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1.0     INTRODUCTION 

 

DRAFT 
FOR REVIEW 

AND COMMENT 
ONLY

Tetra Tech EM Inc. (TtEMI) is under contract to the San Jose State University Foundation (SJSUF) with 

technical direction from the California Department of Conservation, California Geologic Survey (CGS) to 

conduct an engineering evaluation/cost analysis (EE/CA) for remediation of mercury associated with 

multiple abandoned mines and geothermal springs within the Sulfur Creek Mining District (District), 

Colusa and Lake Counties, California.  This work is being performed in support of SJSUF’s U.S. Bureau 

of Reclamation Cooperative Agreement Number 99FC200241, identified as ‘Assessment of Ecological 

and Human Health Impacts of Mercury in the Bay-Delta Watershed’.   This cooperative agreement is part 

of the CALFED Bay-Delta Program (CALFED).  The CALFED Ecosystem Restoration Program (ERP) 

is intended to result in an improvement to water quality of the California Bay-Delta Watershed.  Recent 

studies have determined that large amounts of mercury are still being transported annually into the Bay-

Delta from abandoned mercury mines in the Coast Range.  Implementation of mine remediation 

alternatives identified in this EE/CA should result in a relatively rapid decrease in mercury concentrations 

in fish tissue close to the sources and a slow, gradual mercury reduction (on the order of several decades) 

in fish stocks throughout the Bay-Delta system.   

 

The District is located in Lake and Colusa counties approximately 20 miles west of Williams, California 

(Figure 1).  The District contains 14 inactive mine sites sporadically mined for mercury and/or gold 

between the 1860s and 1970s.  This area includes the Sulphur Creek watershed and adjoining portions of 

the Bear Creek watershed to the north and the Harley Gulch watershed to the South (Figure 2).  These 

watersheds are components of the larger Cache Creek watershed that drains into the Yolo Bypass.  The 

District has been previously identified as a major source area for total and bioavailable mercury within the 

Cache Creek watershed.  Consequently, mercury load-reduction actions here may lead to a reduction of 

total and bioavailable mercury entering the Bay-Delta system. 

 Mercury at District mine sites is present in a variety of sources: mine waste rock, tailings, ore piles, in-

place native soil and rock, and disturbed native soil and rock exposed by mining.  All of these sources 

may be subject to surface erosion by runoff during storm events.  At some sites, local thermal-spring 

waters contact one or more of these materials and may facilitate mercury transport and methylmercury 

production and transport to the watershed.  Because of this complexity, an EE/CA is necessary to identify 

specific engineering controls that could reduce the migration of mercury to surface water from those 

mines where offsite mercury movement is likely to occur.   
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The purpose of this EE/CA is to present a detailed analysis of remediation alternatives that regulatory 

agencies and the scientific community can use for remediation decision-making.  This EE/CA will 

identify, screen, and evaluate technologies that may be implemented to reduce mercury released to the 

environment and to reduce mercury in resident fish tissues to levels that are not harmful to humans and 

wildlife.  This EE/CA presents background information, waste characteristics and impacts, applicable or 

relevant and appropriate requirements (ARAR), remediation objectives and goals, and the development 

and screening of remediation alternatives. 

This EE/CA is organized into nine sections.  The contents of Sections 2.0 through 9.0 are briefly 

described below.   

DRAFT 

AND COMMENT 

 

Section 2.0, Background - briefly describes the Sulfur Creek Mining District and associated mine site 

histories, including the climate, geology and soils, hydrology and hydrogeology, vegetation and wildlife, 

significant historical and archeological features, and land use and population.  

 

FOR REVIEW 
Section 3.0, Summary of Previous Investigations  - summarizes watershed monitoring, previous mine-

specific investigations, and the recent focused data gap investigation; presents a conceptual site model for 

each mine site or group of mine sites, as appropriate; and provides pollutant loading estimates for each 

mine site or group of mine sites, as appropriate.  

 

ONLY 

Section 5.0, Summary of ARARs and Other Factors Affecting Mine Remediation - presents the 

California State and Federal ARARs (chemical-, location-, and action-specific), which may be applicable 

for the remediation effort.  Total maximum daily load reduction, historical and cultural resources 

preservation, endangered and special status species protection, and property and water rights evaluation 

are also discussed. 

Section 4.0, Summary of Mining Impacts to the Watershed - summarizes the human health, ecological 

(environmental resources, wildlife, and others), and water quality impacts associated with the mines in 

their current (pre-remediation) state; and provides a summary of the ongoing TMDL development for 

mercury in the Cache Creek watershed (receiving water for the Sulfur Creek Mining District). 

 

 

Section 6.0, Mine Remediation Objectives And Goals - presents the remediation objectives and the 

applicable or relevant cleanup standards. 
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Section 7.0, Identification And Screening of Response Actions, Technology Types, And Process 

Options - presents the remediation options that were evaluated for use at mine sites within the Sulfur 

Creek Mining District and discusses the feasibility of these options. 

 

Section 8.0, Detailed Analysis of Retained Remediation Alternatives - presents the detailed analysis of 

remediation alternatives using effectiveness, implementability, and cost criteria. 

 

DRAFT 
FOR REVIEW 

AND COMMENT 
ONLY 

Section 9.0, Comparative Analysis of Remediation Alternatives - presents a comparative analysis of 

remediation alternatives for consistency with the effectiveness, implementability, and cost criteria; 

summarizes analysis findings; and recommends a remediation strategy for each mine site or group of 

mine sites, as appropriate.  

