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ES EXECUTIVE SUMMARY 

ES.1 Introduction 

This Feasibility Study (FS) was prepared by Nobis Engineering, Inc. (Nobis) for the United States 

Environmental Protection Agency (EPA) under Contract Number EP-S1-06-03, Task Order 

Number 0070-RI-CO-017L (Task Order). The work was performed in accordance with the March 

25, 2014 EPA Statement of Work (SOW). The Task Order SOW includes the completion of a 

Remedial Investigation (RI) and FS for Operable Unit (OU) 2 and OU 3 at the Ely Copper Mine 

Superfund Site located in Vershire, Vermont. The components of OU2/OU3 are strictly related to 

the former mine’s abandoned shafts, adits, and /or other subsurface features, as well as surface 

openings of these components. These mine features are collectively defined here as the 

OU2/OU3 Underground Workings and will be referred to herein as the “Underground Workings”. 

The term “Site” will be used in the FS to refer to the overall Superfund Site, inclusive of all OUs. 

The location of the Site is shown in Figure ES-1. 

 

To facilitate the evaluation and implementation of actions to reduce, eliminate, or control actual 

or potential human-health and ecological risks, the Site has been divided into four OUs. OUs are 

discrete actions that comprise incremental steps toward a final remedy. An OU eliminates or 

mitigates a release, a threat of a release, or an exposure pathway (EPA, 1988), and may reflect 

the final remediation of a defined portion of a site or may be implemented as an interim measure. 

The four OUs for the Site are described below and shown in Figure ES-2: 

 

 OU 1 (OU1): OU1 includes all mine waste piles and all associated surface water and 

sediment impacts in Ely Brook, Ely Brook Tributaries, and on-site ponds. An RI (Nobis, 

2011a) and FS (Nobis, 2011b) were completed for OU1 and a ROD was signed in 2011 

(EPA, 2011). 

 

 OU 2 (OU2): OU2 includes groundwater and surface water discharge impacts associated 

with the Underground Workings on property currently owned by Ely Mine Forest, Inc. 

(EMFI).  

 

 OU 3 (OU3): OU3 includes groundwater and any potential future surface water discharge 

impacts associated with the Underground Workings on property currently owned by Green 

Crow Corporation (i.e. north of the crest of Dwight Hill). 
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 OU 4 (OU4): OU4 includes the smelter/slag area, surface water and sediments of 

Schoolhouse Brook (SHB) and Ompompanoosuc River, and groundwater contamination 

not associated with the Underground Workings. 

 

The goal of the OU2/OU3 RI/FS is to support the selection of a remedy that eliminates, reduces, 

or controls risks to human health and the environment and can be used to prepare a well-

supported OU2/OU3 Record of Decision (ROD). 

 

ES.2 Site Description and History 

The Site is an abandoned copper mine located approximately four miles southeast of the village 

of Vershire Center, and approximately five miles northwest of the village of West Fairlee in 

Vershire, Orange County, Vermont. The Site encompasses approximately 350 acres along the 

south slope of Dwight Hill, to the north of SHB and South Vershire Road. Waste areas are sparsely 

vegetated and include an ore roast bed, waste rock, tailings, slag heaps, and a former smelter 

(Piatak, et al., 2004; URS Corporation [URS], 2004; Public Archaeology Laboratory, Inc. [PAL], 

2005). No buildings exist on the Site. The locations of the former Main Shaft Hoist, the 

Westinghouse Hoist House, smelter buildings, a World War I-era ore flotation separation mill, and 

other structures associated with historic mining operations have been documented at the Site 

(PAL, 2005). The location of the Site and RI/FS Study Area is shown in Figure ES-1.  

 

The ore body was discovered in 1813 and explored in the 1830s. Significant mine activities began 

in 1853 and lasted until 1905. Mineralogy of the ore body was similar to that in other mines that 

are part of the Vermont Copper Belt. On-site smelting operations began in 1867 and were 

expanded over time to include a large 24-furnace smelter plant. Ely Mine was among the top ten 

copper producing operations for a period of its history, with an average annual production of 500 

tons of ingot copper and an estimated total copper production of 20,000 tons. During World War I, 

a flotation separation mill was constructed and operated for a short period. During World War II, 

some waste ore material was scavenged for milling at the Elizabeth Mine. Table ES-1 presents a 

summary of the Ely Mine operations. 

 

The sulfide minerals pyrrhotite and chalcopyrite (with minor sphalerite and pyrite) are present in 

unmined ore within the intact wall rock of the shaft and adits, as well as unconsolidated waste 
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rock that remains within the Underground Workings. When exposed to water and oxygen, these 

sulfide minerals react to generate iron, sulfate, and acidity. This acidity in turn causes many of 

the metals bound within the ore and waste rock to solubilize into groundwater or surface water, 

resulting in elevated levels of base metals such as aluminum, cadmium, cobalt, copper, iron, 

manganese, and zinc. These dissolved metals are conveyed to receiving aquifers and streams, 

resulting in metals, sulfate, and acid impacts. These general geochemical processes are well 

understood and are described as acid-mine drainage (AMD) or acid-rock drainage (ARD) 

(Wolkersdorfer, 2008). Because of ARD/AMD impacts to Ely Brook and SHB, the Ely Mine Site 

was added as a Superfund Site to the National Priorities List (NPL) in September 2001.  

 

ES.3 Site Investigations 

To support the initial Site evaluation and OU1 RI, United States Geological Survey (USGS) 

conducted a number of investigations between 2002 and 2010. Work included aquatic biota 

sampling, sediment sampling, surface water and seep sampling, and waste rock and leachate 

characterization (USGS/Cold Regions Research and Engineering Laboratory [CRREL], 2002; 

USGS, 2004a, b; 2007; Slack et. al., 1984 and 1990). These studies documented significant 

acidity and metals impacts in surface water and sediment resulting from Site mine source runoff.  

 

Under contract to the United States Army Corps of Engineers (USACE) and EPA, URS 

Corporation (URS) completed preliminary field sampling investigations in support of the RI/FS 

between 2005 and 2007. Work included test pits and soil borings in waste areas, monitor well 

installation, and collection of surface water, sediment, surface and subsurface soil, and 

groundwater samples from the Site.  

 

OU1 RI field investigations were completed by Nobis between 2009 and 2010, and included 

additional surface water and sediment sampling; vernal pool mapping and sampling; surface soil 

and waste rock/tailings sampling, overburden and bedrock monitoring well installation; 

groundwater and porewater sampling; and small mammal and invertebrate biota sampling. Boring 

logs for OU1 are provided in reports by URS (2008) and Nobis (2011a). Cross-sections based on 

these subsurface data are provided in the OU1 RI (Nobis, 2011a). A detailed description of this 

work can be found in the OU1 RI (Nobis, 2011a). 
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OU2/OU3 field investigations were completed by Nobis between 2012 and 2014 in support of the 

OU2/OU3 RI, and included additional surface water sampling; bedrock outcrop studies; 

photolineament studies; deep bedrock borehole and monitoring well installation; borehole 

geophysical surveys; and groundwater and porewater sampling. A detailed description of this 

work can be found in the OU2/OU3 RI (Nobis, 2015a). Table ES-2 presents a summary of 

investigations conducted at the Site. Figure ES-3 depicts the investigation locations included in 

the OU2/OU3 RI. 

 

ES.4 Contaminant Source Areas 

The primary contaminant sources responsible for groundwater impacts within the Underground 

Workings are: 

 

 unmined ore and naturally occurring sulfide minerals disseminated within the Underground 

Workings wall rock;  

 residual waste rock remaining within the Underground Workings; and 

 AMD inflow to the Mine Pool because of groundwater infiltration and seepage from the 

fractured bedrock overlying the Underground Workings.  

 

Because of the presence of unmined ore and naturally occurring minerals disseminated within 

the Underground Workings wall rock, the AMD contaminant mass source of the Underground 

Workings is essentially unlimited. Consequently, the Underground Workings has the geochemical 

capacity to produce AMD for an indefinite period of time. 

 

ES.5 Risk Assessments 

Human Health Risk Assessment (HHRA) Summary 

Nobis prepared an HHRA specific to Underground Workings groundwater (Nobis, 2015b). This 

section presents a description of the risk assessment methods employed and a summary of the 

results. The objective of the HHRA was to estimate potential future human health risks from the 

presence of contamination in the Mine Pool groundwater. The HHRA was performed in 

accordance with national and regional EPA risk assessment guidelines. 
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The HHRA calculated an exposure point concentration (EPC) for each contaminant of potential 

concern (COPC). Because of the limited groundwater dataset, the maximum detected 

groundwater concentrations were used as the EPCs. The only potential carcinogen identified as 

a COPC was chromium. However, based on 2010 chromium speciation results (Nobis, 2011c), 

trivalent toxicity values were used to calculate risk from total chromium, and trivalent chromium is 

not considered to be a carcinogen. Therefore, calculation of carcinogenic risk was not performed. 

 

Non-cancer hazard quotients (HQs) and hazard indices (HIs) were calculated for all COPCs using 

EPA-approved reference doses (RfDs) and reference concentrations. The calculated HQs/HIs 

exceeding 1.0 indicates potential for non-carcinogenic health effects associated with that COPC 

mixture. The calculated values were grouped by specific target organ effects associated with each 

COPC. 

 

HIs were greater than 1.0 for exposure to Underground Workings groundwater. Iron 

(gastrointestinal effects) was the primary contributor to groundwater HIs, followed by manganese 

(nervous system effects) and cobalt (thyroid effects). No other COPCs with HQs or organ-specific 

HIs greater than 1.0 were identified. Based on these results, the OU2/OU3 groundwater COCs 

are cobalt, iron, and manganese.  

 

The HHRA concluded that exposure to Underground Workings groundwater as a source of 

potable water for household use results in elevated HQs/HIs greater than 1.0, and that the 

residential scenario provides an upper bound on the potential risks associated with Underground 

Workings groundwater.  

 

Aquatic BERA Summary 

Separate aquatic and terrestrial baseline ecological risk assessments (BERAs) were completed 

prior to the designation of the OUs to address impacts of Site sources on site-wide ecological 

receptors (Techlaw, 2010 and Nobis, 2011a, respectively). In the context of the current OUs, 

these BERAs included aquatic and terrestrial receptors in OU1 and OU4, including impacts within 

the surface water channels directly downstream of the Underground Workings. Although these 

ecological risk assessments did not evaluate the Underground Workings directly, EPA has 

determined that the previous OU1 BERA results can be used to characterize the OU2/OU3 

ecological risks because the OU2/OU3 surface water receptors and exposure pathways are 
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identical to the OU1 receptors and exposure pathways. No conditions have changed to warrant a 

re-examination of the prior site-wide ecological risk assessments. 

 

The major Site habitats consist of Ponds 1 through 5, Ely Brook and the Ely Brook tributaries of 

SHB Upper Reach, SHB Lower Reach, and the East Branch of the Ompompanoosuc River 

(EBOR) downstream of its confluence with SHB. The conceptual site model (CSM) for the Site 

identified AMD associated with the discharge from the adits as contributing to the severe 

ecological impacts to fish communities and other forms of aquatic life in Ely Brook and its 

tributaries, as well as within SHB. The surface water discharge from the Deep Adit and Main Adit 

contains several metals in excess of federal and state water quality standards. These metals, 

particularly copper, are contributing to the ecological impacts as documented in the OU1 BERA 

(Techlaw, 2010). Table ES-3 summarizes the adit discharge surface water HQs when compared 

to the OU1 surface water Preliminary Remediation Goals (PRGs). These results show that copper 

is detected at a concentration 1,119 times the level considered safe for aquatic organisms in the 

surface water discharge from the Deep Adit and 200 times the level considered safe for aquatic 

organisms in the surface water discharge from the Main Adit. Aluminum, cadmium, nickel (Deep 

Adit only), and zinc were also detected at concentrations that could be harmful for aquatic 

organisms. The Deep Adit is considered the primary source of the impacts observed in Pond 4 

and Pond 5 as the Deep Adit. 

 

ES.6 Development of Remedial Action Objectives 

Remedial action objectives (RAOs) consist of medium-specific (e.g., water, soil), quantitative 

goals defining the extent of remediation required to protect human health and the environment. 

They specify contaminants of concern (COCs), exposure routes and receptors, and PRGs. In the 

case of groundwater, they also include a restoration time frame. RAOs are used as the framework 

for developing remedial alternatives. To develop RAOs, it is first necessary to identify applicable 

or relevant and appropriate requirements (ARARs) and PRGs. EPA’s analysis of ARARs takes 

into account that EPA expects to be invoking a statutory Technical Impracticability (TI) Waiver, 

as permitted by Section 121(d)(4)(C) of the Comprehensive Environmental Response, 

Compensation and Liability Act (CERCLA), 42 U.S.C. § 9601(d)(4)(C), for the groundwater within 

the Underground Workings as part of its OU2/OU3 ROD.  
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Underground Workings Groundwater Technical Impracticability 

It is expected that EPA will issue a determination through the ROD, that it is technically 

impracticable, from an engineering perspective, to achieve the Vermont Primary Groundwater 

Protection Standard for manganese, promulgated in the Vermont Groundwater Protection Rule 

and Strategy (Vermont Environmental Protection Rules, Chapter 12), for the water within the 

Underground Workings (the area where the waiver will apply is referred to as the TI Zone). 

Therefore, EPA expects to be waiving these standards as applicable or relevant and appropriate 

cleanup requirements for the groundwater within the designated TI Zone (see Figures ES-4 and 

ES-5). This waiver applies to all potential groundwater contaminants that exceed these standards 

(specifically manganese) which have been detected in the groundwater of the Underground 

Workings at concentrations above the Vermont Primary Groundwater Protection Standards. The 

primary basis for this determination is that the source of the contamination, the wall rock and 

waste rock within the Underground Workings, will generate the condition that causes the water to 

exceed the standards for hundreds, if not thousands of years. EPA has determined that there are 

no practicable actions that would result in the water within the Underground Workings consistently 

achieving groundwater standards and being suitable for use as a drinking water supply. For the 

same reasons, EPA expects also to make a determination that federal risk-based standards for 

cobalt, manganese, and iron cannot be achieved within the TI Zone. Therefore, the OU2/OU3 

cleanup will not be expected to achieve the federal risk-based standards in the TI Zone. 

 

Preliminary Remediation Goals  

PRGs are long-term numerical goals used during analysis and selection of remedial alternatives. 

PRGs should comply with ARARs and result in residual risks consistent with National Oil and 

Hazardous Substances Pollution Contingency Plan (NCP), 40 CFR Part 300, requirements for 

protection of human health and the environment. Therefore, PRGs are based both on risk-based 

concentrations and on ARARs. Eventually, PRGs become the basis for final remediation goals 

for the selected remedy. PRGs developed for protection of human health and ecological receptors 

are listed in Table ES-4. 

 

The RAOs, which are based on the OU2/OU3 HHRA and the BERA work previously performed 

at the Site, are intended to protect human health and the environment for specific media 

associated with the Underground Workings, specifically groundwater and surface water. The OU1 

RAOs are used as the framework for developing remedial alternatives.  
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Remedial Action Objectives  

The Groundwater and Surface Water RAOs for OU2/OU3 are summarized as follows: 

 

Groundwater RAOs 

 Prevent potential exposure from ingestion/dermal contact by a current or future resident 

to concentrations of contaminants in excess of ARAR and risk-based standards within the 

compliance boundary for the TI Zone. 

 

 Prevent migration of site contaminants in groundwater from beyond the edge of the 

compliance boundary of the TI Zone. 

 

Surface Water RAOs 

 Prevent the discharge from the Underground Workings from causing Pond 4, Pond 5, Ely 

Brook, and its perennial tributaries to fail to comply with Vermont’s numerical and 

biological criteria for a Class B surface water and Class B numerical criteria. 

 

Areas and Volumes of Media Exceeding PRGs 

Media evaluated for OU2/OU3 FS include Underground Workings groundwater and surface 

water. The areas and volumes of the impacted media are summarized in Table ES-5 and the 

estimated contaminant flux is summarized in Table ES-6. 

 

Underground Workings Groundwater: The Main Shaft is the largest Underground Workings 

feature. The entire Main Shaft volume was calculated at approximately 40.9 million gallons. 

However, the water level in the Main Shaft has remained steady at approximately 1,276 feet 

above mean sea level (amsl). This is the same elevation as the Mine Pool head level, suggesting 

that the Main Adit discharge serves as the decant point for the Mine Pool.  

 

Two monitoring wells intercept the Mine Pool. MW-UP2 intercepts the shallow Mine Pool, where 

geochemical reactions may be influenced by the interaction of water and oxygen at the Mine Pool 
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surface. MW-DP1 is installed within the deeper, anoxic portion of the Mine Pool, which is inferred 

to make up most of the volume of the Mine Pool. 

 

A significant portion of the Mine Pool is deeper than the MW-DP1, so no direct observation or 

sampling was performed there. Stratification of mine pools based on density and temperature 

differences has been observed (Wolkersdorfer, 2008), and it is possible that the deeper portions 

of the Mine Pool below 401 feet bgs exhibit a geochemistry distinct from the conditions observed 

in the RI. If stratification were occurring, the deeper water would be denser, more saline 

groundwater. This increased salinity would be the result of increased cation and anion 

concentrations. Therefore, it is reasonable to assume that water quality in the Mine Pool does not 

improve with depth. Consequently, the volume of contaminated groundwater to be addressed 

within the Mine Pool is equal to the submerged portion of the feature, approximately 32.4 million 

gallons. 

 

The Mine Pool groundwater geochemistry is characterized by elevated: base metals, sulfate, and 

major cations, with concentrations above 100 milligram per liter (mg/L) of calcium, iron, 

magnesium, and potassium. The concentrations are generally similar for total and dissolved 

metals, suggesting that most of the contaminant mass is in the dissolved phase. The upper Mine 

Pool (MW-UP2) is strongly to weakly reducing and the lower Mine Pool (MW-DP1) is strongly 

reducing. The Mine Pool water is buffered by moderately high bicarbonate alkalinity, with 

circumneutral pH and high specific conductivity. Concentrations of cobalt, iron, and manganese 

in the Mine Pool groundwater exceed federal risk based standards for consumption of 

groundwater and Vermont Groundwater Protection Standards for manganese.  

 

Underground Workings Surface Water: Underground Workings surface water discharge has 

been observed at three locations: the Main Adit, the Deep Adit, and 1850s Pollard Adit. Of these, 

the Deep Adit discharges the largest volume of surface water, while flow is rarely observed at the 

Pollard Adit. These features are shown in Figure ES-6. The cross-section is shown as Figure ES-

5. 

 

Deep Adit: The discharge point for the Deep Adit is located at the southern end of the feature. 

Flow is consistently observed from the Deep Adit, with an average discharge rate of ~3.2 gallons 

per minute (gpm), and a maximum discharge rate of ~7.9 gpm. The primary surface water COCs 
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associated with the Deep Adit discharge are: aluminum, cadmium, copper, nickel, and zinc. The 

average measured pH was ~3.8. 

 

Main Adit: The Main Adit is partially collapsed close to the entrance at the southern end of the 

feature. Flow is intermittently observed from the Main Adit (observed during 40% of monitoring 

events) with an average discharge rate of ~1.3 gpm and a maximum discharge rate of ~11 gpm. 

The primary surface water COCs associated with the Main Adit discharge are: aluminum, 

cadmium, copper, iron, and zinc. The average measured pH in 2014 is ~4.2.  

 

Surface Water Flux: Using the adit discharge chemical concentrations and measured discharge 

rates, the surface water contaminant mass flux for both the Deep Adit and Main Adit were 

calculated (Table ES-6). These results indicate that the total annual combined COC flux from the 

Main Adit and Deep Adit is between approximately 232 kg (based on average discharge rates) 

and 665 kg (based on maximum discharge rates). The Deep Adit discharge represents 

approximately 90% of the observed Underground Workings surface water volumetric discharge 

and 93% of the COC mass discharge. The Deep Adit discharge also has the highest acidity and 

concentrations of COCs. The Main Adit discharge represents approximately 10% of the observed 

Underground Workings surface water volumetric discharge and 7% of the COC mass discharge.  

 

ES.7 General Response Actions 

General response actions (GRAs) are broad categories consisting of remedial technologies and 

process options that can be selected individually or in combination in order to meet the RAOs for 

OU2/OU3. GRAs are included in the FS process to give a range of responses for consideration 

for site remediation. The selected OU2/OU3 GRAs are: 

 

 No Action 

 Limited Action 

 Containment 

 Ex-Situ Treatment 

 In-Situ Treatment 

 

Categories of remedial technologies and specific process options were identified based on a 

review of literature, vendor information, performance data, and experience in developing other 
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FSs under CERCLA. The screening process assesses each technology or process option for its 

effectiveness, implementability with regard to site conditions, known and suspected 

contaminants, affected environmental media, and relative cost. The effectiveness evaluation 

focuses on: (1) whether the technology is capable of handling the estimated areas or volumes of 

media and meeting the contaminant reduction goals identified in the RAOs; (2) the effectiveness 

of the technology in protecting human health and the environment during the construction and 

implementation phase; and (3) how proven and reliable the technology is with respect to 

contaminants and conditions at the site. Implementability encompasses both the technical and 

administrative feasibility of implementing a technology. 

 

Technologies and process options judged ineffective or not implementable were eliminated from 

further consideration. The OU2/OU3 RI did not identify any principal threat wastes at the Site. In 

addition, because the source of contamination is a large volume of low level mine waste, 

technologies that would require treatment of the entire volume of mine were not retained after the 

identification and initial screening of alternatives based on technical impracticability. The 

technologies retained at the end of the screening represent an inventory of technologies that are 

considered most suitable for remediation of surface water in OU2/OU3. Table ES-7 shows the 

applicable treatment technologies and Table ES-8 summarizes the screening of remedial 

alternatives for surface water. 

 

No technologies were considered practicable or suitable for remediation of the Underground 

Workings groundwater. Consequently, a TI waiver will be invoked to document that the ARARs 

associated with the restoration of groundwater in the Underground Workings to Vermont Primary 

Groundwater Protection Standards cannot be achieved and, therefore, RAOs to restore 

Underground Workings groundwater were not identified.  

 

ES.8 Alternatives Selected for Detailed Analysis 

The six media-specific alternatives retained from the screening process are shown in Table ES-9. 

Due to the nature of the OU2/OU3 impacts, only a limited range of options was identified based 

on the GRAs and process options that passed the technology screening. Furthermore, only one 

GRA was retained to address the contaminated Underground Workings groundwater (limited 

action with institutional controls [ICs] and long-term monitoring). As a result, the Underground 

Workings groundwater alternative is incorporated into the surface water alternatives, creating four 
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combined alternatives to address OU2/OU3 RAOs for detailed analysis and comparison, as 

shown below. 

 

 Alternative UW-1 – No Action ; 

 Alternative UW-2 – Deep Adit Filling and Groundwater Use Restrictions  

 Alternative UW-3 – Deep Adit Discharge Active Treatment and Groundwater Use 

Restrictions ; and 

 Alternative UW-4 – Deep Adit Discharge Passive Treatment and Groundwater Use 

Restrictions. 

 

The following subsections describe the OU2/OU3 alternatives. 

 

Alternative UW-1 No Action: This alternative would involve no action to prevent consumption of 

contaminated groundwater within the Underground Workings. This alternative would also involve 

no action to prevent the discharge of contaminated surface water from the Deep Adit and Main 

Adit. Since contamination is being left in place, this alternative would include statutorily required 

reviews of the remedy at least every five years, as required by CERCLA. The estimated cost of 

the alternative is $83,863. 

 

A detailed analysis of Alternative UW-1 is included in Section 4.1 of the FS Report. 

 

Alternative UW-2 Deep Adit Filling and Groundwater Use Restrictions: This alternative is 

shown in Figures ES-7, ES-8, and ES-9. It includes the permanent closure of the Deep Adit by 

filling in-place with grout and/or flowable fill to reduce the surface area available for AMD 

generation and greatly reduce or eliminate the release of AMD prior to discharge to a surface 

water channel that drains to Pond 5. The fill material may include neutralizing agents to further 

inhibit AMD creation and discharge from the Deep Adit. The other mine features, in particular the 

Burleigh Shaft, Shaft #4, and the Pollard Adit may be filled or made safe, as necessary. Prior to 

any excavation activities associated with the Deep Adit, a pre-design investigation (PDI) will be 

performed to better understand the conditions within the adit, including the extent to which the 

adit is full of water.  The investigations will also assess whether the water in the adit could 

discharge in an uncontrolled manner when the entrance to the adit is exposed.  The design will 

consider engineering measures to prevent an uncontrolled release from the adit. This alternative 

includes the use of low impact passive treatment to address the intermittent discharge from the 
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Main Adit. A limestone drain or passive treatment system would be installed to increase the pH 

and precipitate and/or filter the metals within the discharge from the Main Adit. This alternative 

includes the TI Waiver of the chemical-specific ARAR (Vermont Groundwater Quality Standards), 

which otherwise would apply to the groundwater in the Underground Workings. This alternative 

also includes a finding that it would be technically impracticable to clean up the groundwater in 

the Underground Workings to achieve federal risk-based standards. Because the groundwater 

within the Underground Workings cannot be restored to drinking water standards, this alternative 

includes the development of a groundwater use restriction area and the implementation of land 

use restrictions to prevent future consumption of the contaminated groundwater. The land use 

restrictions could be environmental restrictive covenants on individual properties or local 

ordinances or some combination. The restrictions would include both the area over the 

Underground Workings and additional area sufficient to prevent the installation of wells that would 

have the potential to draw contaminated groundwater from the Underground Workings. The 

alternative would be designed to avoid any adverse impacts to the federally threatened Northern 

Long-eared Bat, as well as State threatened and endangered bat species. The estimated cost of 

the alternative is $3.4 million. 

 

This alternative would consist of the following key components: 

 

 perform a groundwater pre-design investigation (PDI) to delineate a groundwater use 

restriction zone; 

 

 perform an adit discharge PDI: 

 

 installation of bat-compatible grates at selected Underground Workings portals and 

institute other bat mitigation measures, in consultation with federal and State wildlife 

officials; 

 

 installation of surface water diversion structures at selected Underground Workings 

portals; 

 

 pressure-grout the surface and near-entrance fractures that recharge the Deep Adit; 
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 installation of a flow-through bulkhead and permanent closure of the Deep Adit by filling 

in-place with grout and/or flowable fill (Shaft #4, the Burleigh Shaft, and/or other features 

may also be partially filled to minimize recharge to the Underground Workings); 

 

 construction, operation, and maintenance of a passive chemical treatment system at the 

Main Adit; and 

 

 IC inspections, long-term monitoring, and five-year reviews. 

 

A detailed analysis of Alternative UW-2 is included in Section 4.2 of the FS Report. 

 

Alternative UW-3 Deep Adit Discharge Active Treatment and Groundwater Use 

Restrictions: This alternative includes the same low impact passive treatment to address the 

intermittent discharge from the Main Adit as UW-2. A limestone drain or passive treatment system 

would be installed to increase the pH and precipitate and/or filter the metals within the discharge 

from the Main Adit. Refer to Figure ES-8 for the layout for the Main Adit component of UW-3. This 

alternative includes the collection and active treatment of the water discharged from the Deep 

Adit to eliminate the release of acid mine drainage from this feature. The treatment system would 

remove metals from the water by increasing pH and precipitating metals prior to discharge to a 

surface water channel that drains to Pond 5. For the purpose of alternative evaluation, a rotating 

contactor treatment system (RCTS) or similar system would be used for active treatment. Figure 

ES-10 shows the UW-3 concept for the Deep Adit. As with UW-2, the Burleigh Shaft, Shaft #4, 

and the Pollard Adit may be filled or made safe. In addition, some of the Deep Adit may be filled 

to limit the volume of water that would require treatment. As with UW-2, this alternative includes 

the TI Waiver of the chemical-specific ARAR (Vermont Groundwater Quality Standards), which 

otherwise would apply to the groundwater in the Underground Workings. This alternative also 

includes a finding that it would be technically impracticable to clean up the groundwater in the 

Underground Workings to achieve federal risk-based standards. Because the groundwater within 

the Underground Workings cannot be restored to drinking water standards, the alternative 

includes the development of a groundwater use restriction area and the implementation of land 

use restrictions to prevent future consumption of the contaminated groundwater. The land use 

restrictions could be environmental restrictive covenants on individual properties or local 

ordinances or some combination. The restrictions would include both the area over the 

Underground Workings and additional area sufficient to prevent the installation of wells that would 
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have the potential to draw contaminated groundwater from the Underground Workings. The 

alternative would be designed to avoid any adverse impacts to the federally threatened Northern 

Long-eared Bat and State threatened and endangered bat species. The estimated cost of the 

alternative is $5.2 million. 

 

This alternative would consist of the following key components: 

 

 perform a groundwater PDI to delineate a groundwater use restriction zone; 

 perform an adit discharge PDI; 

 installation of bat-compatible grates at selected Underground Workings portals and institute 

other bat mitigation measures, in consultation with federal and State wildlife officials; 

 installation of surface water diversion structures at selected Underground Workings 

portals; 

 pressure-grout the surface and near-entrance fractures that recharge the Deep Adit; 

 construction, operation, and maintenance of an active chemical treatment system at the 

Deep Adit; 

 construction, operation, and maintenance of a passive chemical treatment system at the 

Main Adit; 

 partial closure of the Deep Adit and/or other Underground Workings features (e.g. Shaft #4, 

the Burleigh Shaft) by filling in-place with grout and/or flowable fill, as necessary; and 

 IC inspections, long-term monitoring, and five-year reviews. 

 

A detailed analysis of Alternative UW-3 is included in Section 4.3 of the FS Report. 

 

Alternative UW-4 Deep Adit Discharge Passive Treatment and Groundwater Use 

Restrictions: This alternative includes the same low impact passive treatment to address the 

intermittent discharge from the Main Adit as UW-2. A limestone drain or passive treatment system 

would be installed to increase the pH and precipitate and/or filter the metals within the discharge 

from the Main Adit. Refer to Figure ES-8 for the layout for the Main Adit component of Alternative 

UW-4. It includes the collection and passive treatment of the water discharged from the Deep Adit 

to eliminate the release of acid mine drainage from this feature. The treatment system would use 

a sulfide reducing bacteria approach to remove metals from the water prior to discharge to a 

surface water channel that drains to Pond 5. Figure ES-11 shows the UW-4 concept for the Deep 

Adit. As with UW-2, the Burleigh Shaft, Shaft #4, and the Pollard Adit may be filled or made safe 
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and a low impact passive treatment would address the intermittent discharge from the Main Adit. 

As with UW-2 and UW-3, this alternative includes a TI Waiver of the chemical-specific ARAR 

(Vermont Groundwater Quality Standards), which otherwise would apply to the groundwater in 

the Underground Workings. This alternative also includes a finding that it would be technically 

impracticable to clean up the groundwater in the Underground Workings to achieve federal risk-

based standards. Because the groundwater within the Underground Workings cannot be restored 

to drinking water standards, the alternative includes the development of a groundwater use 

restriction zone and the implementation of land use restrictions to prevent future consumption of 

the contaminated groundwater. The land use restrictions could be environmental restrictive 

covenants on individual properties or local ordinances or some combination. The restrictions 

would include both the area over the Underground Workings and additional area sufficient to 

prevent the installation of wells that would have the potential to draw contaminated groundwater 

from the Underground Workings. The alternative would be designed to avoid any adverse impacts 

to the federally threatened Northern Long-eared Bat and State threatened and endangered bat 

species. The estimated cost of the alternative is $3.6 million. 

 

This alternative would consist of the following key components: 

 

 perform a groundwater PDI to delineate a groundwater use restriction zone; 

 perform an adit discharge PDI; 

 installation of bat-compatible grates at selected Underground Workings portals and institute 

other bat mitigation measures, in consultation with federal and State wildlife officials; 

 installation of surface water diversion structures at selected Underground Workings 

portals; 

 pressure-grout the surface and near-entrance fractures that recharge the Deep Adit; 

 construction, operation, and maintenance of a passive biological treatment system at the 

Deep Adit; 

 construction, operation, and maintenance of a passive chemical treatment system at the 

Main Adit; 

 partial closure of the Deep Adit and/or other Underground Workings features (e.g. Shaft #4, 

the Burleigh Shaft) by filling in-place with grout and/or flowable fill, as necessary; and 

 IC inspections, long-term monitoring, and five-year reviews. 

 

A detailed analysis of Alternative UW-4 is included in Section 4.4 of the FS Report. 
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ES.9 Alternative Cost Evaluation 

The following summarizes capital, annual O&M, present worth for 30 years at 7 % discount rate, 

and total estimated non-discounted costs for the evaluated alternatives.  

 

Cost Category UW-1 UW-2 UW-3 UW-4 

Capital Costs  $0  $2,617,261  $3,417,112  $2,710,713 

Annual O&M  $0  $40,338  $119,397  $55,035 

Total Non-Discounted Cost  $0  $3,288,197  $5,070,719  $3,532,842 

Total Present Worth 
(30 years @ 7 percent) 

 $86,863  $3,375,060  $5,157,582  $3,619,705 

 

 

ES.10 Comparative Analysis Summary 

Table ES-10 summarizes the comparative analysis of alternatives. A detailed comparative 

analysis of the alternatives is included in Section 5.0 of the FS Report 
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1.0 INTRODUCTION 

This Feasibility Study (FS) was prepared by Nobis Engineering, Inc. (Nobis) for the United States 

Environmental Protection Agency (EPA) under Contract Number EP-S1-06-03, Task Order 

Number 0070-RI-CO-017L (Task Order). The work was performed in accordance with the March 

25, 2014 EPA Statement of Work (SOW). The Task Order SOW includes the completion of a 

Remedial Investigation (RI) and FS at the Ely Copper Mine Superfund Site located in Vershire, 

Vermont. The RI/FS address those components of Operable Unit (OU) 2 and OU3 strictly related 

to the former mine’s abandoned shafts, adits, and/or other subsurface features, as well as surface 

openings of these components. These mine features are collectively defined here as the 

OU2/OU3 Underground Workings and will be referred to herein as the “Underground Workings”. 

Hereinafter, the term “Site” will be used to refer to the overall Superfund Site, inclusive of all OUs. 

The goal of the OU2/OU3 RI/FS is to support the selection of a remedy that eliminates, reduces, 

or controls risks to human health and the environment and can be used to prepare a well-

supported OU2/OU3 Record of Decision (ROD). The location of the Site is shown in Figure 1-1. 

 

1.1 Purpose and Scope 

To facilitate the evaluation and implementation of actions to reduce, eliminate, or control actual 

or potential human-health and ecological risks, the Site has been divided into four OUs. OUs are 

discrete actions that comprise incremental steps toward a final remedy. An OU eliminates or 

mitigates a release, a threat of a release, or an exposure pathway (EPA, 1988b), and may reflect 

the final remediation of a defined portion of a site or may be implemented as an interim measure. 

The four OUs for the Site are described below and shown in Figure 1-2: 

 

 OU 1 (OU1): OU1 includes all mine waste piles and all associated surface water and 

sediment impacts in Ely Brook, Ely Brook Tributaries, and on-site ponds. An RI (Nobis, 

2011a) and FS (Nobis, 2011b) were completed for OU1 and a ROD was signed in 2011 

(EPA, 2011). 

 

 OU 2 (OU2): OU2 includes groundwater and surface water discharge impacts associated 

with the Underground Workings on property currently owned by Ely Mine Forest, Inc. 

(EMFI).  
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 OU 3 (OU3): OU3 includes groundwater and potential future surface water discharge 

impacts associated with the Underground Workings on property currently owned by Green 

Crow Corporation (i.e. north of the crest of Dwight Hill). 

 

 OU 4 (OU4): OU4 includes the smelter/slag area, surface water and sediments of 

Schoolhouse Brook (SHB) and Ompompanoosuc River, and groundwater contamination 

not associated with the Underground Workings. 

 

The purpose of this FS Report (OU2/OU3 FS) is to identify and evaluate appropriate remedial 

alternatives for OU2/OU3 posing unacceptable human health or environmental risks as 

determined from information gathered during the RI (OU2/OU3 RI). The RI included evaluation of 

risks from the OU2/OU3 groundwater-specific Human Health Risk Assessment (HHRA) and the 

Baseline Ecological Risk Assessment (BERA) for OU1 (Nobis, 2011d). The FS Report evaluates 

alternatives based upon the criteria defined in the National Oil and Hazardous Substances 

Pollution Contingency Plan (NCP), 40 CFR Part 300, and the Comprehensive Environmental 

Response, Compensation, and Liability Act (CERCLA), 42 United States Code (U.S.C.) §9601 et 

seq. As required by the statute, a no-action alternative is considered in the evaluations and a 

detailed analysis of selected remedies is provided for each area. FS activities include: 

 

 developing remedial action objectives (RAOs); 

 developing general response actions (GRAs); 

 identifying areas and volumes requiring remedial action (RA); 

 identifying and screening of remedial technologies and process options; 

 developing and screening of RA alternatives; 

 conducting a detailed analysis of retained RA alternatives; and, 

 conducting a comparative analysis of retained RA alternatives. 

 

This FS does not select a preferred alternative for OU2/OU3, but rather describes the alternatives 

under consideration. The preferred alternative will be identified in the Proposed Plan and will be 

subject to public comment. After addressing State and public comments on the proposed 

alternative, a final remedy selection will be described in the OU2/OU3 ROD.  
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1.2 Report Organization 

Section 1.0 introduces the FS report and its purpose, and presents report topics. This Section 

includes a brief background description and history of the Site, the nature and extent of OU2/OU3 

contamination and a site conceptual model presenting the interrelationships of contaminant 

source areas, site geology and hydrogeology, contaminant persistence, and contaminant 

distribution. Section 1.0 also summarizes human-health and ecological risks. 

 

Section 2.0 identifies the basis for remediation, and identifies and screens remedial technologies 

for the corresponding response actions. This section links the results of the risk assessments to 

the selection of remedial technologies by identifying preliminary remediation goals (PRGs), 

developing RAOs, and listing the resultant GRAs. This section initiates the risk-management 

decision process. 

 

Section 3.0 describes the assembly of these technologies into remedial alternatives, and screens 

the alternatives against the criteria of implementability, effectiveness, and cost. 

 

Section 4.0 provides a detailed analysis of the retained alternatives and contains an evaluation of 

each alternative against the first seven evaluation criteria listed in the NCP. 

 

Section 5.0 presents a comparison of the retained alternatives that were the focus of the detailed 

evaluation, highlighting relative advantages and disadvantages of the alternatives with respect to 

the seven evaluation criteria. 

 

Figures, tables, and appendices are presented at the end of this document. 

 

1.3 Background Information 

This subsection summarizes background information on the Site. Topics include a Site description 

and general history, a history of environmental investigations leading up to this FS, a summary of 

the nature and extent of contamination, a discussion of contaminant fate and transport, the 

conceptual site model (CSM), and a summary of the relevant human health and ecological risk 

assessments. Additional detail pertaining to these subjects is provided in the OU2/OU3 RI report 

(Nobis, 2015a). 
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1.3.1 Site Description and Setting 

The Site is located approximately four miles southeast of the village of Vershire Center, and 

approximately five miles northwest of the village of West Fairlee in Vershire, Orange County, 

Vermont. The Site encompasses approximately 350 acres along the south slope of Dwight Hill, 

to the north of SHB and South Vershire Road. The mine area includes features such as intact and 

collapsed adits and shafts, reservoirs, over 3,000 linear feet of underground mine workings 

(largely flooded) and remnant foundations of former mine operation buildings. Waste areas are 

sparsely vegetated and include an ore roast bed, waste rock, tailings, slag heaps, and a former 

smelter (Piatak, et al., 2004; URS Corporation [URS], 2004; The Public Archaeology Laboratory, 

Inc. [PAL], 2005). No buildings exist on the Site. The locations of the former Main Shaft Hoist, the 

Westinghouse Hoist House, smelter buildings, a World War I-era ore flotation separation mill, and 

other structures associated with historic mining operations have been documented at the Site 

(PAL, 2005). The location of the Site and RI/FS Study Area is shown in Figure 1-1. Refer to 

Figure 1-3 for the historical features at the Site. Table 1-2 presents a summary of investigations 

conducted at the Site. 

 

The Site is an abandoned copper mine located in Vershire, Orange County, Vermont and 

encompasses approximately 350 acres, including areas containing an estimated 172,000 tons of 

waste rock, tailings, ore roast beds, slag heaps, smelter wastes, and over 3,000 linear feet of 

Underground Mine Workings with shafts and adits opening into the flooded mine. No buildings 

remain at the Site. Remnant foundations, pads, and stone walls, including a 1,400-foot long 

smoke flue, demark the location of former Site structures including a former flotation mill and the 

smelter plant. The Site has been determined to be eligible for listing in the National Register of 

Historic Places by EPA in consultation with the Vermont State Historic Preservation Officer 

(SHPO).  

