schedules of compliance, and requirements for 
recording and reporting. 

Montana StriQ and Underground Mine 
Reclamation Act 

ARM 17.54.130-131 
82-4-23 1, MCA 

Establishes contents o f permit application. 

Sets forth objectives that require the operator to 
reclaim and revegetate the land affected by his 
o peratio n. 

Relevant and 
Appropriate 
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Table 4-2. Summary of Preliminary State Applicable or Relevant and Appropriate Requirements (continued) 

Standard, Requirement Criteria Or 
Limitation 
Montana Strip and Underground Mine 
Reclamation Act (continued) 

Citation 
82-4-233. MCA 

Description 
Requires that after the operation has been backfilled, graded, 
topsoiled and approved, the operator shall establish a vegetative 
cover on all impacted lands. 

Specifications for the vegetative cover and performance are 
provided. 

ARAR Status 
Relevant and Appropriate 

Relevant and Appropriate 

Backfilling and Grading 
Requirements 

ARM 26.4.501 

ARM 26.4.501A 

Gives general backfilling and grading requirements. 

Final grading requirements. 

Relevant and Appropriate 

Relevant and Appropriate 

ARM 26.4.504 Provides that permanent impoundments may be retained under 
certain circumstances. 

Relevant and Appropriate 

ARM 26.4.5 14 Gives contouring requirements. Relevant and Appropriate 

ARM 26.4.5 19 The operator may be required to monitor settling of regraded 
areas. 

Relevant and Appropriate 

ARM 26.4.520 Spoil material may be disposed of on-site in accordance with 
requirements of this section. Contains specific requirements for 
siting, surface runoff, construction of underdrains and 
revegetation. 

Relevant and Appropriate 

Hydrology Requirements ARM 26.4.63 1 Relevant and Appropriate 

Reclamation operations must be planned and conducted to 
minimi ze disturbance to the prevailing hydrologic ba lance 
and to prevent material damage to the prevailing hydrologic 
balance. 
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Table 4-2. Summary of Preliminary State Applicable or Relevant and Appropriate Requirements (continued) 

Standard, Requirement Criteria Or 
Limitation Citation Descrll>_tion ARAR Status 
Hydrology Requirements (continued) ARM 26.4.633 

Specifies that sediment controls must be maintained 
until the disturbed area has been restored and 

Relevant and 
Appropriate 

revegetation established. 

ARM 26.4.634 Relevant and 

Drainage design shall emphasize channel and floodplain Appropriate 

premining configuration that blends with the undisturbed 
drainage system above and below, and will meander 
naturally, remain in dynamic equilibrium with the system, 
improve unstable premining condition, provide for floods, 
provide for long term stability of landscape, and establish a 
premining diversity of aquatic habitats and riparian 
vegetation. 

ARM 26.4.635-637 Sets forth requirements for temporary and permanent Relevant and 

diversions. Appropriate 

ARM 26.4.638 Sediment control measures shall be designed using the best Relevant and 

technology currently ava ilable to prevent additional Appropriate 

sediment to stream flows, meet the more stringent of federal 
or state effluent limitation, and minimize erosion. 

Provides that discharge from sedimentation ponds, 
ARM 26.4.640 permanent and temporary impoundments, and diversions Relevant and 

shall be controlled by energy d issipaters, riprap channels, Appropriate 

and other devices, where necessary, to reduce erosion, 
prevent deepening or enlargement of stream channels, and 
ro minimize disturbance of the l!ydrol()gjc balance. 
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Table 4-2. Summary of Preliminary State Applicable or Relevant and Appropriate Requirements (continued) 

Standard, Requirement Criteria Or 
Limitation Citation Description ARAR Status 
Hydrology Requirements (continued) ARM 26.4.64 1 	 Sets forth methods for prevention ofdrainage from acid-and Relevant and 

toxic-forming spoils into ground and surface waters. Appropriate 

Prohibits permanent impoundments with certain exceptions, 
ARM 26.4.642 and sets standards for temporary and permanent Relevant and 

impoundments. Appropriate 

Provide for groundwater protection, groundwater recharge 
ARM 26.4.643-646 protection, and surface and groundwater monitoring. Relevant and 

Appropriate 
Prohibits the discharge, diversion, or infiltration of surface 
and groundwater into existing underground mine workings. 

ARM 26.4.649 
All permanent sedimentation ponds, diversions, Relevant and 
in1poundments, and treatment facilities must be renovated Appropriate 
postmining, to meet criteria specified in the design plan. 

ARM 26.4.650 	 All such temporary structures shall be regraded to the 
approximate original contour. Relevant and 

Appropriate 
Top Soiling, Revegetation, and ARM 26.4.70 1-702 Requirements for stockpiling soil. Relevant and 
Protection of Wildlife and Air Appropriate 
Resource Regulations 

ARM 26.4.703 	 Materials other than, or along with, soil for final surfacing Relevant and 
of spoils or other disturbances must be capable of Appropriate 
supporting the approved vegetation and postrnining land 
use. 

-~ 

Draft Final EEE/CA Page 4-24 
Iron Mask Mine and Mill Site 



Table 4-2. Summary of Preliminary State Applicable or Relevant and Appropriate Requirements (continued) 

Standard, Requirement Criteria Or 
Limitation 
Top Soiling, Revegetation, and 
Protection of Wildlife and Air 
Resource Regulations (continued) 

Citation 
ARM 26.4.7 11 

Description 
The section requires "a di verse, effective, and permanent 
vegetative cover of the same seasonal variety native to the 
area affected and capable of meeting the criteria set forth in 
82-4-233 shall be established on all areas of land affected 
except water areas and surface areas of roads". 

ARAR Status 
Relevant and 
Appropriate 

ARM 26.4.713 
Specifies that seeding and planting of disturbed areas must 
be conducted during the first appropriate period for favorable 
planting after final seedbed preparation; but not longer than 
90 days after top soil placement. 

Relevant and 
Appropriate 

ARM 26.4.714 
According to this section, as soon as practical, a mulch or 
cover crop must be used on all regraded and resoiled areas to 
control erosion, ro promote germination of seeds, and to 
increase moisture retention of soil until pennanent cover is 
established. 

Relevant and 
Appropriate 

ARM 26.4.7 16 
Establishes the required method of revegetation and provides 
that introduced species may be substituted for native species 
as part of an approved plan. 

Relevant and 
Appropriate 

ARM 26.4. 7 17 
Whenever tree species are necessary, trees adapted for local 
site conditions and climate shall be used. Relevant and 

Appropriate 
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Table 4-2. Summary of Preliminary State Applicable or Relevant and Appropriate Requirements (continued) 

Standard, Requirement Criteria Or 
Limitation Citation Description ARAR Status 
Top Soiling, Revegetation, and ARM 26.4.7 18 
Protection of Wildlife and Air 
Resource Regulations (continued) 

ARM 26.4.7 19 

ARM 26.4.720 

ARM 26.4.72 1 

ARM 26.4. 723 

ARM 26.4.724 

ARM 26.4.725 

ARM 26.4.726 

ARM 26.4.728 

Soil amendments must be used as necessary to aid in the 
establishment of permanent vegetation. Irrigation, management, 
fencing, or other measures may also be used after review and 
approval by the department. 

Livestock grazing on reclaimed land is prohibited until revegetation is 
established and can sustain managed grazing. 

Sets annual department inspection requirements. 

Section specifies that rills and gullies greater than 9 inches which 
form on the reclaimed area must be filled, graded or otherwise 
stabilized and the area reseeded. 

Monitoring of vegetation, soils and wildl ife. 

Success of revegetation shall be measured on the basis of unrnined 
reference areas. 

Sets periods of responsibility and evaluation. 

Sets means of measuring productivity. 

Sets requirements for composition of vegetation. 

Relevant and 

Appropriate 


Relevant and 

Appropriate 


Relevant and 

Appropriate 


Relevant and 

Appropria te 


Relevant and 

Appropriate 


Relevant and 

Appropriate 


Relevant and 

Appropriate 


Relevant and 

Appropria te 


Relevant and 

Appropriate 
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Table 4-2. Summary of Preliminary State Applicable or Relevant and Appropriate Requirements (continued) 

Standard, Requirement Criteria Or 
Limitation 
Top Soiling, Revegetation, and 
Protection of Wildlife and Air 
Resource Regula tions (continued) 

Citation 
ARM 26.4. 730-73 1 

Description 
Revegetated area must furnish 
palatable forage in comparable 
quantity and quality during the same 
grazing period as the reference area. 

ARAR Status 
Relevant and Appropriate 

ARM 26.4. 733 
Sets requirements and measurement 
standards for trees, shrubs, and half­
shrubs. 

Relevant and Appropriate 

ARM 26.4.75 1 
Section requires that site activities 
must be conducted so as to avoid or 
minimize impacts to important fish 
and wildlife species, including critical 
habitat and any threatened and 
endangered species identified at the 
site. 

Relevant and Appropriate 

ARM 26.4.76 1 
Section requires fugitive dust control 
measures for site preparation and 
reclamation operations. 

Relevant and Appropria te 
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5.0 BASELINE HUMAN HEALTH AND ECOLOGICAL RISK ASSESSMENTS 

This section presents a summary of the baseline human health and ecological risk assessments 
perfonned for the site. Contaminant sources, routes of exposure, and receptors are evaluated to 
detennine the relative threats posed by each source within the project boundary and each 
exposure pathway. 

The baseline human health tisk assessment performed for the Iron Mask Mine and Mill Site 
follows the Federal Remedial Investigation/Feasibility Study (RI/FS) process for CERCLA 
(Superfund) sites (EPA, 1988 and 1989a). The baseline human health risk assessment examines 
the effects of taking no further actions at the site. This baseline ri sk assessment involves two 
steps: hazard identification and risk characterization. These tasks are accomplished by 
evaluating available data and selecting COCs, comparing those concentrations to previously 
derived standards or risk-based benchmarks, and characterizing overall risk by integrating the 
results of the comparison. This risk assessment is performed to determine whether waste 
materials at the Iron Mask Mine and Mill Site could adversely impact human health or the 
environment. 

5.1 HUMAN HEALTH RISK ASSESSMENTS 

5. 1.1 Hazard Identifi cation 

The initial task of the risk assessment is to select the COCs at the site to identify those that may 
pose significant potential human health risks. Standard criteria for this selection include: 

I . 	 Those contaminants that are associated with and are present at the site; 

2. 	 Contaminants in waste sources with concentrations significantly above background levels; 
and 

3. 	 Contaminants with acceptable Quality Assurance/Quality Control (QA/QC) results applied to 
the data. 

Waste matetials at the Iron Mask Mine and Mill Site were analyzed for a list of 13 elements. 
Nine of these analytes are present at the site at concentrations signi ficantly above background 
(greater than 3 times the average background concentration): Sb, As, Cd, Cu, Pb, Mn, Hg, Ag, 
and Zn. These nine COCs are retained for detailed evaluation in the human health risk 
assessment. 

5.1.2 Exposure Scenarios 

The following section describes the exposure scenarios assumed for the Iron Mask Mine and 
Mill Site. The exposure assessment identifies the potentially exposed population(s) and 
exposure pathways and estimates exposure point concentrations and contaminant intakes. 
Previously derived risk-based clean up goals were calculated using two exposure scenarios: a 
recreational use scenario (Ford, 2004) and a residential use scenario (EPA, 2008). 
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5.1.2.1 Residential Scenario 

While the anticipated uses of the Iron Mask Mine and Mill Site include recreational use and elk 
habitat, the residential occupation scenario is evaluated as a reasonable maximum exposure 
(RME) based on standard EPA practice. Risk-based concentrations were derived for this worst­
case residential exposure scenario by the EPA (updated in 2008) as Regional Screening Levels 
(RSLs), and are presented in Table 5-1. Ford (2004) also provides cri teria for residential 
occupation; however, the more widely-used EPA criteria were chosen for this scenario. 

TABLE 5-l 

RESIDENTIAL SCENARIO 


REGIONAL SCREENING LEVELS (RSLs) 

FOR CONTAMINANTS OF CONCERN (EPA, 2008) 


Contaminant Residential Soil Residential Water 
of Concern Concentration (mg/kg) Concentration (J.tg/L) 

Antimony 3 1 15 

Arsenic 
0.39 0.045

(care. (a} l.0 E-06) 

Cadmium 70 18 

Copper 3,100 1,500 

Lead 400 15* 

Manganese 1,800 880 

Mercury 23 11 

Silver 390 180 

Zinc 23 ,000 11 ,000 
..

mg/kg - m•lhgrams per kilogram; Jlg/L - micrograms per Lner 
care. = Carcinogenic effects concentration. 

*Lead in drinking water is EPA Action Level and DEQ-HHS, not from RSL table. 


5.1.2.2 Recreational Scenario 

The EPA does not provide recreational use criteria; however, the BLM has developed Human 
Risk Management Criteria for exposures at mining sites in a report titled Risk Management 
Criteria for Metals at ELM Mining Sites (Ford, 2004). These criteria were developed using a 
ri sk assessment that assumed two recreational use exposures: campers and A TV dri vers. The 
BLM camper recreational use scenario was used to assess overall recreational risks at the [ron 
Mask Mine and Mill Site, as thi s would be the most conservative (highest) recreational exposure 
and more closely represents the anticipated use of the site. Criteria for the recreational scenario 
are presented in Table 5-2. 
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TABLE 5-2 

RECREATIONAL SCENARIO 


HUMAN RISK MANAGEMENT CRITERIA 

FOR CONTAMIN ANTS OF CONCERN (FORD, 2004) 


Contaminant 
of Concern 

Recreational Soil 
Concentration -Camper 

(mg/kg) 

Recreational 
Water Ingestion 

(Jtg/L) 

Antimony 50 124 

Arsenic 20 93 

Cadmium 70 155 

Copper 5,000 11 ,490 

Lead 1,000 50 

Manganese 19,000 1,548 

Mercury 40 93 

Silver 700 1,548 

Zinc 40,000 92,909 
mg/kg - mtlhgrams per kilogram; 11g/L - mtcrograms per Ltter 

5. 1.2.3 Exposure Routes 

The soil exposure route utili zed the 95th percentile upper confidence limit (UCL) of the mean 
concentration of the 13 solid waste samples (waste rock and mill tailings) collected during the 
2008 site investigation. 

According to the Supplemental Guidance to Risk Assessment Guidancefor Superfund (RAGS): 
Calculating the Concentration Term (EPA, 1992), the 951h percentile UCL of a mean is defined 
as a value that, when calculated repeatedly for randomly drawn subsets of site data, equals or 
exceeds the true mean 95% of the time. The 95th percentile UCL provides a conservati ve 
estimate of the average (or mean) concentration and is typically used in risk assessment as a 
conservative estimate of source concentrations that an individual may be exposed to at the site, 
also known as the RME concentration. In cases where a reliable value cannot be calculated for 
the 95th percentile UCL due to insufficient data points, the maximum concentration would be 
used. 

The drinking water ingestion route was evaluated using the maximum total metals concentrations 
in surface water samples collected irnn1ediately downstream from the site wastes. 
Characterization data used in the human health risk assessments are presented in Table 5-3. 
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TABLE 5-3 

CHARACTERIZATION DATA 


FOR THE IRON MASK MINE AND MILL SITE 


Contaminant of 
Concern 

All Site Wastes­
95th% UCL 

(mg/kg) 

Surface Water 
Water (f.lg/L) 

Antimony 7.53 NO 

Arsenic 967 9.0 

Cadmium 138 1.0 

Copper 524 NO 

Lead 7,600 40 

Manganese 20,300 60 

Mercury 1.34 NO 

Silver 37.2 NO 

Zinc 18,500 150 

mglkg - milligrams per kilogram 

11g/L - micrograms per Liter 

ND - not detected 


5.1 .3 Toxici ty Assessment 

The toxicity assessment examines the potential for the COCs to cause adverse effects in exposed 
individuals and provides an estimate of the dose-response relationship between the extent of 
exposure to a particular contaminant and adverse effects. Adverse effects include both non­
carcinogenic and carcinogenic health effects in humans. Sources of toxicity data include the 
EPA's Integrated Observed Effects Level (IRIS), Agency for Toxic Substances and Disease 
Registry (ATSDR) Toxicological Profiles, Health Effects Assessment Summary Table 
(HEAST), EPA criteria documents, and various references cited by Ford (2004). The ATSDR 
summaries for the nine COCs are included in Appendix E. Effects of ingesting secondary 
contaminants in drinking water are summarized by the Montana Department of Health and 
Human Services and are also included in Appendix E. 

The risk-based concentration criteria that were used to characterize risks from exposure to the 
COCs for each scenario are presented in Table 5-1 for the Residential Scena1io (EPA, 2008) and 
Table 5-2 for the Recreational Scenario (Ford, 2004). The concentrations li sted coiTespond to 
hazard quotients (HQ) equal to 1.0. 
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Note that the As screening concentrations in Table 5-l are for the 1.0 E-06 carcinogenic risk level. 
Using a 1.0 E-05 carcinogenic risk level, the As screening concentrations would be I 0 times higher 
(3.9 mglkg and 0.45 ~giL). At an even higher carcinogenic risk level of 1.0 E-04, the As screening 
concentrations would be 100 times higher (39 mglkg and 4.5 ~giL). This is important because the 
0.39 mglkg soil screening concentration is more than an order ofmagnitude below both the 
western U.S. mean soil arsenic concentration of5.5 mglkg (Shacklette and Boemgen, 1984) and 
the Iron Mask Mine and Mill Site specific mean background As concentration of 17.3 mglkg (2008 
investigation). The EPA utilizes a l.OE-06 cancer risk value as a point ofdeparture in assessing 
the need for contaminant clean up at a particular site; at Superfund sites, acceptable cancer risk 
levels are generally between I .OE-04 and l .OE-06. 

5.1.4 Risk Characterization 

5.1.4.1 Residential Scenario 

The residential exposure assumptions were utilized to estimate contaminant intakes and were 
compared to the RSLs from Table 5-1. These data were used to calculate residential human 
health Hazard Quotients (HQs) for each COC. The COC-specific HQs were generated by 
dividing the on-site waste concentrations from Table 5-3 by the RSL concentrations. The results 
of the risk calculations for the residential land use scenario at the Iron Mask Mine and Mill Site 
are summarized in Table 5-4. 
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TABLE 5-4 

SUMMARY OF HAZARD QUOTIENTS (HQ) 


FOR THE RESIDENTIAL SCENARIO 

AT THE IRON MASK MINE AND MILL SITE 


HQ Summary 
Soil-

Combined 
Water 

Ingestion 
HQ 

Total 

Antimony 0.24 0.00 0.24 

Arsenic 
@ l .OE-06 care. risk 

2,479.49 200.00 2,679.49 

Arsenic 
@ l.OE-05 care. risk 

247.95 20.00 267.95 

Arsenic 
@ I.OE-04 care. risk 

24 .79 2.00 26.79 

Cadmium 1.97 0.06 2.03 

Copper 0.17 0.00 0.1 7 

Lead 19.00 2.67 21.67 

Manganese 11 .28 0.07 11.35 

Mercury 0.06 0.00 0.06 

Silver 0.10 0.00 0.10 

Zinc 0.80 0.01 0.82 

The HQ values exceed 1.0 for the residential scenario for four COCs (As, Cd, Pb, and Mn) via 
the soil exposure pathway and for As and Pb via the water ingestion pathway. The HQ values 
greater than 1.0 indicate the potential for harmful effects by a COC via the specified pathway. 
Soil exposure to As comprises the majority of the potential residential ri sk at the site (total HQ 
value of2,680) using the I.OOE-06 carcinogenic risk level. However, if a higher carcinogenic 
risk level for As is used, the HQ value is reduced. 

The EPA utili zes the l.OE-06 carcinogenic risk level as a point ofdeparture in assessing the need 
for contaminant clean up at a particular site; at Superfund sites, acceptable carcinogenic risk 
levels are generally between l .OE-04 and 1.0E-06. If the carcinogenic ri sk level is increased to 
l .OE-05, the As HQs are reduced by a factor of 10 (to 247.95 and 20.00, respectively). At I.OE­
04 carcinogenic risk, As HQs are reduced by a factor of 100 (to 24.79 and 2.00, respectively). 
These are sti ll quite elevated with respect to the "no effect" level of HQ= 1.0. 

5.1.4.2 Recreational Scenario 

The recreational exposure assumptions were utilized to estimate contaminant intakes and were 
compared to the BLM camper ri sk management criteria from Table 5-2. These data were used to 
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calculate recreational human health HQs for each COC. The results of the risk calculations for 
the recreational scenario at the Iron Mask Mine and Mill Site are summarized in Table 5-5. 

TABLE 5-5 

SUMMARY OF HAZARD QUOTIENTS (BQ) 


FOR THE RECREATIONAL SCENARIO 

AT THE IRON MASK MINE AND MILL SITE 


HQ Summary 
Soil ­

Combined 
Water 

Ingestion 
HQ 

Total 

Antimony 0. 15 0.00 0.15 

Arsenic 48.35 0. 10 44.45 

Cadmium 1.97 0.01 1.98 

Copper 0.10 0.00 0.10 

Lead 7.60 0.80 8.40 

Manganese 1.07 0.04 1.11 

Mercury 0.03 0.00 0.03 

Si lver 0.05 0.00 0.05 

Zinc 0.46 0.00 0.46 

The HQs presented in Table 5-5 yield the following. First, HQ values exceed 1.0 for 4 COCs, 
(As, Cd, Pb, and Mn) via the soil exposure routes. The HQ values greater than 1.0 indicate the 
potential for hannful effects by a COC via the specified pathway(s). The As and Pb HQs 
provide the majority of the potential for adverse human health effects for the recreational 
scenan o. 

5. 1.5 Human Health Risk Assessment Summary 

The residential exposure scenario yields HQ values as high as 2,680 for As (at a carcinogenic 
risk level of l.OE-06). This indicates that As concentrations are 2 orders of magnitude higher at 
this site than considered "safe" for residential occupation (at a carcinogenic risk level of 1.0E­
06). At higher carcinogenic risk levels, the HQ values are lower, but still exceed "safe" 
residential concentrations. These levels may be acceptable considering the anticipated land use 
for the site does not include residential occupation. 

The recreational exposure scenario yields HQ values via soil exposures as high as 48 for As and 
more than 7 for Pb. This indicates that COC concentrations in soil are more than 40 times higher 
at this site than considered "safe" for recreational activities. 
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5.2 ECOLOGICAL RlSK EVALUATION 

A screening level ecologic risk evaluation was perfonned for the Iron Mask Mine and Mill Site 
following Federal RifFS guidance for CERCLA (Superfund) sites (EPA, 1988). The key 
guidance documents used were EPA's Risk Assessment Guidance for Superfund, Volume II, 
Environmental Evaluation Manual (EPA, 1989a), and Ecological Assessment ofHazardous 
Waste Sites (EPA, 1989b ). Due to the sparse and indirect nature of the ecological risk data 
available for the site, this evaluation is intended as a screening-level ecological risk analysis and 
the results are of a qualitative nature. 

The ecologicaiJisk evaluation estimates the effects oftaking no action at the site and involves 
four steps: 

1. Identification of contaminants and ecological receptors of concem; 

2. Exposure assessment; 

3. Ecological effects assessment; and 

4. Risk characterization. 

These four tasks are accomplished by evaluating available data and selecting contaminants, 
species and exposure routes of concem, estimating exposure point concentrations and intakes, 
assessing ecological toxicity of the COCs, and characterizing overall ri sk by integrating the 
results of the toxicity and exposure assessments. This ecological risk evaluation is perfonned to 
determine whether concentrations of chemicals in accessible waste materials on-site could 
adversely impact ecologic receptors. 

5.2. 1 Contaminants and Receptors of Concem 

As in the human health ri sk assessment, contaminants that are significantly above background 
concentrations and are associated with the site are retained as COCs. Nine of the 13 elements 
analyzed are present at the site at concentrations significantly above background levels: Sb, As, 
Cd, Cu, Pb, Mn, Hg, Ag, and Zn. These nine constituents are selected for evaluation because 
they are present in significant concentrations in wastes onsite (greater than 3 times the average 
background concentration). However, some COCs may have no ecological toxicity data with 
which to evaluate potential effects. In the case of this specific ecological risk evaluation, only 
Ag in soils for terrestrial mammals had no ecological criteria for comparison. 

Three groups of ecological receptors have been identified as potentially affected by site 
contamination. The first group is associated with Whipcracker Gulch and its receiving stream 
downstream from the site, and includes fi sheries and aquatic life. Although the tributary 
probably does not support a viable fi shery, and the stream fully infiltrated at the flows 
encountered during the 2008 investigation, it is evaluated as if it is or potentially discharges to a 
fi shery. 
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The second group includes native teJTestrial mammals (mule deer, elk, bighorn sheep, and cotton 
tailed rabbits) which may use the site. They are of concern because they may be impacted by 
site wastes due to their small body weight and frequent local habitation. These receptors have 
the some of the lower criteria concentrations for wildlife, and are assumed to be a more 
conservative estimate of exposure for transient larger mammals and birds of prey, which were 
not evaluated separately. 

The third group of receptors are nati ve terrestrial plant communities, which are notably sparse on 
many of the wastes at the site. They are of concern because nati ve vegetation is not well 
establi shed on the wastes, which would help reduce the potential for release of wastes and reduce 
exposure to the wastes by human and wildlife receptors. 

5.2.2 Exposure Assessment 

The three exposure scenarios can be semi-quantitatively assessed. The surface water-aquatic 
life, tenestrial mammals, and plant-phytotoxicity scenarios can be compared directly to toxicity 
criteria that apply to the respective environmental media. 

5.2.2. 1 Surface Water/Sediment- Aquatic Life Scenario 

Ecologic exposures via this pathway are threefold: direct exposure of aquatic organisms to 
surface water concentrations that exceed toxicity thresholds; ingestion of aquatic species (e.g., 
insects) that have bioaccumulated contaminants to the extent that they are toxic to the predator 
(e.g. , fish); and exposure of aquatic organisms (e.g., fish embryos) to sediment pore water 
environments that are toxic due to elevated contaminant concentrations in the sediments. Data 
used for this assessment were collected onsite in W11ipcracker Gulch (stream sediment and 
surface water) during 2008. Selected water quality and stream sediment concentration data are 
presented in Table 5-6. 

TABLE 5-6 

MAXIMUM DOWNSTREAM CONTAMINANT CONCENTRATIONS 


IN SURFACE WATER (f.lg/L) AND STREAM SEDIMENT (mglkg) 

AT THE IRON MASK MINE AND MILL SITE 


As Cd I Cu II Pb II Hg II Ag I Zn 

Surface Water 9 I NO 40 NO NO 150 

Stream Sediment 726 29 112 3,630 1 12 5,660 

ND - not detected 

5.2.2.2 Terrestrial Mammals Scenario 

This scenario involves the potential exposure of mammals that have high localized activity on 
the wastes. These receptors have a higher exposure than many other species due to their grazing 
behavior and low relative body weight. Using the same basis described in the human health 
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assessment, the soil concentrations utilized are the 95th percentile UCL of the mean 
concentration of the 13 waste samples (waste rock and mill tailings) collected during the 2008 
site investigation. Table 5-7 summarizes concenh·ations measured in surface waste materials on­
site during the 2008 investigation. 

TABLE 5-7 

SOLID MEDIA CONCENTRATIONS (mg/kg) 


AT THE IRON MASK MINE AND MILL SITE 


As Cd Ag ZnPb HgCu I II II II I 
95th% UCL 

138967 524 7,600 1.34 37.2 18,500 
All Site Wastes 

. . 
mg/kg - mdhgrams per kilogram 

5.2.2.3 Plant- Phytotoxicity Scenario 

This scenario involves the limited ability ofvarious plant species to grow in soils or wastes with 
high concentrations of site-related contaminants. Table 5-7 (above) summarizes concentrations 
measured in surface waste materials on-site during the 2008 investigation. 

5.2.3 Ecological Effects Assessment 

The potential effects of the site COCs are available from several literature sources and are 
referenced in following sections. Brief ecological toxicity summaries published by the EPA are 
included in Appendix E. No site-speci fic toxicity tests were performed to support the ecologic 
1isk assessment, either in-situ or at a laboratory. Only existing and proposed toxicity-based 
criteria were used for this ecological effects assessment. These crite1ia are presented in Table 5­
8 for their respective media and location, and are further described below. 
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II 

TABLE 5-8 

ECOLOGICAL CRJTERIA 


FOR CONTAMINANTS OF CONCERN 


Criteria As Cd Cu Pb Hg Ag Zn 
Surface Water (J.l.g/L) ­
Acute Crite1ia @ 168 
mg/L hardness 
_(DE_Q, 2008) 

340 3.6 22.8 158 1.7 9.9 186 

Sediment Quality 
Criteria - T50 (mg/kg) 
(EPA, 2004) 

32.6 2.49 157 16 1 0.87 2.45 384 

Terrestrial Mammals 
RMC (mg/kg)* 
(Ford, 2004) 

200 3 64 106 6 NA 222 

Phytotoxicity - Median 
LOEL (mg/kg) 
(L. Martin, 1997) 

95 25 100 500 32 2 270 

.. 
mg/kg - mtlhgrams per ktlogram J.J.g/L - mtcrograms per Ltter 
T50 - Modeled effects response of50 % RMC - Risk Management Criteria 
LOEL - Lowest Observed Effects Level *The lowest of five terrestrial mammal RMCs 
NA - not avai lable 

5.2.3. 1 Surface Water/Sediment- Aquatic Life Scenario 

Freshwater acute (1-hour average) water quality standards have been promulgated by the 
Montana Department of Environmental Quality/Water Quality Bureau (DEQ/WQB, 2008) for 
the COCs. Five of these standards (Cd, Cu, Pb, Ag, and Zn) are calculated by DEQ 
methodology as a function of water hardness, and two are numerical standards (As and Hg). The 
water quality c1iteria that apply to surface waters at and downstream from the site are presented 
above in Table 5-8, both numerical and those that are a function of water hardness. 

Presently, the EPA has not finalized sediment quality criteria. The criteria used for this 
assessment utilized the Freshwater Sediment - T 50 concentration (median response concentration 
[EPA, 2004]) which are presented in Table 5-8. The T 50 concentration represents the median 
sediment concentration where some effects were observed to some species somewhere due to 
sediments. Use of these criteria is conservative given that an actual fishery at the site is unlikely, 
and the species that may be affected by elevated sediment concentrations are unknown. 

5.2.3.2 Terrestrial Mammal Scenario 

Soi l concentrations derived for ten·estrial mammal exposures are from Ford (2004). According 
to Ford, wildlife is not expected to experience adverse toxic effects at soil concentrations below 
the specified criteria. Several literature sources are cited by Ford that explore the ecotoxicity 
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effects of contaminants on various species of wild and domestic animals, including 
bioaccumulation and potential for "secondary poisoru ng" to consuming species. 

This report presents risk management criteri a for mule deer, elk, white tailed deer, bighorn 
sheep, and cottontail rabbits. The lowest of these fi ve criteria is listed in Table 5-8, above. Soil 
concentrations for cattle are also listed in Ford (2004); however, the soil concentrations for cattle 
are higher than those listed for terrestrial mammals. The criteria listed above are therefore 
expected to be protective of cattle grazing use of the site. 

5.2.3.3 Plant- Phytotoxicity Scenario 

Information is available on phytotoxicity for COCs from Lockheed Martin (1 997) and these are 
listed in Table 5-8, above. The availability of contaminants to plants and the potential for plant 
toxicity depends on many factors including soil pH, soil texture, nutrients, and plant species. 

5.2.4 Risk Characterization 

This section combines the ecological exposure estimates and concentrations presented in Section 
5.2.2 and the ecological effects data presented in Section 5.2.3 to provide a screening level 
estimate of potential adverse ecological impacts for the scenarios evaluated. This was 
accomplished by generating ecological impact quoti ents (EQs), analogous to the human health 
HQs calculated for human exposures. The COC-specific EQs were generated by dividing the 
particular contaminant concentration by available ecological effect concentrations from Table 5­
8. As with HQs, if EQs are Jess than 1.0, adverse ecological impacts are not expected at the Iron 
Mask Mine and Mill Site. 

The calculated EQs can be used to assess whether the ecological receptors evaluated are exposed 
to potentially hannful concentrations of site-related chemicals via the four ecologic pathways 
evaluated. The site-specific EQs for the 4 ecologic exposure pathways are presented in Table 5­
9, estimating a combined ecological EQ for each pathway and each COC. 
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TABLE 5-9 

SUMMARY OF ECOLOGIC IMPACT QUOTIENT (EQ) VALUES 


FOR THE IRON MASK MINE AND MILL SITE 


Plant EQ Aquatic Life- 11 ~~rrestrialcoc ~aticLife-
ace Water Sediment ",. ·• Toxi · Total 

Arsenic 0.03 22.27 4.84 10. 18 37.31 

Cadmium 0.28 11 .65 46.00 5.52 63.44 

0.00 0.71Copper 8.1 9 5.24 14.14 

Lead 0.25 22.55 71.70 15.20 109.70 

Mercury 0.00 1.15 0.22 0.04 1.41 

Silver 0.00 4.90 NC 18.60 23.50 

Zinc 0.81 14.74 83.33 68.52 167.40 

Total EQ 1.37 77.97 214.28 123 .30 41 6.90 I I I I I 

NC = Not Calculated because no apphcable cn ten a extsts. 

The aquatic life scenario results in no EQs greater than l .0 for surface water, and as high as 22 in 
stream sediment (As and Pb), downstream from the lron Mask Mine and Mill Site. The 
terrestrial mammal scenario results in EQs as high as 83% (Zn). The plant toxicity EQs are as 
high as 69% (zinc). These EQs demonstrate that COCs evaluated at the site are probably 
adversely affecting ecologic receptors via the stream sediment, terrestrial mammal and plant 
toxicity exposure scenarios and justi fy appropriate clean up. Zinc, Pb, Cd, and As are the 
primary COCs, and terrestrial mammals and plants are the primary ecologic receptors of 
concern. 

5.3 SUMMARY OF RISK ANALYSIS 

The human health risk assessment found that for residential exposures, As concentrations in soil 
are 2 orders of magnitude higher at this site than considered "safe" for residential occupation (at 
a carcinogenic risk level of I.OE-06). At higher carcinogenic risk levels, the HQ values are 
lower, but still exceed "safe" residential concentrations. For recreational exposures, As 
concentrations in soil are more than 40 times higher at this site than considered "safe" for 
recreational activities. 

The ecologic ri sk evaluation found that COCs evaluated at the site are probably adversely 
affecting ecologic receptors via the stream sediment, terrestri al mammal and plant toxicity 
exposure scenarios and justify appropriate clean up. Zinc, Pb, Cd, and As are the primary COCs, 
and terrestrial mammals and plants are the primary ecologic receptors of concern. 
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Table 5-10 summatizes the previously generated Human Health HQs and Ecologic EQs for the 
site. Many of the HQs and EQs are greater than 1.0, and demonstrate that RAs to mitigate 
human health and ecologic tisk at the Iron Mask Mine and Mill Site are warranted. 

TABLE 5-10 

SUMMARY OF HUMAN HEALTH HAZARD QUOTIENT (HQ) 


AND ECOLOGIC IMPACT QUOTIENT (EQ) VALUES 

FOR THE IRON MASK MINE AND MILL SITE 


Assessment As Cd Cu Pb Hg Ag Zn 

Human Health-
Residential 

2,680 @10-6 

268 @1 0-5 

26.8 @1 04 
2.03 0.17 21.7 0.06 0.10 0.82 

Human Health ­
Recreational 

48.4 1.98 0.10 8.40 0.03 0.05 0.46 

Ecologic Total 37.3 63.4 14.1 110 1.4 23.5 167 
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6.0 	 RECLAMATION OBJECTIVES AND GOALS 

This section presents the reclamation objectives and applicable cleanup standards, whjch include 
ARAR and Risk-based cleanup goals. 

6.1 	 ARAR-BASED RECLAMATION GOALS 

6.1.1 	 Surface Water 

Acute Aquatic Life Standards (AALS) and HHSs are common ARARs for the surface water 
medium. The more stringent of the two standards is identified as the ARAR-based remediation 
goal; acute rather than chronic aquatic life standards are approptiate since long-term monitoring 
data are not available. The surface water is being p1imarily evaluated for aquatic life use rather 
than for a current or potential source of drinking water; however, the drinking water ARARs are 
included for completeness. The COCs at the site are Sb, As, Cd, Cu, Pb, Mn, Hg, Ag, and Zn. 
Table 6- l presents the ARAR-based reclamation goals for surface water. 

TABLE 6-1 

ARAR-BASED RECLAMATION GOALS FOR 


SURFACE WATER (~J.g/L) 


coc TYPE CONCENTRATION 

Antimony HHS-SW 5.6 )lg/L 

Arsenic AALS 340 )lg/L 

Arsenic HHS-SW 10 )lg/L 

Cadmium AALS 3.6 )lg/L @ 168 mg/L hardness 

Cadmium HHS-SW 5)lg/L 

Copper AALS 22.8 ~t g/L @ 168 mg/L hardness 

Copper HHS-SW 1,300 )lg/L 

Lead AALS 158 )lg/L @ 168 mg/L hardness 

Lead HHS-SW 15 )lg/L 

Mercury AALS 1.7 )lg/L 

Mercury HHS-SW 0.05 )lg/L 

Silver AALS 9.9 )lg/L @ 168 mg/L hardness 

Silver HHS-SW 100 )lg/L 

Zinc AALS 186 )lg/L @ 168 mg/L hardness 

Zinc HHS-SW 2,000 )lg/L 

Source: 	AALS - Freshwater Acute Aqualtc Ltfe Standards (DEQ/WQB, 2008). 
HHS-SW - Human Health Standard for Surface Water (DEQ/WQB, 2008). 
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6.1.2 Groundwater 

The ARAR-based reclamation goals for groundwater are most often the MCLs, non-zero 
maximum contaminant level goals (MCLGs), or State drinking water standards (HHSs), 
whichever are more stringen t. Groundwater was not sampled at the site. 

6. 1.3 Soi l 

Chemical-specific ARARs are not available at this time for the soil medium. 

6.2 RISK-BASED CLEAN UP GOALS 

Previously calculated risk-based cleanup goals are applied for two land-use scenarios at the Iron 
Mask Mine and Mill Site, recreational and residential. These concentrations were derived using 
exposure assumptions contained in other documents (Residential-EPA, 2008; Recreational-Ford , 
2004; Ecologic-Ford, 2004 or Lockheed Martin, 1997) and are the same as those presented in 
Sections 5. 1 and 5.2. Both sets of clean up goals attempt to reduce the health HQ or ecologic EQ 
to less than 1.0 and are presented in Table 6-2. 

TABLE 6-2 

PROPOSED SOLID MEDIA CLEAN UP GOALS 

FOR THE IRON MASK MINE AND MILL SITE 


Contaminant 
of Concern 

Recreational Soil ­
BLM Camper 

(mg/kg) 

Residential Soil ­
EPA RSL 
(mg/kg) 

Ecologic Soil ­
Wildlife or Plant* 

(mg/kg) 

Antimony 50 31 NA 

Arsenjc 20 
0.39 

(@} IE-06 care. risk) 
95* 

Cadmium 70 70 3 

Copper 5,000 3, 100 64 

Lead 1,000 400 106 

Manganese 19,000 1,800 NA 

Mercury 40 23 6 

Si lver 700 390 2* 

Zinc 40,000 23,000 222 

*From Lockheed Martm, 1997 
NA = Not Available- no applicable criteria exists. 
mg/kg - milligrams per ki logram 
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In order to estimate the level of clean up, an estimate of the ri sk reduction required to attain the 
human health and ecologic reclamation goals set out by the risk assessment has been derived and 
is presented in Table 6-3 . 

It is often useful to analyze indi vidual source areas separately to prioritize clean up of specific 
areas of a site; however, at the Iron Mask Mine and Mill Site, all sources require nearly identical 
levels of ri sk reduction. Risk reduction required at each source to attain human health and 
ecologic reclamation goals for the most stringent COC (by exposure scenmio) is shown on Table 
6-3. 

TABLE 6-3 

TARGET RISK REDUCTIONS T O ATTAIN 


HUMAN HEALTH AND ECOLOGIC CLEAN UP GOALS 

FOR THE IRON MASK MINE AND MILL SITE 


COC: 
Exposure: 
Risk Level: 

Arsenic 
Residential 
1.0 X 10-6 

Arsenic 
Residential 
1.0 X 10-5 

Arsenic 
Residential 

4.5 x 1 0-5(bkgd) 

Arsenic 
Recreational 

1.0 X 10-5 

Zinc (soil) 
Ecologic 

WRl 100% 98% 93% 92% 99% 
WR2 100% 100% 98% 98% 99% 
WR3 100% 99% 97% 97% 99% 
TAl 100% 100% 99% 99% 99% 
TA2 100% 100% 99% 98% 99% 

Surface 
Water 

100% 95% 93% NR N R 

NR = R.1sk reductiOn not reqUired. 
bkgd = background risk level 
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7.0 	 DEVELOPMENT AND SCREENING OF RECLAMATION ALTERNATIVES 

This section preliminari ly identifies and screens potentially applicable reclam ation alternatives. 
Reclam ation alternatives are evaluated based on effectiveness, implementability, and cost. 

The contaminated waste sources present at the Iron Mask Mine and Mill Site consist of waste 
rock dumps and mill tailings deposits, each containing a different type of media. N ine COCs are 
present within the waste sources at concentrations greater than 3 times the average background 
concentration of sunounding so ils: Sb, As, Cd, Cu, Pb, Mn, Hg, Ag, and Zn. Arsenic is the 
primary COC for recreational users of the site, and zinc is the primary COC for ecologic 
receptors. All waste sources present at the site require treatment in attempt to meet the clean up 
goals presented in Section 6.2. 

Treatment of the di fferent media types is dependent on the concenh·ation of metal contaminants 
in the media, as well as the physical characteristics of the media. The following provides a brief 
description of each of the primary contaminated media. 

Waste Rock Dumps - Consist of overburden and gangue materials that generally do not contain 
sufficient economic quan tities of target metals for recovery. The dumps contain non-mineralized 
and low-grade mineral ized rock removed from areas adj acent to the ore and placed in piles close 
to the mine opening. The nature and extent of the mineralization, climatic conditions, and 
buffering capacity of the foundation soil determine the potenti al of the material to impact water 
quality. 

In general, waste rock dumps contain oxidizing sulfide minerals and are subject to perco lation of 
precipitation and runoff. The sulfide minerals within the dump may react with percolati ng water 
in the presence of oxygen to f01m sul furic acid . Migration of sulfmic acid through the dump 
results in the furt her mobilization of solubili zed metal oxides. Three waste rock dumps are 
located at the Iron Mask Mine and Mill Site. Samples collected from two of the waste rock 
dumps indicated the presence of metals when subjected to SPLP analysis, which indicates a 
potential to leach if left untreated; however, concentrations in laboratory leachate were found to 
be below HHS for groundwater (DEQ/WQB, 2008). 

Mill Tailings- Tailings are generally uniform, finely ground rock particles from which most of 
the commercial ore have been recovered in the beneficiation and extraction process. Dry or 
alternatel y wet and dry tailings tend to contain oxidized forms of metals at significantly higher 
concentrati ons than those found in waste rock. These oxidized metals are easily mobilized 
during precipitation (infi ltration) or high runoff events. Dry tailings are located in an 
impoundment below the mill site, and in shallow deposits on the ground surface at the lower end 
of the site. A sample collected from the surficial tailings indicated the presence of metals when 
subjected to SPLP analysis, which indicates a potential to leach if left untreated ; however, 
concentrations in laboratory leachate were found to be below HHS for groundwater (DEQ/WQB, 
2008). 

7. 1 	 IDENTIFICATION OF RECLAMATION TECHNOLOGIES AND PROCESS 
OPTIONS 

The purpose of identifying and screening technology types and process options is to eliminate 
those technologies that are not feasible, while retaining potentially effecti ve options. General 
response actions are progressively refined into technology types and process options. The 
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process options are screened and those retained are used to develop reclamation alternatives. 
General response actions, teclmology types, and process options potentially applicable to the 
waste sources present at the Iron Mask Mine and Mill Site are briefly discussed in thi s section. 

General response actions and process options are evaluated for the solid mine wastes (waste rock 
and mill tailings). There has been no evaluation conducted for surface water, groundwater, or 
stream sediments. This decision was based primarily on the presumption that reclamation of the 
contamination at the source(s) wou ld subsequently reduce/eliminate the problems associated 
with these other environmental media. General response actions and remedial technologies 
potentially capable of meeting the reclamation objectives are identified in Table 7-1. Response 
actions for solid mine wastes include No Action, Institutional Controls, Engineering Controls, 
Excavation and Treatment, and i n-situ Treatment. Table 7-1 also contains the screening 
rationale that was used to eliminate or retain the various remedial process options for potential 
application at the Iron Mask Mine and Mill Site. 

In Section 7.2, feasible technologies are presented as reclamation alternatives and are subjected 
to an initial/preliminary screening based on effectiveness, implementabil ity, and cost. The 
purpose of the initi al screening of alternatives is to identify those alternatives appropriate for a 
subsequent, detailed analysis. The initial screening also helps identify teclmology (process 
option) specific data needs for detai led site characterization as well as needs for possible 
treatability studies. Altemati ves that pass the initial screening process are evaluated in detail in 
Section 8.0. 

7. 1.1 No Action 

Under the No Action Alternative, no future remediation or moni toring would occur at the site. 
The No Action Altemative is a stand-alone response that is used as a baseline against which 
candidate reclamation altematives are compared. 

7. 1.2 Insti tutional Contro ls 

Potentially applicable Insti tutional Controls consist of land use and access restri ctions, such as 
travel restiictions and prohibition of development. Limitations may be applicable in the case of 
No Action, on-site disposal, capping in place, or other reclamation altematives that would result 
in leaving contaminated material on-site that could be compromised by future activities (i. e., 
grazing, recreation, etc.). 

Institutional Controls involve implementing access restlictions, such as fencing, and land use 
control. These restrictions are implemented to preclude the future development of impacted 
areas or to protect an implemented remedy. This type of action does not, in itself, achieve a 
specific clean up goal. However, Institutional Controls will be considered as adjacent 
technologies to accompany other reclamation altematives. Institutional Controls that are 
developed as part of an altemative are enforced by the local govemment. Therefore, the local 
government must be involved in the development and eventual implementation of an 
Institutional Control. 

Draft Final EEE/CA "7-2 
Iron Mask Mine and Mi ll Site 



TABLE 7-1 

GENERAL RESPONSE ACTIONS, TECHNOLOGY TYPES, AND PROCESS OPTIONS - IRON MASK MINE AND MILL SITE 


GENERAL RESPONSE 
ACTIONS 

REMEDIAL 
TECHNOLOGY 

PROCESS OPTIONS DESCRIPTION SCREENING COMMENT 

NO ACTION None Not Applicable No Action 

INSTITUTIONAL 
CONTROLS 

Access Restrictions Fencing Security fences installed around contaminated areas to 
limi t access. 

Potentia lly effective in conjunc tion with other technologies. Readily 
implementable. 

Land Use Control Restrict ions to contro l current and future land use. Potentially effective in conjunction with other process options. Readily 
implementable. 

ENGINEERING CONTROLS Containment Soil Cover Application of soil and establishment of vegetative 
cover to stabilize surface of contamination source. 

Surface infiltration and runoff potential would be reduced, but not 
prevented . Readily implementable. 

Multi layered Cap Compacted clay or synthetic membrane covered with 
soiVvegetation over areas o f surface contamination. 

Potentially effective for some waste sources in conjunction with 
regrading. Readily implementable. 

Asphalt/Concrete 
Cover 

Application o f layer of asphalt or concrete over areas 
of surface contamination. 

Limited feasibility due to remoteness of area and steep slopes. Would 
require extensive grading and compaction. 

Surface Controls Consolidation Combining simi lar waste types in a common area. Potent ia lly effective in conjunction with other process opt ions. 
Involves removing wastes fro m particularly sensitive areas (e.g. 
floodp lain). Readily implementable. 

Grading Level out waste piles to reduce slopes for managing 
surface water infiltration, runoff, and erosion. 

Potentially effective in conjunction with other process options. Readily 
implementable. 

Revegetation Adding amendments to waste and seeding with 
appropriate vegetative species to establish an erosion 
resistant ground surface. 

Potentially effective in arid cl imates if waste does not contain high 
concentrations of phytotoxic contaminants. Readily in1plementable. 

Erosion 
Protection!Runon 
Contro l 

Erosion resistant materia ls/ fabrics placed directly on 
waste sources to reduce surface erosion. Surface 
water diversion structures constructed to direct runoff 
away from waste source(s). 

Potentially effect ive at reducing contaminant mobility. Readily 
implementable. 

On-site Disposal Engineered Repository Excavated contaminated soil deposited on-site in an 
engineered repository. 

Potential ly effect ive and readily implementable. Depends on site-
specific groundwater characteristics ( i.e., depth to groundwater). 

Off-site Disposal Permitted Landfill 

''· 

Wastes permanently disposed of in a permitted 
fac ili ty. 

Potentially effective and implementable, but generally cost prohibitive 
due to h igh disposal costs in conjunction with significant transportation 
costs. 

Permitted Tailings 
Disposal Facility 

Depositing tailings in a permitted ofT-site 
impoundment. 

Potentially effective if facili ty with adequate capacity is wi ll ing to 
accept waste. Potentially in1plementable, but cost-prohibitive due to 
liability considerations. 

D - Technolog ies/Process options that are screened out. 
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TABLE 7-1 (cont.) 

GENERAL RESPONSE ACTIONS, TECHNOLOGY TYPES, AND PROCESS OPTIONS - IRON MASK MINE AND Mll.-L SITE 


GENERAL RESPONSE 
ACTIONS 

REMEDIAL 
TECHNOLOGY 

PROCESS OPTIONS DESCRIPTION SCREENING COMMENT 

EXCAVATION AND 
TREATMENT 

Fixation/Stabilization 
7 - ~-

'k 

Pozzolan/Cemerit- -.. 
Based -­

Hazardous constituents are incorporated into non­
leachable cement or pozzolan solidifying agents. 

Extensive treatabi lity testing required. Prope r disposal of stabilized 
product would be required. Potentially implementable, but cost-
prohibitive. 

Reprocessing ~r "gts i. m meter · 

~ ·' 

Shipping wastes to existing milling/smelter facility for 
economic extraction of metals. 

Potentially effective if a facility is located and wil ling to accept waste. 
Potentially implementable, but cost-prohibitive due to liability 
considerations. 

Physical/Chemical 
Treatment 

,~ _. . - : 
Soil y.rashing 

-
" .... 
' .., 

Separate hazardous constituents from solid media via 
disso lution and subsequent precipitation. 

Effectiveness is questionable. Potential exists to increase mob il ity by 
providing partial dissolut ion of contaminants. More difficulty 
encountered with wider range of contaminants. 

. 

Acid Extraction 

r' 
:: 

-
Mobilize hazardous constituents via acid leaching and 
recover by subsequent precipitation. 

Effectiveness is questionable. Sulfides wou ld be acid soluble only 
under extreme conditions of temperature and pressure. 

n . 
, Alkaline Leaching 

-

-
Use alkaline solution to leach contaminants from solid 
media in a heap, vat, or agi tated vessel. 

Effectiveness not well-documented for arsenic. 

Them1al Treatment 
. 

Fluidized Bed 
Reactor~oti!ry 

Kiln!Multi;Hearth. K iln· 

Concentrate hazardous constituents into a small 
volume by volatilization of metals and formation o f 
metallic oxides as particulates. 

Further treatment is required to treat process by-products. Potentially 
implementable, but cost-prohibitive. 

Vitfiiication 

I; 
. 

Extremely high temperature used to melt and/or 
volati lize all components of the solid media. The 
molten materia l containing contami11ants is cooled 
and, in the process, vitrified into a non-leachable 
fonn . 

Further treatment is required to treat process by-products. Potentially 
implementable, but cost-prohibitive. 

IN SITU TREATMENT Phys ical/Chemical 
Treatment 

~ ·w, 

Staoilization . 
-

~· ..., 
Waste constituents stabilized in place when combined 
with injected stabil iz ing agents. 

Extensive treatability testing required. Potentia lly implementab le, but 
cost-prohibitive. 

.. 
Solidification - Solidi fying agents used in conjunction with deep soil 

mixing teclmiques to facil itate a physical or chemical 
change in mobil ity of the contaminants. 

Extensive treatability testing required. Potential ly implementable, but 
cost-prohibitive. 

Soil Flushjng 

-

' 

Acid/base reagent or chelating agent injected into 
solid media to solubilize metals. Solubil ized reagents 
are subsequently extracted using dewatering 
techn iques. 

Effectiveness not certain. Innovative process currently in its pi lot 
stage. 

Thermal Treatment Vitrification - -
' 

~ . ~~.- . .. ~ 

. ~ 

Contaminated solid media subjected to extremely high 
temperature in-place. During cooling, material is 
vitrified into non-leachable form. 

Expect difficu lties to be encountered in establishing adequate process 
control. Potentially implementable, but cost-prohibitive. 

D -Techno logiesfProcess options that are screened out. 
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7.1 .3 Engineeling Controls 

Engineering Controls are used primarily to reduce the mobility ofcontaminants by creating a 
barrier that prevents the transport of wastes from the contaminated source to the surrounding 
envirorunent. Engineering Controls do not reduce the volume or toxicity of the hazardous 
material. Engineering Controls typically applied include containment/capping, revegetation, run­
on/runoff control, and/or disposal. 

7.1.3.1 Containment 

Containment technologies are used as source control measures to iso late surface water from the 
contaminated media, to minimize infiltration (and subsequent formation of leachate) of surface 
water/precipitation into the underlying contaminated media by increasing evapotranspiration 
processes, and to reduce the potential health ri sk that may be associated wi th exposure (direct 
contact or airborne releases of pat1iculate) to the contaminated media. The cap or cover design is 
a function of the degree ofhazard posed by the contaminated media and may vary in complexity 
from a simple vegetated soil cover to a multi-layered RCRA cap. The RCRA cap perfonnance 
standards are included in 40 CFR 264.310, which addresses RCRA landfill closure requirements. 
These performance standards may not always be appropriate, particularly in instances where the 
toxicity of the contaminated media is relatively low, where the cap is intended to be temporary, 
where there is very low precipitation, or where the waste is not leached by infiltrating rain water. 
Specific cap constmction is partially driven by the desired land use following cap construction. 
Capping is appropriate whenever contaminated materi als are left in place at a site, such as when 
total excavation and removal or treatment would be cost prohibitive. Capping is considered to be 
a standard construction practice. Equipment and construction methods associated with capping 
are readily available, and design methods and requirements are well understood. 