 

This interim draft version of the EE/CA contains a portion of Sections 7 and 8 below. 
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7.0     IDENTIFICATION AND SCREENING OF RESPONSE ACTIONS,  
TECHNOLOGY TYPES, AND PROCESS OPTIONS 

 

DRAFT 

The waste and source materials at mine sites within the District were separated into four waste and two 

source types located at seven different mines or mine groups in order to facilitate the evaluation of 

remediation alternatives. The four waste types are ore, waste rock, tailings, and mill wastes.  The two 

source types are (1) geothermal springs and associated streams, and (2) mine-contaminated stream and 

wetland sediment.  The seven different mines or mine groups within the District include the Abbott and 

Turkey Run mines; Central and Empire mines; Wide Awake mine; Cherry Hill and West End mines; 

Manzanita mine; Clyde and Elgin mines; and Rathburn-Petray mines.  The selection of the appropriate 

remediation alternative(s) for mines and mine groups throughout the entire District will depend on the 

following:  (1) the nature and types of waste and source materials; (2) the waste and source material 

location; (3) the concentration of metals and other contaminants in the waste and source materials, (4) the 

volume of waste and source materials, (5) the relative metals load contributed by each waste and source 

material area, and (6) the applicability of the remediation alternatives.  During the remediation selection 

process, alternatives are developed and subjected to three phases of screening or evaluation.  These 

phases included initial screening, alternative screening, and detailed analysis (EPA 1988).  The results of 

the initial screening and alternative screening selection process for the District are described in Sections 

7.1 and 7.2 and summarized in Tables 7-2 and 7-3.  The detailed analysis of the remediation alternatives 

is presented in Section 8.0. 

FOR REVIEW 
AND COMMENT 

 

 

7.1 IDENTIFICATION AND INITIAL SCREENING OF REMEDIATION ALTERNATIVES 

 

ONLY
The first step in the process for developing and analyzing remediation alternatives for the District is 

identifying and describing general response actions that may satisfy the remediation objectives.  General 

response actions are then progressively refined into technology types and process options.  The process 

options are then screened and the retained technologies and process options are combined into potential 

media-specific remediation alternatives.  After identifying the potential remediation alternatives, the 

alternatives are subjected to initial screening, which is the first step in the alternative selection process.  

The purpose of the initial screening is to eliminate options that are not feasible from further consideration 

and retain those options that are potentially feasible.   

 

General response actions, technologies, and process options potentially capable of meeting the 

remediation objectives for the waste and source material at mines and mine groups in the District are 

identified in Table 7-1 for solid media.  Response actions for solid media include no action, institutional 
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controls, engineering controls, excavation and treatment, and in place treatment.  The following 

paragraphs describe the results of the initial screening of the general response actions, technologies and 

process options for solid media in the District. 

 

7.1.1 No Action 

 

Under the no action option, no remediation actions would occur at a mine.  The no action response is a 

stand-alone response that is used as a baseline against which other remediation alternatives are compared.  

The no action alternative will be retained through the detailed analysis of alternatives. 

DRAFT 
 

AND COMMENT 
 

 

7.1.2 Institutional Controls 

 

FOR REVIEW
Institutional controls can be used to protect human health and the environment by precluding future 

access to, or development of, affected areas.  In addition, these restrictions may be used to protect an 

implemented remedy.  Potentially applicable institutional controls consist of land use and access 

restrictions.  Land use restrictions would limit potential future uses of the land that could result in 

unacceptable risks due to human exposure to mine contamination or loss of remedy integrity. 

 

Access restrictions typically include physical barriers, such as fencing, that could prevent both human and 

wildlife access to mines in the District to preclude exposure to site solid and aqueous waste 

contamination, open shafts and adits, and to protect the integrity of the remedy. 

 

ONLY
Institutional controls could be implemented as a stand-alone remedy, or in combination with other 

alternatives.  The local government or a cognizant state or federal agency would likely enforce 

institutional controls that are developed as part of an alternative for the District.  Therefore, these entities 

must be involved in developing and eventually implementing any institutional controls.   

 

This type of action does not, in itself, achieve a specific cleanup goal.  Considering the contaminant 

concentrations present and loads migrating from the District, institutional controls alone are not 

considered adequate to mitigate these potential human health, ecological, and water quality impacts.  

However, institutional controls will be considered in conjunction with other remediation alternatives.   
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TABLE 7-1 

GENERAL RESPONSE ACTIONS, TECHNOLOGY TYPES, AND PROCESS OPTIONS 
FOR SOLID MEDIA IN THE SULFUR CREEK MINING DISTRICT 

DRAFT 
OR REVIE

AND COMMENT 
ONLY 

F W 

 
General Response Action 

 
Technology Type 

 
Process Options 

 
No Action 

 
None 

 
None 

 
Institutional Controls 

 
Access Restrictions 

 
Fencing/Barrier 

 
 

 
 

 
Land Use Control 

 
Engineering Controls 

 
Surface Controls 

 
Consolidation 

 
 

 
 

 
Grading  

 
 

 
 

 
Revegetation 

   
Erosion and Flood Control 

 
 

 
Containment 

 
Earthen Cap 

 
 

 
 

 
Earthen and Geomembrane Cap 

 
 

 
On-Site Disposal 

 
Earthen Cap 

 
 

 
 

 
Earthen and Geomembrane Cap 

 
 

 
 

 
Class 2 Repository 

   
Class 1 Repository 

 
 

 
 

 
Underground Disposal 

 
 

 
Off-Site Disposal 

 
Solid Waste Landfill 

   
Class 2 Repository 

 
 

 
 

 
Class 1 Landfill 

 
Excavation and Treatment 

 
Fixation/Stabilization 

 
Cement/Silicates 

 
 

 
Reprocessing 

 
 Milling/Smelting 

 
 

 
Physical/Chemical Treatment 

 
Soil Washing 

 
 

 
 

 
Acid Extraction 

 
 

 
 

 
Alkaline Leaching 

 
 

 
Thermal Treatment 

 
 Rotary Kiln 

 
 

 
 

 
 Vitrification 

 
In-Place Treatment 

 
Physical/Chemical Treatment 

 
Soil Flushing 

 
 

 
 

 
 Solidification/ Stabilization 

 
 

 
Thermal Treatment 

 
 Vitrification 
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 7.1.3 Engineering Controls 

 

Engineering controls are used primarily to reduce the mobility of, and exposure to, contaminants.  These 

goals are accomplished by creating a barrier that prevents direct exposure and transport of waste from the 

contaminated source to the surrounding media.  Engineering controls do not reduce the volume or toxicity 

of the hazardous material.  Engineering controls for solid media typically applied include containment 

and capping, revegetation, run on and runoff control, and disposal in a repository.  These engineering 

controls are discussed in the following subsections. 

