
  July 2018 

1.1  

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

Prepared by: 
 
WENCK 
4025 Automation Way, Bldg. E 
Fort Collins, CO 80525 
Phone: 970-223-4705 
 

Waldorf Mine Engineering Analysis 
and Cost Estimate 

1777 N. Kent Street, Suite 100 
Arlington, VA 22209 

Prepared for: 

Trout Unlimited 

 
 



 

July 2018 i  
  

 

Table of Contents 
Executive Summary ................................................................................................. 1 

1.0  INTRODUCTION .......................................................................................... 2-1 

1.1  PURPOSE AND OBJECTIVES ............................................................. 2-1 

2.0  SITE CHARACTERIZATION .......................................................................... 2-1 

2.1  SITE DESCRIPTION AND BACKGROUND .......................................... 2-1 
2.1.1  Loading Due to Flowing Surface Water ...................................... 2-1 
2.1.2  Waste Rock Dump Constituent of Concern Loading Estimate ........ 2-3 

2.2  Geology ........................................................................................... 2-3 
2.2.1  Geologic Setting (Reference 1, pp. 1-4 thru 1-5) ........................ 2-3 
2.2.2  Hydrology (Reference 1, p. 1-6) .............................................. 2-5 
2.2.3  Surface Water (Reference 1, p. 3-3 thru 3-7) ............................ 2-5 
2.2.4  Soils (Reference 1, p. 3-2) ...................................................... 2-6 
2.2.5  Ground Water (Reference 2, p. 3-8) ........................................ 2-10 
2.2.6  Climate (Reference 2, p. 2-2) ................................................. 2-10 
2.2.7  Vegetation and Wildlife (Reference 1, p. 1-7) ........................... 2-11 
2.2.8  Federally Threatened and Endangered and State Species of Concern 
(Reference 1, p. 1-7) ........................................................................ 2-11 
2.2.9  Cultural Resources ................................................................ 2-11 

2.3  Previous Site Investigations and Management .............................. 2-13 
(Reference 1, pp. 2-12 thru 2-19) ............................................................... 2-13 

2.3.1  Sovereign Site Investigation – Data and Sample Collection ......... 2-19 
2.3.2  Site Investigation - Discussion ................................................ 2-24 

2.4  Current Site Conditions - Source and Nature of Impacts ............... 2-25 
2.4.1  Conceptual Site Model ........................................................... 2-25 

3.0  IDENTIFICATION OF REMOVAL ACTION OBJECTIVES AND DOCUMENTATION 
OF ARAR .............................................................................................................. 3-1 

3.1  Determination of Removal Action Scope ......................................... 3-1 
3.1.1  Removal Action Objectives ...................................................... 3-1 
3.1.2  Removal Action Justification .................................................... 3-1 

3.2  Applicable or Relevant and Appropriate Requirements ................... 3-2 
3.2.1  Terms and Definitions ............................................................ 3-7 

3.3  Non-Time Critical Removal Action Schedule .................................... 3-9 
3.4  Human Health Risk Assessment ...................................................... 3-9 

3.4.1  Data Used in the Risk Assessments .......................................... 3-9 
3.4.2  Conceptual Site Model ............................................................ 3-9 
3.4.3  Human Health Risk Assessment Criteria Calculation ................... 3-10 
3.4.4  Risk Assessment Results ........................................................ 3-11 
3.4.5  Lead Evaluation ..................................................................... 3-2 
3.4.6  Ecological Evaluation .............................................................. 3-3 
3.4.7  Conclusion ............................................................................ 3-5 

4.0  IDENTIFICATION AND ANALYSIS OF REMOVAL ACTION ALTERNATIVES .... 4-1 

4.1  STATUTORY AND POLICY CONSIDERATIONS ................................... 4-1 
4.1.1  Statutory Considerations ........................................................ 4-1 



 

July 2018 ii  
  

 

4.1.2  Policy and Guidance Considerations .......................................... 4-2 
4.2  Long Term Goals for Site ................................................................. 4-2 
4.3  Evaluation of Site Issues and Potential Management Strategy 
Alternatives .................................................................................................. 4-2 

4.3.1  Waldorf/Wilcox Tunnel (Waldorf Adit Discharge) Technologies ...... 4-2 
4.3.2  Waste Rock Dump ................................................................. 4-9 

4.4  Removal Action Focus for Alternatives .......................................... 4-13 

5.0  REMOVAL ACTION ALTERNATIVES .............................................................. 5-1 

5.1  Potential Remedial Actions .............................................................. 5-1 
5.1.1  Potential Removal Actions for the Wilcox Tunnel Portal ................ 5-1 
5.1.2  Potential Remedial Actions for the Waste Rock Dump .................. 5-1 

5.2  Removal Action Alternative Descriptions ......................................... 5-2 
5.2.1  Removal Action Alternative 2, Flow Path for Blow Out, Extend 
Channel 5-3 
5.2.2  Removal Action Alternative 3, PWMS and Aerated Wetlands ......... 5-3 
5.2.3  Removal Action Alternative 4, Upgradient WRD Groundwater Cutoff 
Trench 5-3 
5.2.4  Removal Action Alternative 5, Contaminated WRD Groundwater Seep 
Collection Trench ............................................................................... 5-3 
5.2.5  Removal Action Alternative 6, Revegetation of WRD ................... 5-4 
5.2.6  Removal Action Alternative 7, Relocation of the West Lobe of the 
WDR to a Repository) ........................................................................ 5-4 

5.3  Discussion of Tunnel REMOVAL action Alternatives ......................... 5-4 
5.3.1  Design Features .................................................................... 5-4 
5.3.2  Costs of Alternative Implementation ......................................... 5-9 

5.4  Discussion OF Waste Rock Dump Removal Action Alternatives ..... 5-10 
5.4.1  Waste Rock Dump Remedy Design Features ............................. 5-10 
5.4.2  Costs of Waste Rock Dump Alternative Implementation ............. 5-12 
5.4.3  Cost of Waste Rock Removal (West Lobe) to Onsite Repository ... 5-13 

6.0  COMPARATIVE ANALYSIS OF REMOVAL ACTION ALTERNATIVES ................ 6-1 

6.1  Numerical Ranking Criteria Discussion ............................................ 6-1 

7.0  RECOMMENDED REMOVAL ACTION ALTERNATIVES .................................... 7-1 

7.1  Recommendation and Rationale ...................................................... 7-1 
7.1.1  Flow Path for Blow-Out/Extend Channel and Passive Water 
Management System/Aerated Channel ................................................. 7-2 
7.1.2  Upgradient Ground Water and Seep Diversion/Convey to the /Aerated 
Wetland 7-3 
7.1.3  On-site Repository for the West Lobe WRD Material .................... 7-3 

7.2  Implementation Considerations ...................................................... 7-3 

8.0  REFERENCES ............................................................................................... 8-1 

  



 

July 2018 iii  
  

 

Table of Contents (Cont.)  
TABLES 
 
Table 2-1: Calculated Constituent of Concern Loading from Wilcox Tunnel Discharge ...... 2-2 
Table 2-2: Calculated Constituent of Concern Loading from Dispersed Tailings Seep ....... 2-2 
Table 2-3: Recap of Constituent of Concern Results from Waste Rock Dump Seepage or 

Leachate Testing ......................................................................................... 2-3 
Table 2-4: Presumed Constituent of Concern Loading from Waste Rock Dump Seep ....... 2-3 
Table 2-5: Climatic Data for Georgetown, Colorado (053261) ..................................... 2-11 
Table 2-6: Climatic Data for Cabin Creek Reservoir, Colorado (051186) ............. 2-11 
Table 2-7: Waldorf Mine Waste Rock Leachate Results from Hageman (2004) ............... 2-15 
Table 2-8: Total and Dissolved Metals for Ground Water and Surface Water ................. 2-16 
Table 2-9: Surface Water Samples from Waldorf Mine (June/August 2011, CDPHE and 

CDRMS) .................................................................................................... 2-17 
Table 2-10: Surface Water Samples from Waldorf Mine (September 2011, EPA) ............ 2-18 
Table 2-11: Sediment Samples from Waldorf Mine (September 2011, EPA) .................. 2-18 
Table 2-12: Soil Samples from Waldorf Mine (September 2011, EPA) .......................... 2-18 
Table 2-13: Theoretical Pyrite Content in Waste Rock Dump Based on XRF Data ........... 2-25 
Table 3-1: Removal Action Justification .................................................................... 3-2 
Table 3-2: ARARS ................................................................................................. 3-3 
Table 3-3: Exposure Factors .................................................................................. 3-10 
Table 3-4: Soil Criteria ......................................................................................... 3-11 
Table 3-5: Surface Water Criteria ........................................................................... 3-11 
Table 3-6: Risk and Hazard Estimates ..................................................................... 3-12 
Table 3-7: Soil and Sediment Results Compared to Screening Criteria .......................... 3-1 
Table 3-8: Surface Water Comparison to Recreator Criteria ......................................... 3-2 
Table 3-9: Estimated Blood Lead Levels in Children .................................................... 3-3 
Table 3-10: Summary of Screening Level Ecological Risk Assessment Evaluation ............ 3-3 
Table 3-11: Summary of Screening Level Exceedances for Ecological Risk Assessment 

Evaluation .................................................................................................. 3-3 
Table 3-12: Ecological Screening of Soil Results ........................................................ 3-4 
Table 3-13: Evaluation of Maximum Potential Ecological Hazard ................................... 3-4 
Table 5-1: Technologies for the Waldorf/Wilcox Tunnel Portal ...................................... 5-1 
Table 5-2: Technologies for the Waste Rock Dump..................................................... 5-2 
Table 5-3: PWMS Design Details ............................................................................. 5-8 
Table 5-4: Aerated Channel Design Details ............................................................... 5-9 
Table 5-5: Estimated Capital Cost (CAPEX) for Alternative 2 ........................................ 5-9 
Table 5-6: Future Maintenance Cost for Alternative 2 ................................................ 5-10 
Table 5-7: Estimated Capital Cost (CAPEX) for Alternative 3 ....................................... 5-10 
Table 5-8: Future Maintenance Cost for Alternative 3 ................................................ 5-10 
Table 5-9: Estimated Capital Cost (CAPEX) for Alternative 4 and 5 .............................. 5-12 
Table 5-10: Future Maintenance Cost for Alternative 4 and 5 ...................................... 5-13 
Table 5-11: Estimated Capital Cost (CAPEX) for Alternative 6 ..................................... 5-13 
Table 5-12: Future Maintenance Cost for Alternative 6 .............................................. 5-13 
Table 5-13: Estimated Capital Cost (CAPEX) for Alternative 7 ..................................... 5-14 
Table 6-1: Screening Comparison of Technologies ..................................................... 6-1 
 
 
  



 

July 2018 iv  
  

 

FIGURES 
 
Figure 1-1: Site Location Map ................................................................................. 2-2 
Figure 1-2: Site Map ............................................................................................. 2-3 
Figure 2-1: Site Overview and Analytical Results ...................................................... 2-20 
Figure 2-2: Waste Rock Dump, Soil Metals Content and Leach Test Results .................. 2-21 
Figure 2-3: Flow Rate Measurement at Wilcox Tunnel ................................................ 2-22 
Figure 2-4: Waste Rock Dump at Wilcox Tunnel ....................................................... 2-24 
Figure 2-5: Conceptual Site Model of the Waldorf/Wilcox Tunnel and Waste Rock Dump . 2-26 
Figure 4-1: Bulkhead Example ................................................................................ 4-3 
Figure 4-2: Wilcox Tunnel Workings (Figure 16 from pp 178 of USGS (1935)) ............... 4-4 
Figure 4-3: CDRMS Plastic Rock-Filled Barriers .......................................................... 4-6 
Figure 4-4: Conceptual Natural Diversion Structure for High Flows ............................... 4-7 
Figure 4-5: Passive Water Management System and Aerated Wetland .......................... 4-8 
Figure 4-6: Ground Water Diversion ....................................................................... 4-11 
Figure 5-1: Waldorf Mine Passive Water Management System and Aerated Wetlands ...... 5-5 
Figure 5-2: Channel Plan and Profile ........................................................................ 5-6 
Figure 5-3: Channel Cross Section Details ................................................................ 5-7 
Figure 5-4: Typical Reclaimed Surface .................................................................... 5-12 
 
 
CHARTS 
 
Chart  2-1: Zinc Concentrations and pH During Periods of High and Low Flow at Waldorf 

Mine .......................................................................................................... 2-7 
Chart  2-2: Leavenworth Creek Profile and High Flow Metal Loading Rates .................... 2-8 
Chart  2-3: Leavenworth Creek Profile and Low Flow Metal Loading Rates ..................... 2-9 
 
 
APPENDICES 
 
Appendix A: Selection Criteria, Project Scoring and Rankings for Potential Removal Actions 
 
  



 

July 2018 v  
  

 

List of Abbreviations and Acronyms 

ARD acid rock drainage 
AMD acid mine drainage 
AMSL above mean sea level 
ARAR applicable or relevant and appropriate requirement 
BOR Bureau of Reclamation 
CAPEX estimated capital costs 
CASRN Chemical Abstracts Service Registry Number 
CDPHE Colorado Department of Public Health and Environment 
CDRMS Colorado Division of Reclamation, Mining and Safety 
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act 
CFR Code of Federal Regulations 
cfs cubic feet per second 
CSM conceptual site model 
COC constituent of concern 
CY cubic yards 
EE/CA Engineering Evaluation and Cost Analysis 
EF exposure frequency 
EPA U.S. Environmental Protection Agency 
ET exposure time 
gpm gallons per minute 
IEUBK Integrated Exposure Uptake Biokinetic model 
IR ingestion rate 
IT iron terrace 
Mg/kg milligrams per kilogram 
MCL maximum concentration level 
MIW mine influence water 
NCP National Contingency Plan 
NTCRA Non-Time-Critical Removal Action Decisions 
NRHP National Register of Historic Places 
PWMS Passive Water Management System 
ppm parts per million 
OSHA Occupational Safety and Health Administration 
CSHPO Colorado State Historic Preservation Office 
SL screening levels 
TR target risk 
TU Trout Unlimited 
USFS U.S. Forest Service 
USGS U.S. Geological Survey 
XRF x-ray fluorescence spectrum analyzer 
yd3 cubic yards 

  



 

July 2018 1  
  

 

Executive Summary 

Lidstone & Associates, a Wenck Company (LA) has prepared this Engineering Evaluation/ 
Cost Analysis (EE/CA) for future restoration work at the Waldorf Mine (aka Wilcox Tunnel) in 
Clear Creek County, Colorado. Objectives are to: 

 Improve the water quality in Leavenworth Creek by decreasing or eliminating the 
sources of acid mine drainage (AMD). 

 Manage future surges or “blow-outs” from the Waldorf/Wilcox Tunnel portal to reduce 
potential damage to the site. 

 Manage the routine drainage flow from the portal to reduce metals loading to the 
creek. 

 Capture and manage the seeping ground water flow from the waste rock pile. 

 Maintain, as feasible, the historic appearance and nature of the site. 

This EE/CA considers the nature of the contamination, potential risks to human health and 
the environment, and how potential removal action alternatives fit into the overall strategy 
for site remediation. The following tasks were addressed as part of the EE/CA: 

 Site characterization (Section 2) 

 Review of previous work at the site (Section 2.3) 

 Streamlined human health and ecological risk evaluations (Section 2.5) 

 Identification of potential water management strategies (Section 4.3) 

 Identification and analysis of removal action alternatives, including order of magnitude 
costs (Section 5) 

 Comparative analysis of alternatives (Section 6) 

 Recommended removal action alternatives (Section 7) 

The following removal actions are recommended for evaluation (Section 7): 

Flow path for blow-out and portal water management: 

 Future surges of discharge from the portal will flow through a new energy-dissipating 
channel and routed to the existing 2015 riprap channel. The basin in front of the 
portal will also be improved to reduce damage from a blow-out event. This 
Alternative could be funded and implemented independently, preferably fall/summer 
of 2019. 

 The “non-surge” or normal discharge from the portal could be routed around the 
western waste rock dump and the metal loading could be reduced with a Passive 
Water Management System (PWMS) followed by discharge to the existing 2015 
riprap channel which will be configured as an aerated wetland or aerated channel. 
Pilot testing could provide data to evaluate the efficacy of the system. 
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 Collection and diversion of potentially clean ground water upstream of waste rock 
dump.  

 Collection of AMD seep water downstream of waste rock dump. 

 A suitable repository area will be located near the waste rock dump and the west 
lobe of waste rock dump material will be transported to the repository. The 
remaining waste rock dump material from the central and east lobes could be 
transported to a repository at a later date if needed.  
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1.0 Introduction 

Trout Unlimited (TU) retained LA to prepare an EE/CA for future restoration work at the 
Waldorf Mine (Site) in Clear Creek County, Colorado. See Figure 1-1. (Site Coordinates = 
Lat: 39°38'20.84"N / Long: 105°45'33.66"W). This EE/CA has been conducted with the 
intent of future mine restoration activities at the Site focusing on, but not limited to, mine 
waste dump reclamation, portal discharge improvements, portal discharge/waste rock dump 
seepage management. The overall goal is to improve the water quality in Leavenworth 
Creek, while preserving the historic appearance of the site. See Figure 1-2 for a site map. 
The US Forest Service (USFS) administers most of the land and will participate in the EE/CA 
and any subsequent removal actions. 

This EE/CA has been prepared in accordance with the criteria established under the 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), as well 
as sections of the National Contingency Plan (NCP) as applicable to removal actions (40 
Code of Federal Regulations [CFR] §300.415 [b][4][I]). The EE/CA is consistent with the US 
Environmental Protection Agency (EPA) guidance document, Guidance on Conducting Non-
Time Critical Removal Actions under CERCLA (USEPA, 1993). 

This document includes text excerpted from reports prepared by others and the term “acid 
mine drainage” or AMD may be used interchangeably with “mining influenced water” or MIW 
or “acid rock drainage” or ARD which is a subset of MIW. 

The primary sources of AMD are from the Waldorf/Wilcox Tunnel portal area and an 
adjacent mine waste rock dump (see Figure 1-2). The discharge from the portal is circum-
neutral (pH 7.4 s.u.) and it contains elevated concentrations of cadmium, copper, lead, zinc, 
and manganese. The portal discharge rate has been known to have increased dramatically 
once in a “surge event” in 2010. The event cannot be directly correlated to any specific 
human activity nor can the expected frequency or magnitude of future surge events be 
predicted with any certainty. 

Previous sampling and analysis work clearly shows that this discharge has caused an 
adverse change in the chemical characteristics of Leavenworth Creek. The metallic deposits 
at the site, located around the portal, may also present unacceptable risks to both human 
and ecological receptors due to high levels of cadmium, lead, manganese, and zinc that 
produce mining influenced water that does not meet drinking water standards. 

1.1 PURPOSE AND OBJECTIVES 

Exposure to the AMD from the portal and the waste rock dump levels detected at the Site 
may pose unacceptable risks to human health and/or the environment, both at the site and 
in Leavenworth Creek.  

This EE/CA provides an engineering evaluation to support future restoration work for the 
Site. It considers the nature of the contamination, potential risks to human health and the 
environment, and how potential removal action alternatives fit into the overall strategy for 
site remediation. 
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The goals for this EE/CA include: 

 Evaluate the results of previous studies and historic site data, conduct a data quality 
review, and collect additional information from the site to fill data gaps. 

 Complete a Streamlined Risk Evaluation for the Site, including the mine portal AMD 
and the waste rock dump.  

 Identify the overall remedial action objectives of the removal action and develop a 
list of applicable or relevant and appropriate requirements (ARARs) for the Site. 

 Identify a list of appropriate removal actions and applicable technologies, that 
potentially meet the ARARS. 

 Work with TU and the USFS to evaluate preferred alternatives for further 
consideration. 

 Develop estimated construction costs, long-term maintenance intervals and costs, 
and relative water quality/environmental benefits for implementing each select 
removal action alternative.  

 Review the selected removal action alternatives and identify the Preferred 
Alternative(s) for immediate implementation or further evaluation.  

 Satisfy CERCLA administrative record requirements for documenting the selected 
removal action. 

 Develop a phased plan for long-term improvements that will reduce the 
contamination of Leavenworth Creek and improve the Site so that it is safe for 
recreational activities while preserving the historic appearance of the Site. 
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2.0 Site Characterization 

2.1 SITE DESCRIPTION AND BACKGROUND 

Mining activity at the Site began in the 1850’s and continued until the 1950’s. Much of the 
ore from the Waldorf/Wilcox Tunnel (technically an adit), and the nearby Vidler Tunnel, was 
processed at the Waldorf Mill, and the wastes from the adit and mill ended up on the Site. 
Until the nearby Santiago Mine constructed its own mill, Santiago ore was transported 
downhill via aerial tramway to the Waldorf Mill for processing. The boundary for the EE/CA 
study area includes two areas, or regions. Region 1 includes the adit and the waste rock 
dump near the adit. Region 2 includes the dispersed tailings that were mostly deposited on 
hillside north of Leavenworth Creek. The immediate area around the adit and waste rock 
dump together covers approximately 10 acres. Region 2 is not part of the EE/CA evaluation, 
but this area is under consideration for a potential repository for waste rock dump material. 
Work was completed by TU in Region 2 in 2015 and 2017. 

The portal discharge is flowing at a rate of 80 to 120 gallons per minute (gpm), and runoff 
from the waste rock pile is acidic and contains dissolved metals. The AMD from the Site is a 
major contributor to downstream use impairments in Leavenworth Creek, which is a 
tributary of Clear Creek and eventually to the South Platte River. 

The contaminants of concern, as described in the report titled, “Leavenworth Watershed 
Abandoned Mine Sites: Evaluation of Existing Data and Data Gap Analysis Report” by URS, 
December 30, 2013 (URS Report), are cadmium, copper, lead, manganese, nickel, and zinc. 
Sovereign Consulting, Inc. (Sovereign) also collected additional soil and surface water 
samples in October 2016 to verify the sample results summarized in the URS report.  

2.1.1 Loading Due to Flowing Surface Water 
Assuming that the flow rate and contaminant levels observed during the field sampling 
event in October of 2016, by Sovereign are somewhat representative of average values, the 
discharge streams potentially contribute the following amounts of the identified constituents 
of concern to the Creek. 

Most investigators cited in Section 2.3 reported that constituent of concern concentrations 
decreased the further away a water sample was collected from the tunnel or waste rock 
dump. Consequently, the values estimated in Table 2-1 are likely to be attenuated by 
natural processes which could include:  

 adsorption (on to solid soil components), 

 complexation of constituents of concern with dissolved organic matter, 

 uptake into plants, and 

 precipitation of metal sulfides (e.g., ZnS) in response to sulfate reduction in anoxic 
conditions. 