 

The ore body was discovered in 1813 and explored in the 1830s. Significant mine activities began 

in 1853 and lasted until 1905. Mineralogy of the ore body was similar to that in other mines that 

are part of the Vermont Copper Belt (discussed further in Section 1.3.4), with ore consisting 

primarily of pyrrhotite, chalcopyrite and minor pyrite and sphalerite. Prior to 1867, ore was shipped 

to smelters along the east coast for processing. On-site smelting operations began in 1867 and 

were expanded over time to include a large 24-furnace smelter plant. Ely Mine was among the 

top ten copper producing operations for a period of its history, with an average annual production 
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of 500 tons of ingot copper and an estimated total copper production of 20,000 tons. It was the 

only copper mine in Vermont that successfully produced refined ingot copper on a large scale 

(Kierstead, 2001). During World War I, a flotation separation mill was constructed and operated 

for a short period. During World War II, some waste ore material was scavenged for milling at the 

Elizabeth Mine. Table 1-1 presents a history of Site operations. 

 

The sulfide minerals pyrrhotite and chalcopyrite (with minor sphalerite and pyrite) are present in 

unmined ore within the intact wall rock of the shaft and adits, as well as unconsolidated waste 

rock (i.e. boulder, cobbles, sand etc.) that remains within the Underground Workings. When 

exposed to water and oxygen, these sulfide minerals react to generate iron, sulfate, and acidity. 

This acidity in turn causes many of the metals bound within the ore and waste rock to solubilize 

into groundwater or surface water, resulting in elevated levels of base metals such as aluminum, 

cadmium, cobalt, copper, iron, manganese, and zinc. These dissolved metals are conveyed to 

receiving aquifers and streams, resulting in metals, sulfate, and acid impacts. These general 

geochemical processes are well understood and are described as acid-mine drainage (AMD) or 

acid-rock drainage (ARD) (Wolkersdorfer, 2008). Because of ARD/AMD impacts to Ely Brook and 

SHB, the Ely Mine Site was added as a Superfund Site to the National Priorities List (NPL) in 

September 2001.  

 

1.3.2 Landscape and Topography 

The Site landscape is a combination of barren open areas and patches of birch and evergreen 

trees. The south slope of Dwight Hill, which contains most of the waste rock associated with the 

mine, lies within the watershed of a small stream, Ely Brook, which flows south to join SHB on the 

south side of South Vershire Road. Figure 1-4 depicts the waste areas and other Site features 

within the OU2/OU3 area. SHB borders the southern margin of the Site and flows eastward 

approximately 1.75 miles to its confluence with the East Branch of the Ompompanoosuc River 

(EBOR). SHB upstream of Ely Brook and the EBOR support healthy fish populations. SHB is also 

suitable for recreational purposes such as swimming and wading. 

 

Site topography is dominated by the peak and steep south slope of Dwight Hill extending from an 

elevation of approximately 1,600 feet above mean sea level down to SHB at an elevation of 

approximately 940 feet above mean sea level (amsl), some 660 feet of relief. The main shaft and 

several adits leading to the mine Underground Workings are located along the steep, upper 
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portion of this slope at the head of the valley. Most of the mine wastes lie within the more gently 

sloping, lower portions of this valley. The crest of Dwight Hill occurs along a northwest trending 

ridge, which forms the northern boundary of the Ely Brook watershed. The Underground Workings 

extend approximately 3,000 feet to the northeast of the mine openings beneath and beyond the 

top of the ridge. North-south trending ridges to the west and east of the mine areas define two 

smaller upland valleys that merge into an open U-shaped valley facing south-southwest (SSW) 

and define the Ely Brook watershed. The small upland valley located on the western side of the 

watershed contains the headwaters for Ely Brook. The other small upland valley drains the 

eastern side of the watershed into a series of beaver ponds (Ponds 1 through 5). The northeast 

slope of Dwight Hill, which extends away from the waste piles, is moderately steep with an 

elevation drop of approximately 800 feet down to Route 113 to the east. Figure 1-1 shows the 

topographic contours for the Site and Study Area. 

 

1.3.3 Population and Land Use 

The Site is located in the Town of Vershire, Orange County, Vermont, which has a population of 

approximately 730 people (U.S. Department of Commerce, 2010). The Site is located in a rural, 

sparsely populated area of the town accessed by Beanville and South Vershire Roads, 

approximately 1.5 miles northwest of the Village of West Fairlee. It is estimated that less than 100 

people live within a one-mile radius of the Site. The nearest residents are located approximately 

¼ mile east of the Site along Beanville Road. The Site and vicinity is forested with the exception 

of open areas occupied by mine waste rock and tailings. The Site is currently privately owned. 

The land is undeveloped and has generally been undisturbed since cessation of activities in 1950. 

The current land use of the Site is quite limited; the land has been managed for timber harvesting 

and is used by a local hunting club. There are no residents or buildings on the Site. The Site is 

also frequented for limited recreational use by off-road vehicles, hunters, hikers, and spelunkers. 

There are no land use restrictions in place that would prevent future residential use.  

 

1.3.4 Vermont Copper Belt 

The Vermont Copper Belt, also known as the Orange County copper district, lies within the 

Connecticut River watershed in Orange County, Vermont. It is reported to have supplied the 

largest historic metal production in New England from the early 1800’s to 1958 derived primarily 

from the Elizabeth, Ely, and Pike Hill Mines within a 20-mile long area from south to north in the 

belt (Figure 1-5). Other smaller deposits known as the Cookeville, Orange, and Gove Deposits 
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also occur within this belt. Early production at the Elizabeth Mine was focused on copperas (iron 

sulfate), followed later by copper production at all three mines. The ore bodies are stratiform 

massive sulfide deposits similar to those of the Besshi-type deposits in Japan and are believed 

to have formed by syngenetic-exhalative processes on the sea floor during the Silurian-Devonian 

age. The primary ore minerals include pyrrhotite, chalcopyrite with minor sphalerite and pyrite 

(Slack et al., 2001). The Elizabeth and Ely Mines lie within the Devonian Gile Mountain Formation, 

and the Pike Hill Mines lie within the Silurian Waits River Formation. The Ely Copper Mine lies 

between the Elizabeth and Pike Hill Copper Mines. 

 

1.3.5 Underground Workings Description 

The extent of the Underground Workings of the Ely Mine has been estimated by White and Eric 

(1944) based on historical records. The locations of the mine openings and related surface 

features are shown in Figure 1-6. The surface projection of the Underground Workings is 

estimated based on a cross-section of the ore zone compiled by White and Eric (1944) and further 

work performed by Nobis (Nobis, 2014). There are approximately 12 shafts, adits, vents or other 

openings that have been identified on maps of the Site (PAL, 2005), that include: unnamed air 

shaft; Back Stopes entrance; Main Shaft; 1850s Pollard Shaft (“Shaft II”); 1834 Tyson/1854 

Pollard Adit (“Tyson/Pollard Adit”); 1850s Pollard Shaft; 1850s Pollard Adit A; Main Adit; Shaft 4; 

1850s Pollard Adit; Burleigh Shaft; and Deep Adit. Many of these may not be accessible, or 

collapsed, and some may have never intersected other Underground Workings. Figure 1-7 shows 

a cross section of the Underground Workings. 

 

The Main Shaft of the mine is the uppermost opening located along the steep slope above the 

Upper Waste Rock Piles at an elevation of approximately 1,385 feet. From this point, the Main 

Shaft extended approximately 3,000 feet to the northeast and descended some 1,500 feet 

vertically at an inclination averaging 25 degrees. The Main Shaft (and associated and connected 

ancillary workings) is flooded to an elevation of approximately 1,275 feet (White and Eric, 1944; 

PAL, 2007) and the submerged portion of the Underground Workings will be referred to herein as 

the “Mine Pool”. The Underground Workings includes several shafts and adits that accessed the 

mine at locations further downslope and are surrounded by the Upper Waste Area (UWA). These 

lower mine openings may be sources of mine drainage to the surface.  
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1.4 OU2/OU3 Nature and Extent of Contamination 

The current understanding of Underground Workings groundwater geochemistry, contaminant 

sources, and release and transport mechanisms are summarized in this section based on the 

existing data. 

 

1.4.1 Geochemical Setting 

The ore deposits of the Ely Copper Mine are stratiform massive sulfide deposits composed 

primarily of the sulfide minerals pyrrhotite and chalcopyrite (Slack, et al., 2001). The sulfide 

minerals are present in unmined ore within the intact wall rock of the Underground Workings shaft 

and adits, as well as unconsolidated waste rock (i.e. boulder, cobbles, sand etc.) that remains 

within the Underground Workings. When exposed to water and oxygen, these sulfide minerals 

react to generate iron, sulfate, and acidity. This acidity in turn causes many of the metals bound 

within the ore and waste rock to solubilize into groundwater or surface water, resulting in elevated 

levels of base metals such as aluminum, cadmium, cobalt, copper, iron, manganese, and zinc. 

These dissolved metals are conveyed to receiving aquifers and streams, resulting in metals, 

sulfate, and acid impacts. These general geochemical processes are well understood and are 

described as AMD or ARD (Wolkersdorfer, 2008). 

 

At the Site, each constituent needed for AMD is present within the Underground Workings. These 

include: (1) an abundance of sulfide minerals present within wall rock and waste rock; (2) 

oxygenated water, which enters the Underground Workings through surface water infiltration into 

open shafts and adits as well as groundwater flow into the Underground Workings; and (3) 

atmospheric air that enters the Underground Workings through open shafts and adits. Consistent 

with these conditions, AMD from the Underground Workings has mixed with the bedrock 

groundwater to form the Ely Mine Pool, a 32.4 million gallon mine pool contained within the 

Underground Workings, primarily the Main Shaft. The overall result is an area of groundwater that 

contains metals (cobalt, iron, manganese, and thallium) at levels exceeding federal and state 

criteria for groundwater and drinking water. 

 

1.4.2 Contamination Sources 

The primary contaminant sources responsible for groundwater impacts within the Underground 

Workings are: 



 

NH-4054-2015-F 9 Nobis Engineering, Inc. 

 

 unmined ore and naturally occurring sulfide minerals disseminated within the Underground 

Workings wall rock;  

 residual waste rock remaining within the Underground Workings; and 

 AMD inflow to the Mine Pool because of groundwater infiltration and seepage from the 

fractured bedrock overlying the Underground Workings.  

 

Because of the presence of unmined ore and naturally occurring minerals disseminated within 

the Underground Workings wall rock, the AMD contaminant mass source of the Underground 

Workings is essentially unlimited. Consequently, the Underground Workings have the 

geochemical capacity to produce AMD for an indefinite period of time. 

 

1.4.3 Mine Pool Groundwater 

The term “upper” Mine Pool is used to generally describe the shallow Mine Pool, where 

geochemical reactions may be influenced by the interaction of water and oxygen. The upper Mine 

Pool is characterized by the August and November 2014 results for MW-UP2 collected directly 

from the Mine Pool at a depth interval of 205 to 210 feet below ground surface (bgs). Conversely, 

the term “lower” Mine Pool is used to describe the deeper and fully submerged portion of the Mine 

Pool, where geochemical reactions are less likely to be influenced by the Mine Pool air-water 

interface. The lower Mine Pool is characterized by the August and November 2014 results for 

MW-DP1 collected directly from the Mine Pool at a depth interval of 380 to 401 feet bgs. 

 

Although the term “lower” Mine Pool is used to describe the MW-DP1 location and results, a 

significant portion of the Main Shaft Mine Pool is deeper than MW-DP1. Groundwater data are 

not available in the Mine Pool at depths below MW-DP1 and no definitive conclusions can be 

made regarding the conditions or water quality beyond this location. Stratification of the Mine Pool 

based on density and temperature differences has been observed in other mine pools 

(Wolkersdorfer, 2008), and it is possible that the deeper portions of the Mine Pool below 401 feet 

bgs exhibit a geochemistry distinct from the conditions observed in MW-DP1. If stratification were 

occurring, the deeper water would be denser, more saline groundwater. This increased salinity 

would be the result of increased cation and anion concentrations. Therefore, it is reasonable to 

assume that water quality in the Mine Pool does not improve with depth.  
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The Mine Pool groundwater is characterized by the following concentrations exceeding PRGs: 

 

 total and/or dissolved cobalt and manganese at concentrations ranging between 1.0 to 1.6 

times greater than EPA risk-based standards (for cobalt and manganese)1; and 

 exceedances of total and dissolved iron at concentrations approximately 9 times greater 

than EPA risk-based standards. 

 

1.4.4 Adit Discharge 

The RI evaluated several discharge locations and concluded that only three sampling locations 

(from the 1850s Pollard Adit, Deep Adit, and Main Adit) were representative of adit discharge. Of 

these, the Deep Adit and Main Adit represent 90% of the total observed Underground Workings 

discharge. PRGs for site-wide surface water were established in the OU1 ROD based on a site-

wide aquatic ecological BERA. Because the OU2/OU3 surface water receptors and exposure 

pathways are identical to the OU1 receptors and exposure pathways, EPA has determined that 

the previous OU1 BERA results can be used to characterize the OU2/OU3 ecological risks. For 

comparative purposes, the following surface water results are compared to the OU1 surface water 

PRGs.  

 

Average Main Adit discharge from 2007 to 2014 is characterized by the following: 

 

 Every sample analyzed for exceeded the OU1 surface water PRGs for aluminum, copper, 

and zinc. The most significant exceedance was copper, which was more than 300 times 

the PRG. 

 

 Iron and cadmium exceeded the OU1 surface water PRG in most of the samples, and the 

average exceedance was 2 to 3 times the criteria. 

 

Average Deep Adit discharge from 2007 to 2014 is characterized by the following: 

 

                                                

1 Manganese levels also exceed less stringent Vermont Groundwater Protection Rule and Strategy, Primary 
Groundwater Protection Standards (Vermont Environmental Protection Rules, Chapter 12). 
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 Every sample analyzed for exceeded the OU1 surface water PRG for aluminum, cadmium, 

copper, nickel, and zinc. Aluminum was more than two orders of magnitude above the 

OU1 surface water PRG, and copper was three orders of magnitude above the criteria. 

 

 Iron exceeded the OU1 surface water PRG in earlier samples (pre-2014), and the average 

iron value for all the samples was approximately 2 times the criteria. 

 

1.5 Site Hydrogeology 

This section briefly describes the general geology and hydrology of the area encompassing the 

Site. 

 

1.5.1 Overburden Geology 

The dominant overburden unit overlying bedrock in the Site region is glacial till. The United States 

Department of Agriculture (USDA) classification of soils in the vicinity of the Site is described as 

a Tunbridge-Woodstock-Buckland association. These are typical of soils formed in glacial till on 

upland terrain and range from stony silty loam to very stony loam (PAL, 2005). The glacial till 

encountered is typically a gray to olive brown, moderately dense, fine to medium sand with silt 

and gravel with variable thickness. The glacial till thickness ranges from nonexistent on some 

slopes up to 49 feet thick reported in the lowermost portion of the valley beneath the slag pile 

(URS, 2008).  

 

1.5.2 Regional Bedrock Geology 

The Site lies within the Vermont Copper Belt, which includes a group of Silurian-Devonian rocks 

comprising the western portion of the Connecticut Valley-Gaspe Trough, which extends from 

Massachusetts to Quebec, Canada. Stratigraphic units in east-central Vermont include (from 

oldest to youngest) the Northfield Formation, Waits River Formation, Standing Pond Volcanics, 

and the Gile Mountain Formation (Slack et al., 2001). The massive sulfide deposits of the Ely 

Mine lie within the Devonian-age Gile Mountain Formation. These rocks were deformed during 

three stages of folding and amphibolite-grade metamorphism during the Acadian Orogeny. 

 

The main belt of the Gile Mountain rocks lies to the east of the Waits River Formation and is 

comprised primarily of metamorphosed siliciclastic rocks (graphitic pelite and quartzose 
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granofels) representing a quartz-rich turbidite protolith. The amphibolites of the Standing Pond 

Volcanics occur typically along the contact between the Waits River and Gile Mountain 

Formations, and locally within the uppermost Waits River Formation, representing a suite of 

primarily thin metabasalts. The variations in the stratigraphic position of the Standing Pond 

Volcanics suggest that the contact between the Waits River and Gile Mountain Formations is time 

transgressive (Slack et al., 2001).  

 

1.5.3 Site Bedrock Geology 

The bedrock at the Site is exposed at many locations in the upper elevations of Dwight Hill and is 

composed primarily of siliclastic metasedimentary rock (pelite and graywacke) representing a 

turbidite protolith, with minor mafic metavolcanic rocks (amphibolite). The ore body had an 

elongated shape and extended over 3,000 feet inclined at approximately 25 degrees. It formed 

along the crest of a fold in the bedrock layering along a trend of approximately north-40 degrees-

east (N40E) (Slack et al., 2001). Site-wide, bedrock is consistent with the Gile Mountain 

Formation. Extremely thick quartz veins (up to five feet) were encountered in a few locations. Thin 

layers of amphibolite occur occasionally in outcrop, although none was described from cores or 

drill cuttings. The primary structural fabric is a foliation generally trending northwest, dipping 20-

30 degrees to the northeast, although local variations exist.  

 

Previous studies (Offield et al., 1993) document the orientation of metamorphic foliation 

(schistosity) in Dwight Hill outcrops. Foliation varies on a site-wide scale and is also folded on an 

intermediate scale (fold wavelengths a few tens of meters) and the outcrop scale (fold 

wavelengths of a few meters or less). Thrust faults and “rare vertical faults” were documented 

within the Underground Workings, but it is unknown whether these faults are fractured, whether 

the faults are barriers or conductors of groundwater flow, and whether the faults might extend 

sufficiently far to connect the Deep Adit and the Main Adit. As summarized by Offield et al. (1993), 

the rare vertical faults were described as offsetting ore bodies by as much as 3 meters and as 

“filled by carbonate and local barite.” (Smith, 1905; White and Eric, 1944). Finally, “the contact 

zone between psammitic schist in the roof of the adit (a small adit in between the two main mine 

openings) and pelitic schist containing considerable sulfide below is marked by an intense shear 

fabric (thrust contact)”. However, Offield et al. do not document the orientation of outcrop fractures 

other than those coincident with foliation.  
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1.5.4 Surface Water Hydrology 

Site-wide surface water impacts are addressed under OU1 (Nobis, 2011a). OU2 includes the 

impact of Underground Workings surface water discharges, principally from adit portals.  

 

The Underground Workings features where portal discharges to surface water have been 

observed are described below and shown in Figure 1-6. 

 

 The Main Adit has partially collapsed. Ponded surface water is typically visible in the 

collapsed entrance with intermittent flow. This flow is rarely substantial enough to result in 

discharge away from the immediate vicinity of the adit. The surface water station SW-100 

is located as the discharge point (or pooled water). Discharge from the Main Adit is 

presumed to infiltrate to overburden groundwater and be transported downgradient to a 

surface water discharge point within the Ely Brook watershed, presumably in a location 

between the UWA and Lower Waste Area (LWA) (Figure 1-4). The potential surface water 

receptors for this discharge are Ely Brook Tributary 2 (EBT-2) and/or Ely Brook Tributary 

3 (EBT-3). However, given the intermittent nature of this discharge and the low measured 

flow rates, the contribution of the Main Adit discharge to the water budget of the UWA is 

assumed to be minor in comparison to groundwater and surface water flows resulting from 

precipitation and infiltration. 

 

 The 1850s Pollard Adit is a potential water discharge point. The surface water station ES-4 

is a seep directly adjacent to the mapped (inferred) location of this adit. The source of the 

seep could be overburden water daylighting from the base of the pile or discharge from 

the adit, or a combination of both. Discharge from the 1850s Pollard Adit and ES-4 is 

transported in surface water and overburden groundwater within the Ely Brook watershed 

(Figure 1-4). The likely surface water receptors for this discharge are EBT-2 and/or EBT-

3. 

 

 The Deep Adit discharges the largest volume of surface water that is directly attributed to 

the Underground Workings. The surface water station ES-8 is located directly at the Deep 

Adit point of discharge. This discharge forms an ephemeral stream that flows to its 

discharge point at Pond 5, and ultimately to EBT-2. 
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1.5.5 Overburden Hydrology 

Figure 1-8 depicts updated water levels and shows overburden groundwater flow south of Dwight 

Hill as generally southward. On both sides of Ely Brook, local groundwater flow is toward the 

brook or its tributaries. Some of the tributaries flow from springs, seeps, or small ponds. Site-wide 

water level measurements from 2012 to 2014 confirm the general groundwater flow directions 

noted in the OU1 RI Report (Nobis, 2011a).  

 

There are no monitoring wells on the north (Green Crow) side of Dwight Hill, so no water level 

measurements or other subsurface information is available. Depth to bedrock on the north side 

of Dwight Hill is generally not known, except where the depth is zero, at outcrops. In addition, 

reconnaissance mapping in 2012 revealed that bedrock is just a few inches below grade in some 

areas. Even where present, overburden is likely unsaturated in some portions of the Green Crow 

property. Overburden groundwater flow may occur within lower elevation drainages of the Green 

Crow property, for example within the unnamed drainage shown as Ompompanoosuc River 

Tributary 1 (ORT-1) in Figure 1-2. Presumably, overburden flow would roughly parallel 

topographic slope and would flow toward ORT-1 (from both north and south) and then eastward 

toward the EBOR. 

 

1.5.6 Bedrock Hydrology 

On a site-wide scale, groundwater flow directions in shallow bedrock (up to 15 feet below bedrock 

surface) are similar to those in overburden and are shown in Figure 1-9. This interpretation 

assumes that fractures capable of groundwater flow exist in the shallow bedrock and are 

connected. No data are available for the north slope of Dwight Hill. However, it is assumed that, 

where water-bearing fractures in shallow bedrock form a connected network, groundwater flow is 

presumably northward, toward ORT-1 and then eastward toward the EBOR. 

 

There is an insufficient number of wells to construct a site-wide deep bedrock groundwater level 

contour and flow map. However, water levels in MW-19D, MW-20D, and MW-14D in August and 

November 2009 are consistent with a southward flow direction (Nobis, 2011a). While water level 

data south of the crest of Dwight Hill may indicate groundwater flow from north to south, such flow 

will occur only if permeable bedrock fractures are connected to a source of recharge and to other 

permeable fractures. Therefore, an understanding of bedrock fractures is critical to evaluation of 

groundwater flow. 
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The average fracture length measured in Site outcrops is greater than the average fracture 

spacing measured in the outcrops and borings. This means that intersections between potentially 

permeable fractures likely occur in the rock mass. Such intersections themselves have been 

observed both in outcrops and in acoustic televiewer (ATV) logs. The fractures measured in the 

outcrop study have the potential for groundwater flow, although no direct evidence of groundwater 

flow in these outcrop fractures was observed. Bedrock fracture and flow conditions on the Green 

Crow property are assumed to be similar to those drilled south of the crest of Dwight Hill, except 

that if a borehole were to intercept the Underground Workings directly, it would do so at a depth 

greater than approximately 400 feet, and progressively deeper to the northeast (Figure 1-7). 

Water levels in boreholes that intercept the Underground Workings on the Green Crow property 

would be expected to be approximately 1,276 feet amsl. Water levels in other boreholes would 

depend on the heads in water-bearing fractures that might be intercepted by the boreholes.  

 

If only known water-bearing fractures are considered, the fracture spacing that may impact the 

Mine Pool is approximately 110 feet, for a fracture frequency of 0.009 water-bearing fractures per 

linear foot. However, the 110-foot average spacing between water-bearing fractures is based on 

only five fractures in two boreholes, too small a data set to use with confidence. Further, several 

photolineaments intersect the trace of the Underground Workings (Figure 1-10). These 

photolineaments may represent steeply dipping fracture zones that extend much farther than 83 

feet from the Underground Workings.  

 

Strikes of the apparently water-bearing fractures in the Underground Workings boreholes are 

northeast (NE) or northwest (NW), with shallow to moderate dips (22 to 66 degrees) (Nobis, 2014). 

The overall fracture trends noted in the borehole ATV data for the Underground Workings 

boreholes are similar to the trends observed in the southern flank of Dwight Hill (MW-19D) and in 

the Ely Brook valley (MW-20D and MW-14D), but with a greater spread (to the NW and NE) in 

strike distribution. It should be noted that data sets obtained from boreholes favor the inclusion of 

shallow to moderately dipping fractures, as compared to steep fractures, which are likely to be 

missed by a vertical borehole. 

 

At both the West Cell and Dwight Hill areas, significant, steeply dipping cross cutting fractures 

may provide avenues for recharge, where these fractures reach the upper surface of bedrock. 

Although such fractures may terminate upward or downward when more schistose layers are 
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encountered, intersections between the steeply dipping and foliation fractures may provide 

hydraulic connections that allow both recharge from above and groundwater flow within the 

bedrock fracture network. Steeply dipping bedrock fractures may intersect the Mine Pool and 

provide an avenue of discharge from the Underground Workings. Thus, the bedrock fracture 

network has the potential to allow a hydraulic connection between the Underground Workings 

and hypothetical wells that may be drilled at some distance from the workings.  

 

Based on the frequency of water-bearing fractures observed to be intercepted by the 

Underground Workings borings, approximately 27 water-bearing fractures might be expected to 

intersect the Underground Workings, and most of these would be expected to occur beneath 

Green Crow property. Such water-bearing fractures might not be evenly distributed along the 

length of the Underground Workings, but instead concentrated in areas where mapped 

photolineaments (presumed to be steeply dipping fracture zones) intersect the trace of the 

Underground Workings. For example, the lineament associated with ORT-1 (Figure 1-11) is a 

location where water-bearing fractures that intersect the Underground Workings might be 

expected. However, the depth of the Underground Workings at this location lends uncertainty to 

the above interpretation. 

 

Synthesizing the results of the air photolineament (Nobis, 2013) and bedrock outcrop fracture 

investigations indicates that the two most prominent lineaments in the study area coincide with 

secondary statistical peaks in the outcrop fracture data. These lineaments include north-northeast 

(NNE) to south-southwest (SSW) lineaments south of the Main Shaft and an east-southeast - 

west-northwest (ESE-WNW) lineament coinciding with ORT-1. Therefore, the lineaments may 

represent bedrock fracture zones.  

 

Less prominent lineaments in the study area that trend NW, north-northwest (NNW), or NE may 

also represent bedrock fracture zones, since these are common fracture strike orientations. It 

should be noted that air photolineaments preferentially represent steeply dipping or vertical 

fractures, whereas the outcrops examined had both vertical and horizontal faces, allowing the 

observation of both low-dipping and steeply dipping fractures that may intersect those faces. 

Vertical boreholes preferentially intersect shallow and moderately dipping fractures and can easily 

miss vertical or steeply dipping fractures, so the absence of borehole fractures whose orientations 

might corroborate lineaments does not rule out the lineaments as bedrock fracture zones. 
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1.6 Air Circulation/Habitat 

The Underground Workings are critical habitats for threatened or endangered bat populations, 

specifically as winter hibernacula. Previous bat surveys conducted at the Site by the Vermont Fish 

and Wildlife Department (VTFWD) have observed the Northern Long-eared bat, eastern small-

footed bat, big brown bat, little brown bat, and tri-colored bat. The Indiana bat was identified once 

several decades ago. The mine is considered a historical hibernaculum for the Indiana bat (Nobis, 

2011c). Of these bat species, the eastern small-footed bat is listed as threatened under the 

Vermont Endangered Species law and the Indiana bat and little brown bat are listed as 

endangered under the Vermont Endangered Species law. The northern long-eared bat is listed 

as endangered in Vermont and is federally listed as a threatened species, while the Indiana bat 

is listed as endangered in Vermont and federally (VTFWD, 2015). 

 

Portions of the Underground Workings have collapsed; however, some are still open and allow 

for air circulation. The open Underground Workings entrances, which are accessible to bats and 

other wildlife, include the following: 

 

 The Main Shaft and Back Stopes have open entrances and are connected underground. 

The airshaft for the Back Stopes appears to be partially collapsed and may provide air 

circulation to the Underground Workings. It is unclear if the airshaft is still open enough at 

the bottom to permit wildlife entrance. 

 

 Shaft II – 1850s Pollard Shaft has an open entrance that is readily accessible for wildlife. 

This shaft opens into a room that connected with the 1834 Tyson/1854 Pollard Adit. From 

the Shaft II entrance, three openings are visible that connect to other Underground 

Workings (the 1834 Tyson/1854 Pollard Adit and a winze leading to the Main Adit), but 

the condition of these features and the degree of current connection is unknown. Research 

work performed in 2014 confirmed that bats do use the Pollard Shaft during the summer 

months. 

 

 The Main Adit entrance is open and accessible to wildlife. Uphill of the Main Adit, the roof 

has partially collapsed. The 1850s Pollard Shaft, which has an open entrance, originally 

extended to the roof of the Main Adit. However, the current condition of this feature and 

the extent of connection are unknown. 
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 The Burleigh Shaft entrance is open and accessible to wildlife. The extent of the 

Underground Workings beyond the entrance is unknown. 

 

Based on the known conditions of the Underground Workings, the Main Shaft complex is likely to 

have several points of air circulation, while Shaft II, the Main Adit, and the Burleigh Shaft have at 

least one entrance point and somewhat limited air circulation. 

 

1.7 Conceptual Hydrogeologic Model 

The oxidation and weathering of sulfide minerals present in unmined ore within the intact wall rock 

of the Underground Workings, as well as unconsolidated waste rock (i.e. boulder, cobbles, sand 

etc.), generates AMD, resulting in groundwater acidity and metals impacts. These groundwater 

impacts are conveyed to receiving streams, resulting in metals, sulfate, and acid impacts. 

Consistent with these conditions, AMD from the Underground Workings has mixed with the 

bedrock groundwater to form the Ely Mine Pool, a 32.4 million gallon mine pool in the Main Shaft 

that contains COC metals (cobalt, iron, and manganese) at levels exceeding state regulatory 

criteria, as well as federal risk-based criteria, for groundwater.  

 

Below the shallow surface zone where air-water reactions occur, the geochemistry of the Mine 

Pool is anoxic, highly reducing, highly conductive, with circumneutral pH. These conditions, in 

combination with the major cation, sulfate, and ferrous iron concentrations, suggest that the Mine 

Pool system has evolved from an AMD system to a neutral mine drainage system (i.e. silicate 

weathering products are now dominating the sulfide mineral weathering in the Mine Pool). These 

results also suggest that the bulk of the Mine Pool is relatively isolated (i.e. stagnant) under current 

groundwater flow conditions.  

 

Groundwater movement within the Underground Workings is controlled by the configuration of 

the Underground Workings themselves and the characteristics of the surrounding bedrock. The 

Underground Workings are recharged by infiltration of groundwater from precipitation through the 

overburden and from there to bedrock fractures. Water can also enter the Underground Workings 

through overland flow into the open entrances. Given the apparent stability of the Mine Pool water 

level in comparison with nearby bedrock monitoring wells, as well as the equivalence of the Mine 

Pool elevation with the Main Adit discharge elevation, the Main Adit is inferred to be the decant 
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point for the Underground Workings. The rate of recharge to the Main shaft was estimated at 

approximately 11.6 gallons per minute (gpm), while the observed discharge from the Main Adit 

varied from no flow to 11 gpm.  

 

Contamination from the Mine Pool may be released by transport through bedrock fractures. 

However, water-bearing fracture frequency and yield rates observed in the Underground 

Workings bedrock are very low. Additionally, geochemical results suggest the Mine Pool water is 

stagnant and not well mixed. These results indicate that the Mine Pool groundwater flux is very 

low. Water-bearing fractures may be concentrated in areas where mapped photolineaments (that 

may represent steeply dipping fracture zones) intersect the trace of the Underground Workings 

(e.g. the east-southeast – west-northwest (ESE-WNW) lineament coinciding with the ORT-1 

drainage, as shown in Figures 1-10 and 1-11).  

 

The Underground Workings groundwater impact area is inferred to be equivalent to the extent of 

the Underground Workings (Figure 1-11). The lack of subsurface data in the vicinity of the 

Underground Workings results in a high degree of uncertainty regarding the extent of the bedrock 

groundwater plume if any beyond the physical extent of the Underground Workings. To address 

this uncertainty, an 800-foot buffer zone has been drawn around the Underground Workings in 

Figure 1-11. An additional uncertainty exists related to potential transport along laterally extensive 

and highly conductive fractures, in particular, mapped photolineaments coinciding with the 

unnamed drainage ORT-1. To address this uncertainty, future investigations will be performed to 

reduce the uncertainty associated with the extent of potential groundwater impacts along the 

ORT-1 drainage. 

 

Contamination from the Mine Pool is also released via surface water discharge. The Underground 

Workings features, which are known to discharge to surface water, include the Main Adit, Deep 

Adit, and 1850s Pollard Adit. Underground Workings adit discharge is distinct from the Mine Pool 

groundwater in several respects: dissolved aluminum and copper are one to three orders of 

magnitude higher in the adit discharge, while iron, sulfate, and major cations are much lower. The 

pH in the adit discharge is also significantly lower than the Mine Pool. The lower concentrations 

of most of the metals in the adit discharge can be explained by exposure to air or more-

oxygenated water, which cause iron oxide and oxy-hydroxide precipitation within the Underground 

Workings before discharging. The adit discharge may also be diluted by mixing with shallow, 

unimpacted groundwater. The elevated aluminum and copper in adit discharge may be from the 
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influence of non-Mine Pool sources, such as waste rock within the upper Underground Workings 

and waste rock piles on the surface above the Underground Workings. 

 

1.8 Basis for Action 

An HHRA for OU2/OU3 was prepared in conjunction with the RI (Nobis, 2015b) to evaluate risks 

associated with the Underground Workings groundwater. No other human health risk pathways 

were identified for the Underground Workings. A separate site-wide aquatic BERA was completed 

prior to the designation of the OUs (Techlaw, 2010).  

 

The sections below outline the assessment approaches used and the current understanding of 

the human health and ecological risks at the Site.  

 

1.8.1 HHRA Summary 

Nobis prepared an HHRA specific to Underground Workings groundwater (Nobis, 2015b). This 

section presents a description of the risk assessment methods employed and a summary of the 

results. The objective of the HHRA was to estimate potential future human health risks from the 

presence of contamination in the Mine Pool groundwater. The HHRA was performed in 

accordance with national and regional EPA risk assessment guidelines. 

 

The HHRA calculated an exposure point concentration (EPC) for each contaminant of potential 

concern (COPC). Because of the limited groundwater dataset, the maximum detected 

groundwater concentrations were used as the EPCs. The only potential carcinogen identified as 

a COPC was chromium. However, based on 2010 chromium speciation results (Nobis, 2011a), 

trivalent toxicity values were used to calculate risk from total chromium, and trivalent chromium is 

not considered to be a carcinogen. Therefore, calculation of carcinogenic risk was not performed. 

 

Non-cancer hazard quotients (HQs) and hazard indices (HIs) were calculated for all COPCs using 

EPA-approved reference doses (RfDs) and reference concentrations. The calculated HQs/HIs 

exceeding 1.0 indicates potential for non-carcinogenic health effects associated with that COPC 

mixture. The calculated values were grouped by specific target organ effects associated with each 

COPC. 
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HIs were greater than 1.0 for exposure to Underground Workings groundwater. Iron 

(gastrointestinal effects) was the primary contributor to groundwater HIs, followed by manganese 

(nervous system effects) and cobalt (thyroid effects). No other COPCs with HQs or organ-specific 

HIs greater than 1.0 were identified. Based on these results, the OU2/OU3 groundwater COCs 

are cobalt, iron, and manganese. A summary of the OU2/OU3 human health risks is provided as 

Table 1-3. 

 

The HHRA concluded that exposure to Underground Workings groundwater as a source of 

potable water for household use results in elevated HQs/HIs greater than 1.0, and that the 

residential scenario provides an upper bound on the potential risks associated with Underground 

Workings groundwater.  

 

Figure 1-12 depicts the maximum detected concentrations of contaminants exceeding PRGs. 

 

1.8.2 Aquatic BERA Summary 

Separate aquatic and terrestrial BERAs were completed prior to the designation of the OUs to 

address impacts of Site sources on site-wide ecological receptors (Techlaw, 2010 and Nobis, 

2011d, respectively). Although the OU1 BERAs did not evaluate the Underground Workings 

directly, EPA has determined that the previous OU1 BERA results can be used to characterize 

the OU2/OU3 ecological risks because the OU2/OU3 surface water receptors and exposure 

pathways are to the same as the OU1 receptors and exposure pathways. No conditions have 

changed to warrant a re-examination of the prior site-wide ecological risk assessments. 

 

The major aquatic habitat at the site consists of Ponds 1 through 5, Ely Brook and the tributaries 

to Ely Brook of SHB Upper Reach, SHB Lower Reach, and the EBOR downstream of its 

confluence with SHB. Toxicity testing of sediment, surface water, and porewater, along with 

analysis of benthic and fish communities, provided multiple measurement endpoints to assess 

potential risk in the OU1 BERA. The Aquatic BERA documented that severe ecological impacts 

have occurred as a result of the release of AMD with toxic levels of metals from the Site waste 

areas into the surface water and sediment within the OU1 area including: Ely Brook, the tributaries 

of Ely Brook, and Ponds 4 and 5. The upstream (reference) areas of the SHB, Ely Brook 

headwaters, and Pond 1 supported healthy populations of benthic invertebrates, further 

documenting that the Site is a significant source of ecological impairment.  
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The OU2/OU3 CSM identifies AMD associated with the discharge from the adits as contributing 

to the severe ecological impacts to fish communities and other forms of aquatic life in Ely Brook 

and its tributaries, as well as within SHB. The surface water discharge from the Deep Adit and 

Main Adit contains several metals in excess of federal and state water quality standards. These 

metals, particularly copper, are contributing to the ecological impacts as documented in the OU1 

BERA (Techlaw, 2010). A summary of the aquatic ecological risks previously evaluated for the 

Ely Ponds 4 and 5 is provided as Table 1-4. Table 1-5 summarizes the adit discharge surface 

water HQs when compared to the OU1 surface water PRGs. These results show that copper is 

detected at a concentration 1,119 times the level considered safe for aquatic organisms in the 

surface water discharge from the Deep Adit and 200 times the level considered safe for aquatic 

organisms in the surface water discharge from the Main Adit. Aluminum, cadmium, nickel (Deep 

Adit only), and zinc were also detected at concentrations that could be harmful for aquatic 

organisms. The Deep Adit is considered the primary source of the impacts observed in Pond 4 

and Pond 5 as the Deep Adit. Figure 1-12 depicts the maximum detected concentrations of 

contaminants exceeding PRGs in Underground Workings discharge. Figure 1-13 shows the area 

of ecological impacts as determined in the OU1 aquatic BERA.  

 

1.9 Previous Response Actions 

In September 2011, EPA signed a ROD for OU1 at the Ely Copper Mine. The OU1 cleanup action 

involves the excavation of the UWA; LWA; Ore Roast Bed Area; Tailing Area; Ponds 4 and 5; and 

the stream sediments of Middle Ely Brook and Lower Ely Brook along with Ely Brook tributaries 

EBT-1, EBT-2, EBT-3, and EBT-4. The excavated material will be placed in an on-site landfill type 

cell, the West Cell. The areas to be excavated and the location of the West Cell and possible 

staging areas are shown in Figure 1-14 and how these areas relate to the Underground Workings. 

Figure 1-15 shows the areas to be restored with vegetation and the areas that may remain as 

exposed bedrock. As shown in these figures, the Deep Adit, Burleigh Shaft, Shaft #4, and Pollard 

Adit features of the Underground Workings will all be substantially impacted by the OU1 cleanup. 

The OU1 design is taking into account the historic resource, wetland, and endangered species 

issues associated with the areas to be disturbed or impacted by the OU1 cleanup.  
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2.0 IDENTIFICATION AND SCREENING OF TECHNOLOGIES 

This section identifies and screens remedial technologies using the process outlined in EPA RI/FS 

guidance, Principal Threats Guidance, Groundwater Presumptive Strategy, and the NCP (EPA, 

1988b, 1990, 1991, and 1993). The FS process begins with the identification of remedial response 

objectives which establish general cleanup goals and identification of applicable or relevant and 

appropriate requirements (ARARs). Chemical-specific numerical cleanup standards are 

established and used to identify RAOs based on ARARs and risk-based standards. Once these 

tasks are completed, estimates are made of the areas and volumes of media in the OU source 

areas that exceed PRGs. The Underground Workings and surface discharge points that comprise 

the OU2/OU3 source areas are depicted in Figures 1-4 and 1-6. Potential remedial technologies 

are identified and screened to produce an inventory of suitable technologies that can be 

developed into remedial alternatives that are capable of mitigating actual or potential risks within 

the OU. 