7.1.3.2 Surface Controls 

Similar to containment, surface control measures are used primalily to reduce contaminant 
mobil ity. Surface controls may be approp1iate in more remote areas where direct human contact 
is not a primary concern (human receptors not living or working directly on or near the site) . 
Surface control process options include consolidation, grading, revegetation, and erosion 
protection. These process optlons are usually integrated as a single reclamation alternative. 
Consolidation involves grouping similar waste types in a common area for subsequent 
management or treatment. Consolidation is especially applicable when multiple waste sources 
are present at a site and one or more of the sources require removal from particularly sensitive 
areas (i.e. , floodplain, residential area, or heavy traffic area) or when treating one large combined 
waste source in a particular location rather than several smaller waste sources dispersed 
throughout an area. 

Grading is the general tetm for techniques used to reshape the ground surface to reduce slopes, 
manage surface water infiltration and runoff, and to aid in erosion control. The spreading and 
compaction steps used in grading are routine construction practices. The equipment and methods 
used in grading are similar for all surfaces but w111 vary slightly depending on the waste type and 
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the surrounding terrain (i.e., steepness). Periodic maintenance and regrading may be necessary 
to eliminate depressions fom1ed as a result of settlement/subsidence or erosion . 

Revegetation involves adding soil amendments and/or topsoil to the waste's surface to provide 
nutrients, organic material , and neutralizing agents and/or to improve the water storage capaci ty 
of the contaminated media, as necessary. This action is used to establi sh native vegetative 
species to provide an erosion-resistant ground surface that helps protect the ground surface from 
surface water and wind erosion and reduces net infiltration through the contaminated media by 
increasing evapotranspiration processes. In general, revegetation includes the following steps: 
1) selecting appropriate plant species; 2) preparing the seed bed, which may require deep 
application (tilling) of soil amendments as necessary; 3) seeding/planting; 4) mulching and/or 
chemical stabilization; and 5) fertilizing and maintenance. 

Erosion protection includes using erosion resistant materials, such as mulch, natural or synthetic 
fabric mats, riprap, and/or surface water diversion ditches, to reduce the erosion potential at the 
contaminated media's surface. The erosion resistant material s are placed in areas susceptible to 
surface water erosion (concentrated flow or overland flow) or wind erosion. Proper erosion 
protection design requires knowledge of drainage area characte1istics, average slopes, soil 
texture, vegetation types and abundance, and precipitation data. 

7.1.3.3 On-Site Disposal 

Permanent, on-site di sposal is used as a source conh·ol measure. On-site disposal involves 
placing the contaminated media in an engineered containment faci lity located within the site 
boundary. On-site disposal options may be applied to pre-treated or untreated contaminated 
materials, depending upon the chemical characteristi cs of the material. The design configuration 
of an on-site containment facility would depend on the toxicity and type of mate1ial requiring 
disposal. The design could range in complexity from a relatively simple, unlined and covered 
impoundment to a double-lined impoundment equipped with double leachate collection systems 
and RCRA-type cap. Materials failing to meet the SPLP criteria may require disposal in a 
repository conforming to the performance standards for a RCRA landfill closure. 

7.1.3.4 Off-Site Disposal 

Off-site disposal involves placing excavated contaminated material in an engineered containment 
facility located outside the site boundary. Off-site disposal options may be applied to pre-treated 
or untreated contaminated materials and would depend on SPLP results. Materials failing to 
meet the SPLP criteria would require di sposal in a RCRA-pennitted treatment, storage, and 
disposal (TSD) facility. Conversely, less toxic materials could possibly be disposed of in an off­
site permitted sanitary landfill or tailings disposal facility in compliance with other applicable 
laws. Off-site disposal is most attractive when dealing with relatively small quant ities of wastes 
located relati vely near the disposal facility. 

7 .1.4 Excavation and Treatment 

Excavation and treahnent incorporates the removal of contaminated media and subsequent 
treahnent via a specific treatment process that chemically, physically, or thermally results in a 
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reduction of contaminant toxicity and/or volume. Treatment processes have the primary 
objective of either: 1) concentrating the metal contamjnants for additional treatment or recovery 
of valuable contaminants; or 2) reducing the toxicity of the hazardous contaminants. 

Excavation can be completed using conventional earth moving equipment and accepted 
hazardous materials handling procedures. Precautionary measures, such as stream diversion or 
isolation, would be necessary for excavating materials contained in the floodplain of a stream. 
Containment and/or treatment of water encountered during excavation may also be necessary. 

7 .1.4.1 Fixation/Stabilization 

Fixation/stabilization teclmologies are used to treat materials by physically encapsulating them in 
an inert matrix (stabilization) and/or chemically altering them to reduce the mobility and/or 
toxicity of their contaminants (fixation). These technologies generally involve mixing materials 
with binding agents under prescribed conditions to form a stable matrix. Fixation/stabilization is 
an established technology for treating inorganic contaminants. The technology incorporates a 
reagent or combination ofreagents to facilitate a chemical and/or physical reduction of the 
mobility of contaminants in the solid media. Lime/fly ash-based treatment processes and 
pozzolan/cement-based treatment processes are potentially applicable fixation/stabilization 
technologies. 

7 .1.4.2 Reprocessing 

Reprocessing involves excavating and transporting the waste materials to an existing pennitted 
mill or smelter facility for processing and economic recovery of target metals. Applicability of 
this option depends on the willingness of an existing permitted facility to accept and process the 
material and dispose of the waste. Although reprocessing at active facilities has been conducted 
in the past, permjt limitations, CERCLA liabi li ty, and process constraints all limit the feasibil ity 
of this process option. In addition to these limitations, costs associated with this alternative are 
very high (transportation costs in addition to processing costs). In order for a milling facility or 
smelter to accept the material, pre-concentration of the target metals would likely be required, 
and the by-product waste resulting from pre-concentrating would still contain elevated metals 
concentrations requiring proper disposal. 

7.1.4.3 Physical/Chemical Treatment 

Physical treatment processes use physical characteristics to concentrate contaminants into a 
relati vely small volume for di sposal or further treatment. Chemical treatment processes treat 
contaminants through adding a chemical reagent that removes or fixes the contaminants. The net 
result of chemical treatment processes is a reduction of toxicity and/or mobility of contaminants 
in the solid media. Chemical treatment processes often work in conjunction with physical 
processes to wash the contaminated media with water, acids, bases, or surfactants. Potentially 
applicable physical/chemical treatment process options include: soil washing, acid extraction, 
and alkaline leaching. 

Soi l washing is an innovative treatment process, which consists of washing the contaminated 
media (with water) in a heap, vat, or agitated vessel to dissolve water-soluble contaminants. Soil 
washing requires that contaminants be readi ly soluble in water and sized sufficiently small so 
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that dissolution can be achieved in a practical retention time. Dissolved metal contaminants 
contained in the wash solution are precipitated as insoluble compounds, and the treated sol ids are 
dewatered before additional treatment or disposal. The precipitates fonn a sludge, which would 
require additional treatment, such as dewatering or stabilization prior to disposal. 

Acid extraction applies an acidic solution to the contaminated media in a heap, vat, or agitated 
vessel. Depending on temperature, pressure, and acid concentration, varying quantities of the 
metal contaminants present in the contaminated media would be solubilized. A broader range of 
contaminants can be expected to be acid soluble at ambient conditions using acid extraction 
versus soil washing; however, sulfide compounds may only be acid soluble under extreme 
conditions of temperature and pressure. Dissolved contaminants are subsequently precipitated 
for additional treahnent and/or di sposal. 

Alkaline leaching is similar to acid extraction in which a leaching solution (in this case ammonia, 
lime, or caustic soda) is applied to the contaminated media in a heap, vat, or agitated vessel. 
Alkaline leaching is potenti ally effective for leaching the majority of metals from the 
contaminated media; however, the removal of arsenic is not well documented. 

7.1.4.4 Thermal Treatment 

Under the1mal treatment technologies, heat is applied to the contaminated media to volati lize and 
oxidize metals and render them amenable to additional processing and/or to vitrify the 
contaminated media into a glass-like, non-toxic, non-leachable matrix. Potentially applicable 
moderate temperature thermal processes that volatilize metals and form metallic oxide 
particulates include the fluidi zed bed reactor, the rotary kiln, and the multi-hearth ki ln. 
Potentially applicable high temperature thermal treatment processes include vitrification. All 
components of the contaminated media are melted and/or volatilized under high temperature 
vitrification. Volati le contaminants and gaseous oxides of sulfur are driven off as gases in the 
process, and the non-volatile, molten material containing contaminants is cooled and , in the 
process, vih·ified. 

Thermal treatment technologies can be applied to wet or dry contaminated media; however, the 
effectiveness may vary somewhat with variable moisture content and particle size. Crushing 
may be necessary as a pre-treatment step, especially for large and/or variable particle sizes, such 
as in waste rock dumps. Moderate temperature thetmal processes should only be considered as 
pre-treatment for other h·eahnent options. This process concentrates the contaminants into a 
highly mobile (and potentially more toxic) form. High temperature thermal processes 
immobilize most meta] contaminants into a vitrified slag, which would have to be properly 
disposed. The volatile metals would be removed and/or concentrated into particulate metal 
oxides, which would likely require disposal as hazardous waste. Thermal treatment costs are 
extremely high compared to other potentially applicable remedial technologies. 

7. 1.5 In-Situ Treatments 

In-situ treatment involves treating the contaminated media in place. In-situ technologies reduce 
the mobility and toxicity of the contaminated media and may reduce worker exposure to the 

Draft Final EEE/CA 7-8 
Iron Mask Mine and Mill Site 



contaminated materials; however, in-situ technologies allow a lesser degree of control , in 
general, than ex-situ treatment options. 

7.1.5.1 Physical/Chemical Treatment 

Potentially applicable in-situ physical/chemical treatment technologies include stabilization/ 

solidification, soil flushing, and dewatering. 

in-situ stabi lization/solidification is similar to conventional stabilization in that a solidifying 

agent (or combination of agents) is used to create a chemical or physical change in the mobility 

and/or toxicity of the contaminants. The in-situ process uses deep mixing techniques to allow 

maximum contact of the solid ifying agents with the contaminated media. 


Soil flushing is an innovative process that injects an acidic or basic reagent or chelating agent 

into the contaminated media to solubilize metals. The solubilized metals are extracted using 

established dewatering techniques, and the extracted solution is then treated to recover metals or 

is disposed as aq ueous waste. Low penneability materials may hinder proper circulation, 

flushing solution reaction, and ultimate recovery of the solution. Cun·ently, soil flushing has 

only been demonstrated at pilot scale. 


Dewatering is a common pre-h·eatment process used to extract water from contaminated solid 

media. Common dewatering options include well-field extraction, extraction trenches, surface 

water diversion, and gravity draining of stockpiled saturated materials. Dewatering is most 

effective in conjunction with additional remedial technologies that reduce contaminant toxicity, 

mobility, or volume. 


7. 1.5.2 Thermal Treatment 

In-situ vitrification is an innovative process used to melt contaminated solid media in place to 
immobilize metals into a glass-like, ineri, non-leachable solid matrix. Vitrification requires 
significant energy to generate sufficient current to force the solid media to act as a continuous 
electrical conductor. This technology is seriously inhibited by high-moisture content. Gases 
generated by the process must be collected and treated in an off-gas h·eatment system. In-situ 
vitrification has only been demonstrated at pilot scale, and treahnent costs are extremely high 
compared to other treahnent technologies. 

7.2 IDENTIFICATION OF RECLAMATION ALTERNATIVES 

In this section, the remedial technology types and associated process options that passed the 
initial screening are assembled into reclamation alternatives. Table 7-2 presents the preliminary 
reclamation alternatives that have been identified for the solid mine waste materials at the Iron 
Mask Mine and Mill Site. 

Treatment of the surface water in Whipcracker Gulch is not considered because it is assumed 
that reclamation of the solid mine waste materials (waste rock and tailings) located upgradient 
will improve sediment and the surface water quality problems that may exist during high runoff 
events. In this EEE/CA, only solid media alternatives are developed and evaluated in detail. A 
preferred solid media alternative will be selected and discussed to determine if the action will be 
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effective enough to meet reclamation goals for both the solid media and surface water in 
Whipcracker Gulch. Therefore, this EEE/CA is focused specifically on the development, 
evaluation, and selection of solid media reclamation alternati ves. 

TABLE 7-2 

RECLAMATION ALTERNATIVES FOR THE WASTE MATERIALS 


AT THE IRON MASK MINE AND MILL SITE 


ALTERNATIVE ACTION 

Alternative 1 
Alternative 2 

Alternative 3a 
Alternative 3b 

Altemative 4a 
Alternative 4b 
Alternative Sa 
Alternative 5b 

No Action 
Institutional Controls 
Consolidate Waste Rock On-Site with a Cover Soil Cap 
Consolidate Waste Rock and Tailings On-Site with a Cover Soil Cap 
Consolidate Waste Rock 2, Waste Rock 3 and Tai lings in On-Site 
Repository with Cover Soil Cap 
Consolidate All Waste in On-Site Repository with Cover Soil Cap 
Consolidate All Waste in On-Site Repository with Multi-Layer Cap 
Consolidate All Waste in On-Site Modified RCRA Repository 

Under Alternative I, no fmther action would occur at the site to control contaminant migration or 
to reduce toxicity or volume. The site and associated risks would remain unchanged. 

Alternative 2 implements Institutional Controls by erecting fences at the site to restrict access to 
contaminated sources, and land use restrictions to prevent development on or near the affected 
areas. Under this alternative, no steps are taken to control contaminant migration or to reduce 
toxicity or volume. 

Alternative 3a involves consolidation and regrading of the existing waste rock sources (WRl, 
WR2 and WR3) at a single location on site, and placement of a 2-foot vegetated cover soil cap. 
Under this alternative, the surficial tailings located in TA I would remain in place. The tai lings 
impoundment at TA2 would be regraded in place to promote surface drainage, covered with 
surrounding soi l and revegetated. 

Alternative 3b is similar to 3a with respect to the waste rock sources. However, the surficial 
tailings from T A I would be excavated and placed with the consolidated waste rock prior to 
covering with the vegetated soil cap. The tailings impoundment at T A2 would be regraded in 
place to promote surface drainage, covered with surrounding soil and revegetated. 

Alternative 4a involves consolidating only the most contaminated wastes (WR2, WR3, TA I, and 
TA2) in an on-site repository located within one mile of the waste sources. The repository 
would be covered with a 2-foot vegetated soil cap. Waste Rock Dump I would be regraded in 
place and covered with a 2-foot vegetated soil cap. 

Under Alternative 4b, all waste sources would be removed from the site and placed in an on-site 
repository, and covered with a 2-foot vegetated soil cap. 
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Alternatives 5a and 5b involve total removal of all waste sources from the site, and placement in 
lined on-site repositories. The repository for Alternative 5a would be covered with a multi­
layered lined cap, while Alternative 5b would also include a leachate collection system 
(Modifi ed RCRA)-type repository. 

7.3 PRELIMINARY EVALUATION AND SCREENING OF ALTERNATIVES 

The alternatives identified in Section 7.2 are described, developed, and then subjected to a 
preliminary evaluation and screening in this section. The evaluation and screening at this stage 
is based on the anticipated effectiveness, implementability, and relative costs of the alternatives. 
The preliminary screening has been conducted to identi fy those alternatives that are obviously 
not as cost effective or implementable as other alternatives that would provide a similar degree 
of risk reduction, thereby reducing the number of reclamation alternatives requiring detailed 
evaluation. 

The evaluation ofeffectiveness includes determining the abili ty of an alternative to effectively 
reduce adverse human health or environmental impacts sufficiently to achieve the reclamation 
goals. The reclamation goals include overall protection of human health and the environment, 
compliance with ARARs, and short- and long-term effectiveness and/or pe1forn1ance related to 
reducing toxicity, mobility, and/or volume of contaminants. The effectiveness screening criteria 
includes consideration of the nature and extent of the contamination, as well as site-specific 
conditions, such as geology, hydro logy, hydrogeology, climate, current land use, and potential 
future land use. 

The implementability of each alternative is evaluated to consider the technical and administrative 
feasibility of constructing, operating, and maintaining each reclamation alternative. Technical 
feasibility considerations include applicabili ty of the alternative to the waste source(s), 
availability of the required equipment and expertise to execute the alternative, and overall 
reliability of the alternative. Administrative feasibil ity considerations include logistical and 
scheduling constraints. The evaluation of implementabi lity also considers appropriate 
combinations of alternatives with respect to site-specific conditions. 

Cost screening consists of developing relative order-of-magnitude cost estimates for each 
reclamation alternative based on similar sets of assumptions. Costs have been developed by 
analyzing data available from implementing reclamation alternatives at similar sites, particularly 
past abandoned mine reclamation activities conducted by the BLM and DEQ/MWCB. Unit and 
total costs presented in the cost evaluations are conservatively structured to account for 
contaminated materials handling, adverse site conditions, and contingency. 

The cost estimates presented are intended to provide a basis of comparison for preliminary 
evaluation and screening of the alternatives; actual costs of construction will be dependent on 
further detailed design and analysis, and subject to fluctuating costs oflabor, equipment and 
material s. However, it is assumed that any cost variations would be applied consistently for each 
alternative, and would not significantly affect the intended relative cost comparison. 
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Total costs were derived by applying estimated unit costs to assumed volumes of contaminated 
solid media. Cost estimates are based on the following volumes of waste material obtained from 
survey data co llected by Pioneer in June 2008: 

Approximately 11 ,500 cy of waste rock located at WR I, WR2 and WR3; and 
Approximately 1,900 cy of mill tailings located at TAl and TA2. 

As detennined by analytical results of samples collected by Pioneer in June 2008, sufficient 
quantities of on-site soil is not available for use as a vegetative cover. Therefore, each 
alternative that includes incorporation of a soi l cover will also include an assumption that cover 
soil will be obtained from a borrow source located within approximately I mile of the Iron Mask 
Mine and Mill Site. 

A screening summary is presented after evaluating each alternative to identi fy alternatives 
retained for further consideration (detailed evaluation/analysis) and to offer rationale for 
exclusion of those alternatives that will not be considered further. 

7.3. 1 Alternative I : No Action 

The No Action Alternative means that no actual reclamation acti vities will occur at the site to 
control contaminant migration or to reduce toxicity or volume. 

Effectiveness - Protection of human health and the environment would not be achieved under the 
No Action Alternative. Prevention of direct human contact wou ld not be achieved. The 
contaminant sources present at the Iron Mask Mine and Mill Site would continue to potentially 
impact surface water via sedimentation from direct exposure to the elements. Toxicity, mobi lity, 
and volume of contaminants would not be reduced under the No Action Alternative. 

Implementability- Technical and administrative feasibi lity evaluation criteria do not apply, as 
there is nothing to implement under this alternative. 

Cost Screening- No capital or operating costs would be incurred under this alternative. 

Screening Summaty- This alternative has been retained as a baseline alternative for further 
evaluation as suggested by the NCP. 

7.3 .2 Alternative 2: Institutional Controls 

The Institutional Controls Alternative includes erecting fences suiTounding the Iron Mask Mine 
and Mill Site to restrict access to contaminated sources, and implementation of land use 
restrictions to prevent future land development on or near the affected areas. 

Effectiveness - This alternative is not protective of environmental resources. The contaminant 
sources would continue to potentially impact surface water via sedimentation from direct 
exposure to the elements. It is not fully protective of human health if implemented as a stand­
alone alternative because the waste sources will continue to be exposed and available for 
potential di rect contact. Toxicity, mobility, and vo lume of the contaminated media would not be 
reduced under thi s alternative. 
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Implementability- Institutional Controls can be implemented based on the criteria of 
applicability, availability, and reliability. This alternative is considered applicable for reducing 
the potential for direct contact and restricting future land development. Fencing materials and 
experienced construction contractors are readily avai lable should this alternative be 
implemented. Reliability of this alternative for its intended purpose (protection from direct 
contact) is expected to be fair, requiring strict enforcement and recurring maintenance by the 
regulatory agencies and landowners. Due to the logistical simplicity of construction and the 
capability to implement land use restrictions, administrative feasibility is considered good. 

Cost Screening- Costs associated with Institutional Controls would be relatively low compared 
to other reclamation measures; however, a considerable amount of fencing materials would be 
required to fully enclose the contaminated sources present at the site. Capital costs associated 
with construction of an access control fence would total approximately $12,650, assuming a 
fencing requirement of approximately 2,000 linear feet at approximately $5 per linear foot, 
administration costs of$1 ,000 (10%) and a contingency cost of$1 ,650 (15%). Maintenance 
costs would likely be less than $ I ,000 per year. 

Screening Summary- Institutional Controls will not be considered further as a stand-alone 
reclamation alternative due to the relatively low effectiveness, but may be used in conjunction 
with other selected treatment alternatives. 

7.3.3 Alternative 3a: Consolidate Waste Rock On-Site With Cover Soil Cap 

Alternative 3a involves consolidation of all waste rock sources at the Iron Mask Mine and Mill 
Site, grading the consolidated waste rock dump, applying cover soi l and amendments (organics 
and lime, if necessary), and estab li shing vegetation on the surface of the cap materials to provide 
erosion protection and to decrease net infiltration through the waste by increasing 
evapotranspiration. 

Surface water flow from the Iron Mask Adit and runoff from the surrounding area cun·ently 
flows along the toe of WR1. Covering the waste material in-place would not fully protect the 
wastes from possible erosion caused during high flow periods. During construction, waste rock 
material will be graded away from the existing stream channel to allow reconstruction of a 
channel capable ofconveying the 1 00-year, 24-hour storm event peak flow. The channel would 
be armored with grouted riprap to protect against side slope erosion and future stream migration 
toward waste materials. A temporary surface water diversion (i.e., cu lvert, pipe, lined ditch, etc.) 
would be necessary to facilitate construction. 

Approximately 50% of the waste materials will require regrading to a maximum slope of 
3Horizontal (H): 1 Vertical (V). After final grading, the waste materials will be revegetated by 
applying cover soil, incorporating the appropriate amendments into the cover soil, and seeding. 

Under thi s alternative, the existing vegetated tai lings located at T A 1 would be left in place. The 
existing tailings impoundment located at TA2 is relatively small (1 ,875 square feet) and access 
to the impoundment is limited. Under this alternative the impoundment would be regraded in 
place to promote positive surface drainage, capped with soils salvaged from the existing earthen 
embankment and surrounding area, and revegetated. 
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Conceptual Design and Assumptions 

Based on the available data and the above considerations, the conceptual design of Alternative 3a 
includes: 

Improving and maintaining the existing main access road from Indian Creek Road to the Iron 

Mask Mine and Mill Site to facilitate safe access by heavy equipment and conshuction 

crews. 

Improving and maintaining the existing site access roads to facilitate consh·uction activities. 

Constructing a new surface water diversion to route storm water and adit flow away from 

waste materials. 

Installing stream protection structures (silt fence and straw bales) to prevent sediment from 

entering Whipcracker Gulch during construction. 


• 	 Excavating a borrow source assumed to be located approximately one mile from the Iron 
Mask Mine and Mill Site to obtain clean cover material for reclamation work. 
Grading and/or excavating the waste sources away from the existing stream channel and 
reconstruct/annor the stream channel. 
Consolidate waste materials from WR3 with the existing waste materi als at WR I and WR2. 
Grade consolidated waste materials to a maximum 3H: 1 V slope. 
Backfill excavated areas with one foot of amended cover soil, and cap consolidated waste 
materials with two feet of amended cover soil. 
Regrade T A2 impoundment and cover with surrounding soil s. 
Revegetating and mulching all disturbed areas upon completion of construction activities 
(temporary roads, staging areas, cover soil application areas, etc.). 

The cun·ent main access road to the Iron Mask Mine and Mill Site is approximately four miles in 
length and is in fair condition. This unimproved dirt road will require minor upgrading by 
blading/regrading to facilitate safe access to the site. Existing site access roads are also in fair 
condition and wi ll require only minor upgrading. 

Seeding would likely take place dming the fall season. The seed mixture and fertilizer would be 
applied simultaneously to the prepared seedbeds by approved methods. Mulch or natural fabric 
mats would be applied to provide temporary protection ofhighly erodible disturbed surfaces. 

Effectiveness- Placing a cover soil cap and establishing vegetation over the waste rock sources 
would be effective in reducing human and terrestrial biota exposure to the contaminants via 
direct contact and inhalation of entrained dust. A healthy stand ofvegetation also effectively 
stabilizes the surface against wind and surface water erosion, and minimizes the potential for 
migration of vadose zone contaminants by increasing evapotranspiration and decreasing water 
infiltration. Regrading the waste rock material would promote positive surface drainage and 
improve vegetation establishment by eliminating steep slopes susceptible to erosion. The overall 
effectiveness of the containment/revegetation program would be enhanced by carefully selecting 
approptiate plant species that are adapted to site conditions. 

Grading waste rock away from the existing surface water flow and construction of an annored 
stream channel would effectively decrease contaminant mobility to Whipcracker Gulch during 
high flow events. Regrading the tailings impoundment at T A2 would inhibit pending of surface 
water, and placement of cover soil over the waste material would minimize exposure to the 
contaminants. 
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The toxicity or volume of the wastes would not be reduced under Alternative 3a since no actual 
treatment of the contaminants would be conducted. And while cunently well vegetated, the 
surficial tailings scattered within T A 1 would continue to be susceptible to direct contact and 
erosion. 

lmplementability - Alternative 3a is both technically and administratively feasib le; however, the 
degree of feasibility is dependent on finding a sui table cover soil bonow area. Consolidation and 
grading of waste sources, incorporation of amended cover soil, estab li shing vegetation and 
construction of surface water controls are applicable technologies that utilize standard design 
methods that have been thoroughly tested. The required construction techniques and the 
associated equipment are readi ly avai lab le and commonly used. 

The reliability of this alternative is expected to be good, but would require periodic monitoring 
and maintenance to ensure that the integrity of the cap and reconstructed stream channel remains 
intact. 

Cost Screening- The total capital cost for Alternative 3a has been estimated at $248,572 which 
represents the reclamation of all the waste rock dumps and TA2 at the Iron Mask Mine and Mill 
Site. Table C-2 (Appendix C) presents the cost detail s associated with implementing this 
alternative. 

Screening Summmy - Alternati ve 3a has been retained for detailed analysis since consolidation 
and reclamation of the waste rock sources and reclamation ofTA2 may be a feasible and cost­
effective remedy for the site. 

7.3.4 Alternative 3b: Consolidate Waste Rock and Tai lings On-Site with Cover Soi l Cap 

Alternative 3b is very similar to Alternative 3a in that it involves consol idation of the waste rock 
sources present at the site. However, Alternative 3b also involves excavating and hauling 
approximately I ,600 cy of surficial tailings material located at T A I , and placing with the waste 
rock prior to capping. The excavated area at T A I would be backfilled with one foot of amended 
cover soil and revegetated. 

As detailed under Alternative 3a, the consolidated waste sources would be graded away from the 
existing stream channel to accommodate channel reconstruction and annoring with grouted 
riprap. Waste material slopes would be reduced to a maximum of 3H: I V prior to placement of 
the amended cover soil cap. The impoundment located at TA2 would be regraded to promote 
positive surface drainage, covered with sunounding soils and revegetated. 

Conceptual Design and Assumptions 

The conceptual design for Alternative 3b is similar to that described fo r Altemative 3a, with the 
addition of theTA I waste excavation and consolidation. The conceptual design includes: 
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Improving and maintaining the existing main access road from Indian Creek Road to the Iron 

Mask Mine and Mill Site to facilitate safe access by heavy equipment and construction 

crews. 

Improving and maintainjng the existing site access roads to facilitate construction activities. 

Constructing a new surface water diversion to route storm water and adit flow away from 

waste materials. 

Installing stream protection structures (silt fence and straw bales) to prevent sediment from 

entering Whipcracker Gulch during construction. 


• 	 Excavating a borrow source assumed to be located approximately one mile from the Iron 
Mask Mine and Mill Site to obtain clean cover material for reclamation work. 
Grading and/or excavating the waste sources away from the existing stream channel and 
reconstruct/armor the stream channel. 

• 	 Consolidate waste material s from WR3 and TA I with the existing waste materials at WRl 
and WR2. Grade consolidated waste materials to a maximum 3H: IV slope. 
Backfi ll excavated areas with one foot of amended cover soil, and cap consolidated waste 
materials with two feet of amended cover soil. 

• 	 Regrade T A2 impoundment and cover with surrounding soils. 
• 	 Revegetating and mulching all disturbed areas upon completion of construction activities 

(temporary roads, staging areas, cover soil application areas, etc.). 

The cmTent main access road to the Iron Mask Mine and Mill Site is approximately four miles in 
length and is in fair condition. This unimproved dirt road will requi re minor upgrading by 
blading/regrading to facilitate safe access to the site. Existing site access roads are also in fair 
condition and wi ll require only minor upgrading. 

Seeding would likely take place during the fall season. The seed mixture and fertilizer would be 
applied simultaneously to the prepared seedbeds by approved methods. Mulch or natural fabric 
mats would be applied to provide temporary protection of highly erodible disturbed surfaces. 

Effectiveness - Placing a cover soil cap and establishing vegetation over the consolidated waste 
sources would be effective in reducing human and terrestrial biota exposure to the contaminants 
via direct contact and inhalation of entrained dust. A healthy stand of vegetation also effectively 
stabilizes the surface against wind and surface water erosion, and minimizes the potential for 
migration of vadose zone contaminants by increasing evapotranspiration and decreasing water 
infiltration. Re-grading the waste rock material would promote positive surface drainage and 
improve vegetation establishment by eliminating steep slopes susceptible to erosion. The overall 
effectiveness of the containment/revegetation program would be enhanced by carefully selecting 
appropriate plant species that are adapted to site conditions. 

Grading waste rock away from the existing surface water flow and construction of an armored 
stream channel would effectively decrease contaminant mobility to Whipcracker Gulch during 
high flow events. Regrading the tailings impoundment at TA2 would inhibit ponding of surface 
water, and placement of cover soil over the waste material would minimize exposure to the 
contaminants. As part of Alternative 3b, the surficial tanings scattered within T A I would be 
consolidated with the waste rock material and capped, effectively minjmizing exposure. 
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With the addition of the TAl waste material consolidation, the overall effectiveness of this 
alternative is expected to be improved over Alternative 3a; however the toxicity or volume of the 
wastes would not be further reduced since no actual treatment of the contaminants would be 
conducted. 

lmplementability- Alternative 3b is both technically and administratively feasible, however the 
degree of feasibil ity is dependent on finding a suitable cover soil borrow area. Consolidation and 
grading of waste sources, incorporation of amended cover soil, establishing vegetation and 
construction of surface water controls are applicable technologies that utili ze standard design 
methods that have been thoroughly tested. The required construction techniques and the 
associated equipment are readi ly available and commonly used. 

The reliability of this alternative is expected to be good, but would require periodic monitori ng 
and maintenance to ensure that the integrity of the cap and armored stream channel remains 
intact. 

Cost Screening- The total capital cost for Alternative 3b has been estimated at $3 I 7,768 which 
represents the reclamation of all the waste rock dumps and tailings materials at the Iron Mask 
Mine and Mill Site. Table C-3 (Appendix C) presents the cost details associated with 
implementing thi s alternative. 

Screening Summmy - Alternative 3b has been retained for detailed analysis since consolidation 
and reclamation ofthe waste rock and tailings sources combined with reclamation ofTA2 may 
be a feasible and cost-effective remedy for the site. 

7.3.5 	 Alternative 4a: Consolidate WR2, WR3 and Tailings in On-Site Repository with Cover 
Soi l Cap 

Alternative 4a involves excavation and consolidation of the two highest contaminated waste rock 
sources, and all tailings materials from the Iron Mask Mine and Mill Site into an unl ined on-site 
repository, applying two feet of amended cover soi l, and establishing vegetation on the surface of 
the repository to provide erosion protection and to decrease net infiltration through the waste by 
increasing evapotranspiration. All excavated areas would be backfilled with one foot of 
amended cover soi I and revegetated. 

Under this alternative, the existing waste rock dump at WRI would be left in place and graded to 
a maximum slope of 3H: IV and capped with 2 feet of amended cover soil. Waste material would 
be graded away from the existing stream channel to accommodate channel reconstruction and 
annoring with grouted riprap. A temporary surface water diversion (i.e., culvert, pipe, lined 
ditch, etc.) would be necessary to faci litate construction. 

Conceptual Design ami Assumptions 

Based on the available data and the above considerations, the conceptual design of Alternative 4a 
includes: 
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Improving and maintaining the existing main access road from Indian Creek Road to the Iron 
Mask Mine and Mill Site to facilitate safe access by heavy equipment and construction 
crews; 
Improving and maintaining the existing site access roads and repository road to facilitate 
constmction activities; 
Constructing a new surface water diversion to route storm water and adit flow away from 
waste materials to facilitate constmction activities; 

• 	 Installing stream protection stmctures (silt fence and straw bales) to prevent sediment from 
entering Whipcracker Gulch during construction; 
Excavating a borrow source/repository, assumed to be located approximately one mile from 
the Iron Mask Mine and Mi ll Site, to obtain clean cover material for reclamation work and 
provide containment for excavated waste materi als; 

• 	 Excavate, haul and place waste materials from WR2, WR3, TA I and TA2 at the repository; 
• 	 Regrade WR1 and cap with 2 feet of amended cover soil; 
• 	 Reconstruct stream channel and place armoring material s; 
• 	 Backfill excavated areas with one foot of amended cover soil, and cap repository with two 

feet of amended cover soil ; and 
• 	 Revegetating and mulching all disturbed areas upon completion of construction acti vities 

(temporary roads, staging areas, cover soi l application areas, repository cap etc.). 

The CUITent main access road to the Iron Mask Mine and Mill Site is approximately four miles in 
length and is in fair condition. This unimproved di1i road will require minor upgrading by 
blading/regrading to facilitate safe access to the site. Existing site access roads are also in fair 
condition and will require only minor upgrading. 

Seeding would likely take place during the fall season. The seed mixture and fertilizer would be 
applied simultaneously to the prepared seedbeds by approved methods. Mulch or natural fabric 
mats would be applied to provide temporary protection of highly erodib le disturbed surfaces. 

Effectiveness - Placing the most highly contaminated materials in a secure on-site containment 
facility would effectively minimize the majmity of solid media contaminant mobility and 
availability for exposure at the site. The waste material would be rendered immobi le in an 
engineered structure located away from steep terrain and protected from erosion problems. Any 
potential surface water erosion problems of the repository cap would be mitigated through 
engineered slopes of no steeper than 4H: IV, utilization of storm water control ditches, and 
establi shment of a vegetated cover. 

Regrading the waste rock material at WRI would promote positive surface drainage and improve 
vegetation establishment by eliminating steep slopes susceptible to erosion. The overall 
effectiveness of the containment/revegetation program would be enhanced by carefully selecting 
approptiate plant species that are adapted to site conditions. Grading waste rock away from the 
existing surface water flow and construction of an ann ored stream channel would effectively 
decrease contaminant mobility to Whipcracker Gulch during high flow events. 

The toxicity or volume of the wastes would not be reduced under Alternative 4a since no actual 
treatment of the contaminants would be conducted. 

Draft Final EEEICA 7-1 8 
Iron Mask Mine and Mill Site 



Implementability - Alternative 4a is both technically and administratively feasible; however, the 
degree of feasibility is dependent on finding a suitable borrow area/repository site. Repository 
construction and consolidation and grading of waste sources, incorporation of amended cover · 
soil, establishing vegetation and construction of surface water controls are applicable 
technologies that utilize standard design methods that have been thoroughly tested. The required 
construction techniques and the associated equipment are readily available and cmmnonly used. 

The reliability of this alternative is expected to be better than on-site consolidation alternatives, 
but would require periodic monitoring and maintenance to ensure that the integrity of the waste 
rock cap and annored stream channel remains intact. Only minor monitoring and maintenance 
of the repository cap and storm water controls is anticipated. 

Cost Screening- The total capital cost for Alternative 4a has been estimated at $379,880 which 
represents the reclamation of all the waste sources at the Iron Mask Mine and Mill Site. Table 
C-4 (Appendix C) presents the cost details associated with implementing this alternative. 

Screening Summary - Alternative 4a has been retained for detailed analysis since consolidation 
ofWR2, WR3 and tailings materials to an on-site repository with cover soil cap, and reclamation 
of WRl may be a feasible and cost-effective remedy for the site. 

7.3 .6 Alternative 4b: Consolidate All Waste in On-Site Repository with Cover Soil Cap 

Alternative 4b involves excavation and consolidation of all waste sources from the Iron Mask 
Mine and Mill Site into an unlined on-site repository with a two-foot cover soil cap. The 
excavated areas would be backfilled with one foot of amended cover soil and revegetated. 

Following waste rock removal, the existing stream channel flow would be re-established in a 
more natural path by construction of a channel capable of conveying the I 0-year, 24-hour storm 
event peak flow. The channel would be rock lined with a suitable substrate mate1ial to protect 
against erosion. 

Conceptual Design and Assumptions 

The conceptual design for Alternative 4b is similar to that described for Alternative 4a, with the 
addition of the WRI material being placed into the repository. The conceptual design includes: 

• 	 Improving and maintaining the existing main access road from Indian Creek Road to the Iron 
Mask Mine and Mill Site to facilitate safe access by heavy equipment and construction 
crews; 
Improving and maintaining the existing site access roads and repository road to facilitate 
construction activities; 

• 	 Constructing a new surface water diversion to route storm water and adit flow away from 
waste materials to facilitate construction activities; 

• 	 Installing stream protection structures (silt fence and straw bales) to prevent sediment from 
entering Whipcracker Gulch during construction; 
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• 	 Excavating a borrow source/repository, assumed to be located approximately one mile from 
the lron Mask Mine and Mill Site, to obtain clean cover material for reclamation work and 
provide containment for excavated waste materials; 
Excavate, haul and place waste materials from WRl , WR2 and WR3 at the repository; 
Excavate, haul and place waste materials from T A I and T A2 at the repository; 
Reconstruct stream channel and place substrate materials; 
Backfi ll excavated areas with one foot of amended cover soil, and cap repository with two 
feet of amended cover soil ; and 
Revegetating and mulching all disturbed areas upon completion of construction activities 
(temporary roads, staging areas, cover soil appl ication areas, repository cap etc.). 

The current main access road to the Iron Mask Mine and Mill Site is approximately four mi les in 
length and is in fair condition. This unimproved dirt road will require minor upgrading by 
blading/regrading to facilitate safe access to the site. Existing site access roads are also in fair 
condition and will require only mjnor upgrading. 

Seeding would likely take place during the fall season. The seed mixture and fertilizer would be 
applied simultaneously to the prepared seedbeds by approved methods. Mulch or natural fab1ic 
mats would be applied to provide temporary protection of hlghly erodible disturbed surfaces. 

Effectiveness- Placing waste materials in a secure on-site containment facility would effectively 
minimize the solid media contaminant mobility and availability for exposure at the site. All 
waste materials would be rendered immobile in an engineered structure located away from steep 
ten·ain and protected from erosion problems. Any potential surface water erosion problems of 
the repository cap would be mitigated through engineered slopes of no steeper than 4H: IV, 
utilization ofstorm water control ditches, and estab lishment of a vegetated cover. 

By placing all waste rock material in the repository in addition to the tailings, the overall 
effectiveness of this alternative is expected to be improved over Alternative 4a; however the 
toxicity or volume of the wastes would not be fUJi her reduced since no actual treatment of the 
contaminants would be conducted. 

Implemetltability- Alternative 4b is both techrucally and administratively feasible, however the 
degree of feasibility is dependent on finding a suitable borrow area/repository site. Repository 
construction, placement of waste sources, incorporation of amended cover soil, establishing 
vegetation and construction of surface water controls are applicable technologies that uti li ze 
standard design methods that have been thoroughly tested. The required construction techniques 
and the associated equipment are readily avai lable and commonly used. 

The reliability of tills alternative is expected to be better than on-site consolidation alternatives, 
requiring only minor monitoring and maintenance to ensure the integrity of the repository cap 
and storm water controls. 

Cost Screening - The total capital cost for Al ternative 4b has been estimated at $635,093 which 
represents the reclamation of all the waste rock dumps and tailings materials at the Iron Mask 
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Mine and Mill Site. Table C-S (Appendix C) presents the cost details associated with 
implementing this alternative. 

Screening Summary - Alternative 4b has been retained for detailed analysis since consolidation 
of all waste sources to an on-site repository with cover soil cap may be a feasible and cost­
effective remedy for the site. 

7.3.7 Alternative Sa: Consolidate All Waste in On-Site Repository with Multi-Layered Cap 

Alternative Sa consists of excavating and disposing of all solid mine waste materials from the 
Iron Mask Mine and Mill Site in an on-site repository consisting of a multi -layered cap with no 
bottom liner. 

The considerations are the same as described in Alternative 4b, with the addition of a Geo­
synthetic Clay Liner (GCL) and Geocomposite Drainage Layer within the repository cap. 

Conceptual Design and Assumptions 

Based on the available data and the above considerations, the conceptual design for Alternative 
Sa includes: 

• 	 Improving and maintaining the existing main access road from Indian Creek Road to the Iron 
Mask Mine and Mill Site to faci litate safe access by heavy equipment and construction 
crews. 

• 	 Improving and maintaining the existing site access roads and repository road to facilitate 
construction activities. 
Constructing a new surface water diversion to route storm water and adit flow away from 
waste materials to facilitate construction activities. 

• 	 Installing stream protection structures (silt fence and straw bales) to prevent sediment from 
entering Whipcracker Gulch during construction. 
Excavating a borrow source/repository, assumed to be located approximately I mile from the 
Iron Mask Mine and Mi ll Site, to obtain clean cover material for reclamation work and 
provide contaimnent for excavated waste materials. 
Excavate, haul and place waste materials from WRI, WR2 and WR3 at the repository; 
Excavate, haul and place waste materials from TA I and T A2 at the repository. 

• 	 Reconstruct stream channel and place substrate materials . 
• 	 Backfill excavated areas with one foot of amended cover soil. 

Constructing a multi-layered cap over the waste materials in the repository. The mul ti­
layered cap consists of a Geotextile Cushion placed directly over the upper most compacted 
lift ofmine wastes in the repository, fo llowed by the GCL, and a Geocomposite Drainage 
Layer, consisting ofa syntheti c Geonet drainage material with non-woven Geotexti le filter 
fabric, being placed over the GCL, and a two-foot thick layer of amended cover soil. 
Revegetating and mulching all di sturbed areas upon completion ofconstruction activities 
(temporary roads, staging areas, cover soil application areas, repository cap etc.). 

The current main access road to the Iron Mask Mine and Mill Site is approximately four miles in 
length and is in fair condition. This unimproved dirt road will require minor upgrading by 
blading/regrading to facilitate safe access to the site. Existing site access roads are also in fair 
condition and will require only minor upgrading. 
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Seeding would likely take place during the fall season. The seed mixture and fertili zer would be 
applied simultaneously to the prepared seedbeds by approved methods. Mulch or natural fabric 
mats would be applied to provide temporary protection ofhighly erodible disturbed surfaces. 

Effectiveness - Placing waste materi als in a secure on-site containment facility would effectively 
minimize the solid media contaminant mobility and availabili ty for exposure at the site. All 
waste materials would be rendered immobile in an engineered structure located away from steep 
terrain and protected from erosion problems. Any potential surface water erosion problems of 
the repository cap would be mitigated through engineered slopes of no steeper than 4H: 1 V, 
utilization of storm water control di tches, and establishment of a vegetated cover. 

With the addition of a GCL within the repository cap, the ability of surface water to infiltrate to 
waste materials is reduced when compared to a conventional cover soil cap . As a result, the 
overall effectiveness of this alternati ve is expected to be improved over Alternative 4b; however, 
the toxicity or volume of the wastes would not be further reduced since no actual treatment of the 
contaminants would be conducted. 

Implementability - Alternative Sa is both technically and administratively feasible; however, the 
degree of feasibility is dependent on finding a suitable bon·ow area/repository site. Repository 
construction, placement of waste sources, incorporation of amended cover soil, establi shing 
vegetation and construction of surface water controls are appl icable technologies that util ize 
standard design methods that have been thoroughly tested. The required construction techniques 
and the associated equipment are readily available and commonly used. Placement of lining 
materials is technically more diffi cult and should only be performed by a contractor with task­
specific expetience. 

When the addi tion of a GCL is considered, the reliability of this alternative is expected to be 
improved over that of a conventional cover soil cap as specified in Alternati ve 4b; however, this 
alternati ve would also require minor monitoring and maintenance to ensure the integrity of the 
repository cap and storm water controls. 

Cost Screening - The total capital cost for Alternati ve Sa has been estimated at $80S,868 which 
represents the reclamation of all the waste rock dumps and tailings materials at the lron Mask 
Mine and Mill Site. Table C-6 (Appendix C) presents the cost details associated with 
implementing this alternative. 

Screening Summary - Alternative Sa has been retained for detailed analysis since consolidation 
of all waste sources to an on-site repository with multi-layered cap may be a feasible and cost­
effecti ve remedy for the site. 

7.3.8 Alternative Sb: Consolidate All Wastes in On-Site Modified RCRA Repository 

Alternative Sb consists of excavating and disposing of all solid mine waste materials from the 
lron Mask Mine and Mill Site in an excavated on-site modified RCRA repository consisting of a 
bottom drainage layer and leachate collection system with a multi-layered cap over the waste 
materials. 
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The considerations are the same as described in Altemative Sa, with the addition of the drainage 
layer and leachate collection system beneath the waste materials in the repository. 

Conceptual Design and Assumptions 
Based on the available data and the above considerations, the conceptual design for Alternative 
5b includes: 

Improving and maintaining the existing main access road from Indian Creek Road to the Iron 
Mask Mine and Mill Site to facilitate safe access by heavy equipment and construction 
crews. 
Improving and maintaining the existing site access roads and repository road to facilitate 
construction activities. 
Constructing a new surface water diversion to route storm water and adit flow away from 
waste materials to facilitate construction activities. 
Installing stream protection structures (silt fence and straw bales) to prevent sediment from 
entering Whipcracker Gulch during construction. 
Excavating a borrow source/repository, assumed to be located approximately I mile from the 
Iron Mask Mine and Mill Site, to obtain clean cover material for reclamation work and 
provide containment for excavated waste materials. The bottom of the repository would 
consist of a finished graded smooth subgrade with a leachate collection system overlain by a 
Geocomposite Drainage Layer. 
Construct the leachate collection/removal system consisting of a one-foot thick layer of 
washed, coarse gravel placed in a collection trench lined with a polyvinyl chloride (PVC) 
lining. The PVC drain pipes would be installed in conjunction with the coarse gravel layer to 
facilitate leachate collection/removal. The Geocomposite Drainage Layer would be installed 
prior to placement of waste materials. 
Excavate, haul and place waste materials from WRI, WR2 and WR3 at the repository. 

• 	 Excavate, haul and place waste materials from T A 1 and TA2 at the repository. 
Reconstruct stream channel and place substrate materials. 
Backfill excavated areas with 1-foot of amended cover soil. 
Constructing a multi-layered cap over the waste materials in the repository. The multi­
layered cap consists of a Geotextile Cushion placed directly over the upper most compacted 
lift of mine wastes in the repository, followed by the GCL, and a Geocomposite Drainage 
Layer, consisting of a synthetic Geonet drainage material with non-woven Geotextile filter 
fabric, being placed over the GCL, and a two-foot thick layer of amended cover soil. 

• 	 Revegetating and mulching all disturbed areas upon completion of construction activities 
(temporary roads, staging areas, cover soil application areas, repository cap etc.). 

The current main access road to the Iron Mask Mine and Mill Site is approximately four miles in 
length and is in fair condition. This unimproved dirt road will require minor upgrading by 
blading/regrading to facilitate safe access to the site. Existing site access roads are also in fair 
condition and will require only minor upgrading. 

Seeding would likely take place during the fall season. The seed mixture and fertilizer would be 
applied simultaneously to the prepared seedbeds by approved methods. Mulch or natural fabric 
mats would be applied to provide temporary protection of highly erodible disturbed surfaces. 
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Effectiveness - Placing waste materials in a secure on-site containment facility would effectively 
minimize the solid media contaminant mobility and avai lability for exposure at the site. All 
waste materials would be rendered immobile in an engineered structure located away from steep 
terrain and protected from erosion problems. Any potential surface water erosion problems of 
the repository cap would be mitigated through engineered slopes of no steeper than 4H: 1 V, 
utilization of stonn water control ditches, and establishment of a vegetated cover. 

With the addition of a leachate collection system and drainage layer below the waste sources, the 
ability of any potential leachate to infiltrate to subsurface materials and groundwater is reduced, 
and can be captured for evaporation or treatment as necessary. As a result, the overall 
effectiveness of thi s alternative is expected to be improved over Alternative Sa; however, the 
toxicity or volume of the wastes would not be further reduced since no actual treatment of the 
contaminants would be conducted. 

lmplementability - Alternative Sb is both technically and administratively feasible; however, the 
degree of feasibility is dependent on finding a suitable borrow area/repository site. Repository 
construction, placement of waste sources, incorporation of amended cover soil , establishing 
vegetation and construction of surface water controls are applicable technologies that utilize 
standard design methods that have been thoroughly tested. The required construction techniques 
and the associated equipment are readily available and commonly used. Placement of lining 
materials and consh-uction of a leachate collection system are technically more difficult and 
should only be performed by a contractor with task-specific experience. 

When the addition of a leachate collection system and bottom drainage layer is considered, the 
ultimate reliability of this alternative can be readily monitored and is expected to be improved 
over that of Alternative Sa; however, this alternative would still require minor monitoring and 
maintenance to ensure the integrity of the repository cap and stonn water controls. 

Cost Screening- The total capital cost for Alternative Sb has been estimated at $924,146 which 
represents the reclamation of all the waste rock dumps and tailings matetials at the Iron Mask 
Mine and Mill Site. Table C-7 (Appendix C) presents the cost details associated with 
implementing this alternative. 

Screening Summmy- Alternative Sb has been retained for detailed analysis since complete 
removal and disposal in a modified RCRA repository may be an effective, feasible, and cost­
effective remedy for the site. 

7.4 ALTERNATIVES SCREENING SUMMARY 

Table 7-3 summarizes the findings of the preliminary evaluation and screening as described in 
Section 7.3. 
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TABLE 7-3 

ffiON MASK MINE AND Mll..L SITE 


RECLAMATION AL TERNATJVES SCREENING SUMMARY 


ALTERNATIVE 
DESCRIPTION 

EFFECTIVENESS IMPLEMENT ABLE 
ESTIMATED 

COST 

RETAINED 
FOR 

DETAILED 
ANALYSIS 

Alt. I : No Action 

Alt. 2: Institutional Controls 

Alt. 3a: Consol idate Waste 
Rock On-Site with Cover 
Soi l Cap 

Alt. 3b: Consolidate Waste 
Rock and Tailings On-Site 
with Cover Soi l Cap 

Alt. 4a: Consolidate Waste 
Rock 2, Waste Rock 3 and 
Tai lings in On-Site 
Repository with Cover Soil 
Cap 

Alt. 4b: Consolidate All 
Waste in On-Site Repository 
with Cover Soil Cap 

Alt. Sa: Consolidate Al l 
Waste in On-Site Repository 
with Multi-Layer Cap 

Alt. 5b: Consolidate All 
Waste in On-Site Modified 
RCRA Repository 

NA 

Low 

Low-Moderate 

Moderate 

Moderate-High 

High 

High 

High 

NA 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

$0 

$ 12,650 

$248,572 

$31 7,768 

$379,880 

$635,093 

$805 ,868 

$924,146 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 
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8.0 DETAILED ANALYSIS OF ALTERNA TJVES 

This section presents the detailed analysis of reclamation alternatives pertaining to seven of the 
nine NCP evaluation criteria. 

The purpose of the detailed analysis is to evaluate, in detail , reclamation alternati ves for their 
effectiveness, implementability, and associated cost to control and reduce the toxicity, mobi lity, 
and/or volume of contaminated solid mine wastes at the Iron Mask Mine and Mill Site. The 
reclamation alternatives that were retained after the preliminary evaluation and screening (as 
presented in Section 7.0) are included in this detailed analysis. For clarity, the retained 
alternative numbers are carried over from Section 7.0. The reclamation alternatives evaluated in 
detail are applicable to the contaminated solid media waste materials only. The rationale for not 
directly developing reclamation alternatives for surface water was based primarily on the 
presumption that reclaiming the solid media waste sources along Whipcracker Gulch wi ll 
subsequently reduce the potential problems associated with surface water sedimentation at a 
significantly reduced cost. 

As required by the CERCLA and the NCP, reclamation alternatives that were retained after the 
initial evaluation and screening have been evaluated individually against the following criteria: 

• 	 Overall protection ofhuman health and the environment; 
• 	 Compliance with ARARs; 
• 	 Long-term effectiveness and pennanence; 
• 	 Reduction of toxicity, mobility, or volume through treatment; 
• 	 Short-term effectiveness; 

Implementability; and 
• Cost. 

Supporting agency acceptance and community acceptance are additional criteri a that will be 
addressed after the BLM and public have reviewed the evaluations presented herein. The 
analysis criteria have been used to address the CERCLA requirements and considerations with 
EPA guidance (EPA, 1988), as well as additional teclmical and policy considerations. These 
criteria serve as the basis for conducting the detailed analysis and subsequently selecting the 
preferred reclamation alternative. The criteria li sted above are categorized into three groups, 
each with distinct functions in selecting the preferred alternative. These groups include: 

Threshold Criteria-overall protection of human health and the environment and compl iance 

with ARARs; 

Primary Balancing Criteria-long-tenn effectiveness and permanence; reduction of toxicity, 

mobility, or volume through treatment; shor1-tenn effectiveness; implementability; and cost; 

and 

Modifying Criteria-supporting agency and community acceptance. 


Overall protection ofhuman health and the environment and compliance with ARARs are 
threshold criteria that must be satisfied for an alternati ve to be eligible for selection. Long-term 
effectiveness and permanence; reduction of toxicity, mobility, or volume; short-term 
effectiveness; implementability; and cost are the primary balancing factors used to weigh major 
trade-offs between alternative waste management strategies. Supporting agency and communi ty 
acceptance are modifying considerations that are formally considered after public comment is 
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received on the proposed plan (Federal Register, No. 245, 51394-50509, December 1988). Each 
criterion is briefl y described in the following paragraphs. 