The oxidation of dissolved manganese results in the precipitation of manganese oxide 
(MnO2), which is known to efficiently scavenge the constituents of concern and other metals 
via adsorption. An assessment of the adsorptive potential of the tunnel water follows. 
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Table 2-1: Calculated Constituent of Concern Loading from Wilcox Tunnel 
Discharge 

Constituents 
of Concern 

Concentration 
(mg/L) 

Flow, MGD 
120 x 1440 / 1,000,000 

Pounds of COC/Year 
Flow X Conc. X  

8.34 x 365 

Molar Ratio to 
“Baseline” 

Manganese Load 
Lead 0.016 0.173 8.4 0.0004 
Zinc 6.87 0.173 3,614 0.51 
Manganese 11.39 0.173 5,991 1.0 
Copper 0.15 0.173 81 0.012 
Cadmium 0.016 0.173 8.4 0.0007 

 
As shown in Table 2-1, the combined relative molar loading of lead, zinc, copper, and 
cadmium is about 52% of the “baseline” molar loading from manganese. Considered from 
an inverse perspective, this means that almost two gram-moles of manganese would 
deposit for every gram-mole of combined lead + zinc + copper + cadmium under aerobic 
conditions, such as those found in the wetland below the waste rock dump during the 
growing season.  

As discussed by Aranda (2010), the wetland downgradient from the waste rock dump acts 
as a “natural remediation buffer for metals coming from the tunnel and waste dump”. The 
above molar ratios for manganese vs constituents of concern supports this observation. 
However, Aranda and others (2012) suspected the precipitation of zinc via sulfate reduction 
may account for some of the variability in zinc isotope fractionation in pore water.  

The adsorption of zinc to manganese oxides in oxidizing conditions and the precipitation of 
zinc sulfide in reducing conditions are competing reactions that sequester zinc. Based on 
this, it can be deduced that the wetland behaves as a manganese and zinc “sink” during the 
short growing season and as a manganese and zinc “source” during the balance of the year 
when the wetland soils are likely to be anoxic and sulfate reduction processes predominate. 
Mobilization occurs (say in the winter), when manganese oxide zones turn anaerobic and 
MnO2 (and the zinc sequestered) are re-dissolved. 

In summary, the constituent of concern loading from the tunnel is likely attenuated by 
natural processes, but those processes vary through the calendar year and are reversible. 
Remedial technologies that rely on natural attenuation need to be designed to minimize 
seasonal variability. 

A similar surface water loading assessment was conducted for a flowing seep observed in 
DT-1 during the Sovereign site visit in 2016. Results of that assessment are provided in 
Table 2-2. 

Table 2-2: Calculated Constituent of Concern Loading from Dispersed Tailings Seep 

Constituents 
of Concern 

Concentration 
(mg/L) 

Flow, MGD 
120 x 1440 / 1,000,000 

Pounds of COC/Year 
Flow X Conc. X  

8.34 x 365 

Molar Ratio to 
“Baseline” 

Manganese Load 
Lead 2.9 0.0018 16 0.008 
Zinc 78.5 0.0018 430 0.68 
Manganese 97.6 0.0018 535 1.0 
Copper 21.2 0.0018 116 0.18 
Cadmium 0.007 0.0018 0.37 0.0003 

 
The lead and copper loading from the DT-1 seep is greater than the loading provided by the 
tunnel while the zinc, manganese, and cadmium loading are significantly less. 
Unfortunately, the combined relative molar loading of lead, zinc, copper, and cadmium from 
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the TD-1 seep is about 87% of the “baseline” molar loading from manganese. Considered 
from an inverse perspective, this means that only 1.15 gram-moles of manganese would 
deposit for every gram-mole of combined lead + zinc + copper + cadmium under aerobic 
conditions such as those found in the vegetated floodplain adjacent to Leavenworth Creek 
during the growing season. Natural attenuation via the adsorption process is probably not 
strong in this reach of the creek. 

2.1.2 Waste Rock Dump Constituent of Concern Loading Estimate 
A discernable seep was not present during the late fall 2016 Sovereign sampling event but 
was clearly visible when a representative from LA inspected the site in September 2016. 
However, one might infer the potential loading from a 1 gpm toe seep that might persist for 
nine months of the year using data collected during this and previous investigations. Waste 
rock dump seep data presented in Tables 2-2, 2-3, 2-4, 2-5 and the Sovereign solids 
leaching results are tabulated for comparison in Table 2-3. In all instances, the “worst” 
chemistry results were used for comparison.  

Table 2-3: Recap of Constituent of Concern Results from Waste Rock Dump 
Seepage or Leachate Testing 
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Table 2-4: Presumed Constituent of Concern Loading from Waste Rock Dump Seep 

Constituent of 
Concern  

Assumed 
Concentration 

(mg/L) 

Flow, MGD 
1 x 1440 / 1,000,000 

Pounds of COC / Nine 
Months Flow X Conc. 

X 8.34 x 274 

Molar Ratio 
to Manganese 

Load 
Lead 1.3 0.0014 4.3 0.009 
Zinc 30 0.0014 99 0.63 
Manganese 40 0.0014 13.2 1.0 
Copper 4 0.0014 13.2 0.09 
Cadmium 0.1 0.0014 0.3 0.001 

 
By inspection, the constituent of concern loadings from the waste rock dump seep are 
significantly less than the loadings from the Waldorf/Wilcox Tunnel (Table 2-1). This would 
be expected given the higher flow rates (120 gpm verses 1 gpm) for the Waldorf/Wilcox  

Tunnel. Based on the constituent of concern loading values listed in Tables 2-1 and 2-4, 
the relative loadings from the two main sources of MIW at the Site, ranked from the highest 
to the lowest, are: 

 Waldorf/Wilcox Tunnel, 
 Waste Rock Dump seepage. 

2.2 GEOLOGY 

2.2.1 Geologic Setting (Reference 1, pp. 1-4 thru 1-5) 
Leavenworth Creek is situated in the Colorado Mineral Belt in the central core of the Front 
Range of the Rocky Mountains. Leavenworth Creek is in the Argentine Mining District, 
which sits between the Georgetown-Silver Plume mining district to the north and east, 
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and Montezuma mining district to the southwest. The geology of the Argentine mining 
district is related to these surrounding districts.  

Pre-Cambrian rocks in the Argentine district include the Idaho Springs Formation (Early 
Proterozoic) and the Silver Plume Granite (Middle Proterozoic). In most places, the Idaho 
Springs Formation consists of coarse grained quartz-biotite schist inter-layered with 
injection gneiss. The dip of the schist is steep in most places and the regional strike is 
from north to northeast. Within the Argentine Mining District, the Idaho Springs 
Formation contains a greater amount of biotite gneiss, quartz feldspar gneiss, and 
hornblende gneiss. Additionally, lenticular masses of gneissic diorite and quartz diorite 
have been observed east of Argentine Pass (Lovering and Goddard, 1950). These Early 
Proterozoic rocks have an approximate age of 1.77 to 1.78 billion years ago (Kellogg et 
al. 2008). The Silver Plume Granite within the Leavenworth Creek area is related to the 
type locality to the north, but in the area of the Waldorf Mine is locally gneissic. 
Pegmatites associated with the Silver Plume Granite are also present within the study 
area. The Silver Plume Granite and associated pegmatites have an approximate age of 
1.4 billion years ago (Kellogg, et al., 2008). 

Laramide intrusions and associated mineral deposits in the Leavenworth Creek watershed 
are related to the emplacement of the Montezuma stock to the southwest. The Montezuma 
stock is one of several quartz monzonite stocks in the Colorado Mineral Belt, and the 
intrusion of the stock was localized on the west by the Williams Fork thrust fault and on the 
east by the Montezuma shear zone, a probable extension of a Precambrian shear zone in 
Leavenworth Creek (Neurerburg et al., 1972). The Montezuma stock is predominantly 
composed of quartz monzonite porphyry dikes. In the Leavenworth Creek vicinity these 
dikes have a more sodic composition and rhyolite and dacite porphyries are also abundant. 
An age for Laramide intrusions was constrained from a rhyolite porphyry in the 
Leavenworth Creek area at 36 million years ago (Kellogg, et al, 2008). These intrusions are 
related to the ore deposits in the Leavenworth Creek area and include galena, chalcopyrite, 
pyrite, and some sphalerite (CDPHE, 2000). Ore bodies were typically narrow, low grade 
veins within the parent wall rock matrix consisting of Silver Plume Granite, Idaho Springs 
Schist and granitic gneiss (USGS, 1935/USGS, 1951). 

Three faults have been traced through the Leavenworth Creek drainage. The most 
prominent fault, the Leavenworth Fault, strikes north-northeast along the path of  

Leavenworth Creek, but is concealed by overlying alluvial and glacial deposits (Widmann 
& Miersemann, 2002). The fault extends from Argentine Pass in the south, along 
Leavenworth Creek, through Leavenworth Mountain, and beneath the City of Georgetown 
to the north. This fault designates the contact between the Silver Plume Granite and 
quartz monzonite gneiss. An inferred fault has also been proposed along the lower portion 
of Leavenworth Creek that is possibly related to the Kennedy Gulch fault zone to the east 
(Widmann & Miersemann, 2002). Another fault strikes from McClellan Mountain in the 
northwest above the Santiago Mine Site to Mount Wilcox in the southeast. This fault is 
intersected by a shorter fault and series of veins that run parallel to the orientation of 
Leavenworth Creek (Lovering & Goddard, 1950). 

During the Quaternary, extensive glaciers covered the South Fork of Clear Creek and 
Leavenworth Creek areas. Fed by locally high precipitation rates along the Continental 
Divide, glaciers extended as far east as Dumont, during the Bull Lake glaciation, and to 
Empire, during the Pinedale glaciation.  
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2.2.2 Hydrology (Reference 1, p. 1-6) 
The hydrogeologic setting of Leavenworth Creek is a microcosm of the regional 
hydrogeologic setting and is characterized by an unconsolidated aquifer of alluvial and 
glacial sediments overlying a fractured crystalline bedrock aquifer (CDPHE, 2000). 
Leavenworth Creek is the primary surface drainage in the area. Its headwaters originate 
from a glacial cirque where surface water either infiltrates and recharges both crystalline 
bedrock and alluvial aquifers, or the runoff contributes to surface water. There are eight 
minor, unnamed streams which feed into Leavenworth Creek.  

Several mining tunnels and adits drain water into the Leavenworth Creek watershed. 
Leavenworth Creek flows to the northeast and the confluence with the South Fork of Clear 
Creek. The Vidler Tunnel diverts water draining from Peru Creek through the Continental 
Divide into the Leavenworth Creek watershed. About 0.65 miles above the confluence with 
South Clear Creek, water is diverted through an aqueduct to Green Lake. The hydraulic 
gradient along much of Leavenworth Creek is relatively gentle at approximately 0.02 feet 
per foot or 105 feet per mile. The gradient increases along the final mile above the 
confluence of Leavenworth Creek with South Clear Creek. 

The estimated mean annual discharge of Leavenworth Creek is 11,410-acre feet per year 
(15.8 cubic feet per second) (USGS, 1996). Mean annual precipitation in the area 
averages between 25 and 30 inches with a 2-year, 24-hour rainfall of 1.4 inches (Dunne 
and Leopold, 1978). The Leavenworth Creek watershed is approximately 7,642 acres or 
11.94 square miles in area. Leavenworth Creek is approximately 6.6 miles in length from 
its headwaters to the confluence with South Clear Creek. Elevation in the Leavenworth 
Creek watershed ranges from 13,860 feet at the summit of Mount Edwards to 9,380 feet 
at the confluence with South Clear Creek. 

2.2.3 Surface Water (Reference 1, p. 3-3 thru 3-7) 
Surface water quality in Leavenworth Creek is impacted by historic mining activities in the 
watershed. Per previous environmental studies, metal concentrations in Leavenworth Creek 
increase where Vidler tunnel drainage enters the creek (Story, 2009). Surface water in 
Leavenworth Creek is then further degraded by surface and shallow ground water derived 
from Waldorf/Wilcox Tunnel portal drainage, waste dumps, and tailings piles. In summary, 
the following sources contribute to the degradation of surface water in Leavenworth Creek.  

 Vidler Tunnel discharge contained concentrations of metals below the EPA 
benchmark values (aquatic life ambient water quality criteria). Zinc was detected at 
a concentration of 57.6 µg/L. However, once Vidler Tunnel discharge flows across 
waste rock below the tunnel, flows through the wetland area, and reaches  

Leavenworth Creek, the zinc concentrations in surface water increase to 142 µg/L 
(Story, 2009). 

 Waldorf/Wilcox Tunnel portal discharge contains elevated concentrations of metals 
and a relatively neutral pH. 
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 Waldorf Mine seeps/springs contain acidic pH levels and elevated concentrations of 
metals. Overall, concentrations of metals were higher in samples collected during the 
low flow sampling event relative to the high flow sampling event. Charts 2-1, 2-2 
and 2-3 by URS show this relationship, and pH remains consistent between high 
flow and low flow sampling events. Figure 1-1 shows some of the locations for the 
sample locations shown on Charts 2-2 and 2-3. It is likely that increased residence 
time in the waste dump is responsible for higher concentrations of metals during low 
flow. During high flow conditions, the discharge of shallow ground water to 
springs/seeps, along the topographic slope break, would be greater, potentially 
causing dilution of metals concentrations in seeps/springs emanating from the waste 
rock apron. Site sampling done by USGS in 2005 shows the concentration levels and 
relationships between the Waldorf seeps and discharges. Natural sources may also 
be impacting water quality. Although the abandoned mine sites are contributing 
concentrations of metals to portions of Leavenworth Creek, natural sources of 
sulfide minerals within the watershed need to be considered. The Silver Plume 
Granite and Idaho Springs Formation both contain ore-bearing veins of sulfide 
minerals, which naturally react with surface water and ground water and may 
contribute to metal loading of Leavenworth Creek. 

 Chart 2-1 represents an evaluation of the pH and zinc loadings during high flow 
and low flow. As can be seen from the chart, pH is unaffected by flow rate, while the 
zinc loading is highest at low flow, indicating an influence of residence time on the 
concentration. 

 Explanatory note for Chart 2-1:  

WMA-01 is the adit discharge. After the 2010 surge event, the adit discharge 
flowed through a gully in the dump then split and followed two flow paths. WMA-02 
and WMA-03 are stations established in the two split flow paths to determine if 
transit over the dump affected the water quality. WMA-02 and WMA-03 no longer 
exist since the diversion of adit flow around the dump was rebuilt. WMDS-01 and 
WMDS-02 are two of the acid seeps at the toe of the dump (Ref. Allen Sorenson, 
2017). 

2.2.4 Soils (Reference 1, p. 3-2) 
Soils sampling has been completed several times by various entities over the past 25 years 
(see Section 2.3). Most recently in 2016, Sovereign sampled soils in the waste rock dump 
(Region 1) and the dispersed tailings (Region 2), using X-Ray Fluorescence analysis (XRF) 
(see section 2.3.1). A geochemical study of soils by Aranda and others (2012) at the    
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Chart  2-1: Zinc Concentrations and pH During Periods of High and Low Flow at Waldorf Mine  
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Chart  2-2: Leavenworth Creek Profile and High Flow Metal Loading Rates 
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Chart  2-3: Leavenworth Creek Profile and Low Flow Metal Loading Rates 
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Waldorf Mine revealed elevated metals concentrations, particularly copper, iron, and zinc, in 
soil and soil pore water samples from locations near the waste dump, downgradient of the 
waste dump, and further downgradient in a wetland adjacent to Leavenworth Creek. The 
concentrations of copper, iron, and zinc in the soil samples were generally higher in near-
surface soil samples and decreased with depth (below 0.3 m). Similarly, soil pore water   
samples exhibited higher copper, iron, and zinc concentrations near the ground surface and 
decreased with depth, while pH increased with depth. Metals concentrations in soil and soil 
pore water were highest and pH in pore water was lowest near the Waldorf Mine waste 
dumps. These results further suggest that soil in the Waldorf Mine area can be a significant 
contributor to metal loading in Leavenworth Creek in the soil substrate (Aranda et. al., 
2012). Malem (2006) also conducted extensive soil sampling of the waste rock dump, 
including deeper soil within the waste dump. 

2.2.5 Ground Water (Reference 2, p. 3-8) 
Tracer injection studies and shallow piezometers installed in the Waldorf Mine waste dump 
and downslope from the waste dump indicate that shallow ground water is impacted. 
Ground water is impacted in the following locations: 

 Shallow ground water in the Waldorf waste dump, 
 Shallow ground water below the Waldorf waste dump, and 
 Shallow ground water in the wetlands adjacent to the Waldorf waste rock dump. 

Surface water samples collected during Fey and Wirt’s (2007) tracer injection study 
indicate that concentrations of zinc gradually increase in Leavenworth Creek below the 
Waldorf dispersed tailings, downstream of the Waldorf Mine waste dump and the Wilcox 
portal discharge. It is possible that surface water infiltration through the dispersed mill 
tailings contributes zinc to shallow ground water, and this impacted shallow ground water 
is discharging to Leavenworth Creek. 

2.2.6 Climate (Reference 2, p. 2-2) 
Precipitation in the study area falls primarily as snow during October through May. Short, 
locally intense thunderstorms occur in summer, but usually cause only minor, short-
duration rises in the creek’s stage. Storm runoff from rainfall contributes relatively little to 
the total annual flow in the creeks and produces peak flows that are small compared to 
snowmelt peak flows. Average precipitation varies with altitude and position relative to 
major topographic features like the Continental Divide and Mount Evans (Stevens, 2001). 

Climatic data for Georgetown and Cabin Creek above Georgetown are provided in Table 2-
1 and Table 2-2. Average annual precipitation ranges from 16 to 19 inches near 
Georgetown and Cabin Creek above Georgetown. Georgetown is located north of 
Leavenworth Creek and at a lower elevation, approximately 8,600 feet above mean sea 
level (amsl). Upper Cabin Creek Reservoir is located immediately east of Leavenworth 
Creek, at a more similar elevation, approximately 11,200 feet. 
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Table 2-5: Climatic Data for Georgetown, Colorado (053261) 
Monthly Climate Summary 

Period of Record: 8/1/1948 to 12/31/2005 
 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 
Average Max. 
Temp. (F) 36.8 38.9 42.6 50.7 61.7 72.2 78.2 75.6 68.9 59.2 45.1 37.5 55.6 

Average Min. 
Temp. (F) 15.6 16.4 19.0 25.9 34.7 41.9 48.6 46.8 39.6 31.9 22.7 16.8 30.0 

Average Total 
Precip. (inch) 0.64 0.67 1.28 1.95 1.81 1.50 2.11 2.22 1.44 0.98 0.82 0.74 16.16 

Average Total 
Snowfall (inch) 10.5 9.6 16.6 17.4 6.0 0.9 0.0 0.0 2.1 6.3 11.4 9.7 90.6 

Notes: 
Percent of possible observations for period of record. 
Max. Temp.: 50.4%; Min. Temp.: 53.1%; Precipitation: 69.4%; Snowfall: 66.7%; Snow Depth: 59% 

 

Table 2-6: Climatic Data for Cabin Creek Reservoir, Colorado (051186) 
Monthly Climate Summary 

Period of Record: 1/1/1968 to 1/21/20155 
 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 
Average Max. 
Temp. (F) 36.8 32.8 37.5 43.4 53.1 64.1 69.3 67.3 60.7 50.1 38.5 32.4 48.4 

Average Min. 
Temp. (F) 9.9 10.3 14.4 20.8 29.9 38.1 43.1 41.7 35.3 26.7 16.4 11.1 24.8 

Average Total 
Precip. (inch) 0.71 0.86 1.7 2.38 2.06 1.66 2.68 2.75 1.61 1.35 1.08 0.92 19.76 

Average Total 
Snowfall (inch) 13.2 14.4 26.2 24.8 9.4 1.4 0 0 3 11 15.8 16.4 135.6 

Average Snow 
Depth (inch) 8 8 6 4 1 0 0 0 0 1 2 6 3 

Notes: 
Percent of possible observations for period of record. 
Max. Temp.: 97.5%; Min. Temp.: 98.9%; Precipitation: 98.4%; Snowfall: 96.1%; Snow Depth: 77.2% 
Source: Western Regional Climate Center, wrcc@dri.edu; http://www/wrcc.dri.edu/cgi-bin/cliMAIN.pl?co116  

 
2.2.7 Vegetation and Wildlife (Reference 1, p. 1-7) 
Leavenworth Creek is in a sub-alpine to alpine environment with stands of Engelmann 
spruce trees at higher elevations and sub-alpine willow communities within the creek and 
wetland areas. Mountain chickadee, Stellar jay, blue grouse, raven, and Clark’s nutcracker 
are common bird species within this subalpine and alpine environment. Ground squirrels 
have been observed at Waldorf Mine site (Pearson et al., 1997). Pine squirrel, pine marten, 
black bear, and bighorn sheep are among the more common mammals in this forest 
(USDA, 2010). Anecdotal observations of moose in the willows near Leavenworth Creek 
have been reported (Sorensen, 2017, Ref. 42). 

2.2.8 Federally Threatened and Endangered and State Species of Concern 
(Reference 1, p. 1-7) 

The Boreal toad is a Colorado State endangered species, threatened primarily by the 
spread of Chytrid fungus (USEPA, 2011b). Boreal toads have not been observed in 
Leavenworth Creek, but suitable habitat does exist below the Waldorf Mine. South Clear 
Creek is known to be a historical Boreal toad breeding ground (USEPA, 2011b). 

2.2.9 Cultural Resources 
The cultural resources of the Site were first inventoried by the Colorado State Historic 
Preservation Office (CSHPO) in October 1982 (Bradley, 1982). The Site was identified as 
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Resource No. 5CC 174 and the Waldorf (town) Site was assigned the temporary number 
10/04/0004. The record consists of two forms: #618 (Architectural/Historic Component 
Form) and #619 (Inventory Record Form).  

The data in Form #619 indicates that the site exhibited “historical significance associated 
with significant events or patterns” but no buildings remained as of 1982. Whatever major 
structures that were present at the cessation of mining reportedly burned to the ground 
around 1972. 

The data in Form #619 included a sketch map showing the approximate locations of: 

 A “five-panel wooden retaining wall” (still present in 2016), 
 A “rubble (rock) wall about 15 ft. high” (still present in 2016), and 
 A “railroad bed grade – barely visible” (much overgrown in 2016). 

C. Bradley assessed the site as “Not Eligible” (for inclusion on the National Register of 
Historic Places (NRHP)) and no management recommendations were offered. 

Form #619 information included that the Waldorf post office was listed as the highest in the 
United States (11,666 feet.) (Bradley, 1982). 

The Site’s cultural resources were re-evaluated in July 1999 and October 2000 (Held, 2000). 
The Site was identified as Resource No. 5CC 174/5CC 592. The records include a two-page 
Historic Archeologic Component Form (#OAHP1402) and a four-page Management Data 
Form (#OAHP1400) with six pages of attachments that include a location map (USGS 7.5 
min. Quadrangle Gray’s Peak, Colorado) and five pages of black and white photos, some by 
L.C. McClure circa 1910 that were obtained from the Denver Public Library archives. 