 

The national goal of the Superfund program as stated in the NCP at 40 Code of Federal 

Regulations (CFR) 300.430(a)(1)(i) is to select remedies that are protective of human health and 

the environment, that maintain protection over time, and that minimize untreated waste. To reach 

this goal, the NCP enumerates several expectations at 40 CFR 300.430(a)(1)(iii)(A-F): 

 

 to use treatment to address principal threats posed by a site wherever practicable; 

 

 to use engineering controls, such as containment, for waste that poses a relatively low 

long-term threat or where treatment is impracticable; 

 

 to use a combination of methods, as appropriate, to achieve protection of human health 

and the environment; 

 

 to use institutional controls (ICs), such as water use and deed restrictions, to supplement 

engineering controls as appropriate for short- and long-term management to prevent or 

limit exposure to hazardous substances, pollutants, or contaminants; 

 

 to consider innovative technology where such technology offers the potential for 

comparable or superior performance or implementability, fewer or less adverse impacts 
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than other available approaches, or lower costs for similar levels of performance than 

demonstrated technologies; and 

 

 to return usable groundwater to beneficial uses wherever practicable, within a time frame 

that is reasonable given the particular circumstances of the site; when restoration of 

groundwater to beneficial uses is not practicable, prevent further plume migration, prevent 

exposure to the contaminated groundwater, and evaluate further risk reduction. 

 

Identification of Principal and Low-Level Threat Wastes 

The NCP establishes an expectation that treatment will be used to address the principal threats 

at a site wherever practicable, whereas engineering controls, such as containment, may be used 

for wastes that pose a relatively low long-term threat or where treatment is impracticable (40 CFR 

300.430(a)(1)(iii)). The concept of principal threat and low-level threat wastes is applied on a site-

specific basis when characterizing source material. Source material is defined as material that 

includes or contains hazardous substances, pollutants, or contaminants that act as a reservoir for 

migration of contamination to groundwater, surface water, or air, or that act as a source for direct 

exposure (Office of Solid Waste and Emergency Response [OSWER] 9380.3-06FS [EPA, 1991]). 

Contaminated groundwater generally is not considered to be source material, although non-

aqueous phase liquids (NAPLs) may be. 

 

Principal threat wastes are those source materials considered to be highly toxic or highly mobile 

that cannot be reliably contained or that would present a significant risk to human health or the 

environment should exposure occur (EPA, 1991). The manner in which principal threats are 

addressed will generally determine whether the statutory preference for treatment as a principal 

element is satisfied. The reasonably anticipated future land use at a site is significant in defining 

principal threat waste areas. Pursuant to the NCP and the 1995 guidance Land Use in the 

CERCLA Remedy Selection Process (EPA, 1995), current land use and reasonably anticipated 

future land use should be considered in identifying realistic exposure scenarios for estimating site 

risks. When baseline risks associated with the reasonably anticipated future land use trigger 

action, the definition of principal threat waste may be determined by the reasonably anticipated 

future land-use scenario as well. For example, soil contamination that could be considered a 

principal threat under a residential exposure scenario might not be considered a principal threat 

under a non-residential exposure scenario. Although no “threshold level” of risk has been 
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established to identify principal threat waste, a general rule of thumb is to consider a principal 

threat those source materials with toxicity and mobility characteristics that combine to pose a 

potential risk several orders of magnitude greater than the risk that is acceptable for the current 

or reasonably anticipated future land use, given realistic exposure scenarios (EPA, 1997). 

Furthermore, characterizing a waste as a principal threat does not necessarily mean that the 

waste poses the primary risk at a site. Examples of source materials that generally constitute 

principal threats include liquid wastes in drums, lagoons, or tanks; NAPLs floating on or under 

groundwater; soil, sediment, sludge, or debris containing high concentrations of mobile or 

potentially mobile contaminants; buried non-liquid wastes; and soil containing significant 

concentrations of highly toxic material (OSWER 9200.1-23P [EPA, 1999]). 

 

Low-level threat wastes are those source materials that generally can be readily contained and 

that would present only a low risk in the event of a release or exposure. Examples of wastes 

generally considered to constitute low-level threats include soil containing contaminants that are 

relatively immobile in air or groundwater (i.e., non-liquid, low volatility, low leachability) in the 

specific environmental setting and soil containing contaminant concentrations that are not greatly 

above RfD levels or that present an excess cancer risk near the acceptable risk range (EPA, 

1999). 

 

Investigations at the Site have not identified liquid waste in drums, tanks or impoundments; free-

phase NAPL; or significant concentrations of highly toxic or mobile contaminants in soil or other 

source material. The groundwater and surface water discharge associated with the Underground 

Workings are low-level threat wastes, because the elevated metals and sulfate they contain pose 

a chronic risk rather than a short-term or acute risk. Although the acidity and metals generated by 

the Site surface sources are highly toxic and highly mobile acute threat with respect to the impact 

to the environment, the waste in the Underground Workings generating the AMD can be reliably 

contained and is not considered a principal threat waste. 

 

2.1 Development of RAOs 

RAOs consist of medium-specific (e.g., water, soil), quantitative goals defining the extent of 

remediation required to protect human health and the environment. They specify contaminants of 

concern (COCs), exposure routes and receptors, and PRGs. In the case of groundwater, they 
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also include a restoration time frame. RAOs are used as the framework for developing remedial 

alternatives. To develop RAOs, it is first necessary to identify ARARs and PRGs. 

 

2.1.1 Applicable or Appropriate and Relevant Requirements and 

To-Be-Considered Criteria 

A preliminary identification of ARARs and To-Be-Considered (TBC) criteria (i.e. non-promulgated 

advisories or guidance) has been performed. The ARARs and TBCs have been characterized as 

chemical-specific, location-specific, or action-specific. State and Federal regulations, policies, and 

guidelines are summarized and presented in Tables 2-1, 2-2, and 2-3. 

 

CERCLA and the NCP require that Superfund RAs must attain federal standards, requirements, 

limitations, or more stringent state standards that are determined to be legally applicable or 

relevant and appropriate to the circumstances at a given site. ARARs are federal and state 

environmental and facility-siting requirements used to: (1) evaluate the appropriate extent of site 

cleanup; (2) define and formulate RA alternatives; and (3) govern implementation and operation 

of the selected action. Inherent in the interpretation of ARARs is the assumption that protection 

of human health and the environment is ensured. 

 

Definitions of ARARs and TBC Criteria 

To properly consider ARARs and to clarify their function in the remedy selection process, the NCP 

defines two ARAR components: (1) applicable requirements; and (2) relevant and appropriate 

requirements. Requirements under federal or state law may be either applicable or relevant and 

appropriate to CERCLA cleanup actions, but not both. These definitions are discussed in the 

following paragraphs: 

 

Applicable Requirements: 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, RA, location, or other circumstance at a CERCLA site (40 CFR 300.400(g)). To be 

applicable, a requirement must directly and fully address a CERCLA activity. For example, 

Resource Conservation and Recovery Act (RCRA) regulations governing the operation and 

design of a hazardous waste incinerator (40 CFR Part 264, Subpart O) apply to hazardous waste 

incinerators used at Superfund sites. To be considered applicable, state standards must be 
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generally applicable, legally enforceable (i.e., promulgated), identified by the state in a timely 

manner, and more stringent than federal requirements (40 CFR 300.400(g)(4)). 

 

Relevant and Appropriate Requirements: Relevant and appropriate requirements are those 

cleanup standards, standards of control, and other substantive environmental protection 

requirements, criteria, or limitations that, while not applicable to a hazardous substance, pollutant, 

contaminant, RA, location or other circumstance at a CERCLA site, address problems or 

situations sufficiently similar to those encountered at the site, such that their use is well-suited to 

the particular site (40 CFR 300.400(g)(2)). For example, RCRA landfill design standards could be 

relevant and appropriate to a landfill at a Superfund site if the wastes being disposed of were 

sufficiently similar to RCRA hazardous wastes. It is important to note that requirements must be 

both relevant and appropriate for compliance to be necessary. In addition, 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. As with applicable requirements, a state standard 

must be legally enforceable and more stringent than a corresponding federal standard to be 

considered relevant and appropriate (40 CFR 300.400(g)(4)). 

 

The NCP at 40 CFR 300.430(f)(1)(ii)(C) provides several ARAR waiver options that may be 

invoked, providing that the basic premise of protection of human health and the environment is 

not ignored: 

 

1. The alternative is an interim measure and will become part of a total RA 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, requirement, or limitation through use of another 

method or approach. 
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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 RAs 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. 

 

Only the substantive, rather than administrative, provisions of ARARs must be followed under a 

CERCLA remedy. Substantive requirements pertain directly to the actions or conditions at a site, 

while administrative requirements facilitate their implementation. CERCLA on-site remedial 

response actions must only comply with all substantive requirements that are “applicable” or 

“relevant and appropriate,” but not the administrative requirements, such as any requirement to 

obtain federal, state, or local permits (CERCLA §121(e)). The NCP defines on-site as “the aerial 

extent of contamination and all suitable areas in very close proximity to the contamination 

necessary for implementation of the response action.” As noted in the ARARs guidance (EPA, 

1988a): “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.” To ensure that CERCLA response actions 

proceed as rapidly as possible, EPA has reaffirmed that administrative ARARs need not be 

followed for on-site response actions. The EPA recognizes that certain administrative 

requirements, such as consultation with state agencies or 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, but such regulations pertaining to off-site actions are not 

classified as ARARs (OSWER 9347.1-0; EPA, 1998b).  

 

In the absence of federal- or state- ARARs, there are many criteria, advisories, and guidance 

values that are not legally binding, but may serve as useful guidance for response actions. These 

are TBC guidance (EPA, 1988a). These guidelines or advisory criteria are not ARARs but should 

be identified if they can be used to develop clean-up goals or if they provide important information 

needed to properly design or perform a RA. Three categories of TBC information are: (1) health 

effects information with a high degree of certainty (e.g., RfDs); (2) technical information on how 
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to perform or evaluate site investigations or response actions; and (3) regulatory policy or 

proposed regulations (53 Federal Register [FR] 51436). 

 

ARARs and TBC Criteria typically fall into one of three categories: location-specific, chemical-

specific, and action-specific. The following sections discuss these categories of ARARs and TBC 

Criteria in further detail, as well as how they specifically apply to OU2/OU3. 

 

Location-Specific ARARs 

Location-specific ARARs set restrictions on the implementation of remedial activities in special 

locations solely based on where they are (EPA, 1998a). Location-specific ARARs are triggered 

by the presence of specific natural or manmade features or potentially affected resources at a 

disposal or cleanup site. Features and resources that can trigger location-specific ARARs include, 

but are not limited to, the following: 

 

 seismic faults 

 caves, salt domes, salt beds, and underground mines 

 floodplains, wetlands, and water bodies 

 sensitive ecosystems 

 wilderness areas, wildlife refuges, wildlife resources, and scenic rivers 

 rare, threatened, or endangered species 

 archaeological resources and historic sites 

 

Location-specific ARARs were identified that apply for selected RAs for OU2/OU3. Of the features 

and resources listed above, the following will affect response actions: underground mines and 

caves; wetlands and waterbodies (Figure 2-1); floodplain; rare, threatened, or endangered 

species; archaeological resources and historic sites; and wildlife resources. A complete list is 

included in Table 2-1. Several of the most critical location-specific ARARs are discussed in detail 

below. 

 

Federal Endangered Species Act of 1973 (16 U.S.C. 1531 et seq.; 33 C.F.R. Part 320): The 

purpose of the Federal Endangered Species Act is to “conserve the ecosystems upon which 

threatened and endangered species depend” and to conserve and recover listed species. Federal 

agencies must consult with the United States Fish and Wildlife Service (USFWS) to ensure that 
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the actions they authorize, fund, or carry out will not jeopardize listed species. The law provides 

for critical habitat designations for listed species. The Underground Workings may serve as critical 

habitat for bats such as the Northern Long-eared Bat and Indiana Bat, which are specifically listed 

as a threatened or endangered species under this statute. Any alternative proposed for OU2/OU3 

will be designed, constructed, and maintained in consultation with federal wildlife agencies. 

 

National Historic Preservation Act (NHPA), Section 106 (16 U.S.C. 470 et seq.; 36 CFR Part 

800): The NHPA requires Federal agencies to take into account the effect of their actions on 

historic properties, and to afford the Advisory Council on Historic Preservation (ACHP) a 

reasonable opportunity to comment on the activities. The goal of this consultation is to identify 

potential adverse effects on historic properties and avoid adverse effects to historic resources 

when possible. If an adverse effect cannot be avoided then measures to minimize or mitigate any 

such effects on historic properties will be included in the response action. The EPA has consulted 

with the Vermont SHPO and has determined that the Site is eligible for listing in the National 

Register of Historic Places. Therefore, the substantive provisions of Section 106 would apply to 

the alternatives. 

 

Archeological and Historic Preservation Act (16 U.S.C. 469 et seq., 36 CFR, Part 65): This 

statute requires Federal agencies to identify where a federal project may cause irreparable loss 

or destruction of significant scientific, pre-historic, historic, or archeological data. As part of any 

chosen RA, EPA is required take measures to data recover, protect, and preserve data. 

 

In accordance with this regulation, United States Army Corps of Engineers (USACE) contracted 

PAL from 2002 to 2005 to complete a historic/archaeological mapping and testing survey of the 

Site. The goal of the survey was to locate, identify, photograph, map (and in some cases, draw) 

visible structural and landscape features and artifacts associated with Ely Copper Mine. The PAL 

study focused on the core area of historic mining activity and the surrounding Area of Potential 

Effect (APE), the two of which total approximately 225 acres. The investigations included 

background research, site mapping, identification of visible structural remains related to both pre-

mining and mining activities, and limited subsurface testing to locate and identify prehistoric and 

historic period resources within the Study Area. The PAL study identified archaeological 

resources including well-preserved industrial and domestic structural remains and artifact 

assemblages representative of the historic mine operations during the nineteenth and early- to 

mid-twentieth century. No prehistoric period archaeological resources were identified within the 
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Site or Study Area. Additional details regarding the historical/archaeological mapping and testing 

survey are summarized in the following report: Historical/Archaeological Mapping and Testing, 

Ely Mine Site (PAL, 2005). The evaluation of remedial alternatives for OU2/OU3 will need to 

consider data recovery, preservation, and protection of identified remains and features. 

 

Vermont’s State Land Use and Development Plans Act (10 Vermont Statute Annotated 

(V.S.A.) Chapter 151): The substantive environmental and facility-siting requirements of 

Vermont’s Land Use and Development Law, known as Act 250, are applicable to the Site. 

Remediation strategies must comply with these criteria of Act 250 in the following ways: 

 

 Criterion 1 – Undue Water and Air Pollution – RAs will not result in undue water or air 

pollution (including construction-related dust); 

 

 Criterion 1(A) – Protection of Headwaters – RAs will not reduce the quality of the ground 

or surface waters flowing through or upon lands that are headwaters of watersheds 

characterized by steep slopes and shallow soils; 

 

 Criterion 1(B) – Waste Disposal – RAs will meet all standards regarding the disposal of 

wastes, and will not involve the injection of waste materials or any harmful or toxic 

substances into groundwater or wells; 

 

 Criterion 1(D) – Floodways – All work within a floodway will not restrict or divert the flow 

of flood waters, and endanger the health, safety and welfare of the public or of riparian 

owners during flooding, and will not significantly increase the peak discharge of the river 

or stream within or downstream from the area of development and endanger the health, 

safety, or welfare of the public or riparian owners during flooding; 

 

 Criterion 1(E) – Streams – All work on or adjacent to the banks of a stream will, whenever 

feasible, maintain the natural condition of the stream, and will not endanger the health, 

safety, or welfare of the public or of adjoining landowners; 

 

 Criterion 1(G) – Wetlands – RAs will protect State jurisdictional wetland resources 

(including Class Three wetlands not addressed under the Vermont Wetlands Rules); 
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 Criterion 4 – Soil Erosion – RAs will not cause unreasonable soil erosion or reduction in 

the capacity of the land to hold water so that a dangerous or unhealthy condition may 

result; 

 

 Criterion 8(A) – Historic Sites – RAs will not have an undue adverse effect on historic sites; 

 

 Criterion 8(B) – Endangered Species – RAs will not destroy or significantly imperil any 

state endangered species, or, if impacts are unavoidable, it is determined that the 

economic, social, cultural, recreational, or other benefit to the public from the remediation 

outweighs the economic, environmental, or recreational loss to the public from the 

destruction or imperilment of the species, or all feasible and reasonable means of 

preventing or lessening the destruction, diminution, or imperilment of the species have 

been applied; 

 

 Criterion 9(E) – Extraction of Earth Resources - The extraction and the disposal of waste 

will not have an unduly harmful impact upon the environment or surrounding land uses 

and development; and the project establishes a rehabilitation plan that insures that upon 

completion of the operation, the site will be left in a condition suited for an approved 

alternative use or development.; 

 

 Criterion 9(F) - Energy Conservation – The remedial activity will seek to minimize energy 

usage to the extent possible;  

 

 Criterion 9(K) - Public Investments – The RA will minimize, to the extent possible, negative 

impacts to local investments (in particular, roads). 

 

Vermont Regulation of Stream Flow Act (10 V.S.A. Chapter 41): This law regulates activities 

in streams in order to “assure as nearly continuous flow of waters in the natural watercourses as 

may be possible consistent with reasonable use of riparian rights”. This statute regulates activities 

that change, alter, or modify a watercourse. Substantive standards for prohibited activity under 

the statute include: 
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 adversely affecting the public safety by increasing flood hazards; 

 significantly damaging fish life or wildlife; and/or 

 significantly damaging the rights of riparian owners. 

 

The substantive portions of this regulation are applicable to OU2/OU3 remediation activities that 

have the potential to alter stream flow at the Site. 

 

Vermont Protection of Endangered Species Act (10 V.S.A. Chapter 123): The Vermont 

Endangered Species Law outlines the definition of endangered and threatened, the procedure for 

obtaining permits to take endangered or threatened species, and the species listed as 

endangered or threatened. Five bat species that may be present on the Site are specifically listed 

as threatened or endangered species in Vermont: the Eastern Small-footed Bat, Northern Long-

eared Bat, Little Brown Bat, Indiana Bat, and Tri-colored Bat. The statute prohibits the taking, 

possession, or transport of wildlife or plants that are members of an endangered or threatened 

species without a permit, and sets forth fines for violators. RAs for OU2/OU3 must take into 

consideration any potential adverse impacts to threatened or endangered species.  

 

Chemical-Specific ARARs: 

Chemical specific ARARs are usually health- or risk-based numerical values that establish the 

acceptable amount or concentration of a chemical that may remain in, or be discharged to, the 

environment (EPA, 1988). They govern the extent of site remediation by providing either actual 

cleanup levels, or the basis for calculating such levels. Chemical-specific ARARs and TBC 

standards are discussed below and listed in Table 2-2.  

 

EPA is invoking a statutory Technical Impracticability (TI) Waiver, as permitted by CERCLA, for 

the groundwater within the Underground Workings. EPA has determined that it is technically 

impracticable, from an engineering perspective, to achieve the Vermont Primary Groundwater 

Protection Standard for manganese, promulgated in the Vermont Groundwater Protection Rule 

and Strategy (Vermont Environmental Protection Rules, Chapter 12), for the water within the 

Underground Workings. Therefore, EPA is waiving these standards as applicable or relevant and 

appropriate cleanup requirements for the groundwater within the Underground Workings. This 

waiver applies to all potential groundwater contaminants that exceed these standards (specifically 

manganese) which have been detected in the groundwater of the Underground Workings at 
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concentrations above the Vermont Primary Groundwater Protection Standards. The primary basis 

for this finding is that the source of the contamination, the wall rock and waste rock within the 

Underground Workings, will generate the condition that causes the water to exceed the standards 

for hundreds, if not thousands of years. EPA has determined that there are no practicable actions 

that would result in the water within the Underground Workings consistently achieving 

groundwater standards and being suitable for use as a drinking water supply. The Vermont 

Groundwater Protection Rule and Strategy, including the Primary Groundwater Protection 

Standards are identified as action-specific ARARs to be used as monitoring standards and as the 

basis for institutional controls (to be discussed below). 

 

Vermont Water Quality Standards, specifically Vermont’s numerical criteria for Class B surface 

water (Vermont Environmental Protection Rules, Chapter 29(a), Appendix C), are chemical-

specific cleanup standards for surface water that discharges from the Underground Workings. 

Surface water treatment systems must be able to obtain these standards at the points of 

compliance for the surface waterbodies/waterways downstream from the discharge points. 

 

Federal Clean Water Act (CWA) National Recommended Water Quality Criteria (40 CFR § 

122.44) have also been identified as Relevant and Appropriate cleanup standards for surface 

waters. These standards were used to develop numerical standards for the protection of aquatic 

biota quality for surface water and sediment at and downstream of the compliance points. 

 

Chemical-Specific TBC Criteria, Advisories, Guidance, and Technical Reports: 

As part of its technical impracticability finding regarding groundwater in the Underground 

Workings EPA has also made a determination that federal risk-based standards for cobalt and 

iron derived using TBC risk guidances cannot be achieved within the TI Zone. Therefore, EPA 

guidances that normally are followed as chemical-specific TBCs to address groundwater cleanups 

at Superfund sites are not identified as chemical-specific TBCs in this FS (they are included as 

action-specific TBCs to be used as monitoring standards and as the basis for institutional controls, 

see below). The chemical-specific criteria, advisories, guidance documents, and technical papers 

listed below are identified as TBCs for developing ecological risk-based cleanup standards for 

surface water discharges from the Underground Workings: 
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 Proposed Guidelines for the Clean-Up of Contaminated Sites in Ontario (Ministry of 

Environment and Energy of Ontario, 1994). 

 PRGs for Ecological Endpoints, (Efroymson et al., 1997). 

 

Action-Specific ARARs 

Action-specific ARARs are usually technology - or activity-based requirements or limitations 

actions taken to implement a proposed alternative (EPA, 1988). Selection of a particular response 

action at a site will invoke the appropriate action-specific ARARs, which may specify particular 

performance standards or technologies, as well as specific environmental levels for discharged 

or residual chemicals. Since there are usually several possible alternative actions for any remedial 

site, very different requirements can come into play. 

 

Action-specific ARARs for OU1 of this Site include the, but are not limited to, Vermont 

Groundwater Protection Rule and Strategy, Primary Groundwater Protection Standards; Vermont 

Water Pollution Control Act; Vermont Solid Waste Management Rules (VTSWMR); Vermont 

Stormwater Management Act; Vermont Waste Management Act; RCRA; and sections of the 

Federal CWA. Several of the most critical action-specific ARARs are discussed in detail below. A 

complete list is included in Table 2-3.  

 

Federal CWA, Section 402 – National Pollution Discharge Elimination System (NPDES) (33 

U.S.C. 1342; 40 CFR 122–135, 131): The CWA contains discharge limitations, monitoring 

requirements, and best management practices (BMPs) for discharges into federally regulated 

waters. These regulations would be applicable to remedial strategies involving discharge to 

surface waters. 

 

Federal CWA – Stormwater Requirements for Construction Sites (40 CFR 122.26): The CWA 

contains requirements that apply to construction activity including clearing, grading, and 

excavation of equal or greater than one acre. These regulations, therefore, would be applicable 

to construction activity undertaken during remediation of the Site that impact one or more acres 

of total land area. The regulations would be relevant and appropriate if less than one acres of 

total land were being altered. The substantive standards under these regulations will be met. 
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Vermont Water Pollution Control Act (10 V.S.A. Chapter 47), Vermont Water Quality 

Standards (Env. Prot. R. Ch. 1, 2, and 3 and Appendix C and D), and Vermont NPDES 

Regulations (Env. Prot. R. Ch. 13): These statutes establish classifications and water quality 

standards for protecting surface waters of Vermont, and are applicable to remedial activities within 

the OU2/OU3 alternatives that will affect surface waterbodies. The NPDES regulations stipulate 

requirements for discharges to surface waters (Env. Prot. R. Ch. 2 and 3) as well as for stormwater 

controls. The Water Quality Standards are used for monitoring water quality both during the RA 

and for long-term monitoring (LTM) of waterways and any treatment system created under the 

alternatives. 

 

Vermont Stormwater Management Act (10 V.S.A. § 1263 and § 1264 and Stormwater 

Management Rule (Env. Prot. R. Ch. 18): The rule establishes standards for post-construction 

management of stormwater runoff; establishes thresholds for discharges; sets forth treatment 

standards. The substantive requirements of the Vermont Stormwater Management Rule are 

applicable. 

 

Vermont Air Pollution Control Act (10 V.S.A. Chapter 23) and Air Pollution Control 

Regulations (Env. Prot. R. Ch. 5): The Air Pollution Control Regulations list prohibited activities 

affecting air quality and establish primary and secondary ambient air quality standards for sulfur 

oxides, particulate matter, carbon monoxide, ozone, nitrogen dioxide, and lead. The requirements 

relating to fugitive dust emissions of particulates would be applicable to all construction activities.  

 

Vermont Groundwater Protection Rule and Strategy, Primary Groundwater Protection 

Standards (Vermont Environmental Protection Rules, Chapter 12): The standards will be 

used as monitoring standards at the compliance boundary of the TI Zone for groundwater. 

Exceedances of these standards are also part of the basis for requiring institutional controls to 

prevent the exposure to groundwater within the TI Zone. 

 

Action-Specific TBC Criteria, Advisories, and Guidance 

Action-specific TBCs that will be considered for particular alternatives include the following: 

 

 Vermont Standards and Specifications for Erosion Prevention and Sediment Control, 

Working Interim Document (Vermont Department of Environmental Conservation 
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[VTDEC, 2006]) – This handbook is a compilation of information from various sources 

released by the VTDEC for use in developing Erosion Prevention and Sedimentation 

Control Plans required for construction-related stormwater discharge permitting. 

 

Risk-based standards developed using the following guidances will be used as monitoring 

standards at the compliance boundary of the TI Zone for groundwater. Exceedances of the risk-

based standards are also part of the basis for requiring institutional controls to prevent the 

exposure to groundwater within the TI Zone. 

 

 Vermont Department of Health Drinking Water Guidance – This rule establishes 

groundwater classes and standards for groundwater quality to be used in developing 

groundwater monitoring standards. 

 

 EPA Risk RfDs – These values estimate daily exposure levels that are unlikely to cause 

significant adverse non-carcinogenic health effects over a lifetime. Though they are not 

regulations, these values are used to evaluate risks to humans exposed to contaminants 

and to develop risk-based groundwater monitoring standards. 

 

 EPA Carcinogen Assessment Group, Cancer Slope Factors – These values are used to 

compute the incremental cancer risk from exposure to contaminants. They are not 

regulations, but are used in the evaluation of risks to human populations and to develop 

risk-based groundwater monitoring standards.  

 

 EPA Supplemental Guidance for Assessing Susceptibility from Early-Life Exposure to 

Carcinogens – Guidance of assessing cancer risks to children. Used to develop risk-based 

groundwater monitoring standards. 

 

 EPA Guidelines for Carcinogen Risk Assessment – Used to develop risk-based monitoring 

standards. 

 

2.1.2 Non-ARAR Standards 

The Occupational Safety and Health Administration (OSHA) has promulgated standards for 

protection of workers who may be exposed to hazardous substances at RCRA or CERCLA sites 
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(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 as ARARs. Although the requirements, standards, and regulations of OSHA are not 

ARARs, they will be complied with during response activities. 

 

2.1.3 Development of PRGs/Performance Standards 

A PRG is a COC concentration that is protective for media exposures at de minimis risk levels. 

Performance Standards (PSs) are established as groundwater monitoring threshold to ensure the 

contaminants that exceed the PSs do not migrate from the TI Zone. PRGs/PSs include risk-based 

concentrations that are back-calculated from the site-specific exposure scenarios at a target 

excess lifetime cancer risk (ELCR) of 1 x 10-6 and an HI of 1.0, ARARs, and background 

concentrations. A COC is a chemical that is associated with an ELCR greater than 1 x 10-6 (1 in 

a million) or a HI greater than 1. The determination of whether a response action is required is 

generally made by determining if a medium (such as groundwater or discharges from the 

Underground Workings) is associated with health risks that exceed risk management limits as 

defined in the NCP or in EPA guidance documents. A response action is generally warranted if 

one or more of the following conditions are met:  

 

 the cumulative excess carcinogenic risk to an individual exceeds 1 x 10-4 (using 

reasonable maximum exposure assumptions for either the current or reasonably 

anticipated future land use); 

 

 the non-carcinogenic HI is greater than 1.0 (using reasonable maximum exposure 

assumptions for either the current or reasonably anticipated future land use); 

 

 Site contaminants cause adverse environmental impacts; and/or 

 

 chemical-specific standards or other measures that define acceptable risk levels are 

exceeded and exposure to contaminants above these acceptable levels is predicted for 

the reasonable maximum exposure (RME) (e.g. drinking water standards that are 

exceeded in groundwater when that groundwater is a current or potential source of 

drinking water; or water quality standards that are exceeded in surface waters or 

groundwater that support the designated uses of these waters [e.g., support aquatic life]). 
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The NCP stipulates that PRGs must initially be established as concentrations that correspond to 

an ELCR greater than 1 x 10-6 (1 in a million) or a HI of 1, but can be modified upwards in 

consideration of site-specific factors, ARARs, background, etc.  

 

Based on the defined areas and media for OU2/OU3 and the outcome of the OU2/OU3 HHRA 

(Nobis, 2015b) and Aquatic BERA (Techlaw, 2010), PRGs/PSs were developed for the following 

environmental media: 

 

 groundwater within the Underground Workings (PSs); and 

 surface water associated with Underground Workings discharge (PRGs). 

 

All other Site soil, groundwater, surface water, and sediment impacts not associated with the 

Underground Workings are addressed under OU1 and OU4.  

 

The PSs for groundwater, as listed in Table 2-4, are site-specific risk-based standards.  

 

The PRGs for surface water, as listed in Table 2-4, are equivalent to the OU1 surface water PRGs, 

and are generally derived from the Vermont Water Quality Standards (VTWQS) for Class B water 

and the National Recommended Water Quality Criteria (NRWQC), and the aquatic BERA site-

specific interim clean-up level. There were no identified human health risks associated with 

surface water and, therefore, no additional surface water PRGs were identified. 

 

2.1.4 Identification of RAOs 

This section outlines the RAOs for OU2/OU3. The RAOs, which are based on the OU2/OU3 

HHRA and the BERA work previously performed at the Site, are intended to protect human health 

and the environment for specific media associated with the Underground Workings, specifically 

groundwater and surface water. The OU1 RAOs are used as the framework for developing 

remedial alternatives. The OU2/OU3 RAOs are summarized below and in Table 2-5. 
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Groundwater RAOs: 

 Prevent potential exposure from ingestion/dermal contact by a current or future resident 

to concentrations of contaminants in excess of ARARs and risk-based standards within 

the compliance boundary for the TI Zone. 

 

 Prevent migration of site contaminants in groundwater from beyond the edge of the 

compliance boundary of the TI Zone. 

 

Surface Water RAOs: 

 Prevent the discharge from the Underground Workings from causing Pond 4, Pond 5, Ely 

Brook, and its perennial tributaries to fail to comply with Vermont’s numerical and 

biological criteria for a Class B surface water and Class B numerical criteria in Pond 5.  

 

RAOs to restore Underground Workings groundwater were not identified, since EPA has 

determined that it is technically impracticable to achieve groundwater cleanup standards. The 

Underground Workings represent a man-made physical subsurface feature that collects 

(captures) groundwater. The water within the Underground Workings comes into contact with the 

sulfide bedrock along the tunnel walls as well as any remaining waste rock. Because of the 

presence of unmined ore and naturally occurring minerals disseminated within the Underground 

Workings wall rock, the AMD contaminant mass source of the Underground Workings is 

essentially unlimited. Consequently, the Underground Workings has the geochemical capacity to 

produce AMD for an indefinite period of time. The nature of the Underground Workings is that 

there is no practicable way to cause the water within the workings to meet groundwater standards.  

 

Based on these findings, the EPA has determined that for OU2/OU3, compliance with the 

chemical-specific ARARs that define groundwater compliance is technically impracticable, from 

an engineering perspective, and is waiving these requirements solely for the area of the 

designated TI Zone. The point of compliance where groundwater standards and/or surface water 

standards would apply is the outer boundary of the TI Zone.  
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2.2 Areas and Volumes of Media Exceeding PRGs/PSs 

The areas and volumes for media exceeding PRGs/PSs in each of the defined OU2/OU3 source 

areas are presented in the following sections and summarized in Table 2-6. The surface water 

contaminant mass discharge estimates are included as Table 2-7. Computer Aided Design (CAD) 

software, specifically Autodesk’s Civil 3D 2015 software packages, was used to determine areas 

and volumes for each major portion of the Underground Workings to be addressed (Main Shaft, 

Main Adit, and Deep Adit). The plan view of the Underground Workings is depicted in Figure 1-4 

and the cross-section including these features is depicted in Figure 1-7. Each of the impacted 

groundwater or surface water features to be addressed by the OU2/OU3 FS are described below. 

 

2.2.1 Main Shaft Groundwater 

The Main Shaft is the largest Underground Workings feature. The entire Main Shaft volume was 

calculated at approximately 40.9 million gallons. However, the water level in the Main Shaft has 

remained steady at approximately 1,276 feet amsl. This is the same elevation as the Mine Pool 

head level, suggesting that the Main Adit discharge serves as the decant point for the Mine Pool.  

 

Two RI monitoring wells intercept the Mine Pool. MW-UP2 intercepts the shallow Mine Pool, 

where geochemical reactions may be influenced by the interaction of water and oxygen at the 

Mine Pool surface. MW-DP1 is installed within the deeper, anoxic portion of the Mine Pool, which 

is inferred to make up most of the volume of the Mine Pool. 

 

A significant portion of the Mine Pool is deeper than the RI locations, so no direct observations or 

sampling was performed there. Stratification of mine pools based on density and temperature 

differences has been observed (Wolkersdorfer, 2008), and it is possible that the deeper portions 

of the Mine Pool below 401 feet bgs exhibit a geochemistry distinct from the conditions observed 

in the OU2/OU3 RI. If stratification were occurring, the deeper water would be denser, more saline 

groundwater. This increased salinity would be the result of increased cation and anion 

concentrations. Therefore, it is reasonable to assume that water quality in the Mine Pool does not 

improve with depth. Consequently, the volume of contaminated groundwater to be addressed 

within the Mine Pool is equal to the submerged portion of the feature, approximately 32.4 million 

gallons. 
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The Mine Pool groundwater geochemistry is characterized by elevated: base metals, sulfate, and 

major cations, with concentrations above 100 milligram per liter (mg/L) of calcium, iron, 

magnesium, and potassium. The concentrations are generally similar for total and dissolved 

metals, suggesting that most of the contaminant mass is in the dissolved phase. The upper Mine 

Pool (MW-UP2) is strongly to weakly reducing and the lower Mine Pool (MW-DP1) is strongly 

reducing. The Mine Pool water buffered by moderately high bicarbonate alkalinity, with 

circumneutral pH and high specific conductivity. Concentrations of cobalt, iron, and manganese 

in the Mine Pool groundwater exceed PSs.  

 

2.2.2 Surface Water Discharge 

Underground Workings discharge has been observed at three locations: the Main Adit, the Deep 

Adit, and 1850s Pollard Adit. Of these, the Deep Adit discharges the largest volume of surface 

water, while flow is rarely observed at the Pollard Adit.  

 

Deep Adit 

The discharge point for the Deep Adit is located at the southern end of the feature (Figure 1-6), 

which is the location of the surface water sampling station ES-8. The entrance to the Deep Adit 

has collapsed, but it provides the largest portion of the discharge volume from the Underground 

Workings. Flow is consistently observed from the Deep Adit, with an average discharge rate from 

July 2014 to July 2015 of 3.3 gpm, and a maximum discharge rate of 7.9 gpm in April 2015. The 

primary surface water COCs associated with the Deep Adit discharge are: aluminum (maximum 

of 41,000 micrograms per liter [µg/L]), cadmium (maximum of 23 µg/L), copper (maximum of 

17,100 µg/L), nickel (maximum of 153 µg/L), and zinc (3,160 µg/L). The average measured pH in 

2014 was 3.8. 

 

Main Adit 

The Main Adit is partially collapsed close to the entrance, and the pooled water in the Main Adit 

only occasionally has flow. Flow is intermittently observed from the Main Adit (observed during 

40% of monitoring events). The average discharge rate from July 2014 to July 2015 was 1.8 gpm, 

with a maximum discharge rate of 11 gpm in April 2015. The primary surface water COCs 

associated with the Main Adit discharge are: aluminum (maximum of 4,750 µg/L), cadmium 
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(maximum of 2.7 µg/L), copper (maximum of 2,140 µg/L), iron (maximum of 2,080 µg/L), and zinc 

(319 µg/L). The average measured pH in 2014 was 4.2, also higher than the Deep Adit.  

 

2.2.3 Surface Water Flux 

The Underground Workings adit discharge is distinct from the Mine Pool groundwater in several 

respects: dissolved aluminum and copper are one to three orders of magnitude higher in the adit 

discharge, while iron, sulfate, and major cations are much lower. The pH in the adit discharge is 

also significantly more acidic than the Mine Pool. The lower concentrations of most of the metals 

in the adit discharge can be explained by exposure and mixing of the Mine Pool water with air or 

oxygenated water, which results in iron oxide and oxy-hydroxide precipitation and deposition 

within the Underground Workings before discharging at the surface. The adit discharge may also 

be diluted by mixing with shallow, unimpacted groundwater. The elevated aluminum and copper 

in adit discharge is likely from non-Mine Pool AMD sources, such as wall rock within the adits, 

remnant waste rock within the adits, and waste rock piles on the surface above the Underground 

Workings. It is possible that some portion of the Underground Workings discharge is entering the 

subsurface and is not being observed. The OU1 RA will involve removal of the waste piles, which 

are currently covering the ground surface; it is possible that new discharge points will be 

uncovered when this material is removed. Known surface water discharge points are described 

below. 

 

Using the adit discharge chemical concentrations and measured discharge rates, the surface 

water contaminant mass flux for both the Deep Adit and Main Adit were calculated (Table 2-7). 

These results indicate that the total annual combined COC flux from the Main Adit and Deep Adit 

is between approximately 245 kg (based on average discharge rates) and 665 kg (based on 

maximum discharge rates). The Deep Adit discharge represents approximately 90% of the 

observed Underground Workings surface water volumetric discharge and 93% of the COC mass 

discharge. The Deep Adit discharge also has the highest acidity and concentrations of COCs. 

The Main Adit discharge represents approximately 10% of the observed Underground Workings 

surface water volumetric discharge and 7% of the COC mass discharge.  

 

2.3 General Response Actions 

GRAs are broad categories consisting of remedial technologies and process options that can be 

selected individually or in combination in order to meet the RAOs for OU2/OU3. GRAs are 
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included in the FS process to give a range of responses for consideration for site remediation. 

The GRAs that are applicable to OU2/OU3 are: 

 

No Action 

Under this response, no action would be taken to address impacted media in OU2/OU3. In 

accordance with the NCP and EPA’s Guidance for Conducting Remedial Investigations and 

Feasibility Studies under CERCLA (1988), a no-action response must be developed and 

evaluated to provide a baseline against which other response actions can be compared. The No 

Action response does not include environmental monitoring or actions to reduce the potential for 

exposure (e.g., fencing, deed restrictions). It does include conducting five-year reviews, as 

required by CERCLA. 

 

Limited Action 

The Limited Action response would consist of the implementation and maintenance of institutional 

and/or engineered controls aimed at limiting access to a particular area of concern and/or media. 

ICs are non-engineered, administrative and/or legal measures (e.g., land use restrictions 

[restrictive covenants] or informational/educational devices [deed notices]) that minimize the 

potential for exposure to contamination by limiting land or resource utilization. Engineered controls 

are physical deterrents (e.g., fencing or posted warnings) that serve to impede the potential for 

exposure to contamination. The Limited Action response may include environmental monitoring 

and/or other actions to reduce the potential for exposure.  