 

DRAFT 
FOR REVIEW 

AND COMMENT 
 

7.1.3.1 Surface Controls 

 

Surface control measures are used primarily to reduce contaminant mobility, and limit direct exposure.  

Surface controls may be appropriate in more remote areas where direct human contact is not a primary 

concern (human receptors are not living or working directly on or near the site).  Surface control process 

options include consolidation, grading, revegetation, erosion control and protection, and flood control and 

protection.  These process options are usually integrated as a single remediation alternative. 

 

ONLY

Consolidation involves grouping similar waste types in a common area for subsequent management or 

treatment.  Excavation during consolidation is accomplished with standard earthmoving equipment 

including scrapers, bulldozers, excavators, loaders, and trucks.  Consolidation is especially applicable 

when multiple waste sources are present at a mine or mine group and one or more of the sources require 

removal from particularly sensitive areas (that is, flood plain, oversteep slope, slide area, erosive area, 

residential area, or heavy traffic area) or when treating one large combined waste source in a particular 

location, rather than several smaller waste sources dispersed throughout an area.  Precautionary measures, 

such as stream diversion or isolation, would be necessary for excavating materials contained in the flood 

plain of Harley Gulch and Sulfur Creek and its tributaries.  Containment and treatment of water 

encountered during excavation may also be necessary. 

 

Grading is the general term for techniques used to reshape the ground surface to reduce slopes, manage 

surface water infiltration and runoff, restore eroded areas, and to aid in erosion control.  The spreading 

and compaction steps used in grading are routine construction practices.  The equipment and methods 

used in grading are similar for all surfaces, but will vary slightly depending on the waste location and the 

surrounding terrain. Equipment may included bulldozers, scrapers, graders, and compactors.  Periodic 
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maintenance and regrading may be necessary to eliminate depressions formed as a result of settlement, 

subsidence, or erosion. 

 

DRAFT 

AND COMMENT 

Revegetation involves adding soil amendments to the waste surface to provide nutrients, organic material, 

and neutralizing agents and improve the water storage capacity of the contaminated media, as necessary.  

Revegetation will provide an erosion-resistant cover that protects the ground surface from surface water 

and wind erosion and reduces net infiltration through the contaminated medium by increasing 

evapotranspiration processes.  Revegetation can also reduce the potential for direct contact.  In general, 

revegetation includes the following steps: (1) selecting appropriate plant species, (2) preparing seed bed, 

which may include deep application of soil amendments to provide acid buffering and enhance 

vegetation, as necessary, (3) seeding/planting, and (4) mulching and/or chemical fertilizing.  

 

FOR REVIEW 
Erosion control and protection includes using erosion-resistant materials, such as mulch, natural or 

synthetic fabric mats, gabions, riprap, and surface water diversion ditches and piping to reduce the erosion 

potential at the surface of the contaminated medium.  The erosion-resistant materials are placed in areas 

susceptible to surface water erosion (concentrated flow or overland flow) or wind erosion.  Proper erosion 

protection design requires knowledge of drainage area characteristics, average slopes, soil texture, 

vegetation types and abundance, and precipitation data. 

 

ONLY 

Flood control and protection includes using diversion ditches and berms, detention basins, dry dams, and 

vegetated flood plains to reduce the erosive force of water during periods of high intensity precipitation 

and runoff.  Harley Gulch is highly susceptible to flash flooding due to oversteep slopes and a narrow, 

confined channel.  Flood control is required in Harley Gulch to prevent erosion of tailings along the creek 

and resuspension of potentially contaminated sediment in the meadow area east of the mine.  Sulfur Creek 

and its tributaries are less susceptible to flash flooding due to a relatively large flood plain; however, the 

catchment area is much larger and generates more sustained high velocity events.  Flood control is 

required on Sulfur Creek to prevent erosion of tailings and waste rock along the creek, resuspension of 

contaminated sediment on the floodplain, and scouring of metals laden sediment in the creek bedload.  

Inspection of eroded banks along Sulfur Creek show multiple flood events with up to 4 feet of sediment 

deposited in the last 150 years. 

 

Surface controls are considered a feasible option for all waste types at the site and will be retained for 

further consideration as a remediation alternative, or in conjunction with other alternatives. 
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7.1.3.2 Containment 

 

DRAFT 

AND COMMENT 

A containment approach leaves waste materials in place and uses capping to reduce or eliminate exposure 

to, and mobility of, contaminated medium.  Containment source control measures can be used to divert 

surface water from the contaminated medium and to minimize infiltration (and subsequent formation of 

leachate) of surface water/precipitation into the underlying contaminated medium.  Infiltration can be 

reduced or prevented by physical barriers (geomembranes) or by increasing evapotranspiration processes.  

The physical capping or covering of wastes during containment reduces or eliminates the potential health 

risk that may be associated with exposure (direct contact or airborne releases of particulates) to the 

contaminated media.  

 

FOR REVIEW 
Cap or cover design may vary in complexity from a simple earthen cover to a multilayered cap designed 

to meet substantive Resource Conservation and Recovery Act (RCRA) or California requirements.  

Factors to consider in cap or cover design include physical conditions of the contaminated media, 

topography, slope stability, leachability, site hydrogeology, precipitation, depth to groundwater, 

groundwater quality, groundwater use, and applicable groundwater standards.  Stringent cap performance 

standards may not always be appropriate, particularly in instances where the toxicity of the contaminated 

medium is relatively low, where the cap is intended to be temporary, where there is very low 

precipitation, or where the waste is not leached by infiltrating rain water.  Specific cap design should also 

consider the desired land use following cap construction. 