The site was assessed to be… “Associated with events that have made a significant 
contribution to the broad pattern of our history…” on a “local level of significance”. The 
National Register Eligibility Field Assessment deemed the site Eligible with the following 
Statement of Significance: 

Location of the Waldorf Townsite; also the location of the Wilcox Tunnel. 
Waldorf "Dump" determined Not Eligible in 1993. Although the mill site and 
adjacent, associated claims were not surveyed or patented until 1903, 
mineral discoveries in the immediate area dated to the late 1860s. By the 
early teens of the 20th century, interest in selected claims within the Waldorf 
basin (the East Argentine District) was rekindled following the construction of 
the Argentine Central Railroad by Edward Wilcox. Soon after, the Town of 
Waldorf arose, containing eventually a boarding house, a hotel, stables, 
machine shops, a post office, and a large gravity-fed processing mill. The 
town functioned into the 1920s; many of its buildings remained intact until 
the late 1960s. The Waldorf dump site has been determined not eligible for 
inclusion within the NRHP, and the low integrity and loss of association and 
feel as an ore processing location or townsite, this site is none-the-less 
significant in the history of the metal mining industry in Colorado and is 
recommended as Eligible for inclusion within the NRHP. 

The site was designated as a local landmark “Within the Colorado Silver Heritage Area of 
Upper Clear Creek County, Colorado”.  

Threats to the cultural resource included: “water erosion, recreation, and construction”.  
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The CSHPO’s management recommendation (Held, 2000) for the site was: “Preserve in 
present condition. Do not remove.”  

2.3 PREVIOUS SITE INVESTIGATIONS AND MANAGEMENT 

(REFERENCE 1, PP. 2-12 THRU 2-19) 

A summary of results from the previous environmental assessments is described below. 

 In 1991, the Colorado Geological Survey conducted an abandoned mine inventory of 
the Site. Data collection included field chemistry and field observations but not 
sample collection for laboratory analysis. Data sheets from the inventory show that 
the pH of the portal discharge ranged from 7.0 to 8.2 s.u., with conductivities 
ranging from 100 to 700. The conductivity unit of measure was not given [but is 
assumed to be microsiemens/cm (mS/cm) to be consistent with Sovereign 2016 
data]. The Colorado Department of Public Health and Environment (CDPHE) 
collected ten source samples (CCWM-S0-1 through CCWM-SO-SA) from four 
locations on the Waldorf Mine waste dump (CDPHE, 2000). Samples were collected 
at depths of 0 to 6 inches and 2 to 4 feet. Inorganic substances detected included 
the following with the highest concentration in parentheses: Aluminum (5,570 parts 
per million (ppm)), barium (203 ppm), cadmium (26 ppm), chromium (11 ppm), 
copper (2,370 ppm), iron (37,900 ppm), lead (7,500 ppm), manganese (2,870 
ppm), nickel (20.2 ppm), selenium (156 ppm), silver (24.9 ppm), and zinc (6,080 
ppm). 

 The Bureau of Reclamation (BOR) submitted a Preliminary Assessment report of the 
Waldorf Mine/Santiago Mine site in January 1997 (Pearson, et al., 1997). The 
objective of this Preliminary Assessment was to gather information to assess the 
threat to human health and the environment and to determine whether additional 
action was necessary at the site. BOR collected four samples of the Waldorf Mine 
waste dump for X-Ray Fluorescence analysis (XRF) and obtained water quality field 
measurements. The XRF analysis indicated elevated levels of lead in the waste 
material. A sample of mine waste collected from the base of the middle lobe was 
mixed with water, and the pH of the paste was measured as 2.5 s.u. This was 
opposed to a pH of 6.5 to 7.0 s.u. measured in the seep emerging from the toe of 
the waste pile just 2 feet away. This indicates that there is significant potential for 
acid pickup/metals leaching for water which percolates through the waste piles 
(Pearson, et al., 1997). 

 The CDPHE conducted a comprehensive investigation at the Site in October 1998. 
The objective of the investigation was to determine whether a CERCLA Removal 
Action would be required at the site. Per this study, water from the [adit] portal 
showed elevated levels of cadmium, aluminum, copper, iron, manganese, nickel, 
and zinc. Surface water samples collected from discharges located at the base of 
separate lobes of the waste dumps below the portal also showed similarly elevated 
levels of the same metals. Metal concentrations along Leavenworth Creek were also  

 elevated downstream of the tributary carrying the portal discharge. Metal 
concentrations in this tributary were found to decrease with distance from the 
portal. Due to decreasing concentrations, the authors of this study concluded that 
no other significant sources of metals contamination were present along 
Leavenworth Creek between the Waldorf Mine and South Clear Creek (CDPHE, 
2000).  
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 Sodium chloride (NaCl) tracer injection studies combined with electrical conductivity 
surveys were conducted by McDougal and Wirt in July 2002 to identify flow paths and 
potential sources of metals-impacts to Leavenworth Creek. Results indicated that two 
main flow paths are evident at the Site 1) through the waste dump and 2) beneath 
the waste dump (McDougal and Wirt, 2007). McDougal and Wirt concluded that the 
source of these flow paths through the waste dump is likely discharge from the 
Wilcox portal that travels through the waste dump and discharges in the seeps 
below (McDougal and Wirt, 2007). The source of the flow path beneath the waste 
dump was thought to be ground water mixing with portal water that flows 
horizontally beneath the waste dump and discharges in the wetlands (McDougal and 
Wirt, 2007). 

 Fey and Wirt conducted a lithium bromide (LiBr) tracer injection study (July 2002) 
and synoptic water quality sampling (August 2003) during low flow conditions to 
identify mine-related inflows and develop a detailed loading profile in a reach of 
Leavenworth Creek. The objective of these tracer and synoptic studies was to gain 
a better understanding of the sources of water and contaminants and metal 
loading, as well as identify typical geochemical processes that affect concentrations 
of metals and loads in the creek. Fey and Wirt concluded that metals are 
“predominantly derived from the historical Waldorf mine” with sources including the 
portal, the waste rock, and the tailings pile. During the study, Waldorf/Wilcox 
Tunnel portal discharge was rerouted around the waste dump in an attempt to 
reduce metal loading to the stream. After rerouting, “concentrations of copper and 
zinc were still present in concentrations near or exceeding cold-water acute and 
chronic aquatic life standards”. To adequately reduce metal loading, Fey and Wirt 
recommended removal of the tailings, waste rock, and “point-source treatment of 
the adit discharge”. Fey and Wirt also indicated that plugging the portal would not 
be effective due to the intricate underground workings and tunnels. Per Fey and 
Wirt, “metal impacted water would probably exit the ground through other 
available paths to the surface with similar results” (Fey and Wirt, 2007). 

 Witte and others (2003) conducted a geochemical analysis of Engelmann Spruce 
(Picea engelmannii) tree ring samples and top layer and root zone soil samples from 
near the Waldorf mine 1) to determine if this tree species recorded changes in metal 
loading related to historic mining activity, 2) to evaluate which metals were more 
reliable for monitoring metal loading, and 3) to determine if the Engelmann spruce 
tree ring samples could be used as a geochemical proxy for establishing pre-mining 
baselines for soil metal concentrations. 

The authors conclude that a control area could be used to quantitatively determine 
the pre-mining baseline soil metal concentrations. The authors did not establish a 
control area at the site, but this type of biochemical information could be utilized for 
future site monitoring to access the any reclamation efforts.  

 In 2004, the USGS conducted short-term and long-term leaching tests on mine 
waste piles from 13 mines in the Montezuma District, including the Waldorf Mine, to 
create a geochemical fingerprint of each mining site, to observe the changes in 
leachate geochemistry and properties between 5 minute and 18-hour laboratory 
leachate tests, and to create a risk-based ranking of mines in the Montezuma 
District (Hageman, 2004). Analytical methods of mine waste leachate included pH, 
specific conductance, metals analysis, net-acid production analysis, and mercury  
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analysis. These analyses were conducted on 5-minute and 18-hour timescales. The 
5-minute leach test simulated a short-term runoff event, such as a summer 
thunderstorm, whereas the 18-hour leach test simulated longer-term leaching, such 
as snowmelt. 

The results of the 2004 USGS leachate test for the Waldorf Mine concluded that out 
of the 13 mines studied, the Waldorf Mine had the second most “toxic geochemical 
runoff characteristics for potential effects due to an event such as a thunderstorm 
(5-minute leach test)”, the most “toxic geochemical runoff characteristics for 
potential effects due to an extended leaching event (18-hour leach test)” and was 
ranked fourth for net-acid production. An increase in pH occurred in leachate from 
the Waldorf Mine waste composite that showed a rise in pH from 3.1 s.u. after 5 
minutes to 3.3 s.u. after 18 hours. (+0.2 pH units). This indicates some 
neutralization of the leachate over time. Leachate from the Waldorf Mine waste had 
high specific conductance with measurements of 1,040 μS/cm after 5 minutes, 
rising to 1,092 μS/cm after 18 hours. Waldorf leachate had the second highest 
leachate concentration of calcium that ranged from 82 mg/L in the 5-minute 
leachate to 120 mg/L after 18 hours. Following are summaries of selected trace-
element trends portrayed in the time study (5 minute vs. 18 hour) of the Waldorf 
mine waste leachate. Results are summarized in Table 2-7 below. 

Table 2-7: Waldorf Mine Waste Rock Leachate Results from Hageman (2004) 
Leach Test 

Type 
AL 

µg/L 
Cd 

µg/L 
Cu 

µg/L 
Fe 

µg/L 
Mn 

µg/L 
Hg 

µg/L 
Ni 

µg/L 
Pb 

µg/L 
Zn 

µg/L 
5-minute 8,2301 122 4,4002 7,910 31,5002 ND 117 190 23,900 
18-hour 8,0101 140 4,4102 744 40,9002 ND 126 1,290 25,500 
Notes: 
µg/L = micrograms per liter      
1 Waldorf Mine leachate had the highest concentrations of aluminum out of the 13 mine waste piles 
analyzed. 
2 Waldorf Mine had the second highest concentrations of copper and manganese, second only to the 
Santiago Mine out of the 13 mine waste piles analyzed. 

 
 The 2005 sampling of surface water and ground water from ten piezometers near 

the portal, waste dumps, and tailings, and wetlands downstream of the Waldorf 
Mine revealed high concentrations of metals, low pH, and low dissolved oxygen 
near the mine waste dumps and tailings (Malem, 2006). In piezometers slightly 
downstream of the waste dumps and tailings, metals concentrations decreased to 
moderate levels. Ground water from the wetlands area exhibited low metals 
concentrations, moderate pH, moderate dissolved oxygen, and low conductivity. 
Results for copper, iron and zinc are summarized in Table 2-8. 
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Table 2-8: Total and Dissolved Metals for Ground Water and Surface Water 
Sampling (USGS, 2005) 

Location Sample 
Location 

Copper (µg/L) Iron (µg/L) Zinc (µg/L) 
Dissolved Total Dissolved Total Dissolved Total 

Portal Discharge WS-ADIT 150 240 < 50 1540 9,120 9,660 

Along Edge of Mine 
Waste Dump 

PZ502 26.9 80.8 < 50 6,190 1,380 1,400 
WS502 118 180 54 745 8,940 9,470 
PZ503 947 969 < 50 1,160 8,060 7,960 
WS503 1,420 1,450 989 1,400 12,900 12,900 
PZ504 2,130 2,200 1,480 3,210 17,200 17,700 
PZ505 3,510 3,590 377 3,390 27,200 27,600 

Downstream of 
Waste Dump 

PZ511 4.6 118 2430 7,520 368 561 
PZ512 388 445 6,800 7,380 4,000 4,140 
PZ513 13.4 NA 141 NA 882 NA 

Wetlands 
Downstream of 
Waldorf Mine 

PZ514 4.9 104 < 50 1,270 1,700 2,190 
WS514 7.2 13.5 < 50 < 50 2,070 2,260 
PZ515 6.6 10.6 < 50 202 812 808 
WS515 9.7 11.1 < 50 < 50 1,150 1,170 
PZ516 7.2 116 2940 5,200 362 314 
WS516 43.8 184 < 50 1,230 759 668 
TR295 172 178 162 1000 2570 2700 

Notes: 
NA = no data reported     PX = piezometer sample     WS = surface water sample 

 
 Story (2009) concluded that cadmium and zinc concentrations in surface water 

increase where Vidler Tunnel and fen surface water discharges converge with 
Leavenworth Creek. The fens are wetlands fed by mineral rich ground water located 
adjacent to the Waldorf waste dump and tailings. Surface water discharges to 
Leavenworth Creek from two fens were studied below the Site, Fen 1 to the south 
(upstream) and Fen 2 to the north (downstream). Fen 1 and Fen 2 discharge surface 
water had respective zinc concentrations of 4.3 µg/L and 77.2 µg/L and respective 
hyporheic (surface and subsurface pore-water) water concentrations of 11.4 µg/L 
and 22.5 µg/L. The western bank of Leavenworth Creek hyporheic water samples 
where Fen 2 discharge converged with Leavenworth Creek contained zinc 
concentrations of 429 µg/L (Story, 2009). Comparison of water levels in shallow 
piezometers placed in the hyporheic zone along the center line and left and right 
banks of Leavenworth Creek and creek levels showed an upward hydraulic gradient, 
indicating influx of ground water into the creek, throughout the study area. 

 Aranda (2010) collected samples from the Waldorf tunnel discharge, seeps below the 
waste dump, shallow soil pore water, shallow soils, and from shallow piezometers 
and concluded that the bulk water chemistry was similar. However, the trace metal 
concentrations were variable for the tunnel discharge, waste rock seeps, and wetland 
locations. The mine tunnel discharge water had a circumneutral pH and elevated 
concentrations of zinc and manganese. Ground water seep samples collected at the 
toe of the waste dumps had a low pH and elevated concentrations of zinc and 
manganese, and several additional metals resulting from the low pH conditions. 
Aranda concluded that the source of the metals in the wetland was from the tunnel 
discharge and waste dump seeps moving through shallow ground water pathways, 
and that the presence of elevated metals concentrations in deeper ground water flow 
paths was likely. Results of the study showed that metals concentrations decreased 
with distance from the tunnel, metals concentrations in wetland soils exceeded pore 
water concentrations, and were interpreted to indicate that the wetland is acting as a 
“natural remediation buffer for metals coming from the tunnel and waste dump” 
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(Aranda, 2010). Aranda also concluded that “because ground water is flowing into 
the base of the waste dump, re-routing of the tunnel water and the waste dump had 
(and will continue to have) little impact on metal loads entering the wetland” and 
that “removal of the waste dump and Revegetation of the underlying soil may 
significantly improve the water quality but would not completely eliminate the 
problem” (Aranda, 2010). 

 Samples collected during the CDPHE and Colorado Division of Reclamation, Mining 
and Safety (CDRMS) June/August 2011 high-flow sampling event indicate elevated 
levels of dissolved metals in water discharging from the portal and in samples 
obtained from effluent drainages that travel around the Waldorf Mine waste 
dumps…. Surface water collected from the Waldorf Mine portal discharge contained 
elevated levels of dissolved cadmium, dissolved copper, dissolved lead, and 
dissolved zinc. Samples collected from the effluent drainages around the Waldorf 
waste dumps indicated constituents of concern generally decreased or remained the 
same with the exception of zinc. Seeps daylighting from the Waldorf Mine waste 
dump showed elevated results for all analytes. These results are summarized in 
Table 2-9. 

Table 2-9: Surface Water Samples from Waldorf Mine (June/August 2011, CDPHE 
and CDRMS) 

Sample Location Sample ID Cadmium 
(µg/L) 

Copper 
(µg/L) 

Lead 
(µg/L) 

Manganese 
(µg/L) 

Nickel 
(µg/L) 

Zinc 
(µg/L) 

Seep/Spring WMDS-01 70 2,100 170 18,700 80 16,800 
WMDS-02 73 2,400 360 20,800 83 17,900 

Waldorf Mine Adit 
Discharge WMA-01 21 550 8.9 9,300 N/A 6,300 

Effluent Around Waste 
Dump 

WMA-02 23 130 < 1 12,300 39 8,600 
WMA-03 22 120 <1 13,200 39 9,000 

Notes: 
µg/L = micrograms per liter; all reported metals concentrations are the dissolved fraction.  
Bold concentrations indicate values that exceed the benchmark concentration designated by EPA based on 
hardness. 

 
 Samples collected during the EPA September 2011 sampling event included a 

collection of additional surface water samples from the Waldorf Mine portal 
discharge, surface water flowing over the waste dumps, and seeps/springs at the 
base of the Waldorf Mine waste dumps. Sample results indicated that the portal 
discharge and effluent drainage around the Waldorf Mine waste dump showed 
similar results (with the exception of zinc that showed increased concentration in 
samples taken in the effluent drainages around the waste dump). Sample results 
from seeps/springs at the base of the Waldorf tailings showed that metal 
concentrations increased. These results indicate that significant metal loading occurs 
as Waldorf Mine portal discharge water flows through the waste dump. These 
sample results are summarized in Tables 2-10 through 2-12. 
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Table 2-10: Surface Water Samples from Waldorf Mine (September 2011, EPA) 
Sample 
Location 

Sample 
ID 

Cadmium 
(µg/L) 

Copper 
(µg/L) 

Lead 
(µg/L) 

Manganese 
(µg/L) 

Nickel 
(µg/L) 

Zinc 
(µg/L) 

Hardness 
(mg/L) 

Portal 
Discharge WMA-01 28.6 201 < 1 16,100 39.5 10,800 319 

Effluent 
Around Waste 
Dump 

WMA-02 26.1 44.8 < 1 15,400 39 9,580 316 

WMA-03 27.5 89.6 < 1 15,500 39.1 10,300 317 

Seep/Spring WMDS-01 133 3,460 322 31,700 120 31,400 338 
WMDS-02 126 3,660 582 32,400 125 32,700 341 

Notes: 
mg/L = milligrams per liter; µg/L = micrograms per liter 
All reported metals concentrations are the dissolved fraction. 
Bold concentrations indicate values that exceed the benchmark concentration designated by USEPA based on 
hardness. 

 
Table 2-11: Sediment Samples from Waldorf Mine (September 2011, EPA) 

Sample 
Location 

Sample  
ID 

Cadmium 
(mg/kg) 

Copper 
(mg/kg) 

Lead 
(mg/kg) 

Manganese 
(mg/kg) 

Nickel 
(mg/kg) 

Zinc 
(mg/kg) 

Effluent Around 
Waste Dump 

WMA-02 62 2,720 1,690 56,500 48.9 13,600 
WMA-03 355 995 2,570 16,900 20.1 66,100 

Seep/Spring WMDS-01 2.5 203 932 167 < 4 337 
WMDS-02 9 201 1,330 385 < 4 1,650 

Notes:  
mg/kg = milligrams per kilogram  
Bold concentrations indicate values that exceed the benchmark concentration designated by USEPA 

 
Table 2-12: Soil Samples from Waldorf Mine (September 2011, EPA) 

Sample 
Location 

Sample 
ID 

Cadmium 
(mg/kg) 

Copper 
(mg/kg) 

Lead 
(mg/kg) 

Manganese 
(mg/kg) 

Nickel 
(mg/kg) 

Zinc 
(mg/kg) 

Western 
Waste Rock 
Pile 1A 

WT1A-01 < 5 < 25 < 10 18.4 < 40 34.9 
WT1A-02 10.4 117 1,250 3,970 10.8 1,690 
WT1A-03 12.7 96.4 1,470 2,870 7 2,300 
WT1A-04 15.9 117 2,270 2,930 11.3 2,870 
WT1A-05 10.9 36.9 1,670 1,790 5 1,990 

Western 
Waste Rock 
Pile 1B 

WT1B-01 10.5 477 937 4,220 < 40 1,940 
WT1B-02 3.4 342 1,920 2,260 < 4 478 
WT1B-03 0.9 58.1 976 216 < 4 226 
WT1B-04 6.6 152 1,710 1,650 10.7 1080 
WT1B-05 2.3 58.7 430 787 < 4 124 
WT1B-06 2.5 255 4,700 525 < 4 247 

Central 
Waste Rock 
Pile 2 

WT2-01 25.4 1,450 2,270 8,800 < 40 5,860 
WT2-02 3.3 929 2,990 517 < 4 566 
WT2-03 2.6 2,020 2,440 274 < 4 399 
WT2-04 2.6 1,470 3,150 157 < 4 353 
WT2-05 4.5 178 1,240 153 1.5 1,110 
WT2-06 1.9 1,630 2,080 74.2 1.2 336 

Eastern 
Waste Rock 
Pile 3 

WT3-01 24.6 958 1,590 8,550 < 40 4,970 
WT3-02 2.6 157 1,230 366 2.2 338 
WT3-03 2.8 210 1490 280 1.4 286 
WT3-04 2.7 69.7 730 149 1.8 405 
WT3-05 1.6 112 1,310 147 2.6 206 
WT3-06 1.4 250 1,330 69.4 0.99 120 

Notes: 
mg/kg = milligrams per kilogram 
Bold concentrations indicate values that exceed the benchmark screening concentration designated by EPA. 
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 Aranda and others (2012) concluded that zinc isotopes of surface water, soil, and 
soil pore water from the Waldorf Mine site had a similar signature and thus, similar 
genetic origin. The authors found zinc did not significantly fractionate in surface 
waters but showed more variation in soil pore water. The study cited adsorption of 
zinc onto solid soil components, complexation of zinc with dissolved organic matter, 
uptake of zinc into plants, and the precipitation of zinc during sulfate reduction as 
reasons for variability in isotope fractionation in soil pore water. The investigation 
identified two chemically unique metal loading pathways: (1) through water draining 
from the portal and (2) through water from seeps at the base of the Waldorf waste 
dump. The authors suggested more study of ground water pathways in the vicinity 
of the Waldorf Mine. The authors conclude that remediation efforts at Waldorf Mine 
should focus “on limiting the generation of acidic mineral rich waters within the base 
of the waste dump”, and that a more comprehensive study of the Leavenworth 
Creek watershed is necessary to characterize all sources of metal loading to 
contextualize the impact of the Waldorf site (Aranda, et al., 2012). 

 URS (2013) review included 13 previous environmental investigations [that] have 
been conducted on the Waldorf Mine site focusing on surface water quality, soil, and 
sediment. These investigations included seven surface water quality assessments, 
six soil and waste dump assessments, and one sediment assessment. In summary, 
previous investigations identified the primary constituents of concern to be zinc, 
lead, copper, cadmium, manganese, iron, and low pH in surface water, soil pore 
water, and waste dump leachate. The Waldorf Mine features of concern are the 
waste dump and tailings, water discharging from the portal, and water emerging 
from the base of the waste dump. 

2.3.1 Sovereign Site Investigation – Data and Sample Collection 
Under contract to TU, Sovereign conducted a site investigation on October 10, 2016. The 
investigation team members traveled to the site, and performed the following activities 
under clear skies and ambient temperatures ranging from just above freezing to about 45 
degrees F. 

The samples collected included surface water samples of the portal discharge and seep 
water, composite soil samples taken from the waste rock dump, the dispersed tailings 
areas, and the Santiago mine dumps for leach testing, and soils testing with an XRF field 
instrument. Figure 2-1 shows sample locations and results for the water sampling 
conducted at the waste rock dump. Figure 2-2 shows the results for the soils sampling and 
leach testing. 