 

Containment 

Containment options are physical measures that are applied to the source(s) that aim to inhibit 

the migration of contaminants as well as prevent direct contact between contaminated media and 

potential receptors. Containment measures may include methods to seal off or reduce the space 

available for water transport in the Underground Workings, or methods to prevent precipitation 

from entering the Underground Workings. 
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Ex-Situ Treatment 

For surface water, this GRA involves the collection and/or extraction of groundwater/surface water 

via pumps, surface water diversions, drainage trenches, or other means. The collected water 

would then undergo on-site ex-situ treatment and discharge. Ex-situ treatment technologies 

consist of those biological, physical, chemical, and thermal processes that could be applied to 

treat impacted media after it has been removed from its current location. Ex-situ treatment could 

result in the impacted media being returned to its original location and re-located to another 

location on-site or off-site. Ex-situ treatment aims to reduce the overall toxicity, mobility, and/or 

volume of the impacted media. Technology process options may be passive or active chemical 

and/or biological options. They may be used in combination with collection and diversion features. 

 

In-Situ Treatment 

In-situ treatment technologies consist of those biological, physical, chemical, and thermal 

processes that could be applied to treat impacted media in-place, without the need for removal. 

In-situ treatment aims to reduce the overall toxicity, mobility, and/or volume of the impacted 

media. Technology process options may be passive or active chemical and/or biological options. 

They may be used in combination with collection and diversion features. 

 

2.4 Identification and Screening of Technologies and Process Options 

This subsection identifies and screens remedial technologies using the process outlined in EPA 

RI/FS guidance and the NCP (EPA, 1988b, 1990, and 1993). First, technologies are identified to 

attain the RAOs established in Section 2.1.4 and to correspond to the categories of GRAs 

described in Section 2.3. Demonstrated performance of each technology for site contaminants 

and conditions is considered during technology identification. The result is a list of potential 

remedial technologies that are then screened based on their applicability to site- and waste-

limiting characteristics. The purpose of the screening is to produce an inventory of suitable 

technologies that can be assembled into remedial alternatives capable of mitigating actual or 

potential risks at the site. An extensive list of potential technologies representing a range of GRAs 

(i.e., no action, ICs, containment, in-situ treatment, collection, ex-situ treatment, treatment, and 

disposal) was considered to develop the remedial alternatives. This process is consistent with 

EPA guidance. 
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2.4.1 Technology Identification 

Categories of remedial technologies and specific process options were identified based on a 

review of literature, vendor information, performance data, and experience in developing other 

FSs under CERCLA. A complete list of these categories can be found in Table 2-8. Technologies 

and process options that were considered potentially applicable to attaining the remedial 

response objectives for surface water and groundwater were selected for screening.  

 

2.4.2 Technology Screening 

The screening process assesses each technology or process option for its effectiveness and 

implementability with regard to site conditions, known and suspected contaminants, and affected 

environmental media. The effectiveness evaluation focuses on: (1) whether the technology is 

capable of handling the estimated areas or volumes of media and meeting the contaminant 

reduction goals identified in the RAOs; (2) the effectiveness of the technology in protecting human 

health and the environment during the construction and implementation phase; and (3) how 

proven and reliable the technology is with respect to contaminants and conditions at the site. 

Implementability encompasses both the technical and administrative feasibility of implementing a 

technology. 

 

Waste-limiting characteristics primarily establish the effectiveness and performance of a 

technology; site-limiting characteristics affect implementability of a technology. Waste-limiting 

characteristics consider the suitability of a technology based on contaminant types, individual 

compound properties (e.g., volatility, solubility, specific gravity, adsorption potential, and 

biodegradability), and interactions that may occur between mixtures of compounds (e.g., chemical 

reactions or increased solubility). Site-limiting characteristics consider the effect of site-specific 

physical features on the implementability of a technology, including topography, buildings, 

underground utilities, available space, and proximity to sensitive operations. Technology 

screening based on waste- and site-limiting characteristics serves a twofold purpose of screening 

out technologies whose applicability is limited by site-specific waste or site considerations, while 

retaining as many potentially applicable technologies as possible. At this stage in the process, 

relative costs are considered to eliminate technologies that are substantially less cost-effective. 

 

Tables 2-9 and 2-10 show the technology screening process for groundwater (taking into account 

the technical impracticability determination) and surface water, respectively. Technologies and 
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process options judged ineffective or not implementable were eliminated from further 

consideration. The technologies retained at the end of the screening represent an inventory of 

technologies that are considered most suitable for remediation of groundwater and surface water 

discharges in OU2/OU3. Technologies and the process options retained in this subsection may 

be used either alone or in combination with other technologies as remedial alternatives. 

 

 

3.0 DEVELOPMENT AND SCREENING OF ALTERNATIVES 

In this section, alternatives are developed to meet the RAOs presented in Subsection 2.1.4, using 

the GRAs identified in Section 2.3, either individually or in combination. Remedial alternatives 

have been developed to address specific waste material source areas (i.e., groundwater or 

surface water) based on the screening of technology types and process options. Developed 

remedial alternatives are then screened with respect to the criteria of effectiveness, 

implementability, and cost to meet the requirements of CERCLA and the NCP (40 CFR 

300.430(e)(7)). Retained alternatives will then be combined into alternatives with site-wide 

applicability for detailed evaluation in Section 4.0. 

 

3.1 Alternative Screening Criteria 

The objective of the alternative screening step is to eliminate impractical alternatives or higher 

cost alternatives (i.e., order of magnitude cost differences) that provide little or no increase in 

effectiveness or implementability over their lower-cost counterparts. The criteria used for 

screening remedial alternatives are effectiveness, implementability, and cost. These criteria are 

discussed in the paragraphs below. 

 

Effectiveness 

This criterion focuses on the degree to which an alternative: reduces toxicity, mobility, or volume 

through treatment; minimizes residual risks and affords long-term protection; complies with 

ARARs; minimizes short-term impacts; and quickly achieves protection goals. The NCP indicates 

that, in addition to complying with ARARs and providing protection for human health and the 

environment, both the short- and long-term aspects of effectiveness should be considered when 

evaluating alternatives under this criterion. Short term is considered to be the construction and 

implementation period, while long-term begins once the RA is complete and RAOs have been 
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met (EPA, 1988). Short-term effectiveness considerations include the effects of the alternatives 

during the construction and implementation period, the alternative’s ability to meet RAOs, and the 

relative time frame required to achieve RAOs. Long-term effectiveness considers the magnitude 

of the remaining residual risk because of residual contaminant sources and the adequacy and 

reliability of specific technical components and control measures to maintain compliance with 

RAOs over the life of the remediation. Alternatives that do not provide adequate protection of 

human health and the environment are eliminated from further consideration as required by the 

NCP. 

 

Implementability 

Each alternative is also evaluated in terms of technical and administrative implementability, or 

feasibility. Much like the evaluation of effectiveness, the evaluation of technical feasibility can be 

broken into short- and long-term aspects. Short-term technical feasibility considers the availability 

of a technology for construction or mobilization and operation, as well as compliance with action-

specific ARARs during the RA. Long-term technical feasibility considers the ease of operation and 

maintenance, technical reliability, the ease of undertaking additional RAs, and the necessary 

degree of monitoring for residuals and untreated wastes after employing specific technical 

controls. Meanwhile, administrative feasibility for implementing a given technology addresses the 

ability to obtain approvals from pertinent offices and agencies for off-site activities, the availability 

of treatment, storage, and disposal services, and the commercial availability of required services 

and trained specialists or operators. Alternatives that are technically or administratively infeasible 

or that would require equipment, specialists, or facilities that are not available within a reasonable 

period of time may be eliminated from further consideration (NCP, 40 CFR 300.430(e)(7)). 

 

Cost 

This criterion considers the costs of construction and any long-term operations and maintenance 

(O&M) costs associates with each alternative. As noted in EPA guidance, the overall goal of the 

remedy selection process is to remediate contaminated sites to the maximum extent practicable, 

which requires a co-equal mandate for remedies to be cost-effective (EPA, 1996). The NCP thus 

requires consideration of the use of engineering and ICs, as an alternative to treatment, when 

appropriate. Costs may be used to eliminate alternatives when an alternative provides 

effectiveness and implementability similar to that of another alternative by employing a similar 

method of treatment or engineering control, but at greater cost (40 CFR 300.430(e)(7)(iii)) or when 
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an alternative has costs that are grossly excessive as compared to its overall effectiveness (40 

CFR 300.430(e)(7)(iii)). For example, the costs associated with treating a complex mixture of 

heterogeneous wastes without discrete hot spots (e.g., a large municipal landfill) would likely be 

considered excessive in comparison to the effectiveness of such treatment. As a result, a 

treatment alternative for such a site would likely be eliminated from consideration during the 

screening process. 

 

It is important to note that the alternatives screening process does not formally evaluate costs. 

Rather, professional judgment is used to identify the relative cost-effectiveness of each alternative 

based on knowledge of relative costs. Detailed cost evaluations will be presented as part of the 

detailed evaluation of alternatives that passed the initial screening. 

 

The No Action alternative is not evaluated according to the screening criteria; it will pass through 

screening to be evaluated during the detailed analysis as a baseline for other retained alternatives 

(EPA, 1988). 

 

3.2 Identification and Description of Alternatives 

Based on the an evaluation of each GRA, technology type, and process option using the above-

mentioned criteria, viable technologies that could be used singly or in combination to address the 

surface water and groundwater OU2/OU3 impacts were identified and used to develop remedial 

alternatives that will be further evaluated and compared in the FS. These alternatives to address 

impacts to surface water and groundwater are shown in Table 3-1. They were developed in 

consideration of the residual sources remaining in-place, the hydrogeologic system, affected 

media, and contaminant type and distribution. In assembling these alternatives, GRAs and 

process options chosen to represent the various technology types are combined to form 

alternatives as a whole. The RI did not identify any principal threat wastes at the Site. Alternatives 

are developed to provide a range of options consistent with EPA RI/FS guidance (EPA, 1988). 

 

A TI evaluation (Appendix A) determined that the restoration of groundwater within the TI Zone is 

technically impracticable from an engineering perspective. Groundwater in the TI Zone is being 

addressed by establishing a groundwater use restriction zone (GURZ). Therefore, the remedial 

alternatives developed to meet the RAO for the TI Zone consist of (1) no action and (2) limited 

action. 
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All of the remedial alternatives requiring on-site activities would be designed to minimize impact 

on the local bat population. Recommended conservation measures for Northern Long-eared Bat 

were identified in Appendix D of the Northern Long-eared Bat Interim Conference and Planning 

Guidance, USFWS Regions 2, 3, 4, 5, & 6, January 6, 2014. The practices identified in this 

guidance or any future guidance regarding bat conservation practices will be fully considered 

when designing and implementing the cleanup for OU2/OU3. Some key areas of focus will 

include: 

 

 Scheduling construction activities within 0.25 miles of any known, occupied hibernacula 

(generally November through May) to avoid disturbance of the bats, when present in the 

hibernacula. 

 

 Tree clearing will be scheduled to avoid cutting occupied roost trees during the pup season 

(June 1–July 31). 

 

 Constructed infrastructure (roads, treatment plants, etc.) would be located away from all 

open, partially open workings, or summer roost trees to the extent practical. 

 

For the purposes of the FS, these measures shall be collectively referred to as the “bat protection 

BMPs”. Revisions to the above or additional bat protection measures may be added during the 

design phase based on consultation with the USFWS and VTFWD. 

 

3.2.1 Alternatives UWG-1 and AD-1: No Action 

Alternative UWG-1 (for underground workings groundwater) and AD-1 (for adit discharge) are the 

no-action alternative for each source. Alternatives UWG-1 and AD-1 do not include RA 

components to reduce, control, or eliminate potential risks from exposure to contaminants in 

groundwater or surface water discharges. No action will be taken to reduce AMD generation or 

the migration of AMD-impacted groundwater or seeps to Ely Brook or its tributaries and Pond 5 

where it may contribute to surface water exceedances of NRWQC. Likewise, no action would be 

taken to reduce the toxicity or mobility of the Mine Pool. Alternatives UWG-1 and AD-1 would not 

implement an environmental monitoring program to assess long-term changes in contaminant 

concentrations in groundwater in order to protect human health and the environment. Alternatives 
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UWG-1 and AD-1 would include statutorily required five-year reviews. CERCLA requires that a 

No Action alternative be evaluated to establish a baseline for comparison to other remedial 

alternatives. Alternatives UWG-1 and AD-1 will not be evaluated according to screening criteria, 

and will pass through screening to be evaluated during detailed analysis (EPA, 1988). 

 

3.2.2 Alternative UWG-2: Limited Action 

EPA has determined that it is technically impracticable to achieve federal risk-based standards or 

State groundwater cleanup ARARs. Therefore, EPA will invoke a waiver of the Vermont Primary 

Groundwater Protection Standards as chemical-specific ARARs as allowed by CERCLA. 

Appendix A provides the documentation to support the TI Waiver. Figure 3-1 depicts the TI Zone 

and some relevant features of UWG-2. 

 

Alternative UWG-2, limited action, would include ICs to prevent use of the contaminated or 

potentially contaminated groundwater and inform future purchasers of impacted properties of 

these groundwater restrictions. The ICs would include restrictive covenants, deed notices, or local 

ordinances. The restrictions would apply to the groundwater within the TI Zone and groundwater 

use restriction area. Periodic monitoring would assess compliance with the ICs and monitor that 

there is no migration of groundwater contaminants beyond the TI Zone compliance boundary. 

 

Groundwater Pre-Design Investigation (PDI) 

As part of UWG-2, a PDI will be conducted to further develop the CSM for OU3 and to delineate 

the outer boundary of the groundwater use restriction area. The PDI will include investigations to 

evaluate the potential for contaminated groundwater transport to the east of the primary 

photolineament crossing above the Main Shaft and associated with ORT-1. Figure 3-1 depicts 

the PDI evaluation area. The PDI may include the following elements:  

 

 upgrade of existing access roads to reach potential drilling locations; 

 

 development of a Underground Workings groundwater, three-dimensional (3-D) bedrock 

fracture, and contaminant transport models to help evaluate the potential for groundwater 

impacts outside the Underground Workings; 
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 bedrock surface outcrop mapping and evaluation at the Green Crow property and/or other 

off-site properties to support the expanded fracture characterization to OU3; 

 

 surface geophysical investigation to assess the photolineament associated with stream 

ORT-1; 

 

 bedrock drilling to assess OU3 groundwater/surface water impacts; 

 

 borehole geophysical logging and packer sampling of new bedrock boreholes; 

 

 two additional sampling events for all Mine Pool and ORT-1 area wells or open boreholes; 

and 

 

 an additional residential water supply sampling event. 

 

The groundwater flow and contaminant modeling performed for the PDI will support the 

refinement of the extent of groundwater use restrictions to prevent ingestion of contaminated 

groundwater within the Underground Workings and to prevent any possible migration of the water 

from the Underground Workings that could result from a pumping stress that is connected to the 

Underground Workings. As part of this alternative, 5-year reviews would be conducted to ensure 

that the remedy remains protective of human health and the environment. The screening of 

Alternative UWG-2 is presented in Table 3-2.  

 

3.2.3 Alternative AD-2: Adit Closure and Passive Discharge 

Treatment 

Baseline Components 

Alternative AD-2 would include a set of PDI and remedial components common to each of the 

three adit discharge alternatives. They will be referred to as the “baseline components” and 

include the following: 
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Adit Discharge PDI 

The mine waste piles currently located in the vicinity of the Underground Workings, and overlying 

the Deep Adit, will be removed as part of the OU1 remedy. The adit discharge alternatives were 

developed using the assumption that the OU2/OU3 remedy would be implemented after the OU1 

remedy, when the bedrock surface in the UWA as well as other buried shaft and adit openings 

would be exposed. For each of the adit discharge alternatives (AD-2, AD-3, and AD-4), a post-

OU1 remedy PDI will be performed that will include the following:  

 

 following the OU1 RA, the UWA area will be surveyed to determine if any additional shafts, 

adits, or other Underground Workings entrances are accessible.  

 

 Underground Workings air circulation monitoring and modeling to evaluate the potential 

impacts of the remedy on threatened/endangered bat populations;  

 

 field investigations to examine threatened or endangered bat populations and habitat 

within the potential remedy impact area (e.g. bat roost studies);  

 

 geotechnical vibration investigation to evaluate potential impacts to 

threatened/endangered bat populations that may result from remedy-related heavy 

equipment and/or drilling activities in the vicinity of the Underground Workings;  

 

 structural evaluation of Underground Workings portals to support bat grate and Deep Adit 

closure designs (entrances may need structural repairs or other work to support bat grate 

installation); 

 

 survey of the post-OU1 remedy bedrock surface fractures within the Deep Adit recharge 

zone;  

 

 evaluate post-OU1 waste removal adit discharge rates and water quality to assess the 

effects of the OU1 remedy on adit discharge water quality; and 

 

 conduct bench and field-scale treatability studies to evaluate passive chemical treatment 

technologies for the Main Adit. 
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Baseline Remedy Components 

Based on the results of the PDI, the following remedy components will be implemented: 

 

 installation of bat-compatible grates at selected Underground Workings portals; 

 

 construction of surface water diversion structures at selected Underground Workings 

portals and openings to prevent the infiltration of surface water into the Underground 

Workings; 

 

 pressure-grouting significant bedrock fractures exposed at the surface during the OU1 

remedy implementation and that are found to recharging the Deep Adit to prevent the 

infiltration of surface water into the Underground Workings;  

 

 construction, operation, and maintenance of a passive chemical treatment system to 

remove metals and acidity from the Main Adit discharge. For estimating purposes, the 

target treatment influent rate is estimated as the maximum observed Main Adit discharge 

plus 30% contingency capacity, equal to approximately 14 gpm (Table 2-7). The actual 

treatment capacity would be determined during the PDI based on the post-OU1 remedy 

discharge monitoring.  

 

 Shaft #4, the Burleigh Shaft, and/or other features uncovered by the OU1 RA may also be 

partially filled to minimize recharge to the Underground Workings, depending on the PDI 

results;  

 

 post-remedial surface water monitoring of adit discharge volume and chemistry as well as 

regular inspections and maintenance of constructed features; and  

 

 implement ICs and five-year reviews to ensure the long-term protection and performance 

of the remedy. 
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AD-2 Alternative-Specific Components 

In addition to the baseline components described above, Alternative AD-2 also includes the 

following alternative-specific component:  

 

 Permanent closure of the Deep Adit by filling in-place with grout and/or flowable fill to 

reduce the surface area available for AMD generation. The Deep Adit is currently 

collapsed; water exits through rubble at the presumed entrance. For estimating purposes, 

the target volume to be addressed would include the entire length of the Deep Adit and 

ancillary lower workings, which is estimated as 37,506 cubic feet, or approximately 

280,000 gallons (Table 2-6). The actual treatment volume is not known at this time, 

because the degree of potential adit collapse is unknown. The Deep Adit will be excavated 

to the point at which the tunnel is intact, and a flow-through bulkhead will be installed at 

the new entrance as a safety and control measure. In general, boreholes will be installed 

to access the Deep Adit. A bedrock drilling program with boreholes up to 140 feet deep 

would be conducted to confirm the location and condition of the Deep Adit. This 

information would be used to finalize the closure design. Boreholes, which encounter the 

Deep Adit, could be converted to injection boreholes. The borehole drilling program could 

be augmented with cross-borehole tomography to determine the configuration of the Deep 

Adit between boreholes and to confirm where the Deep Adit is fully or partially submerged. 

Other injection boreholes would be drilled to intercept the Underground Workings as 

necessary to allow for the effective injection and placement of the adit fill. The fill to be 

utilized could be one or a combination of inert fill material (either flowable fill or 

polyurethane foam [PUF]) or partially reactive material (e.g. fine limestone) to reduce any 

residual acidity that might remain after the remedy. The selection of the specific material 

will be made based on the PDIs as well as value engineering that will be formed during 

remedial design (RD). Prior to any excavation activities associated with the Deep Adit, a 

PDI will be performed to better understand the conditions within the adit, including the 

extent to which the adit is full of water. The investigations will also assess whether the 

water in the adit could discharge in an uncontrolled manner when the entrance to the adit 

is exposed. The design will consider engineering measures to prevent an uncontrolled 

release from the adit. 
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In summary, Alternative AD-2 includes the following components: 

 

 adit discharge PDI, including: air circulation modeling, field investigations of endangered 

bat populations, geotechnical vibration investigation, structural evaluation of Underground 

Workings entrances, near-surface bedrock fracture evaluation, Main Adit passive 

chemical system bench and field-scale treatability studies, and post-OU1 Underground 

Workings discharge rate and quality investigation; 

 

 installation of bat-compatible grates at selected Underground Workings portals; 

 

 installation of surface water diversion structures; 

 

 pressure-grout the surface and near-entrance fractures that recharge the Deep Adit; 

 

 construction, operation, and maintenance of a passive chemical treatment system at the 

Main Adit; 

 

 Shaft #4, the Burleigh Shaft, and/or other features may be partially filled to minimize 

recharge to the Underground Workings;  

 

 reopen portal and install a flow-through bulkhead at the Deep Adit entrance; 

 

 permanent closure of the Deep Adit by filling with either an inert or reactive material; 

 

 restoration of wildlife habitat, as required. 

 

 long-term operation and maintenance; 

 

 post-remedy environmental monitoring;  

 

 IC inspections; and 

 

 five-year reviews. 
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The major construction components of this alternative are presented in Figure 3-2 (Main Adit 

Layout) and Figure 3-3 (AD-2 Deep Adit Layout). 

 

The installation of bat grates will protect sensitive bat populations and block potential trespassers. 

The pressure grouting of fractures and redirection of surface water will reduce the volume of water 

exposed to the Underground Workings and reduce the AMD discharge. The installation of a 

passive treatment system at the Main Adit will reduce or eliminate contaminant discharge. The 

filling of the Deep Adit and ancillary Underground Workings will reduce the surface area available 

for chemical reactions and minimize or eliminate AMD contaminated water discharging from the 

Underground Workings. The screening of Alternative AD-2 is presented in Table 3-3.  

 

3.2.4 Alternative AD-3: Adit Discharge Active and Passive 

Treatment 

AD-3 Alternative-Specific Components 

In addition to the baseline components (adit discharge PDI and baseline remedy components) 

described above under Alternative AD-2 (Section 3.2.3), Alternative AD-3 also includes the 

following alternative-specific components:  

 

 conduct bench and field-scale treatability studies to evaluate active chemical treatment 

technologies for the Deep Adit; and 

 

 Construction, operation, and maintenance of an active ex-situ chemical treatment system 

to address discharge from the Deep Adit. Discharge from the Deep Adit will be collected 

and treated ex-situ in batches using an active chemical treatment system. A lime or sodium 

hydroxide amendment rotating cylinder treatment system (RCTS) is a potential process 

option that has demonstrated success in a similar setting at the Elizabeth Mine Superfund 

Site. Treatment system sizing has been evaluated based on the assumption that one or 

more pre-RCTS sedimentation ponds will be used to collect precipitates. For estimating 

purposes, the target treatment influent rate is estimated as the maximum observed Deep 

Adit discharge plus 50% contingency capacity, equal to approximately 10 gpm (Table 2-7). 

The actual treatment capacity would be determined during the PDI based on the post-

OU1 remedy discharge monitoring.  
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In summary, Alternative AD-3 includes the following components: 

 

 adit discharge PDI, including: air circulation modeling, field investigations of endangered 

bat populations, geotechnical vibration investigation, structural evaluation of Underground 

Workings entrances, near-surface bedrock fracture evaluation, Main Adit passive 

chemical system bench and field-scale treatability studies, and post-OU1 Underground 

Workings discharge rate and quality investigation; 

 

 installation of bat-compatible grates at selected Underground Workings portals; 

 

 installation of surface water diversion structures; 

 

 pressure-grout the surface and near-entrance fractures that recharge the Deep Adit; 

 

 construction, operation, and maintenance of a passive chemical treatment system at the 

Main Adit; 

 

 Shaft #4, the Burleigh Shaft, and/or other features may be partially filled to minimize 

recharge to the Underground Workings;  

 

 construct an active chemical treatment system for the Deep Adit discharge (including 

bench and field-scale treatability studies); 

 

 restoration of wildlife habitat, as required; 

 

 long-term operation and maintenance; 

 

 post-remedy environmental monitoring;  

 

 IC inspections; and 

 

 five-year reviews. 

 



 

NH-4054-2015-F 59 Nobis Engineering, Inc. 

The major construction components of this alternative are presented in Figure 3-2 (Main Adit 

Layout ) and Figure 3-4 (AD-3 Deep Adit Layout). 

 

The installation of bat grates will protect sensitive bat populations and block potential trespassers. 

The pressure grouting of fractures and redirection of surface water will reduce the volume of water 

exposed to the Underground Workings and reduce the AMD discharge. The installation of 

chemical treatment systems at the Main Adit and Deep Adit will achieve RAOs through treatment 

and discharge. The screening of Alternative AD-3 is presented in Table 3-4.  

 

3.2.5 Alternative AD-4: Adit Discharge Passive Treatment 

AD-4 Alternative-Specific Components 

In addition to the baseline components described above under Alternative AD-2 (Section 3.2.3), 

Alternative AD-4 also includes the following alternative-specific component:  

 

 conduct bench and field-scale treatability studies to evaluate passive biologic treatment 

technologies for the Deep Adit; and 

 

 construction, operation, and maintenance of a passive biological treatment systems to 

address discharge from the Deep Adit. Discharge from the Deep Adit will be collected and 

treated using a biological treatment system. Treatment system sizing has been evaluated 

based on the assumption that one or more pre-treatment sedimentation ponds will be used 

to collect precipitates. For estimating purposes, the target treatment influent rate is 

estimated as the maximum observed Deep Adit discharge plus 30% contingency capacity, 

equal to approximately 10 gpm (Table 2-7). The actual treatment capacity would be 

determined during the PDI based on the post-OU1 remedy discharge monitoring.  

 

This alternative would include the following components: 

 

 adit discharge PDI, including: air circulation modeling, field investigations of endangered 

bat populations, geotechnical vibration investigation, structural evaluation of Underground 

Workings entrances, near-surface bedrock fracture evaluation, Main Adit passive 

chemical system bench and field-scale treatability studies, and post-OU1 Underground 

Workings discharge rate and quality investigation; 
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 installation of bat-compatible grates at selected Underground Workings portals; 

 

 installation of surface water diversion structures; 

 

 pressure-grout the surface and near-entrance fractures that recharge the Deep Adit; 

 

 construction, operation, and maintenance of a passive chemical treatment system at the 

Main Adit; 

 

 Shaft #4, the Burleigh Shaft, and/or other features may be partially filled to minimize 

recharge to the Underground Workings;  

 

 construct a passive biological treatment system for the Deep Adit discharge (including 

bench and field-scale treatability studies); 

 

 restoration wildlife habitat, as required; 

 

 long-term operation and maintenance; 

 

 post-remedy environmental monitoring;  

 

 IC inspections; and 

 

 five-year reviews. 

 

The major construction components of this alternative are presented in Figure 3-2 (Main Adit 

Layout) and Figure 3-5 (AD-4 Deep Adit Layout). 

 

The installation of bat grates will protect sensitive bat populations and potential trespassers. The 

pressure grouting of fractures and redirection of surface water will reduce the volume of water 

exposed to the Underground Workings and reduce the AMD discharge. The installation of passive 

treatment systems at the Main Adit and Deep Adit will reduce contaminant discharge. The 

screening of Alternative AD-4 is presented in Table 3-5.  
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3.3 Screening of Alternatives 

Tables 3-2 through 3-5 present the screening of remedial alternatives UWG-2 and AD-2 through 

AD-4, respectively. The following table summarizes the results of the screening: 

 

Alternative Status 

Alternative UWG-2: Limited Action Retained 

Alternative AD-2: Adit Closure, Source Reduction, and Passive Discharge 
Treatment 

Retained 

Alternative AD-3: Adit Closure and Discharge Active Treatment Retained 

Alternative AD-4: Adit Closure and Discharge Passive Treatment Retained 

 

 

Alternatives UWG-1 and AD-1 were not included in the screening step, but were retained for the 

detailed evaluation included in the Section 4.0 below, consistent with CERCLA and EPA 

guidance.  

 

The media-specific alternatives were then combined into four complete alternatives for detailed 

analysis and comparison. The complete alternatives are included in the following table: 

 

Surface Water Alternative Groundwater Alternative Combined Alternative 

Alternative AD-1: No Action Alternative UWG-1: No Action Alternative UW-1 

Alternative AD-2: Adit Closure, Source 
Reduction, and Passive Discharge 
Treatment 

Alternative UWG-2: Limited 
Action 

Alternative UW-2 

Alternative AD-3: Adit Closure and 
Discharge Active Treatment 

Alternative UWG-2: Limited 
Action 

Alternative UW-3 

Alternative AD-4: Adit Closure and 
Discharge Passive Treatment 

Alternative UWG-2: Limited 
Action 

Alternative UW-4 
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4.0 DETAILED ANALYSIS OF ALTERNATIVES 

This section presents the detailed analyses of RA alternatives for OU2/OU3 Underground 

Workings groundwater and surface water discharge at the Site. The detailed analysis is intended 

to provide decision makers with information on specific statutory requirements for RAs that must 

be addressed in the OU2/OU3 ROD (EPA, 1988b). RAs must:  

 

 protect human health and the environment; 

 attain ARARs (or provide grounds for invoking a waiver); 

 utilize permanent solutions and alternative treatment technologies or resource-recovery 

technologies to the maximum extent practicable;  

 satisfy the preference for treatment that reduces toxicity, mobility, or volume of hazardous 

substances as a principal element or provide an explanation why it does not; and 

 be cost-effective. 

 

The detailed analysis was performed in accordance with CERCLA Section 121, the NCP (EPA, 

1990), and EPA RI/FS guidance (EPA, 1988b). The detailed analysis contains the following items:  

 

 a detailed description of each remedial alternative, emphasizing the application of various 

component technologies; and 

 an assessment of each alternative compared to the first seven of the nine evaluation 

criteria described in the NCP (EPA, 1990). 

 

The detailed description of technologies or processes used for each alternative includes, where 

appropriate, preliminary site layouts and a discussion of limitations, assumptions, and 

uncertainties for each component. The alternative descriptions provide a conceptual design of 

each alternative and are intended for alternative-comparison and cost-estimation purposes only.  

 

Remedial alternatives are evaluated according to the first seven of nine NCP evaluation criteria 

(EPA, 1988b). The following definitions of the nine NCP evaluation criteria are based on EPA 

RI/FS guidance (EPA, 1988b): 
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Overall Protection of Human Health and the Environment 

This criterion assesses how well an alternative, as a whole, achieves and maintains protection of 

human health and the environment.  

 

Compliance with ARARs 

This criterion assesses whether an alternative complies with location-, chemical-, and action-

specific ARARs, and whether a waiver is required or justified.  

 

Long-Term Effectiveness and Permanence 

This criterion evaluates the effectiveness of the alternative in protecting human health and the 

environment after response objectives have been met. This criterion includes consideration of the 

magnitude of residual risks and the adequacy and reliability of controls.  

 

Reduction of Toxicity, Mobility, and Volume through Treatment 

This criterion evaluates the anticipated effectiveness of treatment processes used to reduce 

toxicity, mobility, and volume of hazardous substances. It also considers the degree to which 

treatment is irreversible, and the type and quantity of residuals remaining after treatment. 

 

Short-Term Effectiveness 

This criterion examines the effects of the alternative on human health and the environment during 

the construction and implementation of a remedy until response objectives have been met. This 

criterion also evaluates the time frame required to achieve protectiveness. 

 

Implementability 

This criterion assesses the technical and administrative feasibility of an alternative and availability 

of required goods and services. Technical feasibility considers the ability to construct and operate 

a technology and its reliability, the ease of undertaking additional RAs, and the ability to monitor 

the effectiveness of a remedy. Administrative feasibility considers the ability to obtain approvals 

from other parties or agencies for off-site activities and the extent of required coordination with 

other parties or agencies.  
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Cost 

This criterion evaluates the capital and operation and maintenance costs for each alternative. 

Present worth estimates are presented to help compare costs among alternatives. 

 

State Acceptance 

This criterion considers the state's preferences among, or concerns about, the alternatives, 

including comments on ARARs or the proposed use of waivers. This criterion is addressed 

following state inputs on the FS and Proposed Plan.  

 

Community Acceptance 

This criterion considers the community's preferences or concerns about the alternatives. This 

criterion is addressed following community inputs on the Proposed Plan. 

 

The detailed analysis of each alternative includes an estimate of the time necessary for 

completion of the alternative (i.e., remedial duration) and a cost estimate. Each cost estimate 

includes the following items, as applicable: 

 

 engineering design at a percentage of direct capital costs; 

 

 project and construction management, including health and safety, legal, and 

administrative fees, at a percentage of direct capital costs; and 

 

 a contingency to account for unforeseen project complexities such as adverse weather, 

the need for additional and unexpected site characterization, and increased construction 

standby times at a percentage of direct capital costs. 

 

Cost estimates are based on the best available information regarding the anticipated scope of the 

remedial alternative. Assumptions used to develop and cost alternatives, however, may or may 

not remain valid during alternative implementation. For example, new information and data 

collected during the engineering design of the remedial alternative may change the scope of RAs, 

and assumptions associated with LTM (e.g., the number and location of monitoring wells) may 
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change with time in response to recommendations in monitoring reports and five-year reviews. 

This FS provides assumptions regarding the scope of the LTM Plan (LTMP) for purposes of 

detailed analysis and cost estimation. This and other cost uncertainties are discussed in the text. 

Costs are intended to be within the target accuracy range of minus 30 to plus 50% of actual cost 

(EPA, 1988). 

 

Costs are presented as a present worth and as a total cost based on the estimated duration of 

each of the alternatives. The present worth analysis allows for comparison of expenditures that 

occur over different time periods. The analysis discounts future costs to a present worth and 

allows the cost of remedial alternatives to be compared on an equal basis. Present worth 

represents the amount of money that, if invested now and disbursed as needed, would be 

sufficient to cover costs associated with the RA over its planned life. Consistent with EPA policy, 

present worth was calculated using a real discount rate of 7% for 30 years.  

 

Details and assumptions pertaining to the cost estimates are also included in each alternative’s 

cost description. Detailed cost spreadsheets are contained in Appendix B.  

 

Restoration of the groundwater within the Underground Workings was determined to be 

technically impracticable. As a result, the remedial action objective is focused on preventing 

ingestion of contaminated groundwater and actions that could expand the extent of contamination 

groundwater associated with the Underground Workings. Therefore, only the no action alternative 

(UWG-1) and the limited action alternative (UWG-2) were retained for evaluation with respect to 

the groundwater in the Underground Workings.  

 

Three remedial alternatives were developed in Section 3.0 to address surface water discharges 

from the Underground Workings at the Site, in addition to the No Action alternative. The retained 

alternatives are as follows: 

 

 Alternative AD-1: No Action 

 Alternative AD-2: Adit Closure, Source Reduction, and Passive Discharge Treatment 

 Alternative AD-3: Adit Closure and Active Discharge Treatment 

 Alternative AD-4: Adit Closure and Passive Discharge Treatment 
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As described in Section 3.3, these media-specific alternatives were combined into complete 

OU2/OU3 alternatives as follows: 

 

 Alternative UW-1: No Action  

 Alternative UW-2: Deep Adit Filling and Groundwater Use Restrictions  

 Alternative UW-3: Deep Adit Discharge Active Treatment and Groundwater Use 

Restrictions  

 Alternative UW-4: Deep Adit Discharge Passive Treatment and Groundwater Use 

Restrictions  

 

These complete alternatives are evaluated in the following sections. 

 

4.1 Evaluation of Alternative UW-1: No Action 

Alternative UW-1, the No Action alternative, was retained as a baseline with which to compare 

the other alternatives, as required by the NCP. Alternative UW-1 includes both the groundwater 

(UWG-1) and surface water discharge (AD-1) components described in Section 3. This alternative 

would not include RA components to reduce the contribution of site source areas to groundwater 

or surface water contamination. No action would be taken to reduce, control, or eliminate direct 

exposure risks to current and future human receptors. No action would be taken to reduce, 

eliminate, or control risks in surface water to ecological receptors. Likewise, no action would be 

taken to reduce, eliminate, or control risks in groundwater to potential future drinking water wells. 

The alternative includes statutorily required five-year reviews. The following assessment of the 

No Action alternative is based on the first seven evaluation criteria of the NCP. 

 

4.1.1 Overall Protection of Human Health and the Environment 

Alternative UW-1 would not protect human health from exposure to mine-related contamination 

above the site-specific PRGs. Specifically, future property owners in the vicinity of the Site or to 

the north may install residential supply wells that may reach the Mine Pool or fractures directly 

intersecting the Mine Pool, and therefore may ingest concentrations of site-related contaminants 

above regulatory and risk-based groundwater standards. Therefore, Alternative UW-1 would not 

be protective of human health under current and potential future land-use conditions.  
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Alternative UW-1 would not protect human health or environmental receptors from exposure to 

mine-related contamination above the site-specific PRGs. Discharges to surface water bodies 

above regulatory criteria would continue, causing adverse impacts to the environment. Therefore, 

Alternative UW-1 would not be protective of human health or the environment under current and 

potential future land-use conditions. Therefore, Alternative UW-1 would not satisfy the 

protectiveness criterion. 

 

4.1.2 Compliance with ARARs 

Because no action is proposed, neither location-specific nor action-specific ARARs would be 

triggered by this alternative. The chemical-specific ARARs would not be waived and would be 

applicable to the alternative. Since no action will be taken to address exceedances of ARARs 

standards. The chemical-specific ARARs and TBCs for Alternative UW-1 are identified in 

Table 4-1. Alternative UW-1 would not satisfy the ARARs criterion. 

 

4.1.3 Long-Term Effectiveness and Permanence 

Alternative UW-1 would not provide controls to reduce, control, or eliminate contaminant source 

areas, and inorganic contaminants at the Site are not expected to naturally degrade. Alternative 

UW-1 would not provide any long-term effectiveness or permanence for protection of human 

health or the environment and would not satisfy the criterion. 

 

4.1.4 Reduction of Toxicity, Mobility, and Volume through 

Treatment  

The No Action alternative would not provide treatment processes to address source areas; 

therefore, the alternative would not satisfy the criterion 

 

4.1.5 Short-Term Effectiveness 

As no active RA is taken under Alternative UW-1, there are no short-term impacts to the 

community, workers, or the environment. However, this alternative would never achieve the RAOs 

and there would be no reduction in risks in the short term. Therefore, this alternative would not 

satisfy the criterion. 
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4.1.6 Implementability 

Because Alternative UW-1 does not propose any RA, there would be no technical difficulties 

associated with implementation. Five-year reviews would be easily implemented. The No Action 

alternative would not limit or interfere with the ability to perform future RAs.  

 

4.1.7 Cost 

There is no cost associated with the No Action groundwater alternative except for the cost of five-

year reviews, because no RAs would be performed2. Table 4-2 presents a summary of the 

estimated present worth and total non-discounted costs to implement Alternative UW-1. The 

present worth for Alternative UW-1 based on a 7 percent discount rate and a 30-year duration is 

estimated to be $86,863. Appendices B and C contain additional cost assumptions and a detailed 

cost estimate for this alternative.  

 

4.2 Evaluation of Alternative UW-2: Deep Adit Filling and Groundwater 

Use Restrictions  

This subsection describes Alternative UW-2, provides a cost estimate, and evaluates the 

alternative using the first seven evaluation criteria of the NCP. It is likely that some changes to 

the components described below will be required once the OU1 RA has been completed and the 

bedrock surface has been exposed. 

 

Alternative UW-2 would prevent human contact with the groundwater within the Underground 

Workings to the greatest extent practical, protect the bat population from disturbance, reduce the 

volume of water infiltrating into the Deep Adit (and therefore the volume of discharge water), 

decrease the surface area available for AMD reactions, and treat discharge from the Main Adit. 

Groundwater associated with the Mine Pool would be addressed by ICs (including establishing a 

groundwater use restriction area to prevent wells being installed that might draw out contaminated 

groundwater beyond the TI Zone compliance boundary) and long-term monitoring. A groundwater 

PDI would be completed to develop the area encompassed by the ICs. All work performed for 

UW-2 would be done in accordance with the bat protection BMPs (Section 3.2). 

 

                                                

2 Site-wide five-year reviews are already required based on the selected OU1 remedy that permanently leaves 
contamination on-site above unrestricted use risk levels. 
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Baseline Components 

Alternative UW-2 includes a set of PDI and remedy components common and generally 

equivalent to each of the three combined “action” alternatives. They will be referred to as the 

“baseline components” and include the following: 

 

 perform a groundwater PDI to delineate the extent of the groundwater use restriction area; 

 perform an adit discharge PDI; 

 installation of bat-compatible grates at selected Underground Workings portals; 

 installation of surface water diversion structures; 

 pressure-grout the surface and near-entrance fractures that recharge the Deep Adit; 

 construction, operation, and maintenance of a passive chemical treatment system at the 

Main Adit; 

 Shaft #4, the Burleigh Shaft, and/or other features may be partially filled to minimize 

recharge to the Underground Workings;  

 IC inspections and long-term monitoring; and 

 five-year reviews. 