 

ONLY 
Containment is considered a feasible option for all waste types at the site and will be retained for further 

consideration as a remediation alternative or in combination with other alternatives. 

Containment is considered a standard construction practice.  Equipment and construction methods 

associated with containment are readily available, and design methods and requirements are well 

understood. 

 

 

7.1.3.3 On-Site Disposal 

 

Permanent, on-site disposal is used as a source control measure and is similar to containment.  The 

objectives of on-site disposal are the same as for containment, except that disposal includes excavation 

and consolidation of waste into a single, usually smaller area, and may involve installing physical barriers 
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(geomembranes) beneath as well as above the waste.  This added barrier may be needed to provide 

additional protection of groundwater from potential leachate contamination.   

 

On-site disposal options may be applied to treated or untreated contaminated materials.  As materials are 

excavated and moved during this process, treatment may become a cost-effective option.  The design 

configuration of an on-site repository would depend on the toxicity and type of material requiring 

disposal. The design could range in complexity from an earthen cap, and earthen and geomembrane cap, a 

Class 2 repository, or a Class 1 repository. 

 

DRAFT 
FOR REVIEW 

AND COMMENT 
 

Factors to consider in design include physical condition of the contaminated media, topography, slope 

stability, leachability, site hydrogeology, precipitation, depth to groundwater, current groundwater 

quality, area groundwater use, and applicable groundwater standards.  Stringent cap performance 

standards may not always be appropriate, particularly in instances where the toxicity of the contaminated 

medium is relatively low, where there is very low precipitation, or where the waste is not leached by 

infiltrating rainwater.  Desired land use following cap construction should also be considered in cap 

design. 

 

ONLYA potential on-site repository area is considered a feasible option for all waste types within the District 

and will be retained for further consideration as a remediation alternative or in combination with other 

alternatives. 

Tailings can be excavated using conventional earth-moving equipment and accepted hazardous materials 

handling procedures.  Steep slopes in the waste rock and tailings areas may require use of specialized 

equipment or construction methods.  Precautionary measures, such as stream diversion or isolation, would 

be necessary for excavating materials along Harley Gulch or material contained in the flood plain of 

Sulfur Creek and its tributaries.  Containment and treatment of water encountered during excavation and 

drying of excavated material may also be necessary. 

 

 

7.1.3.4 Off-Site Disposal 

 

Off-site disposal involves placing excavated contaminated material in an engineered containment facility 

(Class 2 repository) located outside the site boundary.  Off-site disposal options may be applied to 

pretreated or untreated contaminated materials.  Materials failing to meet the DI-WET criteria, if disposed 
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off site, would require disposal in a permitted facility.  Conversely, less toxic materials could be disposed 

of in a permitted solid waste landfill in compliance with other applicable laws. 

 

Excavation and disposal at an off-site Class 1 repository is considered too costly as an alternative for all 

mine wastes in the District due to the large volume of waste involved and the high cost for transportation 

and disposal.  The closest Class 1 repository location is Kettleman Hills.  This alternative will only be 

retained for wastes that may not be Bevill exempt.  

 

7.1.4 Excavation And Treatment 

DRAFT 

AND COMMENT 

 

FOR REVIEW Excavation can be completed using conventional earth-moving equipment and accepted hazardous 

materials-handling procedures.  Precautionary measures, such as stream diversion or isolation, would be 

necessary for excavating materials along Harley Gulch or contained in the flood plain of Sulfur Creek and 

its tributaries.  Containment and treatment of water encountered during excavation may also be necessary. 

Excavation and treatment incorporate the removal of contaminated media and subsequent treatment via a 

specific treatment process that chemically, physically, or thermally results in a reduction of contaminant 

toxicity and volume.  Treatment processes have the primary objective of either:  (1) concentrating the 

metal contaminants for additional treatment or recovery of valuable constituents, or (2) reducing the 

toxicity of the hazardous constituents.   

 

 

7.1.4.1 Fixation and Stabilization 

ONLY 

Fixation and stabilization technologies are used to treat materials by physically encapsulating them in an 

inert matrix (stabilization) and chemically altering them to reduce the mobility and toxicity of their 

constituents (fixation).  These technologies generally involve mixing materials with binding agents under 

prescribed conditions to form a stable matrix.  Fixation and stabilization are established technologies for 

treating inorganic contaminants.  The technologies incorporate a reagent or combination of reagents to 

facilitate a chemical and physical reduction of the mobility of contaminants in the solid media.  Lime/fly 

ash-based treatment processes and pozzolan/cement-based treatment processes are potentially applicable 

fixation and stabilization technologies.  Stabilized material must still be disposed of in an on- or off-site 

facility. 
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Excavation and subsequent fixation and stabilization treatment are not considered feasible options for the 

District because the large volume of waste present makes the treatment cost prohibitive.  Other feasible 

options can provide equal protectiveness.   

 

7.1.4.2 Reprocessing 

 

DRAFT 
FOR REVIEW 

AND COMMENT 
LY 

Reprocessing involves excavating and transporting the waste materials to an existing permitted mill 

facility for processing and economic recovery of target metals.  Applicability of this option depends on 

the willingness of an existing permitted facility to accept and process the material and dispose of the 

waste.  Although reprocessing at active facilities has been conducted in the past, permit limitations, 

CERCLA liability, and process constraints all limit the feasibility of this process option. 

 

With the exception of potential gold-bearing waste rock at the West End Mine, reprocessing is not 

considered feasible at mines in the District due to the low value of recoverable metals in the majority of 

the waste material and the high cost of transportation and reprocessing.  Other feasible options can 

provide equal protectiveness. 