Flow Rate and Sampling of Wilcox Tunnel Portal 
The flow rate from the Waldorf/Wilcox Tunnel was measured using the bucket and 
stopwatch technique. The team measured the flow at a point in the diversion channel just 
downstream of the culvert beneath the access road to Argentine Pass. The channel was 
temporarily dammed with large rock cobbles and the impounded area was lined with a 
plastic sheet. All flow was diverted through a short length of 4-inch diameter PVC pipe. A 5-
gallon bucket was filled in about 2.5 seconds yielding an approximate flow rate of 120 gpm. 
Figure 2-3 shows the flow rate measurement set up at Wilcox Tunnel. 

 A water sample was collected at the Waldorf/Wilcox Tunnel portal. The following field 
data and lab results were measured: 

o pH: 6.74 s.u. 
o Temperature: 4.4 degrees C 



PORTAL IRON TERRACE

WRD 1

FLOW MEASUREMENT

PORTAL

FIELD WATER SAMPLES

Sample

Source Fe S Pb Zn Mn Cu SO4

pH

Cond. Alk.

(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)1 (SU)

mS/cm

(mg/L as CaCO3)

Portal CSM 2.3 88.9 ND 7.0 12.0 0.2 267 6.74 705 67

Portal Iron Terrace CSM 2.5 89.3 ND 6.8 11.8 0.2 268 7.09 704 67

Portal CA 2.3 NA ND 6.9 11.4 0.2 267.6 7.09 704 67

Portal Iron Terrace CA 2.6 NA ND 6.6 11.1 0.2 267.8 7.09 704 67

CSM = Colorado School of Mines

CA = Colorado Analytical
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Figure 2-3: Flow Rate Measurement at Wilcox Tunnel 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

o Specific Conductance: 705 µS/cm 
o Alkalinity: 67 mg/L 
o Oxidation Reduction Potential: +272 mv 

 Lab results for constituents of concerns, iron, and sulfate: 

o Lead = 0.016 mg/L 
o Zinc = 6.87 mg/L 
o Manganese = 11.39 mg/L 
o Copper = 0.154 mg/L 
o Cadmium = 0.016 mg/L 
o Iron = 2.33 mg/L 
o Sulfate = 276.6 mg/L 

Note: Iron and sulfate are included above and in subsequent sample results because 
their presence/absence can influence the design of certain water management 
strategies. These analytes also provide clues to understanding the geochemical 
environment of the source water.  
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 As the diversion channel exhibited iron deposition, a second water sample (labeled 
“PIT” for Portal Iron Terrace) was collected about 100 meters from the Waldorf/Wilcox 
Tunnel Portal where the channel bottom exhibited significant iron oxyhydroxide (yellow 
boy) accumulation. The following field data were measured: 

o pH: 7.09 s.u. 
o Temperature: 5.2 degrees C 
o Specific Conductance: 704 µS/cm  
o Alkalinity: 61 mg/L 
o Oxidation Reduction Potential: +245 mv 

 Lab results for constituents of concerns, iron, and sulfate: 

o Lead = 0.021 mg/L 
o Zinc = 6.56 mg/L 
o Manganese = 11.10 mg/L 
o Copper = 0.16 mg/L 
o Cadmium = 0.016 mg/L  
o Iron = 2.60 mg/L 
o Sulfate = 268 mg/L 

Waste Rock Dump 
In October 2016, Sovereign collected a composite solids sample of the waste rock dump 
(Figure 2-4) for subsequent leach testing. Thirty to 100 gram (approximately) randomly 
spaced sub-samples of mine waste were collected and mixed in a single 1-gallon capacity 
Ziploc plastic bag. Leachate tests were subsequently conducted on the composite sample 
collected in the field. The composite sample was then well mixed and sieved to pass through 
a 10-mesh screen. The sample was then subjected to the leachate test devised by the 
Colorado Division of Minerals and Geology (reference 39) and the filtered liquid leachate 
sample was sent to Colorado Analytical Laboratories, Inc. for analysis. The sample was 
tested for dissolved iron, silver, arsenic, barium, cadmium, chromium, copper, manganese, 
lead, selenium, zinc, sulfate, and mercury.  

 Leach test results for the constituents of concerns, iron, and sulfate follow. 

o Lead = 2.9 mg/L 
o Zinc = 78.5 mg/L 
o Manganese = 97.6 mg/L 
o Copper = 21.2 mg/L 
o Cadmium = 0.7 mg/L 
o Iron = 19.3 mg/L 
o Sulfate = 2,278 mg/L 

 The team characterized the waste rock dump with an XRF spectrometer for metals 
and sulfur at 30 randomly placed locations on the dump to verify previous work 
conducted in 2011. These locations were logged with a global positioning system 
unit. The XRF readings did not coincide with the random sub-sample collection sites 
that generated the composite sample for the waste rock dump. The composite 
sample was used for the previously-described leachate testing, which would indicate 
the relative mobility of metals that were observed present in the XRF readings. As 
such, the leach test data and XRF readings would not be directly comparable and 
they are not likely to agree. Average XRF values observed for the constituents of 
concerns, iron, and sulfur are: 
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Figure 2-4: Waste Rock Dump at Wilcox Tunnel 

 
o Lead = 2,430 mg/kg 
o Zinc = 900 mg/kg 
o Manganese = 3,010 mg/kg 
o Copper = 380 mg/kg 
o Cadmium = Below Detection Limit 
o Iron = 687 mg/kg 
o Sulfur = 68,500 mg/kg 

2.3.2 Site Investigation - Discussion 
The site investigation results were generally in agreement with previous work, which 
confirms that the contaminant levels and current portal discharge conditions are consistent, 
giving some confidence to the design conditions that were used to develop the alternatives. 
Note: The bulk sample leachate results previously described indicate the relative mobility of 
the constituents of concerns while the XRF results are indicative of the presence/absence of 
constituents of concerns. 

The iron, the constituents of concerns, and sulfur data derived from the XRF readings 
tabulated on Figures 2-1 and 2-2 were assessed as a means of estimating the relative 
presence of pyrite (FeS2), which is the mineralogical source of ARD. The results of the 
assessment are provided in Table 2-13.  
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Table 2-13: Theoretical Pyrite Content in Waste Rock Dump Based on XRF Data 

Area/Material 
Assessed 

XRF Fe 
mg/kg 

Fe 
Moles 
per 
kg 

Percent 
Fe in 

Waste 
Material 

XRF Total 
Cu/Zn/Pb 
Moles/kg 

XRF S 
Moles/kg 

Theoretical 
% of Fe as 

FeS2 

% 
FeS2 

in 
Waste 

Comments 

WRD 44,360 0.79 4.4% 0.03 2.14 100% 4.4% 

Waste rock dump has 
the most pyrite present 
among all sources and 
some sulfate (probably 
as gypsum); Cu, Pb, 
and Zn probably occur 
as sulfides too. 

 
The USEPA September 2011 data (Table 2-12) compare favorably with the Sovereign XRF 
data collected during the site visit. 

2.4 CURRENT SITE CONDITIONS - SOURCE AND NATURE OF IMPACTS 

Previous site investigations, plus Sovereign’s recent field activities, have provided a picture 
of the sources of the contamination that migrate to Leavenworth Creek. The 1997 
“Preliminary Assessment, Waldorf Mine/Santiago Mine, Clear Creek County, Colorado” 
concluded, “The pathway of primary concern is surface water. A release is occurring which 
impacts the aquatic environment and may eventually impact the water quality of 
Georgetown’s water supply”. Subsequent investigations have better defined the pathways 
for how the water from the portal and the seepage from the waste pile and dispersed 
tailings sites contribute to the degradation in the water quality in Leavenworth Creek as it 
passes by the mine location. 

2.4.1 Conceptual Site Model 
Using the information revealed in this and other investigations, a Conceptual Site Model 
(CSM) was developed to show the likely contaminant pathways in a simple to understand 
way. The CSM for the Site (Figure 2-5) includes the following components: 

 Santiago Mine (assumed to be partially flooded), 
 Waldorf/Wilcox Tunnel, 
 Waste Rock Dump near the tunnel portal, 
 A natural wetland/bog downgradient from the waste rock dump, and 
 Leavenworth Creek. 

The inferred interrelationships among the various CSM components range from simple to 
complex. Inferred CSM interrelationships for the Waldorf/Wilcox Tunnel include: 

 There is no direct connection between the inferred mine pool in the Santiago Mine 
and the Waldorf/Wilcox Tunnel. But their close proximity spatially, and observations 
recorded on a 1935 map of the tunnel strongly suggest that mine water impounded 
in the Santiago drains into the tunnel at a point about 2,200 feet from the portal. 

 Ground water upwelling through the waste rock dump; the source of this ground 
water could be neutral-pH ground water that follows a shallow aquifer perched above 
the relatively impermeable bedrock. The shallow aquifer would consist of glacial till 
and colluvium derived from bedrock. The waste rock dump materials were deposited 
in a way that allows contact with the shallow aquifer. 
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Figure 2-5: Conceptual Site Model of the Waldorf/Wilcox Tunnel and Waste Rock 
Dump 

 

 
 The ground water could also be mildly acidic and/or associated with a fault or facture 

as hypothesized by McDougal & Wirt (2007). 

 The natural wetland downgradient of the Waldorf/Wilcox Tunnel portal and waste 
rock dump could behave as a sink/source of heavy metal loading to Leavenworth 
Creek. During the summer when the vegetation is robust, oxidizing conditions likely 
promote the deposition of manganese oxide and the adsorption of a portion of the 
zinc load from the combined Waldorf/Wilcox Tunnel portal discharge and waste rock 
dump seepage. During the late fall, winter, and early spring, anoxic conditions in the 
wetland soils likely promote the dissolution of manganese and any zinc adsorbed to 
it. This sink/source situation is sustained by the constant metals loading from the 
Waldorf/Wilcox Tunnel portal and waste rock dump. Reducing these loads could 
eventually allow the metals sequestered in the wetland to be depleted. 
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3.0 Identification of Removal Action Objectives 
and Documentation of ARAR 

3.1 DETERMINATION OF REMOVAL ACTION SCOPE 

3.1.1 Removal Action Objectives 
The focus of this EE/CA is to present an analysis and outline of reclamation steps necessary 
to clean up the Site. Objectives are as follows: 

 Improvement of the water quality in Leavenworth Creek by decreasing or 
eliminating the sources of AMD. 

 To manage future surges or “blow-outs” from the Waldorf/Wilcox Tunnel portal to 
prevent damage to the site. 

 To manage the routine drainage flow from the Waldorf/Wilcox Tunnel portal to 
reduce metals loading to the creek. 

 To capture and control the seeping ground water flow from the waste. 

 To maintain, as much as possible, the historic appearance and nature of the site. 

3.1.2 Removal Action Justification 
According to 40 CFR 300.415(b), a Non-Time Critical Removal Action (NTCRA) is justified, if 
there is a threat to human health or the environment based on one or a combination of any 
of the eight factors listed in Table 3-1. 
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Table 3-1: Removal Action Justification 
Factor Site Condition Justified 

(1) Actual or potential exposure to nearby 
human populations, animals, or the food 
chain from hazardous substances, pollutants, 
or contaminants. 

Public access to AMD-impacted surface 
water and soil containing concentrations of 
metals exists. Animal populations have 
access to the AMD-impacted surface water 
(Section 2.5). 

Yes 

(2) Actual or potential contamination of 
drinking water supplies or sensitive 
ecosystems. 

Leavenworth Creek is tributary to Clear 
Creek, which is a source of drinking water 
for several communities downstream, and 
eventually to the South Platte River.  

Yes 

(3) Hazardous substances, pollutants, or 
contaminants in drums, barrels, tanks, or 
other bulk storage containers that may pose a 
threat of release. 

No drums, barrels, tanks, or bulk storage 
containers on the Site. No 

(4) High levels of hazardous substances, 
pollutants, or contaminants in soils largely at, 
or near, the surface, that may migrate. 

Concentrations of metals in reclaimed soils 
subject to erosion and migration. Yes 

(5) Weather conditions that may cause 
hazardous substances, pollutants, or 
contaminants to migrate or be released. 

Sediment subject to erosion during wind, 
high flows, rain events, and snowmelt 
could cause waste material migration. 

Yes 

(6) Threat of fire or explosion. No flammable materials on the Site. No 

(7) The availability of other appropriate 
federal or state response mechanisms to 
respond to the release. 

The Site is on USFS-administered land and 
is being addressed under USFS CERCLA 
authority. 

Yes 

(8) Other situations or factors that may pose 
threats to public health or the environment. None. No 

 
3.2 APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 

Section 300.415(j) of National Contingency Plan (NCP) requires removal actions pursuant to 
CERCLA Section 106, shall, to the extent practicable, considering the exigencies of the 
situation, attain ARARs under federal environmental or state environmental or facility siting 
laws". Table 3-2 lists the ARARs for the Site. 

  



Table 3-2: Applicable or Relevant and Appropriate Requirements 

Standard and Regulatory Citation Status Description Comment Chemical Location Action 

FEDERAL 

1 

EPA Ambient Water Quality Criteria 
(AWQC) EPA Water Quality Standards 
Handbook, EPA-820-B-14-008, 
September 2014. 

Applicable EPA's compilation of national recommended water 
quality criteria for the protection of aquatic life and 
human health in surface water for approximately 150 
pollutants. 

Future removal actions at the site will be intended to 
improve water quality in Leavenworth Creek.    

2 

Clean Water Act Water Quality 
Standards 33 USC 1251-1387, 
Section 303(c)(2)(B)  
40 CFR Section 440.40-440.45 
40 CFR Part 131, Quality Criteria for 
Water 1976, 1980, 1986 

Applicable Chapter 26, Water Pollution Prevention and Control, 
sets criteria for water quality based on toxicity to 
aquatic organisms and human health. 

Future removal actions at the site will be intended to 
improve water quality in Leavenworth Creek. 

   

3 

Safe Drinking Water Act National 
Primary Drinking Water Regulations 
and Maximum Contamination Goals 
National Secondary Drinking Water 
Regulations 40 USC 300   
40 CFR Part 141, Subpart B, pursuant 
to 42 USC 300(g)(1) and 300(j)(9)  
40 CFR Part 141, Subpart F, pursuant 
to 42 USC 300(g)(1) 

Potentially applicable Establishes health-based standards for public water 
systems (maximum contaminant levels) and sets 
goals for contaminants. CERCLA Section 
1211(d)(2)(B) provides that CERCLA response actions 
“shall require a level of standard or control which at 
least attains MCLGs established under the Safe 
Drinking Water Act.” Section 300.430(f)(5) of the 
NCP provides that remedial actions must generally 
attain MCLs or non-zero MCLGs if water is a current 
or potential source of drinking water. 

To be considered for drinking water quality 
downstream of the site. There are no wells used for 
drinking water at the site. 

   

4 EPA Region 3 Biological Technical 
Assistance Group (BTAG) Freshwater 
Screening Benchmarks and 
Freshwater Sediment Screening 
Benchmarks 

To be considered EPA Region 3, Oak Ridge National Laboratory (ORNL) 
Toxicological Benchmarks for Screening 
Contaminants of Potential Concern (ORNL, 1997) 

The Region III BTAG Screening Benchmarks are 
values to be used for the evaluation of sampling data 
at Superfund sites. These values facilitate consistency 
in screening level ecological risk assessments. 

   

5 EPA Ecological Soil Screening Levels 
(Eco-SSL) EPA Ecological Soil 
Screening Levels, OSWER Directive 
9285.7-60 through 9285.7-76 

To be considered  Ecological Soil Screening Levels (Eco-SSLs) represent 
the collaborative effort of a workgroup consisting of 
federal, state, consulting, industry, and academic 
participants led by the EPA. 

 

   

6 Endangered Species Act 
316 USC § 1531 (h) through 1543 40 
CFR Part 6.302 50 CFR Part 402 

Applicable, if present Act to protect habitat of endangered and threatened 
species. Activities may not jeopardize the continued 
existence of any threatened or endangered species or 
destroy or adversely modify a critical habitat. 

Wildlife and fisheries in Leavenworth Creek will be 
enhanced by this work    

7 Fish and Wildlife Coordination Act 
16 USC 1251 661 et seq.; 40 CFR 
6.302(g) 

Applicable Requires consultation when Federal agency. Proposes 
or authorizes any modification of any stream or other 
water body to assure adequate protection of fish and 
wildlife resources. 

Wildlife and fisheries in Leavenworth Creek will be 
enhanced by this work    

8 Historic Sites, Buildings, and Antiques 
Act and Executive Order 11593 
16 USC 461 et seq.; 40 CFR Part 
6.301 

 Potentially Applicable EPA is subject to the requirements of the Historic 
Sites Act of 1935, 16 U.S.C. 461 et seq., the National 
Historic Preservation Act of 1966, as amended, 16 
U.S.C. 470 et seq., the Archaeological and Historic 
Preservation Act of 1974, 16 U.S.C. 469 et seq., and 
Executive Order 11593, entitled Protection and 
Enhancement of the Cultural Environment. 

The site contains some remnants of historic mining in 
the area 

   

9 Migratory Bird Treaty Act 
16 USC §§ 703 et seq. 

Applicable, if present Establishes federal responsibility for the protection of 
the international migratory bird resource and requires 
continued consultation with the US Fish and Wildlife 
Service during remedial design and remedial 
construction to ensure that the cleanup of the site 
does not unnecessarily impact migratory birds. 

Bird migrations are typical of the region. 

   



Table 3-2: Applicable or Relevant and Appropriate Requirements 

Standard and Regulatory Citation Status Description Comment Chemical Location Action 

10 National Environmental Policy Act 
7 CFR 799 (1969)  
http://www.epa.gov/region9/nepa/ 

Applicable Section (102)(2) of NEPA requires all Federal 
agencies to give appropriate consideration to the 
environmental effects of their proposed actions. The 
Council on Environmental Quality regulations at 40 
CFR 1507.3(b) identify those items which must be 
addressed in agency procedures. 

Wildlife, fisheries, cultural resources will be 
considered. 

   

11 Protection of Wetlands Order, 
Executive Order 11990 
40 CFR Part 6 

Applicable Requires minimizing and avoiding adverse impacts to 
wetlands. 

Wetlands on the site will be maintained. 
   

12 Floodplain Management, Executive 
Order 1198842  
USC 4321 et seq.; 42 USC 4001 et 
seq. 

Applicable, if in floodplain Requires evaluating the potential effects of actions 
that may take place in a floodplain to avoid, to the 
extent possible, adverse effects associated with direct 
and indirect development of a floodplain. 

Some remediation activities may be in floodplains. 

   

13 Archaeological Resources Protection 
Act (ARPA) 
16 USC Section 470 et. Seq. 
40 CFR Part 7 
 

Potentially Applicable ARPA and implementing regulations prohibit the 
unauthorized disturbance of archaeological resources 
on public and Indian Lands. Archaeological resources 
are any material remains of past human life and 
activities which are of archaeological interest. 
Removal of archaeological resources from public or 
Indian lands is prohibited and any archaeological 
investigations at a site must be performed by a 
professional archaeologist. ARPA and implementing 
regulations are applicable for the conduct of any 
elected response action that may result in ground 
disturbance. 

Cultural resources. 

   

14 National Historic Preservation Act 
(NHPA) 
16 USC Section 470f 
36 CFR Parts 60, 63, and 800 
40 CFR Section 6.301 

Potentially Applicable Section 106 of NHPA process balances needs of 
federal undertaking with effects the undertaking may 
have on historic properties. 

Cultural resources will be maintained. 

   

15 Bevill Amendment  
RCRA Section 3001 (a)(3)(A)(ii)  
42 USC 6921 (a)(3)(A)(ii)   
40 CFR Section 261.4(b)(7) 

To be considered Exempts most mining wastes from regulation as 
hazardous waste. Exempted waste includes waste 
from the extraction and beneficiation of minerals, and 
some mineral processing waste. 

Waste products expected to be very minimal. 

   

16 Federal Land Policy and Management 
Act of 1976 
43 USC 1701 et seq. 

Applicable Governs the way in which the public lands 
administered by the USFS are managed. 

USFS staff are involved in the project. 
   

17 Federal Watershed Restoration and 
Enhancement Agreement (Wyden 
Amendment)  
16 USC 1011 

Applicable Allows the Secretary of the Interior for the purpose of 
entering into cooperative agreements with the heads 
of other Federal agencies, Tribal, State, and local 
governments, private and nonprofit entities, and 
landowners for the protection, restoration, and 
enhancement of fish and wildlife habitat and other 
resources on public or private land and the reduction 
of risk from natural disaster where public safety is 
threatened that benefit these resources on public 
lands within the watershed. 

Project is a public/private partnership. 

   

18 Surface Mining Control and 
Reclamation Act of 1977 
30 USC 1201 et. seq. 

Applicable Created an Abandoned Mine Land (AML) fund to pay 
for the cleanup of mine lands. 

 
   



Table 3-2: Applicable or Relevant and Appropriate Requirements 

Standard and Regulatory Citation Status Description Comment Chemical Location Action 

19 Clean Air Act National Primary and 
Secondary Ambient Air Quality 
Standards National Emission 
Standards for Hazardous Air 
Pollutants 
42 USC 7409   
40 CFR Part 50   
40 CFR Part 61, Subparts N, O, P, 
pursuant to 42 USC 7412 

Relevant and Appropriate 
pertaining to disturbance of 
waste material during 
consolidation, removal, or 
treatment. 

Establish air quality levels that protect public health, 
sets standards for air emissions.  Regulates emissions 
of hazardous chemicals to the atmosphere. 

Project will cause minimal and temporary disturbance 
during construction. 

   

20 Clean Water Act (Section 404) 
33 USC 1344 
33 CFR Parts 320 - 330 
40 CFR Part 230 

Not Applicable Establishes dredge or fill requirements and are 
applicable to work in or near navigable waters. They 
establish requirements that limit the discharge of 
dredged or fill materials into navigable waters and 
associated wetlands. 

 

   

21 Comprehensive Environmental 
Response, Compensation, and 
Liability Act CERCLA Section 121 

Applicable This section requires that all remedial actions which 
result in any hazardous substance, pollutants, or 
contaminants remaining on the Site be subject to 
Five-Year Review to evaluate the performance of the 
remedy. 

Site is part of Clear Creek Superfund area and may 
be subject to review. 

   

22 RCRA Subtitle D: Criteria for 
Classification of Solid Waste Disposal 
Facilities and Practices 
40 CFR Part 257, Subpart A. 

Applicable if response action 
includes off-site disposal 

Written for non-municipal nonhazardous waste 
disposal units, the regulations require that facilities in 
floodplains not restrict the flow of the base flood, 
reduce the temporary water storage capacity of the 
floodplain, or result in washout of solid waste, and 
not cause or contribute to the taking of any 
endangered or threatened species. Facilities must not 
cause a discharge of pollutants into waters of the US 
that violates the requirements of the National 
Pollutant Discharge Elimination System and must no 
contaminate an underground drinking water source 
beyond the solid waste boundary. 

Off-site disposal not anticipated. 

   

23 Floodplain Management Executive 
Order No. 11988 

To be considered Requires Federal agencies to consider alternatives to 
avoid, to the extent possible, adverse effects and 
incompatible development in the floodplain. 