 

The following describes the primary elements of baseline components in more detail.  

 

Groundwater PDI 

A PDI will be conducted to further develop the CSM for Underground Workings and to delineate 

the extent of the groundwater use restriction area. The PDI will include work to the east of the 

primary photolineament crossing above the Main Shaft and associated with ORT-1. Figure 3-1 

depicts the PDI evaluation area. 

 

 Bedrock Outcrop Evaluation: Will include additional bedrock outcrop evaluations, which 

will incorporate a bedrock outcrop survey, fracture strike and dip observations, lithology, 

and potential for water-transmitting fractures. Surface geophysics will be used to assess 

the photolineament associated with ORT-1. 

 

 ORT-1 Hydrogeological Assessment: An investigation will be performed to assess the 

photolineament associated with stream ORT-1 and to evaluate the potential for 
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groundwater impacted by the Mine Pool to discharge to the ORT-1 valley. The 

investigation may include visual surveys, surface water temperature survey and sampling, 

and surface geophysical investigation. 

 

 Bedrock Groundwater Investigation: The results of the first phase of investigation will 

be used to determine locations for additional bedrock monitoring wells to evaluate the 

potential for current or future groundwater impacts outside the Underground Workings. 

The bedrock boreholes and wells are assumed to be 600 feet deep, and once completed, 

will be used for borehole geophysics and packer sampling to evaluate bedrock and 

groundwater conditions, and to determine screen intervals for monitoring wells. Once 

bedrock wells are installed, two sampling events would be conducted. All wells associated 

with the Mine Pool and the wells associated with the ORT-1 photolineament would be 

sampled for lab analysis of metals and geochemistry as well as field parameters. Nearby 

private drinking water supply wells would also be included in the sampling events. 

 

 3-D Digital Model and Groundwater Modeling: The investigation results would be used 

to develop a 3-D digital conceptualization of the bedrock aquifer CSM and a numerical 

Underground Workings groundwater model, which would be used to support the 

delineation of the TI Zone compliance boundary and the groundwater use restriction area. 

 

Adit Discharge PDI 

An Adit Discharge PDI will be performed which will include the following:  

 

 Portal Closure Investigations: Following the OU1 RA, the UWA area will be surveyed 

to determine if any additional shafts, adits, or other Underground Workings entrances are 

accessible. Several studies will be performed to support the adit and shaft portal closure 

designs. These include studies to determine measures to minimize the potential for RAs 

to impact bats or bat habitat in the remedy area, including potential bat roost habitat within 

the remedy area. These evaluations will be performed to determine the radius of protective 

buffer zones and to develop specific closure designs that are protective of bats. Studies 

include: 
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o Structural Evaluation of Adit and Shaft Portals: Results used to support bat grate 

closure designs and to determine if structural repairs or other work is necessary to 

support bat grate installation); 

 

o Air Circulation Modeling: Air circulation monitoring and modeling to evaluate the 

potential impacts of closure designs on airflow within the Underground Workings and 

on endangered bat populations will be performed if the remedy could alter air flow in 

documented or potential bat habitat; 

 

o Geotechnical Vibration Study: A evaluation will be performed to determine if remedy-

related heavy equipment and/or drilling activities in the vicinity of the Underground 

Workings activities could result in vibrations that could cause damage to bat habitat or 

directly disturb threatened or endangered bat populations; and 

 

o Bat Survey and Habitat Assessments: Field investigations to examine threatened or 

endangered bat populations and habitat within the potential remedy impact area (e.g. 

bat roost studies); 

 

o Assessment of Potential Additional Bat Mitigation Measures: Depending on the results 

of the surveys and assessments, additional mitigation measures may be called on to 

protect bat populations and their habitat. 

 

 UWA Bedrock Surface Fracture Survey: This study will determine which fractures that 

are exposed to bedrock during the OU1 remedy implementation may contribute surface 

water recharge to the Deep Adit. The bedrock survey would include a field geologic survey 

(i.e. manual compass measurements) of the bedrock surface to identify, measure, and 

characterize large, water-bearing near surface fractures. 

 

 Post-OU1 Remedy Recovery Monitoring: Surface water and groundwater samples will 

be collected to evaluate potential improvements or other changes in Underground 

Workings chemistry and/or flow rates following the OU1 remedy. The PDI may include a 

year of flow measurements and groundwater chemistry from the Main Adit and Deep Adit. 

The results will be used to optimize the RD to future conditions that may be significantly 

changed as a result of the OU1 remedy implementation. 
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 Passive Chemical System Treatability Studies: Bench and field-scale treatability 

studies will be conducted to evaluate passive biochemical treatment technologies for the 

Main Adit surface water discharge. 

 

Baseline Remedy Components 

The following remedy components are common to UW-2, UW-3, and UW-4: 

 

 Surface Water Diversions: Surface water diversion may be installed above/uphill of the 

opening of the Deep Adit or other portals, as necessary, to reduce or eliminate surface 

water inputs to the Underground Workings. These would consist of French drains/trenches 

in the overburden, and may be keyed into bedrock in areas without overburden. Some 

surface water diversion systems will be installed in part of the current UWA as part of the 

OU1 RA; these may be incorporated into the overall runoff mitigation system for the 

Underground Workings entrances as available, but will not include all Underground 

Workings areas. For estimation purposes, the total length of surface water diversion 

channels is estimated at 50 linear feet per open Underground Workings entrance, or 300 

linear feet. 

 

 Bedrock Fracture Pressure Grouting: Bedrock fracture grouting may be performed 

targeting any significant bedrock fractures that are exposed following the OU1 waste rock 

removal in the UWA and that are found to recharge the Deep Adit. The current extent of 

surface fracturing is unknown at this time, as the ground surface in the area is generally 

under cover. The identified high-priority fractures will be sealed by pressure grouting. For 

cost comparison purposes, 20 high-priority surface fractures or fracture sets are assumed 

to be grouted. 

 

 Bat Grate Installations: Locations will be selected for bat grate installation based on the 

structural, bat habitat, and airflow evaluations. The entrances are assumed to require 

some amount of shoring or other structural work to support the entrance and provide 

secure attachment points for the bat grates. Bat grates for three entrances were assumed 

for the purpose of the alternative development and cost estimated. 
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 Main Adit Passive Chemical Treatment: Figure 3-2 depicts a general layout for the Main 

Adit passive chemical treatment system. The Main Adit entrance appears to discharge 

minimal surface water flow to the environment under most conditions. The average 

observed flow rate was 3.3 gpm from July 2014 to July 2015, and from October 2014 to 

March 2015, no flow was observed during monthly readings. The PDI will include a year 

of flow measurements and groundwater chemistry from Underground Workings 

entrances, including from the Main Adit. In order to capture peak flow events and possible 

impacts of “first flush”, the discharge location will be equipped with a weir instrumented 

with an auto-sampling device to capture samples during and after major rainfall events. 

The data will be supplemented with monthly samples for full geochemistry.  

 

Average Main Adit geochemistry and mass discharge are shown in Table 2-7. The most 

significant exceedances targeted for mass removal are aluminum and copper, and to a 

lesser extent cadmium, iron, zinc, and sulfide. The average pH is 3.9, below the lower end 

of the PRG range (6.5). If the aluminum, copper, and iron are addressed, the other 

parameters are also expected to fall within acceptable ranges. Iron will readily precipitate 

with oxygenation. High aluminum concentrations, such as those in the Underground 

Workings surface water discharge, may cause clogging of passive treatment systems via 

formation of gibbsite, which is a gelatinous solid (Gusek and Wildeman, 2002). The 

gibbsite is formed when limestone dissolution abruptly changes the pH of the treated 

water. Copper can be oxidized in an alkaline solution to form carbonate minerals 

(e.g. azurite or malachite), and zinc can be precipitated as a carbonate in aerobic ponds 

or limestone drains (PIRAMID, 2003).  

 

The ground surface elevation drops off significantly from the Main Adit. An aerobic system 

could take advantage of this elevation change to use gravity-fed drainage with baffles or 

spillways to aerate the water. An open limestone and aeration channel could be used to 

introduce oxygen and increase the pH of the water before it reaches a discharge/settling 

pond or basin. A large diameter perforated pipe (a scour pipe) may be installed along the 

base of the open limestone channel to allow for periodic flushing of accumulated solids. A 

20% grade may be required for open limestone drains to minimize precipitation, and this 

grade should be viable given the elevation change noted (Rose, 2010). Agitation or regular 

hard washing of open limestone channels may be used to minimize limestone armoring 

and build-up of precipitates. The open limestone/aeration channel would use a sufficiently 
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high gradient to minimize precipitation/clogging of the material. However, periodic cleaning 

and media replacement would be required during operation and maintenance. 

 

The pH-adjusted water would flow to a settling basin. The settling basin would be at least 

20 feet by 20 feet based on remediation guidance (PIRAMID, 2003), and would have a 

sloping bottom to a drain pipe which could be used to remove built-up sediment. Passive 

treatment guidance (PIRAMID, 2003) suggests that multiple aeration/settlement units be 

used if the iron concentration exceeds 30 mg/L, but this should not be a problem for the 

Main Adit discharge. Given the relatively low discharge rates and concentrations, an 

additional polishing step is not expected to be needed.  

 

 Institutional Controls: Because the groundwater within the Underground Workings 

cannot be restored to drinking water standards, ICs will be implemented to prevent 

consumption of contaminated groundwater within the Underground Workings. ICs will 

include a groundwater use restriction zone and/or land use restrictions to prevent future 

consumption of the contaminated groundwater and to prevent the installation of wells that 

could draw contaminated water away from the Underground Workings. ICs will also 

include protections for components of the remedy (i.e., monitoring wells). The land use 

restrictions could be environmental restrictive covenants on individual properties or local 

ordinances or some combination. 

 

 Five-Year Reviews: Five-year reviews will be performed to ensure that the remedy 

remains protective of human health and the environment. 

 

UW-2 Alternative-Specific Components 

In addition to the baseline components described above, Alternative UW-2 also includes the 

following alternative-specific components:  

 

 Deep Adit Closure: Figure 3-3 depicts a general layout for the UW-2 Deep Adit closure 

(note: the UW-2 Deep Adit closure is identical to the AD-2 Deep Adit Closure). The Deep 

Adit is currently collapsed; water exits through rubble at the presumed entrance. Surface 

geophysics will be used to determine the extent of collapse and the feature will be 

excavated to the point at which the tunnel is intact. This length is unknown but is estimated 
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at 100 feet. Excavation is likely to destroy historic mine features associated with the adit 

entrance (Figure 4-1), but the material excavated will be documented and the impact on 

former mine features will be minimized to the extent possible. If an open tunnel is 

encountered and is not structurally stable, the roof and/or sides will be stabilized as 

needed. A flow-through bulkhead will be installed to retain water within the Deep Adit and 

minimize flow. Bulkhead design will be determined by the stability and dimensions of the 

excavated entrance, but the bulkhead is assumed to consist of concrete, with one non-

reactive (PVC or stainless steel) pipe to allow flow and prevent water pressure build-up 

above designed levels and a lower pipe to allow for occasional flushing of accumulated 

sediment. 

 

The Deep Adit will not be entered because of structural safety concerns. Instead, borings 

will be installed to access the void spaces. The PDI would include investigations to confirm 

the Deep Adit geometry, configuration, and conditions. The investigations would include 

surface geophysics, bedrock drilling to intercept the Underground Workings, cross-

borehole tomography, and groundwater sampling of bedrock boreholes to determine the 

source (in-adit) geochemistry. Water samples would also be used to evaluate filler material 

reactivity/stability to determine ultimate composition.  

 

Surface geophysics would be conducted first in order to develop the target drilling 

locations. The surface geophysics performed may include a very low frequency (VLF) 

electromagnetics or other methods to follow the Deep Adit and determine the extent of 

connectivity with other submerged sections of Underground Workings. Figure 3-3 depicts 

the target area for surface geophysics. 

 

The drilling program would include borings to intercept the southernmost portion of the 

Deep Adit, which may appear to be intact, to intercept the northernmost extent of the Deep 

Adit, and to attempt to intercept apparent junctions or connections with other submerged 

Underground Workings that are identified by the surface geophysics. Boreholes would be 

up to 140 feet deep, given that the 1944 cross-section (White and Eric, 1944) indicates 

that the Deep Adit is essentially horizontal and continues into Dwight Hill to the extent 

indicated in Figure 1-7. For cost estimating purposes, 15 boreholes are assumed to be 

installed to an average depth of 90 feet bgs for the borehole tomography and 33 boreholes 

are assumed to be installed to an average depth of 90 feet bgs for the injections. This 
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number assumes that multiple attempts will be required to intercept the Deep Adit or other 

submerged Underground Workings. Drill rigs would use access roads constructed as part 

of the OU1 RA to the extent possible, but additional access roads may be required to 

reach locations outside of the OU1 RA, such as the area north and northeast of the Deep 

Adit entrance. Figure 3-3 depicts potential boring locations, which are subject to change 

based on the results of the surface geophysics and OU1 RA. 

 

The boreholes intercepting the Deep Adit and associated submerged Underground 

Workings would be incorporated into a cross-borehole tomography study to determine the 

complete extent of the Underground Workings and the extent of collapse. Water samples 

would also be collected from the boreholes to evaluate contaminant concentrations 

throughout the Deep Adit and associated Underground Workings and to support a 

treatability study to evaluate filler material, quantities, and delivery mechanism (use of 

berms, areas of complete versus partial filling, etc.). Water samples would be analyzed 

for total and dissolved metals as well as complete geochemistry, including acidity, 

alkalinity, and anions. Large-volume water samples would also be collected for batch 

testing. 

 

Given the structural instability of the Deep Adit, addition of all filler materials would be via 

injection from above (borehole injection). The configuration of injection points would be 

determined by the treatability study. Figure 3-3 shows the potential locations of injection 

points and injected fill dams that may be used to facilitate complete filling of the adit. The 

fill to be utilized could be one or a combination of inert fill material (either flowable fill or 

PUF) or partially reactive material (e.g. fine limestone aggregate) to reduce any residual 

acidity that might remain after the remedy. The selection of the specific material will be 

made based on the PDIs as well as value engineering that will be performed during RD. 

 

Injection of the adit fill material will displace standing water within the Underground 

Workings. The PDIs described above will attempt to determine the amount of standing 

water. For cost estimation purposes, half of the adit volume is assumed to be water-filled. 

Temporary water storage tanks will be staged on-site to collect the displaced water and 

release it (or treat it, as needed) in a controlled manner during or after injection. The filler 

material injection would begin after flow-through bulkhead installation at the entrance of 
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the Deep Adit, so that displaced water would exit the Underground Workings in a 

controlled manner for collection. 

 

In the event that some residual discharge continues from the Deep Adit, or new seeps 

appear that have AMD characteristics, a small passive biological treatment system could 

be constructed to provide polishing treatment as necessary. 

 

 LTM: LTM would be included in Alternative UW-2. The monitoring would include structural 

monitoring of the bat grates and Underground Workings entrances, as well as monitoring 

for surface water flow, and lab analysis for geochemistry and metals in surface water and 

groundwater to determine mass loading estimates. Groundwater elevation data would be 

collected at the time of sample collection to allow interpretation of the direction of 

groundwater flow. All open Underground Workings entrances with water and identified 

seeps in the area would be sampled, as well as all groundwater monitoring wells and 

residential water supplies associated with the Underground Workings. Field parameter 

measurements for dissolved oxygen (DO), oxidation-reduction potential (ORP), pH, 

temperature, turbidity, and specific conductance would be made prior to sample collection.  

 

The LTM would include monthly site visits and surface water sampling for the first year, 

but this frequency may be reduced if concentrations and flow are found to be consistent 

on a seasonal basis. The costs were developed using the assumption that after five years, 

the sample frequency could be decreased to once per year and the number of sampling 

locations could be reduced. Groundwater and residential well samples are assumed to be 

collected annually for the first five years, and then once every five years thereafter. Details 

of the monitoring program, including target monitoring and residential wells, analytes, and 

quality assurance/quality control (QA/QC) protocols, would be specified in the LTMP. 

 

 Operations and Maintenance: Alternative UW-2 would require long-term O&M for 

installed structures, including periodic inspection and repairs to surface water diversion 

structures, and the Deep Adit flow-through bulkhead. No O&M is anticipated for the 

grouted bedrock fractures or for monitoring wells. The passive treatment system for Main 

Adit discharge would need periodic maintenance to flush out accumulated precipitate 

within the treatment system. The settlement basin would likewise require flushing or 

dredging to remove and properly dispose of accumulated solids every one to two years. 
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Reactive media replacement would be every 2 to 5 years, however, the timeframe for 

replacement would be based on the degree of reactive material armoring and a 

comparison of pre- and post-discharge concentrations.  

 

UW-2 Alternative-Specific Impacts 

To the extent the implementation of UW-2 has an adverse impact on historic resources, a 

mitigation plan will be developed to address these impacts. For historic resources, the design will 

determine if further assessment and documentation will be necessary prior to implementation. It 

is also possible that data recovery may be necessary for certain archaeological resources. Post-

cleanup mitigation measures could include the development of interpretive reports and 

development of public information. 

 

Discharge of water from the Deep Adit may increase in volume or in contaminant concentrations 

during filling, but will be managed so as to not impact downgradient State Class II or federal 

jurisdictional wetlands, surface water bodies or floodplain. This will be accomplished by collecting 

and controlling the discharge to the extent required to maintain water quality standards at 

downgradient compliance points of the Site’s waterways/wetlands. This discharge would be short 

term and temporary; after filling the adit, the volume of discharge water and the contaminant 

concentrations are expected to significantly decrease and possibly be eliminated. If necessary, 

temporary treatment will be performed to maintain downgradient water quality standards. 

 

The design and implementation of Alternative UW-2 will also take into consideration any potential 

impact on bats. The cleanup plan will be developed and implemented, in consultation with federal 

and State wildlife officials, to minimize any adverse impact on bats and will utilize the bat 

protection BMPs (Section 3.2). 

 

An IC monitoring plan would be prepared as part of the OU2/OU3 LTM program. The monitoring 

plan would detail the land-use restrictions implemented for the area. Yearly monitoring will confirm 

that any deed restrictions incorporated/referenced within the title for the property(ies) or municipal 

restrictions that are created remain in place and are enforced. If deed restrictions are used they 

will be recorded in a manner that meets State recordings standards for environmental restrictions. 

The plan would include a checklist of elements to be assessed during, at a minimum, yearly on-
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site inspections. The inspections would also document that restrictions remain in place to prevent 

disturbance of the components of the remedy. 

 

Under §121(c) of CERCLA (42 U.S.C. § 9621(c)), any RA that results in contaminants remaining 

on-site at concentrations above those allowing unlimited exposure and unrestricted use must be 

reviewed at least once every five years. During five-year OU reviews, an assessment is made as 

to whether the implemented remedy continues to be protective of human health and the 

environment, or whether the implementation of additional RA is appropriate. The EPA document 

Comprehensive Five-Year Review Guidance (EPA, 2001) provides guidance on the performance 

of five-year reviews. The five-year review for this alternative is statutorily required. The five-year 

period will be triggered by the actual RA start date (EPA, 2001). 

 

To summarize, Alternative UW-2 would prevent installation of any groundwater extraction wells 

within the groundwater use restriction area and TI Zone, reduce the amount of water entering the 

Underground Workings via overland flow, and reduce the source of AMD by filling the Deep Adit 

and reducing contact with the exposed surfaces of the Underground Workings. This alternative 

would also treat discharge from the Main Adit to achieve water quality standards at downgradient 

compliance points along the Site’s waterbodies and wetlands. 

 

4.2.1 Overall Protection of Human Health and the Environment 

Alternative UW-2 would protect human health by using ICs to prevent the installation of wells that 

could result in consumption of the contaminated groundwater in the Underground Workings or its 

migration beyond the compliance boundary for the TI Zone. The restoration of the groundwater in 

the Underground Workings, including addressing exceedances of risk-based standards for iron, 

cobalt, and manganese, was determined to be technically impracticable from an engineering 

perspective. As a result, a Remedial Action Objective to restore groundwater in the Underground 

Workings was not developed, but ICs and long-term monitoring are to be established to prevent 

exposure to groundwater contaminants that exceed risk-based standards.  

 

The PDI and treatability studies included in Alternative UW-2 will provide additional information 

on the configuration of the Underground Workings and the water quality and quantity within the 

Underground Workings so that the fill material can be deployed into the Deep Adit in a manner to 

greatly reduce or eliminate discharged surface water at concentrations above PRGs.  
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Alternative UW-2 will protect the environment by taking source control actions to minimize the 

discharge of contaminated surface water from the Deep Adit and passive treatment of the 

contaminated discharge from the Main Adit. The filling of the Deep Adit, if successful, is a source 

control action that would permanently eliminate the source of the contamination. Filling the Deep 

Adit and adjacent or connected lower Underground Workings will reduce the surface area 

available for contact with water and generation of AMD. The flow-through bulkhead at the Deep 

Adit will reduce flow out of the Deep Adit. The residual flow, if any, following the filling of the Deep 

Adit (and the implementation of the OU1 cleanup for the UWA) is not expected to represent a 

threat to ecological receptors at the downgradient point of compliance. If the residual flow exceeds 

cleanup levels at the point of compliance, a small passive treatment system would be installed to 

treat the water.  

 

Passive treatment of discharge from the Main Adit would minimize metals and moderate pH of 

the water entering the Ely Brook watershed. The passive treatment of the Main Adit is expected 

to reduce metal concentrations to a level that would not represent a threat to ecological receptors 

at the downgradient point of compliance.  

 

Installation of surface water drainage structures and grouting of surface fractures would reduce 

the volume of water entering the Deep Adit and Main Adit from the surface in the immediate 

vicinity of the Underground Workings entrances.  

 

LTM would be implemented to evaluated the effectiveness of the implemented RAs and assess 

the adequacy of the ICs. 

 

4.2.2 Compliance with ARARs 

ARARs and TBCs triggered by Alternative UW-2 are presented in Table 4-3.  

 

A TI waiver is being invoked to waive ARARs associated with the restoration of groundwater in 

the Underground Workings since is technically impracticable to achieve the ARAR standards. The 

waiver applies to the Vermont Groundwater Protection Standards, Env. Prot. Ch. 12). The 

Underground Workings TI Evaluation Report is provided as Appendix A. 
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In accordance with federal Wetland Protection and Floodplain Management regulations (as 

promulgated in relevant and appropriate regulations at 44 CFR § 9) EPA has determined that 

UW-2 can be implemented in a manner that will protect downstream wetland and floodplain 

resources. The standards will be achieved through the use of best management practices to 

address Site contaminant remediation, stormwater controls, and long-term O&M of the remedial 

components upstream of the Site’s waterways/wetlands. UW-2 will ultimately protect downstream 

floodplain/wetland resources by reducing contaminant concentrations in the Underground 

Workings discharge. 

 

The implementation of Alternative UW-2 will include measures to protect habitat for State and 

federally listed threatened or endangered bat species in compliance with State and federal 

Endangered Species Acts and the federal Fish and Wildlife Coordination Act. These measures 

include the habitat, airflow, and geotechnical evaluations of the Underground Workings entrances, 

Underground Workings entrance shoring, and bat grate installation. Other mitigation measures 

may also be implemented, as necessary. The investigation and filling of the Underground 

Workings will be planned to minimize impacts on the areas immediately surrounding the 

entrances used by bats, and construction will occur during non-hibernation season. In 

consultation with federal and State wildlife officials, it is assumed that all work can be performed 

in general accordance with the Site bat protection BMPs (Section 3.2). 

 

Section 106 of the NHPA of 1966, as amended (16 U.S.C. 470f), requires EPA to take into account 

the effects of all actions on historic properties, including archaeological sites that have been 

determined to be eligible for the National Register of Historic Places. EPA has determined that 

the Site is eligible for listing in the National Register of Historic Places. EPA has also determined 

that the construction activities required to implement this RA will have unavoidable direct and 

indirect impacts on historic features at the Site, but that these impacts are necessary to protect 

human health and the environment. The APE for UW-2 is assumed to be entirely within the 

footprint of the OU1 RA, for which prior assessments of potential disturbances to historic 

resources were completed, and continue to be performed for the OU1 RD. The APE was 

documented in the OU1 ROD. The APE will be further defined to address indirect effects, 

cumulative effects and other effects as part of the both the OU1 and OU2/OU3 designs. The EPA 

will work with the Vermont SHPO and other consulting parties to address, minimize, and mitigate 

any adverse effects to historic resources and archaeological sites. The OU1 and OU2/OU3 RDs 
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will be developed to minimize the adverse effects of the cleanup action on these features. 

Figures 4-2 and 4-3 show several areas where the UW-2 activities may disturb historic resources. 

 

State land use control and development standards under Vermont Act 250 would be met in the 

design and implementation of UW-2 regarding regulated activities, including water and air 

pollution, protection of headwaters, waste disposal, floodways, streams, wetlands (including 

Vermont Class 3 wetlands not regulated under the Vermont Wetland Rules), soil erosion, historic 

sites, endangered species, and extraction of earth resources, energy conservation, and protecting 

public investments. 

 

To the extent that remedial activities affect other protected resource areas, the location-specific 

ARARs in Table 4-3 will apply.  

 

This alternative would attain chemical-specific ARARs and TBCs for Main Adit discharge and 

would substantially reduce or eliminate the volume and contaminant load for Deep Adit discharge. 

It is expected that all activities can be designed and implemented to comply with action-specific 

ARARs regarding stormwater controls, Site monitoring of both surface water discharges and 

groundwater, and ICs. LTM would include federal and State surface water quality standards for 

monitoring Site waterways and State groundwater ARAR and federal risk-based TBCs for 

groundwater monitoring standards. Construction activities would meet federal/state stormwater 

requirements and State erosion control TBC guidance standards. 

 

4.2.3 Long-Term Effectiveness and Permanence 

With proper design, construction, and maintenance, Alternative UW-2 would provide long-term 

effectiveness for reducing surface water flow into the Deep Adit. The filling of the Deep Adit would 

be designed to eliminate, or at a minimum, greatly reduce, the interaction of groundwater, oxygen, 

and AMD sources within the Deep Adit, reducing or eliminating contaminant discharge. The fill 

material would be selected to have long-term effectiveness and not require replacement in the 

future. 

 

Alternative UW-2 would treat the discharge from the Main Adit. The treatment system will require 

periodic maintenance to clean and replace reactive media and prevent limestone armoring, which 

would reduce system effectiveness over time. The discharge treatment system would also require 
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LTM of inlet and outlet metals concentrations and geochemistry to evaluate system efficiency and 

make adjustments as needed. These O&M activities will allow for long-term effectiveness of the 

discharge treatment. 

 

Alternative UW-2 would address the source of the AMD in the Deep Adit and associated workings 

by greatly reducing or eliminating the contact area available for AMD reactions, and greatly 

reducing or eliminating adit discharge. However, if residual Deep Adit discharge continues to 

impact downstream receptors, a small, passive biological system could be constructed to provide 

polishing treatment. Long-term environmental monitoring will be required to evaluate the extent 

of surface water discharge reduction. 

 

The ICs developed for Alternative UW-2 would prevent the installation of wells to prevent 

contaminant exposure and migration, as well as protect components of the remedy, but they 

would need to be evaluated and enforced over the long term. 

 

4.2.4 Reduction of Toxicity, Mobility, and Volume through 

Treatment 

The filling of the Underground Workings and installation of a flow-through bulkhead, to the extent 

that the fill includes constituents that will reduce AMD generation would constitute limited 

treatment under this criterion. In addition, discharge water displaced by the filling of the Deep Adit 

may be collected and treated prior to discharge. However, UW-2 does not provide direct treatment 

of any long-term Deep Adit discharge (except potentially a small passive treatment system 

installed to address any Deep Adit discharges). Passive treatment of Main Adit discharge will 

reduce toxicity and mobility of contaminants from this source. 

 

Alternative UW-2 would not include reduction of toxicity, mobility, and volume for the Mine Pool 

groundwater.  

 

4.2.5 Short-Term Effectiveness  

The installation of surface water diversion structures and grouting of surface fractures are 

expected to have an immediate impact on surface water runoff entering the Deep Adit. With 

reduced flow into the Deep Adit, its discharge is expected to decrease to the same degree. The 

Deep Adit component of the UW-2 should achieve RAOs and cleanup levels fairly soon after 
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completion of the filling. The passive treatment for the Main Adit should achieve RAOs and 

cleanup levels after the successful construction and performance testing of the treatment system. 

This may require 2-3 years to fully achieve cleanup levels.  

 

Filling of the Deep Adit may displace water present within the lower Underground Workings. 

Temporary water storage (fractionation tanks) and potentially treatment will be utilized to control 

and manage any displaced water. 

 

In the short term, the Mine Pool groundwater is not impacting residential drinking water supply 

wells. ICs will be installed after PDI completion; these will prevent installation of groundwater 

extraction wells (for drinking water or any other purpose) within the TI Zone and groundwater use 

restriction area. 

 

Based on these considerations, the UW-2 alternative could be implemented in 2-3 years. 

 

4.2.6 Implementability 

The work around the Underground Workings entrances would be performed using the bat 

protection BMPs as described in Section 3.2, but this does not present a significant challenge to 

implementation. Construction of ancillary structures associated with Underground Workings 

entrances (bat grates, structural shoring of entrances, and surface water drainage/diversion 

structures) are commonly used as part of mine closure and are not expected to pose any problems 

with implementation.  

 

The siting and installation of the flow-through bulkhead at the Deep Adit entrance may have 

implementability issues. The extent of collapsed material and the structural integrity of the non-

collapsed portion of the adit are unknown at this time. The lower portion of the adit may need to 

be stabilized or significantly modified in order to construct the flow-through bulkhead. 

 

Implementability of the filler injection would depend on the filler material itself. Local materials will 

be used to the extent possible, but transport, mixing of materials (if needed), and injection will 

require significant on-site effort. Injections may also need to be spaced out to control the flow of 

displaced water, requiring additional time to complete. Injection of non-local or specialty filler 
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materials, such as expanding PUFs, may require the use of specialty equipment and a limited 

pool of contractors. 

 

Passive treatment systems are commonly used at mine sites, including sites at remote and cold-

weather locations. A PDI, including treatability studies for pH modification portions of the 

treatment train, would be required to finalize the sizing and specific system components of the 

passive treatment system. The PDI would also incorporate a year-long study conducted after OU1 

surface source removals and the Deep Adit surface water diversion components (i.e. grouting of 

bedrock surface fractures and portal surface water diversion) are complete to evaluate the 

expected recovery that will result from these actions, and finalize the RD appropriately. 

 

Alternative UW-2 also includes several PDIs. The initial surface geophysics to determine the 

configuration of Underground Workings entrances would be readily implementable. The waste 

material will be removed and the bedrock surface exposed for most of the study area for the 

geophysics, and the Site does not have power lines or other utilities that would interfere with 

surface geophysics. The same would be true for cross-borehole tomography. However, the 

bedrock borehole installation program may require installation of temporary access roads or the 

use of specialty drill rigs to access drilling locations on steep slopes. 

 

Administrative implementability is expected to be good. Close communication and coordination 

with the landowners and environmental protection and natural resource agencies (e.g., Vermont 

Agency of Natural Resources [VTANR] and USFWS) would be necessary to establish ICs for both 

surface water, the TI zone and groundwater use restriction area. 

 

4.2.7 Cost 

Table 4-4 presents a summary of the estimated present worth and total non-discounted costs to 

implement Alternative UW-2. The present worth represents the amount of money that, if invested 

now and disbursed as needed, would be sufficient to cover costs associated with the RA over its 

planned life, whereas the total non-discounted costs estimate assumes that all costs are paid as 

they accrue. Both present worth and total costs estimates include direct and indirect capital costs; 

annual costs such as O&M, environmental monitoring, and annual reporting; and periodic costs 

such as five-year reviews. 
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The present worth for UW-2 based on a 7 percent discount rate and a 30-year duration is 

estimated to be $3,375,060. Appendices B and C contain additional cost assumptions and a 

detailed cost estimate for this alternative. Note that the costs provided in Appendices B and C for 

UW-2 are calculated separately for groundwater (UWG-2) and surface water (AD-2) components. 

 

4.3 Alternative UW-3: Deep Adit Discharge Active Treatment and 

Groundwater Use Restrictions 

This subsection describes Alternative UW-3, provides a cost estimate, and evaluates the 

alternative using the first seven evaluation criteria of the NCP. It is likely that some changes to 

the components described below will be required once the OU1 RA has been completed and the 

bedrock surface has been exposed. 

 

Alternative UW-3 would prevent human contact with the groundwater within Underground 

Workings, reduce the volume of water infiltrating into the Underground Workings (and therefore 

the volume of discharge water), and treat discharge from the Main Adit and Deep Adit. 

Groundwater associated with the Mine Pool would be addressed by ICs and long-term monitoring. 

A groundwater PDI would be completed to define the area to be encompassed by the ICs. All 

work performed for UW-3 would be done in accordance with the bat protection BMPs 

(Section 3.2). 

 

Baseline Components 

 Alternative UW-3 includes a set of PDIs and remedy components common and generally 

equivalent to each of the three combined “action” alternatives. Additional descriptions of 

these baselines components are provided in Section 4.2. The baseline PDI and remedy 

components include the following: 

 

Groundwater PDI 

A PDI will be conducted to support refinement of the groundwater use restriction area, including: 

 

 bedrock outcrop evaluation; 

 ORT-1 hydrogeological assessment; 
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 bedrock groundwater investigation; 

 3-D digital model and groundwater modeling; 

 

Adit Discharge PDI 

Several studies will be performed to support the portal closure designs, including: 

 

 portal closure investigations: to include: 

o structural evaluation of portals; 

o air circulation modeling; 

o geotechnical vibration study; and 

o bat survey and habitat assessments; 

 UWA bedrock surface fracture survey; 

 post-OU1 remedy recovery monitoring; and 

 passive chemical system treatability studies. 

 

Baseline Remedy Components 

Similar to the other two “action” alternatives, UW-3 includes a set of baseline remedy components. 

These are described in more detail in Section 4.2 and include: 

 

 surface water diversions; 

 bedrock fracture pressure grouting; 

 bat grate installations; 

 Main Adit passive chemical treatment system; 

 ICs and long-term monitoring; and 

 five-year reviews. 

 

UW-3 Alternative-Specific Components 

In addition to the baseline components described above, Alternative UW-3 also includes the 

following alternative-specific components: 

 

 Deep Adit Discharge Active Chemical Treatment System: Figure 3-4 depicts a general 

layout for the Deep Adit active chemical treatment system. The treatment system will 
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consist of a settlement/water capture pond, an active treatment system housed in a 

treatment building, and a final settlement pond in series. For the purpose of 

discussion/evaluation, an RCTS is described as the treatment system as an example. For 

initial planning/cost estimation, the estimated flow rate for treatment would be 10 gpm 

(Table 2-7: maximum observed flow plus 30%). Other treatment systems with comparable 

costs and system requirements may also be considered during the pre-design phase.  

 

The general RCTS treatment train is water from the Deep Adit will be piped to a primary 

pre-treatment/settlement pond. The discharge pipes will use an inert material, such as 

PVC, and will be buried to prevent freezing. The discharge pipes will be designed to have 

a minimum number of bends or choke points to prevent build-up of sediment. The pre-

treatment pond will be located downhill of the Deep Adit and uphill of the treatment plant 

to minimize pumping. The pre-treatment settling pond would be at least 20 feet by 20 feet, 

and would have a sloping bottom to a drainpipe, which could be used to remove built-up 

sediment. The pond would be instrumented so that RCTS operation starts and then stops 

when the water level within the pond reaches a set water level. This system would allow 

for effective treatment of the expected highly variable flow rates. The RCTS can be 

designed to use different lime delivery methods to raise the pH of the water treated prior 

to aeration. The PDI will include evaluation of lime delivery systems, but for the purpose 

of alternative development and comparison, Alternative AD-3 will be based on the use of 

sodium hydroxide, as suggested from experience at the Elizabeth Mine.  

 

A post-treatment settling pond would be installed downstream of the treatment system. 

The settling pond would discharge to the surface and then to the ponds and/or Ely Brook. 

A treatment plant/treatment building would be installed for secure storage of treatment 

materials and system components. The building would require power to run the treatment 

system and keep the building warm enough to prevent freezing. The treatment system is 

anticipated to require a part-time operator, supplemented by a communications system to 

allow for remote monitoring and system adjustments as needed. The treatment system 

would also require regular deliveries of reagents and other materials as needed. 

 

 Ancillary Underground Workings Filling – If the results of the PDI indicate continued 

adit recharge from Underground Workings entrances, portions of the Underground 

Workings may be filled with flowable fill, PUF, or similar material. Possible targets for 
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plugging include the Burleigh Shaft, Shaft #4, portions of the Deep Adit, and other 

Underground Workings that may be uncovered during the course of the OU1 RA. The 

maximum volume anticipated is 25% of the volume estimated for UW-2. As a contingency 

for Alternative AD-3, the ancillary Underground Workings filling is not included in the 

comparative analysis of alternatives. 

 

 LTM – LTM would be included in UW-3. The monitoring would include structural 

monitoring of the bat grates and Underground Workings entrances, as well as monitoring 

for surface water flow, and lab analysis for geochemistry and metals in surface water and 

groundwater to determine mass loading estimates. Groundwater elevation data would be 

collected at the time of sample collection to allow interpretation of the direction of 

groundwater flow. All open Underground Workings entrances with water and identified 

seeps in the area would be sampled, as well as all groundwater monitoring wells and 

residential water supplies associated with the Underground Workings. Field parameter 

measurements would be made prior to sample collection. The LTM would include monthly 

site visits and surface water sampling for the first year, but this frequency may be reduced 

if concentrations and flow are found to be consistent on a seasonal basis. The costs were 

developed using the assumption that after five years, the sample frequency could be 

decreased to twice per year and the number of sampling locations could be reduced. 

Groundwater samples are assumed to be collected annually for the first five years, and 

then once every five years thereafter. Details of the monitoring program, including target 

monitoring and residential wells, analytes, and QA/QC protocols, would be specified in the 

LTM program.  

 

 Operations and Maintenance – Alternative UW-3 would require long-term O&M for 

installed structures, including periodic inspection and repairs to surface water diversion 

structures and treatment systems. No O&M is anticipated for the grouted bedrock fractures 

or for monitoring wells. The passive treatment system for Main Adit discharge would need 

periodic maintenance to flush out accumulated precipitate within the treatment system 

and/or remove/replace media or substrate. The settlement basin would likewise require 

flushing or dredging to remove and properly dispose of accumulated solids. Reactive 

media replacement would be less frequent (possibly every 5-10 years). The timeframe for 

replacement would be based on the degree of reactive material armoring and a 

comparison of pre- and post-discharge concentrations. The treatment facility and 
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operations for the active treatment would require long-term O&M for system operation and 

replacement of reactive material. The system would be operated remotely, with regular 

operator visits for system checks and to add reactant material.  

 

UW-3 Alternative-Specific Impacts 

To the extent the implementation of UW-3 has an adverse impact on historic resources, a 

mitigation plan will be developed to address these impacts. For historic resources, the design will 

determine if further assessment and documentation will be necessary prior to implementation. It 

is also possible that data recovery may be necessary for certain archaeological resources. Post-

cleanup mitigation measures could include the development of interpretive reports and 

development of public information. 

 

The design and implementation of Alternative UW-3 will also take into consideration any potential 

impact on bats. The cleanup plan will be developed, in consultation with federal and State wildlife 

officials, and implemented to minimize any adverse impact on bats and will utilize the bat 

protection BMPs (Section 3.2). 

 

An IC monitoring plan would be prepared as part of the OU2/OU3 LTM program. The monitoring 

plan would detail the land-use restrictions implemented for the area. Yearly monitoring will confirm 

that any deed restrictions incorporated/referenced within the title for the property(ies) or municipal 

restrictions that are created remain in place and are enforced. If deed restrictions are used, they 

will be recorded in a manner that meets State recordings standards for environmental restrictions. 

The plan would include a checklist of elements to be assessed during, at a minimum, yearly on-

site inspections. The inspections would also document that restrictions remain in place to prevent 

disturbance of the components of the remedy. 