 

7.1.4.3 Physical and Chemical Treatment 

 

ON

Physical treatment processes use physical characteristics to concentrate constituents into a relatively small 

volume for disposal or further treatment.  Chemical treatment processes act through the addition of a 

chemical reagent that removes or fixates the contaminants.  The net result of chemical treatment processes 

is a reduction of toxicity and mobility of contaminants in the solid media.  Chemical treatment processes 

often work in conjunction with physical processes to wash the contaminated media with water, acids, 

bases, or surfactant.  Potentially applicable physical/chemical treatment process options include soil 

washing, acid extraction, and alkaline leaching. 

 

Soil washing is an innovative treatment process that consists of washing the contaminated medium (with 

water) in a heap, vat, or agitated vessel to dissolve water-soluble contaminants.  Soil washing requires 

that contaminants be readily soluble in water and sized sufficiently small so that dissolution can be 

achieved in a practical retention time.  Dissolved metal constituents contained in the wash solution are 

precipitated as insoluble compounds, and the treated solids are dewatered before additional treatment or 

disposal.  The precipitates form a sludge that would require additional treatment, such as dewatering or 

stabilization before disposal. 
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Acid extraction applies an acidic solution to the contaminated medium in a heap, vat, or agitated vessel.  

Depending on temperature, pressure, and acid concentration, varying quantities of the metal constituents 

present in the contaminated medium would be solubilized.  A broader range of contaminants can be 

expected to be acid soluble at ambient conditions using acid extraction versus soil washing; however, 

sulfide compounds may be acid soluble only under extreme conditions of temperature and pressure.  

Dissolved contaminants are subsequently precipitated for additional treatment and disposal. 

 

DRAFT 
FOR REVIEW 

AND COMMENT 

Alkaline leaching is similar to acid extraction in that a leaching solution (in this case, ammonia, lime, or 

caustic soda) is applied to the contaminated medium in a heap, vat, or agitated vessel.  Alkaline leaching 

is potentially effective for leaching most metals from the contaminated media; however, the removal of 

arsenic is not well documented. 

 

Excavation and subsequent physical and chemical treatment are not considered feasible options because 

the large volume of waste makes treatment cost prohibitive.  Other feasible options can provide equal 

protectiveness.   

 

7.1.4.4 Thermal Treatment/Vitrification 

 

ONLY 

Under thermal treatment technologies, heat is applied to the contaminated medium to volatilize and 

oxidize metals and render them amenable to additional processing and to vitrify the contaminated medium 

into a glass-like, nontoxic, nonleachable matrix.  Potentially applicable moderate-temperature thermal 

processes, which volatilize metals and form metallic oxide particulates, include the fluidized bed reactor, 

the rotary kiln, and the multihearth kiln.  Potentially applicable high-temperature thermal treatment 

processes include vitrification.  All components of the contaminated medium are melted and volatilized 

under high temperature vitrification.  Volatile contaminants and gaseous oxides of sulfur are driven off as 

gases in the process, and the nonvolatile, molten material that contains contaminants is cooled and, in the 

process, vitrified. 

 

Thermal treatment technologies can be applied to wet or dry contaminated medium; however, the 

effectiveness may vary somewhat with variable moisture content and particle size.  Crushing may be 

necessary as a pretreatment step, especially for large and variable particle sizes, such as the materials in 

waste rock dumps.  Moderate-temperature thermal processes should be considered only as pretreatment 

for other treatment options.  This process concentrates the contaminants into a highly mobile (and 
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potentially more toxic) form.  High-temperature thermal processes immobilize most metal contaminants 

into a vitrified slag that would require proper disposal.  The volatile metals would be removed or 

concentrated into particulate metal oxides, which would likely require disposal as hazardous waste.  

Thermal treatment costs are extremely high compared to other potentially applicable remediation 

technologies. 

 

Excavation and subsequent thermal treatment are not considered feasible options because the large 

volume of waste makes treatment cost prohibitive.  Other feasible options can provide equal 

protectiveness.   

DRAFT 
FOR REVIEW 

AND COMMENT 

 

7.1.5 In-place Treatment 

 

In-place treatment involves treating the contaminated medium where it is currently located.  In-place 

technologies reduce the mobility and toxicity of the contaminated medium and may reduce exposure to 

the contaminated materials; however, they allow a lesser degree of control, in general, than ex situ 

treatment options.  

 

7.1.5.1 Physical and Chemical Treatment 

 

Potentially applicable in-place physical and chemical treatment technologies include soil flushing, 

stabilization, and solidification. 

 

ONLY 

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

contaminated medium to solubilize metals.  The solubilized metals are extracted using established 

dewatering techniques, and the extracted solution is then treated to recover metals or is disposed of as 

aqueous waste.  Low-permeability materials may hinder proper circulation, flushing solution reaction, and 

ultimate recovery of the solution.  Currently, soil flushing has been demonstrated only at the pilot scale. 

 

In-place stabilization and solidification are similar to conventional stabilization in that a solidifying agent 

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

the contaminants.  The in-place process uses deep-mixing techniques to allow maximum contact of the 

solidifying agents with the contaminated medium. 
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In-place physical and chemical treatment is not considered a feasible option because the large volume of 

waste makes the treatment cost prohibitive.  Other feasible options can provide equal or greater 

protectiveness.   

 

7.1.5.2 Thermal Treatment 

 

DRAFT 
 

AND COMMENT 
 

In-place vitrification is an innovative process used to melt contaminated solid media in place to 

immobilize metals into a glass-like, inert, nonleachable solid matrix.  Vitrification requires significant 

energy to generate sufficient current to force the solid medium to act as a continuous electrical conductor.  

This technology is seriously inhibited by high moisture content.  Gases generated by the process must be 

collected and treated in an off-gas treatment system.  In-place vitrification has been demonstrated only at 

the pilot scale, and treatment costs are extremely high compared to other treatment technologies. 