Project intends to improve flood management in the 
mine area.     

24 Protection of Wetlands Executive 
Order No. 11990. 

To be considered Requires Federal agencies to 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. 

Wetlands disturbance not anticipated. 

   

25 National Forest Management Act of 
1976". (16 U.S.C. 1600) 

Applicable Written as the primary statute governing the 
administration of national forests and was an 
amendment to the Forest and Rangeland Renewable 
Resources Planning Act of 1974, which called for the 
management of renewable resources on national 
forest lands. 

The work will result in maintenance of the road 
system at Waldorf comes from as well as other 
considerations from the removal action.    

26 Best Management Practices for Soils 
Treatment Technologies EPA OSWER, 
1997 

To be considered Provides technologies for controlling cross-media 
transfer of contaminants during materials handling 
activities. 

Special conditions for the management of waste rock 
material are not anticipated.    



Table 3-2: Applicable or Relevant and Appropriate Requirements 

Standard and Regulatory Citation Status Description Comment Chemical Location Action 

STATE/LOCAL 

27 Classifications and Numeric Standards 
for the South Platte River Basin, 5 
CCR 1002-38 

Applicable Establishes numerical water quality standards for the 
contaminants of potential ecological concern 
(COPECs) in Leavenworth Creek and the South Platte 
Basin. 

The work is intended to improve water quality in 
Leavenworth Creek.    

28 Colorado Water Quality Control Act, 
and Colorado Discharge Permit 
System Regulations 
CRS 25-8-101 et seq., 5 CCR 1002 -
61, Regulation No. 61 

Potentially Applicable Establishes program for permitting discharges of 
contaminants into waters of the United States within 
Colorado. 

No point source discharge. 

   

29 Colorado Non-Game, Endangered, or 
Threatened Species Act 
CRS 33-2-101 

Potentially Applicable Protects endangered or threatened species and 
preserves their habitats. Requires coordination with 
the Division of Wildlife if removal activities impact 
state-listed endangered or threatened species or their 
habitat. 

No long-term impact anticipated. 

   

30 Colorado Natural Areas 
CRS 33-33-101 et seq. 

Potentially Applicable The Colorado Natural Areas Program maintains a list 
of plant species of special concern for the State. 
Coordination with Division of Parks and Outdoor 
Recreation is recommended if activities will impact 
listed species. 

Site modifications include revegetation. 

   

31 Colorado Historic Places Register 
CRS 24-80.1- 101–108 

Potentially applicable Establishes requirements for protecting properties of 
historical significance; establishes procedures and 
requires a permit for investigation, excavation, 
gathering, or removal from the State of any 
historical, prehistorical, or archeological resources on 
State lands. Requires an excavation permit and 
notification if human remains are found on State 
lands. Note: The National Historic Preservation Act is 
more stringent. 

Site modifications will avoid disturbance of existing 
features, including the railroad grade. 

   

32 State Solid Waste Disposal Sites and 
Facilities Act and Implementing 
Regulations 
CRS 30-20-100.5 et seq., 6 CCR 
§1007-2 §§ 1, 2 and 9 

Only relevant if treatment 
sludge or hazardous material 
is disposed of. 

Sections 2.1 and 2.2 establish minimum standards 
and ground water monitoring requirements for solid 
waste management facilities. Sections 9.1 and 9.2.1 
establish general provisions and specific requirements 
for Type A waste impoundments. 

No off-site disposal anticipated. 

   

33 Colorado Basic Standards for Ground 
Water, 5 CCR1002-41, 25-8-101-73 
CRS 

Relevant and appropriate Establish statewide standards for ground water, as 
well as a system for classifying ground water and 
adopting water quality standards to protect existing 
and potential beneficial uses of ground water. 

Ground water improvements will result from the 
activities. 
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An alternative that does not meet an ARAR under federal environmental or state 
environmental or facility siting laws may be selected under the following circumstances (40 
CFR 300.430[f][1][ii][C]): 

1. The alternative is an interim measure and will become part of a total remedial action 
that will attain the applicable or relevant and appropriate federal or state 
requirement. 

2. Compliance with the requirement will result in greater risk to human health and the 
environment than other alternatives. 

3. Compliance with the requirement is technically impracticable from an engineering 
perspective. 

4. The alternative will attain a standard of performance that is equivalent to that 
required under the otherwise applicable standard, requirements, or limitation 
through use of another method or approach. 

5. With respect to a state requirement, the state has not consistently applied, or 
demonstrated the intention to consistently apply the promulgated requirement in 
similar circumstances at other remedial actions within the state. 

6. For fund-financed response actions only, an alternative that attains the ARAR will not 
provide a balance between the need for protection of human health and the 
environment at the site and the availability of Fund monies to respond to other sites 
that may present a threat to human health and the environment. 

The interpretation of ARARs includes the inherent assumption that protection of human 
health and the environment must be ensured. 

3.2.1 Terms and Definitions 
Applicable requirements are "those cleanup standards, standards of control, and other 
substantive environmental protection requirements, criteria, or limitations promulgated 
under federal or state law that specifically address a hazardous substance, pollutant, 
contaminant, remedial action, location, or other circumstance at a CERCLA site" (52 Federal 
Register [FR] 32496, August 27, 1987).  

Relevant and appropriate requirements are "those cleanup standards, standards of control, 
and other substantive environmental protection requirements, criteria, or limitations 
promulgated under federal or state law that, while not applicable to a hazardous substance, 
pollutant, contaminant, remedial action, location, or other circumstance at a CERCLA site, 
address problems or situations sufficiently similar to those encountered at the CERCLA site 
that their use is well suited to the particular site" (52 FR 32496). For example, while the 
federal Maximum Contaminant Levels (MCLs) established under the Safe Drinking Water Act 
are applicable standards for public water supplies, MCLs are considered relevant and 
appropriate for use as ground water cleanup levels when the ground water is considered an 
actual or potential drinking water source. Requirements under federal or state law may be 
either applicable or relevant and appropriate to CERCLA cleanup actions, but not both. 
Requirements must be both relevant and appropriate for compliance to be necessary. In the 
case where both a federal and a state ARAR are available, or where two potential ARARs 
address the same issue, the more stringent regulation must be selected. The final NCP 
states that a state standard must be legally enforceable and more stringent than a 
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corresponding federal standard to be relevant and appropriate (55 FR 8756, March 8, 
1990). 

CERCLA on-site response actions must only comply with the substantive requirements of an 
ARAR and not the administrative requirements. “No Federal, State, or local permit shall be 
required for the portion of any removal or remedial action conducted entirely onsite, where 
such remedial action is selected and carried out in compliance with this section” [CERCLA § 
121(e) (1)]. As noted in the ARAR guidance (EPA, 1988): 

The CERCLA program has its own set of administrative procedures which assure 
proper implementation of CERCLA. The application of additional or conflicting 
administrative requirements could result in delay or confusion. Substantive 
requirements pertain directly to the actions or conditions at a site, while 
administrative requirements facilitate their implementation. The NCP defines on-site 
as "the area extent of contamination and all areas in very close proximity to the 
contamination necessary for implementation of the response action". EPA recognizes 
that certain administrative requirements, such as consultation with state agencies 
and reporting, are accomplished through the state involvement and public 
participation requirements of the NCP. Off-site response actions must comply with 
both the substantive and administrative requirements of an applicable (but not a 
relevant and appropriate) regulation. 

In the absence of federal- or state-promulgated regulations, many criteria, advisories, and 
guidance values are not legally binding, but may serve as useful guidance for response 
actions. These are not potential ARARs, but "to-be-considered" guidance. These guidelines 
or advisory criteria should be identified and used to develop cleanup goals or properly 
design or perform a response action. Three categories of to be considered information are 
as follows: 

1. Health effects information with a high degree of certainty (e.g., reference doses), 

2. Technical information on how to perform or evaluate site investigations or response 
actions, and 

3. Regulatory policy or proposed regulations. For example, EPA Region III Residential 
Risk Based Concentrations and Region IX Preliminary Remediation Goals 
(Residential) provide guidance to be considered to assess the health implications 
during site activities. 

ARARs fall into the three categories listed below. 

 Location-specific ARARs "set restrictions upon the concentration of hazardous 
substances or the conduct of activities solely because they are in special locations" 
(53 FR 51394). In determining the use of location-specific ARARs for selected 
remedial actions at CERCLA sites, the jurisdictional prerequisites of each of the 
regulations must be investigated. In addition, basic definitions and exemptions must 
be analyzed on a site-specific basis to confirm the correct application of the 
requirements. For example, federal and state regulations concerning wetlands apply 
at a site where remedial activities may impact an existing wetland. 

 Chemical-specific ARARs are usually health- or risk-based standards that limit the 
concentration of a chemical found in or discharged to the environment. They govern 
the extent of site remediation by providing either actual cleanup levels or the basis 
for calculating such levels. Chemical-specific ARARs may also indicate acceptable 
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levels of discharge in determining management and disposal requirements or the 
effectiveness of future remedial alternatives. For example, state water quality 
standards would apply as cleanup standards at a site where contaminated surface 
water is the subject of a cleanup. 

 Action-specific ARARs set controls or restrictions on particular types of activities related 
to the management of hazardous waste (53 FR 51437). Selection of a particular 
response action at a site will invoke the appropriate action-specific ARARs that may 
specify particular performance standards or technologies, as well as specific 
environmental levels for discharged or residual chemicals. For example, the federal 
and state air standards apply under many circumstances where a management 
strategy involves air emissions. The Occupational Safety and Health Administration 
(OSHA) has promulgated standards for protection of workers who may be exposed to 
hazardous substances at Resource Conservation and Recovery Act or CERCLA sites (29 
CFR Part 1910.120 and 1926.65). EPA requires compliance with the OSHA standards 
in the NCP (40 CFR 300.150), not through the ARAR process. Therefore, the OSHA 
standards are not considered ARARs. Although OSHA requirements, standards, and 
regulations are not ARARs, response activities must comply with them. Identification 
and evaluation of ARARs is an iterative process, which continues throughout the 
response process as a better understanding is gained of site conditions, contaminants, 
and response alternatives. Therefore, preliminary lists of ARARs and their relevance 
may change through time as more information is obtained and as the preferred 
alternative is chosen. 

3.3 NON-TIME CRITICAL REMOVAL ACTION SCHEDULE 

USFS and TU have determined that a non-time-critical removal action is appropriate at the 
Waldorf Mine Site. After completion of the EE/CA, USFS and TU must complete an Action 
Memorandum. Following issuance of the Action Memorandum, USFS and TU must secure 
funding for the removal action. After receipt of funding, USFS and TU will need to prepare a 
removal design and may need to contract the design implementation separately. This EE/CA 
presents recommended removal activities that can be completed using a phased funding 
approach with anticipated work in 2018, 2019 and 2020. 

3.4 HUMAN HEALTH RISK ASSESSMENT 

3.4.1 Data Used in the Risk Assessments 
Available quantitative data for the Site were included in the risk assessment. The 
constituents of concern for the site are detected metals in soil or surface water from the 
USGS sampling in 2005, EPA sampling in 2011, or CDPHE and CDRMS sampling in 2011: 
cadmium, copper, lead, manganese, nickel, and zinc. The samples were collected at various 
locations around the Site (Region 1), including the west lobe waste rock dump material, 
middle and eastern lobes, the seep/spring, Waldorf/Wilcox Tunnel portal discharge. No 
sample results from the dispersed tailings area (Region 2) were included as that area has 
been removed from consideration. The sample results are provided in tables and are 
discussed in Section 2.3 of this EE/CA.  

3.4.2 Conceptual Site Model 
The CSM, presented in Section 2.4.1, for the Site identifies contaminant sources and 
exposure pathways that may result in human exposure. Potential exposure pathways must 
be complete by including a source of contamination, transport or contact medium (e.g., 
soil), an exposure point where receptors may contact the contaminated medium, and an 
intake route (e.g., ingestion).  
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Figure 2-7 shows contaminant sources at the Site. Of primary concern due to potential 
exposures are the Waldorf/Wilcox Tunnel and the waste rock dump. These areas could be 
accessible to recreators in the area. It is also possible that metals have contaminated the 
surface water near the Site. Sediment could also be contacted by recreators. The exposure 
routes for the Site include dermal contact of soil, sediment, or surface water; incidental 
ingestion of soil, sediment, or surface water; and, inhalation of dust or soils with metals 
contamination. The only humans in the area are likely to be recreators who could be 
exposed to material at the Site. The area is not residential and is not likely to be developed, 
so construction workers or industrial/commercial workers are not present. Groundwater is 
not a complete pathway as there are no potential routes of human exposure.  

3.4.3 Human Health Risk Assessment Criteria Calculation 
EPA’s Regional Screening Level calculator was used to generate soil and surface water risk 
and hazard criteria for the constituent of potential concern. The calculator combines the 
toxicity information for the constituents of concerns and potential exposure parameters from 
the conceptual site model to generate screening level criteria. If any constituents of concern 
results exceed the screening levels, there is a potential for adverse human health effects. 
Please note that toxicity values and exposure parameters are generally conservative, and an 
exceedance of the screening level criteria does not indicate with absolute certainty that 
humans are being adversely affected. The “recreator” scenario was selected with exposure 
factors relevant to those potentially exposed to the Site. Table 3-3 provides the exposure 
factors used to generate the screening level criteria for a hypothetical recreator at the Site. 
The default settings from the risk screening levels calculator are provided. The default 
values are used except for conservative site-specific screening parameters are used for the 
exposure frequency and exposure durations. 

Table 3-3: Exposure Factors 

Parameter Abbreviation Units 
Default 

Recreator 
Value 

Site Recreator Value 

Soil Surface 
Water 

Soil Ingestion Rate – Adult IRSrec-a mg/day 1001   
Soil Ingestion Rate – Child IRSrec-c mg/day 2001   
Recreator Surface Water 
Ingestion Rate – Adult (L/hour) 

IRWrec-a L/hr  0.0712   

Recreator Surface Water 
Ingestion Rate – Child (L/hour) 

IRWrec-c L/hr 0.122   

Exposure Frequency EF Day/yr  90 90 
Exposure Duration ED yr 203   
Absorption Fraction AF Unitless 0.12   
Averaging Time AT yr 26   
Exposure Time ET hr/day  8 4 
Notes: 

1. USEPA 1991a (pg. 15) 
2. USEPA 2011, Table 3.5 
3. EDrec (26 years) - EDrec-c (6 years). 26 years (EPA 2011, Table 16-108; 90th percentile for current 

residence time.) 6 years (USEPA 1991a (pg. 15)) 
 
Other exposure factors used were the default values and are shown in Table 3-3. For 
example, adult body weight is 80 kilograms1 (~176 pounds) and child body weight is 15 
kilograms2 (~33 pounds). The 90-day exposure frequency is a conservative estimate of Site 
accessibility based on exposure during recreational activities like biking and hiking in the 
                                          
1 USEPA 2011, Table 8-3; weighted mean values for adults 21 - 78 
2 USEPA 1991a (pg. 15) 
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summer months. Human health excess lifetime cancer risk and hazard criteria are shown in 
Table 3-4 for soil and Table 3-5 for surface water. Copper, lead, manganese, and zinc are 
not known to cause cancer so do not have carcinogenic criteria. Lead does not have toxicity 
values that are used to generate carcinogenic and noncarcinogenic criteria; however, the 
EPA’s industrial screening level of 800 mg/kg is used as a surrogate criterion for this 
evaluation. Potential adverse impacts from lead are further evaluated using the blood-lead 
model.  

Table 3-4: Soil Criteria 

Compound CASRN 
Carcinogenic SL 

TRE=1E-06 
(mg/kg) 

Noncarcinogenic SL 
Child 

THI=0.1 
(mg/kg) 

Noncarcinogenic SL 
Adult 

THI=0.1 
(mg/kg) 

Cadmium 7440-43-9 24,700 13.9 138 
Copper 7440-50-8 - 304 3,240 
Lead 7439-92-1 - 800 800 
Manganese 7439-96-5 - 724 7,120 
Nickel 7440-02-0 171,000 607 6,360 
Zinc 7440-66-6 - 9,130 97,300 
CASRN – Chemistry Abstract Service Registry Number 
SL – Screening Level 
TR – Target Risk 
THI – Target Hazard Index 

 
Table 3-5: Surface Water Criteria 

Compound CASRN 
Carcinogenic SL 

TRE=1E-06 
(µg/L) 

Noncarcinogenic SL 
Child 

THI=0.1 
(µg/L) 

Noncarcinogenic SL 
Adult 

THI=0.1 
(µg/L) 

Cadmium 7440-43-9 - 4.59 8.74 
Copper 7440-50-8 - 180 895 
Lead 7439-92-1 - - - 
Manganese 7439-96-5 - 195 346 
Nickel 7440-02-0 - 299 958 
Zinc 7440-66-6 - 5,500 29,400 
CASRN – Chemistry Abstract Service Registry Number 
SL – Screening Level 
TR – Target Risk 
THI – Target Hazard Index 

 
3.4.4 Risk Assessment Results 
Using the maximum detected concentrations in soil and surface water, excess lifetime 
cancer risk and hazard quotients were calculated for the Site as a conservative estimate of 
potential effects of the current contamination. Table 3-6 shows the maximum site 
concentrations, calculated cancer risks and hazard quotients.  
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Table 3-6: Risk and Hazard Estimates 

Compound CASRN Media Maximum 
Concentration 

Risk 
Estimate Child HQ Adult HQ 

Cadmium 7440-43-9 Soil 25.4 1.03E-09 0.2 0.002 
Copper 7440-50-8 Soil 2,020 NA 0.7 0.1 
Lead 7439-92-1 Soil 4,700 NA 0.6 0.6 
Manganese 7439-96-5 Soil 8,800 NA 1.2 0.1 
Nickel 7440-02-0 Soil 40 2.34E-10 0.007 0.0006 
Zinc 7440-66-6 Soil 5,860 NA 0.06 0.006 

Total Soil Estimate 1.3E-09 2.7 0.8 
Cadmium 7440-43-9 Sediment 355 1.4E-08 2.6 0.3 
Copper 7440-50-8 Sediment 2,720 NA 0.9 0.1 
Lead 7439-92-1 Sediment 2,570 NA 0.3 0.3 
Manganese 7439-96-5 Sediment 56,500 NA 7.8 0.8 
Nickel 7440-02-0 Sediment 48.9 2.9E-10 0.0 0.0 
Zinc 7440-66-6 Sediment 66,100 NA 0.7 0.1 

Total Sediment Estimate 1.5E-08 38.4 16.8 
Cadmium 7440-43-9 Surface Water 133 NA 2.9 1.5 
Copper 7440-50-8 Surface Water 3,660 NA 2.0 0.4 
Lead 7439-92-1 Surface Water 582 NA 0.0 0.0 
Manganese 7439-96-5 Surface Water 32,400 NA 16.6 9.4 
Nickel 7440-02-0 Surface Water 125 NA 0.0 0.0 
Zinc 7440-66-6 Surface Water 32,700 NA 0.6 0.1 

Total Surface Water Estimate NA 26.1 15.3 
NA – Not applicable; the compound has no carcinogenic criteria.            HQ – Hazard Quotient 

 
Note that lead does not have typical soil and surface water criteria. However, the generic 
industrial screening level recommended by EPA guidance of 800 mg/kg (ppm) is used as a 
surrogate. The maximum concentration exposure calculated is 4,700 mg/kg (more than five 
times the EPA industrial clean up trigger). Similarly, the drinking water risk screening level 
for lead is 15 µg/L; the maximum surface water concentration exposure calculated is 582 
µg/L (higher than the clean-up criterion). Cadmium, copper, manganese, and zinc levels in 
soil also exceed the screening level criteria at a target risk level of one in a million (TR=1E-
6) and a target hazard quotient of 0.1 (THQ=0.1).  

Individual sample results compared to the screening criteria are provided in Table 3-7. 
Bolded and highlighted results exceed the screening levels. Sediment data are treated the 
same as soil data since the potential for exposure is the same for sediment as for soil. 
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Table 3-7: Soil and Sediment Results Compared to Screening Criteria 

 EPA Screening Level 
(mg/Kg) 13.9 304 800 724 607 9130 

Media Sample Location Cadmium Copper Lead Manganese Nickel Zinc 
Sediment WMA-02 62 2,720 1,690 56,500 48.9 13,600 
Sediment WMA-03 355 995 2,570 16,900 20.1 66,100 
Sediment WMDS-01 2.5 203 932 167 4 337 
Sediment WMDS-02 9 201 1,330 385 4 1,650 
Soil WT1A-01 5 25 10 18.4 40 34.9 
Soil WT1A-02 10.4 117 1,250 3,970 10.8 1,690 
Soil WT1A-03 12.7 96.4 1,470 2,870 7 2,300 
Soil WT1A-04 15.9 117 2,270 2,930 11.3 2,870 
Soil WT1A-05 10.9 36.9 1,670 1,790 5 1,990 
Soil WT1B-01 10.5 477 937 4,220 40 1,940 
Soil WT1B-02 3.4 342 1,920 2,260 4 478 
Soil WT1B-03 0.9 58.1 976 216 4 226 
Soil WT1B-04 6.6 152 1,710 1,650 10.7 1,080 
Soil WT1B-05 2.3 58.7 430 787 4 124 
Soil WT1B-06 2.5 255 4,700 525 4 247 
Soil WT2-01 25.4 1,450 2,270 8,800 40 5,860 
Soil WT2-02 3.3 929 2,990 517 4 566 
Soil WT2-03 2.6 2,020 2,440 274 4 399 
Soil WT2-04 2.6 1,470 3,150 157 4 353 
Soil WT2-05 4.5 178 1,240 153 1.5 1,110 
Soil WT2-06 1.9 1,630 2,080 74.2 1.2 336 
Soil WT3-01 24.6 958 1,590 8,550 40 4,970 
Soil WT3-02 2.6 157 1,230 366 2.2 338 
Soil WT3-03 2.8 210 1,490 280 1.4 286 
Soil WT3-04 2.7 69.7 730 149 1.8 405 
Soil WT3-05 1.6 112 1310 147 2.6 206 
Soil WT3-06 1.4 250 1330 69.4 0.99 120 

 
Table 3-7 provides a summary of the soil and sediment exceedances for each constituent 
of potential concern. Each screening level is based on the noncarcinogenic endpoint.  

 For cadmium results, 5 of the 27 soil and sediment samples have detected 
concentrations higher than the Recreator criterion of 13.9 mg/kg. 

 Ten of the 27 copper results were higher than the recreational criterion of 304 
mg/kg. 

 Nearly all the lead results, 24 of 27 results, exceeded the criterion of 800 mg/kg. An 
additional evaluation of lead is included below. 

 Manganese levels exceeded the criterion of 724 mg/kg in 12 of 27 soil and sediment 
samples. The maximum detected level was 56,500 mg/kg from a sediment sample at 
WMA-02. 

 No nickel samples exceeded the criterion of 607 mg/kg. 

 Only two sediment samples and no soil samples exceeded the zinc criterion of 9,130 
mg/kg. 