 

Under §121(c) of CERCLA (42 U.S.C. § 9621(c)), any RA that results in contaminants remaining 

on-site at concentrations above those allowing unlimited exposure and unrestricted use must be 

reviewed at least once every five years. During five-year OU reviews, an assessment is made as 

to whether the implemented remedy continues to be protective of human health and the 

environment, or whether the implementation of additional RA is appropriate. The EPA document 

Comprehensive Five-Year Review Guidance (EPA, 2001) provides guidance on the performance 
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of five-year reviews. The five-year review for this alternative is statutorily required. The five-year 

period will be triggered by the actual RA start date (EPA, 2001)). 

 

To summarize, Alternative UW-3 would prevent installation of private drinking water supply wells 

within the TI Zone and groundwater use restriction area, protect the bat population from 

disturbance at three Underground Workings entrances where they have been documenting as 

using, reduce surface water recharging the Deep Adit, and treat discharge from the Main Adit and 

Deep Adit.  

 

4.3.1 Overall Protection of Human Health and the Environment 

Alternative UW-3 would protect human health by using ICs to prevent the installation of wells that 

could result in consumption of the contaminated groundwater in the Underground Workings. The 

restoration of the groundwater in the Underground Workings was determined to be technically 

impracticable from an engineering perspective. As a result, an RAO to restore groundwater in the 

Underground Workings was not developed. Exceedance of risk-based groundwater standards is 

to be addressed through preventing exposure to contaminated groundwater through ICs.  

 

The PDI and treatability studies included in Alternative UW-3 will provide additional information 

on the configuration of the Main Adit and Deep Adit and the water quality and quantity within the 

Underground Workings so that the treatment systems can be deployed in a manner to greatly 

reduce or eliminate discharged surface water at concentrations above PRGs.  

 

Alternative UW-3 will protect the environment by collecting and treating the contaminated surface 

water discharge from Deep Adit and passive treatment of the contaminated discharge from the 

Main Adit. Active treatment for the discharge from the Deep Adit and passive treatment of 

discharge from the Main Adit would minimize metals and moderate pH of the water entering the 

Ely Brook watershed.  

 

Passive treatment of discharge from the Main Adit would minimize metals and moderate pH of 

the water entering the Ely Brook watershed. The passive treatment of the Main Adit is expected 

to reduce metal concentrations to a level that would not represent a threat to ecological receptors 

at the point of compliance.  
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Installation of surface water drainage structures and/or grouting of surface fractures would reduce 

the volume of water entering the Deep Adit and Main Adit from the surface in the immediate 

vicinity of the Underground Workings entrances. 

 

LTM would be implemented to evaluated the effectiveness of the implemented RAs and assess 

the adequacy of the ICs. 

 

4.3.2 Compliance with ARARs 

ARARs and TBCs triggered by Alternative UW-3 are presented in Table 4-5.  

 

A TI waiver is being invoked to waive ARARs associated with the restoration of groundwater in 

the Underground Workings since is technically impracticable to achieve the ARAR standards. The 

waiver applies to the Vermont Groundwater Protection Standards, Env. Prot. Ch. 12). The 

Underground Workings TI Evaluation Report is provided as Appendix A. 

 

In accordance with federal Wetland Protection and Floodplain Management regulations (as 

promulgated in relevant and appropriate regulations at 44 CFR § 9) EPA has determined that 

UW-3 can be implemented in a manner that will protect downstream wetland and floodplain 

resources. The standards will be achieved through the use of best management practices to 

address Site contaminant remediation, stormwater controls, and long-term O&M of the remedial 

components upstream of the Site’s waterways/wetlands. UW-3 will ultimately protect downstream 

floodplain/wetland resources by reducing contaminant concentrations in the Underground 

Workings discharge. 

 

The implementation of Alternative UW-3 will include measures to protect habitat for State and 

federally listed threatened or endangered bat species in compliance with State and federal 

Endangered Species Acts and the federal Fish and Wildlife Coordination Act. These measures 

include the habitat, airflow, and geotechnical evaluations of the Underground Workings entrances, 

Underground Workings entrance shoring, and bat grate installation. Other mitigation measures 

may also be implemented, as necessary. The investigation and filling of the Underground 

Workings will be planned to minimize impacts on the areas immediately surrounding the 

entrances used by bats, and construction will occur during non-hibernation season. In 
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consultation with federal and State wildlife officials, it is assumed that all work can be performed 

in general accordance with the Site bat protection BMPs (Section 3.2). 

 

Section 106 of the NHPA of 1966, as amended (16 U.S.C. 470f), requires EPA to take into account 

the effects of all actions on historic properties, including archaeological sites that have been 

determined to be eligible for the National Register of Historic Places. EPA has determined that 

the Site is eligible for listing in the National Register of Historic Places. EPA has also determined 

that the construction activities required to implement this RA will have unavoidable direct and 

indirect impacts on historic features at the Site, but that these impacts are necessary to protect 

human health and the environment. The APE for UW-3 is assumed to be entirely within the 

footprint of the OU1 RA, for which prior assessments of potential disturbances to historic resource 

were completed, and continue to be performed for the OU1 RD. The APE was documented in the 

OU1 ROD. The APE will be further defined to address indirect effects, cumulative effects and 

other effects as part of the both the OU1 and OU2/OU3 designs. The EPA will work with the 

Vermont SHPO and other consulting parties to address, minimize, and mitigate any adverse 

effects to historic resources and archaeological sites. The OU1 and OU2/OU3 RDs will include 

measures to minimize the adverse effects of the cleanup action on these features. Figures 4-2 

and 4-4 show several areas where the UW-3 activities may disturb historic resources. 

 

State land use control and development standards under Vermont Act 250 would be met in the 

design and implementation of UW-3 regarding regulated activities, including water and air 

pollution, protection of headwaters, waste disposal, floodways, streams, wetlands (including 

Vermont Class 3 wetlands not regulated under the Vermont Wetland Rules), soil erosion, historic 

sites, endangered species, energy conservation, and protecting public investments. 

 

To the extent that remedial activities affect other protected resource areas, the location-specific 

ARARs in Table 4-5 will apply. This alternative would attain chemical-specific ARARs and TBCs 

for Main Adit and Deep Adit discharge. It is expected that all activities can be designed and 

implemented to comply with action-specific ARARs regarding stormwater controls, Site 

monitoring, and ICs. LTM would include federal and State surface water quality standards for 

monitoring Site waterways and State groundwater standards and federal risk-based standards for 

monitoring groundwater within the TI Zone. Construction activities would meet federal/State 

stormwater control standards and State erosion control TBC guidance standards. 
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An IC monitoring plan would be prepared as part of the OU2/OU3 LTM program. The monitoring 

plan would detail the land-use restrictions implemented for the area. Yearly monitoring will confirm 

that any deed restrictions incorporated/referenced within the title for the property(ies) or municipal 

restrictions that are created remain in place and are enforced. If deed restrictions are used, they 

will be recorded in a manner that meets State recordings standards for environmental restrictions. 

The plan would include a checklist of elements to be assessed during, at a minimum, yearly on-

site inspections. The inspections would also document that restrictions remain in place to prevent 

disturbance of the components of the remedy. 

 

4.3.3 Long-Term Effectiveness and Permanence 

Alternative UW-3 would treat the discharge from the Main Adit. The treatment system will require 

periodic maintenance to clean and replace reactive media and prevent limestone armoring, which 

would reduce system effectiveness over time. The discharge treatment system would also require 

LTM of inlet and outlet metals concentrations and geochemistry to evaluate system efficiency and 

make adjustments as needed. These O&M activities will allow for long-term effectiveness of the 

discharge treatment. 

 

The UW-3 Deep Adit chemical treatment system would be an active aboveground system. To 

achieve RAOs, it will need to run year-round and will require regular inspection and maintenance. 

Regular maintenance would include flushing of the system, replacement of reactive media such 

as lime, system component integrity checks, snow removal, storm repair, system call response 

and troubleshooting, and minor and major system repairs and replacements. The discharge 

treatment system would also require LTM of inlet and outlet metals concentrations and 

geochemistry to evaluate system efficiency and make adjustments as needed. 

 

The groundwater within the TI Zone will be subject to a TI waiver and would not be treated or 

reduced in volume. The ICs developed for Alternative UW-3 would prevent the installation of wells, 

but they would need to be evaluated and enforced over the long term. 

 

4.3.4 Reduction of Toxicity, Mobility, and Volume through 

Treatment 

Alternative UW-3 includes active and passive treatment for discharged water from the two primary 

Underground Workings discharge locations (the Deep Adit and Main Adit, respectively).  
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Alternative UW-3 would not include reduction of toxicity, mobility, and volume for the Mine Pool 

groundwater.  

 

4.3.5 Short-Term Effectiveness  

The installation of surface water diversion structures and grouting of surface fractures are 

expected to have an immediate impact on surface water runoff entering the Deep Adit. With 

reduced flow into the Deep Adit, its discharge is expected to decrease to the same degree.  

 

The active treatment system will have a shakedown period when the treatment system controls, 

reagent delivery, and other components are optimized. Treatment system effectiveness may be 

reduced during this time. However, the treatment system could have an immediate impact on 

surface water discharge exiting the Deep Adit and should be able to achieve RAOs and cleanup 

levels within 2-3 months after construction is completed. The passive treatment for the Main Adit 

should achieve RAOs and cleanup levels after the successful construction and performance 

testing of the treatment system. This may require 2-3 years to fully achieve cleanup levels.  

 

The Mine Pool groundwater is not known to be currently impacting residential drinking water 

supply wells. ICs will be installed after PDI completion; these will prevent installation of wells within 

the TI Zone and groundwater use restriction area. 

 

Based on these considerations, the UW-3 alternative could be implemented in 2-3 years and will 

satisfy this criterion. 

 

4.3.6 Implementability 

The work around the Underground Workings entrances would be performed using the bat 

protection BMPs as described in Section 3.2, but this does not present a significant challenge to 

implementation. Construction of ancillary structures associated with Underground Workings 

entrances (bat grates, structural shoring of entrances, and surface water drainage/diversion 

structures) are commonly used as part of mine closure and are not expected to pose any problems 

with implementation.  
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Passive treatment systems are commonly used at mine sites, including sites at remote and cold-

weather locations. A PDI, including treatability studies for pH modification portions of the 

treatment train, would be required to finalize the sizing and specific system components of the 

passive treatment system at the Main Adit. The PDI would also incorporate a year-long study 

conducted after OU1 surface source removals and the Deep Adit surface water diversion 

components (i.e. grouting of bedrock surface fractures and portal surface water diversion) are 

complete to evaluate the expected recovery that will result from these actions, and finalize the RD 

appropriately. 

 

Active treatment systems are commonly used at mine sites; for example, a RCTS system is 

currently operating at the nearby Elizabeth Mine. A treatability study will be required to determine 

the reagents to be used, system sizing, and specific system components to be used. The 

treatment system will require a steady supply of reagent material and regular O&M, and will need 

to be designed to operate during winter and in adverse weather. 

 

Alternative UW-3 also includes several PDIs. The initial surface geophysics to determine the 

configuration of Underground Workings entrances would be readily implementable. The waste 

material will be removed and the bedrock surface exposed for most of the study area for the 

geophysics, and the Site does not have power lines or other utilities that would interfere with 

surface geophysics. The bedrock borehole installation program may require installation of 

temporary access roads or the use of specialty drill rigs to access drilling locations on steep 

slopes. 

 

Administrative implementability is expected to be good. Close communication and coordination 

with the landowners and environmental protection and natural resource agencies (e.g., VTANR 

and USFWS) would be necessary to establish ICs for both surface water and the TI Zone and the 

groundwater use restriction area. 

 

4.3.7 Cost 

Table 4-6 presents a summary of the estimated present worth and total non-discounted costs to 

implement Alternative UW-3. The present worth represents the amount of money that, if invested 

now and disbursed as needed, would be sufficient to cover costs associated with the RA over its 

planned life, whereas the total non-discounted costs estimate assumes that all costs are paid as 
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they accrue. Both present worth and total costs estimates include direct and indirect capital costs; 

annual costs such as O&M, environmental monitoring, and annual reporting; and periodic costs 

such as five-year reviews. 

 

The present worth for UW-3 based on a 7 percent discount rate and a 30-year duration is 

estimated to be $5,157,582. Appendices B and C contain additional cost assumptions and a 

detailed cost estimate for this alternative. Note that the costs provided in Appendices B and C for 

UW-3 are calculated separately for groundwater (UWG-2) and surface water (AD-3) components. 

 

4.4 Alternative UW-4: Deep Adit Discharge Passive Treatment and 

Groundwater Use Restrictions 

This subsection describes Alternative UW-4, provides a cost estimate, and evaluates the 

alternative using the first seven evaluation criteria of the NCP. It is likely that some changes to 

the components described below will be required once the OU1 RA has been completed and the 

bedrock surface has been exposed. 

 

Alternative UW-4 would prevent human contact with the groundwater within the Underground 

Workings, reduce the volume of water infiltrating into the Deep Adit (and therefore the volume of 

discharge water), and treat discharge from the Main Adit and Deep Adit. Groundwater associated 

with the Mine Pool would be addressed by ICs and long-term monitoring. A groundwater PDI 

would be completed to develop the area encompassed by the ICs. All work performed for UW-4 

would be done in accordance with the bat protection BMPs (Section 3.2). 

 

Baseline Components 

 Alternative UW-4 includes a set of PDIs and remedy components common and generally 

equivalent to each of the three combined “action” alternatives. Additional descriptions of 

these baselines components are provided in Section 4.2. The baseline PDI and remedy 

components include the following: 

 

Groundwater PDI 

A PDI will be conducted to support refinement of the groundwater use restriction area, including: 
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 bedrock outcrop evaluation; 

 ORT-1 hydrogeological assessment; 

 bedrock groundwater investigation; 

 3-D digital model and groundwater modeling; 

 

Adit Discharge PDI 

Several studies will be performed to support the portal closure designs, including: 

 

 portal closure investigations: to include: 

o structural evaluation of portals; 

o air circulation modeling:; 

o geotechnical vibration study; and 

o bat survey and habitat assessments; 

 UWA bedrock surface fracture survey; 

 post-OU1 remedy recovery monitoring; and 

 passive chemical system treatability studies. 

 

Baseline Remedy Components 

Similar to the other two “action” alternatives, UW-4 includes a set of baseline remedy components. 

These are described in more detail in Section 4.2 and include: 

 

 surface water diversions; 

 bedrock fracture pressure grouting; 

 bat grate installations; 

 Main Adit passive chemical treatment system; 

 ICs and long-term monitoring; and 

 five-year reviews. 

 

UW-4 Alternative-Specific Components 

In addition to the baseline components described above, Alternative UW-4 also includes the 

following alternative-specific components: 

 



 

NH-4054-2015-F 99 Nobis Engineering, Inc. 

 Deep Adit Discharge Passive Biological Treatment: Figure 3-5 depicts a general layout 

for the AD-4 (or UW-4) Deep Adit biological chemical treatment system. The water 

discharging from the Deep Adit will be treated using an anaerobic or aerobic passive 

method; a wetland is assumed to be the option selected for alternative comparison. Water 

would be piped from the Deep Adit to a settling basin, and the outfall water would be piped 

to the wetland. For initial planning/cost estimation, the estimated flow rate for treatment 

would be 10 gpm (see Table 2-7: maximum observed flow plus 30%). The settling basin 

would be at least 20 feet by 20 feet based on remediation guidance (PIRAMID, 2003), and 

would have a sloping bottom to a drain pipe which could be used to remove built-up 

sediment. Passive treatment guidance (PIRAMID, 2003) suggests that multiple 

aeration/settlement units be used if the iron concentration exceeds 30 mg/L, but this 

should not be a problem for the Deep Adit discharge. The water from the settling pond 

would feed into another system component (for purpose of costing/comparison, an aerobic 

wetland) to further treat the metals concentration prior to final discharge. The aerobic 

wetland size can be estimated by using an estimate of 10 grams per square meter per day 

(g/m2/day). Assuming that 3/4 of the metals load would be removed during aeration and 

settling, the calculated maximum load for metals would be 2,250 g/day, resulting in an 

area of 230 m2 or 2,400 ft2. The constructed wetland could be constructed to match the 

contours of the final surface gradient to promote habitat growth and ecological value. The 

discharge treatment system in Alternative AD-3 is considered a semi-passive system; that 

is, continuous monitoring would not be required, but periodic maintenance would be. 

Periodic maintenance would replacement of reactive media such as limestone and 

compost as needed, occasional removal of sludge and clogged reactive media, and 

system component integrity checks. The discharge treatment system would also require 

LTM of inlet and outlet metals concentrations and geochemistry to evaluate system 

efficiency and make adjustments as needed. 

 

 Ancillary Underground Workings Filling: If the results of the PDI indicate continued adit 

recharge from Underground Workings entrances, portions of the Underground Workings 

may be filled with PUF or similar material. Possible targets for plugging include the 

Burleigh Shaft, Shaft #4, portions of the Deep Adit, and other Underground Workings that 

may be uncovered during the course of the OU1 RA. The maximum volume anticipated is 

50% of the volume estimated for AD-2. As a contingency for Alternative UW-4, the ancillary 

Underground Workings filling is not included in the comparative analysis of alternatives. 
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 LTM: LTM would be included in UW-4. The monitoring would include structural monitoring 

of the bat grates and Underground Workings entrances, as well as monitoring for surface 

water flow, and lab analysis for geochemistry and metals in surface water and 

groundwater to determine mass loading estimates. Groundwater elevation data would be 

collected at the time of sample collection to allow interpretation of the direction of 

groundwater flow. All open Underground Workings entrances with water and identified 

seeps in the area would be sampled, as well as all groundwater monitoring wells and 

residential water supplies associated with the Underground Workings. Field parameter 

measurements would be made prior to sample collection. The LTM would include monthly 

site visits and surface water sampling for the first year, but this frequency may be reduced 

if concentrations and flow are found to be consistent on a seasonal basis. The costs were 

developed using the assumption that after five years, the sample frequency could be 

decreased to twice per year and the number of sampling locations could be reduced. 

Groundwater and residential well samples are assumed to be collected annually for the 

first five years, and then once every five years thereafter. Details of the monitoring 

program, including target monitoring wells, analytes, and QA/QC protocols, would be 

specified in the LTM program. 

 

 Operations and Maintenance: Alternative UW-4 would require long-term O&M for 

installed structures, including periodic inspection and repairs to surface water diversion 

structures and passive treatment system components. No O&M is anticipated for the 

grouted bedrock fractures or for monitoring wells. The passive treatment systems for Main 

Adit and Deep Adit discharge would need periodic maintenance to flush out accumulated 

precipitate within the treatment system and/or remove/replace media or substrate. The 

settlement basin would likewise require flushing or dredging to remove and properly 

dispose of accumulated solids. Reactive media replacement would be less frequent 

(possibly every 5-10 years). The timeframe for replacement would be based on the degree 

of reactive material armoring and a comparison of pre- and post-discharge concentrations. 

 

UW-4 Alternative-Specific Impacts 

To the extent the implementation of UW-4 has an adverse impact on historic resources, a 

mitigation plan will be developed to address these impacts. For historic resources, the design will 
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determine if further assessment and documentation will be necessary prior to implementation. It 

is also possible that data recovery may be necessary for certain archaeological resources. Post-

cleanup mitigation measures could include the development of interpretive reports and 

development of public information. 

 

The design and implementation of Alternative UW-4 will also take into consideration any potential 

impact on bats. The cleanup plan will be developed, in consultation with federal and State wildlife 

officials, and implemented to minimize any adverse impact on bats and will utilize the bat 

protection BMPs (Section 3.2). 

 

An IC monitoring plan would be prepared as part of the OU2/OU3 LTM program. The monitoring 

plan would detail the land-use restrictions implemented for the area. Yearly monitoring will confirm 

that any deed restrictions incorporated/referenced within the title for the property(ies) or municipal 

restrictions that are created remain in place and are enforced. If deed restrictions are used, they 

will be recorded in a manner that meets State recordings standards for environmental restrictions. 

The plan would include a checklist of elements to be assessed during, at a minimum, yearly on-

site inspections. The inspections would also document that restrictions remain in place to prevent 

disturbance of the components of the remedy. 

 

Under §121(c) of CERCLA (42 U.S.C. § 9621(c)), any RA that results in contaminants remaining 

on-site at concentrations above those allowing unlimited exposure and unrestricted use must be 

reviewed at least once every five years. During five-year OU reviews, an assessment is made as 

to whether the implemented remedy continues to be protective of human health and the 

environment, or whether the implementation of additional RA is appropriate. The EPA document 

Comprehensive Five-Year Review Guidance (EPA, 2001) provides guidance on the performance 

of five-year reviews. The five-year review for this alternative is statutorily required. The five-year 

period will be triggered by the actual RA start date (EPA, 2001). 

 

To summarize, Alternative UW-4 would prevent installation of wells within the TI Zone/ and 

groundwater use restriction area, protect the bat population from disturbance at three 

Underground Workings entrances where bats have been documented, reduce surface water 

recharging the Deep Adit, and treat discharge from the Main Adit and Deep Adit. 
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4.4.1 Overall Protection of Human Health and the Environment 

Alternative UW-4 would protect human health by using ICs to prevent the installation of wells that 

could result in consumption of the contaminated groundwater in the Underground Workings. The 

restoration of the groundwater in the Underground Workings was determined to be technically 

impracticable from an engineering perspective. As a result, an RAO to restore groundwater in the 

Underground Workings was not developed. Exceedance of risk-based groundwater standards is 

to be addressed through preventing exposure to contaminated groundwater through ICs.  

 

The PDI and treatability studies included in Alternative UW-4 will provide additional information 

on the configuration of the Deep Adit and the water quality and quantity within the Deep Adit and 

Main Adit so that the treatment systems can be deployed in a manner to greatly reduce or 

eliminate discharged surface water at concentrations above PRGs. 

 

Alternative UW-4 will protect the environment by collecting and treating the contaminated surface 

water discharge from Deep Adit and Main Adit using a passive treatment technology. Passive 

treatment of discharge from the Deep Adit and Main Adit would minimize metals and moderate 

pH of the water entering the Ely Brook watershed.  

 

Passive treatment of discharge from the Main Adit would minimize metals and moderate pH of 

the water entering the Ely Brook watershed. The passive treatment of the Main Adit is expected 

to reduce metal concentrations to a level that would not represent a threat to ecological receptors 

at the point of compliance.  

 

Installation of surface water drainage structures and/or grouting of surface fractures would reduce 

the volume of water entering the Deep Adit and Main Adit from the surface in the immediate 

vicinity of the Underground Workings entrances. 

 

LTM would be implemented to evaluated the effectiveness of the implemented RAs and assess 

the adequacy of the ICs. 

 

4.4.2 Compliance with ARARs 

Location-specific ARARs and TBCs triggered by Alternative UW-4 are presented in Table 4-7.  
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A TI waiver is being invoked to eliminate ARARs associated with the restoration of groundwater 

in the Underground Workings since is technically impracticable to achieve the ARAR standards. 

The waiver applies to the Vermont Groundwater Protection Standards, Env. Prot. Ch. 12). The 

Underground Workings TI Evaluation Report is provided as Appendix A. 

 

In accordance with federal Wetland Protection and Floodplain Management regulations, the 

standards will be achieved through the use of best management practices to address Site 

contaminant remediation, stormwater controls, and long-term O&M of the remedial components 

upstream of the Site’s waterways. UW-4 will ultimately protect downstream wetland and floodplain 

resources by reducing contaminant concentrations in the Underground Workings discharge. 

 

The implementation of Alternative UW-4 will include measures to protect habitat for State and 

federally listed endangered bat species in compliance with State and federal Endangered Species 

Acts and the federal Fish and Wildlife Coordination Act. These measures include the habitat and 

airflow evaluations of the Underground Workings entrances, Underground Workings entrance 

shoring, and bat grate installation. Other mitigation measures may also be implemented, as 

necessary. The treatment systems and piping will be designed to minimize impact on the 

Underground Workings entrances. In consultation with federal and State wildlife officials, it is 

assumed that all work can be performed in general accordance with the Site bat protection BMPs 

(Section 3.2). 

 

Section 106 of the NHPA of 1966, as amended (16 U.S.C. 470f), requires EPA to take into account 

the effects of all actions on historic properties, including archaeological sites that have been 

determined to be eligible for the National Register of Historic Places. EPA has determined that 

the Site is eligible for listing in the National Register of Historic Places. EPA has also determined 

that the construction activities required to implement this RA will have unavoidable direct and 

indirect impacts on historic features at the Site, but that these impacts are necessary to protect 

human health and the environment. The APE for UW-4 is assumed to be entirely within the 

footprint of the OU1 RA, for which prior assessments of potential disturbances to historic resource 

were completed, and continue to be performed for the OU1 RD. The APE was documented in the 

OU1 ROD. The APE will be further defined to address indirect effects, cumulative effects and 

other effects as part of the both the OU1 and OU2/OU3 designs. The EPA will work with the 

Vermont SHPO and other consulting parties to address, minimize, and mitigate any adverse 

effects to historic resources and archaeological sites. The OU1 and OU2/OU3 RDs will and 
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implementations will attempt to minimize the adverse effects of the cleanup action on these 

features. Figures 4-2 and 4-5 show several areas where the UW-4 activities may disturb historic 

resources. 

 

State land use control and development standards under Vermont Act 250 would be met in the 

design and implementation of UW-4 regarding regulated activities, including water and air 

pollution, protection of headwaters, waste disposal, floodways, streams, wetlands (including 

Vermont Class 3 wetlands not regulated under the Vermont Wetland Rules), soil erosion, historic 

sites, endangered species, energy conservation, and protecting public investments. 

 

To the extent that remedial activities affect other protected resource areas, the location-specific 

ARARs in Table 4-7 will apply. This alternative would attain chemical-specific ARARs and TBCs 

for Main Adit and Deep Adit discharge. It is expected that all activities can be designed and 

implemented to comply with action-specific ARARs regarding stormwater controls, Site 

monitoring, and ICs. LTM would include federal and State surface water quality standards for 

monitoring Site waterways and State groundwater standards and federal risk-based standards for 

monitoring groundwater. Construction activities would meet federal/State stormwater and State 

erosion control TBC guidance standards. 

 

4.4.3 Long-Term Effectiveness and Permanence 

With proper design, construction, and maintenance of the upstream diversion structures and 

passive treatment systems at the Main Adit and Deep Adit, Alternative UW-4 would provide long-

term effectiveness for reducing surface water flow into the Underground Workings and treating 

the surface water discharge. 

 

The discharge treatment systems for both the Main Adit and Deep Adit will require periodic 

maintenance to clean and replace reactive media (limestone and organic material) to prevent 

limestone armoring and precipitate build-up, which would reduce system effectiveness over time. 

The discharge treatment system would also require LTM of inlet and outlet metals concentrations 

and geochemistry to evaluate system efficiency and make adjustments as needed. These O&M 

activities will allow for long-term effectiveness of Alternative UW-4. 
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The groundwater within the Underground Workings will be subject to a TI waiver and would not 

be treated or reduced in volume. The ICs developed for Alternative UW-4 would prevent the 

installation of wells, but they would need to be evaluated and enforced over the long term.  

 

4.4.4 Reduction of Toxicity, Mobility, and Volume through 

Treatment 

Alternative UW-4 includes passive treatment for discharged water from the Main Adit and Deep 

Adit. These treatment systems will be designed to reduce discharge concentrations to PRGs.  

 

Alternative UW-4 would not include reduction of toxicity, mobility, and volume for the Mine Pool 

groundwater.  

 

4.4.5 Short-Term Effectiveness  

The installation of surface water diversion structures and grouting of surface fractures are 

expected to have an immediate impact on surface water runoff entering the Deep Adit. With 

reduced flow into the Deep Adit, its discharge is expected to decrease to the same degree.  

 

The passive treatment for the Deep Adit and Main Adit should achieve RAOs and cleanup levels 

after the successful construction and performance testing of the treatment system. This may 

require 2-3 years to fully achieve cleanup levels.  

 

The Mine Pool groundwater is not known to be currently impacting residential drinking water 

supply wells. ICs will be installed after PDI completion; these will prevent installation of wells within 

the TI Zone and groundwater use restriction area. 

 

Based on these considerations, the UW-4 alternative could be implemented in 2-3 years. 

 

4.4.6 Implementability 

The work around the Underground Workings entrances would be performed using the bat 

protection BMPs as described in Section 3.2, but this does not present a significant challenge to 

implementation. Construction of ancillary structures associated with Underground Workings 

entrances (bat grates, structural shoring of entrances, and surface water drainage/diversion 
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structures) are commonly used as part of mine closure and are not expected to pose any problems 

with implementation.  

 

Passive treatment systems are commonly used at mine sites, including sites at remote and cold-

weather locations. A PDI, including treatability studies for pH modification portions of the 

treatment train, would be required to finalize the sizing and specific system components of both 

passive treatment systems. The PDI would also incorporate a year-long study conducted after 

OU1 surface source removals and the Deep Adit surface water diversion components (i.e. 

grouting of bedrock surface fractures and portal surface water diversion) are complete to evaluate 

the expected recovery that will result from these actions, and finalize the RD appropriately. 

 

Administrative implementability is expected to be good. Close communication and coordination 

with the landowners and environmental protection and natural resource agencies (e.g., VTANR 

and USFWS) would be necessary to establish ICs for both surface water and the TI Zone and 

groundwater use restriction area. 

 

4.4.7 Cost 

Table 4-8 presents a summary of the estimated present worth and total non-discounted costs to 

implement Alternative UW-4. The present worth represents the amount of money that, if invested 

now and disbursed as needed, would be sufficient to cover costs associated with the RA over its 

planned life, whereas the total non-discounted costs estimate assumes that all costs are paid as 

they accrue. Both present worth and total costs estimates include direct and indirect capital costs; 

annual costs such as O&M, environmental monitoring, and annual reporting; and periodic costs 

such as five-year reviews. 

 

The present worth for UW-4 based on a 7 percent discount rate and a 30-year duration is 

estimated to be $3,619,705. Appendices B and C contain additional cost assumptions and a 

detailed cost estimate for this alternative. Note that the costs provided in Appendices B and C for 

UW-4 are calculated separately for groundwater (UWG-2) and surface water (AD-4) components. 
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5.0 COMPARATIVE ANALYSIS OF ALTERNATIVES 

The comparative analysis compares the remedial alternatives with respect to the evaluation 

criteria used during the detailed analysis of alternatives. The purposes of the comparative analysis 

are to identify the advantages and disadvantages of alternatives relative to one another, and to 

assist in the eventual selection of a preferred remedial alternative that will be included in the 

OU2/OU3 Proposed Plan for public comment and documented in the OU2/OU3 ROD. Subsection 

5.1 presents the approach to the comparative analysis based on the NCP. Subsection 5.2 

presents the comparison of remedial alternatives. 

 

5.1 Approach to the Comparative Analysis 

The NCP outlines the approach for performing the comparative analysis of remedial alternatives. 

The proposed remedy must reflect the scope and purpose of the actions undertaken and how 

these actions relate to other RAs and the long-term response at the site. Identification of the 

preferred alternative and final selection of a remedy are based on an evaluation of the major 

tradeoffs among alternatives in terms of the nine evaluation criteria.  

 

5.2 Comparative Analysis of Alternatives 

This subsection contains a comparative analysis of alternatives associated with OU2/OU3.  

 

EPA has determined that it is technically impracticable to achieve State groundwater cleanup 

standards or cleanup to federal risk-based standards in the designated TI Zone. Therefore, EPA 

will invoke a waiver of the State chemical specific groundwater cleanup ARAR as allowed by 

CERCLA. Appendix A provides the documentation to support the TI Waiver.  

 

However, EPA has determined that the following alternatives are technically feasible and have 

been brought forward for comparative analysis:  

 

 Alternative UW-1: No Action; 

 Alternative UW-2: Deep Adit Filling and Groundwater Use Restrictions 

 Alternative UW-3: Deep Adit Discharge Active Treatment and Groundwater Use 

Restrictions 



 

NH-4054-2015-F 108 Nobis Engineering, Inc. 

 Alternative UW-4: Deep Adit Discharge Passive Treatment and Groundwater Use 

Restrictions  

 

5.2.1 Overall Protection of Human Health and the Environment 

According to CERCLA, this criterion must be met for a remedial alternative to be chosen as a final 

site remedy.  

 

Alternative UW-1, the No Action Alternative, would not prevent the future use of the contaminated 

groundwater within the Underground Workings and would not be protective of human health. UW-

1 would not reduce the discharge of AMD from the Deep Adit and Main Adit allowing continued 

discharge of contaminants to surface water. These discharges would continue to have negative 

ecological impacts on Pond 4, Pond 5, Ely Brook, and the tributaries to Ely Brook. Therefore, this 

alternative is not protective of human health and the environment and cannot be chosen as a final 

remedy. 

 

Alternatives UW-2, UW-3, and UW-4 would each be protective of human health and the 

environment. All three alternatives include ICs to prevent wells from being installed within the TI 

Zone/groundwater use restriction area, thereby preventing consumption of contaminated 

groundwater. Each of the alternatives would also treat the discharge from the Main Adit. The three 

alternatives differ in the approach to the discharge from the Deep Adit. 

 

Alternative UW-2 would include the filling of the Deep Adit, which would greatly reduce, and 

potentially eliminate, the volume of water discharging from the Deep Adit. In the event that some 

residual discharge continues from the Deep Adit, or new seeps appear that have AMD 

characteristics, a small passive biological treatment system could be constructed to provide 

polishing treatment as necessary. 

 

Alternatives UW-3 and UW-4 both include provisions for treatment of water from both known 

significant discharge points (the Deep Adit and Main Adit), and are generally similar in terms of 

overall protection of human health and the environment. However, a passive system for the Deep 

Adit (UW-4) is more sensitive to being overwhelmed by a storm flows or spring run-off. The batch 

system for the Deep Adit (UW-3) with a sufficiently large pre-treatment reservoir has more 

flexibility to handle anticipated extreme flow conditions. 
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The relative ranking of protectiveness is UW-2 > UW-3 > UW-4. 

 

5.2.2 Compliance with ARARs 

CERCLA requires that a selected alternative must also meet a second threshold criterion of 

compliance with ARARs, or a waiver must be obtained if the criterion cannot be met. According 

to CERCLA, this criterion must be met for a remedial alternative to be chosen as a final remedy. 

Alternatives UW-2, UW-3, and UW-4 would all be designed and implemented to comply with the 

ARARs identified in the OU2/OU3 FS and OU2/OU3 ROD, with the exception of the ARARs 

subject to the TI waiver. Alternative UW-1 would not meet any ARAR standards. 

 

Location-Specific ARARs 

Alternative UW-1 does not include any actions; therefore, this alternative does not trigger location-

specific ARARs. 

 

The surface water discharge remedial actions under Alternatives UW-2, UW-3, and UW-4 would 

mostly fall within the footprint of the OU1 RA, so the primary impacts of the OU2/OU3 remedy are 

generally equivalent to the OU1 remedy impacts that are currently being addressed under that 

design. Each of the alternatives would be designed and implemented to minimize any impacts on 

threatened or endangered bats. Each of these three alternatives would have the same general 

impact on historic resources. Alternative UW-4 would have the largest treatment system footprint, 

but the placement of the system does not directly impact protected resource areas since it will be 

in an area that has been remediated under the OU1 remedy. UW-2 = UW-3 = UW-4 would all 

comply with location-specific ARARs. 

 

Chemical-Specific ARARs 

Alternative UW-1 would not attain protective concentrations for Site contaminants in surface water 

and would not comply with chemical-specific ARARs and TBCs. 

 

Alternatives UW-3 and UW-4 would each be designed to achieve treatment of discharge from 

both the Main Adit and the Deep Adit in compliance with chemical-specific ARARs and TBCs. 

Alternative UW-2 would greatly reduce and potentially eliminate the Deep Adit discharge and treat 
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the Main Adit discharge in the same manner as UW-3 and UW-4. UW-3, as an active system, can 

be designed and maintained to more exactly address short-term fluctuations in influent flow and 

chemistry when compared to the passive system of UW-4. UW-2, UW-3, and UW-4 would each 

comply with chemical specific ARARs that have not been waived. 

 

Action-Specific ARARs 

Because Alternative UW-1 does not include any actions, the alternative does not trigger action-

specific ARARs. 

 

Alternatives UW-2, UW-3, and UW-4 are equally compliant with respect to action-specific ARARs 

regarding LTM, including State groundwater standards for the TI Zone and federal and state 

surface water standards for adit discharge.  

 

All three alternatives may result in the production of precipitate with high metals concentrations. 

Although the bulk of the mass is expected to be non-hazardous (primarily aluminum and iron), 

there is a possibility that a precipitate sludge with elevated metals may be produced that may be 

considered to be hazardous and would require compliance with hazardous waste management 

regulations. Alternative UW-2 involves the least amount of water treatment, and would produce 

the least amount of potentially hazardous precipitate. The adit filling included in Alternative UW-

2 would also produce the least volume of discharge from the Deep Adit, so it would have the least 

downstream impact in terms flow alteration.  

 

Action-specific ARARs related to construction impacts, such as construction erosion control, are 

most sensitive to the area of impact and the extent of earthwork. Alternative UW-3 would have 

the most construction activity, associated with the settling ponds, treatment plant construction, 

access/haulage roads, and utilities. Alternative UW-4 would have less construction activity than 

UW-3, assuming that the passive treatment system is relatively shallow (as expected with an 

aerobic wetland). Alternative UW-2 would have the least construction, and the effects of drilling 

boreholes would be temporary and could be minimized with appropriate siting of access roads 

and injection locations. UW-2 = UW-3 = UW-4 would all comply with Action-specific ARARs. 
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5.2.3 Long-Term Effectiveness and Permanence 

This criterion evaluates the magnitude of residual risk and the reliability of controls after response 

objectives have been met. Alternative UW-1 would not eliminate, reduce, or control source areas 

or potential future exposure to contaminants exceeding PRGs and would not provide long-term 

effectiveness at protecting human health and the environment. 

 

Alternatives UW-2, UW-3, and UW-4 would reduce the amount of recharge entering the Deep 

Adit by grouting surface fractures and diverting surface water flow away from Underground 

Workings entrances. As a result, the rate of discharge from the Underground Workings should 

also be reduced. 

 

Alternative UW-2 includes the filling of the Deep Adit and potentially other associated 

Underground Workings. This option would greatly reduce or eliminate the surface area available 

for AMD-generating chemical reactions, and depending on the flowable fill used, may provide 

alkalinity to increase pH. Therefore, the source of contamination (AMD-impacted water) would be 

considerably reduced or eliminated. UW-2 is the only alternative that provides a potential 

permanent closure of the Deep Adit without the need for ongoing treatment in perpetuity.  

 

Alternatives UW-3 and UW-4 do have contingencies to add material to fill Underground Workings 

as needed, but would use smaller volumes of material. Because these alternatives do not include 

complete closure of the Deep Adit source AMD zone, the treatment systems would need to be 

operated and maintained indefinitely.  

 

Because the Alternative UW-4 Deep Adit passive system is not dependent on power and regular 

O&M, it would be less prone to complete system shutdown than UW-3.  

 

Therefore, the ranking of alternatives in terms of long-term effectiveness and permanence would 

be UW-2 > UW-4 > UW-3. 
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5.2.4 Reduction of Toxicity, Mobility, and Volume through 

Treatment 

This criterion evaluates whether the alternatives meet the statutory preference for treatment under 

CERCLA. The criterion evaluates the reduction of toxicity, mobility, or volume of contaminants, 

and the type and quantity of treatment residuals. 

 

Alternative UW-1 does not contain any components to reduce the toxicity, mobility, or volume of 

contaminants through treatment.  

 

Alternative UW-2 includes the filling of the Deep Adit and potentially other associated 

Underground Workings. Depending on the flowable fill used, the alternative may also include 

limited treatment by providing alkalinity to increase pH. Therefore, the Deep Adit AMD 

contaminant source may be reduced or eliminated.  

 

Alternatives UW-2, UW-3, and UW-4 all include treatment of the discharge from the Main Adit. 

Both UW-3 and UW-4 would treat metals discharge from the Deep Adit by precipitation, using 

different methods, and precipitates from both would require handling and removal (via recycling 

or off-site disposal). UW-3 would use an active treatment system in which the reactants would be 

metered and controlled, allowing for better control of the discharge output and precipitated 

material.  

 

Because UW-3 and UW-4 provide direct treatment to reliably and rapidly achieve ARARs, they 

score higher than UW-2. The relative ranking of the alternatives at reducing the toxicity, mobility, 

or volume of contaminants through treatment is UW-3 > UW-4 > UW-2. 

 

5.2.5 Short-Term Effectiveness 

CERCLA requires that potential adverse short-term effects to workers, the surrounding 

community, and the environment be considered during implementation of an RA and until 

response objectives have been met. An important component of this criterion is the evaluation of 

the time period to achieve protectiveness.  
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Alternative UW-1 does not lead to any exposure risks and, therefore, results in no short-term 

effects; however, it never achieves protectiveness of human health or the environment and 

therefore is not effective in the short-term. 