The overall protection criterion evaluates how the alternative, as a whole, protects and maintains 
human health and the environment. The overall assessment of protection is based on a 
combination of factors assessed under other evaluation cri teria, especially long-term 
effecti veness and permanence, short-term effectiveness, and compliance with ARARs. 

Compliance with ARARs criterion assesses how each alternative complies with applicable or 
relevant and appropriate standards, criteri a, advismi es, or other guidelines. Waivers will be 
identified, if necessary. The following factors will be addressed for each altemative during the 
detai led analysis of ARARs: 

• 	 Compliance with chemical-specific ARARs; 
Compliance with action-specific ARARs; 
Compliance with location-specific ARARs; and 
Compliance with appropriate criteria, advisories, and guidelines. 

Long-term effectivenes,..,· andp ermanence evaluates the altemative's effectiveness in protecting 
human health and the environment after response objectives have been met. The following 
components of the criterion will be addressed for each altemative: 

Magnitude of residual risk; 
Adequacy of controls; and 
Reliability of controls. 

The reduction oftox icity, mobility, or volume assessment evaluates anticipated perfom1ance of 
the specific treatment technologies. This evaluation focuses on the fo llowing specifi c factors for 
a patiicular reclamation alternative: 

The treatment process, the remedies they will employ, and the materials they will treat; 
• 	 The amount of hazardous materials that wi ll be destroyed or treated, including how principal 

threat(s) will be addressed; 
• 	 The degree of expected reduction in toxicity, mobility, or volume measured as a percentage 

of reduction (or order of magnitude); 
Degree to which the treatment will be irreversible; and 

• 	 The type and quantity of treatment residuals (i.e., wastewater treatment sludges, spent 
reagents) that will remain following treatment. 

Short-term effectiveness evaluates an alternative's effecti veness in protecting human health and 
the environment during the construction and implementation petiod until the response objectives 
are met. Factors that will be considered under this criterion include: 

• 	 Protection of the surrounding community during reclamation actions; 
• 	 Protection of on-site workers during reclatnation actions; 

Protection from environmental impacts; and 
• 	 Time until removal response objectives are achieved. 

Implementability evaluates the technical and administrative feasib ility of altematives and the 
availability of required resources. Analysis of this criterion will include the following factors 
and sub-factors: 
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Technical Feasibility 

Construction and operation; 
• 	 Reliability of technology; 

Ease of undertaking additional RA; and 
Monitoring considerations. 

Administrative Feasibility 

RCRA disposal restrictions; 
• 	 Institutional Controls; and 
• Permitting requirements. 

Availability of Services and Mate1ials 

• 	 Adequate off-site treatment, storage capacity, and disposal service; 
• 	 Necessary equipment and specialists and provisions to ensure any necessary additional 

resources; 
• 	 Timing of the availability of technologies under consideration; and 
• 	 Services and materials: 

The cost assessment consists of developing conservative, order-of-magnitude cost estimates 
based on similar sets of site-specific assumptions. Cost estimates for each alternative will 
consider the following factors: 

Capital Costs 

Construction costs; 
• 	 Equipment costs; 
• 	 Land and site development costs; 
• 	 Disposal costs; 

Legal fees , license, and permit costs; 
Startup and troubleshooting costs; and 

• 	 Contingency allowances. 

Supporting Agency acceptance will evaluate the technical and administrative issues and 
concerns the agencies may have regarding each of the alternatives. Acceptance will also focus 
on legal issues and compliance with state statutes and regulations. Community acceptance will 
incorporate public concerns into the analyses of the alternatives. 

The final step of this analysis is to conduct a comparative analysis ofthe alternatives. The 
analysis will include a discussion of the alternative's relative strengths and weaknesses with 
respect to each of the c1iteria and how reasonable key uncertainties could change expectations of 
their relative performance. 

Once completed, this evaluation will be used to select the preferred alternative(s). The selection 
of the preferred alternative(s) will be documented in a Record of Decision (ROD) by the BLM. 
A public meeting to present the alternatives will be conducted and relevant oral and written 
comments will be addressed in writing. 

8.1 QUANTITATIVE EVALUATION OF THRESHOLD CRITERlA 

In the following detailed evaluations of the threshold criteria, each reclamation alternative 
contains quantitative estimates of risk reduction as well as estimates regarding whether ARARs 
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would be attained by implementing the alternative. To quantitatively assess the threshold criteria 
(overall protection ofhuman health and the environment and attainment of ARARs), the 
exposure pathways of concern that were identified in the baseline ri sk assessment (human health 
and ecologic) were evaluated to determine the risk reduction required to achieve the desired 
residual risk level (HQ< J.OO and EQ< I.OO). Each alternative was then modeled to ascertain the 
degree of risk reduction achieved, either through reduced contaminant loadings to an exposure 
pathway or reduced surface area available for certain exposures. The resulting risk reduction 
estimates are then compared to one another to determine whether the relative risk reduction 
provided by a specific alternative is greater than another; these risk reductions are also compared 
to the reduction required to alleviate excess risk via the specific pathway or medium, as 
detennined in the risk assessments. The risk reduction models also estimate resultant 
contaminant concentrations in the various media, which are then compared to media- and 
contaminant-specific ARARs. 

Modeling estimates and assumptions are used in an attempt to quantify ri sk reduction and 
detern1ine whether ARARs would be attained. In the course ofperfo1ming this quantitative 
analysis, several assumptions and estimates are necessarily employed. Some of the assumptions 
are based on standard CERCLA risk assessment guidance, while others are based on site-specific 
observations and professional judgment. Many of the estimates are based on conservative 
(worst-case) scenarios, but since alternatives are compared to one another on a relati ve basis, 
these assumptions are consistent. Although the NCP states that overall protection of human 
health and the environment and compliance with ARARs are threshold criteria that must be 
satisfied for an alternative to be eligible for selection, the evaluation findings should not be 
considered absolute (i.e., ARARs); instead, the relative risk reduction differences between 
alternatives are meaningful to ri sk managers and can be used to evaluate these crite1ia. 

The human health baseline risk assessments detennined that the pathways and COCs at the lron 
Mask Mine and Mill Site were soil ingestion/dust inhalation of As, Cd, Pb, and Mn. To evaluate 
the risk reduction for these contaminants via the corresponding pathways, a recreational 
exposure scenario has been modeled for each reclamation alternative. The resultant risk 
reductions are compared to the reduction required to achieve the level ofprotectiveness. Based 
on the solid media clean up goals presented in Section 6.2, the recreational exposure scenario 
requires a 98% reduction in surface concentration or area to achieve no toxic effects from As, the 
primary (most stringent) COC. No reductions are required to attain the recreational water 
ingestion criteria. While the site is not being evaluated for residential use, the attainment of 
residential soil crite1ia and DEQ-HHS for surface water is mentioned for completeness. 

The ecologic risk assessment identified three exposure scenarios of concern: aquatic life­
sediment, terrestrial mammals and plant phytotoxicity to As, Cd, Pb, Ag and Zn. Based on the 
solid media clean up goals presented in Section 6.2, the terrestrial mammals and plant 
phytotoxicity scenarios require 99% and 98% respective reductions in surface concentrations or 
area to achieve no toxic effects from Zn, the primary (most stringent) COC. No solid media 
clean up goals were established for stream sediment, as it was assumed that reclamation of the 
waste sources would improve the sediment environment in Whipcracker Gulch. No reductions 
are required to meet DEQ-AALS for surface water. 

These exposure pathways were modeled to evaluate the relative risk reductions and attainment of 
ARARs afforded by each alternative. These calculations involved a combination of measured 
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data collected at the site (waste concentrations), and modeled impacts. A discussion of how the 
evaluations were performed and the assumptions used follows for each pathway. 

The soil/dust and plant phytotoxicity exposure pathways were empirically modeled using 
reductions in exposed surface area to estimate reduction in human exposures. Assumptions used 
to evaluate reclamation effectiveness include the following: alternati ves that employed soil caps 
were assigned a 65% long-tenn effectiveness for preventing exposure to surface wastes; wastes 
placed in a repository with a soil cap were assigned an 75% long-te1m effectiveness; wastes 
placed in a repository with a multi-layered cap were assigned a 85% long-tenn effectiveness; and 
sources moved off-site were assumed to have been 100% removed from exposures via this 
pathway. 

The surface water/sediment pathway was also modeled using a simple mathematical model 
which utilized two components: measured concentrations above and below the site wastes; and 
an estimate of the relative increases in sediment loading provided by each source, based on 
relative contaminant concentrations in each source, the area of the source, and the proximity of 
each source to a surface water conveyance. 

Because of the steep terrain at the site, slope stability was also a factor in estimation of long-tenn 
effecti veness of each alternative. Alternatives that result in steep slopes as part of reclamation 
(in-place containment) were assigned a higher long-tenn risk factor for contaminant exposure 
and mobility. Lower tisk factors were assigned to more stable alternatives (repositmies). 

Assumptions used to evaluate sediment loadings include the following: alternatives that 
employed soil caps were assigned a 65% long-tenn effectiveness for preventing erosion into 
surface water; wastes placed in a repository with a soil cap were assigned an 75% long-term 
effectiveness; wastes p laced in a repository with a multi-layered cap were assigned a 85% long­
term effectiveness; and sources moved off-site were assumed to have been I 00% removed from 
exposures via thi s pathway. 

8.2 ALTERNATIVE 1: NO ACTION 

The No Action Alternative is required for analysis by CERCLA and the NCP when evaluating 
alternatives in detail ; the No Action Alternative is used to provide a baseline for compming other 
alternatives. Under this alternative, no permanent reclamation activities would be implemented. 
Consequently, long-term human health and environmental risks associated with the on-site 
contamination would remain unchanged, with the contaminant sources at the site continuing to 
pose a threat to human health and environmental resources via dust, soil ingestion and surface 
water sedimentation. 

8.2. 1 Overall Protection of Human Health and the Environment 

The No Action Alternative provides no control of exposures to contaminated materials and no 
reduction in risk to human health or the environment. It allows for the continued migration of 
contaminants and potential degradation of water quality by sediments entering the stream during 
high runoff events. 

Protection of human health would not be achieved under the No Action Alternative. Prevention 
of human exposure to COCs via the pathways of concern, as identified in the human health risk 
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assessm ent, would not occur. Soil ingestion/dust inhalation exposure to As, Cd, Pb, and Mn via 
contaminated surface soil would not be reduced. None of the risk reduction goals would be met. 

Protection of the environment would also not be achieved under the No Action Alternative. 
Prevention of ecologic exposures, via the scenarios identified in the ecologic risk assessment, 
would not occur; exposures to arsenic, cadmium, lead, si lver and zinc via contaminated surface 
soil and stream sediment would not be reduced. None of the ri sk reduction goals would be met. 

A tisk reduction achievement matTix (Table 8-1) was developed to assess whether the altem ative 
affords sufficient protection to human health and the environment for the pathways and COCs 
identified in the human health risk assessment (Section 5.1) and the ecological risk assessment 
(Section 5.2). The conclusions presented in the table are based on worst-case modeling results 
subject to the limitations and assumptions used in the models (see Section 8. 1 for d iscussion) . 

TABLE 8-1 

RISK REDUCTION ACHIEVEMENT MATRIX FOR ALTERNATIVE 1 


Alternative 1 As Cd Pb Mn Ag Zn Overall 

Human Health Exposure Pathway: 

Soil Ingestion No No No No -­ -­ No 

Ecologic Exposure Pathways: 

Stream Sediment No No No -­ No No No 

Terrestri al Mammals No No No -- -­ No No 

Plant Phytotoxicity No No No -­ No No No 

-- = Risk reduction not requ ired for the contaminant for that pathway. 

No = Does not achieve required risk reduction for exposure pathway. 

Yes= Does achieve required risk reduction for exposure pathway. 

Recr.= Achieves recreational risk reduction. 

Res.= Achieves residential and recreational risk reduction. 


8 .2.2 Compliance with ARARs 

Federal or State ARARs only app ly to water quality. Under the No A ction Alternative, no 
contaminated materials would be treated, removed, or actively managed. Since no water quality 
ARARs are currently exceeded under the DEQ-AALS, this alternative achieves water quality 
ARARs for aquatic life acute exposure. Although the recreational water ingestion cri teria for 
humans are not currently exceeded, water quality ARARs would continue to be exceeded for Pb 
under the more stringent DEQ-HHS. 

8.2.3 Long-Tenn Effectiveness and Pennanence 

No controls or long-tenn measures would be placed on the contaminated material s at the site; 
consequently, a ll current and fu ture risks would remain the same as described in the baseline risk 
assessment (Section 5.0). Therefore, the No Action A lternative would no t be effective at 
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minimizing risks from exposure to these materials. The time required until reclamation 
objectives are reached (by natural contaminant degradation and erosion) would be indefinite and 
would most likely be measured in terms of geologic time frames. 

8.2.4 Reduction ofToxicity, Mobility, or Volume Through Treatment 

The No Action Alternative would provide no reduction in toxicity, mobility, or volume of the 
contaminated materials. 

8.2.5 Short-Term Effectiveness 

In the short-term, the No Action Alternative would pose no additional threats to the community 
or the environment because the cutTent site conditions would not be changed. The identical level 
of risk as identified in the risk assessment (see Section 5.0) would continue to ex ist in the short 
and long term. 

8.2.6 lmplementability 

There would be no implementability concerns posed by the No Action Alternative since no 
action would be taken. 

8.2.7 Costs 

The cost for implementing this alternative would be zero since no action would be taken. 

8.3 ALTERNATIVE 3a: CONSOLIDATE WASTE ROCK ON-SITE WITH COVER SOIL 
CAP 

Alternative 3a involves consolidation of waste rock sources at the Iron Mask Mine and Mi ll Site, 
grading the consolidated waste rock dump, applying cover soil and amendments, and 
establishing vegetation on the surface of the cap matetials. Waste rock material would be graded 
away from Whipcracker Gulch to allow reconstruction of the stream channel. The tailings 
material located at T A I would remain in place and the impoundment at T A2 would be regraded 
in place and covered with surrounding soil. A detailed description of this alternative is presented 
in Section 7.3.3. 

8.3. 1 Overall Protection of Human Health and the Environment 

This alternative would provide a means of reducing soil ingestion exposure to the COCs and 
would reduce sediment runoff and plant phytotoxicity at the waste rock sources and TA2, but 
does nothing to address risks present at TAl. With an overall risk reduction of 20%, protection 
of human health and the environment is not achieved. 

Limited protection of human health would be achieved under thi s alternative. Reduction of 
human exposures to COCs via the pathways of concern, as identified in the human health risk 
assessment, would occur. Soil ingestion exposure to Mn via contaminated surface soil would be 
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sufficiently reduced below recreational criteria; however, exposure to the ptimary COC (As) is 
reduced by only J8%, which is not enough to meet the recreational goal of 98% reduction. 

No protection of the environment would be achieved under this alternative. Adequate reduction 
of ecologic exposures to As, Cd, Pb, Ag and Zn, via the scenarios identified in the ecologic risk 
assessment, would not occur. Exposure to the primary COC (Zn) under the ecologic risk 
assessment is also reduced by only 18%, which does not achieve the terrestrial mammal or plant 
phytotoxicity reduction goals of 99% and 98%. 

A risk reduction achievement matrix (Table 8-2) was developed to assess whether the alternative 
affords sufficient protection to human health and the environment for pathways and COCs 
identified in the human health risk assessment (Section 5.1) and the ecological risk assessment 
(Section 5.2). The conclusions presented in the table are based on worst-case modeling results 
subject to the limitations and assumptions used in the models (see Section 8.1 for discussion). 

TABLE 8-2 


RISK REDUCTION ACHIEVEMENT MATRIX FOR ALTERNATIVE 3a 


Alternative 3a As Cd Pb Mn Ag Zn Overall 

Human Health Exposure Pathway: 

Soil Ingestion No No No Recr. -­ -­ No 

Ecologic Exposure Pathways: 

Stream Sediment No No No -­ No No No 

Terresttial Mammals No No No -­ -­ No No 

Plant Phytotoxicity No No No -­ No No No 

-- = Ri sk reduction not required for the contam inant for that pathway. 

No= Does not achieve required risk reduction for exposure pathway. 

Yes= Does achieve required r isk reduction for exposure pathway. 

Recr.= Achieves recreational risk reduction. 

Res.= Achieves residential and recreational ri sk reduction. 


8.3.2 Compliance with ARARs 

There are no ARARs that apply to in-place stabilization/containment of contaminated solid 
media. Since no water quality ARARs are currently exceeded under the DEQ-AALS, this 
alternative achieves water quality ARARs for the aquatic life acute exposure. Although the 
recreational water ingestion criteria for humans are not currently exceeded, water quality ARARs 
would continue to be exceeded for lead under the more stringent DEQ-HHS. 

8.3.3 Long-Tenn Effectiveness and Permanence 

Grading, capping and revegetation of the consolidated waste rock dump and impoundment at 
T A2 would reduce the risk of direct contact and inhalation ofairborne contaminants, provide 
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protection from surface water and wind erosion, and would reduce net infiltration through the 
contaminated media by increasing evapotranspiration processes and promoting runoff. However, 
thi s alternative does not mitigate risks associated with the contamination present at TA1. 

Because of space constraints and the surrounding topography at the site, the steepness of the 
regraded slopes would likely exceed 3H : IV; soil covers are often subjected to severe surface 
water erosion problems when placed on slopes steeper than 3H: IV. Compaction may help 
reduce erosion problems, but may cause revegetation problems. Consequently, erosion control 
mats may be appropriate for application on the steep slopes of reclaimed waste sources in 
attempt to improve the long-term effectiveness. 

The long-tetm effectiveness of revegetation would be enhanced by installing proper erosion 
control materials, applying amendments, and selecting appropriate plant species, as opposed to 
selecting native species exclusively. 

In the long term, water quality and sedimentation in Whipcracker Gulch is expected to be 
improved tlu·ough reclamation of the source contamination. 

8.3.4 Reduction of Toxici ty, Mobility, or Volume Through Treatment 

The objective of this alternative is to provide a reduction in contaminant mobility. The volume 
or toxicity of the contaminants would not be reduced by implementing this alternative. 

Reclamation would stabilize the waste rock and T A2 impoundment and reduce contaminant 
mobility via surface water, wind erosion and infiltration. Removing portions of the waste rock 
dumps located adjacent to the stream reduces direct contact with the stream and the potential for 
mobility through surface water erosion. Although the tailings located at TA I are currently well 
vegetated, the shallow nature of the deposits leave them susceptib le to direct contact and 
mobility through erosion and infiltration. 

Based on modeling results, this altemative is expected to reduce the mobility of the on-site 
contaminants to an extent that would result in an overall human health and ecological risk 
reduction (all pathways and al l routes of exposure considered) of20%. 

8.3.5 Short-Tenn Effectiveness 

Tt is anticipated that the construction phase of this alternative would be accomplished in one field 
season; therefore, impacts associated with construction would be short tenn. Short-term impacts 
to the surrounding community are expected to be minimal due to the remote location of the 
project site and lack of residential occupation in the immediate area. However, short-tenn air 
quality impacts to the surrounding environment may occur due to the volumes of wastes 
requiring excavation and regrading. On-site workers would be adequately protected during the 
construction phase by utilizing appropriate personal protective equipment and by following 
proper operating and safety procedures. Control of fugitive dust emissions would be provided by 
applying water (via water truck) to surfaces receiving heavy vehicular traffic, or in excavation 
areas, etc. 

Draft Final EEE/CA 8-9 
Iron Mask Mine and Mill Site 



Under this alternative, some wastes located directly in or near Whipcracker Gulch would be 
removed and/or regraded. These construction activities would occur directly in or very near the 
cunent stream channel and could cause significant short-term adverse impacts to water quality in 
the stream. For these reasons, the stream would be temporarily diverted away from construction 
areas as needed to minimize any short-term impacts. Stonn water runoff from other general 
construction activities may also cause short-tenn adverse impacts to water quality in the stream. 
Construction Best Management Practices (BMPs) would be employed to address these sources 
and reduce adverse impacts to surface water from the construction activities. 

8.3.6 	 lmplementability 

This alternative is both teclmically and administratively feasible. The road construction, 
excavation, consolidation, grading, capping, and revegetation steps required are considered 
conventional construction practices; materials and equipment are readily available. Also, design 
methods and requirements are well documented and understood. However, the construction 
steps required to implement this alternative are considered moderately difficult (due, in part, to 
the steep terrain and the remote location), and should only be performed by experienced 
contractors utilizing the appropriate equipment. 

The caps and associated run-on controls would have to be maintained to ensure that they 
continue to perform as designed; the caps would continue to be susceptible to possible 
settlement, erosion, and disruption of cover integtity by vehicles, grazing, deep-rooting 
vegetation, and burrowing animals. Consequently, frequent long-term monitoring of the remedy, 
including surface water and sediment monitoring in Whipcracker Gulch, would be required. 
Required maintenance could be easily detennined and implemented through the monitoring and 
maintenance program. 

Integration of institutional controls such as travel restrictions, access controls and livestock 
management would be beneficial to preserve the integrity of the remedy. 

8.3.7 	 Costs 

The total capital cost for Alternative 3a has been estimated at $248,572 which represents the 
reclamation of all the waste rock dumps and T A2 at the Iron Mask Mine and Mill Site. The total 
cost does not include costs for monitoring and maintenance or implementation oflnstitutional 
Controls. Table C-2 (Appendix C) presents the cost details associated with implementing this 
alternative. Descriptions of the costs associated with this alternative are presented in Section 
7.3.3. 

8.4 	 ALTERNATfVE 3b: CONSOLIDATE WASTE ROCK AND TAILINGS ON-SITE 
WITH COVER SOIL CAP 

Alternative 3b involves consolidation of all waste rock and tailings from TA 1 at the Iron Mask 
Mine and Mill Site, grading the consolidated waste, applying cover soil and amendments, and 
establishing vegetation on the surface of the cap materials. Waste rock material would be graded 
away from Whipcracker Gulch to allow reconstruction of the stream channel. The impoundment 
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at T A2 would be regraded in place and covered with sunounding soil. A detai led description of 
this alternative is presented in Section 7.3.4. 

8.4.1 Overall Protection of Human Health and the Environment 

This alternative would provide a means of reducing soil ingestion exposure to the COCs and 
would reduce sediment runoff and plant phytotoxicity at all waste sources. However, with an 
overall risk reduction of 81 %, protection of human health and the environment is not achieved. 

Some protection of human health would be achieved under this alternative. Reduction of human 
exposures to COCs via the pathways of concern, as identified in the human health ri sk 
assessment, would occur. Soil ingestion exposure to Cd and Mn via contan1inated surface soil 
would be reduced below recreational criteria; however, exposure to the primary COC (As) is 
reduced by 86%, wh ich is not enough to meet the recreational goal of 98% reduction. 

Limited protection of the environment would also be achieved under this alternative. Reduction 
of ecologic exposures to COCs, via the scenarios identified in the ecologic risk assessment, 
would occur. Terrestrial mammal exposure to arsenic is reduced below the criteria; however 
reduction of exposure to the primary COC (Zn) is 79%, which does not achieve the terrestrial 
mammal or plant phytotoxicity reduction goals of99% and 98%. 

A 1isk reduction achievement matrix (Table 8-3) was developed to assess whether the alternative 
affords sufficient protection to human health and the environment for pathways and COCs 
identified in the human health 1isk assessment (Section 5.1) and the ecological ri sk assessment 
(Section 5.2). The conclusions presented in the table are based on worst-case modeling results 
subject to the limitations and assumptions used in the models (see Section 8.1 for discussion). 

TABLE 8-3 

RISK REDUCTION ACHIEVEMENT MATRIX FOR ALTERNATIVE 3b 

Alternative 3b As Cd Pb Mn Ag Zn Overall 

Human Health Exposure Pathway: 

Soil Ingestion No Res. No Recr. -­ -­ No 

Ecologic Exposure Pathways: 

Stream Sediment No No No -­ Yes No No 

Terrestrial Mammals Yes No No -­ -­ No No 

Plant Phytotoxicity No No No -­ No No No 

-- = Risk reduction no t required for the contaminant for that pathway. 

No = Docs not achieve required risk reduction for exposure pathway. 

Yes = Does achieve required risk reduction for exposure pathway. 

Recr.= Ach ieves recreational risk reduction . 

Res.= Achieves residential and recreational risk reduction. 
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8.4.2 Compliance with ARARs 

There are no ARARs that apply to in-place stabilization/contaimnent of contaminated solid 
media. Since no water quality ARARs are currently exceeded under the DEQ-AALS, this 
alternative achieves water quality ARARs for the aquatic life acute exposure. Although the 
recreational water ingestion criteria for humans are not currently exceeded, water quality ARARs 
would continue to be exceeded for lead under the more stringent DEQ-HHS. 

8.4.3 Long-Tenn Effectiveness and Permanence 

Grading, capping and revegetation of the consolidated waste (waste rock and TA 1) and 
impoundment at T A2 would reduce the risk of direct contact and inhalation of airborne 
contaminants, provide protection from surface water and wind erosion, and would reduce net 
infiltration through the contaminated media by increasing evapotranspiration processes and 
promoting runoff. 

Because of space constraints and the sunounding topography at the site, the steepness of the 
regraded slopes would likely exceed 3H:1V; soil covers are often subjected to severe surface 
water erosion problems when placed on slopes steeper than 3H: IV. Compaction may help 
reduce erosion problems, but may cause revegetation problems. Consequently, erosion conh·ol 
mats may be appropriate for application on the reclaimed waste sources in attempt to improve 
the long-tenn effectiveness. 

The long-term effectiveness of revegetation would be enhanced by installing proper erosion 
conh·ol mate1ials, applying amendments, and selecting appropriate plant species, as opposed to 
selecting native species exclusively. 

In the long te1m, water quality and sedimentation in Whipcracker Gulch is expected to be 
improved through reclamation of the source contamination. 

8.4.4 Reduction ofToxicity, Mobility, or Volume Through Treahnent 

The objective of this alternative is to provide a reduction in contaminant mobility. The volume or 
toxicity of the contaminants would not be reduced by implementing this alternative. 
Reclamation would stabilize the waste sources and reduce contaminant mobility via surface 
water, wind erosion and infiltration. Removing portions of the waste rock dumps located 
adjacent to the stream reduces direct contact with the stream and the potential for mobility 
through surface water erosion. 

Based on modeling results, this alternative is expected to reduce the mobility of the on-site 
contaminants to an extent that would result in an overall human health and ecological risk 
reduction (all pathways and all routes of exposure considered) of 79%. Risk reduction under this 
alternative is increased over Alternative 3a by inclusion of the tailings material located at TA 1 in 
the remedy. 
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8.4.5 Short-Tern1 Effectiveness 

It is anticipated that the construction phase of this alternative would be accomplished in one field 
season; therefore, impacts associated with construction would be short term. Short-term impacts 
to the surrounding communjty are expected to be minimal due to the remote location of the 
project site and lack of residential occupation in the immediate area. However, short-term air 
quality impacts to the surrounding environment may occur due to the volumes of wastes 
requiring excavation and regrading. On-site workers would be adequately protected during the 
construction phase by utilizing approp1iate personal protective equipment and by following 
proper operating and safety procedures. Control of fugitive dust emissions would be provided by 
applying water (via water truck) to surfaces receiving heavy vehicular traffic, or in excavation 
areas, etc. 

Under this alternative, some wastes located directly in or near Whipcracker Gulch would be 
removed and/or regraded . These construction activities would occur directly in or very near the 
current stream channel and could cause significant short-term adverse impacts to water quality in 
the stream. For these reasons, the stream would be temporarily di verted away from construction 
areas as needed to minimize any short-term impacts. St01m water runoff from other general 
construction activities may also cause short-term adverse impacts to water quality in the stream. 
Construction BMPs would be employed to address these sources and reduce adverse impacts to 
surface water from the construction activities. 

8.4.6 Implementability 

This alternative is both technically and administratively feasible. The road construction, 
excavation, consolidation, grading, capping, and revegetation steps required are considered 
conventional construction practices; materials and equipment are readily available. Also, design 
m ethods and requirements are well documented and understood. However, the construction 
steps required to implement tills alternative are considered moderately difficult (due, in pa1i, to 
the steep ten·ain and the remote location), and should only be performed by experienced 
contractors utilizing the appropriate equipment. 

The caps and associated run-on controls would have to be maintained to ensure that they 
continue to perfonn as designed; the caps would continue to be susceptible to possible 
settlement, erosion, and di sruption of cover integrity by vehicles, grazing, deep-rooting 
vegetation, and burrowing animals. Consequently, freq uent long-te1m monitoring of the remedy, 
including surface water and sediment monitoring in Whipcracker Gulch, would be required. 
Required maintenance could be easi ly detennined and implemented through the monitoring and 
maintenance program. 

fntegration oflnstitutional Controls such as travel restrictions, access controls and livestock 
management would be beneficial to preserve the integrity of the remedy. 
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8.4.7 	 Costs 

The total capital cost for Alternative 3b has been estimated at $3 17,768 which represents the 
reclamation of all the waste rock dumps and tailings materials at the Iron Mask Mine and Mill 
Site. The total cost does not include costs for monitoring and maintenance or implementation of 
Institutional Control s. Table C-3 (Appendix C) presents the cost details associated with 
implementing this alternative. Descriptions of the costs associated with this alternative are 
presented in Section 7.3.4. 

8.5 	 ALTERNATIVE 4a: CONSOLIDATE WR2, WR 3 AND TAILINGS IN ON-SITE 
REPOSITORY WITH COVER SOIL CAP 

Alternative 4a involves consolidation of the most highly contaminated waste sources at the Iron 
Mask Mine and Mill Site into an on-sHe repository, applying cover soi l and amendments, and 
establi shing vegetation on the surface ofthe cap materials. Waste rock material located at WRI 
would be regraded away from Whipcracker Gulch to allow reconstruction of the stream channel, 
and capped with amended cover soil. A detailed description of this alternative is presented in 
Section 7.3.5. 

8.5. 1 	 Overall Protection of Human Health and the Environment 

This altemative would provide a means of reducing soil ingestion exposure to the COCs and 
would reduce sediment runoff and plant phytotox icity at all waste sources. However, with an 
overall ri sk reduction of 89%, protection ofhuman health and the environment is not achieved. 

Considerable protection ofhuman health would be achieved under this alternative. Reduction of 
human exposures to COCs via the pathways of concern, as identified in the human health risk 
assessment, would occur. Soil ingestion exposure to Cd, Pb and Mn via contaminated surface 
soil would be reduced below recreational criteria; exposure to the primary COC (As) is reduced 
by 93%, but fall s short of meeting the recreational goal of98% reduction . 

Some protection of the environment would al so be achieved under this alternative. Reduction of 
ecologic exposures to COCs, via the scenarios identified in the ecologic ri sk assessment, wou ld 
occur. Terrestrial mammal exposure to arsenic and plant phytotoxicity due to As and Cd is 
reduced below the criteria; however, reduction of exposure to the primary COC (Zn) is 88%, 
which does not achieve the terrestrial mammal or plant phytotoxicity reduction goals of99% and 
98%. 

A risk reduction achievement matrix (Table 8-4) was developed to assess whether the altemati ve 
affords sufficient protection to human health and the environment for pathways and COCs 
identified in the human health ri sk assessment (Section 5.1) and the ecological ri sk assessment 
(Section 5.2). The conclusions presented in the table are based on worst-case modeling results 
subject to the limitations and assumptions used in the models (see Section 8. 1 for discussion). 
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TABLE 8-4 


RISK REDUCTION ACHIEVEMENT MATRIX FOR ALTERNATIVE 4a 


Alternative 4a As Cd Pb Mn Ag Zn Overall 

Human Health Exposure Pathway: 

Soil Ingestion No Res. Recr. Recr. -­ -­ No 

Ecologic Exposure Pathways: 

Stream Sediment Yes Yes Yes -­ Yes Yes Yes 

Terrestrial Mammals Yes No No -­ -­ No No 

Plant Phytotoxicity Yes Yes No -­ No No No 

-- = Risk reduction not required for the contaminant fo r that pathway. 
No = Does not achieve required risk reduction for exposure pathway. 
Yes = Does achieve required risk reduction for exposure pathway. 
Recr.= Achieves recreational risk reduction. 
Res.= Achieves residential and recreational risk reduction. 

8.5.2 Compliance with ARARs 

There are no ARARs that apply to in-place stabilization/contairunent of contaminated solid 
media. Since no water quality ARARs are currently exceeded under the DEQ-AALS, this 
alternative achieves water quality ARARs for the aquatic life acute exposure. Although the 
recreational water ingestion criteria for humans are not currently exceeded, water quality ARARs 
would continue to be exceeded for lead under the more stringent DEQ-HHS. 

8.5.3 Long-Term Effectiveness and Permanence 

Grading, capping and revegetating the waste material at WRl and placing the other waste 
sources in a secure engineered repository would reduce the risk ofdirect contact and inhalation 
of airborne contaminants, provide protection from surface water and wind erosion, and would 
reduce net infiltration through the contaminated media by increasing evapotranspiration 
processes and promoting runoff. 

Because of space constraints and the sunounding topography at the site, the steepness of the 
regraded WR 1 slopes would likely exceed 3H: 1V. Soil covers are often subjected to severe 
surface water erosion problems when placed on slopes steeper than 3H: 1 V. Compaction may 
help reduce erosion problems, but may cause revegetation problems. Consequently, erosion 
control mats may be appropriate for application on the reclaimed WR I material. The repository 
would be located away from steep terrain to allow slopes of 4H: 1 V or flatter, and would 
therefore be more effective at protecting waste materials from erosion problems. 

The long-term effectiveness of revegetation would be enhanced by installing proper erosion 
control materials, applying amendments, and selecting appropriate plant species, as opposed to 
selecting native species exclusively. 
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In the long term, water quality and sedimentation in Whipcracker Gulch is expected to be 
resolved through reclamation of the source contamination. 

8.5.4 Reduction of Toxicity, Mobility, or Volume Through Treatment 

The objective of this alternative is to provide a reduction in contaminant mobility. The volume 
or toxicity of the contaminants would not be reduced by implementing this alternative. 
Reclamation would stabi lize the waste sources and reduce contaminant mobility via surface 
water, wind erosion and infiltration. Removing portions of the waste rock dump located adjacent 
to the stream reduces direct contact with the stream and the potential for mobility through 
surface water erosion. 

Based on modeling results, this alternative is expected to reduce the mobility of the on-site 
contaminants to an extent that would result in an overall human health and ecological risk 
reduction (all pathways and all routes of exposure considered) of 89%. Risk reduction under this 
alternative is increased over Alternative 3b due to the better effectiveness of placing the most 
highly contaminated waste materials in an engineered repository. 

8.5 .5 Shm1-Tenn Effectiveness 

It is anticipated that the construction phase of this alternative would be accomplished in one field 
season; therefore, impacts associated with construction would be short tenn. Short-term impacts 
to the surrounding community are expected to be minimal due to the remote location of the 
project site and lack of residential occupation in the immediate area. However, short-tenn air 
quality impacts to the surrounding enviromnent may occur due to the volumes of wastes 
requiring excavation and regrading. On-site workers would be adequately protected during the 
construction phase by utilizing appropriate personal protective equipment and by following 
proper operating and safety procedures. Control of fugitive dust emissions would be provided by 
applying water (via water truck) to surfaces receiving heavy vehicular traffic, or in excavation 
areas, etc. 

Under this alternative, some wastes located directly in or near Whipcracker Gulch would be 
removed and/or regraded. These construction activities would occur directly in or very near the 
current stream cham1el and could cause significant short-term adverse impacts to water quality in 
the stream. For these reasons, the stream would be temporarily diverted away from construction 
areas as needed to minimize any short-term impacts. Storm water runoff from other general 
construction activities may also cause shmt-tenn adverse impacts to water quality in the stream. 
Construction BMPs would be employed to address these sources and reduce adverse impacts to 
surface water from the construction activities. 

8.5.6 Implementability 

This alternative is both technically and administratively feasible. The road construction, 
excavation, repository construction, grading, capping, and revegetation steps required are 
considered conventional construction practices; materials and equipment are readily available. 
Also, design methods and requirements are well documented and understood. However, the 
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construction steps required to implement this alternative are considered moderately difficult 
(due, in part, to the steep terrain and the remote location), and should only be performed by 
experienced contractors utilizing the appropriate equipment. 

The caps and associated run-on controls would have to be maintained to ensure that they 
continue to perfonn as designed. The caps would continue to be susceptible to possible 
settlement, erosion, and disruption of cover integrity by vehicles, grazing, deep-rooting 
vegetation, and buJTowing animals. Consequently, frequent long-term monitoring of the remedy, 
including surface water and sediment monitming in Whipcracker Gulch, would be required. 
Required maintenance could be easily determined and implemented through the monitoring and 
maintenance program. 

Integration oflnstitutional Controls such as travel restrictions, access controls and livestock 
management would be beneficial to preserve the integrity of the remedy. 

8.5.7 	 Costs 

The total capital cost for Alternative 4a has been estimated at $379,880 which represents the 
reclamation of all the waste sources at the Iron Mask Mine and Mill Site. The total cost does not 
include costs for monitoring and maintenance or implementation of Institutional Controls. Table 
C-4 (Appendix C) presents the cost details associated with implementing this alternative. 
Descriptions of the costs associated with this alternative are presented in Section 7.3.5. 

8.6 	 ALTERNATIVE 4b: CONSOLIDATE ALL WASTE IN ON-SITE REPOSITORY 
WITH COVER SOIL CAP 

Alternative 4b involves consolidation ofall waste sources at the Iron Mask Mine and Mill Site 
into an on-site repository, applying cover soil and amendments, and establishing vegetation on 
the surface ofthe cap materials. A detailed description of this alternative is presented in Section 
7.3.6. 

8.6.1 	 Overall Protection of Human Health and the Environment 

This alternative would provide a means of reducing soi I ingestion exposure to the COCs and 
would reduce sediment runoff and plant phytotoxicity at all waste sources. An overall risk 
reduction of93% is achieved, but is not fully protective ofhuman health and the environment. 

Considerable protection of human health would be achieved under this alternative. Reduction of 
human exposures to COCs via the pathways of concern, as identified in the human health risk 
assessment, would occur. Soil ingestion exposure to Cd, Pb and Mn via contaminated surface 
soil would be reduced below recreational criteria. Exposure to the primary COC (As) is reduced 
by 95%, but falls short ofmeeting the recreational goal of 98% reduction. 

Some protection of the environment would also be achieved under this alternative. Reduction of 
ecologic exposures to COCs, via the scenarios identified in the ecologic risk assessment, would 
occur. TeJTestrial mammal exposure to As and plant phytotoxicity due to As and Cd is reduced 
below the criteria; however, reduction of exposure to the primary COC (Zn) is 92%, which does 
not achieve the teJTestrial mammal or plant phytotoxicity reduction goals of 99% and 98%. 
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A risk reduction achievement matrix (Table 8-5) was developed to assess whether the alternative 
affords sufficient protection to human health and the environment for the pathways and COCs 
identified in the human health ri sk assessment (Section 5.1) and the ecological risk assessment 
(Section 5.2). The conclusions presented in the table are based on worst-case model ing results 
subject to the limitations and assumptions used in the models (see Section 8. 1 for discussion). 

TABLE 8-5 

RISK REDUCTION ACHIEVEMENT MATRIX FOR ALTERNA TJVE 4b 


Alternative 4b As Cd Pb Mn Ag Zn Overall 

Human Health Exposure Pathway: 

Soil Ingestion No Res. Recr. Res. -­ -- No 

Ecologic Exposure Pathways: 

Stream Sediment Yes Yes Yes -­ Yes Yes Yes 

Terrestrial Mammals Yes No No -­ -­ No No 

Plant Phytotoxicity Yes Yes No -­ No No No 

-- = Ri sk reduct ion not required for the con taminant for that pathway. 
No = Does not achieve required risk reduction fo r exposure pathway. 
Yes = Docs achieve required risk reduction for exposure pathway. 
Recr.= Achieves recreational risk reduction. 
Res.= Achieves residential and recreational risk reduction. 

8.6.2 Compliance with ARARs 

There are no ARARs that are required to be met for contaminated solid media. Since no water 
quality ARARs are currently exceeded under the DEQ-AALS, this alternative achieves water 
quality ARARs for the aquatic life acute exposure. Although the recreational water ingestion 
criteria for humans are not currently exceeded, water quality ARARs would continue to be 
exceeded for lead under the more stringent DEQ-HHS. 

8.6.3 Long-Term Effectiveness and Permanence 

Placing all waste sources in a secure engineered repository would reduce the risk ofdirect 
contact and inhalation of airborne contaminants, provide protection from surface water and wind 
erosion, and would reduce net infiltration through the contaminated media by increasing 
evapotranspiration processes and promoting runoff The repository would be located away from 
steep terrain to allow slopes of4H: IV or flatter, and would therefore be more effective at 
protecting all waste materials from erosion problems. After the removal is completed, the 
excavated areas would be revegetated; consequently, the current problems associated with the 
solid media at their existing locations are expected to be permanently corrected. 

The long-term effecti veness of revegetation would be enhanced by installing proper erosion 
control materials, applying amendments, and selecting appropriate plant species, as opposed to 
selecting native species exclusively. 
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In the long tenn, water quality and sedimentation problems in Whipcracker Gulch are expected 
to be resolved through removal of the source contamination. 

8.6.4 Reduction ofToxicity, Mobility, or Volume Through Treatment 

The objective of this alternati ve is to provide a reduction in contaminant mobility. The volume 
or toxicity of the contaminants would not be reduced by implementing thi s alternative. A 
repository would provide the most stable location for all waste sources, and removing the waste 
rock dump effectively eliminates the potential of contaminant mobility to the stream. Placement 
of all wastes in an engineered repository further reduces the risk of contaminant mobility by 
removing the wastes from areas influenced by steep ten·ain that are subject to increased erosion 
potential. 

Based on modeling results, thi s alternative is expected to reduce the mobility of the on-site 
contaminants to an extent that would result in an overall human health and ecological ri sk 
reduction (all pathways and all routes of exposure considered) of 93%. Risk reduction under thi s 
alternative is increased over Alternati ve 4a due to the better effecti veness of placing all waste 
materials in an engineered repository, away from Whipcracker Gulch. 

8.6.5 Short-Term Effectiveness 

lt is anticipated that the construction phase of this alternative would be accomplished in one fi eld 
season; therefore, impacts associated with construction would be short term. Short-term impacts 
to the surrounding community are expected to be minimal due to the remote location of the 
proj ect site and lack of residential occupation in the immediate area. However, short-tern1 air 
quality impacts to the surrounding environment may occur due to the volumes of wastes 
requiring excavation. On-site workers would be adequately protected during the construction 
phase by utilizing appropriate personal protective equipment and by following proper operating 
and safety procedures. Control of fugitive dust emissions would be provided by applying water 
(via water truck) to surfaces receiving heavy vehicular traffic, or in excavation areas, etc. 

Under this alternative, some wastes located directly in or near Whipcracker Gulch would be 
removed. These construction activities would occur directly in or very near the cunent stream 
channel and could cause significant short-term adverse impacts to water quality in the stream. 
For these reasons, the stream would be temporarily diverted away from construction areas as 
needed to minimize any short-tern1 impacts. Stonn water runoff from other general construction 
activities may also cause short-tenn adverse impacts to water quali ty in the stream . Construction 
BMPs would be employed to address these sources and reduce adverse impacts to surface water 
from the construction activities. 

8.6.6 Implementability 

This alternative is both technically and administratively feasible. The road construction, 
excavation, repository construction, capping, and revegetation steps required are considered 
conventional construction practices; materials and equi pment are readily available. Also, design 
methods and requirements are well documented and understood. However, the construction 
steps required to implement this alternative are considered moderately difficult (due, in part, to 
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the steep terrain and the remote location), and should only be perfonned by experi enced 
contractors utilizing the appropriate equipment. 

The repository cap and associated run-on controls would have to be maintained to ensure that 
they continue to perforn1 as designed; while unl ikely to experience settlement or erosion, the cap 
would continue to be susceptible to possible disruption of cover integrity by vehicles, grazing, 
deep-rooting vegetation, and burrowing animals. Consequently, long-tenn monitoring of the 
repository would be required. Required maintenance could be easily det.ennined and 
implemented through the monitoring and maintenance program . 

Integration of Institutional Controls such as travel restrictions, access controls and li vestock 
management would be beneficial to preserve the integrity of the remedy. 

8.6.7 Costs 

The total capital cost for Alternative 4b has been estimated at $63S,093 which represents the 
reclamation of all the waste rock dumps and tailings materials at the Iron Mask Mine and Mill 
Site. The total cost does not include costs for monitoring and mai ntenance or implementation of 
institutional controls. Table C-S (Appendix C) presents the cost details associated with 
implementing this alternative. Descriptions of the costs associated with this alternative are 
presented in Section 7.3.6. 

8.7 ALTERNATIVES Sa AND Sb: CONSOLIDATE ALL WASTE JN ON-SITE 
REPOSITORY WITH MULTI-LAYERED CAP OR MODIFIED RCRA REPOSITORY 

Alternatives Sa and Sb involve consolidation of all waste sources at the Iron Mask Mine and Mill 
Site into an on-site lined repository. The Alternative Sa repository consists of a multi-layered 
cap, and the Alternative Sb modified-RCRA repository includes a multi-layered cap and bottom 
liner equipped with a leachate collection/removal system . Detailed descriptions of each 
alternative are included in Sections 7.3.7 and 7.3 .8. 

8.7.1 Overall Protection of Human Health and the Environment 

These alternatives would provide a means of reducing soil ingestion exposure to the COCs and 
would reduce sediment runoff and plant phytotoxicity at all waste sources. An overall ri sk 
reduction of 96% is achieved with either alternative, but neither alternative is completely 
protective of human health and the environment. 

Protection of human health would be substantially achieved under these alternatives. Reduction 
ofhuman exposures to COCs via the pathways of concern, as identified in the human health risk 
assessment, would occur. Soil ingestion exposure to Cd, Pb and Mn via contaminated surface 
soil would be reduced below residential and recreational criteria. Exposure to the primary COC 
(As) is reduced by 97%, nearly meeting the recreational goal of98% reduction. 

Considerable protection of the environment would also be achieved under this alternati ve. 
Reduction of ecologic exposures to COCs, via the scenarios identified in the ecologic risk 
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assessment, would occur. Tenestrial mammal exposure to As and plant phytotoxicity due to As, 
Cd, Pb and Ag is reduced below the criteria. Reduction ofexposure to the COC (Zn) is 96%, 
which fall s short of the tenestria l mammal and plant phytotoxicity reduction goals of 99% and 
98%. 

A risk reduction achievement matrix (Table 8-6) was developed to assess whether the alternative 
affords sufficient protection to human health and the environment for the pathways and COCs 
identified in the human health risk assessment (Section 5. 1) and the ecological risk assessment 
(Section 5.2). The conclusions presented in the table are based on worst-case modeling results 
subject to the limitations and assumptions used in the models (see Section 8.1 for discussion) . 

TABLE 8-6 


RISK REDUCTION ACHIEVEMENT MATRIX FOR ALTERNATIVES Sa and Sb 


Alternatives Sa and Sb As Cd Pb Mn Ag Zn Overall 

Human Health Exposure Pathway: 

Soi l Ingestion No Res. Res. Res. -­ -­ No 

Ecologic Exposure Pathways: 

Stream Sediment Yes Yes Yes -­ Yes Yes Yes 

Tenestrial Mammals Yes No No -­ -­ No No 

Plant Phytotoxicity Yes Yes Yes -­ Yes No No 

-- = Risk reduction not required for the contaminant for that pathway. 
No = Does not achieve required risk reduction for exposure pathway. 
Yes= Does achieve required risk reduction for exposure pathway. 
Rccr.= Achieves recreational risk reduction. 
Res.= Achieves residential and recreational risk reduction. 

8.7.2 Compliance with ARARs 

There are no ARARs that are required to be met for contaminated solid media. Since no water 
quality ARARs are cunently exceeded under the DEQ-AALS, this alternative achieves water 
quali ty ARARs for the aquatic life acute exposure. Although the recreationa l water ingestion 
criteria fo r humans are not cunently exceeded, water quality ARARs would continue to be 
exceeded for lead under the more stringent DEQ-HHS. 

8.7.3 Long-Term Effectiveness and Permanence 

Placing all waste sources in a secure engineered repository would reduce the risk of direct 
contact and inhalation of airborne contaminants, provide protection from surface water and wind 
erosion, and would reduce net infiltration through the contaminated media by increasing 
evapotranspiration processes and promoting runoff. By providing an impermeable barrier, the 
multi-layered cap is expected to offer greater long-term effectiveness and permanence over that 
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of a soil cap. The repository would be located away from steep terrain to allow slopes of4H: IV 
or flatter, and would therefore be most effective at protecting all waste materials from erosion 
problems. After the removal is completed, the excavated areas would be revegetated; 
consequently, the current problems associated with the solid media at their existing locations are 
expected to be pern1anently corrected. 

The long-term effecti veness of revegetation would be enhanced by installing proper erosion 
control materials, applying amendments, and selecting appropriate plant species, as opposed to 
selecting native species exclusively. 

ln the long tern1, water quality and sedimentation problems in Whipcracker Gulch are expected 
to be resolved through removal of the source contamination. 

8.7.4 Reduction of Toxicity, Mobility, of Volume Through Treatment 

The implementation of these alternatives provides the most reduction in contaminant mobility; 
however, the volume or toxicity of the contaminants would not be reduced. A repository would 
provide the most stable location for all waste sources, and removing the waste rock dump 
effectively eliminates the potential of contaminant mobility to the stream. Placement of all 
wastes in an engineered repository further reduces the risk of contaminant mobility by removing 
the wastes from areas influenced by steep terrain that are subject to increased erosion potential. 

Based on modeling results, both alternatives are expected to reduce the mobility of the on-site 
contaminants to an extent that wou ld result in an overall human health and ecological risk 
reduction (all pathways and all routes of exposure considered) of 96%. Risk reduction is 
increased over Alternative 4b due to the greater long-tenn effectiveness and permanence of a 
multi-layered cap. 

8.7.5 Short-Term Effectiveness 

lt is anticipated that the construction phase of either alternative would be accomplished in one 
field season; therefore, impacts associated with construction would be short tenn. Short-term 
impacts to the surTounding community are expected to be minimal due to the remote location of 
the project site and lack of residential occupation in the immediate area. However, short-term air 
quality impacts to the surrounding environment may occur due to the volumes of wastes 
requi ring excavation. On-site workers would be adequately protected during the construction 
phase by utilizing appropriate personal protective equipment and by following proper operating 
and safety procedures. Control of fugitive dust emissions would be provided by applying water 
(via water truck) to surfaces receiving heavy vehicular traffic, or in excavation areas, etc. 

Under either alternative, some wastes located directly in or near Whipcracker Gulch would be 
removed. These construction activiti es would occur directly in or very near the current stream 
channel and could cause significant short-term adverse impacts to water quality in the stream. 
For these reasons, the stream would be temporarily diverted away from construction areas as 
needed to minimize any short-term impacts. Stann water runoff from other general construction 
activities may also cause short-term adverse impacts to water quality in the stream. Construction 
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BMPs would be employed to address these sources and reduce adverse impacts to surface water 
from the construction activities. 

8.7.6 lmplementability 

Alternatives Sa and Sb are both technically and administratively feasible. The road construction, 
excavation, repository construction, capping, and revegetation steps required are considered 
conventional construction practices; materials and equipment are readily available. Also, design 
methods and requirements are well documented and understood. However, the construction 
steps required to implement this alternative are considered moderately diffi cult (due, in part, to 
the steep terrain and the remote location), and should only be performed by experienced 
contractors utilizing the appropriate equipment. ln patticular, installation of lining mate1ials 
should only be performed by experienced personnel with proper oversight. 

The repository cap and associated run-on controls would have to be maintained to ensure that 
they continue to perform as designed. While unlikely to experi ence settlement or erosion, the 
cap would continue to be susceptible to possible disruption of cover integrity by vehicles, 
grazing, deep-rooting vegetation, and burrowing animals. Consequently, long-te1m monitoring 
of the repository would be required. The leachate collection system installed with Alternati ve Sb 
provides an additional means to monitor the performance of the repository cap. Required 
maintenance could be easily determined and implemented through the monitoring and 
maintenance program. 

Integration of Institutional Controls such as travel restrictions, access controls and livestock 
management would be benefi cial to preserve the integrity of the remedy. 

8.7.7 Costs 

The total capital cost has been estimated at $80S,868 for Alternative Sa, and $924, 146 for 
Alternative Sb, which represent the reclamation of all the waste rock dumps and tailings 
materials at the Iron Mask Mine and Mill Site. The total costs do not include costs for 
monitoring and mai ntenance or implementation of Institutional Controls. Tables C-6 and C-7 
(Appendix C) present the cost details associated with implementing these alternatives. 
Descriptions of the costs associated with these alternatives are presented in Sections 7.3 .7 and 
7.3 .8. 
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9.0 COMPARATIVE ANALYSIS OF ALTERNATIVES 

This section provides a comparison of the solid media reclamation alternatives retained for the 
lron Mask Mine and Mill Site. The comparison focuses mainly on the following criteria: 1) the 
relative protectiveness of human health and the environment provided by the alternatives; 2) the 
estimated attainment of ARARs for each alternative; and 3) the long-term effectiveness provided 
by the alternatives. The primary balancing crite1ia are also compared although the evaluation of 
each criterion is very similar due to the technical similarities in the alternatives themselves, with 
the exception of cost. Table 9-1 presents a summary of the alternatives with respect to the first 
seven NCP evaluation criteria. 

Alternative I would not achieve any risk reduction or provide any long-term protection. 
Alternative 3a does little toward achieving the risk reduction goals. Alternatives 3b and 4a each 
provide considerable overall risk reduction (between 80 to 90%), while Altematives 4b, Sa and 
Sb provide the greatest reductions (greater than 90%). 

Although the most protective altematives fall short of meeting the risk reduction goals for 
recreational and ecological exposures, it is important to point out that the recreational criterion 
for As (20 mg/kg) is nearly as low as the average background concentration ( 17 mg!kg) 
sunounding the site, and the ecological criterion for Ag (2 mg!kg) is actually below the average 
background concentration (3 mg/kg). The ecological criteria for Cd, Pb and Zn are nearly equal 
to or below the 3 times average background level used for screening of potential COCs. 
Furthennore, the modeling results merely predict the relative performance of each altemative 
based on a simi lar set of assumptions. The results should not be taken as absolute, rather they 
are intended to be used as a risk management tool to assist in selecting an appropriate remedy for 
the site . 