Table 3-8 provides a comparison of the surface water results to the recreator criteria. 
Blank cells indicate the sample was not analyzed for that chemical. 
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Table 3-8: Surface Water Comparison to Recreator Criteria 
EPA Screening 
Level (µg/L) 4.59 180 12,600 15 195 299 5,500 

Sample Location Cadmium Copper Iron 
(Dissolved) Lead Manganese Nickel Zinc 

WMA-01 28.6 550   8.9 9,300 39.5 8,600 
WMA-02 26.1 44.8   1 15,400 39 9,580 
WMA-03 27.5 89.6   1 15,500 39.1 10,300 
WMA-04       1       
WMA-05         13,200     
WMA-06           39   
WMA-07             9,000 
WMDS-01 70 3,460   322 31,700 80 31,400 
WMDS-02 73 3,660   582 32,400 83 32,700 
WS Adit   240 <50       9,660 
WS502   180 54       9,470 
WS503   1,450 989       12,900 
WS514   7.2 <50       2,260 
WS515   9.7 <50       1,170 
WS516   43.8 <50       759 
Note: The sample locations in the above table are provided on various figures from the URS 
Leavenworth Watershed Abandoned Mine Sites: Evaluation of Existing Data and Data Gap Analysis 
Report, Prepared for the USFS, December 2013. 

 
Exceedances of the screening levels are shown bolded and highlighted. 

 All 5 cadmium samples exceeded the screening level of 4.5 µg/L with a maximum 
detection of 73 µg/L. 

 For copper, 5 of the 11 samples exceeded the screening level of 180 µg/L, with a 
maximum detection of 3,660 µg/L. 

 For iron, only the dissolved fraction is shown. No dissolved iron results exceed the 
screening level of 12,600 µg/L. 

 For lead, two samples exceed the screening criterion of 15 µg/L.  

 All 6 manganese samples exceed the screening level of 195 µg/L. It is the 
manganese, with a maximum detection of 32,400 µg/L, that drives the hazard index 
to an order of magnitude greater than the threshold of 1. 

 None of the 6 nickel samples exceed the recreator criterion of 299 µg/L.  

 For zinc, 9 of the 12 surface water samples exceed the screening criterion of 5,500 
µg/L. 

3.4.5 Lead Evaluation 
An additional evaluation was done for lead using the Integrated Exposure Uptake Biokinetic 
model (IEUBK) to estimate blood lead levels in children, which is the adverse endpoint for 
lead exposure. Using the default exposure parameters and a maximum soil concentration of 
3,700 mg/kg, an estimated outdoor air lead concentration of 0.1 g/m3, and with no 
additional lead intake from diet, drinking water, or indoor dust, the blood lead levels for 
children age 0.5 to 7 years was consistently above the threshold of 10 g/dL (see Table 3-
9). 
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Table 3-9: Estimated Blood Lead Levels in Children 

Age 
(year) 

Soil + Dust 
(µg/day) 

Total 
(µg/day) 

Blood Lead 
Level 

(µg/dL) 
0.5-1 29.805 29.826 15.3 
1-2 44.723 44.757 17.8 
2-3 46.821 46.883 16.9 
3-4 48.78 48.847 16.5 
4-5 39.852 39.919 13.9 
5-6 37.306 37.399 11.7 
6-7 36.013 36.107 10.3 

 
3.4.6 Ecological Evaluation 
Sampled concentrations were compared to EPA ecological screening levels calculated using 
EPA’s Ecological Soil Screening Level (Eco-SSL) derivation process (see Table 2017). The 
interim guidance documents available on the Interim Ecological Soil Screening Level 
Documents webpage were consulted. For the constituents of potential concern, Eco-SSLs 
are available for plants, invertebrates, and avian and mammalian vertebrates. The lowest of 
the Eco-SSLs was considered the ecological screening level for this evaluation as shown in 
Table 3-10.  

Table 3-10: Summary of Screening Level Ecological Risk Assessment Evaluation 
Endpoint Cadmium Copper Lead Manganese Nickel Zinc 

Plants (mg/kg) 32 70 120 220 38 160 
Invertebrates (mg/kg) 140 80 1,700 450 280 120 
Avian (mg/kg) 0.77 28 11 4,300 210 46 
Mammalian (mg/kg) 0.36 49 56 4,000 130 79 
Eco Screening Level (mg/kg) 0.36 28 11 220 38 46 

 
The summary Table 3-11 shows the number of exceedances of the lowest Eco-SSL for each 
constituent of potential concern, as well as the total number of sample results and 
maximum soil concentration for each constituent of potential concern. Sediment samples 
were not included in this evaluation as the Eco-SSLs were specifically developed as 
milligrams of the metal per kilogram of soil on a dry basis. 

Table 3-11: Summary of Screening Level Exceedances for Ecological Risk 
Assessment Evaluation 

Constituents of Concern Cadmium  Copper  Lead  Manganese  Nickel  Zinc  
Eco Screening Level (mg/kg) 0.36 28 11 220 38 46 
No. of Exceedances 23 22 22 15 4 22 
Total Number of Samples 23 23 23 23 23 23 
Maximum Observed Concentration (mg/kg) 25.4 2,020 4,700 8,800 40 5,860 

 
Table 3-12 shows the detailed results of the screening-level ecological risk assessment. 
Bolded and highlighted soil results exceed the screening level criteria. 
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Table 3-12: Ecological Screening of Soil Results 
Eco Screening 
Level (mg/Kg) 0.36 28 11 220 38 46 

Sample Location 
Cadmium 

Result 
(mg/kg) 

Copper 
Result 

(mg/kg) 

Lead 
Result 

(mg/kg) 

Manganese 
Result 

(mg/kg) 

Nickel 
Result 

(mg/kg) 

Zinc 
Result 

(mg/kg) 
WT1A-01 5 25 10 18.4 40 34.9 
WT1A-02 10.4 117 1,250 3,970 10.8 1,690 
WT1A-03 12.7 96.4 1,470 2,870 7 2,300 
WT1A-04 15.9 117 2,270 2,930 11.3 2,870 
WT1A-05 10.9 36.9 1,670 1,790 5 1,990 
WT1B-01 10.5 477 937 4,220 40 1,940 
WT1B-02 3.4 342 1,920 2,260 4 478 
WT1B-03 0.9 58.1 976 216 4 226 
WT1B-04 6.6 152 1,710 1,650 10.7 1,080 
WT1B-05 2.3 58.7 430 787 4 124 
WT1B-06 2.5 255 4,700 525 4 247 
WT2-01 25.4 1450 2,270 8,800 40 5,860 
WT2-02 3.3 929 2,990 517 4 566 
WT2-03 2.6 2,020 2,440 274 4 399 
WT2-04 2.6 1,470 3,150 157 4 353 
WT2-05 4.5 178 1,240 153 1.5 1,110 
WT2-06 1.9 1,630 2,080 74.2 1.2 336 
WT3-01 24.6 958 1,590 8,550 40 4,970 
WT3-02 2.6 157 1,230 366 2.2 338 
WT3-03 2.8 210 1,490 280 1.4 286 
WT3-04 2.7 69.7 730 149 1.8 405 
WT3-05 1.6 112 1,310 147 2.6 206 
WT3-06 1.4 250 1,330 69.4 0.99 120 

 
Comparing the maximum sample result to the eco screening level criteria for each 
compound and each endpoint yields a total ecological hazard quotient. From the ecological 
hazard evaluation, one can also determine the compound that poses the greatest risk at the 
site. Table 3-13 shows the results of such an evaluation for the Site.  

Table 3-13: Evaluation of Maximum Potential Ecological Hazard 
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The total hazard index (HI) for each ecological endpoint varies from 97 for invertebrates to 
662 for avian species. Of the compounds evaluated in this assessment, lead contributes 
47% to the total ecological hazard index. The maximum zinc result contributes 24% of the 
total HI while copper contributes 14%.  
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3.4.7 Conclusion 
The human health risk evaluation showed that numerous soil and sediment results exceeded 
application recreator criteria. Lead results are sufficiently high that children’s exposure to 
the site could lead to elevated blood lead levels. Ecological species ranging from plants and 
invertebrates to avian and mammalian species could see adverse effects from the elevated 
compounds at the Site. 
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4.0 Identification and Analysis of Removal Action 
Alternatives 

4.1 STATUTORY AND POLICY CONSIDERATIONS 

The following subsections summarize relevant statutes and policies identified and reviewed 
to help formulate the range of removal alternatives. 

4.1.1 Statutory Considerations 
The NCP (40 CFR 300.415(d)) provides that removal actions shall, to the extent practicable, 
contribute to the efficient performance of any anticipated long-term remedial action with 
respect to the release of concern. In addition, Section 121(b) of CERCLA expresses the 
preference for treatment over conventional containment or land disposal to address a 
principal threat at a site. This preference for treatment applies explicitly to remedial actions, 
but the overall strategy is also appropriate for removal actions. 

Removal actions may satisfy goals and objectives by eliminating, reducing, or controlling 
risks and providing a basis for identifying specific removal technologies. Potentially 
applicable general response actions for a source control NTCRA may include the following: 

 Implementing administrative measures to prevent, reduce, or control exposure;  
 Removing contaminants to prevent, reduce, or control exposure or prevent a release; 

and, 
 Providing treatment to reduce the toxicity, mobility, or volume of contaminants. 

The NCP (40 CFR 300.415 (e)) identifies appropriate removal actions that address risks to 
the public health or welfare, or the environment. Removal actions relevant to the Waldorf 
Mine site include, but are not limited to, the following: 

1. Fences, warning signs, or other security or site control precautions - where humans 
or animals have access to waste sediments. 

2. Drainage controls, (e.g., run-off or run-on diversion), where needed, to reduce 
migration of hazardous substances, pollutants or contaminants off-site or to prevent 
precipitation or run-on from other sources (e.g., flooding), from entering the release 
area from other areas. 

3. Stabilization of berms, dikes, or impoundments or drainage/closing of lagoons, where 
needed, to maintain the integrity of the structures. 

4. Capping or amendment of contaminated soils, where needed, to reduce migration of 
hazardous substances, pollutants, or contaminants into soil, ground water, surface 
water, or air. 

5. Using chemicals and other materials to retard the spread of the release or to 
mitigate its effects, where the use of such chemicals will reduce the spread of the 
release. 

6. Excavation, consolidation, or removal of highly contaminated soils from drainage or 
other areas, where such actions will reduce the spread of or direct contact with the 
contamination. 
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7. Containment, or disposal of hazardous materials, where needed, to reduce the 
likelihood of human, animal, or food chain exposure. 

4.1.2 Policy and Guidance Considerations 
The principal guidance used for development of this EE/CA was the EPA guidance for 
NTCRA: Guidance for Conducting Non-Time-Critical Removal Actions under CERCLA (EPA, 
1993). The guidance document provides information and procedures/activities for 
performing NTCRA. 

4.2 LONG TERM GOALS FOR SITE 

The goals for the site include reduction of environmental damage, protection of the public 
from hazardous contaminants, and preservation of the historic appearance of the site as a 
legacy mining site. In order to identify the recommended removal action alternatives, a 
preliminary evaluation of needed actions for a long-term plan for site reclamation has been 
completed, and the first activities of a phased set of reclamation activities are the focus of 
the recommended alternative. 

4.3 EVALUATION OF SITE ISSUES AND POTENTIAL MANAGEMENT STRATEGY 
ALTERNATIVES  

The sources of contamination for the Waldorf Mine Site include the portal, the waste rock 
dump below the portal and suspected metalliferous ground water upwelling at the break in 
slope in McClellan Mountain at the Wilcox portal elevation. The recommended remediation 
alternative for the Site will likely include more than a single remedial activity. This section 
includes a summary of technologies and/or actions that have the potential for reducing the 
impact (acidity and metals content) entering Leavenworth Creek. 

A meeting with LA, TU and USFS was held at the USFS office in Boulder on February 28, 
2018, with the goal of discussing the potential remedial options before prioritizing the 
alternatives for further development.  

Identification of candidate alternative technologies and a brief discussion of each follows. 

The first set of technologies directly addresses the Waldorf/Wilcox Tunnel portal and the 
second set of technologies addresses the waste rock dump  

4.3.1 Waldorf/Wilcox Tunnel (Waldorf Adit Discharge) Technologies 
Bulkhead  
Installation of a concrete plug in the mine tunnel to control the flow of ARD and raise the 
mine pool level to limit oxygen exposure to pyrite surfaces. This technology includes using a 
“regulated” bulkhead that would store extraordinary flows behind the bulkhead to prevent 
“blow-outs” (caused by gradual buildup and sudden release of precipitates/sediment in the 
tunnel) and deliver a controlled release of mine water from a valve that would be 
advantageous for sizing and operation of a PWMS. For the Waldorf/Wilcox Tunnel portal, the 
mine tunnel would need significant repair work to allow access to install a bulkhead, as the 
tunnel and portal are currently partially plugged by cave-ins. Figure 4-1 shows an example 
of a bulkhead at the mine portal. 
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Figure 4-1: Bulkhead Example 
 

 
Issues to be considered: 

 Because of the many connections and branches of the Waldorf/Wilcox Tunnel, it is 
likely that plugging the Waldorf/Wilcox Tunnel portal could result in water being 
discharged from another location, which would not reduce the metals contamination 
from the mine pool. As a result, a bulkhead designed with a flow-through valve 
would be needed to control the discharge rate, so the mine pool level could be 
managed. Figure 4-2 is pulled from USGS (1935) and illustrates the relation of the 
Wilcox Tunnel to the Santiago, Commonwealth, Independence, Tobin, and Paymaster 
workings. The Wilcox is not known to be directly connected to any of these other 
mines. There are drifts on the Independence vein from the Wilcox Tunnel at an 
approximate elevation of 11,650 feet which should be compared to the Wilcox portal 
elevation of about 11,600 feet. There are drifts on the Independence vein from the 
Tobin adit, about 300 feet higher, at an approximate elevation of 11,950 feet. The 
Santiago level #5 adit is approximately 450 feet above the Wilcox level and it is 
connected by a 300-foot winze (minor connection between different levels in a mine) 
and stopes (step like part of a mine where minerals are being extracted) to two 
lower levels. So, the Santiago level #7 is approx. 150 to 200 feet above Wilcox 
Tunnel. The Commonwealth (a.k.a., upper Paymaster) tunnel is at approximately 
12,000 feet elevation and drifts the same vein as the Santiago. This vein is opened 
in the Wilcox Tunnel at 11,650 feet elevation.  
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Figure 4-2: Wilcox Tunnel Workings (Figure 16 from pp 178 of USGS (1935)) 

 

 
 Depending on the pressure allowed behind the bulkhead, and the nature and 

structure of the rock, leakage through the wall rock surrounding the plug may still 
discharge out the portal, but at a much-reduced rate. Preliminarily, as a crosscut 
tunnel driven through competent rock (Idaho Springs formation) the Wilcox appears 
to be a candidate for bulkheading. 

 A bulkhead with a discharge valve can provide a more constant discharge flow rate, 
which would facilitate development of a passive water management system to 
remove contamination. 
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 The tunnel repair and construction of a bulkhead would require a significant effort. A 
drilling program would be required to determine existing hydrologic conditions within 
the tunnel. A bulkhead project would take an extended period, because it would 
require an investigation where drilling would be done to ascertain mine pool levels, 
and the tunnel condition would need to be evaluated. Then, the tunnel work would 
be done, followed by installation of the plug. It is estimated that three seasons would 
be required. 

 Maintenance would include measures to preserve the safety of persons entering the 
tunnel to inspect the bulkhead. This might entail scaling of loose rock from the roof 
and sides of the tunnel, installing roof support such as rock bolts and wire mesh, 
installing a ventilation system, and treating the tunnel as a special confined space. 

 Management of the mine pool level would require regular visits to the site. 

Evaluation for further consideration 

 Installation of a bulkhead in the mine tunnel would be desirable, because it would 
result in control of the discharge flow rate, the mine pool level, and would prevent 
future blow-outs. 

 The project cost would likely be over a million dollars and would require a multi-year 
effort. 

 With proper engineering controls, the portal flow and blow-out issues could be 
handled with less expensive alternatives. Based on connectivity to inner workings 
and structural geology, this option has higher risk than potential benefit, but has 
been discussed here as a possible option. 

Bulkhead installation will not be retained for the final remedy. 

Design of Flow Path for Blow-Out Event 
To manage the anticipated blow-out event, engineering control of the dissipation of the flow 
and energy which is suddenly released in the event of a blow-out would be incorporated into 
the overall plan for the site. When the 2010 blow-out occurred, the CDRMS installed some 
plastic rock-filled barriers to protect the road and a culvert to channel the adit water under 
the road to the west end of the waste rock dump (see Figure 4-3). For this alternative, the 
area immediately below the portal opening would be designed as an open channel that 
would allow the flow to pass. The flow path for the portal discharge would be designed to 
widen and pass through an improved rock drop structure to dissipate the main part of the 
energy, and then be routed to discharge into the existing 2015 riprap channel.  

Issues to be considered: 

 The quantity of discharge in a blow-out event is unknown. Design of this alternative 
would depend on assumptions of the design flow quantity of the event. Local 
boulders would be harvested from USFS land to provide additional protection in case 
another blow-out event occurred.  

  



 

July 2018 4-6  
  

 

Figure 4-3: CDRMS Plastic Rock-Filled Barriers 
 

 
 The flow path design may be incorporated into the final grading plan for the waste 

pile, prior to revegetation. It will have to be possible to incorporate the routing of the 
Argentine Pass road into the design and to minimize run-off from the road onto the 
waste rock dump.  A low-water, concrete mesh road crossing will replace the existing 
culvert.  Areas above the portal on Argentine Pass road will also be addressed to 
reduce or prevent sediment load into the channel that carries the Wilcox tunnel 
discharge. 

 A study (McDougal and Wirt, 2002) using NaCl tracer injection found that the 
sources of contamination to Leavenworth Creek were likely coming from the portal 
discharge flowing through and under the waste rock dump. Subsequent work has re-
routed the discharge around the waste rock dump, but the flow does not go directly 
to the Creek but is dispersed in the low-lying areas below the waste rock dump. This 
alternative would re-route the portal discharge before release at the end of the 
existing riprap channel. 

 The “normal” flow from the portal could be routed to a passive water management 
system to remove/reduce the metal contaminants of concern. The discharge area 
design would incorporate a natural diversion structure to accommodate the blow-out 
flow. A short section of PVC piping just past the diversion structure would be needed 
for upward flow into PWMS.  The PVC piping would be oversized so as to increase the 
sustainability of the system in the event of pipe clogging. 

 The in-channel conceptual natural diversion structure shown in Figure 4-4 utilizes a 
simple design and will not require any maintenance. 
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Evaluation for further consideration 

 This alternative for portal flow management provides control of the site for blow-out 
events, the ability to manage discharge flows for both normal and blow-out 
conditions and allows the flexibility to design the site grading and vegetation to 
accommodate the need to preserve some of the historic features of the site. 

 Because this alternative meets the long-term site reclamation goals, is sustainable, 
and has a relatively low cost, it is retained for further evaluation as a component of a 
recommended alternative. 

 Potential fouling/clogging of the piping from the diversion structure to the PWMS 
should be considered. 

 Design of a flow path for a potential blow-out of the portal could be the first step in a 
phased approach that would include management of the portal discharge during 
“normal” (years without a blow-out) conditions.  

 The blow-out channel would also divert suspected but undocumented high flows from 
the tunnel, during the spring freshet, past any portal water management system. 

Passive Water Management System and Aerobic Wetland for Portal Water 
Management  
The passive water management system (PWMS) utilizes a cell filled with a mixture of 
organic media and crushed limestone. The aerobic wetland would be constructed in the 
2015 diversion channel and would contain engineered plant life (vegetation and/or algae) to 
remove the residual organic waste load created by the PWMS, plus manganese removal, as 
well as re-oxygenating the water prior to discharge to receiving waters. Figure 4-5 shows a 
conceptual flow diagram for the PWMS /aerobic wetland. 

Figure 4-5: Passive Water Management System and Aerated Wetland 
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Issues to be considered: 

 Installation of a passive water management system /aerated wetland would have a 
relatively low cost, with major maintenance of substrate material replacement about 
every 20 to 30 years. This might be extended further into the future through design. 

 The aerated wetland would require little, if any long-term maintenance, and the 
existing wetland zone at the site might be configured to function in this capacity. 

 The PWMS could be tucked into the hillside adjacent to the forest access road or 
adjacent to the waste rock dump. All potential waste streams from the adit, an uphill 
ground water diversion or seepage collection system would gravity drain to the unit. 

 Based on the water chemistry, the PWMS would be sized based on the projected iron 
and zinc loading.  

 The PWMS would probably be buried under a lightweight cover to protect it from the 
winter weather. 

 High flows, during the spring freshet or a portal blow-out, would be diverted around 
the system using a natural diversion structure. 

Evaluation for further consideration 

 The USFS and TU have stated that they will not consider any technology that 
requires significant operation and maintenance (O&M) expenses in the future due to 
lack of funding once removal is complete. There is no current funding mechanism in-
place, other than unidentified volunteer efforts, that would satisfy any long-term 
maintenance requirements of a PWMS.  

 Since the PWMS includes organic material in the media that is consumed as flows are 
managed, a major rehabilitation of the media is required, normally every 20 to 30 
years. However, vegetation on the surface of the unit may provide an almost 
sustainable source of organic carbon that could significantly prolong the life of the 
system. 

LA recommends retaining consideration of this management strategy, with the intention of 
over-designing the system to last for 50 years. This would involve increasing the thickness 
of the organic layer in the biochemical reactor, as well as oversizing the surface footprint, in 
order to allow natural vegetation growing atop the PWMS to provide a sustainable source of 
organic carbon. In essence, the design would mimic the natural willow wetland nearby 
except that it would be configured as an up-flow cell, rather than the inefficient horizontal 
flow wetland that has naturally evolved on the site. The PWMS as proposed would blend in 
with the existing landscape and would not draw attention to the visitors at the mine site.  

4.3.2 Waste Rock Dump 
The alternatives in this section are for the waste rock dump. 

Repository 
This proven technology is well known to TU and the USFS; material is either: 1) excavated 
and placed in a new, specifically designed repository or 2) covered in place or covered after 
reshaping a pile. Option 2 is less expensive than Option 1 but ground water impacts may 
not be completely managed. Option 2 was implemented at the nearby Santiago Mine and 
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Option 1 was implemented for dispersed tailings excavated during the construction of a 
riprap channel at the site.  

Issues to be considered: 

 Source control (moisture management) is always preferable to active or passive 
controlsbecause there is no constructed infrastructure, and consequently no long-
term O&M considerations. 

 Option 1 would be expensive, but could be conducted in phases, if an acceptable 
repository could be located near the waste rock dump. 

 Option 2 may not be practical for the waste rock dump. 

 Both options would change the historic look of the site. 

 Access to Argentine Pass would need to be preserved. 

 The design would need to be geomorphically stable and should appear as natural as 
possible (large boulders and/or surface pitting). 

 Revegetation of the final surface for either option will be challenging – soil 
amendments (see other technologies) would be required. 

 Capital costs would be high but with virtually no maintenance costs. 