 

Alternatives UW-2, UW-3, and UW-4 would all achieve the RAOs and any applicable cleanup 

levels and performance standards within the same time frame for the Main Adit and groundwater 

in the Underground Workings. UW-2 is expected to achieve its RAOs and cleanup levels for the 

Deep Adit upon completion of the construction activities. UW-3 would require some period of time 

after construction for the system to demonstrate compliance as would UW-4, with a longer time 

period necessary for the passive treatment system. 

 

Alternative UW-2 would have the most short-term effect on workers, the surrounding community, 

and the environment. The PDI for UW-2 includes a geophysics and drilling program that is more 

extensive than UW-3 and UW-4. In addition, the filling of the Deep Adit and associated 

Underground Workings would have two separate short-term impacts: first, in order to fill the 

Underground Workings, the material must be transported to the Site on local roads. This 

increases impacts on infrastructure and uses more resources. Second, if the flowable fill is 

injected into Underground Workings spaces that are fully or partially filled with water, this 

displaced water would either be forced out of existing discharge points, or would be pushed 

upward into Underground Workings that had been otherwise dry, possibly exiting the 

Underground Workings through previously dry fractures or other discharge points. 

 

UW-3 would have the most extensive constructed infrastructure, including a treatment plant, 

utilities, and the treatment system itself. In addition, the reagents and metering system used for 

UW-3 during the start-up phase of operation may need to be adjusted, involving more potential 

contact with hazardous materials. UW-4 would have less of an immediate impact on the local 

environment and local workers. 

 

The relative ranking of the alternatives with respect to short-term effectiveness, particularly with 

respect to the time to achieve RAOs is UW-2 > UW-4 > UW-3 and with respect to short-term 

impacts the ranking would be UW-3 > UW-4 = UW-2. 
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5.2.6 Implementability 

This criterion evaluates each alternative’s ease of construction and operation, and availability of 

services, equipment, and materials to construct and operate the alternative. Also evaluated is the 

ease of undertaking additional RAs and administrative feasibility. 

 

Alternative UW-1 does not include any actions, other than five-year reviews, and, therefore, would 

be technically easy to implement. No permits would be required, and administrative feasibility 

would be high. 

 

Services and equipment are available to implement Alternatives UW-2, UW-3, and UW-4. All three 

alternatives require PDIs to support the designs and ICs. 

 

UW-4 is readily implementable. Once the PDI is complete and the passive system is designed, 

the elements of the settlement basin, passive system, and discharge piping do not require any 

specialized knowledge and materials. The reactive materials (assumed to be limestone and 

organics) would be sourced locally. Replacement of used reactants and precipitates could be 

performed with standard construction equipment, and monitoring requirements are similar to 

those used for Site environmental investigations.  

 

UW-3 is also readily implementable. A RCTS has been used at the nearby Elizabeth mine for 

ARD treatment for a similar ore body, and the operating reports and “lessons learned” from that 

site can be used to improve system design and the shakedown period for UW-3. The pre-

treatment settling pond would allow for treatment in batches to accommodate variable discharge 

rates. The treatment plant and RCTS would require more effort to implement than a passive 

system because they would not be “off the shelf” units, but this does not pose a barrier to 

implementation.  

 

The implementability of UW-2 is more dependent on site conditions and material availability than 

that of the other alternatives. The known configuration of the targeted Underground Workings is 

based on White and Eric, 1944 and correlation with surveyed surface features. Although Nobis 

was able to successfully penetrate the Main Shaft in the RI, the Deep Adit and associated features 

are smaller and may be more difficult to target. Even if the Underground Workings could be 

entered directly, the features are known to be at least partially collapsed. Implementability of the 
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fill used would likewise depend on the available material. The ideal fill material would be locally 

derived to minimize truck traffic, and would be available in sufficient quantities to complete 

injections within the construction schedule required to not impact the bat population. 

 

While each of the alternatives is implementable, the relative ranking of the alternatives for 

implementability is UW-4 > UW-3 > UW-2. 

 

5.2.7 Cost 

Table 5-1 summarizes capital, annual O&M, present worth for 30 years at 7 percent discount rate, 

and total estimated non-discounted costs for the evaluated alternatives. These costs are also 

summarized below. 

 

Cost Category UW-1 UW-2 UW-3 UW-4 

Capital Costs $0 $2,617,261 $3,417,112 $2,710,713 

Annual O&M $0 $40,338 $119,397 $55,035 

Total Non-Discounted Cost $0 $3,288,197 $5,070,719 $3,532,842 

Total Present Worth 
(30 years @ 7 percent) 

$86,863 $3,375,060 $5,157,582 $3,619,705 

 

 

5.2.8 Sustainability 

The no action alternative UW-1 has the smallest footprint because no actions are associated with 

the alternative. The three other alternatives have several components in common, including the 

bedrock groundwater PDI, grouting of surface fractures, installation of bat grates, passive 

treatment of discharge from the Main Adit, and LTM to assess alternative performance. Nobis 

evaluated the components of UW-2, UW-3, and UW-4 specific to those alternatives (RAs 

addressing the Deep Adit) using EPA’s Spreadsheets for Environmental Footprint Analysis 

(SEFA) (EPA, 2014), which are based on EPA’s footprint methodology (EPA, 2012). Appendix D 

contains the SEFA calculations, assumptions, input spreadsheets, and summary spreadsheets 

used to evaluate sustainability. Because these calculations only compare the Deep Adit portion 

of the alternatives, they should not be used to evaluate the total alternative footprint. 

 

The footprint analysis used the following assumptions:  
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 Materials such as cement and flowable fill were assumed to be brought to the Site dry, 

and blended as needed on-site with local surface water. Note that local surface water is 

not included in the SEFA footprint calculations. 

 

 The number of truckloads needed to bring material to the Site was determined by using 

the weight of the material (in pounds) and dividing by a maximum payload of 40,000 

pounds. 

 

 Generic pre-programmed values (for example, for load factor, equipment horsepower, and 

vehicle class efficiency) were used. The only exception was for travel distances if a 

particular assumed material source was a known distance from the Site.  

 

 Flowable fill was assumed to be a local industrial byproduct located within 100 miles of 

the Site. 

 

 For alternatives with recurring or on-going activities, the total footprint was used for 30 

years of operation. 

 

 The maximum contingency volume for flowable fill was used for UW-3 and UW-4. 

 

Table 5-2 summarizes the footprint analysis for the Deep Adit components for UW-2, UW-3, and 

UW-4. The largest contributor to the overall alternative footprint was the volume of material 

brought on-site and the energy involved in material transport. 

 

Alternative UW-4 has the largest volume of material (combined refined and unrefined) used, 

followed by UW-2. UW-3 uses significantly less material. Most of the volume is from the flowable 

fill used to plug the Deep Adit, and UW-4 incorporates replacement of reactive material in the 

passive treatment system. Alternative UW-4 also assumed that the replaced reactive material 

would be landfilled, whereas the precipitated material in the settling basins was assumed to be 

recycled. Therefore, based on material usage, the ranking in order from lower to higher 

environmental footprint is UW-3 > UW-2 > UW-4. 

 

For energy usage, only UW-3 includes on-site electricity. However, the total energy usage also 

takes into account equipment usage and material transport, and for this reason, UW-4 has the 
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highest total energy used. Based on energy usage, the ranking in order from lower to higher 

environmental footprint is UW-3 > UW-2 > UW-4. 

 

Alternative UW-3 produces the highest hazardous air pollution (HAP) emissions, while UW-4 

produces the highest mono-nitrogen oxides (NOX), sulfur oxides (SOX), particulate matter, and 

total greenhouse gas emissions. Given that the total HAP emissions are relatively low, the 

alternatives are ranked as follows in order from lower to higher environmental footprint is UW-2 > 

UW-3 > UW-4. 

 

However, in the absence of Deep Adit closure, both the UW-3 active and UW-4 passive system 

would have to run in perpetuity to achieve RAOs and eventually the total life cycle environmental 

footprint for both alternatives would surpass UW-2.  

 

The relative ranking of the alternatives with respect to environmental footprint from lower to higher 

environmental footprint is UW-2 > UW-3 > UW-4. 

 

5.2.9 Summary 

Table 5-3 summarizes the comparative analysis of alternatives.  
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Table ES-1
Summary of Site Operations

Ely Copper Mine Superfund Site
OU2/OU3 Underground Workings

Vershire, Vermont

Year of Investigation Era of Operation Operation Description

1813 Discovery Gossan discovered by Richardson Family, used for dye.
1820s-1861 Upper Workings and Development Rock Includes Tyson 1834/Pollard1854 Adit, Shaft II, 1850s/1860s Pollard Shaft and Adit
1820s-1861 Upper Waste Pile 4 Low grade ore

1830s Vershire Copper Manufacturing Co. Isaac Tyson, Jr. sporadically worked the deposit 
1840s Sporadic Prospecting Pliny Dwight controlled the land

1853-1883 Vermont Copper Mining Company Began large scale working of the deposit led by Thomas Pollard
mid-1850s-1918 Copper Mine Production Peak production from 1870s-1880s. 30-40 million pounds total production

1850s-1860s Deep Adit Collapsed entrance, development rock pile remains
1850s-1880s Washhouse Schist slab foundation remains in Lower Waste Pile Area

1859 Rittler Map/Report Documentation for Vermont Copper Mining Company (VCMC) of mine related features and associated buildings.
1861-1905 Main Adit (1861 Adit) Main haulageway
1861-1905 Upper Waste Piles 6, 7, 8, and 9 Low grade ore, 1949-50 loading platform, 1861 Adit spur road
1864-1883 Smith Ely Era Smith Ely became president of VCMC
1867-1905 Ore Roast Beds Schist slab retaining wall, 900 ft of oxidized low grade ore, collapsed shaft
1867-1905 Smelter Building Tramway embankment, retaining wall, furnace bases, building nearly 1,000 ft long, refined pig copper.
1867-1905 Slag Pile Smelter/Slag pot skull layers remain

1870s-1880s Burleigh Shaft Shaft entrance remains partially collapsed.
1877 Smoke Flue Schist slab flue, stack footing remain

1881-1905 Main Shaft Primary shaft hoist access
1882 Vermont Copper Company of NY Francis Cazin and Ely -Goddard took control of the mine

1882-pre-1902 Reservoir (Pond 1) Earthen/rubble dam on the east branch of Ely Brook. Possibly Westinghouse Era
1883 The "Ely War" Vermont Copper Company worker revolt and company collapse

Late 1800s Shaft No 4 Collapsed entrance, development rock pile remains
1883-1899 Mine Decline Mine ownership changed hands multiple times
1900-1905 Westinghouse Era Modernization of smelting process, little production

1905 End of Underground Mining Site buildings and equipment were sold, and property was stripped
1917-1918 World War I Era Flotation Mill Foundations, walls, floor slabs remain
1917-1918 Ely-Copperfield Association of NY, NY Flotation Mill constructed to reprocess 19,000 tons of mine waste piles. Mill shut down at end of WWI
1942-1950 World War II Era Assay of mine dumps. 1949-50, 60,000 tons of waste ore transported to Elizabeth Mine yielding 1.2 million pounds of copper
mid-1950s Appalachian Sulphides, Inc. Prospect drill holes completed
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Table ES-2
Summary of Site Investigations
Ely Copper Mine Superfund Site

OU2/OU3 Underground Workings
Vershire, Vermont

Year of 
Investigation

Principal 
Investigator Investigation Description Sampling Summary

2001 Slack and 
others

Geology and geochemistry of ore 
and rocks of VT Copper Belt

2002 USGS and 
USACE

Geochemical diversity of water 
sources in the Ely Brook Watershed

surface water sampling from seeps from mine waste areas, Ely Brook and 
tributaries, Schoolhouse Brook, and the Ompompanoosuc River
terrestrial habitats, potential wetland areas, potential terrestrial receptors
test pits and borings in waste areas
monitoring well installation
surface water samples
sediment samples 
surface and subsurface soil samples
groundwater samples
residential samples

2007 VTDEC Aquatic Life Use Attainment 
Assessment evaluation of fish and macroinvertebrate data

surface water samples
sediment samples 
porewater samples
terrestrial habitats, potential wetland areas, potential terrestrial receptors
test pits and borings in waste areas
monitoring well installation
surface water samples
sediment samples 
surface and subsurface soil samples
groundwater samples
residential samples
surface water samples and discharge measurements
borings installed to intercept mine pool
monitoring well completion
bedrock characterization - photolineament, outcrop, and borehole surveys
packer testing/sampling
monitoring well installation
monitoring well groundwater sampling
continuous groundwater level monitoring
surface water monitoring
monthly groundwater level monitoring
test pits and borings in waste areas
groundwater sampling
rock coring
installation of overburden and shallow bedrock monitoring wells

Notes:
USGS = United States Geological Survey
USACE = United States Army Corp of Engineers
VTDEC = Vermont Department of Environmental Conservation
Summary items in italics  indicate samples included in OU2/OU3 evaluations

2005 to 2008 URS and 
USACE Habitat characterization

2008 Techlaw Aquatic Baseline Ecological Risk 
Assessment

Remedial Design Investigation - 
OU1Nobis2013-2015

2009 Nobis Remedial Investigation - OU1

Remedial Investigation - OU2/OU3Nobis2012-2015

NH-4054-2015 Nobis Engineering, Inc.



Table ES-3
Adit Discharge Surface Water Hazard Quotients

Ely Copper Mine Superfund Site
OU2/OU3 Underground Workings

Vershire, Vermont

Main Adit Surface Water Aquatic Hazard Quotients

Surface water contaminant of 
Concern

Average Metals Concentration 
(µg/L) Hazard Quotient 1

Aluminum 3,431                                             39                                             
Cadmium 2.2                                                 2.0                                            
Copper 1,720                                             200                                           
Zinc 418                                                3.9                                            

Deep Adit Surface Water Aquatic Hazard Quotients

Surface water contaminant of 
Concern

Average Metals Concentration 
(µg/L) Hazard Quotient 1

Aluminum 21,970                                           253                                           
Cadmium 12                                                  11                                             
Copper 9,620                                             1,119                                        
Nickel 86                                                  1.7                                            
Zinc 1,660                                             16                                             

Notes:
1. Based on ratio of detected concentration to the concentration 
considered protective of aquatic organisms.
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Table ES-4
Preliminary Remediation Goals
Ely Copper Mine Superfund Site

OU2/OU3 Underground Workings
Vershire, Vermont

OU2/OU3 Maximum 
Detected 

Concentration9

Average 
Background 

Concentration10

Preliminary 
Remediation Goal/

Performance 
Standards

Basis for cleanup level

22.3 J 0.7 6 HHRA1

132,000 131 14,000 HHRA1

2,460 3 300 VTGWES2

27,700 82 87 NRWQC 3

13.7 ND 1.1 VTWQC 4,5

9.4 1.20 11 VTWQC
11,200 2.4 8.6 BERA 6

15,900 102 1,000 NRWQC 3

105 0.61 52 NRWQC 3,5

2,120 150 106 VTWQC
3.09 7.41 6.5-8.5 VTWQC

1. HHRA = site-specific risk-based standard based on EPA Regional Screening Level, Resident Tapwater (TR = 1E-6, HQ = 1), November 2014.
2. VTGWES = Vermont Interim Primary Groundwater Enforcement Standard, March 18, 2015.
3. NRWQC = National Recommended Water Quality Criteria. 2009.  
4. VTWQC = Vermont Water Quality Criteria. Dec. 2011.
5. Interim clean-up level adjusted for hardness based on VTWQC Appendix C or NRWQC note E.  assumes hardness = 100 mg/L.
6.

7. ND = non-detect
8. Value displayed for pH reflects minimum detected OU2/OU3 surface water value.
9.

10.

11. Performance Standards apply to groundwater analytes; Preliminary Remediation Goals apply to surface water analytes.

Analyte

Groundwater (µg/L)

Cobalt
Iron

Copper
Iron

Nickel

Manganese

Surface Water (µg/L)

Aluminum
Cadmium
Chromium

 Background concentrations determined from the completed monitoring well total metals/geochemistry results from MW-UP1 (August and 
November 2014). Background surface water concentration based on values from OU1 FS, Table 2-4.

Maximum detected concentration for groundwater based on mine pool concentrations only. Maximum detected surface water concentration 
based on 2007-2014 maximum value for 1850s Pollard Adit, Deep Adit, and Main Adit.

Zinc

pH8

Notes:

BERA = recommended aquatic BERA site-specific interim clean-up level adjusted for hardness = 9 µg/L x CF, CF = 0.96 (EPA National 
Recommended Water Quality Criteria: Appendix A. 2009.)
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Table ES-5
Estimated Areas and Volumes of Groundwater and Surface Water Discharges

Ely Copper Mine Superfund Site
OU2/OU3 Underground Workings

Vershire, Vermont

Length (ft) Average 
Width (ft)

Average 
Height (ft) Area (ft2) Volume (ft3)

Volume 
(gallons)

Estimated 
Recharge/
Discharge 
Rate (gpm)

Annual 
Recharge/
Discharge 
(gallons)

2,972 146 10 433,389 4,333,887 32,417,476 5.4 2,838,240

Length (ft) Average 
Width (ft)

Average 
Height (ft) Area (ft2) Volume (ft3)

Adit Volume 
(yd3)

Estimated 
Recharge/
Discharge 
Rate (gpm)

Annual 
Recharge/
Discharge 
(gallons)

712 7 6 4,985 29,912 1,108 1.8 946,080
893 7 6 6,251 37,506 1,389 3.3 1,734,480
608 7 6 4,256 25,536 946 3.3 1,734,480

285 7 6 1,995 11,970 443 N/A N/A

Length (ft) Average 
Width (ft)

Average 
Height (ft) Area (ft2) Volume (ft3)

Adit Volume 
(yd3)

Estimated 
Recharge/
Discharge 
Rate (gpm)

Annual 
Recharge/
Discharge 
(gallons)

426 300 12 127,777 1,533,329 56,790 N/A N/A

Notes:
1.
2.

Groundwater

Main Shaft - Mine Pool

Surface Water Discharges

Groundwater discharge rate based on groundwater zone of contribution x annual recharge rate of 10 inches/year.
Surface water discharge rate based on average measured discharge from 07/14 to 04/15.

Main Adit
Deep Adit

Pollard Adit Section

Major Section

Main Shaft Underground Workings - Air Filled

Total Main Shaft Area
   (includes Pollard Shaft)
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Table ES-6
Surface Water Contaminant Mass Discharge

Ely Copper Mine Superfund Site
OU2/OU3 Underground Workings

Vershire, Vermont

Deep Adit - Estimated Annual Metals Flux

(kg/day) (kg/year) (kg/day) (kg/year)

Aluminum 21.97 0.95 345 0.40 144
Cadmium 0.012 5.2E-04 0.19 2.2E-04 0.079
Copper 9.62 0.41 151 0.17 63
Iron 0.768 0.033 12 0.014 5.0
Nickel 0.0858 3.7E-03 1.3 1.5E-03 0.56
Zinc 1.66 0.071 26 0.030 11

Main Adit - Estimated Annual Metals Flux

(kg/day) (kg/year) (kg/day) (kg/year)

Aluminum 3.43 0.21 75 0.034 12.3
Cadmium 0.0022 1.3E-04 0.05 2.1E-05 7.70E-03
Copper 1.72 0.10 38 0.017 6.2
Iron 0.30 0.018 6.6 0.0030 1.08
Nickel 0.025 1.5E-03 0.55 2.5E-04 0.090
Zinc 0.42 0.03 9.1 0.0041 1.5

Estimated Adit Discharge 
Rates Deep Adit Main Adit Units

observed maximum flow rate 7.9 11 gpm
observed average flow rate 3.3 1.8 gpm

Notes:
1. mg/L = milligrams per liter, gpm = gallons per minute, kg = kilogram.
2. Concentrations from estimated average dissolved metals for the Deep Adit and Main Adit.

Metals

Metals

Parameter
Average Metals 
Concentration 

(mg/L)

Mass Discharge  - Main Adit
Observed Maximum Observed Average

Parameter
Average Metals 
Concentration 

(mg/L)

Mass Discharge  - Deep Adit
Observed Maximum Observed Average
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Table ES-7
Applicable Treatment Technologies 

Ely Copper Mine Superfund Site
OU2/OU3 Underground Workings

Vershire, Vermont

 General Technology  Mine Pool 
Groundwater

Adit Discharge 
Surface Water

No-Action  X X

Institutional Controls  X

Monitored Natural Recovery  X X

Surface Controls  X X

Capping Systems  X X

Excavation/Dredging  

Land Disposal  

Ex-Situ Physical or Chemical Treatment  X X

In-Situ Physical or Chemical Treatment  X X

Notes:
"x" indicates that the General Technology is applicable to the media listed and will be selected for 
alternative screening.

Treatment

Removal and Disposal

Containment

Limited Action
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Table ES-8
Screening of Potential Treatment Options for Surface Water
Ely Copper Mine Superfund Site
OU2/OU3 Underground Workings
Vershire, Vermont
Page 1 of 5

Capital O&M

No Action No Action No Action

The "No Action" GRA is required in accordance with CERCLA and NCP to serve as a baseline comparison 
for other GRA technologies.  The "No Action" alternative includes scheduled 5-Year Reviews to assess the 
alternative effectiveness and compliance with OU2/OU3 UW PRGs.  It does not include any active or 
passive treatment of media, institutional controls, or monitoring.

The alternative does not address the RAOs developed for OU2/OU3 UW.  Implementable. None Low Yes (Required by 
CERCLA/NCP)

Land Use 
Restrictions

Land use restrictions would be used to prevent certain use and activities such as recreational use.  The 
restrictions would be included in the chain of title/deed for the property and would continue into the future 
regardless of change in ownership or zoning in the vicinity of the Site.  

This process option would aid in deterring land use practices that would cause increased exposure 
risks to human receptors.

Access 
Controls

Engineered controls include restricting access to the OU2/OU3 UW area.  Fencing, gates, signage, and 
security patrols could be utilized.  Fencing would minimize human and animal access and warning signs 
would alert people to the specific OU2/OU3 UW hazards located within the fence.  Security patrols would 
deter vandalism and unauthorized access to OU2/OU3 UW area and would notify EPA of breaches in the 
controls.

The alternative does not address the RAOs developed for the OU2/OU3 UW area, but it would be 
effective in reducing the access to the OU2/OU3 UW area, thereby impeding the potential for 
exposure to Site contaminants.  Due to the remoteness of the OU2/OU3 UW area, it would be 
difficult to completely prevent vandalism and unauthorized access by humans and/or animals.

Adit and 
Shaft 

Closure
Portal gate closure could be utilized to restrict access to the UW.  

The alternative does not address the RAOs developed for the OU2/OU3 UW area, but it would be 
effective in eliminating the access to the UW, thereby impeding the potential for exposure to Site 
contaminants.  Due to the remoteness of the OU2/OU3 UW area, it would be difficult to completely 
prevent vandalism and unauthorized access by humans and/or animals.

Informationa
l/

Educational 
Devices

Informational/educational devices consist of meetings or literature aimed at raising the public's knowledge 
of the site and addressing their concerns. Topics addressed by these devices could include the potential 
hazards posed by contaminants, potential hardships that may be temporarily encountered during 
implementation of the remedial alternative, and the purpose and effectiveness of the remedial actions 
taken.

Although this alternative would not achieve RAOs on its own, it may be included as part of a more 
comprehensive alternative.

Monitored 
Natural 

Recovery

Monitored 
Natural 

Recovery

Monitored natural recovery (MNR) uses naturally occurring processes such as dilution, volatilization, 
biodegradation, and sorption, to address contamination. While MNR cannot degrade inorganic 
contaminants, it may transform them into states that pose a relatively low risk to potential receptors. Metals 
precipitation, sorption of contaminants onto soil particles or into the soil/sediment matrix, and partitioning 
into organic matter reduce the mobility and bioavailability of contaminants. Redox reactions can transform 
the valence states of some inorganic contaminants into less soluble, and consequently less mobile, and/or 
less toxic forms. Long-term monitoring would be required to confirm MNR effectiveness. 

Natural processes may eventually attenuate the contaminants of concern at the Site. However, 
based on the fact that the Site has been subject to natural attenuation processes for over 100 years 
and unacceptable impacts still remain, it can be concluded that this alternative does not address the 
RAOs within a reasonable timeframe. However, MNR could also be effective in combination with 
source control measures and may address inaccessible contaminant source areas that are not 
removed by other process options.   

Implementable. Low Low Yes

Although these 
alternatives would not 
achieve RAOs on 
their own, they may 
be included as part of 
a more 
comprehensive 
alternative.

Bulkhead 
Construction

Plug and seal adit and shaft openings to prevent water discharge. A bulkhead could be constructed to 
capture and either store mine drainage within the workings (i.e., impermeable bulkhead) or to regulate the 
flow out of the workings (i.e., flow-through bulkhead). Contaminated water would either be permanently or 
temporarily stored in the mine workings as well as the surrounding soil and rock formations. The bulkhead 
could be constructed out of materials such as concrete, foam, soil, or rock or a combination of these 
materials. A pipe would be installed through the bulkhead as a safety measure to allow release of water in 
an emergency situation and/or to regulate flow rates.

The effectiveness of a bulkhead depends on the condition of the rock surrounding the drift in which 
the bulkhead is being constructed. It also depends on the amount of storage within the workings for 
retaining mine discharge. Typically, a bulkhead is highly effective as an impermeable barrier and flow 
regulator. Implementability is dependent on the condition of the surrounding rock can be moderately 
difficult. As a stand-alone alternative, a bulkhead would not prevent the ongoing ARD impacts within 
the Deep Adit.  This bulkhead seal may cause adit ARD to be diverted to adjacent groundwater via 
bedrock fractures, potentially creating discharge from new surface seeps in the vicinity of the Deep 
Adit.  However, a bulkhead could be effective in combination with other containment and/or adit 
source control measures (e.g. filling adit).   

Implementable. Moderate Low

Capping Construct surface cap or barrier to prevent surface water infiltration and recharge.  Although this alternative would not achieve RAOs on its own, it may be included as part of a more 
comprehensive alternative.  High Low

Pressure 
Grouting

Plug and seal adit and shaft openings to prevent water discharge. A low-permeability barrier is created by 
pressure grouting in and around a target zone to reduce groundwater flow. Grout is injected into small 
diameter drill holes under high pressure to seal and/or fill fractures and voids within the surrounding soil 
and/or bedrock to reduce groundwater flow. Pressure grouting was considered in conjunction with other 
diversion process options such as flowable fill.

Pressure grouting has high effectiveness when targeting zones of high porosity and permeability. It is 
easily implemented when conducted from the surface with conventional drilling equipment. If 
conducted within the workings, the implementability would be moderately difficult due to the 
constrained environment. Although this alternative will not achieve RAOs on its own, it may be 
included as part of a more comprehensive alternative.

Moderate Low

Flowable Fill

Flowable fill is a self-compacting, low-strength, self-leveling material with a flowable consistency that is used 
as an economical fill or backfill material as an alternative to compacted granular fill. Flowable fill is usually 
composed of water, cement, fine aggregate, and fly ash or slag. Flowable fill could be gravity fed into a drift 
from a ready mix truck at the surface because of its fluid-like composition. A clean surface is recommended 
wherever the flowable fill is to be placed, so the adit may need to be cleared of timber, rail, pipes, and other 
construction and mining material, as well as accumulated muck. 

Filling the Deep Adit with flowable fill will prevent the infiltration of both surface water and 
groundwater into the Deep Adit, thereby eliminating the interaction of Deep Adit ARD sources with 
water and oxygen, and ultimately stopping the Deep Adit discharge. The effectiveness of flowable fill 
is high when placed on a surface that has been sufficiently cleaned and prepared. The effectiveness 
of flowable fill in an ARD setting could be enhanced by using fine aggregate with an acid-
neutralization capacity.  It is susceptible to cracking, but also has self-healing properties. Although it 
may be effective at reducing the infiltration rate of surface water, groundwater and oxygen, some 
flowable fills are not self-sealing and will not create an impervious barrier to water and oxygen flow.  
Therefore, the potential exists for ongoing discharge from the Deep Adit. 

Moderate Low

Containment Barriers

Notes
Retained For 

Further 
Consideration

ImplementabilityEffectivenessDescription
Cost

Institutional 
Controls

Limited Action

 Process 
OptionTechnology

General 
Response 

Action

Yes

Although these 
alternatives would not 
achieve RAOs on 
their own, they may 
be included as part of 
a more 
comprehensive 
alternative.

Implementable. Low Low

Although these 
alternatives would not 
achieve RAOs on 
their own, they may 
be included as part of 
a more 
comprehensive 
alternative.

Yes
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Table ES-8
Screening of Potential Treatment Options for Surface Water
Ely Copper Mine Superfund Site
OU2/OU3 Underground Workings
Vershire, Vermont
Page 2 of 5

Capital O&M
Notes

Retained For 
Further 

Consideration
ImplementabilityEffectivenessDescription

Cost Process 
OptionTechnology

General 
Response 

Action

Polyurethan
e Foam Fill

Polyurethane foam (PUF) is a liquid to solid system specifically designed for use in abandoned mine 
applications to seal mine appurtenances such as shafts and adits. The installation process involves mixing 
two separate bags of liquid chemicals to form a flowable substance that is then poured into a void which 
been prepared with form work to provide confinement. The PUF flows onto the form and up against the 
void’s walls or sides, rising within minutes as a foam. Placement occurs in lifts, repeating as many times as 
needed to fill the targeted void. PUF is not affected by acid drainage and does not shrink.

PUF is highly effective for closure of mine workings such as shafts and adits. There is some 
susceptibility for leaking along side joints if not properly installed. PUF is easily implemented by 
mixing the two compounds. The most difficult aspect of implementation is installation of forms. 
Proper ventilation and heat protection are required during installation due to the exothermic reaction 
that consumes oxygen and releases carbon dioxide. There is a moderate capital cost and low O&M 
costs associated with PUF; however, the capital costs of PUF would be much lower than a concrete 
equivalent when considering constraints associated with construction in the mine workings.

Moderate Low

Shotcrete

Shotcrete is a generic name for pneumatically placed concrete. Using a concrete hopper filled by a ready 
mix truck on the surface, shotcrete can be applied underground at locations such as the back or floor of 
adits where groundwater is seeping into the drift. Shotcrete can be applied to wet rock if done carefully 
using accelerators and fibers in an attempt to slow inflow/infiltration into the mine workings. Shotcrete can 
also be placed to cover the geologic features, such as fractures, joints, and faults, through which water 
could potentially flow or seep.

Shotcrete can be highly effective as a barrier to flow when applied to target areas that are acting as 
or are potential flow pathways. It is easily implemented. Capital cost is moderate and O&M could be 
high if, for example, it is placed in high flow zones potentially requiring re-application. Shotcrete could 
be considered for use in conjunction with flowable fill, polyurethane foam fill, and extraction wells.

Moderate Low to 
Moderate

Concrete

Concrete could be used to create vertical or horizontal barriers for sealing mine workings such as shafts 
and adits.  Installation of concrete would require construction of formwork and associated anchoring. 
Reinforcing steel would need to be fully encapsulated in concrete and/or be acid resistant for protection 
from corrosive or acidic water. All surfaces interacting with the concrete would need to be cleaned and 
prepared prior to placement. Preparation could require removal of any blockage, scaling of loose blocks, 
and potentially keying the concrete into competent rock surrounding the raise. Formwork and anchoring 
would then have to be installed. Pumping would be required to get concrete into the workings. 

Concrete could serve as a highly effective barrier to flow, however, it would be susceptible to 
weathering, cracking, and chemical degradation. Implementation of a horizontal barrier, such as a 
bulkhead, within in the workings would be moderately difficult. Implementation of a vertical barrier 
would be highly difficult, likely requiring manual preparation by personnel suspended from rope 
rigging. In general, the capital cost would be moderate to high due to the associated costs in a 
constrained location such as mine workings. O&M costs would most likely below to moderate once 
the concrete is in place. Based on the effectiveness and implementability of the substitute process 
options for flowable fill, PUF, and shotcrete, concrete was not retained for alternative development.

Moderate Low No

Ponds

Adit discharge or seepage could be collected in one or more engineered basins (i.e., ponds). Ponds could 
be used to regulate flow or facilitate pipe capture of site water, allowing the water to be pumped or gravity 
fed to a treatment facility or diversion ditches. Ponds do not prevent or mitigate contamination of site water 
and would be implemented in conjunction with other technologies and process options, such as diversion 
and/or treatment.

Ponds are effective for water management when design parameters are known or can be estimated. 
The design would allow for collection of an estimated volume of water based on typical flow rates and 
storage durations. Implementation would be easily attained with conventional construction 
equipment. The capital and O&M costs associated with ponds would be low compared to the other 
technologies and process options. Periodic maintenance such as clearing of debris and sediment 
buildup is typically required. O&M costs are generally low.

Moderate Low

Diversion 
Channels

Diversion channels or piping could be used to divert surface water flow and/or near surface groundwater 
flow around contaminated materials, mine workings, and/or geological or constructed features. The 
channels would serve as horizontal barriers to prevent surface water flow into areas where water may be 
impacted by site contaminants. Diversion channels, as described herein, differ from interceptor trenches in 
that they will cut-off surface water and near surface groundwater flow (i.e., less than approximately 5 feet 
deep) as opposed to moderately deep groundwater flow (i.e., approximately 5 to 15 feet deep).

The effectiveness of diversion channels is dependent on the accuracy of estimating the quantity of 
the surface water and near surface groundwater flows that will be intercepted. If the flows are known 
or can be easily estimated, diversion channels would be highly effective in directing water away from 
areas of concern. Diversion channels are easily implemented with standard construction equipment. 
The capital cost for construction is moderate compared to the other process options, primarily due to 
the capital costs associated with obtaining borrow materials. The O&M costs would be low for 
diversion channels, but annual to semi-annual clearing and repair could be required.

Moderate Low

Horizontal 
Extraction 

Wells

Utilize one or more sub-horizontal extraction wells that will gravity drain to create a groundwater capture 
zone that results in water table drawdown below the adit discharge level.

An excessively large area would require dewatering in order to lower the site-wide bedrock 
groundwater elevations to levels below the mine pool decant level.  The number of extraction wells 
required to achieve this would be cost-prohibitive.  The resulting impacts to the local hydrogeologic 
regime could eliminate other surface water flows, resulting in ecological impacts to currently 
unimpacted streams.  Based on these factors, horizontal extraction wells are not retained for 
alternative development.

High Moderate

Groundwate
r Interceptor 

Walls

Interceptor trenches involve installing one or multiple trenches across groundwater flow paths to cut off 
water flow and limit further migration of clean and/or contaminated water to downgradient locations. 
Interceptor trenches differ from diversion channels in that they will act as a horizontal hydraulic barrier to 
moderately deep groundwater (i.e., approximately 5 to 15 feet depending on subsurface conditions) as 
opposed to surface water and/or near surface groundwater (i.e., less than approximately 5 feet deep) flows.

Interceptor trenches are more effective when located in porous and permeable media than when 
located in fractured bedrock because groundwater flow is less predictable in fractured bedrock. The 
UW conceptual groundwater model indicates that following excavation and restoration of the UWA 
waste rock (i.e. removal of the overburden aquifer directly overlying the Main and Deep Adits), the 
UW groundwater will controlled by the fractured bedrock aquifer.  Therefore, the effectiveness of 
interceptor trenches was estimated to be very low. Implementability was estimated to be difficult 
because bedrock is at or near the surface over most of the site, requiring specialized excavation 
techniques and/or blasting to reach depths necessary to intercept groundwater flow. Capital costs 
would be very high for specialized excavation techniques and/or blasting. O&M costs for interceptor 
trenches would be low. The lack of sufficient overburden to support the wall restrict implementability 
and this option is not retained for further consideration.

High High

No

Implementable.

Implementable.

Containment 
(cont.)

Barriers 
(cont.)

Collection 
and 

Diversion

Although these 
alternatives would not 
achieve RAOs on 
their own, they may 
be included as part of 
a more 
comprehensive 
alternative.

Yes

Yes
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Table ES-8
Screening of Potential Treatment Options for Surface Water
Ely Copper Mine Superfund Site
OU2/OU3 Underground Workings
Vershire, Vermont
Page 3 of 5

Capital O&M
Notes

Retained For 
Further 

Consideration
ImplementabilityEffectivenessDescription

Cost Process 
OptionTechnology

General 
Response 

Action

Vertical 
Extraction 

Wells

Utilize one or more extraction wells to create a groundwater capture zone that results in water table 
drawdown below the adit discharge level.

Vertical wells would require pumps thereby incurring a moderate to high operation and maintenance 
(O&M) cost. High High

French 
Drains

French drains are trenches that are excavated and then backfilled with granular material and a perforated 
pipe (drain) to collect groundwater. French drains act as horizontal hydraulic barriers similar to interceptor 
trenches; however, they have a pipe and are backfilled with granular material thus decreasing maintenance 
cleanout requirements. The drains would be designed to capture contaminated groundwater and route it for 
treatment or to provide a pathway for clean groundwater around contaminated areas.

French drains are most effective in subsurface conditions that allow groundwater to flow in a porous 
and permeable media where flow rates are high. Due to the conceptual groundwater model, which 
indicates groundwater flows in a fracture controlled system with relatively slow flow, the effectiveness 
of French drains was estimated to be very low. French drains are also susceptible to clogging and 
blinding due to sediment buildup within the coarse backfill and slotting on the piping. Clogging and 
blinding would decrease effectiveness and increase O&M costs in the long run. Implementability was 
estimated to be difficult because bedrock is at or near the surface over most of the site, requiring 
specialized excavation techniques and/or blasting to reach depths necessary to intercept 
groundwater flow. Capital cost could vary from low to high depending on the scale of the component 
and the need for specialized excavation techniques and/or blasting, and for processing of granular 
material for backfill.  Based on these factors, French drains are not retained for alternative 
development.

High Low

Open Limestone Channels
Add limestone amendments to waterways to neutralize pH. An open limestone channel technology is a 
variant of ALD technology and is used to treat discharges that are oxygenated and contain ferric iron (Fe+3) 
or high aluminum content. 

Open limestone channels, like ALDs may be subject to armoring by iron and aluminum precipitates. 
Steep slopes help to keep armoring from occurring. ALDs may not be effective at zinc removal 
because limestone has slow reactivity (EPA 2005). A sludge settling pond would be required to 
prevent the precipitated metals from entering Elk Creek and potentially redissolving. This alternative 
may be effective in concert with other process options.

Implementable. Low to 
Moderate

Low to 
Moderate Yes

Anoxic Limestone Drains (ALDs)
ALDs involve the burial of limestone in oxygen-depleted trenches. MIW is conveyed into these trenches. 
ALDs generate alkalinity and must be followed by a unit such as an aeration cascade, pond or aerobic 
wetland that oxidizes and removes the precipitated metals. Limestone is a low-cost and effective way to 
generate alkalinity. However, it must be used in appropriate conditions to ensure its effectiveness.

This technology is applicable where influent water has less than 2 milligrams per liter (mg/L) 
dissolved oxygen and ferric iron (Fe+3) is less than 10 percent of the total iron. Metals precipitate as 
carbonates; iron and aluminum precipitate on and coat or armor the limestone reducing the 
limestone’s reactivity and the permeability of the system. Based on the elevated oxygen and 
aluminum observed in the Deep Adit discharge, a stand-alone ALD is not retained for further 
consideration without pretreatment to remove aluminum and oxygen (see Open Limestone Channel 
and Successive Alkalinity Producing Systems).

Moderate Moderate No

Oxidation

Oxidation can be used to precipitate iron and manganese hydroxides and can be used as pre-treatment to 
form more readily precipitated forms of metals such as iron or chromium. Chemical oxidation uses oxidizing 
agents such as potassium permanganate, hydrogen peroxide, hypochlorites, chlorine, or chlorine dioxide. 
Aeration can also be used to facilitate oxidation. 

Oxidation can be inhibited by the pH drop associated with the formation of metal hydroxides. 
Oxidation alone is generally not effective in removing cadmium, copper, manganese, or zinc to 
concentrations below discharge criteria. Based on limited effectiveness, difficult implementability, 
high cost, and the availability of more proven, effective technologies for treating mining impacted 
waters, this alternative was eliminated from further consideration.

High High

Aerobic 
Wetlands

Aerobic wetlands are typically shallow excavations with one to two feet of soil, gravel, and/or rocks in a 
hummocky pattern. The designed hummocks allow for variations in water depth of between one inch and 
approximately one foot to form a diversity of microenvironments. Aerobic wetlands are often constructed as 
a series of terraced cells with intermediate spill points and typically contain planted areas and open water 
zones. Iron and manganese oxidation, precipitation, and sorption to biomass occur in the wetland. 