All of the alternatives are expected to comply with the ARARs in regard to DEQ-AALS for 
acute exposure to aquatic life in surface water. Alternatives 3b through Sb are also expected to 
comply with the DEQ-HHS for human ingestion of surface water. 

The long-term effectiveness of Alternatives 4a, 4b, Sa and Sb is expected to resolve the water 
quality and sediment environment in Whipcracker Gulch. Erosion concems and potential future 
impacts to the stream associated with Altematives 3a, 3b, and 4a would remain due to steep 
slope concems and the proximity of the wastes to the stream. The repository altematives (4b, Sa 
and Sb) would provide the most stable reclamation for the waste sources. 

The toxicity and volume of the waste sources would not be reduced by implementing any of the 
alternatives. Mobility would be reduced in propmtion to the overall effectiveness of each 
alternative. 

The short-term effectiveness is expected to be similar for each of the action alternatives. The 
alternatives are all technically similar, and the construction steps required to implement them 
would be similar as well. All of the action alternatives may have short-term impacts to 
Whipcracker Gulch, but the impacts can be sufficiently mitigated through the use ofBMPs. Any 
of the action alternatives can be completed in one construction season. 
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TABLE 9- 1 

COMPARATIVE ANALYSIS OF ALTERNATIVES 


Assessment Criteria 
A lternative I: 

No Action 

Alternative Ja 

Consolidate Waste Rock 
On-Site with Cover Soil Cap 

Alternative Jb: 
Consolidate Waste Rock and Tailings 

On-Site with Cover soil C ap 

Al ternative 4a: 

Consolidate Waste Rock 1, Waste R ock 3 
and Tailings In On-Site R epository 

with Cover Soil Cap 

Alternative 4b: 

Consolidate All Waste In On-Site 
Repository witb Cover soli Cap 

Alternatives Sa and Sb: 

Consolida te All Waste in On-Site 
Repository ...tth Multi-Layer Cap 

or in M odified RCRA R epository 

Overall Protectiveness of P ublic Oealtb, Safety, and Welfa r e 

Environmenta l Protectiveness · 

No additional protection offered. 

No addi tional protection offered. 

Not Fully protective of Human Health. Exposure to 
primary CoC (As) is reduced by 18'Yo, goal is 98%. 

Not fu lly protective of Envirorunent. Exposure to 
primary CoC (Zn) is reduced by I 8%, goal is 98-99%. 

Not Fully protective of Human Health~ Exposure to 
primary CoC (As) is reduced by 86%, goal is 98'Ya. 

Not fully protective of Environment. Exposure to 
primary CoC (Zn) is reduced by 79%, goal is 98-99%. 

Not Fully protective of Human Health. Exposure to 

primary CoC (As) is reduced by 93%, goal is 98%. 

Not fully protective of EnvironmenL Exposure to 

primary CoC (Zn) is reduced by 88%, goal is 98-99%. 

Not Fully protective of Human Health. Exposure to 
primary CoC (As) is reduced by 95%, goal is 98%. 

Not fully protective of Environment. Exposure to 
primary CoC (Zn) is reduced by 92%, goal is 98-99%. 

Most protective of I Iuman llealth. Exposure to primary 

CoC (As) is reduced by 97%, goal is 98'Yo. 

Not fully protective of Environment. Exposure to 

primary CoC (Zn) is reduced by 96%, goal is 98-99%. 

Compliance wit h ARAR• ­
Chemical Specific 

Location Specific 

Action Specific 

Surface water quality ARARs are exceeded. (H HS for Pb) 

None Apply. 

None Apply. 

There are no ARARs that apply to stabili7.ntion of 
contaminated solid media. Surfacr: water quality ARAR.s 
are exceeded. (IIHS for Pb) 

All location-specific ARARs would be met. 

All action-specific AR.ARs would be met. 

There are no ARARs that apply to 
stab ilizati on/containrnenf of contaminated solid media. 
No water quality ARARs are exceeded. 

All Jocation-specifoc ARARs would be met. 

All action-specific ARARs would be met. 

11oere are no ARARs that apply to 
sta biliz.ationlconr.ajrunent of contilm imucd solid media. 
No water quality ARARs au: exceeded. 

All location-specific ARARs would be met. 

All action-specific ARARs would be met. 

There are no ARARs that apply to 
stabiliz.arion/containment of contaminated solid media. 
No water quality ARARs are exc-eeded. 

All location-specific ARARs would be met. 

All acrion-specific ARARs would be met. 

There are no ARARs tloat apply to 

stabilization/containment ofcontaminated solid media. 
No water quali ty ARAR.s are exceeded. 

All location-specific ARARs would be met. 

All action-specific ARARs would be met. 

Lon g-term Effectivene.u and Ptrmanance ­

Magnitude of Residual Risk 

Adequacy and Reliability of Controls 

No reduction in CoC levels in any environmental media. 
except by natural degradation/erosion 

No co ntrols over any on-site contamination. no rel iability. 

Risk reduction goals not achieved. 

Long u:nn reliability is not achieved. 

Risk reduction goals not achieved. 

Long term reliability is not achieved. 

Risk reduction goals not achieved 

Long tenn reliabili ty is nol achieved. 

Risk reduction goals not achieved. 

Containment controls are adequate for intended purposes. 

Ri sk rc:duction goals not achieved. 

Containment controls are adequate for intended purposes. 

Reduction ofToritity, Mobility, a nd Volume ­
Treatment Process Used and Materials Treated None: In-place cover/con tainment and revegetation of wasre rock 

will reduce mobil ity ofCoCs. Future impacts 10 

Whipcrackcr Gulch possible due to phys ical Jocntion of 
waste rock. and untreated tallings. 

ln -place cover/cont:tinrnent and revegetation of wastes 
will reduce mobility of CoCs. Funuc im pacts ro 
Whipcrackcr Gulch possible due to physical location of 

wastes. 

Removal and containment of most highly contaminated 
wastes will reduce mobi lity of CoCs. Future impacts to 
Whipcmcker GuJch possible due to physical location of 
Waste Rock I. 

RemovBI and containment of all wastes will reduce 
mobility of CoCs. 

Removal and contairuncnt of all wasres will reduce 
mobility of CoCs. 

Vo lume of Contaminated Materials Treated/Handled None No volume actively treated; approx.imnttly I 1,500 cy 
cappcd/rcvegetatc:d ro reduce exposure 10 environmental 
receptors. 

No volume actively treated; approximately 13,400 cy 

capped/revegeratcd to reduce exposure to environmental 
rcceprors. 

No volume actively treoted: approximately I 0,000 cy 
cappedlrevegetated and 3,400 cy placed in repository to 

reduce exposure to environmental n:ccpcors. 

Total volume of waste materiaJ expccred to be contained 
wirhin the ~pository to effectively isohue from 
environmental receptors is approximately 13,400 cy. 

Total volume of waste material expected to be contained 
witl1in the repository to effectively isolate from 
environmental receptors is approximatel y 13.400 cy. 

Expected Degree of Reduction Minimal. via natural degradation only (po tential for future 
increases in mobiliry of cont aminants). 

Vo lume or 10xiciry of wastes would not be reduced; 
however. mobility of CoCs would be reduced by 20%. 

Volume or tox icity of wastes would not be reduced; 
however, mobility of CoCs would be reduced by 81%. 

Vo lume or toxicity of wastes would not be reduced; 
however, mobility of CoCs would be reduced by 89%. 

Volume or toxicity of wastes would not be reduced; 
however, mobility of CoCs would be reduced by 93%. 

Volume or toxicity of wastes would not be: reduced; 
however, mobiliry of CoCs would be reduced by 96%. 

Sho rt-torm Efftct.ivencs• 

Protccllon of Surrounding ;\rea During Reclamation Action 

Protection of On-Site \Vorkcrs During Reclamation Action 

Not Applicable. 

Not Applicable. 

Fugitive emissions control may be required during 
construction 

Expected to be sufficienL Safety haz.ards likely more 

prc:vclant than hazards associated with wastes. 

Fugitive emissions control may be required during 
construction 

Expected to be suflicieut. Safe ty haz.ards likely more 

prcvr:lant than hazards assoc iated with wastes. 

Fugitive emissions control may be rcqu1rcd during 
constn.Jction 

Expected to be suflicient. Safety haz.ards likely more 

prevclant than hazards associated with wastes. 

Fugitive emissions control may be required during 
construcrion 

Expected to be suflicient. Safety hazards likely more 

prcvelant t11a.n hazards associated with wastes. 

Fugitive emissions control may be required during 
construction 

Expected to be suflicient. Safety hazards likely more 

prcvelant tl1an hn.zards associated with wastes. 

Environmen tal Im pacts 

Time Until Reclamat ion Action Objectives arc Acltieved 

Not Applicable. 

Not Applicable. 

Short temt impacts to Whipcracker Gulch mitigated by 
use of BMPs. 

One field season 

Sborttcnn impacts to Whipcracker Gulch mitigated by 

use of BMPs. 

One: field season 

Short tenn im pacts to Whipcracker Gulch mitigated by 
usc of BMPs. 

One field season. 

Short tcnn im pacts to Whipcracker Gulch mitigated by 
use of BMPs. 

One field season. 

Short term impacts to \Vhipcrackcr Gulch mitigated by 
use of BMPs. 

One field season. 

lmplemenLability 

Abil ity to Construct and Opcrote 

Ease of fmp lemenring more nction if necessary. 

Availability of Services and Capacities 

Availability of Equipment and Materials. 

No co nstruction or operation involved. 

Not Applicable. 

Noo Applicable. 

Not Applicable. 

Ea.sily implcmentable. frequent monitoring required. 

EasHy implcmenlnhle 

Availabile locally and within state. 

A vailabile locally and within state. 

Easily implementnble, frequent monitoring required. 

Easily irnplementable 

Avai la bi lc locally and within state. 

A vailabile locally and witltin state. 

Easily implemc:nrablc:. frequent monitoring required. 

Easily implcmeutable 

Availabi le locally and wi thin state. 

A vai lobile locally and within stote 

E3sily implcrnentablc:, periodic monitoring required. 

Easily implemcnrable 

A vailabile locally and with.in state. 

Availabilc locally and within stale. 

Easily im plementablc. periodic monitoring requ ired. 

Easily implcmentable 

Availabile locally and within state. 

A vailabile locally ruod within state. 

Estlmatod Capital Costs $0.00 $248,572 $317,768 $379,880 $635,093 $805,868/ $924 ,146 
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The implementability of the action alternatives is also expected to be similar. All of the action 
altematives would utilize standard construction methods and design practices. Because of their 
increased stabi lity, Alternatives 4b, Sa and 5b are expected to require the least amount of future 
monitoring and maintenance. 

Table 9-2 compares costs between the altematives being considered, the amount of overall ri sk 
reduction, and the cost per 1% 1isk reduction. Altematives 3b and 4a would ach ieve the most 
risk reduction per dollar in comparison to the other selected altematives. However, these 
altematives only achieve overall risk reduction in the 80 to 90% range; higher residual risk 
would remain due to long-tenn effectiveness concems, and the potential to incur future 
maintenance costs is greater. Although Altematives 4b, Sa and Sb are more expensive than the 
other altematives, they offer more reduction in overall risk by providing for more stable 
containment of waste sources. 

TABLE 9-2 


ALTERNATIVE COST -EFFECTIVENESS COMPARISON SUMMARY 


OVERALL COST PER I% ADDITIONAL COST 
RlSK TOTAL REDUCTION lN PER 1% GAIN 

ALTERNATIVE REDUCTION COST* RISK REDUCTION IN RISK 

Alternative 1 0% $0 $0 $0 

Altemative 3a 20% $248,S73 $ 12,429 $ 12,429 

Altemative 3b 81% $3 17,768 $3,923 $1,134 

Altemative 4a 89% $379,880 $4,268 $7,764 

Altemative 4b 93% $635,093 $6,829 $63,803 

Altemative Sa 96% $80S,868 $8,394 $S6,92S 

Altemati ve Sb 96% $924,146 $9,627 $ 11 8,278 

*Total cost does not include monitoring and maintenance or implementation of institutional controls. 
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10.0 PREFERRED ALTERNATIVE' 

The total removal of the Iron Mask Mine and Mill Site waste rock dumps and tailings, and 
disposal of these materials into an on-site repository with cover soil cap, is the preferred 
alternative (Alternative 4b). This alternative provides a high degree of protection and would 
effectively isolate the wastes in an engineered facility. This alternative is projected to reduce 
overall risks to human health and the environment by 93% and is also expected to attain all 
ARARs for surface water. 

The conceptual design for Alternative 4b includes excavating 11 ,500 cy of waste rock and 1 ,900 
cy of tailings, and disposing ofthe material into an on-site repository. The repository design 
consists of a two-foot thick amended soil cap with side slopes of 4H: 1 V or less. Following 
removal of the waste sources and underlying contaminated material, the excavation areas would 
be backfilled with cover soil and amended to establish vegetation. The Whipcracker Gulch 
stream channel would be reconstructed and stabilized to prevent the stream from cutting or 
migrating into the reclaimed areas during high flow events. 

The decision to select this alternati ve was based primarily on the stability of the wastes following 
reclamation. Alternative 3a would not address any of the risk associated with the tailings 
material at TA 1. Alternatives 3a, 3b and 4a would leave some waste sources susceptible to 
potential erosion and migration due to steep slopes resulting from in-place reclamation at the 
confined WR1/WR2 location. Altematives 4b, Sa and Sb each contain all of the waste sources in 
a more stable repository environment further away from Whipcracker Gulch, and are expected to 
require a lesser degree of perpetual monitoring and maintenance. 

Alternatives Sa and Sb each include the addition of lining materials to the cover soil cap, and in 
the case of Alternative Sb, a leachate collection system to capture any potential seepage from the 
waste materials. While the lined cap provides for an additional 3% of risk reduction, the 
associated cost amounts to an additional $170,77S, or $S6,925 per additional percent of 
reduction. Although some of the waste materials exhibit a potential to leach, a leachate 
collection system does not appear justified by the relati vely low contaminant concentrations 
generated during laboratory testing. 

Removal and di sposal of all mine wastes into an on-site engineered repository with cover soil 
cap is expected to provide a high degree of protection to human health and the environment, and 
provide a stable location for waste materials at the Iron Mask Mine and Mill Site. Therefore, 
Alternative 4b is the prefetTed alternative. 
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THREATENED AND ENDANGERED SPECIES LETTERS 




United States Department of the Interior 

FISH AND WILDLIFE SERVICE 

ECOLOGICAL SERVICES 
MONTANA FIELD OFFI CE 

585 SHEPARD WAY 
HELENA. MONTANA 5960 I 

PHONE (406) 449-5225. FAX (406) 449-5339 

M02 (J) July 10. 2007 

Ma1ty Bennett 

Pioneer Technical Services. Inc. 

P.O. Box 3445 
Butte. Montana 59702 

Dear Marty Bennett: 

This is in response to your request for infom1 ation regarding the Iron Mask Mine and Mill Site, 
situated on Bureau of Land Management land approximately seven miles northwest of Townsend 
in Broadwater County, Montana. We appreciate the opportunity to review your request and 
provide comments. These conunents have been prepared under the auth01ity of and in 
accordance with the provisions of the Fish and Wildlife Coordination Act (16 U.S.C. 661 et. 
seq.), and the Endangered Species Act of 1973 , as amended (16 U.S.C. 1531 et. seq.). 

Considering the location of the project, the Service does not anticipate effects to federally listed 
threatened, endangered, candidate or proposed species. There may be state species of concern in 
the vicinity of the project and we reconunend contacting the Montana Department of Fish, 
Wildlife and Parks at 1420 East Sixth Ave., P.O. Box 200701 , Helena, MT 59620-0701 , 406­
444-2535 or the Montana Natural Heritage Program, 1515 East 6th Avenue, Box 201800, Helena, 
MT 59620-1800, 406-444-5354. 

If wetlands are impacted by this project, Corps of Engineers Section 404 pennits may be 
required. The Service suggests any proposed or future project be designed to avoid and 
minimize impacts to wetland areas, stream channels and SUITounding vegetation to the greatest 
extent possib le. Direct, indirect and cumulative impacts, along with future activities required to 
maintain these improvements, should be analyzed. 

The Service appreciates your efforts to incorporate fish and wildlife resource concerns, including 
threatened and endangered species, into your project planning. lf you have questions or 
conunents related to this issue, please contact Katrina Dixon at 406-449-5225 extension 222. 

Sincerely. 

: -. i j I • L i ~II 

r r , lvv."'- \)v/j".Q..~ 

R. Mark Wilson 
Field Supervisor 
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Species of Concern Report 

9 S pecies found with the fo llowing criteria: 


Townshi p = 7 N Range= 1 E Anima ls = MamtTt als, Birds, Reptiles. A mphibians. Fish. inve rtebrates 

Plants = Vascular Plants, Nonvascular Plants 


Report Date: 4/22/2009 I 0:33 :04 AM 


.,. Mammals 

Name 

Wo l~es/Coyo tes/Foxes '.-·~· 	 LE EN DANGERED S~EClALG4 S3
(Cantdae) 	 S rATUS 

Gray Wolf County : Beaverl.1ead . Big Ho rn . ~arbon. c.arter. ~ascade. C~tste r. ~awson. Fergu.s. 
(Can·s 1 s) Flathead. Gall atin. Garfie ld, G lacter. Gran tte, Jefferson. Judt th Basm, Lake. Lewts and

1 
' up u 	 Clar k, Lincoln , Madison. Meagher, Mineral, Missoula, Musselshell. Park, Petroleum. 

Philli ps, Powder Ri ver, Powell. Rava lli. Roosevelt, Rosebud, Sanders, Silver Bow. 
St illwater, Sweet Grass, Teton. Toole. Va lley, Yellowstone 

Weasels (Mustelidae) '"•:'.' G4 S3 SENSITIV E SENS ITIVE 

Wolverine 	 County: Beaverhead. B laine, Broadwa ter. Carbon, Cascade, Dawson, Deer Lodge. 
(G ulo gulo) 	 Flathead, Ga llatin. G lacier, Granite, Hill, Jefferson, Judi th Basin, Lake, Lewis and 

C lark, L inco ln. Mad ison. Meagher. Mineral, Missou la, Park. Pondera. Powell. Ravall i, 
Sanders. Sheridan. Silver Bow, Teton, Wheatland 

,.., 	 SPECIAL 
..) LT 	 ST.Cats (Felidae) THREATENED I\TUS 

Canada Lynx County : Beaverhead , Big Horn , Blaine, Broadwater. Carbon, Cascade, Chouteau. 
(Lynx Dan ie ls. Dawson. Deer Lodge. Fergus. F lathead. Gal latin, Glac ier. Granite, Jefferson 

canadensis) 	 .Jud ith Bas in. Lake. Lewis and Clark, Li berty. Lincoln , Madison. Meagher. Mineral. 
M issoula, Musse lshell , Park, Phillips, Panciera, Powell. Ravalli , Roosevelt. Rosebud. 
Sanders, Silver Bow, Sti ll water, Sweet Grass, Teton, Toole, Wheatland , Ye llowstone 

.,. Birds 

Nature GLOBAL STATEUSFWS USFS Name Family 	 BLIVI 
Se rve Ra nk Rank 


Sparrows 
 \.·:s· G5 S3B
(Emberi zidae) 

County: Beaverhead, Big H orn, Bla ine, Broadwater. Carbon. Carter, Cascade, 
Lark Bunting Chouteau, Custer, Daniels, Dawson, Deer Lodge. Fallon , Fergus, F lathead, Ga llatin. 
(Calamospiza Garfield. G lacier, Golden Valley, Granite, Hill , Jefferson, Jud ith Basin, Lewis and 

me lanocorys) C lark. Liberty, L inco ln. Madi son, McCone, Meagher. Musse lshell. Park. Petroleum, 
Phil lips, Powde r Ri ver. Powell. Prairie, Ravall i, Richland. Roosevelt. Rosebud. 
Sanders, Sheridan, Still water, Sweet Grass. Teton, Toole. Treasure. VaHey, 
Wheatland, Wibaux, Yel1owstone 

Sparrows '-.<: G4 S2B 	 SENSITIVE
(Em beriz idae)

McCown's 
County: Beaverhead, B laine, Broadwater. Cascade, Chouteau. C uster. Daniels, Longspur 
D awson. Fe rgus, Flathead, Garfield , Glacier. Golden Valley. Hi ll. Lewis and C lark. (Calcari us 
Libe rty, Madi son, McCone, Meagher, MusselshelL Park, Petroleum, Phi ll ips. mccownii) 
Pondera. Pra irie, Roosevelt. Rosebud, S heridan. Sti ll water. Sweet Grass. Teton. 
Toole . Va lley. Wheatland, Ye llowstone 

S3 DM THR EATENED SPEClALHawks/Eagles 

http://mtnhp.o rg/ pcc iesOfConcern/De fault. aspx 4/22/2009 
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(Accipitriclae) STATUS 
County: Beaverhead. Big Horn. Blaine. Broadwater. Carbon. Carter. Cascade, 
Chouteau. Custer, Dawson, Deer Lodge. fal lon. Fergus. Flathead. Gallatin, Garfield, Bald Eagle 
Glacier, Golden Va lley. Grani te. Hill , Jefferson, .Judith Basin, Lake, Lewis and (Hal iaeetus 
Clark. Liberty. Lincoln, Madison. McCone. Meagher. MineraL Missoula.leucocephal us) 
Musselshe ll, Park. Petroleum. Phi llips. Panciera. Powder Ri ver, Powell, Prairie. 
Rava lli . Richland, Roosevelt. Rosebud. Sanders, Sheridan. Silve r Bow. Sti llwater, 
Sweet Grass. Teton. Toole, Treasure. Va lley. Wheatland. Wibaux. Yellowstone 

Sandp ipers 
(..~· G5 S2B SENSITIVE (Scolopaciclae) 


County: Beaverhead, Big llorn . Blaine, Broadwater, Carbon. Carter. Cascade. 
Long-billed 
Chouteau. Custer, Danie ls, Dawson, Deer Lodge. Fallon, Fergus. Flathead. Gallatin.Curlew 
Garfie ld. Glacier, Golden Val ley. Gra ni te. Hil l, .Jefferson. Judith Basin, Lake, Lewis (N umenius 
and Clark, Liberty, Lincoln. Madison. McCone. Meagher. Missoula, Musselshell,american us) 
Park. Petroleum, Phill ips, Panciera, Powder River, PowelL Prairie. Ravalli, Richland, 
Roosevelt. Rosebud, Sanders. Sheridan. Stillwater. Sweet Grass, Teton. Toole. 
Valley, Wheatland, Wibaux. Yellowstone 

, Invertebrates 

Name Fam ily Nature GLOBALSTATEUS FWS USFS 
Serve Rank Rank BLM 

A Spring Snai l 
(Pyrgulopsis 

Amnicolas/Duskysnail s 
(Hy drobi iclae) 

' ,... ' GI Sl 

bedfo rdensis) County: Broadwater 

, Vascular Plants 

Name Family Nature 
Serve 

GLOBALSTATE USFWS USFS 
Rank Rank BLM 

Sword Townsend- Aster/Sunnowers 
dai sy (Asteraceae) 

'.,.;:.· G3 S3 
(Townsend ia 

sru1 thu lata) County: Beaverhead, Broadwater, Carbon, Sil ver Bow 

h ttp://mtnhp.org/Spec iesOfConce rn/De fa ul t.aspx 4/22/2009 



June 20. 2007 

Ms. Sarah LeMarr 
BLM Field Office 
I 06 N. Parkmont 
Butte. MT 5970 I 

RE: lron Mask Mine and Mill Site Threatened. Endanuered or Sensiti ve Species Search 

Dear Ms. LeMarr 

Under cornract with the U.S. Army Corps of Engi neers (USACE) and the U.S. Department of 
Interior/Bureau of Land Management (BLM). Pioneer Technical Serv ices. Jnc. (Pioneer) is 
completing an Expanded Engineering Eva luation/Cost Analysis (EEE/CA) for reclamation of the Iron 
Mask Mi ne and Mill Site. located in Broadwater County approximately 7 mil es northwest of 
Townsend. Montana. The site is accessed by traveling west from U.S. Highway 12/287, then along 
Indian Creek Road for approximately 4 miles. then trave ling northwest for approximately 3 miles 
along a 2-track road. 

A port ion of the information in th e anal ysis incorporates assessing whether uni que. endangered. 
fragile. or limited environmental resources inc luding endangered species (i.e .. plants and wildlife) 
exist at the site or within its immediate prox imity. 

This site is situated on BLM admini stered land. Thus far, this project only includes completing the 
EEEICA , although there is a possibility that future reclamation work may by performed at the site. 

The site encompasses the entire Iron Mask Mine and Mill Site, which is approximately six acres. 
Please review the described location for any listed or proposed endangered, threatened, sensitive 
animal or plant species or critical habitat that are known or suspected to occur in the proposed project 
vicini ty (see attached figure l and f igure 2). The legal description for the site is listed below. 

Iron Mask Mine and Mill Site. Broadwater Countv: 

Township 7 N01th, Range 1 East, NW Y.t, NW 1
/. of Section 30. 

lf you have any questions or recommendations of additional persons or agencies to contact 
concerning the matter, please feel free to contact me at ( 406) 782-5 I 77. 

Thank you for your time and assistance. 

Sincerely, 

Marty Bennett. E.l. 
Project Engineer 



.June 20. 2007 

Mr. Tom Carlson 
Montana Depattment ofFish Wildlife and Parks 
Townsend District 
4 15 South Front 
Townsend. MT 59644 

RE: Iron Mask Mine and M il l Site Th reatened. Endan£ered or Sens itive Species Search 

Dear Mr. Carlson: 

Under contract with the U.S. Army Corps of Engineers (USACE) and the U.S . Department of 
Interior/Bureau of Land Management (BLM). Pioneer Technical Services, Inc. (Pioneer) is 
completing an Expanded Engineering Evaluation/Cost Analysis (EEE/CA) for reclamation of the Iron 
Mask Mine and M ill Site, located in Broadwater County approximately 7 miles northwest of 
Townsend, Montana. The site is accessed by travel ing west from U.S. Highway I '2/287. then a long 
Indian Creek Road for approximately 4 miles. then trave ling northwest for approximately 3 mi les 
along a 2-track road. 

A portion of the information in the analysis incorporates assessing whether unique. endangered , 
fragile. or limited environmental resources inc luding endangered species (i.e .. plants and wi ldlife) 
exist at the site or w ithin its immediate proximity. 

This site is situated on BLM administered land . Thus far, this project only includes completing the 
EEE/CA, although there is a poss ibility that future reclamation work may by performed at the si te. 

The site encompasses the enti re Iron Mask Mine and Mill Site, wh ich is approx imately six acres. 
P lease review the described location for any li sted or proposed endangered. threatened, sensitive 
animal or plant species or critical habitat that are known or suspected to occur in the proposed project 
vicin ity (see attached Figure I and Figure 2). The legal description for the site is li sted below . 

lron Mask Mine and Mill S ite. Broadwater County: 

Township 7 North, Range 1 East, NW 1/.t, NW ~of Section 30. 

If you have any questions or recommendations of additional persons or agencies to contact 
concerni ng the matter, please feel free to contact me at (406) 782-5177. 

Thank you for your time and assistance. 

Sincerely, 

Marty Bennett, E .l. 
Project Engineer 



.June 20. 2007 

Ms. Shawna Campbell 
U.S. Forest Service 
Townsend Ranger Di stri ct 
4 I 5 South Front 
Townsend. MT 59644 

RE: Iron Mask Mine and M ill Site Threatened. EndanQ.ered or Sensitive Species Search 

Dear Ms. Campbell : 

Under contract with the U.S. Army Corps of Engineers (USACE) and the U.S . Department of 
Interior/Bureau of Land Management (BLM), Pioneer Technical Services. Inc . (Pioneer) is 
completing an Expanded Engineering Evaluation/Cost Analysis (EEE/CA) for reclamation of the lron 
Mask Mine and Mill Site, located in Broadwater County approximately 7 miles northwest of 
Townsend, Montana. The site is accessed by traveling west from U.S. Highway 12/287. then along 
Ind ian Creek Road for approx imately 4 mi les. then traveling northwest for approximately 3 mi les 
along a 2-track road. 

A portion of the informat ion in th e ana lysis incorporates assessing whether unique, endangered. 
fragile, or limited environmental resources including endangered species (i.e.. plants and wildlife) 
exist at the site or within its immediate proximity. 

This site is situated on BLM administered land. Thus far, this project only includes completing the 
EEE/CA, although there is a possibi I ity that future reclamation work may by performed at the site. 
The site encompasses the entire lron Mask Mine and Mi ll Site, wh ich is approximately six acres. 
Please review the described location for any li sted or proposed endangered. threatened, sensitive 
animal or plant species or critical habitat that are known or suspected to occur in the proposed project 
vicinity (see attached Figure 1 and Figure 2). The legal description for the site is listed below. 

Iron Mask Mine and Mill Site. Broadwater Countv: 

Township 7 North, Range 1 East, NW %, NW% of Section 30. 

If you have any questions or recommendations of addi tional persons or agencies to contact 
concerning the matter, please feel free to contact me at ( 406) 782-5177. 

Thank you for your time and assistance. 

Sincerely, 

Many Bennett. E.l. 
Project Engineer 



Ju ne 20, 2007 

Ms. Katrina Dixon 
U. S. Fish and Wil dlife Service 
I00 . Park. Suite 320 
Helena. MT 59601 

RE: lron Mask Mine and Mi ll Site Threatened. EndanQered or Sensitive Species Search 

Dear Ms. Dixon: 

Under contract wi th the U.S. Army Corps of Engineers (USACE) and the U.S. Depanment of 
In terior/Bureau of' Land Management (BLM). Pioneer Technical Services. Inc. (Pioneer) is 
completing an Expanded Engineering Evaluation/Cost Analysis (EEE/CA) for reclamation of the Iron 
Mask Mine and Mi ll Site. located in Broadwater County approximately 7 miles northwest of 
Townsend, Montana. The site is accessed by trave ling west from U.S. Highway 12/287, then along 
Ind ian Creek Road for approximately 4 miles. then traveling northwest for approximately 3 miles 
along a 2-rrack road. 

A portion of the information in the analys is incorporates assessing whether uniq ue, endangered. 
fragile. or limited env ironmental resources including endangered species (i.e .. plants and wi ldlife) 
exist at the site or within its immediate proximity. 

This site is situated on BLM administered land. Thus far, this project only includes completing the 
EEE/CA, although there is a possibility that future reclamation work may by performed at the site. 

The site encompasses the entire iron Mask Mine and Mill Site, whi ch is approximately six acres. 
Please review the described location for any listed or proposed endangered, threatened, sensitive 
animal or plant species or critical habitat that are known or suspected to occur in the proposed project 
vicini ty (see attached Figure I and Figure 2). The legal description for the site is listed below. 

Jron Mask Mine and M ill Site, Broadwater Countv: 

Township 7 North, Range 1 East, NW ':1.1, NW %of Section 30. 

lf you have any questions or recommendations ofadd itional persons or agencies to contact 
concerning the matter, please feel free to contact me at (406) 782-5177. 

Thank you for your time and assistance. 

Sincerely, 

Marty Bennett. E. l. 
Proj ect Engineer 
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T,\B I. E B- 1 

IIW !\' :.1.\SK .\ 11 '\'E .\i\D \11 1.1. S IT E 

SOl' RCE S.\;\ IPI.ING SLI \1;\ I.\R\' 

.l tJ,-; E 10HS 

SOIIITl" I Tc•\t Pit I I> 

llCJllh l u t('l"' al 

lft•N ) Dl·Script inn I \ I. A IJA/S~IP SP I.P 

U:u:kcr·ouu tl 

1\1-BG·I 00-0b Dart... btt..l\\n loam \\ nh mus:-. anti \lll~lll g.1.l~S. loLS o f rod. 

1~1 -0G-: 00-06 \ led OI 0\\11 sdt} loam. not a lot ot wcl.. mo:,th· pchhks 

1~ 1 - 11 0·3 00·0 0 ~ l ed U! 0 \\11 IOillllV Si ll - -W-5CY'o \c~("t3tCd 

1 ~ 1-llG· I oo.oo l):ul.. bHH\11 ~d t\ luam. not a lot ol 10d.s- SO-IJOI)O vegctnt1on 

IM·BG-5 00-06 Dt.~rl... bt0\\11 s~mdv loam. fc'" 10..:l.s -lots of roots 70-800. \egetnted 

Cumpo'i ih • S:11 nples 

l wn ~bsk-UG- 1 C umposi lc S:unplc - cn iiC'CI NI fro m n.t...U.6 fct'l. T esred foa· tota l m etals I :tiJIC ll-2 :-;n r-; il i" ll Nil 

l r orr i\ l:ls k- BG -2 C olllpusite S:uuplc- collrct('tl fnuu n.H-0.6 fr t•t. T cs tt.•d fo r- to t a i !IICI:IIs T:1111t· 13-2 .'ill :'in NH Nil 

Composi te S:uuplc - t:n llcr trcl fnnn 0.0-U.(, ft•cl. Tcs tt:'d for intaluH•tals T ahl..• U-1 Nil Nit N il NH 

Com pu.siu~ S:uuplc- collected frorn 0 .0-0.6 ft•t·t . T cs tNJ for to t :ll uu•talli T :obl<' IJ-2 N it Nil N l~ Nit 

Compu.sit f.' S:uuplt.•- culh·ch·tl from 0.0-0.(, ft•cl. Tt•s ted for tot:1lnu•tuls T:1bh.• B-2 NR Nit NR Nil 

Don-ow .\ re:l I 

!M· I T I'·OI 0· 1{) 
I 0 · 3 17 
3 17-5 0 

50 

!\ I lor•zon- Datl.. br0\\11 sritv loam '"''"lots nf rocI.. 
l.•ght lmm n sdt) sand- ~5°. mel.. -2~ 

(iray rock r'mctme <8". some sod 

T otil l cll.!pth of test prt - i:md.huc rcfu s~.l 

UA· I rl' ·02 0· 10 
I 0- ~ 5 
~ 5- 100 

100 

t\ l lonzon ­ Dark bro,.. n ciJ' ..·v \ Jjt '" ' ' h wms .:md orgamc mattct 
L1ght brO\'•·n samh dav-...: I0"o rorl. 1 • 

L1ght brov.n gray s rh\ sand Rod ..:onh.. nlln\.:U::.tslng \\ rth depth. 7(JOj, rod. 
Tot:-~ 1 tlt.'pth of test pn- bcdr()Ck b.ackiH}(" rclu\~al 

3" '~ :m occasronal o-10" 1 oc~ 

BA-1 TP-03 0· 1 0 
I 0·3 75 

3 75-1 083 
10 83 

A l lonzon- Drul.. brm"n loam 
L1glu brov.-n s01l - < I 5° o rod, ~ .. 
Llglugroy s:mdv Silt - 55°niOd. <()" blod.\ angubr not hard 10 c.hg 
fot~ l depth of test p11 ·backhoe refusal 

13!\-1 T I'·O·I 0· 1 0 

I 0-J 25 

3 25-9 0 

90 

,\ l lon1on - Druk brown sli t) h.lrn 

L1ght brown snndy s lit w11h -ts•·l) gr>t'-\'1 ~11ed 1uc \.. < I 1
/ : 

T an/g ray s1lty sand ""'' h os•. rock -1" .mgul.u talus tvpc rock 3/1 " tlud. up 106M 111 ct.:unetcrm ldth 

T ot:l l dc:pth oftest p11 · backhoe rcfl1S.11 

BA·I rl'-05 0-0 25 
0 25--S 25 
-t :S-60 

6 0 -10 67 
1067 

\ Jlon.w n - D11rk bro""" s1h" loam 
Sandv Sth "" u h :!:{)D • rock< I" 
Tan'orangc s..'Uad laver 
Sand laver with 90-95~• angul::u rocl.. :!-JM w1th .111 oc.cas1onal 6" angular rocl.. 

Tota l depth of test ptt - bad..hoe 1cfusal 

~ latcn:J I \\<:lS damp but no seeps or "";uer "' as obscned 

IJA· I TI'·06 0·0 75 
0 75<~ -l2 
2 ­ 12-7 0 

70 

i\ l lo n zon - Dark brown sdt v loam 

L1ght brown s•h y s:md w / 6<)0 • wund 1mgu l ~u roc!.. <.1'' 
L:l\' crc:d fractured angular rock _\Cf'l, lmlc sod 

Totn l dcplh o (test ptl • bad..hoc !l.'fusrll H IV harc.J di£.SIO,!; 

BA·I '11' ·07 0-2 0 
2 0·90 

90 

,\ llonzon- D:n k br0\\11 slit~ lortm 
Laglu br0\\11 sand) s1 h • 6S-75°o rod , .. R()ck contl·nt and s1zc mcreascd '"'"h dcJHh. 90-QS'o rod. <6" 

Total depth of test p H- baclhot: rc:fu>.11 \CI\ h..trd d1ggmg 

BA· I T l'-08 0- 1 0 

I 0 ·2 5 
2 5-4 5 
.t ).C) 5 

45 

Dark hro,.. n lo:un 

L1ght brown sd tv sand w grn, c ls l ,.. 
L1ght gmy s ilty s;md w/ hrol..en rod :?~ 

Some: s;~nd w/ angular rocl.. ~ o" 

Total depth of tes t p11 - badho(' 1~lus,1 1 

( 'omposilt• s~lmplc!'i 

Iron Mas~-I)\ I·\ Compos ite s a rn p lt·- coll eCI('d fnllll II I() H.:' feel fr om cigh l l cSIJ iils in n nrr O\\ ,\rcil I NR ' ll Table U-6 

Ir o n ~ l : t <ol.- ll \1-B Cumpusih• 5:uu ple - coll r r lt>tl from H5 ft•t>ll t, lh t• h ullom of cig httcstpiu in Borro" r\re:t I l :tiJil' Il-l l'oble IJ.~ N il T:.ble 8 .(, T:oblell·7 

IJran hnal h on i\bsk EEE..CA 
~ Ia) I . 2(1()<> 



T.\ BLL fl- 1 

IR ON i\lt\S I~ ,\liN E t\ . D ,\ 11 1.1. ' IT E 

SO l iRCE S,\ i\II ' LI NG Sll \1 ~ 1 .-\ll \' 


.I ll:'ll E 20US 


I Ucplh Inter' a l 

Sourn· Trs t Pi1 10 ..-\ ll ..-\JS:\11' SI'LI' A~ronwniclles..: l"ipt iou (f••J) 

Oon·ow .\rea 2 

llr-\-~ 11'-01 

BA-~ T l' -0 1 

ll \-~ I P-05 

13A-~ '1'1' ·06 

13A-~ 11'-07 

13A-~ T I'-Ob 

BA-~ Tl '-10 

13A-~ TI'· I I 

13A-~ rl '-12 

BA<! TI'- 1.1 

B.-\-2 T P-1 4 

OA-~ I P-IS 

U •I-~T I'- 1 6 

Com posi te S:tnlt •les 

0- 1 o7 

I 67-1 5 


J 5 


s 16 

0-3 1.) 


3 33-5 07 

5 67-7 (I 

7 0-8 3 

83 

o.; 16 

3 I C.-7 0 
70 

0-:! 58 
258-blo 

6 16 

0-3 0 

J 0·3 5 


)(> 


0-067 

0 67-~ 67 


2 o7 


0 -0 58 


I 58 3 4~ 


3 -[!-6 58 

6 58·8 ~5 


s ~s 


o.o 5 
0 S-3 ~5 

] 25 

0-067 
0 61·5 5 

55 

0 · 1 OS 


I 08--10 


4 0-4 67 


-167 


0-0JJ 

0 33-1 -1 ~ 


I 42·2 58 


2 58 


0 ·0 25 
0 15-10 
20-10 

40 

0-067 


0 67-J 92 

J 92-5 13 


5 33 


0·0 67 

0 67-J 0 

3 0-4 67 


·167 


0-015 
0 75-2 67 
2 67-4 67 

I 67 

\ l-lonzon- Dark biO\I..rt sd1 v loam \\llh ahundnnt1oots 
Gt<t\ shale: 10d. slnb\. fractured honloll\otlh· \ 'crv lmlc sod. 8)0 

• roc!.. mo\IIY .l -6"" 

l ot~! depth of te">> pll ·had,hoe tcfus.:tl 

.m occ3tt•ona1 8" rock 

•\ llonzon -Dwlbro\\llSih\ loaOl\\llh roots.IO"orock < l " 

Ll£.111 brO\\n Slit\ ~1nd • rocJ.. coallcntmcrcao;c.s m stzc and pcrcclll \\tlh depth 

.m!;;ular 

row! d epth of tc:;t pu - h<tckhot: rcfusnl 

About60'erocJ.. -1"' ' ' on occ:-tsum.tl H"l>ouldcr. all 

\ l lotazon · D.uJ.. bum·n sth\· loam 

Lag.ht br0\\11 s11!\ sand· occasional rocJ.. J to U mches 

Gra\ ledge rod•. lrot~turcd. nppablc 
Ltght bro\\.11 sdt} s.1nd- ancrcasmg rod. content \\tlh depth 

Toml depth of test Jllt- bedrock. b~u.:J..hol." refusal 

Abnut J O'" rod.. 3·6'" 

A l lonwn • D:u k bru\\n '\!ltv l u:-~m w / :tbu nd~l!ll roots and o•ganH.: ntmh:r 'I!I}' lntlc md 
L•ght b t0\\11 s:mdy -silt\ lu;un- J OOo rocJ.. g~ and < l ~·10d.. <8" 
Tot;d depth ul tcst pH • bcJrod, bad.hoc refusal 

\ Honzon ~ Dark htm\n loam\\ roots anJ organ.c m~uter 
Ltght bro\\1\ s;utd) Silt- :!OOo rocJ.. )~(,• . Gr~tv frac11uc brcilh m small flat p1eces 

Total depth oftt!'St pll- hcdH'cJ... brtdhoc refusal 

A llonzon- Dark hH.mn st ltv lo:trn w/ IOOI!:i tlnd organa c nu11H't' 
Gray shale r<ld li.tc turcs, btcaks tnto snm 11 ptcces <1" ·no sotI, solid tock. 

Total depth of test ptl • b:lcl..hoc refus., l 

\ Honzon • D<~rJ.. hrm\n slit\· loam 
Bra" n s1hv S;.m(h loam ­ 1()1! o rod < 1" 
Tot~! depth of tco;t ptt- hackho~ rclu'>tl l lnown bl:lck bedrncJ.. ntostlv round angul~r no t \CI\' rtppablc 

A Jlonzon · Dnrk br0\\11 stltv loam 
L1ght br0\\11 S.,lld \ Sill · ~0°n gr~nt'l...-3/4' 
l..1ght bro\"11 MJil ·Hx:J.. content meteases \\lth depth 

H:ud round ang ul ,u tO<.: I-. I" · 'Cf)o httlc soli 

l'otal depth ofte:.t p1t- bad..hoe refusal 

Round \ngul;u Joel.. hard 10 d1g, break~ up uuo ..._2 '' . \cry lutlc :.otl 

A llonLon ~ DarJ.. l, rimn ~thy loam 

Gt<ty shale ruck rt ppablc · no o;oll 

Total depth of test ptt- b.td.IH)C t\.'fusa l 

A llonzon - Dat k bro,~on cia' e\ loam • Io- •rod..s < I " 

VciiO\\ and grm .mgul~tr roci...- J5°o iOCJ.. <6". \Cry little SOJI 

Total depth of te':lt ptt -bad..hoc 1efusal 

A l lot 1Lon · l)arJ.. bro"n d::~' e) loam w/ mots and orgamc 
Citay sil t - 35';, rod, < -1 " 

Grey fraclUrcd rod.. ·6" - \c.rv little sot! 

Total depth oft~st pll bacl..hoe refu~ l 

A l-lonzon- DarJ.. btO\'-fl Mit\ da\ loam 
L1ght br0\\11 cl::t) C\ silt · ~(JD o rock <:!" 

Gr;,y imcturcd rock npp~able - 95°o rock 1-8". no soil 

Total depth of test p11 • h;_lclhoc rcfusn l 

i\ Hcmwn · llr0\\11 s1hy lnam 
Ga;:ty/ lrg.ht bro\"'11 salt· v;o ;., rock<~" 

Gray fractured rod. -()5° 0 1o~.:l-.. <0" H'l). ltttlc sot! 
Total depth ol test prt • b.tcJ..hoc rcftrs..,J 

A Honzon • lltO\\ n srh\ lomn 

L1ght brown stlt • no rocJ.. 

Gmy fractured rod., IIJl Jhtblc- 1))0 1o rock <J". very little sorl 

·1otal depth oftdt pn - badhoc refusal 

.-\ f lom~on - D:u k bro'"" srh" loam\\ some ~uf;.cc rocks 
Lrght bro'"'" stlt\ '),.md \\ tth a fe,.,. small rods 
9()0., rocLs <8"- SC.lmc sotl 

Total de pth of tl!~t pat • had..hoc refu">nl 

r-\ llorazon - DarJ.. t~r 0\\11 stll \ loam 

Ltght bJ0\\1\ stlt' -..lnd" fl."\\ rocks 

L~ugt' boulders - 7<,o• "~J..< t :!M 

T ot:al d epth oftc~t Jlll- tlC1..h ocl b.~c.:lho~ refusal 

Cum po~itc sample - t:ollec ted fro m 0 ro 0.5 fre t from the ~i.tr ct:n test pits in Burro\\ An·a 2 fahlr B-1 J'l l{ NH 

Compu.s itt• ~:1111fllt· • <'flll ct·trd from 0.5 fl' c t to the b ottnm n fllu.• si t fl' f'n t c.s t p it s iu llun ·ow , \ n:•;l 2 I able Il-l T:oblr ll-4 T:tble B-6 Table ll-7 

Draft Fm,1l hon \las!.. El·f C \ 
\b~ I :!OO<l 



T ·\BLI.: H- 1 

IRON ~ L\Sh: ~ liNE ,\ ND •\I IL L S ITE 


SOl ii{('F. S.-\~ IPLJ N(; SLII\ J,\ 1,\RY 

.I liN E 200S 


Sour"Cl' I Tc"t Pit II) 

Uepll• llucn.tl 

( fc<t) T ,\1. ~I'Ll ' l'h~sical 

Tailincs ,\n~ a I 

TI-l Ti'-0 1 0-0 67 
0 (·7-2 5 

~ s-to n 
100-11 0 

14 0 

D:ul brown lu<illl 

Ltght br0\\11 S;lnd~ IC't,un \\llh !:;l"J\ d s < I" 
ltght br0\\11 Sill\ ...:mJ \\> JfYo .lllgUbiTOcJ.., <!"and J()D , cobbks 
80-flo- • broken roc~ and shale 
I mal depth of tt:St pll ­ ~ad..hoc refusal 

s• 

TA- l 1"1'-02 0- 1 (I 
I 0 -1 2 0 

120-1-10 
14 0 

D.nl br0\\.0 ln;-tm 

1\lcdiUm bnl\\n slltv s:md w .' 3()0/o angulm .gra\cls ..._ 2" ami l<t>o angubr cobbles <8" 
Orolcn rod. (shnlc} 

Tot::1l depth of lt:St p11 - b:tclhoc tdw;:~:l. hard 10ck 

T I-I TP-01 0-0~S 

0 25-1 0 

I 0·2 5 
1 5-·1 0 

-1 0- 12 0 

12 0- 1·1 0 

14 0 

L1ght br0\\11 or.tn~c s•h' sand 

D:.uk bro\'" lomn \\ f..:\\ gra,cls < 1 
/ 

i\ ledmrn bro\\n iiiilltv s.md '" :!O-Jm o angular 10Cl.. <3" 

Cirav stlt\ sum! \\tlh hOO o angu lar rock ..~(•" 
i\ lcdwm b10wn srhv .,:.HJd w/ JO--W0 o angul:u wd. <J" ~nd I0° o angular ~,;obbles <~" 
Br ok-en roclo- (shale} 
I 01al depth of test prt - Oac:k.hoc rcfus.1 l 

TA-l Tl'-0 1 0-067 
0 67-.l 0 
3 0-8 (I 

s 0-10 0 
10 0 

D.uL br0\\11 loam 

~ lcdunnbru\\IISrh\santl\\ ~~Ogr~l\cls I" 
Lrght LnO\\n "''hv 'i<lnd '" J~o angular rod. ....._r• and IOOo angular cobblc!S ...._6" 
Urokcn rucL t sh~lcl 
TowI depth of test p11- b~rckhoe rl'fus~ l 

TA-l Tl' -05 0-0 67 
0 67-2 0 

:0-10 0 
100-105 

10 5 

DarJ.. bro\\ n lo:~m 

\lcdrum br0\\11 Sill\ s..·md '" J~o angubr £H,\Cis < I" 
Lrght bro\\fl srh'r· sourd \\ JO'e angular gr:n c ls ~::!"and 1()0. angular cohhll"::. c;;.S• 
B roJ..cn rod. 
rOl ;tl t.lt:pth of ICSI ptt - h~rckho..: refusal 

TA- l 11'-06 o-n67 
0 67-6 0 
~O- I l 0 

II 0 

DJrk brown loam 

\ lednrm to I tght hrO\\tl srlty sand w/ ..$ 011 ogrJvcls <2" n.nd I O'o angular cnbbh.•c; 
Brolo-cn rock (-.hale) 

rosal dcp!lr ofrc:..t prt- bacJ..hoe refusal, lmHI mel slo1>Cd bottom 

6" 

CompO.<Oile Sum ph.·., 

Composite snmph•- cull('c l eLI fr·om 0 10 0.5 recc (r om !he six l l'SI piiS lol'alcd iu tltc T :1i lill !.!\ An:1 I Nl! Nil Nil T:tbll.' B-t1 

Compm ite s:nnph• . CtJII('Cict.l from 0.5 rt•cllo Ihe bollom urt ltt_• si~ lest p il'i loratrd in tlu· T a ilinp Are:-~ I T :tblc U-2 Taolo ll-4 Tablo ll-6 Table 11-7 

Iro n ,\ l ask-T,\ 1-\\" Composi te S:nuplt' . collt•cled from 0 to 0.25 ret' I fro m ju.sl :tbO\ e t he IO\\ ,.,.road in' isihlc taili n e..s l"alJie 0-2 Nil 

T :tilincs t\ n-:1 2 

Ttl -2 T l' -0 1 0-0 81 

0 83-1 83 
I 83 

f\ lcdn1m bro\\11 slr ghtlv clay...:y sandy slit. well 'egetated wnh some root!; -110 rocks 
112 ofhole yellow sd tv cl<w hard packed dnmp w/ nu rucks and no roots - o ther 111 ofhole n1cd brown clayey sli t. dr\. no rods and no 

TOOlS 

'I ota l depth 

Ttl-2 TP-02 0-0 67 
067-125 
I 25-1 58 

I 58 

\1edturn bro'"" s1hy m~:d g1.J.rncd sand. damJ>. no rocks and fe" roots- most I} urn egctah..-d 

Tan mcd gr~uned sand. d~rnp 
~ted tum b1fl\\<ll mcc! grmncd snnd, damp 

T ot>l depth 

0- 1 0 
I 

i\ lednrrn br0\\<11 rned gr;uned d :unp sand, few rOOIS and mostly un\ CgCtated around test p 1t 

Total dcplh 

Compos ite Sample! 

Iron ~ l ask-TA2-A 

Conqwsite S:unplt·- collcci NI from 0 10 0.5 reel o f w:utt.• rna lt·ri:t l fr flm three l l'St p it s locai NI in the T :1i li ng <e Area 2 Tnbh•ll-4 NR NH 1\ R 

C umposil l' S :tlllplc. collcclrt.l rrom 0.5 reel lo bollOm uf the l hn e IC\I jliiS loca ted iu tir e Tailings Ar·t.:l 2 Titble D-2 Tnhl.- ll-4 T:tblr ll-5 T ab le U-7 

Dr.:1f1 t-"tn.J.I Irou ~tasl.. Ett..CA 
\l:h I 2otttl 



T r\ BI.E Il- l 
IRW'I \ I \ Sh: _\lli\ E .\ N D ;\IILI. SJ"rJ:: 

SOII RC E S.\;\ II 'LI :'\'l. S l".\1\I.\R) 

J UN E 21HIS 


Source I Tesl PiriD 

l)cplh In ten :.I 

( f<<-1) 0 \•Sc riJ lllOII H I AUMS,\11' S I'LI ' A1!r on •Hnic Physic:tl 

\\ a~ lt· ltod.. I 

Cnmpo~ ill' S nmpl c.s 

IVR-1 Tl' -0 1 
lC:tSH \ CSI CXI CI\SI(JII) 

1\'R-1 Tl'-01 
(nouh-south c"cnsuml 

\\'R -1 TI'-Oc 

IIR-1 Tl'-01 

0-~ 0 
~0 

:.o-s s 
s 5- 10 0 
10 0- 1 ~ 0 

1:! 0 

0-1 5 
J " -hO 

h 0 

0-0 ~5 
0 ~5- I JJ 
I JJ-v 0 

hO 

0-0 5 
0 5-2 67 

2 67--1 1(, 

-1 lh-61 (· 
6 l o-QO 

QO 

i\kdnn11 brO\\ tl stl t) lort m w/ grass r~nd some cobbles nnd pebbles- ''dl 'rget;ucd 
A.brupt blHIIld~tn· ,.., or:ln~c colored med gnunl."d s;md. ~l•ghtlv damp ,u ;~bou 1 ~'L" ILuns mcd bnmn 
~ l ed brl1\\ ll S:'lnd. d~tmp. no rod. 