 The technology for the waste rock dump may cause a problem from a cultural 
resources preservation perspective; see Section 2.2.9. 

Evaluation for further consideration 

 This alternative (Option 1) was retained for further consideration because it could 
possibly be completed in phases, although the high cost of relocating and capping 
the waste rock dump will need further evaluation. 

 Option 2 was retained for further consideration.  

Clean Ground Water Diversion 
Assuming that clean ground water originating further up the hillside from the waste rock 
dump follows the bedrock/colluvium contact, diverting it away from the waste rock dump 
could minimize its contact with mine wastes. This remedy would be implemented on the 
uphill side of the waste rock dump, as show in the adjacent sketch. 

As shown conceptually in Figure 4.6, the clean ground water would be diverted to the 
existing ditch and contact with the waste rock dump materials would be minimized. The 
clean water from the shallow, colluvial aquifer could be gravity drained to an area below the 
waste rock dump and coveyed to the willow complex or the existing diversion channel. 
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Figure 4-6: Ground Water Diversion 

 

 
Issues to be considered: 

 Collection system (infiltration trench) should be amenable to installation directly on 
bedrock, which is suspected to be shallow and it should have a low profile. 

 The down-gradient face of the infiltration trench would be lined with geomembrane 
and the trench would discharge by gravity through a buried pipe to the existing 
diversion channel. 

 Installing the assumed clean water diversion trench would have a relatively low cost, 
with essentially no long-term O&M. 

 Cleanouts and inspection ports would be included in the design. 

 The seep/springs at the toe of the waste rock dump would probably not dry up 
completely, but their flows and associated metal loadings would likely decrease. 

Evaluation for further consideration 

 This remedy may not address ground water that may be upwelling beneath the 
waste rock dump from fractures in the bedrock that may extend uphill under the 
proposed diversion trench, essentially bypassing it. 

 The volume of water discharging in colluvium and captured by an infiltration trench 
may be ephemeral and only occur during the spring freshet. Excavation of a deeper 
trench would be impractical in the hard rock. 

 The upgradient water chemistry is unknown, but potential fouling/clogging of the 
trench system should be considered. 

 The land uphill of the adit is privately owned and the landowner(s) may be hesitant 
to have any work completed in this area. 

This alternative should be retained pending better information about the actual flow and if 
there is sufficient loading to warrant capture of the water. 
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Contaminated Ground Water Collection for the Waste Rock Dump Seeps/Springs 
The reportedly acidic ground water in contact with the lower portion of the waste rock dump 
currently discharges into the wetland immediately south of the dump. This is a problem 
because the ground water’s contact exacerbates an already bad situation and likely 
increases metal loading being delivered to the wetland. If the dump remains in place and 
the clean ground water diversion trench is not effective (i.e., upwelling ground water 
continues), this situation would be difficult to prevent.  

The collection trench, similar to the clean water diversion trench described in the previous 
section, would capture ARD that would otherwise flow uncontrolled into Leavenworth Creek. 
The effluent from the trench could be mixed with the Waldorf/Wilcox Tunnel water discharge 
and managed.  

Issues to be considered: 

 Collection system should be amenable to installation directly on bedrock, which is 
suspected to be shallow and it should have a low profile. 

 The down-gradient face of the diversion trench would be lined with geomembrane 
and the trench would discharge by gravity the portal area and mixed with the MIW 
from the adit. 

 Installing the collection trench would have a relatively low cost, with essentially no 
long-term operation and maintenance. 

 Cleanouts and inspection ports would be included in the design. 

 The seep/springs at the toe of the waste dump are acidic and carry high 
concentrations of metals, but the flow rates at the surface are very low, as are the 
mass loads of contaminates compared to the other sources. 

 Construction at the toe of the dump will be extremely difficult due to the saturated 
conditions in the area. Construction may need to be done in stages in order to drain 
the construction site enough for excavators to work in the area.  

Evaluation for further consideration 

 The impact of ground water flow from the waste pile into Leavenworth Creek is 
unknown. It is possible that water from different sources may be flowing into 
Leavenworth Creek through this section.  

 The water from this collection system would be diverted to  the PWMS, as described 
above in Section 4.3.1. 

This alternative should be retained until better information about the actual flow can be 
evaluated and determine if there is sufficient loading to warrant further management. It is 
recommended that this alternative be considered if a passive water management system 
with aerated wetlands was deemed as the most appropriate alternative.  

Baseline Revegetation 
Rapid and successful revegetation of waste rock and tailings piles is an effective ARD 
reduction technique because it provides a sustainable supply of organic acids from the plant 
root zone. Organic acids suppress ARD because their presence causes the cellular 
membranes of acid-generating bacteria to fall apart. Vegetation also reduces erosion losses 
during seasonal high flows, increases annual evapotranspiration (reduced water yield), and 
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creates wildlife habitat. The more robust the vegetative cover, the better and quicker the 
outcome in reducing metal and acidity loading. The short growing season and high elevation 
of the Site make implementation challenging.  

Issues to be considered: 

 A source of topsoil will need to be identified and harvested. The source should be 
near the waste rock piles and the source area will need to be reclaimed.  

 The tailings or waste rock could be amended, and revegetated in place, using 
compost, humate, pulverized limestone, or other soil amendments. 

 For any of the revegetation in-place options at the Wilcox Site, it will be difficult to 
keep recreational all-terrain vehicles, off-highway motorcycles, and off-road vehicles 
out of the reclaimed areas. 

Evaluation for further consideration 

 Revegetation is a critical part of the long-term plan for the Site, and must be 
retained for the recommended alternatives, regardless of other technologies that 
may be implemented. 

 Signage, boulders and/or ropes/chains will be required to keep OHV users off the 
waste dump pile, regardless of other technologies that may be implemented. 

4.4 REMOVAL ACTION FOCUS FOR ALTERNATIVES 

The diverse sources of contamination at the Waldorf Site will require a multi-faceted 
approach to long-term remediation. The practical approach to improving the water quality in 
Leavenworth Creek includes addressing the contamination sources that produce the highest 
loadings of the constituents of concerns first, allowing TU and the USFS to implement 
improvements over time, as funding permits. The response alternatives and recommended 
reclamation activities, in this EE/CA Report, are geared to a phased, incremental approach. 
A comparison of identified loading sources for the Site follow. 
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5.0 Removal Action Alternatives 

5.1 POTENTIAL REMEDIAL ACTIONS 

Remedial actions for the Wilcox Tunnel discharge and the waste rock dump are summarized 
below. Because of the complex nature of the site, the removal action alternatives are 
combinations of the technologies considered and described in Section 4.3. 

5.1.1 Potential Removal Actions for the Wilcox Tunnel Portal 
The technologies considered for the Waldorf/Wilcox Tunnel Portal included no action, 
installation of a flow-through bulkhead in the tunnel, and design of a flow control 
configuration to accommodate future sudden extreme discharge flows (blow-outs). With the 
exception of the no action alternative, each of these alternatives were described in Section 
4.3. Because the primary goal of the project is to improve the water quality in Leavenworth 
Creek, the alternatives to be considered have been limited to those that accomplish that 
goal, and additionally two alternatives for management of the adit discharge to reduce 
metals loadings (also from Section 4.3) have been evaluated. Table 5-1 summarizes the 
alternatives and their evaluated status. 

Table 5-1: Technologies for the Waldorf/Wilcox Tunnel Portal 
Alternative/ 
Technology Description Evaluation Result Status 

No Action 
(Alternative 1) Maintain the site as-is. 

Tunnel discharge would continue to discharge 
to volunteer wetland downgradient from the 
waste rock dump. Some MIW will likely 
infiltrate into the waste rock dump. 

Retained 

Flow-Through 
Bulkhead 

A concrete bulkhead would be 
installed in the tunnel to limit flow 
and also limit contact with air inside 
the tunnel. A pipe with a valve would 
be included to control the flow 
through the bulkhead. 

This alternative would require extensive work 
inside the tunnel to remove cave-ins and 
reinforce the tunnel roof. An investigation of 
the mine pool would be needed: the process 
would be very expensive and would take 
several years. 

Not Retained 

Flow Path for Blow-
Out, Extend 
Channel 
(Alternative 2)  

The waste rock dump below the 
portal would be graded into an 
armored channel to allow a future 
blow-out to be released without 
damaging the reclamation features of 
the site. The flow channel would be 
routed to join the existing diversion 
channel, so the flow could dissipate 
gradually. The minor amount of 
material excavated would be blended 
into the existing waste rock dump 
footprint and perhaps sloped and 
amended to reduce runoff and 
infiltration impacts. 

Because this alternative meets the long-term 
goals for the site and would offer a good 
opportunity for integration of passive 
management of the dissolved metals in the 
discharge, it is considered a preferred 
technology. 

Retained 

PWMS and Aerated 
Wetland (Alterative 
3 AMD 
Management 
Aerated Wetland 

The passive water management 
system will remove the metals down 
to low levels but leaves a residual 
amount of organic material in the 
effluent that can be removed with an 
aerated polishing wetland. 

The USFS has indicated that any technology 
that requires periodic maintenance is 
undesirable due to a lack of ongoing funding. 
The passive water management system must 
be refurbished when the organic material in 
the media is depleted. The system can be 
designed, so that the PWMS can last a very 
long time before it must be retrofitted. 

Retained 
conditional on 
acceptance by 
USFS 

 
5.1.2 Potential Remedial Actions for the Waste Rock Dump 
The technologies considered for the waste rock dump include no action, installing a seep 
collection trench upstream of the waste rock dump, installing a seep collection trench 
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downstream of the waste rock dump, management of collected seep water using passive 
management, regrading and revegetation of the dump, and repository, which means 
moving the waste rock to an engineered repository with a  cap. 

Table 5-2: Technologies for the Waste Rock Dump 
Alternative/
Technology Description Evaluation Result Status 

No Action 
(Alterative 1) Maintain the waste rock dump as-is. 

Rainfall/snowmelt will continue to infiltrate 
into the waste rock dump; AMD seeps would 
continue to discharge unmanaged. 

Considered 

Clean ground 
water 
collection 
system 
upstream of 
waste rock 
dump 
(Alternative 4) 

This alternative is intended to intercept 
migrating ground water from the slope 
above the waste rock dump, which has an 
unknown quantity and quality. Halting the 
flow of ground water into the lower layers 
of the WRD will reduce the constituents of 
concern which are leached from the waste 
rock dump. See Section 4.3.2.2 for a 
description of the collection system. 

This alternative has the potential to reduce 
the flow of contaminated ground water and 
constituents of concern from the waste rock 
dump. If needed, the water could be routed to 
the passive water management system for 
constituent of concern removal. It is unknown 
however as to the volume of ground water 
flowing in the upper colluvium zone. The 
colluvium in this area is probably thin and 
excavation into the fractured granitic rock 
would not be possible. 

Considered 

Contaminated 
seep collection 
system 
downstream 
of waste rock 
dump 
(Alternative 5) 

The clean ground water collection system 
(described above) is unlikely to divert all 
flows. Seepage downstream of the waste 
rock dump has been found to be highly 
acidic and it contains elevated 
concentrations of the constituents of 
concern. See Section 4.3.2.3 for a 
description of the collection system. 

This alternative has the potential to divert the 
constituent of concern loading from the waste 
rock dump away from Leavenworth Creek. 
The water collected would be routed to the 
PWMS for constituent of concern removal.  

Retained 

Revegetation 
of the waste 
rock dump 
(Alternative 6) 

Revegetation develops a topsoil/plant 
growth layer with root systems that 
produce chemicals which sustainably 
prevent AMD. It would include amending 
local soil materials with biosolids and 
biochar to increase plant productivity in 
the short growing season. 

This alternative is attractive because it 
improves the appearance of the Site and is 
sustainable. Design challenges include the 
high altitude and Site recreational all-terrain 
vehicle, off-highway motorcycle, and off-road 
vehicle usage.  However, the volume of local 
topsoil to harvest may be limited. 

Retained 

Waste rock 
dump haulage 
to nearby 
repository 
(Alternative 7) 

Excavate the waste rock dump and build a 
dedicated repository nearby which would 
be capped to promote runoff and avoid 
rainfall snowmelt infiltration. The waste 
rock dump removal to a repository could 
be completed in phases. 

This alternative complicates road access to 
the Vidler Tunnel/Argentine Pass, disturbs 
more land, and is expensive. 

Retained 
conditional on 
acceptance by 
USFS if 
repository 
located on USFS 
lands 

 
5.2 REMOVAL ACTION ALTERNATIVE DESCRIPTIONS 

While the available technologies for site restoration and management of contaminated water 
have been assembled into groups for evaluation and recommendations, it should be noted 
that they could be implemented in parts or phases, pending funding availability or remedial 
needs. For example, extending the CDRMS channel downslope could be the first work done, 
which would protect the Site from blow-out damage and would further divert the adit water 
away from the waste rock dump. Since this is a part of all alternatives, it would leave open 
all options for management of the MIW. 

The technologies described in Section 5.1 were assembled into remedial action alternatives 
for the following Site features: 

 Wilcox Tunnel Discharge (Alternatives 2 and 3) 

 Waste Rock Dump (Alternatives 4, 5, 6 and 7) 

Summaries of the alternatives follow. 
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5.2.1 Removal Action Alternative 2, Flow Path for Blow Out, Extend Channel 
Alternative 2 includes the following remediation technologies: 

 Flow path for blow-out at portal and extend CDRMS channel to the existing 2015 
diversion channel or the willow complex. 

 The new channel would be constructed with from the existing channel to the CDRMS 
channel. Currently, the portal water wastes into the wetlands complex to the south.  

 The new channel location would depend on whether the waste rock dump material is 
moved to a repository, but LA recommends keeping the channel alignment west of 
the waste rock dump regardless of the waste rock dump being removed to a 
repository. A portion of the new channel will cross of the remains of the Waldorf 
Argentine Central railroad grade  

5.2.2 Removal Action Alternative 3, PWMS and Aerated Wetlands 
Alternative #3 provides for a passive water management system/aerated wetland installed 
in the channel discussed in Alternative #2. It includes the following water management 
technologies: 

 The PWMS would be constructed off-channel and would be designed to treat 120 to 
200 gpm flow. During the high flow periods, excess water will be diverted at a in-
channel spill way (see Figure 4-4) just before the PWMS. A PVC pipe atthe  natural 
diversionary structure will be constructed to maintain a 120 to 200 gpm flow to the 
passive water management system, and excess flow would be directed to a bypass 
channel. 

 The portal water would be conveyed in the channel. Just prior to entering the PWMS, 
the portal water will be piped underground (short section of over-sized PVC) so an 
upflow system can be created. The PWMS will function better if the portal water is 
warmer. 

 The 2015 dispersed tailings area diversion channel could be utilized as an aerobic 
wetlands channel instead. 

5.2.3 Removal Action Alternative 4, Upgradient WRD Groundwater Cutoff Trench 
Alternative 4 includes the following remediation technologies: 

 Ground water collection upgradient of waste rock dump. 

 The water could be passively conveyed to the channel or a French drain type 
recovery trench could be installed.  The recovered water would gravity drain to the 
main channel. 

 The collected upgradient water would be mixed with the adit water and conveyed to 
the PWMS. 

5.2.4 Removal Action Alternative 5, Contaminated WRD Groundwater Seep 
Collection Trench 

Alternative 5 includes the following remediation technologies: 

 Ground water seep collection down gradient of the waste rock dump using a French 
drain recovery trench installed at the toe of the waste rock dump. The captured 
groundwater would gravity drain to the channel (Alternative 2). The seepage water 
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could be passively conveyed to the channel (Alternative 2) and mixed with the adit 
water prior to entering the passive water management system (Alternative 3). 

5.2.5 Removal Action Alternative 6, Revegetation of WRD 
Alternative 6 includes the following remediation technologies: 

 Site vegetation with off-site harvested soils amended with biosolids and biochar to 
increase productivity. 

 Institutional controls (large boulders and/or surface pitting) to discourage 
recreational all-terrain vehicle, off-highway motorcycle, and off-road vehicle usage. 

5.2.6 Removal Action Alternative 7, Relocation of the West Lobe of the WDR to a 
Repository) 

This alternative includes the removal of the waste rock dump material and placing the 
material in a repository. This alternative can be conducted in phases to allow for the 
removal of the western lobe of the waste rock dump in 2019, and evaluation of the effects 
of the removal before the middle and eastern lobes were addressed. Alternative 7 includes 
the following remediation technologies: 

 Consolidation of waste rock dump material into a single location, most likely near the 
repository developed during the construction of the dispersed tailings area diversion 
channel in 2015. 

 Bottom footprint prepared with an impermeable, water-soluble, acrylic polymer 
soil/cement layer. 

 Maximum side slopes of 4H:1V; minimum top slope of 3%. 

 Covered with local soil amended as needed with agricultural lime, organic material, 
and biochar. 

5.3 DISCUSSION OF TUNNEL REMOVAL ACTION ALTERNATIVES 

5.3.1 Design Features 
Flow Path for Blow-Out, Extend Channel (Alternative 2) 
The blow-out flow path will consist of these primary features: 

1. A riprap-lined blow-out/conveyance flow channel with a bottom width of about 
2 feet and 3H:1V side slopes which extends about 830 feet from the adit to the 
existing diversion ditch. Assuming the tunnel contains about 1 million gallons of MIW 
and it drains completely in 24 hours, the average flow would be about 1.6 cfs (700 
gpm). The peak flow might be about 2.0 cfs, but the CDRMS believes that the flow 
could be upwards of 10 cfs. The locally harvested riprap will have a d50 of 12 inches. 
The channel constructed in 2015 was designed to handle flows of 25 to 35 cfm at 6 
to 10% channel slopes. The proposed channel will be constructed similarly and 
should be able to handle any conceivable hydraulic conditions at the Site.  

2. The channel will cross the historic railroad grade and care will be taken to preserve 
the historically integrity of remaining grade features. See Figure 5-1 for the 
alignment of the riprap-lined blow-out flow channel and potential area for the PWMS. 
Figure 5-2 provides a more detailed view of the proposed channel alignment along 
with a profile view of the channel. Cross-sections of the proposed channel are 
provided on Figure 5-3. 
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Passive Water Management System and Aerated Wetland (Alternative 3) 
The PWMS is sized to accept 120 to 200 gpm of Wilcox Tunnel MIW. Flows above these 
value (including flow from the spring freshet) would be bypassed through the by-pass blow-
out event channel. 

The MIW will enter a short section of pipe that originates downstream of the natural 
diversion structure and just before the PWMS. This will allow the effluent to be fed to the 
bottom of the PWMS. This design feature, a bottom-fed PWMS, will protect the microbial 
community from low temperatures during the winter months. It will also allow the top of the 
biochemical reactor to be covered with indigenous plants (likely locally-adapted willows, 
rushes, juncus, and other metals tolerant high-altitude wetland plants) that will provide a 
sustainable supply of carbon to the sulfate reducing microbial community. This design 
approach mimics the features of natural fens in wintry climates such as Siberia. 

The PWMS was configured to maximize surface area to increase the commensurate 
productivity of the plant community of its surface and thus extend the intervals between 
major retrofits to many decades. An example of this situation was documented by Beining & 
Otte (1997). In this paper, a “volunteer” wetland down-gradient from an abandoned lead-
zinc mine in Ireland was described. The wetland appeared to have been sequestering metals 
(iron, lead, zinc, and cadmium) for over 150 years without human intervention and the 
authors projected (based on their understanding of the site at the time) that the wetland 
would function for another 300 years before performance would drop. It is assumed that the 
metals at the Irish site are being sequestered as sulfides in an anoxic environment similar to 
the soil behavior below 40 cm depth in the wetland at the Waldorf site, as studied by 
Aranda (2010). 

Approximate dimensions and quantities of the biochemical reactor are provided in Table 5-
3. 

Table 5-3: PWMS Design Details 
Design Criteria Value 

Metal Loading Rate 0.3 moles per day per cubic meter1  
Number of Cells  1 
Flow Rate (bottom fed) 120 gpm  
Total Depth with Drainage Layer, Substrate, Standing Water 
(above substrate) and Freeboard (to crest of liner) 7.0 feet  

Vegetation Density on Top of Biochemical Reactor  1 plant/ft2 
Hydraulic Retention Time 12 hours 
System Drainage Gravel  6 inches 
Substrate Thickness 4.0 feet 
Standing Water (above substrate) depth 6 inches 
Freeboard (top of water to cell liner crest) 2 feet 
Bottom Footprint Dimension Ratio L:1 = 1:1 or 2:1 
Bottom Footprint Area  5,760 ft2 (76 feet x 76 feet) 
Notes:  
1The typical or “rule of thumb” design value that has been generally cited in the literature is 0.3 
moles/m3/day.  
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Under best case conditions, the PWMS will address a majority of the constituents of 
concern. Additional benefits are likely to occur in the aerated wetland. If needed, small scale 
pilot testing could be conducted in 2018 and 2019 to further evaluate the efficacy of a 
PWMS. 

Aerated Wetland Design (Alternative 3): The PWMS effluent will be anoxic and contain 
dissolved organic carbon. An aerated wetland, like the existing wetland, is typically included 
in the design. Utilizing the existing wetland at the site in this capacity was considered as a 
cost-saving approach, but the anoxic effluent could mobilize metals that have been 
sequestered in the wetland soils (see Aranda, 2010). However, the existing 2015 diversion 
ditch could provide the aeration necessary to ameliorate the anoxic and organic carbon rich 
conditions in the water before it merges with Leavenworth Creek. As such, it could be re-
designed as an aerated channel. 

Approximate dimensions and quantities of the aerated channel are provided in Table 5-4. 

Table 5-4: Aerated Channel Design Details 

Design Criteria Value 
Flow Rate 120 gpm 
Hydraulic Retention Time 7 hours 
Area Sizing Criteria for BOD Removal 5 m2/gpm 
mg/L of BOD Removal 15 mg/L 
Riprap Depth 1 ft. 
Aerated Channel Cell Total Depth 3 ft. 
Aerated Channel Width  3.0 ft. 
Approximate Existing Diversion Channel Length 2,200 ft. 
Aerated Polishing Channel Total Bottom Area 6,500 ft² 

 
The proposed PWMS and aerated wetland channel (the existing diversion channel) are 
shown conceptually on Figure 5-1.  

5.3.2 Costs of Alternative Implementation 
Tables 5-5 and 5-7 summarize the estimate of probable cost for Alternatives 2 and 3. An 
estimate of maintenance costs over 25 years is provided for each alternative in Tables 5-6 
and 5-8. 