 

FOR REVIEW7.2 SCREENING SUMMARY AND IDENTIFICATION OF REMEDIATION 
ALTERNATIVES 

In-place thermal treatment is not considered a feasible option because the large volume of waste makes 

the treatment cost prohibitive.  Other feasible options can provide equal or greater protectiveness. 

 

 

ONLY

A summary of the initial screening of remediation response actions, technologies, and process options for 

solid media is provided in Tables 7-2.  The next step in the evaluation and selection process for a 

remediation alternative is alternative screening.  The purpose of alternative screening is to compare the 

identified options based on the NCP criteria of effectiveness, implementability, and relative costs, and 

eliminate alternatives to reduce the number carried forward for detailed analysis.  Alternatives can be 

eliminated from further consideration if they do not meet the effectiveness or implementability criteria.  

Also, an alternative can be eliminated if its cost is substantially higher than other alternatives, and at least 

one other alternative is retained that offers equal protectiveness.  This second level of alternative 

screening is effective as a method of reducing the number of options requiring a subsequent detailed 

analysis. 

  

The remediation response actions, technologies, and process options that were retained have been 

combined into the remediation alternatives shown in Table 7-3. Remediation alternatives were divided 

between solids, sediment, and processing facilities due to the diversity of remediation issues within the 

District.  Because this number of alternatives is not unreasonably high, and since none of these 

alternatives  
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TABLE 7-2 
REMEDIATION TECHNOLOGY SCREENING COMMENTS SUMMARY 

FOR SOLID MEDIA IN THE SULFUR CREEK MINING DISTRICT 
(Page 1 of 3) 

DRAFT 
FOR R EW

AND O N
 

 EVI  
C MME T 
ONLY

General 
Response 
Actions 

 
Remediation 
Technology 

 
 

Process Options 

 
 

Description 

 
 

Screening Comment 
No Action None Not applicable No action Not applicable 
Institutional 
Controls 

Access 
Restrictions 

Fencing/Barrier Install fences around waste areas, shafts, and adits to 
limit access 

Potentially effective in conjunction with other technologies; 
readily implementable 

 Land Use
Control 

Implement restrictions to control current and future land 
use 

Potentially effective in conjunction with other technologies; 
readily implementable 

Engineering 
Controls 

Surface 
Controls 

Consolidation, 
Grading, 
Revegetation,  
Erosion 
Protection, Flood 
Protection 

Combine similar waste types in a common area; level 
out waste piles to reduce slopes for managing surface 
water infiltration, runoff, and erosion; manage flood 
flows to reduce the erosive force of water; add 
amendments to waste and seed with appropriate 
vegetative species to establish an erosion-resistant 
ground surface 

Potentially effective in conjunction with other process options 
assuming waste does not contain high concentrations of 
phytotoxic chemicals; limits direct exposure; readily 
implementable 

 Containment Earthen Cover Apply soil and establish vegetative cover to stabilize 
surface; waste materials are left in place 

Surface infiltration and runoff potential would be reduced, but 
not prevented; limits direct exposure; readily implementable 

Earthen and
Geomembrane 
Cap 

 Install geomembrane with soil/vegetation over surface; 
waste materials are left in place 

Surface infiltration and runoff potential would be significantly 
reduced, or eliminated; limits direct exposure; readily 
implementable 

On-Site
Disposal 

 Earthen Cover Excavate waste materials and deposit on site in a 
constructed repository with an earthen cover 

Surface infiltration and runoff potential would be reduced, but 
not prevented; limits direct exposure; readily implementable 

Earthen and
Geomembrane 
Cap 

 Excavate waste materials and deposit on site in a 
constructed repository with an earthen and geomembrane 
cap 

Surface infiltration and runoff potential would be significantly 
reduced, or eliminated; limits direct exposure; readily 
implementable 

Class 2
Repository 

Excavate waste materials and deposit on site in a 
constructed Class 2 Repository 

Surface infiltration and runoff potential would be significantly 
reduced, or eliminated; limits direct exposure; readily 
implementable 

Class 1
Repository 

Excavate waste materials and deposit on site in a 
constructed Class 1 Repository 

Potentially effective for all Bevill-exempt wastes; more costly 
and potentially more effective than Class 2 repository but added 
protection not considered necessary at this site 

Underground
Disposal 

 Excavate tailings and place in existing underground 
mine voids 

Erosion and slope stability issues would be eliminated; could 
impact groundwater quality; implementability depends on 
condition of underground mine voids and openings. 

Off-Site
Disposal 

 Class 2 
Repository 

Excavate waste materials and deposit off site in a 
constructed Class 2 Repository 

Surface infiltration and runoff potential would be effectively 
eliminated; limits direct exposure; readily implementable if site 
available for repository construction 
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TABLE 7-2 
REMEDIATION TECHNOLOGY SCREENING COMMENTS SUMMARY 

FOR SOLID MEDIA IN THE SULFUR CREEK MINING DISTRICT 
(Page 2 of 3) 

DRAFT 

AND O MENT 
 

FOR REVIEW 
C M
ONLY

General 
Response 
Actions 

 
Remediation 
Technology 

 
 

Process Options 

 
 

Description 

 
 

Screening Comment 
Engineering 
Controls  
(Continued) 

Off-Site 
Disposal 
(Continued) 

Solid Waste 
Landfill 

Excavate and dispose of nonhazardous solid wastes 
permanently in a state regulated solid waste landfill 

Potentially effective for nonhazardous materials or 
nonhazardous residues from other treatment process 
options; readily implementable, but cost prohibitive 

  
 

Class 1 
Repository 

Excavate and dispose of wastes permanently in a Class 1 
Repository 

Potentially effective, and readily implementable; but cost 
prohibitive 

Excavation And 
Treatment 

Fixation/ 
Stabilization 

Cement/Silicates Incorporate hazardous constituents into non-leachable 
cement or pozzolan solidifying agents 

Extensive treatability testing required; proper disposal of 
stabilized product would be required; potentially 
implementable, but cost-prohibitive 