F;m h d:l' c' 'iJnd "tth cobbl...•s 6"'- ''e1 
D:ul.. bol'\\ 11 stlh cfa, - '"et 
St<trllng h) ~c..·c cobbles 

S elt\ !'J.ml '' .., c llm' st:ttntng ~md cobbles (Andcstt c) - b0-7CY' o rod. 18", no' cgct~\I J On 

\led brm'n dm.1p s ltghtl v clmc\ s..,nd" ~ I nand f c- stam111g. 70-So-~~ rod. < I~.. ( \nd~sue and ~omc nhc1~d .-\ndcs11c) 
Iota l depth 

~ l cdnun bi0\\11 s11lv s:md w/ gl<t\cl - ro;;~d till 
Oark b OI\\Il 5 1 ltv sand w/ gr;l\ d and cobbles· 60-70~o rocks <8 " 
Dml... bOI"\\11 Slit) sand'" g11l\d :md cobbles. orn.ngc'yello'' Sl:llllmg. - 70-SOOo rod..\ 36" 
fota l depth 

On. h;ucl p<td.ed. red gr:-t\ s.mdv sth w / gra\ cl and cubbies· J0-500 • roc I... <.t * 

P111!... br0\1.-11 tb~ cy sand \\J 60°. gr.n cl omd :!0-JOOo \:Obblcs < I ::z~ · 1110151 

Ye llow b1own clavcv sand w/ g•avd ::md col..lblcs ·some are:1S I 00° o cobbl e~ < I::! ", gcncJal ly ·10-500 o '' lots of~~a' cis 

Doni.. g1a\ '' cubbies and gr:l' cl. looks mo 1st- 50-6Cf~ cobbles \\t th less H'"' cl 

Rro" n dnve' -.and mosllv gr::tHI " cobbles < I 1" 40-SQD.- some \\OOd deb11 s. rncu~t to \\CI at bouom 
T ot:ll dep th 

Conq1o~ih.• .s :unple- cnllec trcl from Otn 0.5 fl·ct friJrll T est Pit.ll \ \'H 1-TP-01. \VH 1-­ rP-02. :tnd \\'H 1-T I'-OJ 

Compu~iu· sample- colh·clcd fru m 0.5 rrellu the hollom o f th r ll-'SI p it. fro m Tt·~· pits \\' RI-TI'-fl l. \\ 1{1-TP-02. :III II \\I{1-T P-OJ 

Corupu ~it c s a mph•- coll l't; tN.I fnHu 0.5 In -1. 1 fcl• t from Tr'i l Pit \VI{ 1-TP-03 

f'ompu!\i,t· s a m pi('- coll rl' ted from -t t lu 9 ft.d from Tc~l Pit \ VI<I -TP-OJ ~poil ..; pi le 

T :1blr ll-2 

T:~ hl r ll-2 

Tabll~ H-2 

Tabh• ll-2 

:-Ill 

Table U-~ 

Table ll-~ 

TaiM ll-~ 

Nil 

Tahlc B-6 

i\ 11 

' R 

T :o hle iJ-7 

\\'a sH• Hod.. 2 

IVR-2 Tl'-0 I 

\VK-2 r P-01 

WK<:! fi'-Ol 

C omposilr Snmple!' 

Ir on ~1a sk -\V IU-2-0 

Iron ~l:isk - \\'IU-B 

0-0 1J 

0 3 .1-~ 67 

~ ,, 7 

0- 1 5 
I S 

0-0 5 
0 5- 1 2S 

1 :!:5 

Very drv sli t'). "'and w/ rocks :md cobbles- <~nt s 11\·mg 111 pile 

Orange .md bl;:1cl... s1hv ~:met. some arc.::~s ha'c bk.tchmg .::~nd vdlow !Jiauung " more cb y • 70-8()0 • rC'Id. :!.t" (And~.!>ll<:). dcb11s m p1 le 
Total dcp1h 

En t1 r~ IL':.IIJII IS Yellow rmd orilngc s1hy s:md '" ' some areas s il ty clay- 80-9QOo roc!... . . III JUcl...s ha\e orange or \In ccm tutg 
Tm.:tl depth 

Vcrv til"\ . mcd brown Sl hv s.1nd • lots of \\Ood p• cccs. upper p:llt of hole grm el and pebbles <3" 
11amp mOO bro\1.-n Slit... s.::~nd - 50':o roc!... < I:!" and 5C>-o wood· some rod.. ::rppc:us to ha' e salts on them -lots o f lumber and dcbns 
:u o und holes 
T ot:tl dt.:pth 

Compo:.itc sou n plc- collcctctl from Oto 0.5 feel from T est Pits \VIU-TJ.,-01. \\' fU -TP~02 . :tnd \VJU-T I'-03 

C omposit (' sa mple- collrcH•d from 0.5 10 1.6 ft.• t•l frorn T l'St Pi ts \ VIU-T P-01. \Vfl2-TP-02. :-111d \\'IU-TI'-03 

Com pnsih· sa mple - collcc tl•d from 0.5 lo 2 .6 fcl'l fro m Tt•st Piu \\' RZ-TP-01, \VJU -TP-02 . .-wd \\' IU- fl'-03 

Tablt' U-2 

Table ll-2 

T:tblt.· 0 -2 

NJl 

T able ll-~ 

Tablrll-~ 

NR 

Table ll-5 

T:1 ble 0 -S 

' II 

T:tl.JI(> B-6 

"II 

N il 

Tahl l· B-7 

\\' :I Sil' Jlock J 

IVR -3 Tl' -0 1 0-0 -0 25 O;~rk bl()wn s1hy sand ,..,.J cobl..lles - ro~tll fill 
0 ~5-0 5 Sthv s:Hld w 1 pebbles and cobbles. hard packed - 70-8Wt11. rod.. < I:!" 
0 5-7 0 Ou1ngc \\ ye llow sta.n111g sl1giHiy cla.yey co<\rsc sand. red slmned hrcccm .. andcsuc- ~In comed rock 

Cnrn 110sih: Sample~ 

Jr·ou i\ l:!sk-\\'10-A 

Jr·un ,\ l asl..-\\'lll-U 

70 Natural ~round · dark bro'"n s1 hv torun, d amp 

Composite ~:unpll·- collectNI f1·om 0 to 0.5 ft•ct fm rn WRJ-TP-01 

Compo"il t· \:tmph~- co llrc lr d from 0.5 to 7 feel from \VR3-TP-0 1 T :1blr 11-2 

N fl 

T a ble II-~ T:lblt' 11--S 

N il 

Tahir ll-7 

l>rafl hn31 li on ,\ lasl 1-1 I· (. -\ 
\ Ia\ I :!OOQ 



TABLE B-2 


IRON . I AS I~ i" II NE AND i\IJLI. S ITE 


OLIO i\ IE OIA DATA 


SAi\ IPLE 

ID 
SA i\IPLE 

DATE 

AMPLE 

DESCRIPT ION 

SIJ 

mg/ l<g 

As 

mg/kg 

13a 
mg/kg 

C<l 

mgll<g 

Cr 
mg/kg 

C u 

mgll<g 

fe 

mgll<g 

Pb 

ntgll<g 

Mn 
mgll<g 

J-I g 

mg/kg 

Ni 

mgll<g 

Ag 

mg/kg 

Zn 

mgll<g 

Bacl<ground Samples 

Iron l'vlask-BG-1 06/16/08 Dark brown loam with moss and smal l grass. lo ts of rock- colk:ctecl from 0-6" < 5 20.9 180 1.4 23 .0 45.6 33.700 270 963 < 0 .50 14.7 < 5 76.0 

Iron l'vlask-BCi-2 06/ 16/08 IVIed. Bro11 n silty loam. not a lot o f r01.:k most !~ pebbles - co lkc.:tcd from 0-6'' < 5 19 .2 19 1 1.7 19.3 23.6 33.300 ~2 . 2 1.160 < 0 .50 12.3 < 5 10 1 

Iron l'vlask-BG-3 06/ 16/08 !'vied. Br011 n loamy silt - 40-50%, vegetated - coll ected from 0-6" < 5 18 .8 135 1.5 3 1.0 16.7 32.900 29.4 946 < 0.50 2 1.2 < 5 91 .5 

Iron ivl a~k -BG--1 06116/08 Dark brown silty loam. not a lo t o r rocks - 50-60" o 1egetatio n - co llected from 0-6" < 5 9 .6 179 1. 1 12 . 1 17.9 3 1.900 18.9 X3<J < 0 .50 8 .7 < 5 74.9 

Iron l'vlask-BG-5 06/1 7/0X 
Dnrk brown sanely loam. few rocks - lots o f roo ts 70-80~o vegetated - co llected from 0 
6" 

< 5 18.2 176 1.6 18.6 16.2 29 .200 370 957 < 0 .50 11 .5 < 5 12 1 

A 1 eragc Concentrat ion ( I ): 

J \: Average Concentratio n: 

3.0 17.3 172 

9.0 52.0 5 17 
1.5 20.8 

-lA 62.4 

24.0 32.200 3 1.0 973 0 .3 13.7 3.0 <J2 .<J 

72.0 96,600 93. 1 2.9 19 0.9 -11.0 9.0 279 

Tailings Areas 

Composite sample - collected from 6" to the botto m o f the seven test pits located in 
Iron l'vl ask-TA 1-B 06117/08 

the Tail ings Area I (TA- 1-TP-0 I through T.'\-1 -"1 P-07) 
< 5 7.4 152 < I 32.5 30.0 37.500 28.3 1.070 NR 20.5 < 5 128 

Iron Mask-Tt\ 1-'vV 06 / 18/08 
Composit e Sample - eo lkctcd from 0-3" from j ust above the lo11..:r road in vis ible 
tailings 

15 .4 1,890 11 9 32 1 9 .8 167 77.700 12,300 33,500 3.3 7 8 50.7 -11,600 

Iron l'vlask-TA2-A 06/18/08 
Compos ih.: . ample - co lkcted fro m 0-6" of waste materia l fro m Tf\2-TP-0 1. T A2-TP 
02 and TJ\2-T P-03 

Composite Sample - c.:o ll ccted from 6" to bo ttom o f tho.: three test pits TJ\2-T P-01, 

< 5 1,260 ·17.9 82.5 11 .2 153 86.800 5,220 35, 100 0.50 12.7 23.1 12,700 

Iron i'vlask-T A2-Il 06/ 18/08 
T/\2-TP-02 a1td TI\2-T P-03 

< 5 1,2 10 50.8 77. 1 12.6 163 73.800 4,500 3-t, IOO 0 .56 12.0 19.4 10,300 

Waste Rock Ar·t'as 

Iron Mask-WR 1-A 06/ 18/08 
Composite sample co llected from WR I - collected fi·orn 0-6" Ji·om WR 1-TP-0 I. WR I 
TP-02. and WR 1-TP-03 

< 5 165 I ll 19.7 8 .8 11 9 5 1.100 1,490 6,060 0.65 I 0.4 5 .5 2,950 

Iron l'vl ask-\V R 1-B 0611 8/08 
Co mposite sample co llect..:d from W R I - collected fro m 6"to tho.: botto m o f the test 

pi t. from WR I-TP-0 1. WR I-TP-02. and WRI-TP-03 
< 5 2-10 10-1 114 7.7 693 60 .700 5, 11 0 10,-tOO < 0.50 10.0 23. 1 16, 100 

Iron Mask-WR 1-C 06/ 18/08 Discrete sample - co ll ected from 6"-50" from waste mater ial in WR 1-TP-03 < 5 263 11 9 19.6 14.5 956 58.500 93 1 10,200 < 0. 50 18.4 16.9 2,940 

Iro n Mask-W R I-D 06/ 18/08 Discrete sample - co llected from 50"-9' from l<.:st pi t WR 1-TP-03 spoi ls pile < 5 44.3 239 9.5 I 3.7 669 38.000 588 2.240 < 0 .50 18.0 < 5 1,1 90 

Iron Mask-WR2-A 06117/08 
C ompos ite sample collected from WR2- co llected from 0-6'' from \VR2-TP-O I. WR2 
T P-02. and WR2-TP-03 

5.8 65 1 88.0 76.7 < 5 489 48.700 8 ,590 8,560 < 0.50 2 1.2 39.6 14,700 

Iron Mask- \VR2-2-B 06/ 18/08 Discrete sample co ll ected fro m WR2-T P-02 - r o ll ectcd from 6 ''- 18" < 5 349 25.2 4.4 < 5 13.6 47.600 1,550 700 < 0.50 < 5 10.4 1,040 

Iro n Mask-WR2-13 06/ 17/08 
Composite sample collected from WR2 - co llected from 6" to the bo n om of the test 
pit from WR2-TP-O I. WR2-T P-02. and WR2-TP-03 

I I. I 1,020 87.9 139 < 5 635 53. 100 1-1,200 13,000 0.59 23 .5 77.7 2 1,100 

Iron l'vl ask-WR3-A 06/ 17/08 Composite sample co llected from WR3 -collected from 0-6" from WR3-TP-0 I < 5 446 77.3 2 1.4 11 .9 2 11 43 .300 3,310 1.980 1.4 8 .0 20.9 3,340 

lron lvlask-WR3-B 06/ 17/08 Co mposite sample coll ected from WR3 - co ll ect..:d from 6"-7' from WR3-TP-O I 7.5 593 77.5 182 7.0 72.3 47. 100 5,900 4 .870 1.7 < 5 2-t.7 19,700 

95% Upper C onfidence Lim it (UCL) of the mean concentration- waste rock a nd tai lings : 7.5 967 132 138 15.3 524 64,959 7,602 20,303 1.3 17. 1 37.2 18,-170 

Dmfl F111al loon :..1,~;1. FLF C ·\ 
0\h t} I. 2009 



TABL E B-2 

IRQ i\ IASI~ i\ II NE A ' D i\ II LL S ITE 

SO LID i\IED IA DATA 

Ai\ IPL E SAi\IPLE SA J\ I PL E Sb As Ba Cd Cr C u Fe Pb Mn J-I g Ni An 
" 

Zn 

ID DATE DESC RIPTI ON mg/k g rn g!lq! rngll<g mg/1\g mg/lig mg/1\g mgll<g rn o/ko 
" " 

mgll<g mgll<g mg/l<g mg/ kg mg/lig 

Borrow Areas 

Iron tvlask-13/\ l-1\ 06/ 16/08 Composite sample - collected lrom 0-6" li·mn the cight test pits in Borro11 Arca I < 5 9.1 163 < I 19.6 137 28.200 25.7 7-1 3 < 0.50 1-1 .7 < 5 195 

Iron Mask-81\ 1- 13 06/ 16/0S 
Composite sample - collected fro m 6" to thc boll om of the eight test pits in Borrow 
Area I 

< 5 6.'1 177 < I 12.0 11 9 24.-lOO 22.1 60S < 0.50 13.6 < 5 150 

Iron tvlask-B/\2-/\ 06/16/08 Composi te sample- co llcctt:d from 0-6" from thc sixteen test pits in Borrow Area 2 < 5 8.7 155 < I 14.5 60 1 28.900 32.7 69-1 < 0.50 12.3 < 5 80 1 

Iron tvlask-B/\2-B 06/ 16/08 
Composite sample - collected from 6" to the bollom or th e s ixteen test pits in Borrow 
Area 2 

< 5 < 5 13 4 < I 710 17.7 3 1.-l OO 12.2 755 < 0.50 38 .5 < 5 67.-1 

Sedim en t Sample 

Iron Mask-SE-0 I 

Iron i'vlask-SE-02 

Iron /'vlask-SE-03 

Iron Mask-SE-0-l 

Iron Mask-SE-05 

06/ 16/08 

06/ 16/08 

06/16/08 

06/ 16/08 

06/ 16/08 

Sample colhx:ted I 0' from collapsed port a l in active fl ow 

Sample coll ected at the base of thc gray waste rock dump just befo re it disappears 
underground 

Sample coll ected ncar bollorn or barren runoff area rrom the reel waste rocJ.. dump but 
above bcnncd area that may have been t<~il i ngs pond or runoff control 

Sample collected belo11 living quarters and I 0- 15 ft above where water disappears 

Sample coll cetecl in clrainag..: in an area where wm~.: r wo uld now - drainage is well 
veg. W/ no ind ication that water lws fl o,,cd recently 

< 

< 

<. 

< 

< 

5 

5 

5 

5 

5 

< 5 

20 

36 1 

227 

726 

59 

71 

57 

38 

72 

< I 

2 

2 1 

9 

29 

32 

17 

9 

14 

12 

29 

26 

11 2 

45 

57 

27.600 

28. 100 

38. 100 

32.000 

38.300 

65 

21 1 

3,630 

1.590 

3,140 

469 < 0.50 

1. 020 < 0.50 

8.420 0.50 

4.950 < 0.50 

10.700 0.62 

15 

9 

8 

8 

8 

< 5 

< 5 

12 

< 5 

10 

245 

1,190 

5,320 

3,360 

5,660 

Nationa l Sediment Qua lity Survey ( SQS) (EPA, 2004) T50 Effect Concentration A 32.6 A A A 157 NA 16 1 A 0.87 A 2.45 384 

> .. ·­
lonccmrauons in UOL() lll<hc:ue \ :t lucs that exceed J times the a\'cragc h:tckground concentration 

NA = 
10 1 t\\'ailablc 

(I) f or Non Detected snmplcs. 60°u of t he 1cpo11ing Iiiii it wns used for the puq>Oscs of calculatmg average.: 
Sb - Anti111on y. Fe - li on Zn- Zinc 

As - Arscruc l'u · Lea d 

Da -llanum ~ In - ~ lang:mcsc 

Be- Octy ll ium Hg · ~'-lcrcury 

Cd - C:ld1111 UIIl Ni - Ktckcl 

Cr - Cluorn ium Sc - Sclcnuuu 

Cu- Copper 

D10ft Fmal Iron :>. lo, k r I I C \ 
:O. I :t) I 2009 



TABL E B-J 

IRO N IVIASI< I\ li NE AN D M ILL SITE 


XRF DATA (BLM) 


Sample Number Da te 
A s 

mg/1\g 
C u 

mg/lig 
Fe 

mg/l•g 
PIJ 

Ill g/1\g 
Mn 

mg/kg 
Zn 

mgll<g Notes 
North dump top near tracks. Gre~ - purple 

Site I 08/0~105 < LOD < LOD 26.777 39.7 927.0 < LOD andesitic waste rock. cia~ rich Ia~ cr. 

North dum p top. Andesite 11 ithquartz and 

Site 2 

Site 3T 

08/08105 

08/08/05 

< 

< 

LOD 

LOD < 

657.6 

LOD 

52.582 

18.099 

1.969.6 

351 .2 

I 0.195.2 

1.760.0 

81 -f...J 

1.229.6 

limonite ve ins. local strong limon ite. 
North clum p top, North lobe. Grey andes iH.: 

with weak Iimoni te. 
North clump middle. North lobe. Gravel to 

Site 3t-. l OS/08/05 93.8 < LOD 28.598 62..J.O 3.827.2 2.268.8 sand sized andes ite. some hro11 n cl::~y. 
1 orth dump bouom. lonh lobe. Gre) andes ite 

Si te 3B 08/08/05 < LOD < LOD 28.083 73..J..f 2.779.2 2.--1 00.0 with local limonite. rare hemat ite. 
North clum p. midd le lobe. Grey and purple 

Site 4T OS/08/0:i < LOD < LOD 26.880 307 . ..J 1.360.0 1.0--1 9.6 andesite. rare carbonate veins. 
North clump. midd lt.: lobe. Grey and purple 

Site .f M 08/08/05 < LOD < LOD 19.596 95. 1 1,280.0 192.2 andesite. gravel to sand s ize. 
North clump. midd le lobe. Grey andesite. weak 

Site .fB 
Combined orth 

Dump ( I - .f) 

OS/08/05 

08/08/05 

< 

< 

LOD 

LOD 

< 

< 

LOD 

LOD 

25.497 

26,29 1 

996.0 

628.4 

3. 139.2 

2,800.0 

2.609.6 

1,360 

limonite. 

Combination of Waste Rocl< samples (I- 4). 
Mill dump. top. Mn coated andesite. probable 

5T 08/08/05 163.9 < LOD < LOD 1.050 2.508.8 964 .0 calcite vein lets. 
Mi ll dump.m iddk. andcs iw.Mn coatings and 

5!\tl Ql)/08/05 377.6 <' LOD .i.0'-) 9 1.739 !.8!9.2 473 .6 sulfides (py/cpy) on i'ractures. 
Below and south oi'mi ll. mh: n f' nat iv<: soi l and 

513 08/08/05 996 1.1 60 •, LOD 19.597 I 8.044.8 8. 755.2 milled andesite. 
Under mill build ing. line mi lled andesite with 

6 
Combined Mill 

Area (5-6 

08/08/05 

08/08/05 

< 

< 

LO D 

LOD 

< 

< 

LOD 

LOD 

< LOD 

54,067.0 

23.692 

9,299.2 

33.075.2 

54,067.2 

239.820.0 

35,788.8 

white coating or salts. 
Combinat ion of material ncar mill samples 
(5- 6). 
Chocolate colored line si lt overlying dark si lL 

Tails #I 

Tails 112 
Ol)/08/05 
08/08/05 

1, 160.0 
1.360.0 

< 

< 

LOD 
LOD 

7 1.475.2 
72.755.2 

3. 708.8 
--1. 099.2 

7 1.475.2 
72,755.2 

17.6tl9.6 
12.396.8 

native rock f'ragm<:nls 4 inches deep. 
Light brown fine sill sand 3 inches deep. 
Iron rich sanely horizon I to 4 inches thick on 

Tails #3 08/08/05 3.8--1 9.6 < LOD 140.902.4 18.496.0 140.902.4 2.428.8 stream bank. 
Brown silt ( I OY R53) overly ingMN coated 

Tai ls 11 4 
Combined Tai ls 

08/08/05 
08/08/05 

668 .8 
1.680.0 

< 

< 

LOD 
LOD 

59,852.8 
83.968.0 

5.440.0 
7.468 .8 

59.852.8 
83.968.0 

9.504.0 
9.024.0 

platty clay struc tu re. 
Combination of mill materials ( I - 4). 

BKGR II I 
BKGR #2 

08/08/05 
08/08/05 

< 

< 

1.00 
LOD 

< 

< 

LOD 
LOD 

22,988.8 
20.390.4 

..J 7.7 
30.6 

< 

< 
LOD 
LOD 

115.0 
115.1 

Background materia l near 111 ill site . 
Background materia l near tai lings area. 

Stand ards 
Blank 

N IST 2709 
N IST 27 1 I 
N IST 2710 

08/08/05 
08/08/05 
08/08/05 
08/08/05 
08/08/05 

< 

< 

< 

LOD 
LOD 
LOD 

650.4 

< 

< 

< 

LOD 
LOD 
LOD 

3.440 

235.6 
23 .692.8 
19.289.6 

32.998 

< 

< 

LOD 
LOD 

1.()29.6 
5.228 

< 

< 

LOD 
1,080.0 

LOD 
10.797 

< 

< 

LOD 
LOD 

..J02 .4 
6.829 

Standard 
Standard 
Standard 
Standard 

XRF - X-Ray Fluorescence Spcelroscop) 

1 OD - 1.111111of Detect ton As · Atsente Pb - Lead 

mg. ~g.~ 1111lli~ram cr kilogram Cu 4 Copper Mn- Manganese 

Fe ­ Iron 7 n - Zmc 
NIST-1709, NIST-27 10, and NIS 1-27 11 - XRI· 
sl;mdar<b 

Draft l'lnal lion 1\ las!- EEI~CA 

1\.htl I 2009 



T ABL E 13-3 (continu ed) 


I RO N !\ l AS h: !\ li NE AN D !\ JI LL SITE 


X RF DATA ( Pioneer) 

xnr .\ s STI> l Cn STD Fl· STO Pb STD i\ ln STU Z n STO 

S:t lll il ll' N umhcr l)~ f(· Time l\umbcr mg/ k!! .\s lll:.!/1<1! C n mc/ k!! Fr 111!!11<~ P h m~!lk~ ''" mg/ kt! Z n 

N IST-2709 06/17/08 n~ 7.77 16 70 s 88 < 101) 98 16 7.6.898 5 1 453 33 II 20 96 10 I~ 512 II 17.0 30 II 137. 62 5~ 19 

NIST-271 0 06/17/08 7 29 278 688 91 82 85 1-1 3.143 48 1 3~ I ~ II 34.946 33 602 65 II 5.706 26 105 5 1 II 10,392 37 .j 19 32 II 7.273 70 157 77 II 

NIST-2711 06117/08 7"JJ 279 73 69 33 36 - 137. 76 704~ - :!2. 116 84 421 39 II 1.:!02 87 4371 II 588 02 12~ 13 1-1 33~ :!9 59.97 II 

11\'1-BLANK 06117/08 7 36 280 < LOD 7 85 - < LOD 73 56 < LOD 11 5 46 - < LOD 10 ()~ < LOD 75 29 < LOD 59-10 

IM-fJCi I 06117/0S 7 -16 281 23 28 9 '5 < f.()!) 96 57 28. 11420 46­150 II 25 74 10 ~0 I ,03106 144 56 II 128 29 54 .07 

IM-BG-1 06/ 17/08 7 50 282 < LOD 12 76 - < 1.01) 95 96 25.736 68 4-17. 25 II 19 .66 ') 92 - 692.98 127 47 I I 113.45 53 I X -
IM-BG2 06117/08 7 55 283 21 07 10.96 - < I.OD 105 25 30.5 16 .59 50 1 23 II 56 60 12 73 II 997 21 149 63 1-1 150 59 5S.53 

IM-13G3 06117/08 7 58 284 2-167 10 26 - < LOD 108 27 35,425 90 5~ I -18 II 31 81 114-1 1,050 50 156 0:! 1-1 100 75 58:!9 

li\1-TP-I -,\ 06/17/08 <)5 1 285 < LOD 12 57 < LOD 8237 - 16.2 15 39 327 6 1 II .j9 28 10 ~2 600 53 106.00 II 1~0 58 46 27 II 

IM-TP-1-B 0611 7/08 9 55 286 < LOD 13 62 - < LOD 107 82 27.,6~6 26 ~ 38 ~2 II 19 08 1040 508 01 123 76 1-1 135 80 59 10 -
11\1-TI'-3-A 06/ 17/08 10-17 287 6~9 3~ 69 20 1-1 < I OD 151 35 - 57.391 32 8~3 86 II 3.0~3 32 8~ ~3 26.482 2~ 713 6~ II 1~.719 36 232 56 II 

IM-TI'-3-11 06/ 17/08 10 53 288 109 13 25 80 H < LOD 11 6 39 - 32. 150 73 53R 5~ II 531 32 31 55 3.826 21 252 86 1-1 2. 11 1 30 93 70 II 

IM-T P- 3-C 06/ 17/08 II 13 289 23 83 10 20 - < LOIJ 103 75 - 27.729 96 ~77 86 II 35 .32 II 60 8-10 2-1 140.5'1 H 130-19 57.80 

livi-TI'-3-D 06117108 II 17 290 < LOD 14 0-1 - < LOD 106 79 32. 172 95 515 97 II 30. 13 II 55 870.42 1-16.08 II < LOD 86 31 

TP-OL-1 -A 06117/08 II 3 1 29 1 1.529 81 129.42 II < I.OD 20 1 55 99.298.30 I ,253 67 II 8.689 69 160 55 ~'l.52~ . -11 1. 101.38 II 40.49~ . 9S 422.6-l II 

TP-O L-1 -13 06117/08 11.36 292 < LOll 17 •19 < LOD 115 92 29,654 74 5 1<) 37 II 60.88 1·135 750 97 147.71 1-l 3 .1 1~ . 95 106.-18 II 

livi-TI'-4-A 0611 7/0S II 39 293 ~6 . 52 13 38 II < I.OD 86 33 17.800. 12 3~7.75 II 1 55 . ~ I 15 93 1.229.68 134 55 II 479 02 53 67 II 

IM-TP--1-13 06/17/0S II 42 29~ < LOD 13 95 - < LOD 11096 26,0-1 I 79 ~71 43 II 28.0 1 II 10 766 58 139 38 1-l 92.32 58.96 -
TP-OL-1-C 
IM-TP-5-i\ 

06117/08 
06/17/08 

II 51 
II 59 

295 < 
296 

LOD 
88 I~ 

16-18 
..,.., ..,..., __, .).) II 

< 
< 

LOD 
LOD 

Il l 39 
85 76 

27.475 65 
20.780.73 

492 03 
375 65 

II 
II 

5 1 -12 
633.45 

12 99 
29-12 

I 

II 
6 1 ~ IS 

2.599 17 
135.72 
180 96 

II 
1-l 

1 ~ 8 18 
2.178 so 

6 1 91 
77.09 

-
II 

llvi-TP-5-13 06/17/0S 12 02 297 < LOD 13 36 - < LOIJ 107 27 30.529 08 502 57 II 17 27 10 ~-1 691 65 13608 1-l < LOD 86.26 -
ll'vi-BLANK-0:! 0611 7/08 12 12 298 < LOD 8 17 - < LOD 75 63 - < LOD 11 9 52 < LOD 10 10 < LOD 76.07 < LOD 59.23 -
IM-TP-6-i\ 06/17/08 12 26 299 771 50 79 08 II < LOD 1~6 -IS - 55.3 1 s 40 795 76 II -1.489 53 9l! 29 II 2-1.3•)7 25 660.37 II 1 6.39~ 80 233 .93 1-1 

IM-TP-6-i\ 1) 06/17/08 1228 300 881 85 8169 II < LOD 153 Rl 58.5 19 83 8~0 09 II -1,707.55 103 28 II 25.<n5 97 698 63 H 17,569. 11 2-18 .26 

livi-TP-6-11 06/17/08 12:32 30 1 I(> 62 8.98 - < 1_01) 93 72 25,062.02 ~29.46 II 3 1. 12 10 28 II 669 86 123.27 II 161.65 52.69 

IM-TP-5-C 06/17/08 12 35 302 < LOD 13 76 - < LOIJ 11 0 76 29.505 03 508 65 II < LOD 16 02 - 759 J8 143.24 1-1 106.75 60.85 

ll'vl-TP-6-C 06/ 17/08 1243 303 < LOD II 9 1 < LOD 94 42 26.26 1.65 .ns JO II 13.83 9 18 541.49 117.74 1-l < LOD 76 09 

IM-TP- 7-A 06117/08 13 1-1 304 1.06007 9640 1-l < I OD 167 77 - 78.437 3ll 1.018 0 1 II 5.756.-l.J l l'l 16 II ~2.8-18 I I 931.54 1-l 3~.172.50 353 3-t 
IM-TP-7-13 06/17/08 13 18 305 < LOIJ 13 69 - < I UD 10 1 02 - 25.579 93 452 66 II 30 74 10 85 655 67 128.56 H 177 96 56 98 

IM-TP-7-C 06117/08 I ' 
J 

.,., 
-­ 306 < LOD 12 65 - < I.OD 99 00 - 26,662 02 459 78 II 21 0-1 10 10 508 38 122 57 II < LOD 81 36 

TP-OL-2-i\ 06117/08 13 ~2 307 77 07 19 65 II < LOIJ 98 37 20.843 0 1 -10 1.59 II 350.92 23 SH 1-1 2. 1-17-15 18002 1-1 1.224 37 71 ~9 I 

IM-BG-05 06/17/08 15 06 308 17 -1 7 9.4-1 - < 1.01) 96 07 19.946.86 387 9 1 II 3933 II 06 II 790.28 126.30 II 122.23 52.47 -
IM-WR3-i\ 06/17/08 15 II 309 270 23 50.60 1-l < LOIJ 136 2~ 4~ ,035 81 67~ 29 II 1,995.93 63 92 1-l 1.929.73 2 18.23 H 1.330.0 1 93 05 II 

IM-WR 3-B 06117/08 15 1-1 3 10 51 7 27 65 17 1-l < LOD 135 82 - 56.336. 14 762 55 II 3.246.-15 8 1 46 II 2,408 85 24 1.24 H 3.423. 75 121.35 II 

IM-WRI -i\ 06/ 17/08 15 55 3 11 < LOD 18.03 < 1.01) 11 7 68 39, 144.43 590.74 II 75.36 15 15 II 556 28 14 1.87 H 160.30 63.96 

livi-WRI -13 06117/08 15 58 3 12 < LOD 1~.64 - < LOD 11 3 07 39.55 1 72 582 15 II 3~.58 II 98 567.83 139.82 1-1 222.60 62 .86 II 

WRI-IN-13 06117/08 16 29 3 13 178.5 1 3 1 49 1-l < LOD 127 79 43,657 90 656.20 II 701.83 3773 II -1 ,824 -1 I 296.30 H 2.556.84 106.00 H 

IM-\VRI -i\ 06117/08 16.38 3 14 174 36 ~0 ~7 H < 1.00 11 6 69 46,8 13 23 65~ 79 II 1.4-15.63 5 1 ~6 II 4 ,2 18 02 271.98 II 2,205 99 96.68 II 

IM-WR2-13 06117/08 16 -II 3 15 528 15 69 9-1 H < I OD 143 29 - 60,058 18 823 22 II 3.500 ~5 87 79 II 10.500 20 451.37 H 146 94 1-16 9~ 

NIST-2710 
NIST-27 11 

06118/08 
06/18/08 

7 02 
7 06 

3 16 
3 17 

590AI 
78.10 

80.38 
33 10 

II 

- < 
2.907 69 

LOD 

132 ~I 
10-1 62 

II 
-

33.7 14 38 
22.699.35 

583.85 
-126.6~ 

II 
II 

5.608.00 
1.1 76 17 

103 16 
4 ... ., ...

J - J 

II 
II 

10.228 20 
-195 05 

409.86 
120 .08 

1-1 
II 

7.132 I I 
376 79 

153.88 
60.76 

II 
1-1 

NIST-2709 06/18/08 7:09 3 18 15.65 9 16 < I.OD 98 0 1 26,706.40 -154 II II 27.37 10 71 387 68 115.87 1-l 133 18 54.65 

IM-BLi\NK-3 06118/08 7 12 3 19 < LOD 7.55 - < LOD 73 04 < LOD 11 ~ . 76 - < LOD 9.29 - < U)D 80.42 < LOD 59.87 -
IM-WR I-TP2-A 06118/08 9: 46 320 229.5!! 44 86 1-1 < LOD 129 53 5 1,025 36 7 14.7-1 1-1 1,6 13.54 56-14 I I 9,648.67 406.03 H :2 ,448.25 105.50 II 

IM-\VRI -TP2-13 06118/08 9·50 32 1 223 II 75.S9 306 92 123 I I - 60,275.24 903 12 II 3.757 71 99 48 II 8.5 18 16 453 .8 I H 30,929 . ~6 347.99 II 

IM-WRI -TP3-C 06/ 18/08 10 18 322 76 3•1 28 55 - 192 so 83 71 - 40,5 13 50 6 1-l 37 II 688 23 36 35 II 3.338 2 1 248. 14 1-1 2,13H9 96.82 II 

IM-WRI -TP3-D 06118/08 1021 323 ~6 80 22 25 < I OD 12S 28 35.040 76 584 28 II 368.88 28 II H 2.2~4 80 217 05 H 1. 11 9.34 85.02 1-1 

WR2-2-13 06/18/08 13 16 324 130.00 -1 I -14 H < LOD 11 5 58 - 31, 143 93 528 19 II 1.627 72 53 77 II 387 29 129 20 978.32 77.69 II 

WR2-2-A 06118/08 13 18 325 303 33 38 8 1 1-1 < LOIJ 126 18 42,537-10 6-10.62 II 1.080 91 -16 08 II 1.180 73 179 87 II ~92 37 7~ . 9-1 II 

WR2-3-A 06118/08 13 23 326 1.837 52 240 12 1-1 1.-151 8 1 209 98 II 1 07.8~-1 72 1.508 9 1 II 24.523.~0 312 78 II 34,'157 ~3 1.092 2 1 II 68.7042 1 636.50 H 

WR2-3-B 06/18/08 13:27 327 2.633 39 246 43 H 1.315 83 194 35 H 108. 190 09 1.461 32 II 27257 06 3 17 58 II 44.560 ~I 1, 178.63 H 62,873 13 586 85 II 

NIST-2710 06118/08 13 13 328 5, 703. 2~ 8 1.82 II 2.859 86 132 78 II 33.897.7 1 588 8 1 II 5.703 24 104 53 II 10.375 07 4 14.70 H 6.964 70 153.42 II 

NIST-27 11 06118/08 13 19 329 83 79 33 05 - 135 63 70 90 22.436 67 425 39 II 11 58.02 43 05 II 527 72 121 49 H 289.53 59.47 II 

NIST-2709 06/ 18/08 13.2 1 330 < LOD 13 38 - < LOD 99 98 27,898 76 465 40 II 23 .74 10 49 533 17 122 58 1-1 99 17 54.36 

BLi\NK-4 06118/08 13 25 33 1 < I.OIJ 8 15 - < I.OD 7<107 < LOD 11 6 18 < LOD 9 25 < LOD 80.0 1 < LOD 59 01 

IM-TAI-A 06/18/08 1-l 15 "1JJ - 1.055 00 124 39 H < LO D 205 91 87.797.73 1. 177 62 II 8.383 .22 157 93 II 36.778 58 954.99 1-1 37.235 77 4071 1 II 

livi-TA2-13 06/ 18/08 14 2 1 333 3.373 60 75 03 1-l < LOIJ 164 20 70.62 1 23 960 3 1 II 3.373 60 90 88 II 39.587 92 887 83 H 9.056 90 19-1 4 1 II 

XRF- X-Ra~ 1-luotcsccllce Spectroscop~ 

STD - Standard De' ration 1\s · i\rsentc l'b- I cad 

LOD · l.u1111 of DctccttUII Cu- Copper lVI II - Ma11ga11ese 

mg/kg- nH ihgr:un cr i..JI Og ll:Hn F~:- Iron 7n • LIJIC 

1-1 - XRF rcs11lts arc J tulles greater than the STD 

NIST-2709, NIS 1-27 10, and NIST-27 11 · XRF standards 

Drafi Fi11al Iron Ma'~ El·bCI\ 
May I, 2009 



TA BLE B-~ 


IRON MA K M INE AN D M ILL S fTE 


ACID/ BASE AC COUNTI NG and SMP R ESU LTS 


Sample No. 

Sample 

Date 

Sample 

Description 

Tota l 

S ulfu r 

'Y., 

Sul fu r 

HC I Extract 
•y,, 

Sul fu r 

H N0 3 E xtract 
o;., 

S ulfur 

Res id ual 

'Yo 

Sulfur 

H20 Extract 
o;., 

Acid 

Potential 

ton s/1,000 

Acid/13ase 

Po ten t ia l 

to ns/ I ,000 

Neu t. 

Potentia l 

tons/1,000 

SMP Lim e 

Req u irement 

tons/1,000 

ABA Lim e 

Requ ir e ment 

tons/1,000 

Tota l Lim e 

Req uit·ement 

tons/1,000 

SMP 

Bu ffer pH 

s u 

Iron Mask- WR 1-B 06/18/08 Com posite sam ple collected from W R I - collected fro m 6"to the 
botto m o f the test pit, from W R 1-T P-0 I. WR 1-T P-02, and W R 1-T P 

03 

2.5 0 1.-1 0 .62 0 .45 56 25 8 1 0 77 .19 0 7.4 

Iron Mask- WR I-C 06/ 18/08 Composite sam ple- coll ected from 6"-50" from waste materia l in 

WRI -T P-03 
0.47 0 0.44 0 .0 1 0 15 49 64 0 14.06 0 7.6 

Iron Mask-WR I-D 06/ 18/08 Compos ite sam ple - coll ected fro m 50"-9' from test pit WR 1-T P-03 

spo ils p ile 

? -_, ) 0 2.1 0.33 0 . 11 84 14 98 0 79. 38 0 7.3 

Iro n Mask- WR2-B 06/ 17/08 Composite sample coll ected fro m WR2 -collected fro m 6-32" from 

WR2-TP-0 I. WR2-TP-02. and W R2-TP-03 
3 .2 0.07 1.8 0.4 0.94 56 -1 4 42 2 99. 77 74 .7 1 6.7 

Iron Ma k-WR2-2- B 06/ 18/08 Compos ite sample co llected from WR2 - located o n a red/black 

area on the west s ide of WR2 dump slope, lots o f wood debri s 
2.0 0 .37 0.67 0 .02 0.92 1 1 - 18 3 12 58.99 84 .98 5.3 

Iro n Mask-WR 3-B 06/ 17/08 Compos ite sample co llected from WR2 - collected from 6"-7' from 
WR2-TP-OI 

0.93 0.09 0.55 0.08 0.22 17 - 14 4 8 28.67 40.84 5.8 

Iron Mask-TA 1-B 06/ 17/08 Com posite sample - collected fro m 6" to the bo ttom of the seven 
test p it located in the Tailings Area I 

0 0 0 0 0 0 .0 1 25 ? ­_ ) I 0 .00 0 6.8 

Iro n Mask-TA 1-W 06/ 18/08 Composite Sam ple- co llected from 0-3" from jus t above the lower 
road in visib le ta ili ngs 

0.69 0 0 .6 1 0.05 0 .03 24 35 59 0 2 1.56 0 7.1 

Iron Mask-TA2-A 06/ 18/08 Composite Samp le- collected from 0-6" of waste materi al from 

three test pi ts located in the Ta ili ngs Area 2 

2 .0 0 1.8 0 .1 0.0 1 74 .... ,.,J_ 11 0 0 59 .69 0 7.3 

Iron Mask-T A2-B 06/ 18/08 Composite Sample- coll ected from 6" to bottom of the three test 

pits located in the Taili ngs A rea 2 
1.9 0 1.8 0.08 0 82 26 110 0 58.75 0 7 .3 

I ron Mask-BA 1-B 06/ 16/08 Compos ite sample - collected fro m 6" to the botto m o f the eig ht test 
pits in Bo rrow A rea I 

0 0 0 0 0 0 .04 62 62 0 0 .00 0 7.4 

Iro n Mask-BA2-B 06/16/08 Compos ite sam ple - collected from 6" to the botto m of the s ixteen 

test pits in Borrow A rea 2 
0 0 0 0 0 0.04 88 88 0 0.00 0 7.4 

su -Standard un1 ts 
IICI - II ) drochloric Acid 
IINO, - Nnric Acid 

l tp · Water 
Si'vll'- Shoemaker. Mclean. Prall buncr 
tli .OOOt = Tons ofCaC03 cq ui livant per 1000 tons of material 
Ncut. Pot = Ne utralization Potential is used to assess the acid bufferina capacity of the waste or soil. 

1\ lo11 concentrat ion of hasic species in the soil (NP) and a high concentration of Sul fur. tillS numb~r will be negmi vc indicating that the soil has a high acid generation potcnt1al and lill ie buffering capac ity. 
N/\ = Not Avai lable or Requested 
The /\c id Base Potential was calculated from non-sulfate sulfur 

Dran Final !run l'vlask EEE/CA 
1\ la) I_ 2009 



TABLE B-5 

IRON MASK MI NE AND MILL S ITE 


SYNTHETIC PRECIPITATION LEACH PROCEDURE (SPLP) 

METAL RESU LTS (Pioneer 2008) 


At'\<IPL E 

10 

SAi\ IPLE 

DAT E 

SAi\IPLE Sl> 

DESCRIPTION ~t g/L 

A s 

~t g/ L 

Ba 

pg/ L 

Cd 

Jlg/ L 

C r 

Jtg/ L 

Cu 

Jtg/ L 

Fe 

pg/ L 

Pl> 

pg/ L 

!\In 

Jtg/L 

Hg 

pg/ L 

Ni 

pg/ L 

Ag 

pg/L 

Zn 

pg/ L 

Iron 1lask-\VR I-B 

Iron 1VIask-\VR2 -B 

lron1vl ask-WR2-2-B 

Iron fVIask-\VR3 -B 

Iron i'vlask-TA 1-W 

Iron Mask-T;\2-B 

06/ 18/08 

06117/0S 

06117/0S 

0611 7/0S 

06/ 18/08 

06/ 18/0X 

Composite sample coll ected from \VR I - collcct.:d from 6"to the bottom of 
the test pit. from WR 1-TP-0 I. \VIU-TP-02. and WR 1-TP-03 

< 0.5 

Composite sampl e collected from WR2 - col icl:tcd fr om 6-32" from WR2­
Tl'-0 I. \VR2-TP-02. and \VR2-TP-03 

< 0.5 

Composite samp k collected fr om WR2- collected from 6-32" from WR2­
TP-0 I. WR2-TP-02. and WI ~2-TI'-03 

< 0.5 

Composite sampl e collected from \VR2 - collected from 6"-7' from WR2­
TP-0 1 

< 0.5 

Composit e Samp le - co llected from 0-3" fr01njus1 above the lower road in 
vis ibk tail ings 

< 0.5 

Composite Sample - co llected from 6" to bottom of the three t.:st pits 
lm:at<.:d in the Tailings /\rca 2 

< 0.5 

< 0.5 

< 0.5 

< 0.5 

< 0.5 

< 0.5 

< 0.5 

< 10 

< 10 

< 10 

< 10 

< 10 

< 10 

< 0. I 

0.3 

0. 1 

0.2 

< 0. 1 

< 0.1 

< 0.5 

< 0.5 

< 0.5 

< 0.5 

< 0. 5 

< 0.5 

< 

< 

< 

< 

< 

< 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

< I 

< I 

< I 

< I 

4 

< I 

< 0.5 

< 0.5 

< 0.5 

< 0.5 

1. 1 

< 0.5 

< 0.5 

6.5 

15 

8.5 

1.3 

< 0.5 

< 0.02 

< O.u2 

< 0.02 

< 0.02 

< 0. 02 

< 0.02 

< 0.5 

< 0.5 

< 0.5 

< 0. 5 

< 0.5 

< 0.5 

< 0.5 

< 0.5 

< 0.5 

< 0.5 

< 0.5 

< 0.5 

< I 

2 1 

16 

3 1 

4 

< I 

MO 'TANA I Ut\ IERIC WAT ER QUA LITY STA ' DARDS (DEQ-7) (Febr·ua ry 2008) 

! Iuman I kalth Standard (G roundwater) 6 10 2000 5 100 1300 300 ICI 15 so ICI 2 100 100 2000 

11g/L = microgram s per Liter 

ICJ = Secondarl' Aesthetic I Il lS 

Sb- Ant imony Fe- Iron 

As - Arsen ic Pb - Lead 

Ba - 13arium Mn - Mangan~sc 

Be- Beryll ium Jig - Mercury 

Cd- Cadm ium Ni- N ickel 

Cr - Chromium Sc - Selenium 

Cu · Copper Ag - Sil ver 

Ln - 7.mc 

IRON MASK MINE AND MILL SITE 
TOXICJTY CH ARACTER ISTIC LEACHI NG PROCEDURE (TCLP) 

METAL RESULTS (BLM- 2005) 

SA MPLE SAMPLE SAMPLE As Ba Cd C r PIJ Hg Sc Ag 

10 DATE DESC RIPTI ON mg/ L tng/L mg/L mg/ L mg/L mg/L mg/L mg/L 

Combined Mill Area 08/04/05 Combination of material near mill samples (5 - 6). < 0.5 < 10 15.1 < 0.5 18.2 < 0.02 < 0. 1 < 0.5 

Com bined N. Dump 08/04/05 Comb inati on of Waste Rock samples ( I - 4). < 0.5 < 10 < 0. I < 0. 5 < 0.5 < 0.02 < 0. 1 < 0.5 

mg/L = mill igrams per Liter 

As - Arsenic Pb- Lead 

13a - Ranum ll g - Mercury 

Cd - Cad m nnn Sc- Sdcnium 

Cr- Chrom tum Ag - Sih cr 

Draft Final Iron tvlasJ.. I~ EE/CA 

(Via) I. 2009 



T ABLE B-6 

IRON MAS K M INE AN D M ILL SITE 


SU PPLEMENTA L SAMPLI NG AGRONOMIC PROPERTIES 


SAM PL E 

10 
ISA MPL E 

DAT E 

AM PLE 

DE C R IPT IO I 

O rga nic 

Matte r 

('Yc.) 

RECOMMEN DED F ERT IL IZ E R 
A PPLICATI ON RATE Bica r bonate 

p 

ppm 

Soil 

pH 

Ca tion 
Excha nge 

Ca pacity 

(m eq I IOOg) 

Sodium 
Adsoption 

Ra t io 

( un itlcss) 

Sa tu ra tio n 

Pe r centage 

(%) 

Co nductivi ty 

(mSicm ) 

Field 

Ca pac ity 

( 113 Ba r) 

Wilting 

Point 

( IS Ba r%) 
Nitrogen 

( lbs I nc) 

Phospha te (P20 5) 

(lbs I ac) 

Po tash ( K20 ) 
( lbs I ac) 

Iron Mas k- BA 1-A 06116108 
Composite sample- col lec ted from 0-6" fro m the e ight test pits in Borrow 

Area I 
3 .1 100 N R NR N R 6.5 14 .7 OA 50.2 0.6 1 I0.42 6.06 

Iro n Mas k-BA2 -A 
06116108 

Composite sample- col lected from 0-6" from the s ixteen tes t pits in Borrow 

Area 2 
2.2 100 55 40 N R 7.6 18.3 0.3 30.4 0.67 14 . 15 8.5 1 

Iro n Ma k-BA 1-8 
06/ 16/08 

Composite sample- collected from 6" to the bottom of the e ight test pits in 

Borrow Area I 
1.3 100 70 80 I 8. I 15.8 0.7 25. 1 0.43 11.57 4.G3 

Iron Ma sk-BA 2-B 
06116108 

Composite sample - col lected from 6" to the bottom or the s ixteen tes t pi ts in 

Borrow /\ rea 2 
0.8 100 GO 80 2 8.3 14.0 0.7 21.1 0.44 9.S 4.32 

Iro n M ask-WRI - B 
06/ 18/08 

Composite sample collected from WR I -co llected fro m 6 "to the bot tom of 

the test p it, from WR 1-TP-0 I, WR 1-TP-02. and WR 1-TP-03 

........ 