Table 5-5: Estimated Capital Cost (CAPEX) for Alternative 2 
Item Cost 

Mobilization $40,000 
Blow-out and Extend Channel to Existing 2015 Diversion Channel or Willow Complex $80,000 
Low-Water Crossing, Articulated Concrete Block $10,000 
Engineering  $25,000 
Bid Contingency  $40,000 
Construction Management  $20,000 

TOTAL $215,000 
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Table 5-6: Future Maintenance Cost for Alternative 2 
Item Cost Frequency 

Blow-out Channel Maintenance   $10,000 25 years 
50 Year NPV Total (3% discount rate) $8,200  

 
Table 5-7: Estimated Capital Cost (CAPEX) for Alternative 3 

Item Cost 
Additional Mobilization $20,000 
Passive Water Management System  $110,000 
Engineering  $20,000 
Bid Contingency  $20,000 
Construction Management  $20,000 

TOTAL $190,000 
 
Table 5-8: Future Maintenance Cost for Alternative 3 

Item Cost Frequency 
PWMS Refurbishment $60,000 30 years 

50 Year NPV Total (3% discount rate) $51,000  
 
5.4 DISCUSSION OF WASTE ROCK DUMP REMOVAL ACTION ALTERNATIVES 

5.4.1 Waste Rock Dump Remedy Design Features 
Uphill Ground Water Diversion (Alternative 4) 
A French drain, buried trench about 4-feet deep (to the estimated top of the fractured, 
crystalline bedrock) and 3-feet wide would be excavated for about 450 linear feet along the 
approximate contour about 100 feet uphill from the northern limit of the waste rock dump in 
native soil. The trench bottom and the downhill side of the trench would be fitted with a 
geomembrane liner (60 mil HDPE) to function as an impermeable cutoff wall. The trench 
bottom would receive a string of perforated 4-inch diameter Schedule 80 PVC pipe which 
would slope to the west at a grade of about 3 percent.  The perforated piping could be 
eliminated if site soils are sufficiently permeable to convey groundwater.  All of the water 
from the system would gravity drain to the main channel upstream of the PMWS. 

The trench would be backfilled with harvested site soils (maximum gravel diameter 1.5 
inches) to within 12 inches of the surface. The remaining zone would be backfilled with 
salvaged topsoil and revegetated with hand seeding. 

Contaminated WRD Groundwater Seep Collection Trench (Alternative 5) 
A French drain, buried trench about 3-feet deep (to the estimated top of the local bedrock) 
and 3-feet wide would be excavated for about 615 linear feet along the approximate toe of 
the waste rock dump. The trench bottom and the downhill side of the trench would be fitted 
with a geomembrane liner (60 mil HDPE) to function as an impermeable cutoff wall. The 
trench bottom would receive a string of perforated 4-inch diameter Schedule 80 PVC pipe 
which would slope to the west at a grade of about 3 percent.  As with Alternative 4, the 
perforated piping could be eliminated if site soils are sufficiently permeable to convey 
groundwater.  All of the water from the system would gravity drain to the main channel 
upstream of the PMWS. 

The buried trench would be covered with harvested site soil (maximum gravel diameter 1.5 
inches) and then covered with a 60 mil HPDE sheet to avoid capturing surface water. The 
remaining zone (about 18 inches) would be backfilled with salvaged topsoil amended with 
biochar. The final surface would be revegetated with hand seeding. 
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If mixed with the portal water, the waste rock dump acidity would be reduced, and 
constituent of concern metals would complex with the organic matter content of the PWMS 
effluent and be rendered less-toxic.  

This water management process assumes that the alkalinity of the PWMS (estimated to be 
200 mg/L) would neutralize the acidity (77 mg/L) in the waste rock dump MIW in a “mixing 
zone” in the blow-out flow path channel. The alkalinity load from the PWMS is expected to 
be about 131 kg/day.  

It is assumed that the ground water collected in the upper diversion trench is clean and it 
does not require management and the contaminated seep exhibits a flow of about 1 gpm 
with a chemistry similar to that cited for sample WMDS-02 in Table 2-5 and an iron 
concentration from Table 2-3 (sample PZ50). That is: 

 pH 3.5 s.u. 
 Iron, 1.50 mg/L 
 Cadmium, 0.13 mg/L 
 Copper, 3.7 mg/L 
 Lead, 0.58 mg/L 
 Manganese, 32.4 mg/L 
 Zinc, 32.7 mg/L 

Calculated acidity = 77 mg/L 

Assuming 1 gpm of flow, this amounts to about 0.42 kg of acidity per day. The mixed PWMS 
effluent and waste rock dump MIW seepage would be net alkaline (130 mg/L) and the 
dilution of constituents of concern remaining would be at least 100:1 and the metals, 
especially zinc, would likely be organically complexed with the excess dissolved organic 
carbon in the PWMS effluent. No additional water handling of waste rock dump seepage 
would be required. 

Revegetation of WRD with Compost and Biochar Soil Amendments (Alternative 6) 
Revegetating the waste rock dump will require regrading the 2-acre site to eliminate the 
major gullies and steep slopes. The assumed maximum slope would be about 4H:1V. 
Following regrading, an offsite borrow pit would be developed to procure local 
alluvium/colluvium that would be amended with the following materials to create a viable 
plant growth medium: 

 Agricultural lime (site specific, based on additional sampling), 
 Compost (80 cy/acre mixed into the top 6 inches),  
 Biochar (5 tons/acre mixed into the top 6 inches) (Harley, 2011), 
 Wood straw(covered with biodegradable jute netting) (1 ton/acre), 
 A standard seed mix and application rates as employed at the Santiago reclamation 

(Trout Unlimited, 2016) would be used. The alpine (9,000 feet up to the tree line) 
seed mixture was applied at a rate of 18.9 pounds of pure live seed per acre at the 
Site, along with a slow release fertilizer 7N-2P-1K, or 3N-6P-3K equivalent applied at 
a rate of 0.8 tons/acre. 

The final surface of the waste rock dump would be reclaimed  as shown in Figure 5-2 to 
encourage a “tufted” surface that would discourage heavy recreational all-terrain vehicle, 
off-highway motorcycle, and off-road vehicle traffic. KC Harvey (2015) determined that 
revegetating the waste rock dump insitu would not be practical due to the excessive amount 
of agricultural lime that would be required (110 tons per acre or 220 tons total). 
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In addition, portions of the waste rock dump would receive large boulders (~1 cy) along the 
crests and toes of side slopes (on 6-foot center to center spacing) to discourage recreational 
all-terrain vehicle, off-highway motorcycle, and off-road vehicle usage. 

Figure 5-4: Typical Reclaimed Surface 

 
5.4.2 Costs of Waste Rock Dump Alternative Implementation 
The following tables (5-9 through 5-12) summarize the estimate of probable cost for 
alternatives W-1 and W-2. An estimate of maintenance costs over 25 years is also provided 
for each alternative. 

Table 5-9: Estimated Capital Cost (CAPEX) for Alternative 4 and 5 
Item Cost 

Mobilization $20,000 
Up Hill Ground Water Collection $80,000 
WRD Seep Collection $70,000 
Screen, Piping, Geomembrane Liner  $20,000 
Engineering  $30,000 
Bid Contingency  $40,000 
Construction Management  $20,000 

TOTAL $280,000 
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Table 5-10: Future Maintenance Cost for Alternative 4 and 5 
Item Cost Frequency 

Ground Water Collection and Seep Collection Maintenance  $5,000 25 years 
50 Year NPV TOTAL (3% discount rate) $4,000  

 
Table 5-11: Estimated Capital Cost (CAPEX) for Alternative 6 

Item Cost 
Mobilization $20,000 
Revegetation $30,000 
Institutional Controls (large boulders and/or surface pitting) $10,000 
Engineering  $10,000 
Bid Contingency  $10,000 
Construction Management  $10,000 

TOTAL $90,000 
 
Table 5-12: Future Maintenance Cost for Alternative 6 

Item Cost Frequency 
Revegetation Maintenance  $5,000 25 years 

50 Year NPV Total (3% discount rate) $4,000  
 
On Site Repository (Alternative 7) 
A topographic survey was completed in 2011 (Flatirons, Inc.) and an analysis of the survey 
results showed that approximately 29,000 cubic yards of waste rock was in the west, middle 
and east lobes of the waste rock dump. Of this volume, approximately 10,000 cubic yards of 
waste rock was on USFS land. The action provides for the consolidation of waste rock dump 
material into a single location, most likely near the repository that was developed during the 
construction of the diversion channel in 2015. This action could also be completed in phases 
with the removal of the western lobe in 2019, followed by the evaluation of the removal 
actions and potentially relocating the middle and east lobes in subsequent phases. Potential 
areas for the repository can be explored during the 2018/2019 field season, including the 
depths to ground water at the potential locations. The volume of waste rock in the western 
lobe was estimated to be approximately 13,000 cubic yards. Upon removal of the western 
lobe, the remaining waste rock would be recontoured and revegetated to minimize future 
erosion and to discourage all-terrain vehicle, off-highway motorcycle, and off-road vehicle 
usage. Physical signage, boulders and fencing would also be required to keep the recreators 
off the reclaimed areas. 

For the first step, a pioneer access road from the Waldorf/Wilcox Tunnel portal and waste 
rock dump area to the proposed repository location would need to be constructed. See 
Figure 5-1. The repository would be constructed in the upland area and the bottom of the 
repository would not be excavated below the water table. After the waste rock dump 
material is placed in the repository, the material would be covered with 2 feet of locally 
salvaged topsoil. The side slopes of the repository would be 2H:1V and cover would be 
revegetated.  The repository may or may not be lined depending of the underlying 
groundwater and/or geologic conditions.  Test pits will be excavated at potential areas to 
evaluate the subsurface conditions. 

5.4.3 Cost of Waste Rock Removal (West Lobe) to Onsite Repository 
Table 5-13 summarizes the estimate of probably cost for alternative W-3, relocation of the 
west lobe to an onsite repository near the dispersed tailings area. There would be no future 
maintenance costs associated with this alternative. 
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Table 5-13: Estimated Capital Cost (CAPEX) for Alternative 7 
Item Cost 

Mobilization $30,000 
Construction of Pioneer Road and Repository $30,000 
Loading and Truck Haulage (13,000 CY) 1,000 to 1,500-foot haul one-way $60,000 
Recontouring and Covering of Waste Rock Dump at the repository  $30,000 
Soil Amendment Materials and Mixing $10,000 
Revegetation  $5,000 
Engineering  $20,000 
Bid Contingency  $30,000 
Construction Management  $20,000 

TOTAL $235,000 
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6.0 Comparative Analysis of Removal Action 
Alternatives 

LA utilized a Microsoft Excel spreadsheet to provide a comparative analysis of potential 
removal action alternatives. The spreadsheet provides for the evaluation regarding goals 
(TU/USFS, stakeholders, and property owners), environmental benefits (soil, ground water/ 
surface water) and feasibility (cost, constructability, and long-term maintenance/liability). 
Each of the above referenced criteria is assigned a weighting factor and the sum of the 
weighting factors add up to 100%. Copies of the Excel spreadsheets are provided in 
Appendix A and are summarized in Table 6-1. 

6.1 NUMERICAL RANKING CRITERIA DISCUSSION 

The ranking criteria adopted is appropriate for comparing the alternatives and it allows 
some increased sensitivity in addressing alternatives that are similar. 

 Values of 1-5 allow a range of low ratings – screening elements receiving these 
scores are not favorable. 

 Values of 6-7 are moderate ratings – screening elements are favorable or 
acceptable but there may be other alternatives that provide a better remedy. 

 Values of 8-10 are excellent – alternative screening elements receiving these high 
scores should be viewed very favorably with little or no adverse issues. 

Table 6-1 includes a comparative ranking of all the individual technologies discussed in 
Section 4.3. 

Table 6-1: Screening Comparison of Technologies 

Alternative Project Goals Environmental 
Benefits Feasibility  Total 

Portal Alternatives 

Alternative 1: No Action  0.4 0.3 2.2 2.8 

Alternative 2: Flow Path for Blow-out, 
Extend Channel 2.7 1.4 2.2 6.2 

Alternative 3: PWMS with Aerated 
Channel 2.3 2.2 1.4 5.9 

Alternative 4: Upgradient WDR 
Groundwater Cutoff Trench 1.7 1.7 1.3 4.6 

Alternative 5: WRD Groundwater Seep 
Collection Trench 2.6 1.6 1.2 5.3 

Alternative 6: Revegetation of Waste 
Rock Dump 1.0 1.5 1.3 3.8 

Alternative 7: Relocation of West Lobe 
of WRD to Repository 2.5 2.1 2.1 6.7 

Notes: 
1. Since each technology is designed to accomplish different goals, relative scores are not necessarily directly 

comparative 
2. The effectiveness of any ground water collection system and management is not known, as a full characterization 

of the uphill ground water above the portal has not been done. 
3. The no-action alternative is defined as not being unacceptable. 
4. More detailed discussions of the viability of the technologies can be found in Section 5.1.1. 
5. Complete removal of the entire WRD to an on-site repository has not been evaluated.  
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7.0 Recommended Removal Action Alternatives 

7.1 RECOMMENDATION AND RATIONALE 

This EE/CA presents removal/remediation alternatives for the Wilcox Tunnel discharge, the 
waste rock dump and contaminated ground water emanating from the waste rock dump. 
The recommended removal activities can be completed using a phased funding approach 
with anticipated work in 2018, 2019 and 2020. 

The following alternatives are recommended: 

 Alternative 2: Install flow path for blow-out by installing a riprap channel from the 
portal to the existing 2015 diversion channel. 

 Alternative 3: Evaluate the efficacy of installing the PWMS/aerated channel for the 
management of the portal and seepage water. 

 Alternatives 4 and 5: Evaluate the efficacy for an uphill ground water diversion, 
waste rock dump contaminated seep collection, and mixing the waste stream with 
the portal water and treating the water with a PWMS/aerated polishing channel. 

 Alternative 7: Locating a repository near the dispersed tailings area and moving the 
west lobe of the waste rock dump to the repository. 

Specifically, the first phase of work, to be completed in 2018, includes the following 
activities outlined in the EE/CA:  

1) investigating repository locations near the dispersed tailings area for the waste rock 
dump material,  

2) complete blow-out improvements and extending the CDRMS channel to the existing 
2015 diversion ditch to reduce surface water contact with the western lobe of the 
waste rock dump,  

3) complete pilot tests to evaluate the efficacy of a passive biochemical reactor/aerated 
polishing channel for the management of the portal and seepage water, 

4) road improvements to the Argentine Pass road at the portal and further up Argentine 
Pass to reduce surface and sediment runoff to the waste dump and,  

5) evaluating ground water flow conditions beneath the waste dump and upgradient 
ground water quality. 

The EE/CA 2019 plan includes:  

1) removal action of the western lobe into selected repository, including replacement of 
waste with clean fill and revegetation; 

2) replace culvert that crosses Argentine Pass road and install incorporate low water 
crossing above where adit flow will be diverted; 

3) pull back toe of middle lobe and recontour/revegetate;  
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4) complete as-built survey of work to develop blow out/conveyance channel design 
and identify location of adit blow-out channel.  

Finally, the EE/CA 2020 plan includes:  

1) evaluate the water quality effects of the 2018-2019 work and determine if remaining 
middle and eastern lobes of material needs to be moved and locations of possible 
repositories;  

2) install passive water management system/aerated channel if the pilot testing results 
and other factors (e.g., USFS concurrence) are positive. 

Discussions supporting the rationale for these recommendations follow. 

7.1.1 Flow Path for Blow-Out/Extend Channel and Passive Water Management 
System/Aerated Channel 

The combination of blow-out flow path improvements, extending the channel and the 
installation of the passive water management system/aerated channel could address the 
major constituents of concern loading source at the site. LA recommends further evaluation 
of the passive water management system/aerated channel alternative, and such a system 
could be installed in in 2020 or post-2020, if all parties deem it necessary. In any scenario, 
the channel from adit to the existing 2015 dispersed tailings area diversion trench will be 
constructed. A by-pass channel would protect the passive water management system in the 
unlikely event of surge flow and it will not impede access to the Vidler Tunnel/Argentine 
Pass. For most of the year, the channel will be dry; it may see some increased flow briefly, 
during the spring freshet, but this excess flow will mix with the portal/seepage effluent 
which should neutralize some of the acidity and reduce the toxicity of bypassed MIW from 
the tunnel via organic complexation reactions. 

The PWMS will be configured as an up-flow reactor, which should maintain the ambient 
temperatures within the organic media at or near the temperatures of the MIW observed at 
the tunnel portal. Freezing conditions should not be an issue and the PWMS does not need 
to be buried.  

The PWMS organic media longevity of 30 years might be extended by a community of willow 
plantings on its surface. The organic carbon from the contributions provided by leafy over-
story of willows in the fall when the plants go dormant may be enough to prolong the 
intervals between substrate retrofits/biochemical reactor refurbishment. Data in Wildman, et 
al. (1993) suggest that the PWMS surface area may be large enough for this to occur. 
Simple field measurements taken at the site near the end of the growing season should 
provide data with respect to this design uncertainty. 

The longevity of the passive water management system is somewhat uncertain because 
they have not become a common remedy for a long enough time. However, some natural 
and volunteer passive systems, including the constituents of concern sequestering wetland 
at the site, have been operating unattended for at least 100 years. 

The aerated channel technology is advantageous because it will utilize the aerating 
configurations of the 2015 existing diversion ditch. The cost of the aerated channel portion 
of the passive remedy is covered by other aspects of the work or has already been paid for. 
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7.1.2 Upgradient Ground Water and Seep Diversion/Convey to the /Aerated 
Wetland 

The benefits of installing the uphill “clean” ground water seep collection is uncertain due to 
a lack of full understanding of the ground water hydrology under the waste rock dump. The 
uphill trench may be unnecessary, but small test pits could be excavated in 2018 to 
determine depth to the bedrock and if ground water accumulates in the trenches. 
[Additional test pits could also be utilized for the evaluation of subsurface conditions at the 
toe of the waste rock dump and for potential waste rock dump repository locations. This 
area is extremely moist, and the ground conditions could limit work in this area.] Installing 
the upgradient trench and accepting any diversion of ground water away from the waste 
rock dump is the least-cost “sub-alternative”. If the collected uphill ground water is found to 
be contaminated, it can easily be conveyed to the new channel. There, it would mix with 
adit water influent and conveyed to the passive water management water system. 

Collecting the contaminated seepage at the toe of the waste rock dump is required to divert 
this constituent of concern source to the PWMS. All flows from the system  gravity drain to 
the main channel and would be configured to function year-round without freezing. The 
management of waste rock dump seepage is virtually included in the CAPEX and O&M costs 
of the PWMS. 

Due to the relative impermeability of the waste rock dump material with its high clay 
content, a vegetative cover to encourage runoff would probably not result in a measurable 
decrease in constituent of concern load from the waste rock dump seep. Consequently, the 
revegetation would not provide any measurable benefit and alternative (#6) is not 
recommended. 

7.1.3 On-site Repository for the West Lobe WRD Material 
During the 2018 field season, USFS land near the site can be evaluated for the repository to 
hold the West Lobe WRD material and the remaining WRD material, if it is decided to move 
the entire WRD. The channel reconfiguration from the adit to the existing will be constructed 
regardless of what happens with the WRD. If the West Lobe of the WRD is removed, this 
area can be recontoured and revegetated. It may also be beneficial to regrade the toe of the 
middle and east lobes of the WRD to channel water out of these areas to help dry up the 
area for future removal actions with respect to the WRD.  

7.2 IMPLEMENTATION CONSIDERATIONS 

Unless stated otherwise (e.g. upgradient groundwater collection system), all of the 
described alternatives are implementable from a constructability perspective. Alternatives 2 
and 7 have none or very low O&M costs and should last indefinitely. 

The projected longevity of the PWMS (Alternative 3) makes it less attractive as a system 
retrofit sometime in the future is likely. The retrofit would involve the excavation and 
replacement of the PWMS media which is likely to be comprised of a mixture that is 
predominantly wood chips (80%) and straw (10%) which will be obtained from sustainable 
sources. The remaining media component, limestone, would need to be obtained from 
offsite as there are no limestone outcrops near the project area. The wood chips might be 
obtained from a local fuel reduction project conducted by the USFS or from a power line 
maintenance contractor working in the project vicinity. These aspects of PWMS O&M would 
tend to reduce the costs. 
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Appendix A 

 
Selection Criteria, Project Scoring and Rankings for Potential 
Removal Actions 



Projects & Initiatives
Alignment with 

TU/USFS Goals

Alignment with 

Stakeholders 

Goals

Alignment with 

Property Owners 

Goals

Soil 
Groundwater/Surface 

Water

Wildlife/General 

Human Health 

and the 

Environment

Costs Constructability

Long-Term 

Maintenance/Liabi

lity

Weighting 25% 5% 5% 5% 15% 10% 15% 10% 10%

Alternative 1: No Action 1 1 1 1 1 1 10 1 10

Alternative 2: Flow Path for Blowout, Extend Channel 8 7 6 2 5 5 7 8 8

Alternative 3: PWMS and Aereated Wetlands 7 5 5 4 8 8 3 4 4

Alternative 4: Upgradient WDR Groundwater Cutoff Trench 5 4 4 3 7 5 4 2 3

Alternative 5: WRD Groundwater Seep Collection Trench 8 6 5 3 6 5 4 5 4

Alternative 6: Revegetation of WRD 2 5 5 4 5 5 5 2 8

Alternative 7: Relocation of West Lobe of WRD to Repository 8 5 5 7 7 7 2 8 10

Passive Water Management System (PWMS)

Aereated Wetland (AW)

Waste Rock Dump (WRD)

Goals Environmental Benefits Feasibility



Projects & Initiatives Alternative Score Project Goals Environmental Benefits Feasibility

Alternative 7: Relocation of West Lobe of WRD to Repository 6.7 2.5 2.1 2.1

Alternative 2: Flow Path for Blowout, Extend Channel 6.2 2.7 1.4 2.2

Alternative 3: PWMS and Aereated Wetlands 5.9 2.3 2.2 1.4

Alternative 5: WRD Groundwater Seep Collection Trench 5.3 2.6 1.6 1.2

Alternative 4: Upgradient WDR Groundwater Cutoff Trench 4.6 1.7 1.7 1.3

Alternative 6: Revegetation of WRD 3.8 1.0 1.5 1.3

Alternative 1: No Action 2.8 0.4 0.3 2.2

Passive Water Management System (PWMS)

Aereated Wetland (AW)

Waste Rock Dump (WRD)



Total

Selection Criteria
Alignment with 

TU/USFS Goals

Alignment with 

Stakeholders 

Goals

Alignment with 

Property Owners 

Goals

Soil 
Groundwater/Surface 

Water

Wildlife/General 

Human Health 

and the 

Environment

Costs Constructability
Long-Term 

Maintenance/Liability
Weight

Weighting Scale 25% 5% 5% 5% 15% 10% 15% 10% 10% 100%

Ranking Criteria:

Alignment with TU/USFS  Goals

Alignment with Stake Holder Goals

Alignment with Property Owner Goals

Soil

Groundwater/Surface Water

Wildlife/Human Health and Environment

Costs

Constructability

Long-Term Maintenance/Liability

Definitions:

How cost effective is the alternative?

How constructible is the alternative?

Does the alternative have any long term maintenance or Liability Issues?

How aligned is this alternative to TU goals & objectives?

How aligned is this alternative to the Stakeholder's (e.g., Off Road Groups) goals & objectives?

How aligned is this alternative to the Property Owner's goals & objectives?

Does the alternative improve soil quality?

Does the alternative improve groundwater/surface water quality?

Does the alternative improve wildlife habitat and reduced potential impacts to human health and the environment?

Goals Environmental Benefits Feasibility
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