 Reprocessing Milling Ship wastes to existing milling facility for economic 
extraction of metals 

Potentially effective for gold-bearing waste rock at 
McLaughlin facility near Clear Lake.  Not effective for 
mercury as a facility is not located in the area 

 Physical/ 
Chemical 
Treatment 

 
Soil Washing 

Separate hazardous constituents from solid media via 
dissolution and subsequent precipitation 

Effectiveness is questionable; potential exists to increase 
mobility by providing partial dissolution of contaminants; 
more difficulty encountered with wider range of 
contaminants 

  
 

Acid Extraction Mobilize hazardous constituents via acid leaching and 
recover by subsequent precipitation 

Effectiveness is questionable; sulfides would be acid soluble 
only under extreme conditions of temperature and pressure 

 Physical/ 
Chemical 
Treatment 

Alkaline 
Leaching 

Use alkaline solution to leach contaminants from solid media 
in a heap, vat, or agitated vessel 

Effectiveness is not well documented for arsenic 

 Thermal 
Treatment 

Fluidized Bed 
Reactor/Rotary 
Kiln/Multihearth 
Kiln 

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

Further treatment is required to treat process by-products; 
potentially implementable, but cost prohibitive 

  Vitrification Use extremely high temperature to melt and/or volatilize all 
components of the solid media; the molten material is cooled 
and, in the process, vitrified into a nonleachable form 

Further treatment is required to treat process by-products; 
potentially implementable, but cost prohibitive 

In-Place 
Treatment 

Physical/ 
Chemical 
Treatment 

Stabilization Stabilize waste constituents in place when combined with 
injected stabilizing agents 

Extensive treatability testing required; potentially 
implementable, but cost prohibitive 

  Solidification Use solidifying agents in conjunction with deep soil mixing 
techniques to facilitate a physical or chemical change in 
mobility of the contaminants 

Extensive treatability testing required; potentially 
implementable, but cost prohibitive 
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TABLE 7-2 
REMEDIATION TECHNOLOGY SCREENING COMMENTS SUMMARY 

FOR SOLID MEDIA IN THE SULFUR CREEK MINING DISTRICT 
(Page 3 of 3) 

 
General 

Response 
Actions 

 
Remediation 
Technology 

 
 
Process Options 

 
 

Description 

 
 

Screening Comment 
In-Place 
Treatment 
(Continued) 

Physical/ 
Chemical 
Treatment 
(Continued) 

Soil Flushing Acid/base reagent or chelating agent injected into solid 
media to solubilize metals; solubilized reagents are 
subsequently extracted using dewatering techniques 

Effectiveness not certain; innovative process currently in its 
pilot stage 

 Thermal 
Treatment 

Vitrification Subject contaminated solid media to extremely high 
temperature in place; during cooling, material is vitrified 
into non-leachable form 

Difficulties may be encountered in establishing adequate 
control; potentially implementable, but cost prohibitive 

DRAFT 
FOR REVIEW 

 
Note:  Eliminated alternatives are shaded. 
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TABLE 7-3 

 
REMEDIATION ALTERNATIVE INITIAL SCREENING SUMMARY 

FOR THE SULFUR CREEK MINING DISTRICT 
 

DRAFT 
O EVI

AND COMMENT 
 

F R R EW 

 
Mine 

 
Waste Type 

Alternative 
Number 

 
Alternative Description 

All All media Alternative 1 No Action 

All All media Alternative 2 Institutional Controls: fencing, land use, water use restrictions 

All Exposed cuts and trenches; tailings cover roads; tailings, 

waste rock, and ore piles; immobile sediment 

Alternative 3 Surface controls and institutional controls 

 

All Exposed cuts and trenches; tailings over roads; tailings, 

waste rock, and ore piles; immobile sediment 

Alternative 4 Surface controls, containment, and institutional controls 

All Exposed cuts and trenches; tailings over roads; tailings, 

waste rock, and ore piles; immobile sediment 

Alternative 5 Surface controls, excavation and on-site disposal, institutional controls 

All Exposed cuts and trenches; tailings over roads; tailings, 

waste rock, and ore piles; immobile sediment 

Alternative 6 Surface controls, excavation and off-site disposal 

ATR, CE, WA, CW Processing facilities and buildings Alternative 7 Solids removal and on-site disposal, leave historic features intact, 

institutional controls 

ATR, CE, WA, CW Processing facilities and buildings Alternative 8 Solids removal and off-site disposal, leave historic features intact, 

institutional controls 

ATR, CE, WA, CW Processing facilities and buildings Alternative 9 Demolition, overexcavation, and on-site disposal, institutional controls 

ATR, CE, WA, CW Processing facilities and buildings Alternative 10 Demolition, overexcavation, and off-site disposal 

All except CE, RP Mobile Sediment Alternative 11 Surface control and on-site disposal, institutional controls 

All except CE, RP Mobile Sediment Alternative 12 Surface control and off-site disposal 

 

ATR - Abbott and Turkey Run  CW - Cherry Hill and West End  WA - Wide Awake 

ONLY
MM - Manzanita    RP - Rathurn-Petray 
CE - Central and Empire   EC - Elgin and Clyde 
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could obviously be eliminated through an additional screening step, all of these alternatives will be 

carried through to the detailed analysis. 

 

8.0     DETAILED ANALYSIS OF REMEDIATION ALTERNATIVES 

 

DRAFT 
FOR REVIEW 

AND COMMENT 
ONLY

The third step in the selection process for remediation alternatives for the District is the detailed analysis.  

The purpose of the detailed analysis is to evaluate the screened remediation alternatives for their 

effectiveness, implementability, and cost in order to control and reduce toxicity, mobility, and volume of 

mine wastes in the District.  The remediation alternatives that were retained after the initial and 

alternative screening selection processes performed in Section 7.0 are included in the detailed analysis.   