.),.) 100 60 65 6 7.2 23.8 0 .2 50.0 2.74 8.2 1 3.76 

Iro n M ask-WR2 -B 
06/ 17/08 

Composite sample collected from WR2 -co llected from 6-32 " from WR2­

TP-0 I, WR2-TP-02, and WR2-TP-03 

3.1 100 70 80 NR 6.0 50.4 0.2 50.9 3.57 13.01 4.9 

Iro n Mask- WR 3- B 
06/ 17/08 

Compos ite sample coll ected from WR2 - co llected from 6"-7' from WR2-TP 

01 

1.4 100 65 65 NR 5 .0 26.6 0.2 39. 1 4.03 13.04 5.65 

Iro n Ma sk-TAl-A 
06/ 17/08 

Composite sample- collected from 0-6" from the seven test pits located in 

the Tai lings Area I 

2.8 100 15 NR N R 6.9 14.3 0 .3 53 . 1 0.70 11.97 6.84 

Iro n Mask-TA 1- B 
06/ 17/08 

Composite sample - collected from 6" to the bottom of the seven test pits 

located in the Tai lings Area I 
1.3 100 GO 65 4 8. 1 17.8 1.4 19.6 1.02 8.47 4. 19 

Iro n Mask-TA2 -B 
06118/08 

Composite Samp le - collected from 6" to bottom of the three test pits located 

in the Tailings Area 2 

3.0 100 60 65 5 8.0 I 1.9 0.0 38 .5 1.06 15.38 6.4 

bar - baromelr 11..: pressure 

lbs/ac - pounds p..:r acre 
mS/crn- milliSiemcns per ccntirnch.:r 
meq/ I OOg - milliequi valence per I 00 grams 
NR = Not Requested 

Draft Final Iron Mask EEE/CA 
lay I. '2009 



TABLE B-7 

IRON MAS K MINE AND MILL SITE 


SUPP LEMENTAL SOIL SAMPLING PHYSICAL PROPERT IES 


SAMPLE 
10 

SAMPLE 
DATE 

SAMPLE 
DESCRIPTION 

USDA 
Texture 

Rap id Hyd t·ometcr· 
Percent Sand, S ilt, Clay 

Ava ilab le 
Moistun~ 

(%) 

Specitic 
Gravity 
Unitlcss 

Maximum 
Dry Density 

psf 

Optim um 
Moisture 

'YoSand % Si l t'~, Clay 'Yo 

Iron Mask-WR1-B 06/ 18/08 Composite sample co llected from WR l -collected from 6" 
to the bottom ofthe test pit. from WRI-TP-01 , WRI -TP­
02. and WIU -TP-03 

Sandy Loam 70.8 20. I 9. 1 4.45 2.9 I40.5 7.8 

Iron Mask-WR2-B 06/17/08 Composite sample co ll ected from WR2- collected from 6­
32" from WR2-TP-O J. WR2-TP-02. and WR2-TP-03 

Sanely Loam 69.7 20.7 9.6 8. 11 ? ~ _. ) 135.9 9.6 

Iron Mask-WR3-B 06/ 17/08 Composite sample co llected from WR2 - co llected from 6" 
7' from WR2-TP-OJ 

Loamy Sand 74.7 22.8 2.5 7.39 2.8 NR NR 

Iron Mask-TA2-B 06/ I 8/08 Composite ample - collected from 6" to bottom of the 
three test pits located in the Tail ings Area 2 

Sanely Loam 53.4 34.2 12.4 8.98 2.9 108.2 I9.7 

Iron Mask-TA I-B 06/17/08 Composite sample - collected from 6" to the bottom ofthe 
seven test pits located in the Tai lings Area I 

Sanely Loam 62.6 25.7 11.7 4.28 2.8 NR NR 

Iron Mask-BA 1-B 06/ 16/08 Composi te sample- collected from 6" to the bottom of the 
eight test pits in Borrow Area 1 

Sandy Loam 65.2 24. 1 10.7 6.94 ') -_. ) NR NR 

Iron Mask-BA2-B 06/16/08 Co mposite sample- collected from 6" to the bottom of th e 
sixteen test pits in Borrow Area 2 

Sandy Loam 56.3 31.6 12. 1 5.48 2.8 N R NR 

psf- Pounds per Squnrc l
~ 

·oot 

Not Req uested 

Draft Fi nal Iron Milsk EEE/C;\ 

May I. 2009 



- - -- --

TABLE B-8 

IRON MASK MINE AN D Ml LL SITE 


TOTAL METALS SU R FACE WATER DATA 


AoSamp le Sample T ime Z n Sa mple Cd C r Fe Pb Ni SL> As Ba C u Mn Hg Hardness
"' Oatc Sa mpled mg CaC03/L lD Description ug/L ug/L ug/L ug/ L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L 

Iron Mask-SW-0 I 
 06/ 16/08 < 5 
 < I 
 < 5
15:20 ! Sample coll ected I 0' from collapsed portal < 5 
 < 100 
 < 10 
 < 10 
 < 10 
 < I 
 < 10 
 40
< 10 
 < 30 
 159 


Sample coll ected at the base of the gray waste 

Iron Mask-S W-02 
 06/16/08 14:10 < 5 
 < I 
 < 5
rock dum p just before it disappears < 5 
 < 100 
 < 10 
 10 
 40 
 < I 
 < 10 
< 10 
 320 
 80 
 156 


underground 


Samp le coll ected nea r bottom of barren ru nofl' 

area from the red waste rock dump but above 


Iron Mask-SW-03 06/ 16/08 13: 15 
 < 5 
 < 100 
 I 
 40 
 < I 
 < 5
6 
 < 10 
 < 10 
 350 
 60 
 < 10 
 150 
 168 

bermed area that may have been tailings pond 

of runoff control 


Sample collected below living quarters and I 0­
Iron Mask-SW-04 06/ 16/08 I I :40 
 < 5 
 < I
< 100 
 < I 
 < 5
9 
 < 10 
 < 10 
 140 
 30 
 30 
 < 10 
 90 
 180 


15 ft above where water disappears 

MONTANA NUMERI C WATER QUALITY STANDARDS (DEQ-7) (February 2008) 
Aquatic Li fe tandard (Acute) corrected fo r 
hardness. NA NA NA 3.6 1 
 NA 22.8 NA 158 
 NA NA 8.00 9.9 1 
 186 
 168 


MONTANA NUMERIC WATER QUALITY STANDARDS (DEQ-7) (Febr·ua ry 2008) 
Aq uatic Life Standard (Acute) 340 
 A-- A -- b -- c 1.7 -- A -- A-- A -- A 

Human Health Standard (Surface Water) 5.6 10 
 2.000 5 
 100 
 1.300 IS 2,000 300 b 50 c 0.05 100 
 100 


Sb·Ant imony, As-Arsenic. 8 a-Bariu n1. Co-Cadmium. Cr-Chromiu m, Cu-Coppcr. Fe-J ron 
Pb-Lcac.J. Mg-Magncsium. Mn-Manganese. J-Ig-Mercury. Ni-Nickcl, Ag-Sil ver. Zn-Zinc 
NA - Not Available 

ug/L - micrograms per Liter 


CaCO/ L = Calci um Carbonate per L11er 


A - Concentration value based on hardness. No sample shall exc~cd these concentrations after corrected fiJr hardness. 

b - The concentration ur iron n•ust not reach values that interfere with the uses speci fied in the surf;1cc and groundwater standards ( I 7 30.60 I e t seq and 17 30.100 I c t seq ) 

The Secondary Maximum Contaminant Level of 300 micrograms per Liter which is based on aesthetic propat ics such as taste. odor. and stai ning may b~ considered as guidance to determine 
the levels thnt will interfere with the specified uses. 
C- The concentration of manganese must not reach va lues that intcrlhc with the uses spcci li ed in the surface and groundwater standards ( 17.30.60 I ct seq and 17.30.100 I et seq.) . 
The Secondary Max imum Contaminant Level or 50 micrograms per Liter which is based on aesthetic propert ies such as taste. odor. and staini ng may be considered as guidance to determine 
the levels that will interlcn: with the specified uses 

Drall F111al Iron Mask EEE/Ci\ 
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TABLE B-9 


IRON MASK MlNE AND MILL SITE 


DISSOLVE D METALS SURFACE WATER DATA 


SA MPLE 

ID 

010521 POO I 

SAM PLE 

DATE 

5116/200 I 

SAM PLE 
TIME 

16:00 

SAMP L E 
OESCRJPTION 

Samp le coll ected from portal 

I 
AI 

~tg/L 

< 19 

Sb 
~g/L 

< 3 

As 
Jtg/L 

< I 

13a 

11 g/L 

26 

Cd 
~g/L 

0.1 

Ca 
11 g/ L 

47800 

C r 
Jtg/ L 

< 8 

C u 

~g/L 

4 

Fe 

~g/L 

< 7 

Pb 

Jtg!L 

< I 

Mg 
Jtg/L 

11000 

Mn 
Jtg/L 

< I 

Hg 
Jtg/ L 

0.2 

Ni 

Jt g/ L 

< II 

Ag 
~g/L 

< 2 

Zn 

~tg/L 

24 

Hardness 
mg CaC03/ L 

Not Reported 

2008 Site Investigation 

Iron Mask-SW-0 I OGI 16/08 15:2 0 Sa mp le co llected I 0' from co ll apsed portal N R < 5 < 5 < 100 < I 47000 < 10 < 10 < 30 < 10 10000 < 10 < I < 10 < 5 30 159 

Iron Mask-SW-02 06/ 16/08 14: 10 
Sample co llected at th e base of th e gray waste rock clu mp 
.i ust before it disappears underground 

NR < 5 < 5 < 100 < I 47000 < 10 < 10 < 30 < 10 9000 < 10 < I < 10 < 5 20 156 

Iron Mask-SW-03 

Iron Mask-SW-04 

OG/ 1 G/08 

06116/08 

13: 15 

II :40 

Sample co llected near bottom of barren run off area from 
the red waste rock dump but above bermed area that ma) 
have been tailings pond of runoff control 

Samp le co llected below living quarters and I 0-1 5 n 
above where water di sappears 

NR 

NR 

< 

< 

5 

5 

< 5 

8 

< 

< 

100 

100 

< 

< 

I 

I 

51000 

55000 

< 

< 

10 

10 

< 

< 

10 

10 

< 

< 

30 

30 

< 

< 

10 

10 

10000 

10000 

< 

< 

10 

10 

< 

< 

1 

I 

< 

< 

10 

10 

< 

< 

5 

5 

70 

60 

168 

180 

pg/L- micrograms per Liter 

CaC031L = Ca lc ium Carbonate per l.iler 

NR =Analys is not requested 

AI- Aiuminu m 

Sb -Antimony 

As - Arsenic 

13a- Barium 

Be- Beryllium 

Cd- Cadmium 

Cr - Chromium 

Cu- Copper 

Fe- Iron 

Pb - Lead 

Mn - Manganese 

Jig - Mercun 

Ni - Nickel 

Sc - Selenium 

Ag - Sil ver 

Zn - Zinc 

Drati Final Iron task l:EE/Ci\ 
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TABLE B-10 


IRON MAS K MI NE AN D M lLL SITE 


WET CHEM ISTRY R ESULTS & FillLD M EASU R EM ENTS 


SAMPLE 

ID 

SAMP LE 

DATE 

SAMPLE 

TIME 

SAMPL E 

DESCRIPTJ O N 

pH 

su 
TDS 

n1 g/L 

C hloride 

mg/ L 

Sulfate 

mg/ L 

NO/ N01 - N 

mg/ L 

Conductivity 

umhos/cm 

DO 

mg/L 

A ll<alinity 

mg/L Ca C 0 3 

F ield Redox 

mV 

Hanlncss 

mgCa C O/ L 

Te mp 
uc 

Tu1·bidity 

NTU 

Flow Est. 

gpm 

010521POOI 05/ 16/0 1 16:00 Samp le collected from porta l 8.0 NR <5 60.4 0 .7 1 375 NR NR NR NR NR NR NR 

2008 Site Investigation 

Iron Mask-S W-0 I 06/ 16/08 15:20 Sample co llected I 0' from co ll apsed porta l 7.9 243 " .) 57 0.63 3R8 9. 13 149 -20 1.6 159 8. 1 0. 1 6.28 

Iro n Mask- SW-02 06116/08 14: 10 
ISample co llected at the base o f the gray waste rock 
dump just be fore it di sappears undergro und 

8.4 239 2 57 0 .36 382 7.36 140.5 212.7 156 19.4 2.2 5.7 1 

Iron Mask- SW-03 06/1 6/08 13: 15 
ISa mp le co llected near bottom o f barren runo ff a rea 
fro m the red waste rock clu mp but above bermed area 
that may have been ta ilings pond or runo ff contro l 

8.2 255 3 68 0.36 402 7.72 132.5 269.7 168 14.3 12.5 9 .25 

Iron Mask- SW-04 06116/08 II :40 
!Samp le co llected be lo w living quarte rs and I 0- 15 ft 
above where water di sappears 

7.8 274 2 79 0.24 420 6 .94 135 2 14.5 ISO 15.9 1.05 1.56 

SU- standard unHs 

mg/L- milligrams per Lit<:r 
NR- Not Reponed 

NO/ N02-N - Nitrarc/Nitritc-N 

mV - milli-Volts 
mg/L CaC03 - mill igrams p..:r Liter calci um carbonat..: 

umhos/cm- micromhos per centimeter 
·c- Celsius 
DO - Dissolved Oxygen 
TDS -Total Dissolved Solids 
NTU - Nephelometric Turbidity Unit 
gpm - gallons per minu te 

Draf1 Fmall ron f\ lask EEE/CJ\ 
May I. 2009 



TABLE B-11 


IRON MASK MJNE AN D MILL SITE 


CoC COMPARISON CRITERIA 


CRITERIA 

Solid Media 

Unit Sb As Cd Cu Pb Mn Hu 
0 

Au 
0 Zn 

EPA Resident ial Soi l 1 

BLM Res idential Soil 2 

BLM Recrea tional Soi I - Camper 2 

BLM Terrestrial Mammals 3 

mglkg 

mglkg 

mglkg 

mglkg 

3 1 

,., 
.J 

50 

NIA 

22 

I 

20 

200 

70 

... 

.J 

70 

') 

.J 

3,100 

250 

5,000 

64 

400 

400 

1,000 

106 

I ,800 

960 

19,000 

NIA 

23 

2 

40 

6 

390 

35 

700 

NIA 

23,000 

2.000 

40,000 

222 

Lock11eed Plant Phytox ic ity -1 

EPA Stream Sediment 5 

mglkg 

mglkg 

Nil\ 

NIA 

95 

32.6 

y_) 

2.49 

100 

157 

500 

16 1 

NIA 

NIA 

'"'').J_ 

0.87 

2 

2.45 

270 

384 

Water 

EPA Residential Water I 

BLM Residential Surface Water 2 

BLM Recreational Surrace Water- Camper 2 

ug/L 

ug/L 

ugiL 

I 
I 
I 
I 
I 

15 

N/A 

124.0 

I 

I I 
I 
I 

Nil\ I 

93.0 

IR 

NIA 

155 .0 

1.500 

NIA 

11,490 

15* 

NIA 

50 

880 

Nil\ 

1,s4g 

II 

N/A 

93.0 

180 

NIA 

J,548 

! 1,000 

N/A 

92,909 

AltARs 

DEQ-7 Acute Aquatic Lite Standard (AALS) 

@ 168 hardness 6 

D EQ-7 Human Heal th Standard (HHS) for 

Surface Water 6 

ugiL 

ugiL 

NIA 

5.6 

340 

10 

3.6 

5 

22 .8 

1.300 

158 

15 

NIA 

50 [C] 

1. 7 

0.05 

9.9 

100 

186 

2,000 

* = DEQ-7 HHS for Lead 

[CJ =Secondary Aesthetic 1-11-IS 

N/A = Not Available 

( I) Regiona l Screening Leve ls (EPA. 2008). 

(2) Risk Management Criteria (Ford. 2004). 

(3) Risk Management Criteria (Ford. 2004). the lowest of five mammals: mu le deer, bighorn sheep. white-tailed deer. elk and cottontail rabbit. 

(4) Median Lowest Observed Effects Level ( Lockheed Mart in. 1997). 

(5) T50 - Modeled effects response of 50% (E PA. 2004). 

(6) Montana Numeric Water Quality Standards (DEQ/WQB. 2008) 

Draft Final Iron Mask EEE/C/\ 
Ma~ I. 2009 



APPENDIXC 


IRON MASK MINE AND MILL SITE, MONTANA DEPARTMENT OF HEALTH AND 

HUMAN SERVICES DRINKING WATER TESTING TYPES, ATSDR TOXICITY 


PROFILE SUMMARIES FOR THE CONTAMINANTS OF CONCERN, ECOLOGICAL 

TOXICITY INFORMATION 




WATER QUALITY FOR PRIVATE WELL OWNERSII II 

Ta ken fr o m the Mon ta na Depar tm ent of Health and 1-luma n Serv ices , 2009 


htto : //www . dphhs . mt . gov/PHSD/Lab/Environmental/doc/PrivaleWellTestlng . DOC 


GROUNDWATER 

A la rge percentage of people living in Monta na depend on groundwater as the p rimary source of drinking wate r. 
Ra in or snow that fa lls to earlh is initia lly called surface water. Su rface water that seeps down into the soil 
becomes groundwater. The water often enters an aquifer, a n underground water storage reservoir of rock, gravel 
a nd sand. Aquife rs can be shallow or ve1y d eep , a nd severa l aquifers can exist independently in a given area. 
Tha t groundwa te r is normally accessed through wells. A well drilled a t one location m ight tap into a shallow 
a quife r, while a well drilled 500 feet away may tap a deep a quifer. Often , many wells are drilled into a single 
a quifer. 

Public Drinkin g Water s upplies, such as those in towns and ci ties, are governed by state and federal regu lations 
d esigned to insure safe, clean water for consumers. Unlike those of us whose water qual ity is governed by the 
EPA's Sa fe Drinking Water Act, rural res idents mus t insure that their own water supplies are clean and safe. No 
regu la tions ex ist to govern the levels of con tami nants a llowable in p rivate wells, nor a re there requ irements for 
testing to be done on a regu lar basis. 

SOURCES OF CONTAMINATION 

A number of factors influence a well's s usceptibility to contamination . Well location and construction are of 
maximum impo rta nce. The well s hou ld be located away from potential sources o f con tamination, su ch as septic 
systems; livestock yards or ba rns; la ndfi lls or dumps; a bove-ground or underground fu el stora ge ta nks which 
m ight possibly leak; areas whe re pesticides, he1·bicides or fert ilizers a re mixed; a nd low-lying areas which may be 
subject to floodin g during t imes of ru noff. 

Shallow wells, which may be more subject to the in fl uence of su rface water, a re generally more at risk for 
contamination tha n a re deep wells. A poorly sealed well ca n ha ve space between the casing a nd the surrounding 
soil , prov iding a direct c ha nnel for surface water to enter the groundwater which serves the well Improperly 
capped wells a llow insects, small rodents o r runoff to directly enter the well. Old wells constructed with thin 
casings can c rack , a llowing contaminated surface water to en te r the well. To ensure proper cons truction of a new 
well, or for ma intenance on an existing well , contact a licensed well driller in your a rea. Your county sanitarian or 
cou nty extension agent may be able to provide you with a list of licen sed drillers. 

Groundwater itself may become contaminated in a number of ways. The mos t common way for th is to happen is 
th rough the influence of con taminated s u rface water. Shallow aquifers can come under the influence o f surface 
water if a stream, river, pond or lake is near. Flooding from spring runoff, or runoff from field s which have been 
fertilized or have had pesticides or herbicides sprayed can also threaten grou ndwater. S pilled organic 
compounds, such as fue ls , solven ts, pesticides a nd herbic ides can be carried by sur face water as it percola tes 
through the soil to an a quifer. Aquifers may be contaminated by su rface water wh ich leaches heavy meta ls from 
m ines, ni trate a nd bacteria from septic systems or lives tock yards, and variou s kinds of o rganic compounds from 
landfills . Abandoned but u nsealed wells provide easy access for contamination carr ied by rodents, flood or runoff 
water, or from improper d isposal of waste or refu se in the well. An entire a qui fer can be con taminated because of 
one open abandoned well . 

TYPES OF CONTAMINATION 

Con tam inan ts may be natural or man-ma d e. Natu ra lly-occu rring contaminants inc lude calcium a nd magnesium 
(which togethe r form ha rdness), iron, sodium , sulfate, nitrate, arsenic, lead and fluoride. Genera lly, these 
m inerals a re found in the en vironment only in small amounts that do not pose a heal th th reat. High 
concentrations of certain minerals in water often lead to un pleasant taste , odor, colo r , o r hard ness. Several o f 
these m ine ra ls a re d escribed in "Types of Testing " below. 

Human activity often cau ses na turally -occurring minerals to be released into the environme nt in la rge a mounts. 
Heavy metals s uch as lead, arsenic and cadmium a rc leac hed from mine tailings as su rface water passes over and 
through them. The use of ferti lizers on c roplands and lawns can increase the amounts of nitrate and phosphorus 
which ente r the water su pply. Septic systems a nd livestock yards contribute to in c reased levels of n itrate. 

Microorganisms a re a nother type of natural contamina nt. Bacteria found naturally in the soil may be responsible 
for much of the odor, color and tas te problems in well wa ter. Non-disease producing iron , sulfur and manganese 
bacteria , considered "n uisance" bacte ria, metabolize iron , s u lfur and manganese , respective ly, leaving behind 



"rotten egg'' o r "mus ty" odors, slime and clark color. Tota l coliform bacteria form a la rge grou p o f m icroorganisms 
wh ich a rc not disease producing, bu t which act as indicator organisms that disease-producing bacteria may a lso 
be present. Tota l coliforms are discussed below. 

Ma n-made contaminants include such things as pesticides and herbicides. k nown as Synthetic Organic 
Compounds, and petroleum products or by p roducts, fuels and solvents, known as Volatile Orga nic Compounds. 
Many of th ese compOLinds a re suspected carc inogens, while othe rs can cause neurological damage or injury to 
specific organs in the body . 

TYPES OF TESTING 

T he fo llowi ng ty pes of tests will aiel p rivate we ll owners in d eterm in ing the q ua lity of thei r dri n king wate r . Othe r 
tests a re ava ilable as well. 

Tota l Coliform Bacteria - To tal Coliforms are a large grou p of usu a lly harmless bacteria that a re natu ra lly 
present in soil and vegetation , a nd a lso in the intes t inal tract of warm-blooded anima ls. Although tota l colifor ms 
normally do not produce illn ess, thei r presence in d rinking water is u sed as a n ind icator that othe r, potentially 
harmfu l bacteria may be present . Since tota l colifor ms and fecal coliforms often coexist, the presence of tota l 
coliform in d rinking water is a warning lo check for poss ible sources of contamination . 

E. Coli is a coliform bacterium of fecal o rigin whose presence indicates that the wa ter may be contaminated with 
human o r a nima l wastes. These wastes come from septic systems , sewage p lants. feedlots and pastures , or from 
wildlife, domesticated a nimals and pets. Microbes in these wastes can cause s hort-term effects, such as diarrhea, 
c ra mps, na usea, headach es , or other symptoms. They may pose a n increased health risk for infan ts, you ng 
children , a nd people with severely compromised immun e systems. 

Spec ific Conductance - Specific Con du ctivity, measured in micro mhos per cen timeter (u mh ofcm), is a 
measu re of the a bil ity of wate r to condu ct a n elect rical curren t; it is a lso refe rred to as the salinity, salt conten t, 
the tota l m inera l con ten t or a lkali" con ten t. It is d ependent o n the amount of dissolved minerals (such as sail) 
in the water. Genera lly, t he mor e d issolved materia l in the water, the more e lect r ical curren t that can be 
tr a ns mi tted. A la rge a mount of d issolved mate ria l in water may ad versely affect its qua lity . Some typ ical dissolved 
materials are sodiu m, magnesiu m , calciu m, iron, ch loride, nitra te, su lfate and p hosphate. Dissolved mi nera ls 
may come from rocks and soil as water runs th rough and across it. Acid mine drainage, wh ich increases th e 
amount of dissolved metals in the water, agricu ltural runoff of fer tilizers or from livestock feed lots, a nd runoff 
from road s where automobile fluid s a nd salts from c hemicals used for ice removal have collected may all 
co n t ribute to the a mount of d issolved solids (minerals) in the water. Due to th e many d iffere nt cons tituen ts that 
make u p the total mineml con tent, it is d ifficu lt to set a s ta ndard for huma n consumption. Drin k ing waters up to 
400 u m hosfcm a re considered excellent, while water with conductivity above 8500 u mhosfcm may have an 
o bjectionable taste. 

Nitrate (Nitra te + Nitrite) Nitrate is present naturally in the en viron ment. It is a consti tu ent of plant 
ma teria l, where it is fou nd in varyin g levels dependent on the type of plant. Elevated levels of n it rate in drinking 
water (above 10 milligrams pe r liter) may cause a condit io n called methemog lobinemia, or "blue baby syndrome", 
in infan ts under 6 month s of age. Nitrate is conver ted to nitrite in the digestive system of infants; nitrite then 
inter feres with the oxygen-carrying a bility of the blood, caus in g la ck of oxygen to the brain a nd other organ s. 
Infa n ts suffering from "blu e ba by syndrome" need immediate medica l care. Adults are nor mally not a ffected by 
nitrate at th is leve l. Nitrate contamination may come from erosio n of na tu ra l deposits, fro m dead and decaying 
plant materia l, ru noff from fe rtilizer u se, leaching from sep tic tanks or sewage system s a nd from run off of a nima l 
wastes from feed lots, corra ls a nd ba rn s. EPA has set a limi t for nitrate in public d rinking wate r systems at 10 
m g/ L. 

Fluoride - Fluoride is found in combined form in nu merou s rock types in n ature. F luoride en te rs d rinking 
wate r th rough erosion of natura l depo sits, as a water additive wh ich promotes s trong teeth, and through 
discha rge from fertil izer and a lu minum factories. A Ou oride concentration between 0.7 to 1.5 mg/ L is effective in 
the prevention of den ta l caries. Fluoride concentrations greater than 2.0 mg/ L can produce Ouorosis (mottling of 
the teeth ) in children under the age of n ine. Drin k in g levels of Ouoride in excess of the E PA's d rinking water lim it 
may lead to Ouorosis and bone damage, including pain a nd tenderness of the bones. EPA has set a d rinking 
water limi t for Ouoride a t 4 mg/ L. 

R!! - The p H of a sample is a n indicatio n of how acid ic or basic the water is. On a scale of l to 14, with 1 
being h igh ly acidic a nd 14 being hig h ly basic, lemon j uice may have a p H of around 2, wh ile household bleach 
may have a p H of 12.5. A p H of 7 u n its is considered neu tral. Highly acidic water can p ro mote the leach ing of 
meta ls from p lu m bing pipes . Genera lly , the US EPA recommen ds drin k ing water have a p H between 6 .5 to 8 .5 
u n its. 



Chloride - Chloride sal ts in excess of 100 mg/ L may give a salty taste to water. Chlo ride may increase lhe 
cor rosive act ivity of water when combined with calcium and magnesium. EPA recommends that the chloride 
con tent o f d rinking water s hould not exceed 2 50 mg/ L. 

Sulfate - Su lfa te is a s ubs ta nce tha t occu rs natu ra lly in drinkin g water. Sulfate in wate r containing calcium 
fo rms hard scale in s tea m boile rs. High concen trations of su lfa te in combination wi th o the r constituents g ive a 
bitter taste to water. Concen tra tions above 250 mg/ L can have a la-"<ative effect fo r those not used to drinking the 
water, but 500 mg/ L is consid e red safe for human consumption . Dom estic water in Montana contain ing as m uch 
as l ,000 mgj L sulfate is u sed for drinking in the absence o f a less mineralized water supply . EPA recommends 
sulfate in drinking wate r be be low 250 mg/ L, based o n aesthetic e ffects (i.e., taste and odor). 

Hardness - In most water nearly all of the hardness is d ue to calcium and magnesium. Calciu m a nd 
magnesium, which a re natu ra lly occurring in rock a nd soil , react with soap to form p recipitates which increase 
soap consumption , a nd react wi th certa in constitue n ts to fo rm scale . As a gene ra l r u le, a va lue o f below 6 0 mg/ L 
is consid ered soft; fro m 6 0 to 120 mg/ L is cons ide red moderately hard; from 120 to 180 mg/ L is considered h ard; 
and values above 180 mg/ L are considered ve1y hard . 

Sodium - Sod ium is a natura lly occu r ring e lemen t usually fou nd in the environment that com bines with other 
compounds (su ch as chloride or bicarbonate) to fo rm salts. Sodium is an essen t ial nu trient in human physiology, 
a nd is normally su pp lied by food. Sodiu m con tent may be of interest to persons on sod iu m restricted diets . 
Sod iu m restric ted die ts a re essential in t reating congestive cardiac failu re, hypertension, rena l disease, cirrhosis 
of the live r, toxemias of pregna ncy, and Menie re 's disease. If you feel this may be a pplicable to you or members of 
your hou sehold, it is recommended that you r physicians be info rmed of the sodiu m content. EPA has set no 
d rin k ing water limit for sodium. 

Iron - More than a bou t 0 .3 mg/ L of iron can stai n la u ndry and utensi ls redd ish brown . Larger quantities 
cau se un p leasan t taste a nd odo r, and may encourage growth of iron bacteria, which may produ ce a musty o r 
"rotten egg" sulfur odor. Excessive iro n may a lso inter fere with the efficient operation of exchange-silica te water 
softene rs . EPA recommends iron levels in drinking water be below 0 .3 mg/L, for aesthetic purposes. 

Ars enic - Arsenic occu rs n a tu ra lly in rock a nd soil. Arsenic in water is frequ en tly found near mining areas 
a nd ho t springs. Normal weathe ring or exposure to acid min e dra inage can cau se a rsenic to be deposited in 
water. Arsenic is a lso used in manu facturing, re fine ries, wood preservatives, a n ima l feed additives and 
her bicides. Some people who drink water contain ing a rsenic in excess o f the recommended limit over many years 
could experience skin damage or p roblems with their circulatory system, and may have a n increased r isk of 
getting cancer. The EPA has set a limit of 0.050 mg/ L in public d rinking wate r supp lies, but is revie\\ing the 
dri nking water standard for a rsenic because of specia l concerns that it may not be strin gen t e no ugh . 

Lead - Lead is a naturally occurrin g e lemen t tha t is fo u n d is small amoun ts in the earth 's c ru st. Most 
conta mina tion from lead is cau sed by hu man a ctivities. Lea d can be re leased into the en vi ronmen t th rough 
discha rges from fac tor ies or smelte rs, o r leach ing by acid mine dra inage. Dr in king water m ay leach lead from 
solde red joi n ts or old lead pipes . In fants and young ch ildren a re typically more vu lnera b le to lead in d r inking 
water th a n the gene ra l popu la tion. Lead in drinking wate r is rare ly the sole cause of lead poison ing, b u t it can 
add to a person 's total lead exposu re. Infa nts a nd child ren who drink water containing lead in excess of the 
Action Level* could experience d e lays in thei r physical o r mental d evelopment. Children cou ld show s light d eficits 
in a tten tion span a nd lea rning a bi lities. Adults who d rink this water over many years cou ld develop kid ney 
p roblems or high b lood press ure. It is a lways a good idea to le t a faucet run for a min u te or two before drawing 
wa te r for drinking or cooking. The EPA ha s se t a n actio n level* of 0. 015 mg/L lead in p u blic d rinking wate r 
s upplies. 

Copper - Copper is a me tal found in na tura l o re deposi ts . It is a n essen tia l nu t r ient, req uired by the body in 
very small amounts. It is widely u sed in household plumbing materials. Corrosion of hou sehold p lu m bing 
systems, e rosion of na tural d eposits, and leaching fro m wood preservatives are ways copper may en ter d rinking 
wa te r. The EPA has found tha t copper may cause s tomac h and intestinal distress in sensitive ind ividu als when 
they are exposed to levels above the Action Level* (1.3 mg/ L) for re la tive ly s hort pe riod s o f time. Some who drin k 
water con tain ing copper in excess o f the action leve l ove r many yea rs cou ld s u ffer liver or kidney damage. Peop le 
wi th Wilso n 's Disease s hould cons ult the ir personal d octor. It is a lways a good idea to let a fauce t run for a 
minute o r two before drawing water for drinking or cookin g. EPA 's action level* fo r copper in drinking wate r is 1.3 
mg/ L. 

Man ganese - Manganese is a natu ra lly occurring substance found in rocks, soil, and food. IL is an essential 
nu trient usually su pplied by foods. Manganese is often found in d rin king water, where it may be considered an 
undesirable im pu ri ty in h igh levels d ue to its tendency to form b lack oxide stains. The EPA has not set a s pecific 
drinking water limit. bu t the recom men ded limit is 0 .05 mg/ L to p reven t staining of clothes or plu m bing fixtures. 

Synthetic Organic Compounds (SOCs) - SOCs e ncompass a wide range of organic compou nd s , including 
pestic ides a nd he rbic ides u sed for c ro ps a nd lawn s, wood p reservat ives, PCBs from e lectr ical t ransformers, and 



byproducts from PVC and o th e r plastics . SOCs may be re leased during man ufacturing processes, ru n off from 
field s wh e re herbicides ot· pesticid es h ave been used , and disposal of industrial wastes . Some SOCs a ffect t he 
central net-vous system, while others affect organs such as the liver a nd kidneys. Certain of th ese com pou n d s a r c 
s u spected carci n ogens . The EPA has set maximum con taminant lim its in drinking water at different leve ls for 
each compound. EPA has banned the u se of so me of these compounds , but beca u se they tend to stay in the 
en viron ment, testing is required or recommended . 

Volatile Organic Compounds (VOCsl - VOCs arc petroleu m byproducts, including fuels such as ga solin e a nd 
diesel , fuel addi tives, solvents, cleani n g compounds such as d ry cleaning solutio n , degreasers, re frigera nts a nd 
adhesives. Some a re s uspected carcinogens, others a ffect the cen tra l n e rvous system , while o th e rs attack specific 
organ s in th e body. The EPA has set drinking water maximum contamina nt limits at different levels fo r each 
compou nd . 

*Action Level - th e conce ntration of a conta mina nt which, if exceed ed , triggers treatment or oth er requirements 
which a Public Drinking Wa ter S upply system mtl st fo llow. Private wells are not affected by this regula tion. 

TESTING LABORATORIES 

Mon tana is fortuna te to have a number of cer tified laboratories a vaila ble to test drinking water. Laboratories 
wh ich test Public Drinkin g Water Suppl ies a re certified by the Mon tana Departmen t o f Public Health a nd Human 
Se t-vices (DPHHS) Environmen tal La boratory, a nd must mee t rigorou s federal and state standards in order to 
r etain their certification. Some of these labora tories offer testing packages wh ich contain a number o f the above 
listed tests. Most la bo ratories will provide exp lanations of test resu lts upon request. Private we ll owners are 
encou raged to contact one of these certi fied laboratories to find out more information a bout testing a nd prices. 
Contact the DPHHS Environmental Laboratory a t (406 ) 444-2642 for a list of certified laboratories in the state, or 
for more information a bout testin g for private wells. For more in formation a bout water qu a lity in your a rea, 
contact your county sanitarian or county extension agent. 

FOR MORE INFORMATION 

For more information about water quali ty in your area, contact your cou n ty sanitaria n or county extension agent. 
The Environmental Protection Agen cy maintains a toll-free telephone lin e to call for more information about 
drinking wate r and water quality . The numbe r for t he Safe Drinking Water Hotiine is 800-426-4791. 



ANTIMONYATSDR 
AGENCY FOR TOXIC SUBSTANCES CAS # 7440-36-0

AND DISEASE REG ISTRY 

Agency for Toxic Substances and Disease Registry ToxFAQs 	 September 1995 

This fact sheet answers the most frequ ently asked health ques tions (FAQs) about antimony. For mot·c 

infonnation, call the ATSDR Information Centet· at 1-888-422-8737. T his fact sheet is one in a series of 

summaries about haza rdous substances and tbeit· health effects. T his information is importa nt because 

this substance may harm you. The effects of exposure to any haza t·dous substance d epend on t he dose, 

the duration, how you are exposed, pct·sonal traits and ha bits, and whether other chemicals are present. 

SUMMARY: Exposm·e to antimony occurs in the workplace or from skin contact 
with soil at hazardous waste sites. Breathing high levels of antimony for a long time 
can it-ritate the eyes and lungs, and can cause problems with the lungs, heart, and 
stomach. T his chemical has been found in at least 403 of 1,416 National Priorities 
List sites identified by the Environmental Protection Agency. 

What is antimony? 

(Pronounced antta-mo'ne) 

Antimony is a si lvery-white metal that is found in the 
earth's crust. Antimony orcs are mined and then mixed with 
other metal s to form antimony alloys or combined with 
oxygen to form antimony oxide. 

Little antimony is currently mined in the United States. Lt 
is brought into this country from other countries for process­
ing. However, there are companies in the United States that 
produce antimony as a by-product of smelting lead and other 
metals. 

Antimony isn't used alone because it breaks easi ly, but 
when mixed into alloys, it is used in lead storage batteries, 
solder, sheet and pipe metal, bearings, cast ings, and pewter. 
Antimony oxide is added to textiles and plastics to prevent 
them from catching fire. It is also used in paints, ceramics, 
and fi reworks. and as enamels for plastics, metal. and glass. 

What happens to antimony when it enters 
the environment? 

0 	 Antimony is released to the environment fi·om natural 
sources and from industry. 

0 	 In the air, antimony is attached to very small particles that 
may stay in the ai r for many days. 

0 	 Most antimony ends up in soi l, where it attaches strongly 
to particles that contain iron, manganese, or alum~num. 

0 	 Antimony is found at low levels in some ri vers, lakes. and 
streams. 

How might I be exposed to antimony? 

0 	 Because antimony is found naturally in the env ironment, 
the general population is exposed to low levels of it 
every day, primarily in food, drinking water. and ai r. 

0 	 It may be found in ai r near industries that process or 
release it, such as smelters, coal-fired plants, and refuse 
incinerators. 

0 	 In polluted areas containing high levels of antimony, it 
may be found in the air, water, and soil. 

0 	 Workers in industries that process it or usc antimony ore 
may be exposed to hi gher levels. 

How can antimony affect my health? 

Exposure to antimony at high levels can result in a 
variety of adverse health effects. 

Breathing high levels for a long time can irritate your 
eyes and lungs and can cause heart and lung problems, 
stomach pain, diarrhea, vomiting, and stomach ulcers. 

In short-term studies, animals that breathed very high 
levels or antimony died. Animals that breathed high levels 

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES, Public Health Service 
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had lung, heart, liver, and kidney damage. In long-term 

s tudies , animals that breathed very low levels of antimony 

had eye irritat ion, hair loss, lung damage, and hcmi problems. 

Problems with fertility were also noted. In animal studies. 

problems with fertility have been seen when rats breathed 

very hi gh levels o f antimony for a few months. 

Ingesting large doses of antimony can cause vomiting. 

We don't know w hat other effects may be caused by ingest ing 

it. Long-te rm ani mal studies have reported live r damage and 

blood changes when an imals ingested antimony. Antimony 

can irritate the skin if it is left on it. 

Antimony can have bencl:lcial effects when used for 

medical reasons. It has been used as a medic ine to treat 

people infected with parasites. 

How likely is antimony to cause cancer? 

The Departm ent of Health and Human Services, the 

International Agency for Research o n Cancer, and the Envi­

ronmental Protect ion Agency (EPA) have not classi tied 

antimony as to its human carcinogenicity. 

Lung cancer has been observed in some studies of rats 

that breathed high levels of antimony. No human s tudies are 

available. We don't know whether antimony wi ll cause cancer 

in people. 

Is there a medical test to show whether I've 
been exposed to antimony? 

Tests are available to measure antimony levels in the 

body. Antimony can be measured in the uri ne, feces, and 

blood for several days after exposure. However, these tests 

cannot tel l you how much antimony you have been exposed 

to or whether you will experience any heal th effects. Some 

tes ts are not usual ly pcrfonm;d in most doctors' offices and 

may require special eq uipment to conduct them. 

Has the federal government made 
recommendations to protect human health? 

The EPA allows 0.006 parts of antimony per m ill ion 

parts of d ri nking water (0.006 ppm). The EPA requi res that 

discharges or sp ills into the environment of 5,000 pounds or 

more of anti mony be reported. 

The Occupational Safety aml Health Administration 

(OSHA) bas set an occupational exposure limit of0 .5 mi lli­

grams of anti mony per cubic meter of a ir (0.5 mg/m3
) for an 

8-hour workday, 40-hour workweek. 

The American Conference ofGovernmental Industrial 

Hygienists (ACGlH) and the N ational Institute for Occupa­

tiona l Safety and Health (N IOS H) currently recommend the 

same guide lines for the workplace as OS HA. 

Glossary 

Carcinogenic ity: Abi lity to cause cancer. 

CAS: C hemica l Abstracts Service. 

Ingestion: Taking food or drink into your body. 

Long-term : Lasting one year or more. 

Mi lligram (mg): One thousandth of a gram . 

Paras ite: An organism liviJ1g in or on another organism. 

ppm: Parts per million. 

Short-term : Lasting !4 clays or less. 

References 

Agency for Toxic Substances and Disease Registry (ATSDR) . 

!992. Toxicological profile for antimony. Atlanta , GA: U.S. 

Department ofH ealth and Human Services. Public Health 

Service. 

Where can I get more information? For more in formation, contact the Agency for Toxic Substances and Disease 
Registry, Divis ion ofToxicology, !600 Clifton Road N E, Mai ls top F-32 , Atlanta, GA 30333. Phone: l-888-422-8737, 
FAX: 770-488-4!78. ToxFAQs Internet address via WWW is http://www.atsdr.cclc.gov/toxfaq.html ATSDR can tell you 
where to fi nd occupational and env ironmental health c linics. The ir specialists can recogni ze, evaluate, and treat illnesses 
resul ting from exposure to hazardous substances. You can also contact your comm unity or state health or environmental 
quality department if you have any more q uestions o r concerns. 
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1\ND DISEASE REGISTRY 

Division ofToxicology and Environmental Medicine ToxFAQs TM August 2007 

This fact sheet answers the most frequently asked health questions (FAQs) about arsenic. Fo r more 

information, call the ATSDR Information Center at 1-800-232-4636. This fact sheet is one in a series 

of summaries about hazardous substances and their health effects. It is important you understand this 

information because this substance may harm you. The effects of exposu re to any hazardous subs tance 
depend on the dose, the duration, how yo u are exposed, pct·sonal tt·aits and habits, and whether other 

chemicals arc present. 

HIGHLIGHTS: Exposure to higher than average levels of arsenic occur mostly in 
the workplace, near hazardous waste sites, or in areas with high natural levels. At 
high levels, inot·ganic arsenic can cause death. Exposure to lower levels for a long 
time can cause a discol01·ation of the skin and the appeat·ance of small corns or 
warts. Ar·senic has been found in at least 1,149 of the 1,684 National Priority List 
sites identified by the Environmental Protection Agency (EPA). 

What is arsenic? 
Arsenic is a natura lly occurring element widely distributed in 
the earth·s crust. In the environment, arsenic is combined 
with oxygen. chlorine, and sulfur to form inorganic arsenic 
compou nds. Arsenic in an imals and pl ants combines with 
carbon and hydrogen to form organic arsenic compounds. 

Inorganic arsenic compounds are mainly used to preserve 
wood. Copper chromated arsenate (CCA) is used to make 
··pressure-treated" lumber. CCA is no longer used in the 
U.S. for residential uses; it is still used in industrial 
applications. Organic arsenic compounds arc used as 
pesticides, primarily on cotton fields and orchards. 

What happens to arsenic when it enters the 

environment? 

0 Arsen ic occurs natural ly in soi l and minerals and may 

enter the ai r, water, and land from wind-blown dust and may 

get into water from runoff and leaching. 

0 Arsenic cannot be destroyed in the environment. It can 

only change its form . 

0 Rain and snow remove arsenic dust parti cles from the air. 

0 Many common arsenic compounds can dissolve in water. 

Most of the arsen ic in water will ultimately end up in soil or 

sediment. 

0 Fish and shellfish can accumu late arsenic : most of this 

arsenic is in an organic form called arsenobetaine that is 

much less harmfu l. 


How might I be exposed to arsenic? 

0 Ingesting sma ll amounts present in your food and water 

or breathing air containing arsenic. 

0 Breathing sawdust or burning smoke from wood treated 

wi th arsenic. 

0 Li ving in areas with unusually high nantral levels of 

arseni c in rock. 

0 Working in a job that involves arsenic production or use, 

such as copper or lead smeltin g, wood treat ing, or pesticide 

appli cation. 


How can arsenic affect my health'? 
Breathing high levels of inorganic arsenic can give you a 
sore throat or irri tated lungs. 

Ingesting very high leve ls of arsen ic can resu lt in death. 
Exposure to lower levels can cause nausea and vom iting, 
decreased production of red and white blood cells, abnormal 
heart rhythm, damage to blood vessels, and a sensation of 
"pins and needles'· in hands and feet. 

Ingesting or breathing low levels of in organic arsenic for a 
long time can cause a darkening of the skin and the 
appearance of smal l "corns" or "warts" on the palms, so les, 
and torso. 

Skin contact with inorgan ic arsenic may cause redness and 
swelling. 

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES, Public Health Service 
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Almost nothing is kn own regarding health effects of organic 
arsenic com pounds in humans. Studies in anima ls show that 
some s im ple organic arsen ic compounds are less tox ic than 
inorganic forms. Ingestion of methyl and dimethy l 
compounds ca n cause diarrhea and damage to the kidneys 

How likely is arsenic to cause cancer'? 
Severa l studies have shown that ingestion of inorganic 
arsenic can increase the risk of sk in cancer and cancer in the 
liver, bl(lddcr. (lnd lungs. Inhalation of inorganic (lrscnic can 
cause increased risk of lung cancer. The Department of 
l lcalth (lnd lluman Services ( DI-I HS) and the EPA have 
determined that inorganic arsenic is a known human 
carcinogen. The International Agency for Research on 
Cancer (!ARC) has determ ined that inorganic arsenic is 
carcinogenic to humans. 

How can arsenic affect children? 
There is some evidence that long-term exposure to arsenic in 
children may result in lower JQ scores . There is also some 
ev idence that ex posure to arsenic in the womb and early 
childhood may increase mortality in young adults. 

There is some evidence that inhaled or ingested arsenic can 
inju re pregnant women or their unborn babies, although the 
stud ies arc not definiti ve. Studies in animals show that large 
doses of arsenic that cause i I!ness in pregnant females, can 
also cause low birth weight, fetal malformations. and even 
fetal dea th . Arscn ic can cross the placenta and has been 
found in fetal tissues. Arsenic is found at low levels in 
breast milk. 

How can families r·educe the r isks of exposure to 
ar·senic? 
0 If you use (lrsen ic-treated wood in home proj ects, you 
should wea r dust masks. gloves, and protective clothing to 
decrease ex posure to sawdust. 

0 lf you live in an area with high levels of arse nic in water 

or soil , you should usc cleaner sources of water and limit 

contact with soil. 

LJ If you work in a job that may ex pose you to arsenic. be aware 

that you may car ry arsenic home on yo ur clothing, skin, hair. or 

tools. Be sure to shower and change clothes befo re going home. 


Is there a medical test to determine whethe r I've 

been exposed to arsenic? 

There are tests available to measure arsenic in your blood, urine, 

hair. and fingernails. The urine test is the most rel iable test for 

arsenic exposure within the last few days. Tests on hair and 

fin gernails can measure exposure to high levels of arsenic over 

the past 6- 12 months. These tests can determine if you have 

been ex posed to above-average levels of arsenic. They cannot 

predict whether the arsenic leve ls in your body will affect your 

heal th. 


Has the federal government made r·ccommendations 

to protect human health? 

The EPA has set limits on the amount of arsenic that 

industrial sources can re lease to the environment and has 

restricted or cancelled many of the uses of arsen ic in 

pesticides. EPA has set a limi t of O.OI parts per mill ion (ppm) 

for arsenic in drin king water. 


The Occupational Safety and Hea lth Admin istration (OSHA) 

has set a permi ssible exposure lim it (PE L) of I0 micrograms 

of arsenic per cubic meter of workplace air ( I 0 pg/m3

) for 8 

hour shifts and 40 hour work weeks. 
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Where can I uet more information? ror more in form ation. contact the 1\!!CnC\' for To=-. ic ' ubstances anti Disease
0 - . 

Rcgistr) . ))i, 1sion ol' To=-. icolog) and Em ironmemal Medic ine. 1600 Clil'wn Road . E. tvlailstop F-32. 1\ tlnnta, (;;\ 30333. Phone: 
1-800<!32-4636. l·AX: 770-488-4 178. 1oxFAQs Internet addre~s 'ia W\\' \V is ht1 p://" \\'\Y.atsdr.cdc.gov/to=-. l'aq. ht ml. A rSDR 
can l •· ll ~ ou "here 10 li nd occu pational and en' ironment a I health cli nics. Thei r spcciali sts ca n recognize. eHtf uatt'. and trca t 
illn ..:s ~e~ resulti ng !'rum ex posure to ha..:ardous substances. You can also con tac t your comm unity or state health or environm entn l 
qual it) dcp;ll'l rncn t if you have any more questic>ns or concerns. 

Federal Recycling Program \.4) Printed on Recycled Paper 

http://www.atsdr.cdc.gov/toxfaq.html


CADMIUM 
I ATSDR 

AGENCY FOR TOXIC SUBSTANCES CAS# 7440-43-9 
AND DISEASE REGISTRY 
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This fact sheet answet·s the most frequently asked health questions (FAQs) about cadmium. For more 

inform ation, ca ll the ATSDR Information Center at 1-800-232-4636. Th is fact sheet is one in a series 
of summaries abo ut hazardous substances and their hea lth effects. It is important you under·sta nd this 

information because this substance may harm you. The effects of exposure to a ny hazardous substance 

depend on the dose, the duration, how you a rc exposed, personal tn1its a nd habits, and whcthc•· othet· 
chemicals are present. 

HIGHLIGHTS: Exposure to cadmium happens mostly in the workplace where 
cadmium products are made. The general population is exposed from breathing 
cigarette smoke or eating cadmium contaminated foods. Cadmium damages the 
kidneys, lungs, and bones. Cadm ium has been found in at least 1,014 of the 1,669 
National Priorities List sites identified by the Environmental Pr·otection Agency 
(EPA). 

What is cadmium '? 

Cadmium is a natural element in the earth ·s crust. It is usually 
found as a mineral combined wi th other elements such as 
oxygen (cadmium oxide), ch lorine (cadm ium chlor ide), or 
sul fur (cadm ium sul fate. cadmium sulfide). 

A ll soils and rocks, including coal and mineral fertilizers. 
contain some cadmium. Most cadmium used in the Uni ted 
States is extracted during the production ofother metals li ke 
zinc. lead, and copper. Cadmium docs not corrode easily 
and has many uses. including batteri es. pigments, metal 
coat ings. and plastics. 

What happens to cadmium when it enters the 
environment? 

1.] Cadmium enters soi l, water. and air from mining, industry, 

and burning coal and household wastes. 

0 C<1dmium does not break down in the environment, but 

can change form s. 

0 Cadmium particles in air can travel long distances before 

falling to the ground or wat..: r. 

0 Some to rms of cadmium dissolve in water. 
0 Cadmium binds strongly to soil part icles. 
0 fi sh, plant s. and animals take up cadm ium from the 
env ironm~nt. 

Ho"v might 1 be exposed to cadmium ? 

0 Eating foods containing cadmium: low levels are found 

in all foods (highest levels arc found in shellfish. li ver. and 

kidney meats). 

0 Smoking cigarettes or breath ing cigarette smoke. 

0 Breathing contaminated workplace air. 

0 Drink ing contaminated water. 

0 L iving near industrial facilities which release cadmium 

into the air. 


How can cadmium affect my health'? 

Breath ing high leve ls of cadmium can severely damage 
the lungs. Eating food or drinking water w ith very high 
leve ls severely irri tates the stomach, leading to vomiting 
and diarrhea. 

Long-term exposure to lower levels of cadmium in air, food. 
or water leads to a bui ldup of cadm ium in the kidneys and 
possible kidney disease. Other long-term effects are lung 
damage and fragile bones. 

How likely is cadmium to cause cancer ? 

T he Department of Health and Human Services (DHHS) 
has determined that cadmium and cadmium compounds 
are known human carcinogens. 

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES, Public Health Service 
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~ow can cadmium a tiect children? 

The health effects in children arc expected to be similar 
to the effects seen in adults (kidney, lung. and bone 
damage depending on the route of exposure). 

A few studies in animals indicate that younger animals 
absorb more cadmium than adults. An imal studies also 
indicate that the young are more suscept ible than adu lts 
to a loss of bone and decreased bone strength from 
exposure to cadmium. 

We don·t know i f cadmium causes bi rt h defects in peop le. 
T he babies of animals exposed to high levels of cadmium 
during pregnancy had changes in behavior and learni ng abi lity. 
T here is also some informati on from anima l studies that high 
enough exposures to cadm ium before birth can reduce body 
we igh ts and affect the skeleton in the deve loping young. 

How can families reduce the .-isks of exposure to 
cadmium? 

0 In the home, store substances that contain cadm ium safely, 
and keep nickel-cadmium bat1c ries out of reach o f young 
chi ldren. 
0 Cadmium is a componen t of tobacco smoke. Avo id 
smok ing in enclosed spaces l ike inside the home or car in 
order to limi t exposure to ch i ldren and other family members. 
0 Ir you work w ith cadmium, use all safety precautions to 
avoid carry ing cadmium-containing dust home from work 
on your clothing, ski n, hair. or tools. 
0 A balanced diet can reduce the amount of cadmium 
taken into the body from food and drink . 

Is there a medica l tes t to determine w hethet· I've 
been exposed to cadmium? 

Cadmium can be measured in blood, ur ine, hair, or nails. 
Urinary cadmium has been shown to accura tely renect 
the amount of cadmium in the body. 

The amount of cadmium in your blood shows your recent 
exposure to cadmium. The amoun t of cl.ldm ium in your 
urine shows both your recent and your past exposure. 

Has the federal govcmment made recommendations 
to protect human health? 

The EPA has determ ined that exposure to cadmium in 
drinking water at concentrat ions of 0.04 ppm for up to 
I 0 days is not expected to cause any adverse effects in a 
chi ld. 

The EPA has qeterminecl that l i fetime exposure to 
0.005 ppm cadmium is not expected to cause any 
adverse effects . 

The FDA has determined that the cadmium concentrat ion 
in bottled drinking water should not exceed 0.005 ppm. 

The Occupational Hea lth and afety Admin istration 
(OSHA) has l imited workers' exposure to an av..:rage of 
5 ~tg/m 3 Cor an 8-hour workday. 40-hour workweek. 
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This fa ct sheet answers the most fr·equently asked health questions (FAQs) about copper·. For more 
information, call the ATSDR Information Center at 1-888-422-8737. This fact sheet is one in a series 
of summaries about haza rdous substances and their health effects. It is importa nt you understand this 
information because this subs tance may harm yo u. The effects of exposure to any hazanlous subs tance 
depend on the dose, the duration, how you are exposed, per·sonal traits and habits, a nd whether other 
chemicals ar·e present. 

HIGHLIGHTS: Copper is a metal that occurs naturally in the environment, a nd 
also in plants and animals. Low levels of copper are essential for maintaining 
good health. H igh levels can ca use harmful effects such as irritation of the 
nose, mouth and eyes, vomiting, diat-rhea, stomach cramps, nausea, and even 
death. Copper has been found in at least 906 of t he 1,647 National Priority 
Sites identified by the Environmental Protection Agency (EPA). 

What is copper? 

Copper is a metal that occurs natura lly throughout the 

environment, in rocks, so il, water, and air. Copper is an 

essential element in plants and animals (including humans), 

which mean s it is necessary for us to li ve. There fore. plants 

and an imals must absorb some copper from eating, dr inking, 

and breathing. 


Copper is used to make many different kinds of products like 

wire, plumbing pipes, and sheet metal. U.S. pennies made 

before 1982 are made ofcopper, wh ile those made after 1982 

are only coated with copper. Copper is also combined with 

other metals to make brass and bronze pipes and faucets. 


Copper compounds arc commonly used in agriculture to 

treat plant diseases like mil dew, fo r water treatment nnd, as 

preservatives for wood, leather, and fabrics. 


What happens to copper when it enters the 
environment? 

compounds can break down and release free copper into the 
ai r, water, and foods. 

How might I be exposed to copper ? 
0 You may be exposed to copper from breathing ai r. 
drinking water, eat ing foods, or having skin contact with 
copper, particu lates attached to copper, or copper-contain ing 
com pounds. 
0 Drinking water may have high levels of copper if your 
house has copper pipes and acidic water. 
0 Lakes and rivers that have been treated with copper 
compounds to control algae, or that receive cooling water 
from power plants, can have high levels of copper. Soils can 
also contain high levels of copper, especially if they are near 
copper smelting pl ants. 
0 You may be exposed to copper by ingesti ng copper­
containing fungic ides, or if you I ive near a copper mine or 
where copper is processed into bronze or brass. 
0 You may be exposed to copper if you work in copper 
mines or if you gri nd metals conta ining copper. 

0 Copper is released into the environment by mining, 

farming, and manufacturing operations and through waste 

water releases into rivers and lakes. Copper is also released 

from natural sources, like volcanoes, windblown dusts, 

decaying vegetation, and forest fires. 

0 Copper released into th e env ironment usually anaches to 

particles made of organic matter. clay. soil. or sand. 

0 Copper does not break down in the environment. Copper 


How can copper affect my health? 
Everyone must absorb small amounts of copper every day 
because copper is essential for good heal th. High levels of 
copper can be harmful. Breath ing high levels of copper can 
cause irritation of you r nose and throat. Ingesting high 
levels of copper can ca use nausea, vomiting, and diarrhea. 
Very-high doses of copper can cause damage to your liver 
and kidneys, and can even cause death. 
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H ow lil(ely is copper to cause cancer? 
We do not know whether copper ca n cause cancer in 
hu mans. The EPA has determined that copper is not 
class ifiabl e as to human carcinogenicity. 

How can copper affect children'? 
Exposure to high levels of copper wi ll result in the same type 
of effects in children and adults. We do not know if th ese 
effects would occur at the same dose level in children an d 
adults. Studies in animals suggest that the young children 
may have more severe effects than adults. but we don·t 
know if this would also be true in humans. There is a very 
smal l percentage of infants and children who are unusually 
sensitive to copper. 

We do not know if copper can cause birth defects or other 
deve lopment.al effects in humans. Studies in ani mals suggest 
that high levels of copper may cause a decrease in fetal 
growth. 

H ow can families reduce the risk of exposut·e to 
copper'? 
The most likely place to be exposed to copper is through 
drink ing water, especial ly if your water is corrosive and you 
have copper pipes in your house. The best way to lower the 
level of copper in your drinking water is to let the water run 
for at least 15 seconds first thing in the morni ng before 
drinking or using it. This reduces the leve ls of copper in tap 
water dramatica lly. 

If you work with copper, wear the necessary protective 
clothing and equ ipment, and always fo llow safety 
procedures. Shower and change your clothes before going 
home each day. 

Is tbet·e a medical test to show whether I've been 
exposed to copper? 
Copper is found throughout the body; in hair. nails, blood . 
urine, and other tissues. High levels of copper in these 
samples can show that you have been exposed to higher­
than normal levels of copper. These tests cannot te ll 
whether you will experience harmful effects. Tests to 
measure copper levels in the body arc not usually availab le 
at a doctor's office because they require special equipment. 
but the doctor can send samples to a spec ialty laboratory. 

Has the federal government made 
recommendations to protect human health? 
The EPA requ ires that levels of copper in drinking water be 
less than 1.3 mg of copper per one li ter of drinking water 
( 1.3 mg/L). 

The U.S. Department of Agricu lture has set the recommended 
daily allowance for copper at 900 microgram s of copper per 
day (J..Lg/day) for people older than eight years old. 

The Occupational Safety and Health Administrat ion (OS HA) 
requires that levels of copper in the air in workplaces not 
exceed 0.1 mg of copper fumes per cubic meter of ai r 
(0. 1 mg/m3) and 1.0 mg/m3 for copper dusts. 

Reference 
Agency for Toxic Substances and Disease Registry 
(ATSD R). 2004. Toxicological Profi le for Copper. Atlanta, 
GA: U.S. Department of Health and 1-luman Services, Public 
Health Service. 

Where can I get more information? For more information, contact the Agency for Toxic Substances and 
Disease Registry, Division ofToxico logy, 1600 Clifton Road NE, Mail stop F-32, Atlanta. GA 30333. Phone: 1-888-422­
8737, FAX: 770-488-41 78. ToxFAQs Internet address via WWW is http://www.atsdr.cdc.gov/toxfaq.htm l. ATSDR can 
tel l you where to find occupational and environmenta l health cl inics. Their specialists can recognize, eva luate, and 
treat illnesses result ing from exposure to haza rdous substances. You can also contact your community or state health 
or envi ronmental quality department if you have any more questions or concerns. 
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T his fact sheet answers the most frequently asked health questions (FAQs) about lead . For mot·e 
information, call the ATSDR Information Center at 1-800-232-4636. T his fact sheet is one in a series 
of summaries about haza rdous substances and their hea lth effects. It is important you u ndet·s ta nd this 
information because this substance may harm you. The effects of exposu re to a ny hazanlous substance 
depend on the dose, t he du.-ation , how you are exposed, pe rsonal traits and habits, and whether other 
chemicals are present. 

HIGHLIGHTS: Exposure to lead can happen from breathing workplace air or 
dust, eating contaminated foods, or drinking contaminated water. Childr·en can be 
exposed from eating lead-based paint chips or playing in contaminated soil. Lead 
can damage the nerl'ous system, kidneys, and reproductive system. Lead has been 
found in at least 1,272 of the 1,684 National Priority L ist sites identified by the 
Environmental Protection Agency (EPA). 

W ha t is lead? 

Lead is a natural ly occurri ng bluish-grny metal found in 

sma ll amounts in the earth ·s crus1. Lead can be found in all 

pan s of our environment. Much of it comes from hum an 

act ivit ies including burning foss il fuel s. mining. and 

manu facru ring. 

Lead has many di fferenr uses. It is used in the production of 

baueri es. ammun ition, metal products (soiJer and pipes), and 

dev ices to shie ld X-rays. Because of hea lth concerns, lead 

from pa ints and ceramic products. cau lk ing, and pipe solder 

has been dramatically reduced in recent years. The use of 

lead ns an ndditive to gasol ine was banned in 1996 in the 

Uni ted States. 


W hat happens to lead when it enters the 

environment? 

0 Lead itself docs not break down, but lead compounds arc 

changed by sunlight. air. and wnter. 

0 When lead is released to the air. it may travel long 

distances before settl ing to the ground . 

0 Once lead falls onto soi l. it usua lly sticks to soil 

particles. 

0 Movement of lead from soil into groundwater will depend 

on the type o f lead compound and th e characterist ics of the 

soil. 


Hov1' might I be exposed to lead ? 

0 Eating food or drinking water that contai ns lead. Water 

pipes in some older homes may contain lead solder. Lead 


can leac h out into the water. 


0 Spending time in nreas where lelld-based pa ints have 
been used and are de te riorating. Deteriorating lead paint cnn 
contribute to lead dust. 
0 Working in a job where lead is used or engnging in 
certai n hobbies in which lead is used, such ns making 
stained g lass. 
0 Using health-care products or folk rcmt:dics that contain 
lead. 
How ca n lead affect my heal th? 
The effects of lead are the same whether it enters the body 
through breathing or swll llow ing. Lead can affect almost 
every organ and system in your body. The main target for 
lead toxicity is the nervous system , both in adu lts and 
children. Long-term exposure of adults can result in 
decreased performance in some tests that measure functions 
of the nervous system. It may also cause weak ness in 
fingers, wrists, or ankles. Lead exposure also causes small 
increases in blood pressure, particularly in middle-aged and 
older people and can cnuse anemia. Ex posure to high lead 
leve ls can severely damage the brain and kidneys in adu lts 
or chi ldren and ultimately cause death. In pregnant women, 
high levels of exposure to lend may cause miscarriage. High­
leve l exposure in men can damage the organs responsible for 
sperm production . 

How likely is lead to cause cancer? 
We have no conclusive proof that lead causes cancer in 
humans. Kidney tumors have developed in rats and mice 
that had been given lnrge doses of some kind of lead 
compounds. The Department of Health and Hum an Services 
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(Di ll IS) has determ in ed that lead and lead compounds are 
reasonably antic ipated to be human carcinogens and the EPA 
has dete rmined that lead is a probable human carcinogen. 
The Internationa l 1\gency for Research on Cancer (!ARC) has 
determined tha t inorganic lead is probably carcinogenic to 
humans and tha t there is insuffi cient information to determine 
whether organic lead compounds will cause cancer in 
humans. 

How can lead affect child ren? 
Small children can be exposed by eating le<td-based paint 
chips . chew ing on objects painted with lead-based pain t. or 
swallow ing house dust or soil that cont ains lead. 
Children arc more vulnerable to lead poison ing than adu lts. A 
child who swa llows large amounts of lead may develop bl ood 
anem ia. severe stomachache, muscle weakness. and brain 
damage. If a chi lei swallows sm aller amounts of lead, much 
less severe e ffects on blood and brain fu nction may occur. 
Even at much lower levels of exposure. lead can a ffect a 
child's mental and physica l growth. 
Exposure to lead is more dangerous fo r ) oung and unborn 
chi ldren. Un born children can be exposed to lead through 
their mothers. Harmful effects include premature bi rths, 
smal ler babies, decreased mental abi lity in the infant. learn ing 
di flicullies. and reduced growth in young children. These 
effects arc more common if the mother or baby was exposed 
to high leve ls of lead. Some of these effec ts may persist 
beyond ch ildh ood. 

How can famil ies reduce the risl<s of exposure to 
lead? 
0 Avoid ex posure to sources of lead. 
0 Do not allow children to chew or mouth surfaces that 
may have been pa inted with lead-based paint. 
0 If you have a water lead problem, run or nush water that 
has been standing overnight before dri nk ing or cooking with 
it. 
0 Some types of paints and pigments that me used as 
make-up or hair coloring contain lead. Keep these kinds of 
products away from children 
0 If your home contains lead-based paint or you live in an 
area con tam ina ted with lead. wash ch ildren ·s hands and faces 

often to remove lead dusts and soi I. and regu lar!) clean the 

hou e of dust and tracked in soi I. 


ls the•·e a medica l test to d eterm ine whether I've 

been exposed to lead'? 

!\ blood test is ava ilable to measure the amou nt of lead in 

your blood and to es timate the amoun t of your recent 

exposure to lead. Blood tests are commonly used to screen 

chi ldren for lead poisoning. Lead in teeth or bones can be 

measured by X-ray techniques. but these methods are not 

widely available. Exposure to lead also can be evaluated by 

measuring erythrocyte protoporphyrin (EP) in blood samples. 

EP is a part of red blood cells known to increase when the 

amount of lead in the blood is high . However, the EP level is 

not sens it ive enough to identify children with e levated blood 

lead levels below about 25 micrograms per deciliter (pg/dL). 

These tests usually require special ana lytica l equipment that 

is not available in a doctor's offi ce. However, your doctor 

can draw blood samples and send them to appropriate 

laboratories for analysis. 


Has the federal government made •·ccommendations 

to protect huma n hea lth? 

The Centers for Disease Con trol and Prevention (C DC) 

recommends that states test children at ages I and 2 years. 

Children should be tested at ages 3- 6 years if they have 

never been tes ted for lead, if they rece ive services from 

public assistance programs fo r the poor such as Medicaid or 

the Supplemental Food Program for Women, Infants, and 

Children, if they live in a building or frequently vis it a house 

bui It before 1950; if they visit a home (house or apartment) 

bu ilt before 1978 that has been recent ly remodeled: and/or if 

they have a brother, s ister. or playmate who has had lead 

poison ing. CDC considers a blood lead leve l of I0 pg/dL to 

be a level of concern for children. 

EPA lim its lead in dr inking water to 15 ~t g per li ter. 


References 

Agency for Toxic Substances and Disease Registry (ATSDR). 

2007. Toxicological Profi le for lead (Update). Atlanta. GA : U.S. 

Department of Public llealth and Human Services, Public Health 

Service. 


Where can I get more information ? For more inf'ormation. con tact the Agency fo r Toxic Substances and Di~cnse 
l{c!2.istn. Di\ision of' Tox icology and Enviwnlncntal fVIcdicim:. 1600 Clit'ton Road NE, fvtail stop F-32. i\tlanta. G;\ 30333. Phone: 
t -8(>0-232-4636. F/\X: 770-488-4 178. tOl.F/\Qs Internet ctddress via W W W is http://11 Wll'.atsdr. cch:.go,'/to.xrnq. htm l. At'SDR 
c.:an tL'II IOU 11hcrc 10 li nd occupational and .::111 ironmcntal health cl inics. !'heir specialists can rccogn i ~:c . evaluate. and trea t 
i llncs~e; r.:: sul ting rrom exposure to h:l/ardous -. uhstances. You cnn also contact you r comm un it~ or state health or cn1 ironmcmnl 
qual it~ departmcm if' you have any more quc,tions or concerns. 
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Th is fact sheet answet·s the most frequently asked hea lth questions (FAQs) abo ut manganese. For 
more infon nation , ca ll the ATSDR Information Center at 1-800-232-4636. T his fact sheet is one in a 
series of summaries about hazardous substances and their health effects . It is important you 
understand this information because this substance may hann you. The effects of exposu1·e to any 
hazardous substance depend on the dose. the duration, how you are exposed, per·sonal traits and 
habits, and whcthe1· other chemicals a•·c present. 

HIGHLIGHTS: Manganese is a trace element and eating a small amount from food 
or water is needed to stay healthy. Exposure to excess levels of manganese may 
occur fr·om breathing air, particularly where manganese is used in manufacturing, 
and from drinking water and eating food. At high levels, it can cause damage to 
the brain. Manganese has been found in at least 869 of the 1,669 National Prior·i ties 
List sites identified by the Environmental Protection Agency (EPA). 

What is manganese? 
Manganese is a naturally occurring metal that is found in 
many types of rocks. Pure manganese is silver-colored, but 
docs not occur naturally. It combines with other substances 
such as o., ygen. sui fur, or chlorine. Manganese occurs 
naturally in most foods and may be added to some foods. 

Manganese is used principa lly in steel production to improve 
hardness, st i fl'ness. and strength. I t may a I so be used as an 
add itive in gasoline to improve the octane rating of the gas. 

What happens to manganese when it enters the 
cnvironmcn t'? 
0 Manganese can be released to the air. soi l , and water 
!'rom the manu facture, use, and disposal of manganese-based 
products . 
f..) Manganese cannot break down in the envi ronment. I t 
can on ly change its form or become attached to or separated 
from particles. 
0 In water. manganese tends to attach to panicles in the 
water or settle into the sediment. 
0 The chemica l state of manganese and the type of soi l 
determine how fast it moves through the soi l and how much 
is retai ned in the soil. 
0 The manganese-conta ining gasoline additive may degrade 
in the en v ironment quickly when c>. posed to sunlight. 

releasing manganese. 

How might I be exposed to manganese? 
0 The primary way you can be exposed to manganese is 
by eat ing food or manganese-contain i ng nutritional 
supplements. Vegetarians who consume foods rich in 
manganese such as grains, beans and nuts, as well as heavy 
tea drinkers. may have a higher intake of manganese than 
the average person. 
I.J Certain occupations like we lding or working in a factory 
where steel is made may increase your chances of being 
exposed to high levels o f manganese. 
0 Manganese is routinely contained in groundwater. drinking 
water, and soil at low levels. Dri nking >Vater containing 
manganese or swimming or bathing in water containing 
manganese may expose you to low levels o f this chemica l. 

How can manganese affect my health? 
Manganese is an essential nutrient. and eating a small 
amount of it each day is important to stay healthy. 

The most common health problems in workers exposed 
to high levels of manganese involve the nervous system. 
These health effects include behavioral changes and other 
nervous system effects, which include movements that 
may become slow and clumsy. This combination of 
symptoms when sufliciently severe is referred to as 
" rn anganism". Other less severe nervous system effects 
such as slowed hand movements have been observed in 

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES, Public Health Service 

Agency for Toxic Substances and Disease Registry 




- - - - -

MANGANESE~2_ ____ CAS # 7 439-96-5 1 

: 't , , ToXFAQsTh1 Internet address is http://Www.atsdr.cdc.gov/toxfaq.btml 

some workers exposed to lower concentrations in the 
work place. 

Nervous system and reproductive effects have been 
observed in an imals after hi gh oral doses of manganese. 

How likely is manganese to cause cancer'! 
The EPA concluded that existing scientific in forma tion 
cannot cleterm inc whether or not excess manganese can 
cause cancer. 

Ho\V can manganese affect children'? 
Stud ies in chil dren have suggested that extremely high 
level s of manganese exposure may produce undesirable 
effects on brain development, including changes in 
behavior and decreases in the ability to learn and 
remember. We do not know for certain that these 
changes were caused by manganese alone. We do not 
know if these changes are temporary or permanent. We 
do not know whether children are more sens it ive than 
adu lts to the e ffects of manganese. but there is some 
indi cation from experiments in laboratory ani mals that 
they may be. 

Studies of manganese workers have not found increases 
in birth defects or low birth weight in their offspring. 
No birth defects were observed in animals exposed to 
manganese. 

How can families reduce the risks of exposure to 
manganese? 
0 Children arc not li kely to be exposed to harmful amounts 
of manganese in the die t. Hovvever. higher-than -usual 
amounts of manganese may be absorbed if their diet is low 
in iron. It is important to provide your child with a well­
balanced diet. 
0 Workers ex posed to high leve ls of airborne manganese in 
certai n occupational sett ings may accumulate manganese dust 
on their work cloth es . Manganese-co ntami nated work 

clothing-shOLilcl be removed be fore getti ng into your car Or 
entering your home to help red uce the exposu re hazard for 

yourself ;mel your rami ly. 

Is there a medical test to determine whether I've 
been exposed to manganese? 
Several tests are avail able to measure manganese in 
blood, urine, hair. or feces. Because manganese is 
normally present in our body. so me is always found in 
tissues or fluid s. 

Because excess manganese is usually removed from the 
body within a few clays, past exposures are diffi cult to 
measure with common laboratory tests. 

Has the federal government made recommendations 
to protect human health? 
The EPA has determined that exposure to manganese in 
drinking water at concentrations of I mg/ L f01 up to 
I 0 days is not expected to cause any adverse effects in a 
child. 

The EPA has established that li f'etim e exposure lo 0.3 mg/L 
manganese is not expected to cause any adverse el'fects. 

The FDA has determined that the manganese concentrat ion 
in bott led drinking water should not exceed 0.05 mg/L. 

The Occupational Health and Safety Administration (OS HA) 
has establ ished a ceiling lim it (concentration that should not 
be exceeded at any time during exposure) of 5 mg/m3 for 
manganese in workplace air. 

References 
Agency for Toxic Substances and Disease Registry (ATSDR). 
2008. Toxicological Profi le for Manganese (Drat! for Public 
Commen t). Atlanta, GA : U.S. Department of Publi c Health 
and Hu man Services. Pub! ic I-leal th Service. 

Where can 1 get more information? For more information, contact the Agency lo r Toxic Substances and Di sease 
Registry. Divis ion or Toxicology and Envi ronmental Medicine. 1600 Clifto n Road NE. tvlailstup F-32. Atlnn ta, G/\ 30333. Ph one : 
1·800-232-..J 636. FAX: 770-488-41 78 . ToxFAQs Internet address via WWW is http://\\ww.atsclr.cdc.gov!toxfaq. html. ATSDR 
can te ll ) ou where to lind occupational and environmen tal ln:alth clinics. Their speciali sts can r.::cogni zc. evaluate. and treat 
illnesses resulting t'mm exposure to hazardou s substances. You can also contact yo ur cnrn munity or stat e health or environ mental 

qual it \· ckpartmcnt ir vou have any more quc:stions or conce rns . 
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This fact sheet answers the most frequently asked health questions (FAQs) about mercury. For more information, 
call the ATSDR Information Center at 1-888-422-8737. This fact sheet is one in a series of summa.-ies about 
hazardous substances and theit· health effects. lt's important you understand this information because this 
substance may harm you. The effects of exposm·e to any hazat·dous substance depend on the dose, the duration, 
how you are exposed, personal tt·aits and habits, and whether othet· chemicals are pt·esent. 

HIGHLIGHTS: Exposure to mercury occurs from breathing contaminated air, 
ingesting contaminated water and food, and having dental and medical tt·eatments. 
Mercury, at high levels, may damage the brain, kidneys, and developing fetus. This 
chemical has been found in at least 714 of 1,467 National Priorities List sites identified 
by the Environmental Protection Agency. 

What is mercury'? 
(Pronounced mur'ky;;J-re) 

Mercury is a naturally occurring metal which has several 
forms. The metallic mercury is a shiny, silve r-white. odorless 
liquid. lf heated, it is a colorless, odorless gas. 

Mercury combines with other elements, such as chlorine, 
sulfur, or oxygen, to fo rm inorganic mercury compounds or 
"sa lts," which are usua lly whi te powders or c1ystals. Mercury 
also combines with carbon to make organic mercury com­
pounds. The most common one, methylmcrcllly, is produced 
mainly by microscopic organisms in the water and soi l. More 
mercury in the environment can increase the amounts of meth­
ylmercury that these small organisms make. 

Metallic mercury is used to produce chlorine gas and 
caustic soda, and is also used in thermometers, dental fillings, 
and batteries. Mercury sa lts are sometimes used in skin light­
ening creams and as antiseptic creams and ointments. 

What happens to mercury when it enters the 
environment? 

0 	 Inorganic mercury (metallic mercury and inorganic mer­
CLIIY compounds) enters the air from mining ore deposits. 
burning coal and waste, and from manufacturing plants. 

0 	 l t enters the water or soil from natural deposits, disposal of 
wastes, and volcanic activity. 

0	 . Methylmercury may be formed in water and soil by small 
organisms called bacteria. 

0 	 Methylmercury builds up in the tissues of fi sh. Larger and 
older fish tend to have the highest levels of mercury. 

How might I be exposed to mercury? 

0 	 Eating fish or shell fish contaminated wi th methylmercury. 

0 	 Breathing vapors in air from spills, incinerators, and indus­
tries that burn mercury-containing fuels. 

0 	 Release of mercury from dentalwork and medical treatments. 

0 	 Breathing contaminated workplace air or skin contact dur­
ing use in the workplace (dental, health services, chemical, 
and other industries that use mercury). 

0 	 Practicing ri tuals that include mercury. 

How can mercury affect my health? 

The nervous system is very sensitive to all forms of mer­
cury. Methylmercury and metallic mercury vapors are more 
harmful than other forms, because more mercury in these tom1s 
reaches the brain. Exposure to high levels of metall ic. inor­
gan ic, or organic mercury can permanently damage the brain, 
kidneys, and developing fetus. Effects on brain functioning 
may result in irritabil ity, shyness, tremors, changes in vision or 
hearing, and memory problems. 

Short-term exposure to high levels of metallic mercury 
vapors may cause effects including lung damage. nausea. 
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vomiting. diarrhea. increases in blood pressure or hea rt rare. rooms where liquid mercury has been used. 
skin rashes, and eye irri tation. 

How likely is mercu ry to cause cancer ? 

There are inadequate human cancer data avai lable for al l 
forms of mercury. Mercuric ch loride has caused increases in 
several types of tumors in rats and mice. and methylmercury 
has caused kidney tumors in male mice. The EPA has deter­
mined that mercuric chloride and methylmercuty arc possible 
human carcinogens. 

How can mercury affect children? 

Very young children arc more sensi tive to mercwy than 
adults. Mercllly in the mother's body passes to the fetus and 
may accumulate there. lt can also can pass to a nursing infant 
through breast milk. However, the benefits of breast feeding 
may be greater than the possible adverse eiTects of mercury in 
breast milk. 

Mercury's harmfu l effects that may be passed from the 
mother to the fetus include brain damage. mental retardation, 
incoordination, blindness, seizures, and inability to speak. 
Children poisoned by mercury may develop problems of thct r 
nervous and digest ive systems, and kidney damage. 

How can families reduce the risk of exposure to 
mercury? 

Carefully handle and dispose of products that contain 
mercury, such as thermometers or fluorescent light bulbs. Do 
not vacu um up spilled mercllly, because it will vaporize and 
in~.:rease exposure. lf a large amount of mercury has been 
spi ll ed, contact your health department. Teach children not to 
play with shiny, silver liquids. 

Properly dispose ofolder medic ines that contain mercury. 
Keep all mercury-containing medicines away from children. 

Pregnant women and children should keep away from 

Learn about wildlife and fish advisories 111 your area 
fro m you r pub li c hea lth or natural resources departm ent. 

Is there a medical test to show ·whether I've been 
exposed to mercury? 

Tests are available to measure merc ury levels in the body. 
Blood or urine samples arc used to test for exposure to metallic 
mercury and to inorganic forms or mercury. Mercuty in whole 
blood or in scalp hai r is measured to de te rmine exposure to 
methylmercury. Your doctor can take samples and send them to 
a testing laboratory. 

Has the federal government made 
recommendations to protect hu man health? 

The EPA has set a limit of2 parts of mercury per bi llion 
parts of drinking water (2 ppb). 

The Food and Drug Admin istration (FDA) has set a maxi­
mum permissible level or I part or methylmercury in a mill ion 
parts of seafood (1 ppm). 

The Occupational Safety and Heal th Administration 
(OS HA) has set limits ofO.I mill igram oforganic mercury per 
cubic meter of workplace ai r (0. 1 mg/m3

) and 0.05 rng/m3 of 
metallic mercwy vapor lo r 8-hour shifts and 40-hour work 
weeks. 
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This fact sheet answe1·s the most frequently asked health questions (FAQs) about silver. F01· more information, 

call the ATSDR Information Center at 1-888-422-8737. This fact sheet is one in a series of summaries 

about hazardous substances and their health effects. lt's important you understand this information because 

this substance may harm you. The effects of exposure to any hazardous substance depend on the dose, the 

duration, how you are exposed, personal traits and habits, and whether other chemicals are present. 

HIGHLIGHTS: Silver is an element found naturally in the environment. At very 

high levels, it may cause argyria, a blue-gray discoloration of the skin and other 

organs. This chemical has been found in at least 27 of the 1,177 National Priorities 

List sites identified by the Environmental Protection Agency (EPA). 

What is silver? 

(Pronounced s'fl tvgr) 

Silver is a naturally occurring clement. lt is found in the 

envi ronment combined with othe r clements such as su lfide, 

chloride, and nitrate. Pure s ilver is "si lver" colored, but silver 

nitrate and s il ver c hloride are powde ry whi te and s il ver sul ­

fide and s il ver oxide arc dark-gray to black. Silver is often 

found as a by-product during the retrieval of copper. lead, 

z inc, and gold ores. 

Silver is used to make jewelry, s ilverware, e lect ronic 

equipme nt, and dental fill ings. It is also used to make photo­

graphs. in brazing alloys and solders, to disinfect drink ing 

wate r and water in swimming pools, and as an antibacteria l 

agent. Silver has also been used in lozenges and chewing gum 

to help people stop smoking. 

What happens to silver when is enters the 
environment? 

0 	 Silver may be released into the ai r and water through 
natural processes such as the weathering of rocks. 

0 	 Human activities such as the processing of orcs, cement 
man ufacture, and the burning of foss il fue l may release 
s il ver into the a ir. 

0 	 I t may be released into water from photographic process­
ing. 

0 	 Rain may wash s ilver out o f so i I into the groundwate r. 

0 	 Silver does not appear to concentrate to a sign ificant 
extent in aquatic animals. 

How might I be exposed to silver? 

0 	 Breathing low levels in a ir. 

0 	 Swallowing it in food or drinking water. 

0 	 Carry ing out activi ties such as jewelry-making, solder­
ing, and photography. 

0 	 Using anti-smoking lozenges or other medic ines contain­
ing it. 

How can silver affect my health? 

Exposure to high levels of s ilver fo r a long period of time 

may result in a condition called arygria, a blue-gray discol ­

oration of the skin and other body tissues. Lower-level expo­

sures to silver may also cause s ilver to be deposited in the 

skin and othe r parts of the body; however, th is is not known 

to be harmful. Argyria is a permanent c ftect, but it appears to 

be a cosmetic problem that may not be otherwise harmful to 

hea lth . 

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES, Public Health Service 
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Exposure to high levels of s il ver in the air has resul ted in 
breathing problems, lung and throat irrita tion, and stomach 
pains. Sk in contact with silver can ca use mild a llergic reacti ons 
such as rash, swelling, and inflammation in some people. 

Animal studies have shown that swallowing silver results 
in the deposit of silver in the skin. One study in mice found 
that the animals exposed to silver in drinking water were less 
active than unexposed animal s. 

No studies are available on whether silver affects reproduc­
tion or causes developmental problems in people. 

How likely is silver to cause cancer? 

No studies arc avai lable on whether si lver may cause can­
cer in people. The only available animal studi es showed bot h 
positive and negative results when silver was implanted under 
the skin. 

The EPA has determined that silver is not classifiable as to 
human ca rcinogenicity. 

Is there a medica l tes t to show whether I've been 
exposed to silver? 

Silver can be measured in the blood. urine. feces, and body 
tissues of exposed people. Silver builds up in the body, and the 
best way 10 learn if past exposure has occurred is to look for 
silver in samples of skin. Tests for silver arc no1 commonly 
done at a doctor's office because they require special equi p­
ment. Although doctors can fi nd out if a person has been ex­
posed to silver by doing these tests, they cannot tell whether 
any health effects will occur. 

Has the federal government made 
recommendations to protect human health? 

The EPA recommends that the concentration of sil ver in 

drinking water not exceed 0. 10 mi lligrams per liter of water 
(0.1 0 mg/ L) because of the skin discoloration that may occur. 

The EPA requi res that spills or accidental releases of 
I ,000 pounds or more of si lvcr be reported to the EPA. 

The Occupationa l Safety and Hea lth Administrat ion 
(OSHA) limits silver in workplace ai r to 0.0 I mil ligrams per 
cubic meter (0.0 I mg/m3) for an 8-hour workday, 40-hour 
workweek. The National Institute of Occupational Safety and 
Health (NIOSH) also recommends that workplace ai r contain 
no more that 0.0 I mg/m3 silver. 

The American Con fcrcnce ofGovcrnmentallndustrial 
Hygienists (ACGIH) recommends that workplace air contain 
no more than 0. 1 mg/m3 silver metal and 0.0 I mg/m3 soluble 
silver compounds. 

The federa l recommendations have been updated as of 
July 1.999. 

Glossary 
Carcinogenicity: Abil ity to cause cancer. 

CAS: Chemcial Abstracts Service. 

Milligram (mg): One thousandth of a gram. 

National Priorities List: A list of the nati on's worst hazardous 
waste sires. 

Solubl e: Capable of being dissolved in water. 
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resulting from exposure to hazardous substances. You can also contact your community or state hea lth or envi ronmental 
quality department if you have any more questions or concerns. 
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Th is fact sheet answers the most ft·equcntly asked health questions (FAQs) about zinc. For· mo re 

information, call the ATSDR Information Center at 1-888-422-8737. T his fact shee t is one in a sel"ies 

of summaries about haza rdous subs tances and their health effects. It is impor tant you understand this 

infonnation because this substance may harm you. The effects of exposure to any hazardous substance 
depend on the dose, the dumtion , how you are exposed , pc t·sotwl traits and habits , and whethet· other 

chemica ls arc present. 

HIGHLIGHTS: Zinc is a naturally occurring element. Exposure to high levels 
of zinc occut·s mostly from eating food, drinking water, or breathing workplace 
air that is contaminated. Low levels of zinc ar·e essential for maintaining good 
health. Exposure to large amounts of zinc can be harmful. It can cause 
stomach cramps, anemia, and changes in cholesterol levels. Zinc has been 
found in at least 985 of tbe 1,662 National Priority List sites identified by the 
Environmenta l Protection Agency (EPA). 

W hat is zinc? 

Zinc is one or the most common e lements in the earth's 

crust. It is round in air, soil, and water, and is present in all 

roods. Pure Line is a bluish-wh ite shiny metal. 


Zinc has many commercial uses as coatings to prevent rust, 

in dry ce ll batteries, and mi xed wit h other metals to make 

alloys like brass, and bronze. A zinc and copper a lloy is 

used to make pennies in the United States. 


Zinc combines with other clements to form zinc compounds. 

Common zinc compounds found at hazardous waste sites 

inc lude zinc chloride. zinc oxide, zinc sulfate. and zinc 

sul tidc. Zinc compounds are widely used in industry to 

make paint. rubber. dyes, wood preservati ves. and ointments. 


What ha ppens to zinc when it en ter·s the 

environment? 

0 Some is released into the envi ronm ent by natural 

processes. but most comes ti·om human activities like mining. 

stee l production, coal burn ing. and bu rn ing o f waste. 

0 It attaches to soi l, sedim ents, and dust part icles in the 

air. 

0 Ra in and sno>v remove zinc dust particles from the air. 

0 Depend ing on the type of soil, some z inc compounds can 

move int o the groundw"ter and into lakes, streams, "nd 

ri vers. 

0 Most or the zinc in soil stays bou nd to soi l part icles and 


does not dissolve in water. 

0 It bu ilds up in fish and other organi sms. but it does not 

build up in plant . 


How might I be exposed to zinc? 

0 Ingesting small amounts present in your food and water. 

0 Drinking con tam inated water or a beverage that has been 

stored in metal containers or tlows through pipes t·hat have 

been coated with zinc to resist rust. 

0 Eating too many dietary supplements that comain zinc. 

0 Working on any of the follow ing jobs: construction, 

pa inting. automobile mechan ics, mining, smelting, and 

welding: manu facture of brass, bronze, or other zinc­

conta ining alloys; manufacture of ga lvanized meta ls; and 

manufacture of machine parts. rubber. pa int, linoleum. 

oi lcloths. batteries. some kind of glass, cerami cs, and dyes. 


Ho·w can zinc affect my health? 

Zinc is an essential element in our diet. Too littl e zinc can 

cause problems, but too much zinc is a lso harmful. 


Harmful effects generally beg in at levels I 0-1 5 times higher 

than the amount needed for good health. Large doses taken 

by mouth even lor a short time can cause stomach cramps, 

nausea. and vom iting. Taken longer, it can cause anemia and 

decrease the levels of your good cholesterol. We do not 

know if high leve ls o r zinc affect reproduction in humans. 

Rats that were fed large amounts of zinc became in fertil e. 
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Inhaling large amounts of zinc (as dusts or fum es) can cause 
a spec ific short -term disease calleclmetal fume fever. We do 
not know the long-term effects of breathing high leve ls of 
Zlll C. 

Putting low levels of zinc acetate and zinc ch loride on the 
skin of rabb its. gui nea pigs, and mice caused sk in irritat ion. 
Skin irriwt ion will probably occur in peop le. 

How liiH~ Iy is zinc to cause cancer? 
The Department of Health and Human Services (DH HS) and 
th e In ternat ional Age ncy for Research on Can cer (!ARC) 
have not classified zinc for carcinogenicity. Based on 
incomplete informat ion from human and an imal st udies, the 
EPA has determ ined that zinc is not class ifiable as to its 
human carcinogenic ity 

How can zinc affect children? 
Zinc is essentia l fo r proper growth and development or 
youn g children. It is likely that children ex posed to very 
high levels of zinc wi II have simi Jar effects as adults. We do 
not know wh..:ther children are more susceptible to the 
effec ts of excess ive intake of zinc than the adults. 

We do not know if excess zinc can cause deve lopmental 
dTects in humans. Animal studies have found decreased 
vveight in the offspring of animals that ingested very high 
amounts of zinc. 

How can families reduce the risks of exposure to 
zinc? 
[) Chi ldren li ving near waste sites that contain zinc may be 

exposed to higher levels of zinc through breathin g 

con tam ina ted air. drinking con tam ina ted drinking water, 

touching or eating contaminated soil. 

[) Discourage your ch ildren fr om eating soil or putting their 

hands in their mouths and teach them to wash their hands 

frequently and before eating. 

[) If you use medic ines or vi tamin supplements containing 


zinc, make sure yo u use th em appropri ately and keep them 
out of the reach of children . 

Is there a medical test to determine whether I've 
been exposed to zinc? 
Th ere are tesrs available to measure z inc in your blood. 
ur ine. hair, sali va, and feces. These tests are not usuall y 
done in the doctor's office because they require special 
equipment. lligh levels of zinc in the feces can mean high 
recent zinc exposure. High levels of zinc in the blood can 
mean high zin c consumption and/or high expos ure. Tests to 
measure zinc in hair may provide in formation on long-term 
zinc expos ure; however. the relationship between levels in 
your ha ir and the amoun t of zinc you were exposed to is not 
clear. 

Has the federal government made 
recommendations to pr·otect human health'! 
The EPA recom mends that dr inking water should con tain no 
more than 5 mil ligrnms per li ter of water (5 mg/L) because of 
taste. The EPA req uires that any release of LOOO pounds (or 
in some cases 5.000 pounds) in to the environment be 
reported to th e agency. 

To protect workers. the Occupationa l Safety and Health 
Admin istration (OS HA) has set an average limit of I mg/m3 

for zinc chloride fum es and 5 mg/m3 for zinc oxide (dusts and 
fumes) in workplace air during an 8-hour workday. 40-hour 
workweek. 

Similarly, the Nationa l In stitute for Occupational Sa fety and 
Health (NIOS I-I ) has set the same standards for up to a 
I 0-hour workday over a 40-hour workweek. 
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Toxicity Profiles: 

Presented below is a brief discussion of the genera l fate and transport processes associated with 

selected Contaminants of Potential Ecolog ical Concern (COPECs). 

Aluminum 

Toxicity information about aluminum is generally lacking . It has been 
det ermined that fish tend to be more sensi tive to aluminum toxicity 
than aquatic invertebrates (SQ.9~t c:~L_l29Z) . Aluminum can 
cause pulmonary and developmental problems. Alum inu m toxicity 
has been l inked to soi l pH--the amount of so luble aluminum, rather 
than the total aluminum concentration in the soil. Soils at a site w ith 
a pH greater than 5.5 can genera lly be considered non-toxic in terms 
of aluminum. 

Arsenic 

In plants, arsenic has been shown to cause wil ting, chlorosis, 

browning, dehydration, mortality, and inhibition of light activation 

(Eisler 1988a). Arsenic IS a carcinogen (cancer-causing), teratogen, 

and possible mutagen (causing mutations in genes/ DNA) in mammals 

(ATSDR 1993). Chronic exposure can result in fa t igue, 

gastrointestinal distress, anemia, neuropathy, and skin lesions that 

can develop into skin cancer in mammals . It can cause death in soil 

microbiota and earthworms. Cancer- causing and genet ic mutation­

causing effects occur in aquatic organ isms, w ith those effect s 

including behavioral impairments, growth reduction, appeti te loss, 

and metabolic failure. Aquatic bottom feeders are more susceptible to 

arsenic. In birds tolerance to arsenic varies among species, but 

effects include destruction of gut blood vessels, blood-ce ll damage, 

muscular incoordination, debility, slowness, jerkiness, fall ing, 

hyperactivity, f luffed feathers, drooped eye lids, immobil ity, seizures, 

and systemic, growth, behav iora l, and reprod uctive problems 

(Stan ley et al. 1994; Whitworth et al. 1991; Camardese et al. 199Q). 


Bariu m 

Elevated levels of barium can induce a wide range of effects in 
mammals including gastrointest inal distress, muscu lar para lysis, and 
cardiovascu lar effects. Bar ium is does not p i oaccumulat~, and 
concentrat ions in higher species rarely exceed 10 mg/ kg (Moore 
1991). 

Cadmium 

Cadmium is highly tox ic to wild life ; it is cancer-causing and 
teratogenic and potentially mutation-causing, wi th severe sublethal 



Chromium 

Copper 

and lethal effects at low environmenta l concentrations (Eisler 1985a). 
It is associated with increased mortali t y, and it effects respiratory 
functions, enzyme levels, muscle contract ions, growth reduction, and 
reproduction . It biQQ.~curn!JI.91~? at all troph ic leve ls, accumulating in 
t he l ivers and kidneys of fi sh ( ;ilndayjg_Q.ya ,~_2.L_l9._21 ; _S_g_9jg_1_992). 
Crustaceans appear to be more sensitive to cadmium than fish and 
mollusks (Sadiq 1992). Cadmium can be toxic to plants at lower soil 
concent ra tions than other heavy metals and is more read ily taken up 
than other metals ( f:;E_/j_1~8D . On the other hand, some insects can 
accumulate high levels of cadmium without adverse effects (Jamil and 
Hussain 1992). 

There is no sign ificant biomagnification of chromium in aquatic food 
webs ( ATSPJS.-~.__1993 ). However, there are a wide rang e of adverse 
effects in aquatic organisms. In benth ic invertebrates there has been 
observed reduced fecun dity and surv iva l, growth inhib ition, and 
abnormal movement patterns (U.S. EPA 1980b). Fish experi enced 
reduced growth, chromosoma l aberrations, reduced disease 
resistance, and morphological changes. 

The toxic effects of chromium are primarily found at the lower t rophic 
leve ls. The main potential ecolog ica l impacts resu lt f rom direct 
exposure of algae, benthic invertebrates, and embryos and f ingerlings 
of freshwater fish and amphibians to chromium . Chromium may 
bioaccumu late in algae, other aquatic vegetat ion, and l!lY.ff~.QJ::9J~~ ~ 
but it does not biornagnify. Chromium inhibits growth in duckweed 
and algae, reduces fecundity and surviva l of benth ic invertebrates, 
and reduces growth of f reshwater fingerlings . I t is cancer -causi ng, 
mutation- causing, and teratogenic. Chromium exists in two oxidat:ion 
states in the env ironment: t ri va lent ( + 3) and hexava lent ( +6), the 
latter of which is more toxic. Chrom ium+6 is readi ly converted t o 
chromium+3 in an imals, which appears to protect higher organ isms 
from the effects of low level exposures ( Eisl~_r 1986). 

Copper is a micronutrient and toxin. It st rongly adsor bs to organic 
matter, carbonates and clay, which reduces its bioava ilability. Copper 
is highly toxic in aquatic env ironments and has effects in fish, 
in~~-ctebrates, and amphibians, with al l three groups equall y sensitive 
to chronic t oxicity (U.S. EPA 1993; Horne and Dunson 1995) . Copper 
is highly toxic to amphibians (includ ing morta lity and sod ium loss), 
w ith adverse effects in tadpoles and embryos ( Horne and Dunson 
1995; Owen 198 1). Copper will bioconcentra te in many different 
organs in fi sh and mollusks (.Owen 1981 ). There is low potential for 
bioconcentration in fish , but high potential in mollusks. Copper sulfate 
and ot her copper compounds are effective algaecides (free copper 
ions are the lethal agent). Single-cell and f ilamentous algae and 
cyanobacteria are particularly suscepti ble to the acute effects, which 
include red uctions in photosynthesis and growth, loss of 
photosynthetic pigments, d isruption of potassium regulation, and 
mortality. Sensitive algae may be affected by f ree coppe r at low 
(parts per billion) ppb concentrations in freshwater. 

There is a moderate potential for bioaccumulation in plants and no 
biomagnification.Toxic effects in birds include red uced growth rates, 

http:biQQ.~curn!JI.91


Cyanide 

Lead 

lowered egg production, and developmental abnormalities. While 
mammals are not as sensitive to copper t oxicity as aquatic 
organisms, toxici ty in mammals includes a wide range of animals and 
effects such as l iver cirrhosis, necrosis in kidneys and the bra in , 
gastrointestinal distress, lesions, low blood pressure, and feta l 
mortality. (ATSDR 1990~ ; Kabata-Pend1as and Pendias 1992; Ware 
1983; Vyrnazal 1995). 

Cyanide toxicity is caused by the free cyanides (HCN and CN-) that 
inh ibit cytochrome oxidase and thereby suppress aerobic respi ration . 
Fish are the most susceptible organisms - sensitive species exhibit 
chronic and letha l effects at as low as 5 to 7 grams/ l iter (chronic) and 
20 to 76 grams/liter (lethal), respectively . Th e toxici ty of comp lex 
cyanides is usually, but not always, low, but the deg radation products 
often include free cyanides which are toxic. Free cyanides readily 
degrade in the open environment but persist in groundwater. They do 
not bioaccumulate . Sublethal effects in fish include reduced 
reprod uctive capacity (decreased egg number and v iabil ity, and 
reduced embryo and larval su rvival), impaired sw imming ab il ity, 
altered growth, and hepatic necrosis. Free cyanides are phytotoxic at 
higher concentrations than those associated with adverse effects in 
fish. Mammals are less sensitive than fish, and are relatively tolerant 
of inte rmittent subletha l exposures (Eisler 1991 ). 

Lead is cancer-causing, and adversely effects reproduct ion, liver and 
thyroid function, and disease resistance (E isler 1988b) . The main 
potential ecolog ical impacts of wetland contam inants result from 
direct exposure of algae, benthic invertebra tes, and embryos and 
fingerlings of freshwater fish and amphibians to lead. It can be 
bioconcentrated from water, but does not bioaccumulate and tends to 
decrease with increasing trophic levels in freshwater habitats (Wong 
et al. 1978; Eisler 1988b). Lead adversely affects algae, 
invertebrates, and fish. There are also limited adverse effects in 
amphibians, including loss of sodium, reduced learning capabi li ty, and 
developmental problems (Horne and Dunson 1995 ; Freda 1991). Fish 
exposed to high levels of lead exhibit a wide-range of effects 
including muscular and neurological degeneration and destruction, 
growth inhibit ion, mortality, reprodu ctive problems, and paralysis 
(Eisler 1988b; EPA 1976). Lead adverse ly affects invertebrate 
reproduction; algal growth is affected. Lead parti t ions primarily to 
sediments, but becomes more bioavai lable under low pH, hardness 
and organic matter content (among other factors). Lead 
bioaccumulates in algae, macrophytes and benthic organisms, but the 
inorganic forms of lead do not biomagnify . 

At elevated levels in plants, lead can cause reduced growth, 
photosynthesis, mitosis, and water absorption (Eisler 1988b). Birds 
and mammals su ffer effects from lead poisoning such as damage to 
the nervous system, kidneys, liver, steril ity, growth inh ibition, 
developmental retardation, and detrimental effects in blood (t;isler 
1988b; Amdur et al. 1991). 
Lead poisoning in higher organisms has been associated wi th lead 
shot and organolead compounds, but not with food chain exposure to 
inorganic lead (other than lead shot, sinkers or paint ) (Eisler 1988Q.). 



Manganese 

Mercury 

Nickel 

There are complex interactions with other contam inants and diet. 
Lead poisoning in higher org anisms primarily affects hematologic and 
neurologic processes. 

Elevated levels of manganese in birds have been shown to cause the 
following effects: decreased hemoglobin, anemia, reduced growth; in 
mammals, effects include alterations of brain chemicals, gastric 
irritation, delayed testicular development, low birth weights, 
behavioral changes, and muscular weakness (ATSDR 1991). 

Mercury is a mutagen (mutation-causing) , teratogen, and carcinogen 
(cancer-causing), with tox ici t y and environmental effects va ryi ng with 
the form of mercury, dose, and route of ingestion, and with the 
exposed organism's species, sex, age, and general condition (Eisler,_ 
1987a, Fimreite 1979). There is a high potentia l for bioaccumu lation 
and blomagnifica_tLQD. with mercury, with biomagnified concentrations 
reported in fish up to 100,000 times the ambient water 
concentrations ( Eisler 1987a, Callahan et al. 1979). Methylmercury is 
the most toxic form . Inorgan ic mercury is methylated primari ly by 
bacteria in both anaerobic and aerobic environments. Th e organic 
mercury compounds are more readily absorbed and poorly excreted 
in comparison with Inorganic forms. The primary targets of acute 
exposures are the central nervous system and kidneys in fish, birds 
and mammals. 

In invertebrates, effects range from non-observable to chromosomal 
abnormalities in some flies and reduced segment regeneration in 
worms (Eisler 1987a). Mercury can inh ibit frog metamorphosis and 
has many effects in fish. In water, at concentrations at or wel l below 
even 1 ppb (part-per-bi llion), mercury can cause effects including: 
loss of appetite, brain lesions, cataracts, abnorma l motor 
coord ination, and behavioral changes (MacDona ld 1993). There are 
also effects on reproduction, growth, behavior, metabolism, blood 
chemistry, osmoregu lation, and oxygen exchange at relatively low 
concentrations of mercury (£L~g_r:_198(9.). Juveniles are commonly 
more susceptible than adu lts. 

Upper trophic level fi sh, birds and mammals are particu larly 
vulnerable because of the pronounced biomagnification of 
organomercury ( Eisler 1987a). There are numerous effects in bi rds, 
including delayed testicular development, altered mating behavior, 
reduced fertility, reduced survivability and growth in young, and 
gonadal atresia . In mammals, it has been shown that mercury ca n 
cause ataxia, aphagia, t remors, and diminished movement 
coordinat ion (8.I.S_Q.fLt994). There are varied neuro logical and 
reproductive effects as wel l ( Cagiano et al . 1990; Khera et al. 1973). 

Nickel is cancer-causing (ca rcinogen) and mutation-causing 
(mutagen). Some observed effects of nickel in aquatic environments 
include tissue damage, genotoxicity, and growth reduction 



Selenium 

Silver 

Thallium 

Zinc 

(En_y1ronment Canada t~94a ) . Mollusks and crustaceans are more 
sensitive than other organisms. 

Selenium undergoes bi_oconcentration. bioaccumulation. and 
bio_maQ..Qifi~!3tion as troph ic leve ls increase (Taylor et al., 1992) . It 
can enter the food web throug h both sed iments and surface water . 
Elevated levels cause growth reduction in g reen algae (Eisler 1985b) . 
In other aquatic organisms, the following adverse effects have been 
observed: loss of equilibrium and other neurolog ical disord ers, liver 
damage, reproductive fai lure, reduced growth, reduced movement 
rate, chromosomal aberrations, reduced hemoglobin and increased 
white blood cell count, and necrosis of the ovaries. 

Silver may biomagnify in some aquatic invertebrates (Adriano 1986). 
However, it is highly toxic to aquatic organisms ( EPA 1992). Elevated 
concentrations can cause larval mortality, developmental 
abnormalities, and reduced larval growth in fish (Kiein-MacPhee et al. 
1984 ) ; growth reduct ion in juveni le mussels (Calabrese et al. 1984); 
and adverse effects on reproduct ion in gastropods (Nelson et al. 
1983). There are some indications of toxicity in plants. However, 
there are other reports suggest ing that silver is not highly phytotoxic. 
Si lver is toxic to soil microbes, thus inhibi t ing biotransformation 
(ATSDR 1990b). Effects on mammals include pu lmonary edema, 
congestion, and mort ality. 

Low rates of bioconcentration may occur in aquatic systems and 
thallium may be as toxic as copper on a weight basis (Zitko et al. 
1975). Thallium can cause reductions in larval fi sh growth and 
percent embryo hatchability and morta l it y ( LeBlanc and Dean 1984). 

In many types of aquatic plants and animals, g rowth, surv iva l, and 
reproduction can all be adversely affected by elevated zinc leve ls 
(Eisler 1993 ). Zinc in aquatic systems tends to be partitioned into 
sed iment and less f requen tly dissolved as hydrated zinc ions and 
organic and inorganic complexes (MacDonald 1993). Zinc is toxic to 
plants at elevat ed levels, causing adverse effects on growth, survi va l, 
and reproduction (Eisler 1993). Terrestri al invertebrates show 
sensitivity to e levated zinc levels, with reduced surviva l, growth, and 
reproduction. Elevated zinc levels can cause morta lity, pancreatic 
degradation, reduced growth, and decreased weight gain in birds 
(Eisler 1993 ; NAS 1980); and elevated zinc can cause a wide range 
of problems in mammals including: cardiovascular, developmental , 
immunolog ical, liver and kidney problems, neurological, 
hematolog ica l (blood problems), pancreatic, and reproductive (Eisler 
199~ ; Domingo 1994). 



APPENDIX D 


lRON MASK MINE AND MILL SITE 

APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 


(ARARs) 




INTRODUCTION 


Section I 2 I (d) of CERCLA, 42 U .S.C. § 962 1 (d). certain provisions o[ the current Na ti onal 
Contingency Plan (the NCP). 40 Cl"R Part 300 ( I 990), and guidance and pol icy issued by the 
Environmental Protection Agency (EPA) require that remedial actions taken pursuant to 
CERCLA authority shall requ ire o r achieve compliance with substan ti ve provisions o r applicable 
or relevant and appropriate standards, requirements. criteria, or limitations fro m state 
environmental and facility siting laws, and from federal enviromnental laws at the completion o r 
the remedia l acti on, and/or during the implementation of the remedia l action , unless a waiver is 
granted. These requirements arc threshold standards that any selected remedy must meet. See 
Section 122(d)(4) ofCERCLA, 42 U.S .C. § 962 1(d)(4); 40 CFR § 300.430(1)(1). EPA cal ls 
standards. requirements. criteria. or limitat ions identi fied pursuant to sectio n 12 1 (d) ' ·ARARs, .. 
o r appl icable or re levant and appropriate requirements. 

A RARs are either applicable o r re levant and appropri a te . Applicable requ irements are those 
standards, requirements, criteria, or limitations promulgated under fede ral or state environmenta l 
or facility siting laws that spec ifically address a hazardous substance, pollutant, or contaminant, 
remedial action. location. o r other circumstance found at a CERCLA si te. Relevant and 
appropriate requirements are those standards. requ irements, criteria, o r limita tions prom ulgated 
under fed eral environmenta l o r state environmental o r facility siting laws that, while not 
"applicab le" to hazardous substances. pollutants. contaminants, remedial acti ons, locations. o r 
other circumstances found at a CERCLA s ite. address problems or s ituations sufficiently ~:i rnilar 

to those encountered at the CERCLA site such that their use is well su ited to the particular site. 
Factors which may be considered in making this determination are presented in CFR § 
300.400(g)(2). Compliance with both applicable and relevant and appropriate requirements is 
mandatory . 

Each ARAR or group of related A RA Rs identi fi cd here is followed by a specific statutory or 
regulatory citation, a classification describing whether the ARAR is applicable or relevant and 
appropria te, and a description wh ich summarizes the requirem ents, and addresses how and when 
compliance with the ARAR w ill be measured (some ARARs will govern the conduct of the 
remedial action. some will define the measure of success of the remedial action, and some wi ll 
do both). The descriptions given here are provided to allow the user a reasonable understanding 
of the requirements w ithout having to refer constantly to the statute o r regulation itself. However. 
in the event of any inconsistency between the law and the swmnary provided in thi s document, 
the applicable or relevant and appropriate requirement is ultimately the requireme nt as set out in 
the law, rather than any paraphrase of the law provided here. 

Finally, this li s t contains a non-exhaustive list of other legal provisions or requirements which 
should be compl ied with. ARARs are div ided into contaminant specifi c. location specific, and 
action specific requirements, as described in the NCP and EPA guidance. For contaminant 
speci fic ARARs, ARARs are li sted according to the appropriate media. 

Contaminant specific ARARs include those laws and regulations governing the release to the 
environment o f material s possess ing certa in chemical o r phys ical characteri stics or containing 
specific chemical compounds. Contaminant specific ARARs generally set health or risk based 
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numerica l values or methodologies which. when applied to site-specific conditions. result in the 
establ ishment of numerical values. These va lues establish the acceptable amount of 
concentration of a chemical that may be fo und in. or discharged to, the ambient environment. 

Loca tion specific ARARS are restrictions placed on the concentration of hazardous substances or 
the conduct of cleanup activities because they are in spccilic locations. Location speci fie ARARs 
relate to the geographic or physical position of the site. rather than to the nature o f the site 
contaminants. 

Action specific ARARs arc usuall y technology or acti vity based requ irements or limitations on 
actions taken with respect to hazardous substances . 

Many requirements li sted here are promulgated as identical or nearly identical req ui rements in 
both federal and state law. usually pursuant to delegated environmental programs administered 
by EPA and the states. such as the requirements of the federal Clean Water Act and the Montana 
Water Quali ty Act. The preamble to the new NCP states that such a situation resul ts in citation to 
the State provision as the appropriate standard, but treatment of the provision as a fede ral 
req uirement. ARARs and other laws which are unique to state law are identified separate ly by 
the State of Montana. 
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FEDERAL ARARS 

I. FEDERAL CONTAMINANT SPECIFiC REQU IREMENTS 

a . Groundwater Standards- Safe Drinking Water Act (Rele vant and Appropri ate)' 

The national primary drinking water standards (40 C FR part 14 1 ). beller known as maximum 
contaminant levels and max imum contaminant level goals (MCLs and MCLGs), are app licab le 
to the Iron Mask M ine and Mill S ite area because the aqu ifer underl ying the area is a current 
publ ic water system. as defined in the Safe Drinking Water Act. 42 U.S.C. § 300f(4). 
Groundwater use through private wells occurs approx imately fi ve miles clown gradient from the 
area. 

Standards such as the MCL and MCLG standards are promulgated pursuan t to both fede ral and 
state law. Under the Safe Drinking Water Act, EPA has granted the State of Montana prinwcy in 
implementation and enforcement of the Safe Drinking Water Act. Nevertheless, both federal and 
state promulgated standards are potential ARARs for the Iron Mask Mi ne and M ill Site. Here, 
for ease of re ference, for the primary contaminants of concern the more stringent of federa l or 
sta te standards are listed. unless identical, in which case both standards are identified. T hus. the 
numerica l standards identified by the State, which are appl icable standards. are duplicated here 
where equiva lent or more stri ngent. 