 

As suggested by NCP guidance, remediation alternatives that were retained after the initial and alternative 

screening selection processes were evaluated individually against the following analysis criteria: 

 

Χ Overall protection of human health and the environment 
Χ Compliance with ARARs 
Χ Long-term effectiveness and permanence 
Χ Reduction of toxicity, mobility, or volume through treatment 
Χ Short-term effectiveness 
Χ Implementability 
Χ Cost 

 
Supporting agency acceptance and community acceptance are additional criteria that will be addressed 

after agency and public review of the alternative evaluations.  These nine criteria are used to ensure 

compatibility with NCP guidance (EPA 1988), as well as additional technical and policy considerations.  

Analysis criteria also serve as the basis for conducting the detailed analysis and subsequently selecting the 

preferred remediation alternative. 

 

 The criteria listed above are categorized into three groups, each with distinct functions in selecting the 

preferred alternative.  These groups include: 

 

Χ Threshold Criteria - overall protection of human health and the environment and 
compliance with ARARs. 

 
Χ Primary Balancing Criteria - long-term effectiveness and permanence; reduction of 

toxicity, mobility or volume through treatment; short-term effectiveness, 
implementability, and cost. 

 
Χ Modifying Criteria - state and community acceptance. 
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Overall protection of human health and the environment and compliance with ARARs are threshold 

criteria that must be satisfied for an alternative to be eligible for selection.  Long-term effectiveness and 

permanence; reduction of toxicity, mobility, or volume; short-term effectiveness; implementability; and 

cost are the primary balancing criteria used to weigh major trade-offs among alternative hazardous waste 

management strategies.  State and community acceptance are modifying criteria that are formally 

considered after public comment is received on the proposed remediation approach and the EE/CA report. 

Each criterion is presented and described further in Table 8-1. 

 

DRAFT 
FOR REVIEW 

AND COMMENT 
ONLY 

The final step of this analysis is to conduct a comparative analysis of the alternatives.  The comparative 

analysis will discuss each alternative’s relative strengths and weaknesses with respect to each of the 

criteria, and how reasonably key uncertainties could change expectations of their relative performance.  

Once completed, this evaluation will be used to identify preferred alternative(s).  Table 8-2 identifies the 

alternatives to be evaluated in the comparative analysis for the tailings adjacent to the west fork of Harley 

Gulch at the Abbott Mine.
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TABLE 8-1 
 

CRITERIA FOR DETAILED ANALYSIS OF SCREENED REMEDIATION ACTIVITIES 
SULFUR CREEK MINING DISTRICT 

(Page 1 of 2) 

DRAFT 
R VI  

AND C M NT
ONLY 

FO RE EW
OM E  

THRESHOLD CRITERIA 

Overall Protection of Human Health and the Environment Compliance with ARARs  

 
• How alternative provides human health and environmental protection 

 
• Compliance with chemical-specific ARARs 

 
• Compliance with action-specific ARARs 

 
• Compliance with location-specific ARARs 

 
• Compliance with other criteria, advisories, and guidance (TBCs) 

PRIMARY BALANCING CRITERIA 

 
Long-Term Effectiveness and Permanence 

 
Reduction of Toxicity, Mobility, or Volume 

Through Treatment 

 
Short-Term Effectiveness 

 
Implementability 

 
Cost 

 
• Magnitude of residual risk 

 
• Adequacy and reliability of 

controls 

 
• Treatment process used and 

materials treated 
 

• Amount of hazardous materials 
destroyed or treated 

 
• Degree of expected reductions in 

toxicity, mobility, and volume 
 

• Degree to which treatment is 
irreversible 

 
• Type and quantity of residuals 

remaining after treatment 

 
• Protection of community 

during removal actions 
 

• Protection of workers 
during removal actions 

 
• Environmental impacts 

 
• Time until removal 

action objectives are 
achieved 

 
• Ability to construct and operate 

the technology 
 

• Reliability of the treatment 
 

• Ease of undertaking additional 
removal actions, if necessary 

 
• Ability to obtain approvals from 

other agencies 
 

• Coordination with other agencies 
 

• Availability of off-site treatment, 
storage, and disposal services and 
capability 

 
• Availability of necessary 

equipment and specialists 
 

• Availability of prospective 
technologies 

 
• Capital costs 

 
• Operating and 

maintenance 
costs 

 
• Present worth 

cost 
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TABLE 8-1 
 

CRITERIA FOR DETAILED ANALYSIS OF SCREENED REMEDIATION ACTIVITIES 
SULFUR CREEK MINING DISTRICT 

(Page 2 of 2) 
 

DRAFT 
FOR REVIEW 

MODIFYING CRITERIA 

Supporting Agency Acceptancea Community Acceptancea  

 
• Features of the alternative the supporting agencies support 

 
• Features of the alternative about which the supporting agencies have reservations 

 
• Elements of the alternative the supporting agencies strongly oppose 

 

 
• Features of the alternative the community supports 

 
• Features of the alternative about which the community has reservations 

 
• Elements of the alternative the community strongly opposes 

 
 

 
Note: 
 
a These criteria are being assessed primarily following agency and pubic comment on the engineering evaluation/cost analysis. 
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TABLE 8-2 
 

REMEDIATION ALTERNATIVES FOR COMPARATIVE ANALYSIS 
CALCINED TAILINGS 
ABBOTT MINE SITE 

 

DRAFT 
FOR REVIEW 

 
Media 

Alternative 
Number 

 
Alternative Description 

Alternative 1 No Action 
Alternative 4 Surface controls, containment (with vegetated cover or 

vegetated geomembrane cap), and institutional controls 
in combination with box culvert in Harley Gulch 

Alternative 5 Surface controls, excavation and on-site disposal, 
institutional controls 

Alternative 5a Surface controls, excavation and on-site underground 
disposal, institutional controls 

Tailings 

Alternative 6 Surface controls, excavation and off-site disposal 
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