~' hemi cal MCLG M CL 
2Antimony 0.006 mg/1 0.006/13 


Arsenic N.A..J 0.05 millig rams per liter (mg/1)5 


Cadmium 0.005 m~/16 0.005 mg/17 


Copper 1.3 mg/1' 1.3 mg/19 


Lead N.A. to 0.0 1 5 mg/111 


Mercury 0.002 mg/112 0.002 mg/113 


These standards incorporate applicable Resource Conversation and Recovery Act (RCRA) 
standards for groundwater found at 40 CFR Part 264, Subpart F. wh ich is incorporated pmsuant 
to state law at ARM 17.54.702. The RCRA standards are the same or less stringent than the 
MCLs or MCLGs identified above. 

1 	 42 U.S.C. Sections 300fet seq. 
40 CFR § 141.5 1. 
40 CFR § 141.62. 

1 	 An MC LG and a revised MCL for arsenic may be promulgated by EPA in the near future. If promulgated prior 
to issuance of a decision document for the Iron Mask Mine and Mi ll Site, these standards will be incorporated. 
40 CFR § I 4 I . II. 
40CFR § 14 1.5 1. 
40 CFR § 14 1.62. 

8 40 CFR § I 4 1.51. 

9 40 CFR § I 4 I .80(c). The requ irement is an action level rather than a sim ple numerical standard. 

10 The MCLG for lead is zero. which is not consedered appropriate for Superfund site cleanups. 

11 -10 CFR § 14 1.80(c), which establishes an action level rather than a pure numerical standard. 

12 40C FR § I4 1.5 1. 

"	 40CFR § 14 1.62. 
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b. Ai r Standards - Clean Air Act (Applicable) 

Li mi tations on air emissions resulting from cleanup activities or emissions resulting from wind 
erosion of exposed hazardous substances arc se t forth in the ac tion specific requirements, be low. 

2. FEDERAL LOCATION SPEC IFIC REQUIREMENTS 

a. ri sh and Wildli fe Coordination Act (Applicable) 

These standards are found at 16 U .S.C. §§ 153 1 - 1566 and 40 CFR § 6.302(g). They require 
that federal ly funded or authori zed projec ts ensure that any modification of any stream or other 
water body affected by a funded or authorized action provide for adequate protection of fi sh and 
wildli fe resources. Compliance with thi s AR.AR necessitates consultation with the U.S. Fish and 
Wildli!e Service (USFWS) and the State oC Montana Department o f Fish, Wildlife. and Parks. 
Further consul tation with these agencies wi ll occur during cleanup selection and implementation. 
and specific mi tigative or other measures may be identified to achieve compl iance with this 
ARA R. 

b. Floodplain Management Order (Applicable) 

This Requ irement (40 CFR Part 6. Appendix A, Executive Order No. 11.988) mandated that 
federall y funded or authorized actions within the I 00 year llood plain avo id, to the maximum 
extent possible, adverse impacts associated with deve lopment of a lloodplain. Compliance with 
th is requirement in detai led in EPA's August 6, 1985 ..Policy on Floodplains and Wetlands 
Assessments lor CERCLA Actions." Speci fi c measures to minimi ze adverse impacts may be 
identi lied fo llowing consultation with the appropriate agencies. 

If the removal action selected for the Iron Mask Mine and Mill Site is found to potentially affect 
the f1ood plain. the following information will be produced: a Statement of Findings which will 
set fo rth the reasons why the proposed action must be located in or affect the floodplain; a 
descri ption of significant facts considered in making the decisions to locate in or affect the 
floodplain or wetlands including alternative si tes or actions; a statement indica ti ng whether the 
selected action conforms to applicable state or local floodplain protection standards; a 
description of the steps to be taken to design or modify the proposed action to minimize the 
potential harm to or within the f1 oodplain; and a statement indicating how the proposed ac tion 
affects the natural or beneficial values of the floodplain. 

c. Protection of Wetland Order (Relevant and Appropriate) 

This requirement (40 CFR Part 6. Appendix A, Executive Order No. 11 , 990) mandates that 
federal agencies and potentially responsible parties (PRPs) avoid. to the extent possible, the 
adverse impacts associated with the destruction or loss of wetlands and to avoid support of new 
construction in wetlands if a practicable alternative exists. Section 404(b)( I), 33 U.S.C. § 
1344(b)( 1). al so prohibits the discharge of dredged or fill material into waters of the Uni ted 
Stales. Together. these requirements create a ··no net loss .. or wetlands standard. If wetl ands arc 
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found to be po ten ti ally affected by the Iron Mask Mine and Mill Site reclamation. th is ARAR 
would be applicable. 

d. The Endangered Species Act (Applicable) 

This statute and implementing regulations ( 16 U.S.C. §§ 1531 - 1543. 50CFR Part 402. and 40 
CFR § 6.302(h)) require that any fede ral acti vity or federa lly authori zed act ivity may not 
jeopardize the continued existence of any threatened or endangered species or destroy or 
adversely mod ify a cri tica l habitat. The area around the lron Mask Mine and Mi ll Site is not 
known to harbor endangered and threatened species. 

Compliance with thi s requirement involves consultation with US FWS. and a determination of 
whether there arc listed or proposed species or critical habitats present at the site, and, if so, 
whether any proposed acti vities will impact such wildlife or habitat. 

e. The National Historic Preservation Ac t (Applicable) 

This statute and implementing regulations (16 U.S. C. § 470, 40 CFR § 6.3 1 O(b), 36 CFR Part 
800) require federal agencies or federal projects to take into account the effect of any federal ly 
assisted undertaking or licensing on any district. site bui lding. structure. or object that is included 
in, or eligible for. the Register of Histori c Places. f f effects cannot be avoided reasonably, 
measures should be implemented to minimize or mitigate the potential effect In order to comply 
with thi s ARA R, the BLM may consult with the State Historic Preservation Officer (S I-IPO), 
who can assist in identifying listed or eligible resources. and in assessing whether proposed 
cleanup actions wi ll impact the resources and any appropriate mitigat ive measures. 

f. Archaeological and Historic Preservation Act (Applicable) 

The statute and implementing regulations ( 16 U.S.C. § 469, 40 CFR § 6.30 I (c)) establish 
requirements for evaluation and preservation of historical and archaeological da ta. which may be 
destroyed through alteration of terrain as a result of federa l construction projects or a fede rally 
licensed activity or program. lf eligible scientific. prehistoric, or archaeological artifacts are 
di scovered during site activities, they must be preserved in accordance with these requirements. 

g. Historic Sites, Buildings, and Antiqui ties Act (Applicable) 

This requirement states that " in conducting an environmental review of a proposed action. the 
responsible official shal l consider the existence and location of natural landmarks using 
information provided by the National Park Service pursuant to 36 CFR § 62.6(d) to avoid 
undesirable impacts upon such landmarks. The Programmatic Agreement activities described 
above should aid all parties in compliance with this ARAR. 

h. Migratory Bird Treaty Act (Applicab le) 

This requirement ( 16 U.S.C. §§ 703 et seq.) establishes a federal responsi bi lity for the protection 
of the international migratory bird resource and requi res continued consultation with the USFWS 
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during remedial design and remedial construction to ensure that the cleanup of the site does no t 
unnecessaril y impact migratory birds. Specific mitigati ve measures may be identified fo r 
compliance wi th this requirement. 

1. 	 Bald Eagle Protection Act (Applicable) 

This requirement ( 16 U . . C. §§ 668 et seq.) establi shes a federal responsibil ity fo r protection of 
bald and golden eagles. and requires continued consultation with the USFWS during remedial 
design and remedial construction to ensure that any cleanup of the site does not unnecessa rily 
adversely affect the bald and go lden eagle. Specific mitigative measures may be identified for 
compliance wi th thi s requirement. Although. the Bald Eagle has not been spotted in the area. 
they could frequent the area. 

J. 	 Resource Conservation and Recovery Act (Relevant and Appropriate) 

Any di screte waste units created or retained by the Iron Mask Mine and Mill Site cleanup must 
comply with the siting restri ctions and conditions found at 40 CfR § 264.18(a) and (b). These 
sections require that waste repositories must not be loca ted in seismic impact zones or in a 100 
year flood plain. The repository planned for the Site is not indicated as being in a I 00 year 
floodpl ain. 

3. 	 FEDERAL ACTION SPECIPIC REQU IREMENTS 

a. 	 Solid Waste (Applicable). Surface Mining Control and Reclamation (1\pplicable), 
and RCR.A (Relevant and Appropriate) Requirements. 

The contamination at the Iron Mask Mine and Mill Site is primarily mining waste form various 
man-made sources. This waste may not be RCRA hazardous waste, although EPA reserves its 
rights to make a more formal determination in thi s regard at a later date. For any management 
(i.e .. treatment. storage. or disposal) or removal or retention of that contamination. the following 
requirements are ARARs. 

1. 	 Requirements described at 40 CFR §§ 257.3-1 (a). 257.3-3 , and257.3-4, governing 
waste handling, storage, and disposal, including retention of the waste, in 
general. I.J 

2. 	 For any discrete waste units which are addressed by the Iron Mask Mine and Mill 
Site cleanup. reclamation and closure regulations found at 30 CFR Parts 816 and 
784, governing coal and to a lesser extent, non-coal mining, are applicable 

• I-;
requirements. ­

14 Sol id Waste regulations are promulgated pursuant to the federal Solid Waste Disposal Act. as amended by the 
Resource Conversation and Recovery Act. 42 U.S. C. 690 I et seq. They are applicable regulation s, although the 
State or Montana has the lead role in regulating solid waste disposal in the State of Montana. These regulations 
arc also applicable 10 the hazardous waste described in the section above. 

15 The Surface Mining Control and Reclamation Act is promulgated at 30 U.S.C. Sections I ~0 I - 1326. 

A RA Rs · 6 



b. 	 Air Standards - Clean Air Act (Appl icable) 

These Standards. promulgated pursuant to section I 09 of the Clean Air Act. 16 are applicable to 
releases into the air Ji·om any Iron Mask Mine and Mill Site cleanup activities . 

1. 	 Lead: No person shal l cause or contribute to concentrations of lead in the 
ambient air which exceed 1.5 micrograms per cubic meter (!Lgfm3) or air. 
measured over a 90-day average. 

These standards are promu lgated at ARM 16.8.8 15 as part of a federall y approved State 
Implementation Plan (S IP), pursuant to the Clean Air Act of Montana. §§ 75-2-10 I et seq .. 
MCA. Corresponding federal regulations are found at 40 CFR § 50. I 2. 

11 . Particulate matter that is I 0 microns in diameter or smaller (PM- I 0): No 
person shal l cause of contri bute to concentrations of'PM-10 in the ambient 
air which exceed; 

150 11-g/m3 24 hour average. no more than one expected exdeedance per 
calendar yea r: 

50 11-g/m3 or air. annua l average. 

These regulat ions are promu lgated at ARM 17.8.223 as part of a federally approved SIP. 
pursuant to the Clean Air Act of Montana,§§ 75-5-1 01 et seq .. MCA. Corresponding federal 
regulations are found at 40 CFR § 50.6. 

Ambient air standards under section 109 of the Clean Air Act arc also promulgated for carbon 
monoxide, hydrogen sui fide, nitrogen dioxide, sul fu r dioxide, and ozone. If emissions of these 
compounds were to occur at the site on connection with any cleanup action, these standards 
would also be applicable. See ARM 17.8.212 and 40 CFR Pati 50. 

c. 	 Dredge and Fill Requirements (Applicable) 

Regulations fo und at 40 CFR Part 230 address cond itions or prohibi tions against depositi ng 
dredge and fi ll material into water of the United States. If remediation activities would result in 
an activity subject to these regulations, they wo uld be applicable. 

d. Transportation of Hazardous or Contaminated Waste (Relevant and Appropriate) 

40 CFR Part 263 estab lishes regulations for the transportation of hazardous waste. These 
regulations would govern any on-site transportation of material. Any off-site transportation 
wo uld be subject to applicable regulations. 

16 
42 U.S. C. §§ 740 I et. seq. 
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STATE OF MONTANA ARARS 

4. MONTANA CONTAM INANT SPEC IFIC REQUIREMENT 

a. Water Quality 

1. Surface Water Qual ity Standards (Applicable) 

Under the state Water Qual ity Act.§§ 75-5-10 1 et seq., MCA the state has promulgated 
regulations to protect. maintain. and im prove the quality of sur face waters in the state. The 
requirements li sted belovv are applicable water quali ty standards with which any remedial action 
must comply. No perennial surface water is present at the Iron Mask Mine and Mi ll Site; 
therefore. surf~tce water qua lity standards are not applicable. 

Accord ing to ARM 17.30. 131 0(3). MPDE permits are not necessary for any discharge that 
complies with the instructions o r an on-scene coordinator pursuant to the MCP (40 CFR Part #)) 
et. Seq.). This exemption is identical to the federal exemption fo r NPDES permits. See 40 CFR 
section 122.3(d). The on-scene coordinator is the government official designated by the lead 
agency to coordinate and direct removal actions under the National Contingency Plan (NCP), 
subpart E. 40 CfR section 300.5. Removal actions include containment of hazardous substances 
fo rm water and shorelines and taking other actions necessary to minimize or mi tigate damage to 
public health or welfare or the environm ~.-11t. 40 CFR section 300.5. Removal also means 
cleaning up or removing hazardous substnnce releases from the enviro11ment, monitoring, 
assess ing and evaluating releases or threats thereof, disposal of removed materi al, or other 
actions necessary to minimize or mitigate damage to public health or welfare or the environment. 
lei. Corey Meier is the BLM Project Officer of this site and is oversee ing the reclamation work. 
As the government official of the lead agency of a federally approved Abandoned Mine Program 
directing and coordinating this removal action. Corey Meier is the on-scene coordinator. These 
activities are conducted pursuant to the NCP. Since this removal action will be conducted with 
the imprimatur of Corey Meier, the on-scene coordinator, and be executed pursuant to his 
instructions, the expected discharges of water from the planned tailings impoundment will not 
require an MPDES permit. 

For the primary contaminants of concern. the WQB-7 levels are listed below. WQB -7 
(applicable) provides that "whenever both Aquatic Life Standards and Human Health Standards 
exist for the same analyte, the more restrictive of these values will be used as the numeric 
Surface Water Quality Standard." 

Chemical WQB-7 Standard ( urface Water) 

Antimony 6 j.Lg/1 

Arsenic 18 j.Lg/1 

Cadm ium 5 j.Lg/1 

Copper 1.300 j.Lg/1 
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lead 15 f.Lg/1 

Manganese 50 f.Lg/1 

Mercury 0.05 f.Lg/1 

Zinc 2.000 f.Lg/1 


Addi tional restrictions on any discharge to surface waters are included in: 

ARM 17.30.637 (Applicable), which prohibits discharges containing substances that wil l: 
(a) 	 Settl e to form objectionable sludge deposits or emulsions beneath the 

surface of the wa ter upon adjoining shorel ines; 
(b) 	 Create fl oating debris, scum. a visible oi l fi lm (or be present in 

concentrations at or in excess of I 0 milligrams per liter) or globules of 
grease or other fl oating materi als: 

(c) 	 Produce odors. colors or other conditions which create a nuisance or 
render undesirable tastes to fi sh flesh or make fi sh ined ible: 

(d) 	 Create concentrations or combinations of materials which are toxic or 
harmfu l to human. animal. plant or aquatic life; 

(e) 	 Create conditions which produce undesirable aquatic li fe. 

11 Groundwater Pollution Control System (Applicable) 

In addition to the standards set forlh below. relevant and appropriate MCLs and MC'LGs are 
included in the federal ARARs identified above: 

ARM 17.30.1002 (Applicable) classifies groundwater into Classes I through IV based on the 
present and futu re most beneficial uses of the groundwater, and states that groundwater is to be 
classified according to actual quality or actual use. whichever places the groundwater in a higher 
class. Class I is the highest quality class: class IV the lowest. 

ARM 17.30.1003 (Applicable) establishes the groundwater quality standards applicable with 
respect to each groundwater class ification. Concentrations of dissolved substances in Class I or II 
groundwater (or Class III groundwater which is used as a drinking water source) may not exceed 
the human hea lth standards listed in department Circular WQB-7. For the primary contaminants 
of concern these levels are li sted above. 

Concentrations of other dissolved or suspended substances must not exceed levels that render the 
waters harmful. detrimental or injurious to public health. Maximum allowable concentration of 
these substances also must not exceed acute or chronic problem levels that wou ld adversely 
affect existing or designated beneficial uses of groundwater of that classification. ARM 
17.30.1003 specifies certain references that may be used as a guide in determining problem 
levels Lmless local conditions make these values inappropriate. 
An additional concern with respect to ARA Rs fo r groundwater is the impact of groundwater 
upon the surface water. lf significant load ings of contaminants form groundwater sources to 
surface water contribute to the inab ility of the stream to meet the classification standards, then 
alternati ves to alleviate such groundwater loading must be evaluated and. i f appropriate, 
implemented. 
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b. Air Qual ity 

fn addition to the standards identified in the l'ecleral ac tion specific ARARs above. the State of 
Montana bas identified certain air qual ity standards in the action-specific section of the State 
ARARs below. 

5. MONTANA LOCATION SPECifiC REQU IRJ~MENTS 

a. Solid Waste lanagement Regulations (Applicable) 

Regulations promulgated under the Solid Waste Management Act §§ 75-1 0-20 1 et seq .. MCA, 
specify requirements that app ly to the location of any so lid waste management t~tcility . Under 
ARM 17.50.505 (Applicable. a faci lity for the treatment. storage or disposal of sol id wastes: 

(a) 	must be located where a suf fi cient acreage of suitable land is avai lable for solid waste 
management; 

(b) may not be located in a 1 00-year Ooodplain; 
(c) 	may be located only in areas which will prevent the pollution of ground and s urf~tce 

waters and public and private water supply systems; 
(d) must be located to allow for reclamation and reuse of the land; 
(e) drainage structures must be install ed \·Vh~rc necessary to prevent surface runoff from 

entering waste management areas; and 
(t) 	where underlying geological formations wmain rock fractures or 1issures which may 

lead to pollution of the ground water or areas in which springs exi t that are 
hydraulically connected to a proposed disposal htcil ity, only Class nr disposal 
facilities may be approved. 

Even Class III landfills may not be located on the banks of or in a live or intermittent stream or 
water saturated areas. such as marshes or deep gravel pits which contain exposed ground water. 
ARM 17.50.505(2)U). 

In addition,§ 75-1 0-212 (Applicable) prohibits dumping or leaving any debris or refuse upon or 
within 200 yards of any highway, road, street, or al ley of the State or other publ ic property, or on 
privately owned property where hunting, fi shing. or other recreation is permitted. However, the 
restri ction relating to privately owned property does not apply to the owner, his agents, or those 
di sposing of debris or refuse with the owner's consent. 

b. Natural streambed and Land Preservation Standards (Applicable) 

Sections 87-5-502 and 504, MCA. (Applicable- substantive provisions only) provide that a state 
agency or subdivision shall not construct. mod ifY. operate. maintain or fa il to maintain any 
construction project or hyd rau lic project which may or wil l obstruct. damage. diminish. destroy. 
change, modify, or vary the natural existing shape and form of any stream or its banks or 
tributari es I a manner that will adversely affect any fi sh or game habitat. The requirement that 
any such project must eliminate or diminish any adve rse e f'fect on fish or game habi tat is 
app licable to the state in approving remedial actions robe conducted. 
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ARM 36.2.404 (Applicable) estab li shes min im um standards which would be applicable if a 
remedial action alters or affects a streambed. including any channel change, new diversion. 
riprap or other stream bank protection project. jetty. new dam or reservoir or other commerciaL 
industrial or residential development. No such project may be approved unless reasonable efforts 
will be made consistent wi th the purpose or the project to minimize the amount of stream 
channel alteration, insure that the project will be as permanent a solution as possible and will 
crea te a reasonably permanent and stable s ituation, insure that the project will pass an tic ipa ted 
water fl ows without creating harmfu l erosion upstream or downst ream, minimize turbidi ty, 
effects on fish and aquatic hab itat, and adverse effects on the natura l beauty of the area and 
insure that streambed gravels wi ll not be used in the project unless there is no reasonable 
alternative. Soi ls erosion and sedimentation must be kept to a minimum. Such proj ects must also 
protect the use of water fo r any usefu l or beneficia l purpose. See § 75-7-102. MCA. 

6. 	 MONTANA ACTION SPEC IFIC REQUlREMENTS 

a. 	 Air Quality 

1. 	 Air Qua lity Regulations (Appl icable) Excavation/earth-moving 
transportat ion) 

Oust suppression and control of certai n substances likely to be released into the air as a result of 
· earth moving, transportation and simi lar actions may be necessary to meet air quality 

req uirements. Certain am bient air standards fo r specilic contaminants and particulates are set 
fo rth in the federal action spec ific section above. Addi tional air quality regulations under the 
state Clean Air Act. §§ 75-2- 10 I et seq., MCA, arc discussed below. 

ARM 17.8 .308 ( l ) and (2) and 17.8.304 (Applicable) provides that no person shall cause or 
authorize the production, handli ng, transportation or storage of any material; or cause or 
authorize the use of any street. road. or parking lot; or operate a construction site or demolition 
project. unless reasonable precautions to control emissions of airborne particu late matter are 
taken. Emissions of airborne articulate matter must be contro lled so that they do not "exhibit an 
opacity o f twenty percent (20%) or greater averaged over six consecutive minutes." 

In addition, state law provides an ambient air quali ty standard for settled par ticulate matter. 
Particulate matter concentrations in the ambient air shall not exceed the fo llowing 30-day 
average: I 0 grams per square meter. ARM 17.8.220 (App licable) . 

ARM 17.8.308( 4) (Applicable) req ui res that any new source of ai rborne particulate matter that 
has the potential to emit less than 100 tons per year of particulates shall apply best ava ilable 
control technology (BACT); any new source o f airborne particulate matter that has the potential 
to emit more than 100 tons per yea r of particulates shall apply lowest achievable emission rate 
(LAER). The BACT and LAER standards are defined in ARM 17.0.30 1. 

ARM 26.4.76 1 (Applicable) specifies a range of measures ror controlling fug itive dust emissions 
duri ng mining and reclamation ac tivities. Some of these measures could be considered relevant 
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and appropriate to control fugitive dust emiss ions in connection with excavation, earth mo vi ng 
and transportation activities conducted as part o f the remedy at the site. Such measures include. 
for example, paving. watering. chemically stabi lizing, or frequent ly compacting and scraping 
roads. promptl y removing roc k. so il or other dust- form ing debris !"rom roads, restrict ing vehicle 
speeds. revegetating. mu lching. or otherwise stabi lizing the surface or areas adjoining roads. 
restrict ing unauthorized vehicle travel. minimizing the area of distu rbed Janel. and promptly 
revegetating regraded lands. 

b. Solid Waste Regulations 

Sol id Waste Management Regulations are app licable to the management of the waste rock and 
similar wastes within this Site. Certain of these regulations are identified in the state Location 
Specific AR.ARs above. Other applicable requirements are di scussed here. 

ARM 17.50.505(2) (Applicable) specifies standards lo r solid waste management faci li ties, 
including the requirements that: 

I. 	 if there is the potential for leachate migration. it must be demonstrated that leachate 
will only migrate to underlying formations which have no hydraulic continuity with 
any state waters; 

2. 	 adequate separation of such wastes from underlying or adjacent wate r must be 
provided considering terrain. type of underl ying soil fo rmations. and fac ility design; 
and 

3. 	 no new disposal units or lateral expansions may be located in wetlands. 

ARM 17.50.523 (Appl icable) requires that such waste must be transported in such a manner as to 
prevent its discharge, clumping, spilling, or leaking from the transport vehicle. 

Section 75- 10-206, MCA, (Applicable) allows variances to be granted from sol id waste 
regulations if failure to comply with the rules does not result in a danger to public heal th or 
safety or compliance with specific rules would produce hardship without producing bene fi ts to 
the heal th and safety of the public that outweigh the hardship. In light of the nah1re if the wastes 
at issue and the likelihood that any repository would contain only a single type of waste, i.e. 
tailings and related materials, many of the Solid Waste Regulations regarding design of landfills, 
ARM 17.50.5 10-5 11 , and landfi ll closure requirements and post-closure care, ARM 17.50.530­
53 1, may appropriately be subj ect to vari ance in selecting and implementing a remedy at thi s 
Site. 

c. Reclamation Requirements 

1. Reclamation Activities - Hydrology Regulations (Applicable) 
(Excavation. earth moving, altering drainage patterns) 

The hydro logy regulations promulgated under the Strip and Underground Mine Reclamation Act, 
§§ 82-4-20 I et seq .. MCA. provide detailed guidelines for addressing Lhe hydrologic impacts of 
mine reclamation activities and earth moving projects and are app licable for addressing these 
impacts in the Iron Mask Mine and Mill Site. 
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ARM 26.4.63 1 (1\.pp licable) provides that long-term adverse changes in the hydro logic balance 
from mini ng and reclamation activities, such as changes in wate r qual ity and quantity. and 
location of surface water drainage channels shall be minimized. Water pollution must be 
minimized and. where necessary. treatment methods uti lized. Diversions of drainages to avoid 
contam inat ion must be used in preference to the usc or water treatment fac ilit ies. Other pollution 
minim ization devices must be used if appropriate. including stabi lizing disturbed areas through 
land shaping. d i vcrti ng runo lT planting quick! y germinating and growing stands of temporary 
vegetation. regulating channel velocity of water. I ining drainage channels vvith rock or 
vegetation, mu lching. and control of ac id-forming, and toxic-forming waste materials. 

ARM 26.4.633 (Applicable) states that all surface drainage from a di sturbed area must be treated 
by the best tec hnology currently avai lable (BTCA). Treatment must continue unti l the area is 
stabi lized. 

ARM 26.4.634 (Applicable) provides that, in rec lamation of drai nages. drai nage design must 
emphasize channel and floodplain dimensions that approximate the pre-m ini ng configuration and 
that will blend with the undisturbed drainage above and below the area to be reclai med. The 
average stream gradient must be maintained with a concave longitudinal profile. This regulation 
provides specific requirements for designing the reclaimed drainage to: 

1. meander naturally; 
2 . remain in dynamic equilibrium wi th the system; 
3. improve unstable pre-mining conditions; 
4. provide for floods; and 
5. establi sh a pre-mining diversity of aquatic habitats and riparian vegetation. 

ARJvt 26.4.635 through 26.4.637 (Applicable) set fo rth requirements fo r temporary and 
permanent diversions. 

ARM 26.4.640 (Applicable) provides that di scharge from sedimentat ion ponds, permanent and 
temporary impoundments, and diversions shall be controlled by energy dissipaters, riprap 
channels, and other devices. where necessary, to reduce erosion. prevent deepening or 
enlargement of stream chrumels, and to minimize di sturbance of the hyd ro logic balance. 

11. Reclamation and Revegetation Requirements (Applicable) (Excavation) 

ARM 26.4.50 I and 501 A (Applicable) give genera l back-filling and final grading requirements. 

ARM 26.4.504 (Applicable) provides that permanent impoundments that meet the requirements 
of ARM 26.4.642 may be retained in mined ru1d reclaimed sites. provided that all highwalls are 
eliminated by grading to appropriate contours and the post-mi ning land use and protection of 
hydrologic balance provisions are satisfied. No impoundments may be constructed on top of 
areas in which excess materials are deposited. 

ARM 26.4. 514 (Applicable) sets out contouring requirements. 
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A RM 26.4.519 (A ppl icable) provides that an operator may be requi red to monito r sett ling of' 
regraded areas . 

ARM 26.4.520 (A ppl icable) provides that spo il material may be placed in a controlled 
(engineered) manner in a di sposa l area other than the mine workings or excavations . A lso 
prov ides various other re levant requirements, including. but no t limited to. those for water 
protection i.e .. that leachate an d surface runoff from the fi ll must not degrade surf'ace or ground 
waters o r exceed e rtluent limitations . 

ARM 26.4.638 (Applicable) specifies sediment control measures to be implemented during 
operat ions. 

ARJ\If 26.4.641 (Applicable) provides that drainage from ac id-and toxic-fo rming spo il ground 
and surface water must be avo ided by severa l enumerated means. a ll of which are re levant. 

ARM 26.4.642 (A pplicable) prohibits permanent impoundments except under certa in 
circumstances. A lso prov ides o ther construction requirements for embankments, clams and 
diversion ditches. 

ARM 26.4.643-646 (Applicable) provides for protection of gro undwater and g roundwater 
recharge, and provides requirements for monitoring surface and groundwater. 

ARM 26.4.650 (Applicab le) provides for post-mining rehabilitation of sed imentation ponds. 
diversion, impoundments and treatment fac ilities before abandonntent of the permit a rea. 

ARM 26.4.702 (Applicable) requires that during the red is tributing and stockpiling of so il (for 
reclamation): 

I. 	 regraded areas must be deep-till ed, sub-soiled. or otherwi se treated to e liminate any 
possible slippage potentia l, to relieve compaction , and to promote roo t penetra tion 
and permeability of the underlying layer; thi s prepara tion must be done on the 
contour whenever possible and to a minimum depth o f 12 inches: 

2. 	 redi stribution must be done in a manner that achieves approximate uniform 
thicknesses consistent w ith soi l resource availabi li ty and appropriate for the post­
mining vegetation. land uses, contours, and surface water drainage systems; and 

3. 	 red istributed so il mist be reconditioned by sub-soiling o r other appropriate methods. 

ARM 26.4.703 (Applicable) When using materia ls other than, or a long with. so il for final 
surfacing in reclamation, the operator must demonstrate that the materia l ( I) is at least as capable 
as the soi l of supporting the approved vegetation and subsequent land use. and (2) the medium 
must be the best available in the area to support vegeta tion. Such substitutes mist be used in a 
manner consis tent with the requireme nts for redistribution of so il in arm 26.4. 701 and 702. 
A re 26.4.711 (Applicab le) requires that a di verse, effective, and permanent vegetati ve cover of 
the same seasonal variety native to the area of land to be affected shall be established except on 
road surfaces and below the low-water line of permanent impoundments. Vegetative cover is 
considered of the same seasonal va rie ty if it consists of a mi xture of species of equal o r superior 
utility w hen compared w ith the na tura l (or pre-ex isting) vegetation during each season of the 
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year. (Sec a lso /\ RM 26.4. 7 16 below regardin g substitution o[ introduced spec ies [or nati ve 
species.) 

A RM 26.4.7 13 (App licab le) provides tha t seed ing and planting or d is turbed areas must be 
conducted during the firs t appropri ate period for favorabl e planti ng after fina l seedbed 
preparation but may not be more than 90 clays after so il has been rep laced. 

ARM 26.4.714 (A pplicab le) requires use of a mulch o r cover crop o r both unti l an adequate 
permanent cover can be estab lished . Usc o r mulch ing and tem porary cove r may be suspended 
under certain cond iti ons. 

ARM 26.4. 71 6 (Appl icable) establi shes the req uired method o[ revegetation, and provides that 
introduced species may be substituted fo r native species as part of an approved plan. 

ARM 26.4.7 18 (A ppl icable) requires the use of soil amendments and other means such as 
irrigatio n. management. fenci ng. o r other meas ures, if necessary to establish a d iverse and 
perm anent vegeta tive cover. 

ARM 26.4. 720 (/\ pplicable) requires annual state inspection of seeded areas. 

ARM 26.4.72 1 (/\ppl icablc) req uires rills and gullies fo rming in areas tha t have bet:n regraded< r 
resoi led must be filled , g raded o r otherwise stabili zed and the area reseeded or re plankcl under 
certain c ircumsta nces. 

A RM 26.4.723 (/\pplicablc) requires periodic moni to ring and da ta review of vegetation. soi ls. 
w ild li fe and other items at the site by the opera to r as prescr ibed o r approved by the state. 

ARM 26.4.724 (A pplicable) provides revegetation comparison standards. 

ARM 26.4.725 (Applicab le) establishes commencement of the minimum period of respons ibility 
for reestablishing vegeta ti on. 

ARM 26.4.726 (App licable) establi shes vegetation production. cover. d iversity, density and 
utility requirements for revegetation and rec lamation success. 

ARM 26.4.728 (Applicable) sets fo rth requirements for the composi tion of vegeta tion on 
reclaimed areas. 

ARM 26.4.730-73 1 (Applicable) requires season of use s tandards and analysis of toxicity if such 
toxicity is suspected due to the errects of di sturbance caused by the reclamation teclmique. 

7. OTHER LAWS (NON-EXCLUSIVE LIST) 

CERCLA defines as ARARs only federa l environmental and state env ironmenta l and siti ng laws . 
Remedial design. implementa ti on. and opera tion and maintenance must nevertheless comply 
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with all o ther applicab le laws, both state and fede raL if the remediation work is done by parti es 
other than the federal governm ent o r its contrac tors. 

The fo llowing ··other laws'· are included here to provide a reminder of o ther lega ll y applicab le 
requ irements fo r actions be ing conducted at the Iron Mask Mine and Mill S ite. They do not 
purport to be an exhaustive lis t of such legal req u ir~mcnts . bu t are included because they set out 
related concerns that mus t be addressed and, in some cases. may n.:quire some advance planning. 
They are not included as ARJ\Rs because they arc no t ·'environmental or facili ty si ti ng laws... !\.s 
applicable laws other tha n ARA Rs, they are no t subject to ARARs waiver prov isions. 

Sect ion 121(e) of CERCLA exempts removal o r remedial actions conducted entire ly on-site from 
federal. s ta te. or loca l permits. Th is exem ption is not limited to environmenta l or facility s iting 
laws. but appl ies to other permit requirements as we ll . 

a. Other Federa l Laws 

1. Occupational Safety and Hea lth Regulations 

The federal Occupational Safety and Health Act regulations found at 29 CFR § 191 0 are 
applicable to worker pro tection duri ng conduct of Rl/FS or remedial acti vi ties. 

b. O ther Montana Laws 

1. Water R ights 

Section 85-2- 101. MCA. declares that a ll waters wi thin the state are the state' s property, and may 
be appropri ated fo r benefi c ial uses. The w ise usc of water resomces is encouraged for the 
maximum benefi t to the people and with minimum degradation of natural aquatic ecosystems. 

Parts 3 and 4 of T itle 85. MCA, set out requirements fo r obtaining water rights and appropriating 
and uti lizing water. All requirements of these pat1S are laws, which must be complied with in any 
action using or affecting waters o f the state. Some of the specific requ irements are set forth 
below. 

Section 85-2-302, MCA, speci ti es that a person may not appropriate water o r commence 
construction of divers ion, impo undment, withdrawal or di stribution works therefore except by 
applying for and receiving a permit from the Montana Department ofNatural Resources and 
Conservation. While the permi t itself may not be required under federa l law, appropriate 
notification and submission of an application should be performed and a permit should be 
app lied fo r in o rder to establish a priority date in the prior appropriation system. A 199 1 
amendment imposes a fee of $ 1.00 per acre foot fo r appropriat ions of ground water. effective 
until Jul y I, 1993. 

11. Occupati onal Health Act §§ 50-70-1 0 1 et seq., M CA. 

ARM 17.74.101 addresses occupational no ise. In accordance with this section. no worker shall 
be exposed to noise leve ls in excess of the levels specified in th is regu lation. Th is regulation is 
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applicable onl y to limited catego ri es of workers and lo r most workers the s imilar federal 
standard in 29 Cr: R § 191 0.95 applies. 

ARM 17.74.102 addressed occupational air contaminants. The purpose of thi s rule is to establi sh 
maximum threshold limit values fo r air contam inants under which it is believed that nearly all 
workers may be repeatedly exposed clay after day without adverse health effects. In accordance 
with thi s ru le. no worker shall be exposed to air contaminant levels in excess of the threshold 
limit values listed in the regulation. This regulation is applicable only to limited categories of 
workers and for most workers the similar federal standard in 29 CFR § 19 10.1 000 applies. 

111. Montana Safety Act 

Sections 50-71-20 I ,202 and 203 . MCA, state that every employer must provide and mainta in a 
safe place of employment. provide and require use or safety devices and safeguards, and ensure 
that operations and processes are reasonably adequate to render the place of employment safe. 
The employer must also do every other thing reasonably necessary to protect the life and safety 
of its employees. Employees are prohibited from refusing to use or interfering with the use or 
safety devices. 

I V . Employee and Communi ty Haza rdous Chemical Info rmation Ac t 

Sections 50-78-201 , 202. and 204. MCA. state thai each employer must post notice of employee 
rights. maintain at the work place a li st of chemical names of each chemical in the work place. 
and indica te the work area where the chemical is tored or us~d . Employees must be informed of 
the chemicals at the work place and trained in the proper handling of the chemicals. 
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APPENDIX E 


IRON MASK MINE AND MILL SITE 

COST ESTIMATES 




T able E-1 

Alternative 2 -Institu tional Controls 

Item Description Quantity Unit Unit Pr·ice Total Price 

1 Administration 
1.1 Mobilization, Bonding, Insurance (lQI%) 1 LS $ 1,000.00 $ I ,000.00 

2 Institutional Contr·ols 
2.1 Access C ontrol 

Install Fem;e and Access Gate 
1 LS $ 10,000.00 

2000 LF s 5. 00 

$ I 0,000.00 
s 10.000.00 

SUBTOTAL: 
Contingency (15%): 

$ II ,000.00 
$ 1.650.00 

TOTAL CAPITAL COSTS: s 12,650.00 

Dra ft Final Iron iVIask 1 ~ 1-: UC/\ 

May I. 2009 



Table E-2 


Alte rnative 3a - Co nsolida te Waste Rock O n-Site with Cover Soi l Cap 


Item Descri ption Qua ntity Unit Unit Pr ice Total Pr ice 

I Ad 111 in istra ti on 
1.1 1\lobi lization, Bondi ng, l ns u ra nee ( I 0%.) I LS $ 19,650.00 $ 19,650.00 

2 Site Preparation 
2. 1 Road Improvements 

Main Access Road -1.0 Ml s 1,000. 00 s -1,000.00 

Constmction Access Roads 1.0 Ml s 1,000.00 s 1. 000.00 
$ 5,000.00 

3 Recl amation 
3. 1 Bor row Ar ea 

Strip, Stockpile and Replace Borrow Area Topsoil 2, 000 CY s 5.00 s 10,000.00 

Excavate/Stockpile Borroll' Area Cover Soil -1.200 cv s 5.00 $ 21' 000. 00 
s 3 1,000.00 

3.2 Consolidate Waste Materhll O n-Site 
Regrade WR-1 5,000 CY s 3.00 s 15,000.00 

Regrade IVR-2 500 CY s 3.00 s 1,500.00 

Excavate, Haul and Place WR-3 500 CY s 6.00 s 3.000.00 
$ 19,500.00 

3.3 Cover So il 
!-!a uf, and Place Amended Cover Soil Cap -1. ()()() CY s 12.00 s -18, 000.00 

Backfill £.xcava1ed Areas 200 CY s 8. 00 s I,600.00 
s 49,600.00 

3.4 Recla im T A-2 
Regrade and Cover TA-2 300 CY s 3.00 s 900.00 

s 900.00 

3.5 Revegeta tion 
Organic Amendment 200 D1y Ton $ 250.00 s 50.000.00 

Fertili:::e and Seed -1 AC s I ,000. 00 s -1. 000.00 
,'v/ulch -1 AC s 2.000.00 s 8.000. 00 

s 62,000.00 

4 Dra in age Reco nst r uct ion 
4.1 Construct New Stream C hannel 

Excava1ion 500 LF $ 12.00 s 6.000.00 

Grouted Riprap !50 CY s 150.00 s 22, 500.00 
$ 28,500.00 

SUBTOTAL: s 2 16, 150.00 
Contingency ( 15%): $ 32,422.50 

TOTAL C APITAL COSTS: s 248,572.50 

Draft F111al Iron Mask I·I: UCi\ 
t\ la) I. 2009 



Table E-3 

Alter·nat ive 3b- C onsolid a te Waste Rocl' and Taili ngs O n-Site with Cover Soil Cap 

I tern Description Q uantity Uni t Unit Price Total P r ice 

I Administration 
I. I Mobil ization, Bo nding, l nsu rancl' ( I O'Y..) I LS $ 25, 120.00 s 25, 120.00 

2 Site Preparation 
2.1 Road Improvements 

Main Access Road 

Construction Access Roads 
-1.0 Ml s I. 000. 00 

/0 Ml 5 I. 000. 00 
s -1.000.00 
s 1.000.00 
$ :'i,OOO.OO 

3 Reclamation 

3. 1 Borrow Ar ea 
Strip, Stockpile and Replace Borrow Area Topsoil 
Excavate/S tockpile Borrow Area Corer Soil 

3.2 C onsolidate Waste Material On-Si te 
Regmde WR-1 

Regmde WR-2 

Excavate, 1/aul and Place IVR-3 
Excm·ate, Haul and Place TA- i 

3.3 C over Soil 
Haul, and Place Amended C01·er Soil Cap 

Backfill Excamted Areas 

3.4 Recla im TA-2 

Regrade and Cover TA-2 

3.5 Revegetation 

Organic Amendment 
Fertili:::e and Seed 

Mulch 

2. 000 C Y s 5. 00 

6. 000 C Y 5 5.00 

5.000 CY s 3.00 

500 C Y $ 3. 00 

500 C Y s 6.00 
1,600 CY s 8. 00 

-1,000 CY s 12.(10 

2. 000 CY s 8. 00 

300 CY s 3.00 

250 D 1y Ton s 250.00 

6 AC s 1.000.00 

6 AC s 2, 000.00 

s I0. 000. 00 

s 30. 000.00 
$ .tO,OOO.OO 

s 15.000.00 

s I. 500. 00 
s 3. 000.00 

s I 2, 800. 00 
$ 32,300.00 

s -18.000.()0 

s I6. 000 00 

$ 64,000.00 

s 900.00 
$ 900.00 

s 62.500.00 

s 6.000.00 
s 12.000. 00 
$ 80,500.00 

4 Drainage Reconstruction 
4.1 Construct New Str·ea m C hll nnel 

Excarmion 

Grouted Riprap 
500 LF s 1200 

!50 C Y s 150.00 
s 6. 000. ()() 

s 22,500.00 
$ 28,500.00 

SU BTOTAL: 

Conti ngency ( 15%): 

$ 276,320.00 
$ 41,448.00 

TOTAL CAPITAL COSTS: $ 317,768.00 

Dran Fmal Iron Mask EloE/Ci\ 
1\ la\ I. 2009 



Table E-~ 

Altenwtivc ~a - Consolidate \ Vas tc Rock 2 , Waste Rocl\ 3 a nd T a ilings in On-Site Reposito t-y with Cove •· Soi l C ap 

Item Description Quantity Unit Unit Price Total Price 

I Admi nistration 

1. 1 Mobi li za tion, Bonding, Insura nce ( IO'Y.•) I LS $ 30,030.00 $ 30,030.00 

2 Site P•·eparation 
2. 1 Road Improvements 

Jlfain Access Road 

Cons/ruction Access Roads 

Reposit01y Access Road 

-1.0 

I. 0 
1.0 

Ml s 1.000. 00 s -1.000.00 
/Ill s 1.000.00 s 1,000.00 
Ml s 1.000.00 s 1,000.00 

s 6,000.00 

3 Rech1ma tion 

3. 1 Borrow Area 
S lrip. Stockpile and Replace Borrv11• A rea Topsoil 

Ercamte/S10ckpile Borrow Area Co Fer Soil 

3.2 Recla im WR-1 

Regrade WR-1 

3.3 Con solidate Waste Matel'ial in Re posi tor y 

Ercavale, Haul and Place WR-2 

Excamle. Haul and Place WR-3 
Excal'{lfe, !-/au/ and Place 7i t-l 

Excal'ale, Haul and Place TA-2 

3.4 Cover Soil 
Haul. and Place Amended C01·er Soil Cap 

Backfill Excava!ed Areas 

3.5 Revegetatio n 

Organic Amendment 
Ferlili:e and Seed 
JV!ulch 

2, 000 
7, 000 

5. ()(}(} 

I, 000 

500 

1.600 

300 

.f. 000 

3, (){}() 

300 

6 
6 

CY s 5. 00 s 10,000.00 
C Y s 5.00 s 35,000.00 

$ ~5,000.00 

CY s 3.00 s 15,000.00 

s 15,000.00 

CY s 12. ()() $ 12.000.()() 

CY s 12.00 s 6,000.00 
C Y s 12.00 s 19.200.00 

C Y s 12.00 s 3.600.00 
$ 40,800.00 

Cl' s 12.00 s -18.000.00 

C Y s 8.00 s 2-1,000.00 
$ 72,000.00 

D1~v Ton s 250.00 s 75, 000. 00 

AC s I, 000.00 s 6. 000.00 
AC s 2.000.00 s 12, 000.00 

s 93,000.00 

4 Draina ge Reconstr uct'ion 
4.1 Cons truct New S tream C ha nnel 

Excavation 

Stream Bed Material 

500 

150 
LF s 12. 00 s 6.000.00 
CY s 150.00 s 22. 500.00 

$ 28,500.00 

SUBTOTAL: 

Contingency ( I 5%): 
$ 330.330.00 
$ 49,5 ~9.50 

TOTAL C APITAL C OSTS: s 379,879.50 

Draft !'Ina! Iron 1\l:osk l:loE/Ci\ 
M~' I . ::!009 



Table E-5 

Alterna tive .tb- Consolidate All Waste in On-S ite Reposito ry with Cove•· So il Ca p 

Jtem Descript io n Q uantity Unit Unit Price T ota l Price 

I Admin is tra lio n 

1.1 Mo bilizatio n, Bondin g, Insurance (I 0°/.,) I LS $ 50,205.00 s 50,205.00 

2 Site P•·cparation 

2. 1 !load Im provements 
Main Access Road 
Constmclion Access Road1· 
Reposi101y Access Road 

./.() Ml s 1.00000 
1.0 J'vfI s l .fJOO. 00 

1.0 Jill s 1.000.00 

s -1,000.00 

s 1.000.00 
s 1,000.00 

s 6,000.00 

3 Reclamatio n 

3 . 1 Bon·ow Area 
S1rip. Stockpile and Replace Borrow Area Topsoil 

ExcavaJe!SIOckpile Borrow Area Caver Soil 

3.2 Consolidate Waste Mate ria l in Repository 
Excamte, Haul and Place IVR-1 
Excamle. Haul and Place II'R-1 
Excavate. 1/aul and Place IVR-3 

Excavale. Hwd and Place TA- l 
Excavate, Haul ond Pluce TA-2 

3.3 Cover So il 

llmt!, and Place Amended C'm ·er Soil Cap 

Backfill Excavated Areas 

3 .-t Revegetation 

Organic A mendmenl 

Ferti/i::e and Seed 
Mulch 

2.000 CY s 5.00 

11,000 CY s 5.00 

10,000 Cl' s I 2. 00 

1,000 CY s 11.00 

500 Cl' s 12. ()() 

1,600 Cl' s 12.00 

JOO Cl' s I J. flO 

7.000 CY s I 2 Of! 

-1. 000 CY s 8. ()() 

500 D1J1 Ton s 250.{)() 

6 AC s 1.000.00 

6 AC $ 2. 000.()() 

s 10.000.00 
s 55,000.00 
s 65,000.00 

s I 20,000.00 

s I2. 000.00 

s 6.000.00 
s 19,200.00 

s 3.600.00 

s 160,800.00 

s 8-1,000.00 
1.' 

"' 32,000.00 

s I 16,000.00 

s 115,000.00 

s 6.000.00 
s 12,000.00 
$ I.t3,000.00 

4 Drainage Reco ns tructio n 

4. 1 Co ns tmct New Stream Chan nel 
Excavation 
Sn·eam Bed Malerial 

500 LF $ 12.00 
150 CY s 35.00 

s 6, 000.00 
s 5.250.00 

s I I ,250.00 

SUBTOTAL: 
Conti ngency ( 15%): 

$ 552.255.00 
$ 82.838 .25 

TOTA L CAPIT AL COSTS: s 635,093.25 

Dralt l 111ol Iron Mas~ EEFJC \ 
i'vla\ I 200'1 



Ta ble E-6 

Altemative Sa - Consolidllte All Waste in O n-Site Reposito ry with i\'lulii-Layer Cap 

Item Ocscription Quantity Unit Unit Price T otal Price 

I Ad m i nis tra lion 
1.1 Mobiliza tion , IJond ing, Insurance (10'%) I LS s 63,705.00 s 63,705.00 

2 Si te P1·eparation 

2.1 Road Improveme nts 

Main Access Road 
Construction Access Roads 
RepositOJy Access Road 

-1.0 Ml s 1.000.00 

1.0 Ml s 1.000.00 

1.0 Ml 5 1.000.00 

s -I, 000.00 
s I. 000. 00 

s 1,000. 00 

s 6,000.00 

3 Reel a ma tion 
3.1 Bon·ow Area 

Strip . .\'tockpile and Replace BorrU\1' Area Topsoil 

Ercai'CI!eiS!ockpile Borrow Area Cover Soil 

3.2 Co nsolidate Waste Material in Rcposi to1·y 

Excm·afe, Haul and Place WR-1 

ErcaFale. Haul and Place IVR-2 
Excumle. Haul and Place /VR-3 
f.xcavalc, Haul and Place TA-l 

Excamte. !/auf and Place TA -2 

3.3 Repository C ap a nd C over Soil 

Ceotexiile Cushion 
Ceosylllhetic Clay Liner 

Ceocomposile Drainage Layer 
Haul. and Place Amended Corer Soil Cap 

Backj//1 Ercarated Areas 

3.4 Revegetatio n 

Organic Amendment 
Fer fili::e am/ Seed 

Mulch 

2. 000 CY s 5. 00 

II. 000 CY s 5 00 

I 0. 000 CY s 12.00 

I. 000 CY s 12.00 
500 C>' s 12.()(} 

I, 600 (')' s 12. 00 
3()0 (')' s 12.00 

I 0, 000 S )' s 2.5() 

I 0, 000 SY s 5.50 

I 0,000 SY s 5.50 

7, 000 (')' s 12.00 

-1,000 CY s 8.00 

500 D1y Ton s 250 00 

6 AC s I, 000.00 

6 AC s 2,000. 00 

s 10,000.00 

s 55.000. 00 
$ 65,000.00 

s 120,000.00 

s 12.000.00 

s 6, ()(){)_ 00 

s 19,200.00 

s 3.600.00 
$ 160,800.00 

$ 25,000.00 

s 55,000.00 

s 55,000.00 
s 8--1,000.00 

s 32,000.00 

s 25 1,000.00 

s 125.000.00 
s 6. 000.00 

s 12, 000. 00 
$ 143,000.00 

4 Drai nage Reconstruction 
4.1 Constn1ct New Stream C hannel 

Excavation 

Stream Bed lvlarerial 

500 LF s 12.00 

150 C Y s 35.00 
s 6, 000.00 

s 5.250.00 

s 11 ,250.00 

SU BTOTA L: 

Contingency ( 15%): 
s 700.755.00 
$ 105. 11 3.25 

TOTAL C APITAL COSTS: $ 805,868.25 

D1an F111al Iron ~ l a~k f'~E/Ci\ 

~ 13, I 2009 



Tai.J ie E-7 
Alternative SI.J- C onsolida te All Waste in On-Site Modilied RC RA Repos itory 

Item Description Quantity Unit Unit P.-ice Tota l Price 

I Administration 

1.1 Mobilizat ion , Bonding, Insura nce (IO'Yc,) I LS $ 73,055.00 s 73,055.00 

2 S ite Preparation 
2. 1 Roa d Improvements 

Main Access Noad 

Constmction Access Roads 

Repositorv Access Road 

.1.() tiff $ f. 000 00 

1.0 Jill s 1.000.00 
1.0 Jill s 1.000.00 

s -1.000.00 

s UJOO.OO 
s 1.000.00 

s 6,000.00 

3 Reclam a tion 

3. 1 Borrow Area 
STrip. Stockpile and Replace Borro11 · .·Irea Topsoil 
ExcavaTe STockpile Borrow Area Cm·er Soil 

3.2 Consolidate Waste Material in Rcposi tor·y 

E.rcm·ate. 1-fauf and Place WR- 1 
E.xcai'QTe. //auf and Place II'R-2 

E.rcm·ate. //auf and Place II'R-3 

E.rcm·are. Haul and Place T I-l 
t.;xcavaTe, I !auf r111d Place lA-2 

3.3 Leachate Collection/ Remova l ys tem 

Grade and Compact Subgrade 

LeachaTe Collection Remol'lll St•sTc: /1, 
Ceocomposite Drainage Layer 

3.4 Repository C ap and Cover· Soil 

Geotextile Cushion 

CeosvntheTic Clay Liner 

Ceonet Drainage Laver 
Haul, and /'lace Amended Cover Soil Cap 

Backfi/1 £-r:cavnted Areas 

3.5 Revegetation 

Organic Amendmem 

Fertili::e and Seed 
Alulch 

2. 000 C J s 5. 00 
11 ,000 c r s 5JJO 

10,000 c r s 1200 

I. 000 Cl' s 11.00 

500 Cl' s 12.00 

1.600 cr s 12 00 

300 c r s 12 00 

/0000 .) )' s 1.65 

I LS s 22. 000 00 
10000 Sl' s 5.50 

10.000 SJ' s 2.50 

/0.000 S l' s 5.50 

I 0, 000 Sl' s 5.50 

7. 000 cr s I 2. 00 

-1,000 cr s 8.00 

500 D1y Ton s 250 00 

6 AC s I. 000.00 

6 AC s 2.000.00 

s I 0. 000.00 

s 55. 000.(}() 
$ 65,000.00 

$ I 20.000 00 

s 12. 000. 00 

s 6. 000. 00 

s I 9.2OOJIO 
s 3.600 ()() 

$ 160,800.00 

s I 6. 500 00 

s 22. 000.0() 

s 55.000 (}() 
$ 93,500.00 

s 25. 000. 00 

s 55.000 00 
$ 55,000.00 
$ 8-1,000.00 

s 32. 000.()() 

s 251,000.00 

s I 25. 000.00 
$ 6. 00(} 00 

s 12JJOOJIO 
$ 143,000.00 

4 Dr·ainage Reconstruction 

4.1 C onstnrct New Stt·cam C hannel 
Excavation 

Stream Bed ,\/ateria/ 
500 LF s 12.00 

!50 Cl' s 35. 00 
s 6, 000. 00 

s 5. 2 50.()() 

$ 11 ,250.00 

Sll l3'1 OTAL: 

Contingcm:~ ( 15%): 
$ 803,605.00 
s 120.5-W.75 

TOTAL C A PITA L COSTS: $ 92-t, I-tS. 75 

Draft Fmal Iron M.1sl.. EI,E C.A 
Mav I 1009 