Periodic removal of precipitate and wetland reestablishment is required. This alternative is ineffective 
for zinc removal because the pH is typically too low to allow the formation of zinc hydroxide and 
requires a relatively large land area. But could be effective as a secondary treatment or polishing 
process following a primary treatment process to remove zinc. Wetlands are moderately 
implementable at the site. Wetlands are easily constructed but given the harsh environment at the 
Site, wetland vegetation may take several years to become well established. Costs in installing and 
maintaining aerobic wetlands are low to moderate.

Moderate Low to 
Moderate

Biochemical 
Reactors

Anaerobic wetlands and sulfate reducing bioreactors are considered biochemical reactors (BCRs). Organic 
material consisting of hay, manure, and wood chips along with limestone, referred to as substrate, are 
placed into a lined pond. Decomposition of the organic material consumes dissolved oxygen present in adit 
discharge water and creates an anaerobic environment. Sulfate reducing bacteria convert sulfate present in 
the influent water into sulfide that reacts with dissolved metals to form metal sulfides. Metal sulfides are 
insoluble in water and therefore precipitate within the substrate. Water alkalinity is increased due to 
dissolution of limestone substrate and sulfate reduction, enhancing precipitation of metal hydroxides. Metals 
are also sorbed to the metal hydroxides and organic substrate, further increasing the effectiveness of the 
BCR.

BCRs are effective in aluminum, cadmium, copper, lead, silver, and zinc removal, moderately 
effective at iron removal, but largely ineffective in manganese removal. Factors that affect the 
performance of BCRs include flow rate, temperature, water chemistry, substrate composition, 
development of preferential flow paths, and variations in influent water flow rate and water chemistry. 
An aeration pond, channel, or aerobic wetland may be installed to retain the BCR effluent and 
provide time for those sulfides that have not reacted to oxidize and avoid potential impacts on the 
receiving stream. A manganese removal bed (MRB) could be considered if manganese removal is 
required. A BCR can be effective in reducing metals concentrations in adit discharge water. 

Moderate Moderate

Successive 
Alkalinity 

Producing 
Systems

Successive alkalinity producing systems (SAPS) are an innovative technology that is a variant of the 
anaerobic systems. Water flows vertically through layers of limestone and anaerobic organic material with 
alkalinity added and sulfate reduction resulting in the precipitation of metal sulfides. 

Organic substrate requires periodic replacement. The chemical processes involved in the SAPS are 
largely the same as in BCRs; however, SAPS lack the substrate porosity and permeability provided 
by the wood chips that are included in BCRs and are therefore seen as a less satisfactory alternative 
compared to biochemical reactors.

Moderate Moderate

Phytoremedi
ation

Phytoremediation is an emerging technology in which vegetation is used to extract inorganic contaminants 
from soil or water. The technology requires a long residence time for the water to contact the vegetation.

Due to the harsh climate and the long residence time requirements, this technology will not be 
considered for treatment Site adit discharges. Implementable. Moderate 

to High
Low to 

Moderate No

NoImplementable.Containment 
(cont.)

Collection 
and 

Diversion 
(cont.)

Chemical 
Treatment

Precipitation

Biological 
Treatment

In-situ 
Treatment

YesImplementable.

Implementable.

NH-4054-2015 Nobis Engineering, Inc.



Table ES-8
Screening of Potential Treatment Options for Surface Water
Ely Copper Mine Superfund Site
OU2/OU3 Underground Workings
Vershire, Vermont
Page 4 of 5

Capital O&M
Notes

Retained For 
Further 

Consideration
ImplementabilityEffectivenessDescription

Cost Process 
OptionTechnology

General 
Response 

Action

Sedimentati
on/

Clarification

Sedimentation is the removal of suspended solids from water by gravity settling. The emphasis can be on 
producing a thick sludge (thickening) and/or producing a clear effluent (clarification). The operation is often 
aided by addition of a flocculent to assist in coagulation and settling of particles. A sedimentation system 
may be active, requiring an on-site operator or remote operations sensors and equipment monitored by an 
operator, or may be passive, such as a sedimentation pond that is unattended except during solids 
removal.

Sedimentation is an effective method of separating solids that result from a precipitation process or 
other primary treatment technique. A sedimentation process is implementable at the site because it 
can operate unattended during winter months when site access is limited. The cost of constructing a 
sedimentation basin is low and the cost of maintaining a sedimentation basin is considered 
moderate. Although this alternative would not achieve RAOs on its own, it may be included as part of 
a more comprehensive alternative.

Implementable. Low Moderate Yes

Although these 
alternatives would not 
achieve RAOs on 
their own, they may 
be included as part of 
a more 
comprehensive 
alternative.

Carbon 
Adsorption

Carbon adsorption using charcoal or activated carbon can be considered both adsorption and ion 
exchange. Carbon adsorption is more commonly used for organic contaminants; however, some work has 
been done on metal removal, most commonly in removing precious metals from cyanide complexes. As 
water flows through a chamber packed with charcoal or activated carbon, metal ions are adsorbed onto the 
large surface area of the substrate. When the capacity of the substrate to adsorb ions is reached, the 
substrate must be regenerated, either by incineration or flushing. Continuous flow carbon adsorption has 
not been proven in practice and may be difficult and expensive for treatment of waters with high metal 
concentrations.

Carbon adsorption would remove dissolved contaminant ions from the adit discharge water but 
would need to be combined with other unit processes to be effective and implementable. Operation 
of a carbon adsorption system\ would be difficult in the remote environment of the Standard Mine. 
The cost of operating a carbon adsorption system is high for the high contaminant concentrations 
that are present in adit discharge water. Year-round access to the site to operate any active 
treatment process would be difficult and costly. Based on difficult implementability, high cost, and the 
availability of more proven, effective technologies for treating mining impacted waters, this alternative 
was eliminated from further consideration.

High High

Evaporation

Natural evaporation in large ponds (with or without vegetation) can be used in hot dry climates with low 
influent flow rates, large available area for evaporation, and no requirement for discharge water. 
Evaporation can be enhanced by heating the water and/or decreasing pressure. Increasing temperature 
and/or decreasing pressure would require large amounts of energy, making this technology cost prohibitive. 
The elimination of discharge water may be problematic if clean water discharge is needed to meet legal 
requirements or to meet standards at a point of compliance.

The evaporation process is effective in removing metal contaminants from water, but the evaporation 
process is unsuited to the wet, harsh environment at the site. Moderate Moderate 

to High

Precipitation

Chemical precipitation occurs when a reaction between two substances in a liquid solution produces a solid 
product. The solid product can be removed from the liquid by gravity separation, filtration, or other methods. 
A neutralizing agent is used to increase the solution pH, causing the formation of metal hydroxide, metal 
carbonate, or metal sulfide precipitates, depending on the neutralization agent used. Chemical precipitation 
may be used in an active or semi-passive treatment system. In a typical ex-situ treatment system, the 
neutralizing agent is hydrated and/or slurried, then added to the influent water. A flocculent may be added 
to improve sludge settling. The treated water is sent to a settling basin/clarifier/thickener to allow settling of 
the precipitates. Other separation processes, such as a ceramic micro-filtration system or other filtration 
techniques, may be used for separation. Water is generally discharged from the top of the tank, and sludge 
discharged from the base. Sludges often have high water content that increases the cost of sludge handling 
and disposal. A filter press can be used to increase the sludge solids content. Depending on effluent 
requirements, a polishing stage may be used in conjunction with precipitation. Oxidation of iron and/or 
manganese into forms that are more easily precipitated may be done either before or after addition of the 
neutralization agent.

Chemical precipitation is the most common method for removing metals from acid mine 
drainage/discharge and is reliable, effective, and cost-effective. It can achieve the RAOs developed 
for the OU2/OU3 UW area.  The implementability of chemical precipitation is dependent on the type 
of system installed. Year-round access to the site to operate any active treatment process would be 
difficult and costly. Semi-passive systems can require less “hands on” maintenance but are generally 
less reliable and less proven for long-term use in harsh climates. The cost of installing and operating 
a chemical precipitation system can be moderate to high with the highest costs typically due to the 
long-term O&M of active system.

Implementable. High High Yes

Solvent 
Extraction

Solvent extraction uses an organic liquid mixed with contaminated water to transfer metal ions from the 
water to the organic liquid. The ions partition to and concentrate in the organic liquid. The organic liquid is 
then stripped of metals using sulfuric acid and recycled. The sulfuric acid solution must then undergo an 
electrolysis process (electrowinning) or crystallization. This method is particularly useful when only one 
metal requires removal because organic liquids are available to target specific metal ions. There are some 
limitations on organic compounds able to remove all of the contaminants in the UW water, the potential 
removal capacity for each metal, and the physical conditions under which optimum contaminant removal is 
possible.

The effectiveness of solvent extraction to remove high concentrations of metal contaminants from 
water is limited. Year-round access to the site to operate any active treatment process would be 
difficult and costly. This process can be very expensive to maintain and operate. Based on limited 
effectiveness, difficult implementability, high cost, and the availability of more proven, effective 
technologies for treating mining impacted waters, this alternative was eliminated from further 
consideration.

High High

Oxidation

Oxidation can be used to precipitate iron and manganese hydroxides and can be used as pre-treatment to 
form more readily precipitated forms of metals such as iron or chromium. Chemical oxidation uses oxidizing 
agents such as potassium permanganate, hydrogen peroxide, hypochlorites, chlorine, or chlorine dioxide. 
Aeration can also be used to facilitate oxidation. 

Oxidation can be inhibited by the pH drop associated with the formation of metal hydroxides. 
Oxidation alone is generally not effective in removing cadmium, copper, manganese, or zinc to 
concentrations below discharge criteria. Based on limited effectiveness, difficult implementability, 
high cost, and the availability of more proven, effective technologies for treating mining impacted 
waters, this alternative was eliminated from further consideration for surface water treatment.

High High

Ex-situ 
Treatment

Chemical 
Treatment

Implementable. No

Physical 
Treatment

In-situ 
Treatment 

(cont.)

NoImplementable.

NH-4054-2015 Nobis Engineering, Inc.



Table ES-8
Screening of Potential Treatment Options for Surface Water
Ely Copper Mine Superfund Site
OU2/OU3 Underground Workings
Vershire, Vermont
Page 5 of 5

Capital O&M
Notes

Retained For 
Further 

Consideration
ImplementabilityEffectivenessDescription

Cost Process 
OptionTechnology

General 
Response 

Action

Electrochem
ical 

Processes

An electric current is applied to electrodes submerged in the liquid solution and metals are deposited on the 
cathode or precipitate from solution. The precipitate sludge and the acid solution used to periodically 
regenerate the electrodes must be disposed of. This process is most commonly used in gold production. In 
water treatment, it is most commonly used for the reduction and precipitation of hexavalent chromium, but 
can also be used to remove arsenic, cadmium, molybdenum, aluminum, zinc, and copper ions from water. 
Electrowinning and electrocoagulation are specific examples of electrochemical processes.

Year-round access to the site to operate any active treatment process would be difficult and costly. 
Due to the difficult implementability and the availability of more proven, effective technologies for 
treating mining impacted waters that are not known to contain the significant quantities of precious 
metals required to make this technology cost effective, this alternative was eliminated from further 
consideration.

High High

Ion 
Exchange

Ion exchange is a chemical process involving the reversible exchange of ions between a liquid and a solid. 
Ion exchange substrates, such as ion exchange resins and zeolites, can be used to remove unwanted ions 
from a liquid and substitute more acceptable ions, most commonly sodium, potassium, calcium, and 
chloride. The substrate is then regenerated, usually with a dilute acid. The regeneration solution and spent 
ion exchange substrate must be discarded. Total dissolved solids concentrations are not decreased in this 
process, but the composition of the dissolved solids is changed. Ion exchange works best on dilute 
solutions, and would most probably be part of a polishing stage for high contaminant concentration waters.

Ion exchange would remove dissolved contaminant ions but would need to be combined with other 
unit processes to be effective for the high concentrations of metal contaminants at the site. Operation 
of an ion exchange system would be difficult in the remote environment of the Site. Year-round 
access to the site to operate any active treatment process would be difficult and costly. Based on 
limited effectiveness, difficult implementability, high cost, and the availability of more proven, 
effective technologies for treating mining impacted waters, this alternative was eliminated from 
further consideration.

High High

Sedimentati
on/

Clarification

Sedimentation is the removal of suspended solids from water by gravity settling. The emphasis can be on 
producing a thick sludge (thickening) and/or producing a clear effluent (clarification). The operation is often 
aided by addition of a flocculent to assist in coagulation and settling of particles. A sedimentation system 
may be active, requiring an on-site operator or remote operations sensors and equipment monitored by an 
operator, or may be passive, such as a sedimentation pond that is unattended except during solids 
removal.

Sedimentation is an effective method of separating solids that result from a precipitation process or 
other primary treatment technique. A sedimentation process is implementable at the site because it 
can operate unattended during winter months when site access is limited. The cost of constructing a 
sedimentation basin is low and the cost of maintaining a sedimentation basin is considered 
moderate. Although this alternative would not achieve RAOs on its own, it may be included as part of 
a more comprehensive alternative.

Implementable. Low Moderate Yes

Although these 
alternatives would not 
achieve RAOs on 
their own, they may 
be included as part of 
a more 
comprehensive 
alternative.

Filtration

Filtration separates suspended solids from a liquid by passing the mixture through a porous medium that 
allows the water to pass but retains the solids. Several filter mediums can be used, including granular 
material and fabric. Filtration can be used to remove suspended particulate material before treatment of 
ionic species from contaminated water and/or to remove precipitate from the water. Conventional filtration 
processes do not remove dissolved contaminant ions from solution and even with optimum performance 
result in a concentrate stream that requires further treatment and/or disposal. Microfiltration allows removal 
of chemical compounds such as precipitates and other chemical compounds from a solution. Nanofiltration 
is similar, but allows separation of larger metal ions from the water. These are also considered membrane 
processes (see below). There are no known large scale acid mine drainage treatment plants using this 
technology at this time.

Conventional filtration would not remove dissolved contaminant ions, which are the primary form of 
contaminants flowing from adit discharges, and therefore would need to be combined with other unit 
processes to be effective. Filtration produces a concentrate that would require additional treatment 
and/or disposal. O&M of a filtration system would be difficult in the remote environment of the Site. 
Year-round access to the site to operate any active treatment process would be difficult and costly. 
Based on moderate effectiveness and implementability and low to moderate costs, aerobic wetlands 
will be retained for further evaluation as a secondary process in a passive water treatment system.

High High

Reverse 
Osmosis

Reverse osmosis is a membrane technology used to separate larger ions from a water solution. Water is 
forced through the membrane by application of pressure greater than the normal osmotic pressure. The 
properties of the membrane determine the rate of transport and the species that will pass through the 
membrane. Reverse osmosis and other membrane technologies are generally used as a polishing step in 
water treatment, but can also be used to concentrate the metal ions in solution for subsequent treatment by 
precipitation or other method given an appropriate membrane. This method reduces the anion 
concentrations (i.e., sulfate) in addition to reducing the metal ion concentrations in the effluent water. Care 
must be taken to prevent cake formation on the membrane. Specialized membranes and electrocharging 
techniques have been developed to allow for treatment of more concentrated solutions without excess 
membrane clogging. Membrane processes result in a concentrate stream that requires further treatment 
and/or disposal.

Reverse osmosis or membrane technologies would remove dissolved contaminant ions but must be 
combined with other unit processes to be effective. Operation of a membrane or reverse osmosis 
system would be difficult in the remote environment of the Standard Mine. Year-round access to the 
site to operate any active treatment process would be difficult and costly. Based on difficult 
implementability, high cost, and the availability of more proven, effective technologies for treating 
mining impacted waters, this alternative was eliminated from further consideration.

High High

Carbon 
Adsorption

Carbon adsorption using charcoal or activated carbon can be considered both adsorption and ion 
exchange. Carbon adsorption is more commonly used for organic contaminants; however, some work has 
been done on metal removal, most commonly in removing precious metals from cyanide complexes. As 
water flows through a chamber packed with charcoal or activated carbon, metal ions are adsorbed onto the 
large surface area of the substrate. When the capacity of the substrate to adsorb ions is reached, the 
substrate must be regenerated, either by incineration or flushing. Continuous flow carbon adsorption has 
not been proven in practice and may be difficult and expensive for treatment of waters with high metal 
concentrations.

Carbon adsorption would remove dissolved contaminant ions from the adit discharge water but 
would need to be combined with other unit processes to be effective and implementable. Operation 
of a carbon adsorption system\ would be difficult in the remote environment of the Standard Mine. 
The cost of operating a carbon adsorption system is high for the high contaminant concentrations 
that are present in adit discharge water. Year-round access to the site to operate any active 
treatment process would be difficult and costly. Based on difficult implementability, high cost, and the 
availability of more proven, effective technologies for treating mining impacted waters, this alternative 
was eliminated from further consideration.

High High

Notes: GRA = General Remedial Action NCP = National Contingency Plan
CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act RAO = Remedial Action Objective

Physical 
Treatment

No

Chemical 
Treatment 

(cont.)

Ex-situ 
Treatment 

(cont.)

Implementable. No

Implementable.
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Table ES-9
Alternatives Retained for Development

Ely Copper Mine Superfund Site
OU2/OU3 Underground Workings

Vershire, Vermont

Alternative General 
Description GRA Source Process Option

UWG-1 No Action No action UW No action

UWG-2 Limited Action Limited action UW TI waiver, and Institutional Controls with monitoring

AD-1 No Action No action UW No action

Chemical Treatment Main Adit Construct passive chemical treatment systems to 
remove metals from any residual drainage

Containment Deep Adit Plug and fill adit

Main Adit Construct passive chemical treatment systems to 
remove metals from any residual drainage

Deep Adit Active ex-situ treatment: RCTS

Chemical Treatment Main Adit Construct passive chemical treatment systems to 
remove metals from any residual drainage

Biological Treatment Deep Adit Construct aerobic or anaerobic passive treatment 
systems to remove metals from any residual drainage

Notes:
UW = Underground Workings, RCTS = rotating cylinder treatment system

Chemical Treatment

Adit Discharge 
Passive TreatmentAD-4

AD-2

Adit Closure and 
Passive Adit 
Discharge 
Treatment

AD-3 Adit Discharge 
Active Treatment
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Table ES-10
Comparison Analysis of Alternatives
Ely Copper Mine Superfund Site
OU2/OU3 Underground Workings
Vershire, Vermont

Evaluation Criteria Alternative UW-1 Alternative UW-2 Alternative UW-3 Alternative UW-4

Overall Protection of Human Health and 
the Environment

Does not meet the criterion.
Would not eliminate, reduce, or control source 
areas or potential future exposure to 
contaminants exceeding PRGs and would not 
meet remedial action objectives.

Best
Would be protective of human health and the environment. Has the potential 
to greatly reduce or eliminate the Deep Adit ARD-generating reactions and 
discharge. PDI for filling the Deep Adit would ensure that filling would be 
complete and as protective as possible. In the event that some residual 
discharge continues from the Deep Adit, or new seeps appear that have 
AMD characteristics, a small passive biological treatment system could be 
constructed to provide polishing treatment as necessary.

Better
Would be protective of human health and the environment. Would treat 
discharge from both the Main Adit and Deep Adit. Deep Adit discharge 
would be treated using an active, batch-operated system to capture and 
treat all discharge. Includes a contingency to add flowable fill to the Deep 
Adit to reduce discharge volume and concentration.

Good
Would be protective of human health and the environment. Would treat 
discharge from both the Main Adit and Deep Adit. UW-4 is slightly less 
protective than UW-3 because a passive system is more sensitive to large 
fluctuations in volume and concentration. Includes a contingency to add 
flowable fill to the Deep Adit to reduce discharge volume and concentration.

Compliance with ARARs

Would not comply with applicable ARARs and 
TBCs. 
Would not attain human health-based or 
ecological risk-based standards based on 
chemical-specific ARARs and TBCs.

Would comply with applicable ARARs and TBCs. This alternative would 
have no permanent above-ground structures after the RA is complete, and 
so it would best achieve location-specific ARARs. It does require imported 
material, but not to the degree it should pose an excessive local nuisance or 
hazard. It is the only alternative that could provide permanent Deep Adit 
closure without the need for ongoing treatment and it also would produce 
the least amount of residual material.  

Would comply with applicable ARARs and TBCs. This alternative would take 
up some space for a permanent treatment plant, and would require regular 
shipments of reagent material. However, the active treatment system would 
be the most consistent in terms of treating fluctuations in the Deep Adit 
discharge.

Would comply with applicable ARARs and TBCs. This alternative would 
require substantial amounts of filler material if the flowable fill contingency is 
used. The use of a constructed wetland would improve habitat. However, a 
passive system is more sensitive to fluctuations in discharge concentration 
and flow.

Long-term Effectiveness and Permanence

Does not meet the criterion.
Would not eliminate, reduce, or control source 
areas or potential future exposure to 
contaminants exceeding PRGs and would not 
effectively protect human health and the 
environment.

Best
It is the only alternative that could provide permanent Deep Adit closure 
without the need for ongoing treatment. The PDI would evaluate UW 
structure and connections to place the material as accurately as possible.

Good
Would treat discharge from the Deep Adit along with the Main Adit. The 
alternative would require perpetual active treatment of discharge to maintain 
effectiveness. The alternative includes a contingency for ancillary Deep Adit 
fill, but this is not expected to eliminate the Deep Adit discharge.  

Better
Would treat discharge from the Deep Adit and Main Adit using passive 
methods. The passive treatment systems would likely need occasional 
reagent replacement to maintain compliance with discharge ARARs. The 
alternative includes a contingency for ancillary Deep Adit fill, but this is not 
expected to eliminate the Deep Adit discharge.  

Reduction of Toxicity, Mobility, and 
Volume through Treatment

Would not use treatment to reduce toxicity, 
mobility, and volume.

Good
Greatly reduces or eliminates AMD reactions in the Deep Adit, could use 
alkaline flowable fill to buffer the system. Therefore, the Deep Adit ARD 
contaminant source may be considerably reduced or eliminated. The PDI 
would evaluate UW structure and connections to place the material as 
accurately as possible.  A small passive biological treatment system could 
manage residual discharge, as necessary.

Best
Would treat discharge from the Deep Adit along with the Main Adit. The 
alternative would require perpetual active treatment of discharge to maintain 
effectiveness. The alternative includes a contingency to partially fill the UW, 
but this will not be as thorough as UW-2.

Better
Would treat discharge from the Deep Adit and Main Adit using passive 
methods. The passive treatment systems would likely need occasional 
reagent replacement to maintain compliance with discharge ARARs. The 
alternative does have a contingency to partially fill the Deep Adit and 
associated UW, but this component will not be as thorough as UW-2. 

Short-term Effectiveness

Poor
Does not result in short-term effects; however, 
it never achieves protectiveness of human 
health or the environment.

Best
Would have the most short-term impact on workers via PDI drilling/other 
investigations and Deep Adit filling. Displaced discharge water during filling 
will require management.

Good
Would require the most permanent above-ground infrastructure, and would 
require adjustments during start-up of treatment system operations. 
Alternative includes a contingency to partially fill the UW, but displaced 
water and other short-term impacts expected to be minimal.

Better
Would require the least amount of infrastructure; materials are expected to 
be limestone and compost/organics and not expected to present material 
handling concerns. Alternative includes a contingency to partially fill the UW, 
but displaced water and other short-term impacts expected to be minimal.

Implementability

Implementable.
Does not include any actions, other than Five-
Year Reviews, and, therefore, would be 
technically easy to implement.

Good
Implementability will depend on site conditions (determined in the PDI) and 
availability of appropriate local flowable fill material. Alternative components 
do not require specialized equipment or personnel.

Better
EPA has access to O&M, construction, and other details at the nearby Ely 
Mine, which used a RCTS for ARD discharge treatment. The treatment 
system design and construction may require specialized equipment and 
personnel for final design, construction, and setup of active treatment 
system.

Best
Once the PDI is completed, the passive treatment systems can be designed 
to use local materials for reagents (limestone and locally-derived organics, 
such as compost). The systems do not require specialized equipment or 
knowledge. Replacement of spent media can be performed using standard 
construction equipment.

Cost Excellent
$86,863 - Total Present Worth (30 yrs)

Best
$3,375,060 - Total Present Worth (30 yrs)

Poor
$5,157,582 - Total Present Worth (30 yrs)

Better                                                                      
$3,619,705 - Total Present Worth (30 yrs)

Footprint

Poor
Has minimal footprint; however, it never 
achieves protectiveness of human health or the 
environment.

Best
Uses a large amount of material to fill UW; however, no electricity is used 
and no waste is produced.  In the absence of Deep Adit closure, both the 
UW-3 active and UW-4 passive system would have to run in perpetuity and 
eventually the total life cycle environmental footprint for both alternatives 
would surpass UW-2.  

Better                                                                            
Requires on-going use of reagents and electricity; however, over a 30-year 
period, the energy used is still less than UW-4. Evaluation assumes that the 
contingency maximum volume of flowable fill is also added to the UW; 
however, this alternative uses a smaller contingency volume.

Good                                                                 
Has minimal HAP emissions; however, all other footprint metrics are high 
because of the large contingency volume to fill the Deep Adit and because 
of the need to replace reagent materials.
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Table 1-1
Summary of Site Operations

Ely Copper Mine Superfund Site
OU2/OU3 Underground Workings

Vershire, Vermont

Year of Investigation Era of Operation Operation Description

1813 Discovery Gossan discovered by Richardson Family, used for dye.
1820s-1861 Upper Workings and Development Rock Includes Tyson 1834/Pollard1854 Adit, Shaft II, 1850s/1860s Pollard Shaft and Adit
1820s-1861 Upper Waste Pile 4 Low grade ore

1830s Vershire Copper Manufacturing Co. Isaac Tyson, Jr. sporadically worked the deposit 
1840s Sporadic Prospecting Pliny Dwight controlled the land

1853-1883 Vermont Copper Mining Company Began large scale working of the deposit led by Thomas Pollard
mid-1850s-1918 Copper Mine Production Peak production from 1870s-1880s. 30-40 million pounds total production

1850s-1860s Deep Adit Collapsed entrance, development rock pile remains
1850s-1880s Washhouse Schist slab foundation remains in Lower Waste Pile Area

1859 Rittler Map/Report Documentation for Vermont Copper Mining Company (VCMC) of mine related features and associated buildings.
1861-1905 Main Adit (1861 Adit) Main haulageway
1861-1905 Upper Waste Piles 6, 7, 8, and 9 Low grade ore, 1949-50 loading platform, 1861 Adit spur road
1864-1883 Smith Ely Era Smith Ely became president of VCMC
1867-1905 Ore Roast Beds Schist slab retaining wall, 900 ft of oxidized low grade ore, collapsed shaft
1867-1905 Smelter Building Tramway embankment, retaining wall, furnace bases, building nearly 1,000 ft long, refined pig copper.
1867-1905 Slag Pile Smelter/Slag pot skull layers remain

1870s-1880s Burleigh Shaft Shaft entrance remains partially collapsed.
1877 Smoke Flue Schist slab flue, stack footing remain

1881-1905 Main Shaft Primary shaft hoist access
1882 Vermont Copper Company of NY Francis Cazin and Ely -Goddard took control of the mine

1882-pre-1902 Reservoir (Pond 1) Earthen/rubble dam on the east branch of Ely Brook. Possibly Westinghouse Era
1883 The "Ely War" Vermont Copper Company worker revolt and company collapse

Late 1800s Shaft No 4 Collapsed entrance, development rock pile remains
1883-1899 Mine Decline Mine ownership changed hands multiple times
1900-1905 Westinghouse Era Modernization of smelting process, little production

1905 End of Underground Mining Site buildings and equipment were sold, and property was stripped
1917-1918 World War I Era Flotation Mill Foundations, walls, floor slabs remain
1917-1918 Ely-Copperfield Association of NY, NY Flotation Mill constructed to reprocess 19,000 tons of mine waste piles. Mill shut down at end of WWI
1942-1950 World War II Era Assay of mine dumps. 1949-50, 60,000 tons of waste ore transported to Elizabeth Mine yielding 1.2 million pounds of copper
mid-1950s Appalachian Sulphides, Inc. Prospect drill holes completed

NH-4054-2015 Nobis Engineering, Inc.



Table 1-2
Summary of Site Investigations
Ely Copper Mine Superfund Site

OU2/OU3 Underground Workings
Vershire, Vermont

Year of 
Investigation

Principal 
Investigator Investigation Description Sampling Summary

2001 Slack and 
others

Geology and geochemistry of ore and 
rocks of VT Copper Belt

2002 USGS and 
USACE

Geochemical diversity of water 
sources in the Ely Brook Watershed

surface water sampling from seeps from mine waste areas, Ely Brook and 
tributaries, Schoolhouse Brook, and the Ompompanoosuc River

terrestrial habitats, potential wetland areas, potential terrestrial receptors
test pits and borings in waste areas
monitoring well installation

surface water samples

sediment samples 
surface and subsurface soil samples
groundwater samples

residential samples

2007 VTDEC Aquatic Life Use Attainment 
Assessment evaluation of fish and macroinvertebrate data

surface water samples
sediment samples 
porewater samples
terrestrial habitats, potential wetland areas, potential terrestrial receptors
test pits and borings in waste areas
monitoring well installation

surface water samples

sediment samples 
surface and subsurface soil samples
groundwater samples

residential samples

surface water samples and discharge measurements

borings installed to intercept mine pool

monitoring well completion

bedrock characterization - photolineament, outcrop, and borehole surveys

packer testing/sampling

monitoring well installation

monitoring well groundwater sampling

continuous groundwater level monitoring

surface water monitoring
monthly groundwater level monitoring

test pits and borings in waste areas
groundwater sampling

rock coring

installation of overburden and shallow bedrock monitoring wells

Notes:
USGS = United States Geological Survey
USACE = United States Army Corp of Engineers
VTDEC = Vermont Department of Environmental Conservation
Summary items in italics  indicate samples included in OU2/OU3 evaluations

Remedial Design Investigation - OU1Nobis2013-2015

2009 Nobis Remedial Investigation - OU1

Remedial Investigation - OU2/OU3Nobis2012-2015

2005 to 2008 URS and 
USACE Habitat characterization

2008 Techlaw Aquatic Baseline Ecological Risk 
Assessment
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Table 1-3
Summary of OU2/OU3 Groundwater Human Health Risks

Ely Copper Mine Superfund Site
OU2/OU3 Underground Workings

Vershire, Vermont

RME CTE RME CTE RME/CTE RME/CTE
Future Current Future Current/Future

Resident Resident Construction 
Worker Recreational Visitor Swimmer/Wader

Child Adult Child Adult Adolescent Adult Adolescent Adult
HI

Underground Workings Groundwater 20 10 12 6

Ely Copper Mine Surface Soil
Ely Copper Mine Total Soil
Ely Brook Sediment
Ely Brook Surface Water
Schoolhouse Brook Sediment
Schoolhouse Brook Surface Water
Ompompanoosuc River Sediment
Ompompanoosuc River Surface Water
Shallow Bedrock Site-Wide Groundwater
Deep Bedrock Groundwater Site-Wide 
Groundwater
Residential Groundwater

Notes: 

ILCR = Incremental lifetime cancer risk.
GI = gastrointestinal
HI = Hazard index.
NC = No carcinogens evaluated for this exposure point.

Red shading indicates ILCR greater than 1E-04 and/or target organ HI greater than 1.

Exposure Point

Geometric mean blood lead levels were below 
10 µg/dL for all exposure points.

HI HI

Human Health Risks Evaluated Previously in 
OU1 HHRA

Receptor Not Applicable and Not 
Evaluated in OU1 or OU2/OU3 HHRA

Receptor Not Applicable and Not Evaluated in OU1 
or OU2/OU3 HHRA

Receptor Not Applicable and Not 
Evaluated in OU1 or OU2/OU3 HHRA

Human Health Risks Evaluated 
Previously in OU1 HHRA

Human Health Risks Evaluated Previously in 
OU1 HHRA

Human Health Risks Evaluated Previously in OU1 
HHRA

Receptor Not Applicable and Not Evaluated in OU1 
or OU2/OU3 HHRA
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Table 1-4

Summary of Aquatic Ecological Risks - Ely Ponds

Ely Copper Mine Superfund Site

OU2/OU3 Underground Workings

Vershire, Vermont

Page 1 of 2

Pond 4 - At Deep Adit Discharge

Receptor 

Group
Measurement Endpoint

Weight of 

Evidence
Risk Conclusion Major Uncertainties Comments

1.A: Compare the COPEC levels in bulk 
sediment samples to conservative no 
effect and effect sediment benchmarks.

Low

It was concluded, with a high level 
of confidence, that adverse effects 
to the benthic invertebrate 
community were possible. 

The potential for eco risk may be moderately overestimated 
because the sediment benchmarks were generic and 
conservative, site bioavailability was not considered, and 
exposure concentrations were obtained by strong acid 
digestion of sediment.

Copper had the highest IR CTE effect 
HQ. The exceedance was small (HQ = 
2.2) and not expected to cause severe 
impairment.

2.A: Compare the dissolved COPEC 
levels in surface water samples to acute 
and chronic surface water benchmarks.

Low

It was concluded, with a moderate 
level of confidence, that adverse 
effects to the water column 
invertebrate community were 
possible. 

The potential for eco risk may be moderately 
underestimated, mainly because the water samples were 
collected mostly in May and June and did not include "high 
flow" events in early spring and fall. However, the surface 
water benchmarks were generic and conservative.

No IR CTE chronic HQs exceeded 1.0. 
Only copper and manganese had 
chronic IR RME HQ's above 1.0 (6.6 and 
1.7, respectively). These relatively small 
exceedances of a "worst case" exposure 
scenario are not expected to cause 
severe impairment.

Fish This receptor group was not evaluated for 
ecological risk in Pond 4. -- -- -- --

4.A: Compare the dissolved COPEC 
levels in surface water samples to acute 
and chronic surface water benchmarks.

Low

It was concluded, with a moderate 
level of confidence, that adverse 
effects to the embryo-larval stages 
of amphibians were possible. 

The potential for eco risk may be slightly underestimated, 
mainly because the surface water benchmarks did not 
account for potential low pH effects in Pond 4 during the 
breeding season. However, the surface water benchmarks 
were generic and conservative.

No IR CTE chronic HQs exceeded 1.0. 
Only copper and manganese had 
chronic IR RME HQ's above 1.0 (6.6 and 
1.7, respectively). These small 
exceedances of a "worst case" exposure 
scenario are not expected to cause 
severe impairment.

4.B: Evaluate survival and growth in 
neonates of the fathead minnow 
(Pimephales promelas , used as 
surrogates for the embryo-larval life 
stages of amphibians) exposed in the 
laboratory for seven days to surface water 
samples.

Medium
It was concluded that adverse 
effects to the embryo-larval stages 
of amphibians were present.

The potential for eco risk may be moderately 
underestimated, mainly because the water samples were 
collected over three days in late June and did not represent 
the full exposure potential during the amphibian breeding 
season (May-June). Metal precipitation in the test water 
may also have decreased toxicity.

Only 20% of the fathead minnow 
neonates survived the seven-day 
exposure to Pond 4 surface water.

4.C: Evaluate in-situ survival and 
development of wood frog eggs and 
tadpoles collected from an off-site 
reference locations and transferred to the 
on-site ponds.

High
It was concluded that adverse 
effects to the embryo-larval stages 
of amphibians were present.

The potential for eco risk may be moderately 
underestimated, mainly because the physical and chemical 
conditions inside the Nytex cages may have caused some 
of the dissolved metals to precipitate out or bind to organic 
matter. On the other hand, the exposure was realistic (in-

situ  in early May) and used a local amphibian species.

Hatching success was no different from 
that observed in the reference Ponds. 
However, survival of wood frog tadpoles 
exposed for eight days to Pond 4 surface 
water was poor.

Amphibians

OVERALL RISK CONCLUSION Severe ecological risk to the embryo-larval stages of amphibians is expected in Pond 4.

OVERALL RISK CONCLUSION Minor ecological risk to the benthic invertebrate community is expected in Pond 4.

Water 
Column 
Invertebrates

OVERALL RISK CONCLUSION Minor ecological risk to the water column invertebrates is expected in Pond 4.

Benthic 
Invertebrates
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Table 1-4

Summary of Aquatic Ecological Risks - Ely Ponds

Ely Copper Mine Superfund Site

OU2/OU3 Underground Workings

Vershire, Vermont

Page 2 of 2

Pond 5 - Downgradient of Deep Adit Discharge

Receptor 

Group
Measurement Endpoint

Weight of 

Evidence
Risk Conclusion Major Uncertainties Comments

1.A: Compare the COPEC levels in bulk 
sediment samples to conservative no 
effect and effect sediment benchmarks.

Low

It was concluded, with a high level 
of confidence, that adverse effects 
to the benthic invertebrate 
community were possible. 

The potential for eco risk may be moderately overestimated 
because screening benchmarks are generic and 
conservative; site bioavailability was not considered, and 
the exposure concentrations were obtained by strong acid 
digestion of sediment.

Copper had the highest IR CTE effect 
HQ. The exceedance equaled 23 and 
was expected to cause severe 
impairment.

2.A: Compare the dissolved COPEC 
levels in surface water samples to acute 
and chronic surface water benchmarks.

Low

It was concluded, with a high level 
of confidence, that adverse effects 
to the water column invertebrate 
community were possible. 

The potential for eco risk may be moderately 
underestimated, mainly because the water samples were 
collected mostly in May and June and did not include "high 
flow" events. However, the benchmarks were generic and 
conservative.

Copper had the highest IR CTE chronic 
HQ. The exceedance equaled 45 and 
was expected to cause severe 
impairment.

Fish This receptor group was not evaluated for 
ecological risk in Pond 5. -- -- -- --

4.A: Compare the dissolved COPEC 
levels in surface water samples to acute 
and chronic surface water benchmarks.

Low

It was concluded, with a high level 
of confidence, that adverse effects 
to the embryo-larval stages of 
amphibians were possible. 

The potential for eco risk may be slightly underestimated, 
mainly because the surface water benchmarks did not 
account for potential low pH effects in Pond 5 during the 
breeding season. However, the surface water benchmarks 
were generic and conservative.

Copper had the highest IR CTE chronic 
HQ. The exceedance equaled 45 and 
was expected to cause severe 
impairment.

4.B: Evaluate survival and growth in 
neonates of the fathead minnow 
(Pimephales promelas , used as 
surrogates for the embryo-larval life 
stages of amphibians) exposed in the 
laboratory for seven days to surface water 
samples.

Medium
It was concluded that adverse 
effects to the embryo-larval stages 
of amphibians were present.

The potential for eco risk may be moderately 
underestimated, mainly because the water samples were 
collected over three days in late June and did not represent 
the full exposure potential during the amphibian breeding 
season (May-June). Metal precipitation in the test water 
may also have decreased toxicity.

None of the fathead minnow neonates 
survived the seven-day exposure to 
Pond 5 surface water.

4.C: Evaluate in-situ survival and 
development of wood frog eggs and 
tadpoles collected from an off-site 
reference locations and transferred to the 
on-site ponds.

High
It was concluded that adverse 
effects to the embryo-larval stages 
of amphibians were present.

The potential for eco risk may be moderately 
underestimated, mainly because the physical and chemical 
conditions inside the Nytex cages could have caused some 
of the dissolved metals to precipitate out or bind to organic 
matter. On the other hand, the exposure was realistic (in-

situ  in early May) and used a local amphibian species.

Hatching success was no different from 
that observed in the reference Ponds. 
However, 100% of the tadpoles died 
within a few days of hatching.

Notes:

1. COPEC = contaminant of potential concern; CTE = central tendency exposure; HQ = hazard quotient; IR = incremental risk; RME = reasonable maximum exposure
2. Aquatic ecological risks were not evaluated for the following receptor groups: fish, insectivorous birds, insectivorous mammals, piscivorous birds, piscivorous mammals

Benthic 
Invertebrates

OVERALL RISK CONCLUSION Severe ecological risk to the benthic invertebrate community is expected in Pond 5.

Water 
Column 
Invertebrates

OVERALL RISK CONCLUSION Severe ecological risk to the water column invertebrate community is expected in Pond 5.

Amphibians

OVERALL RISK CONCLUSION Severe ecological risk to the embryo-larval stages of amphibians is expected in Pond 5.
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Table 1-5
Adit Discharge Surface Water Hazard Quotients

Ely Copper Mine Superfund Site
OU2/OU3 Underground Workings

Vershire, Vermont

Main Adit Surface Water Aquatic Hazard Quotients

Surface water contaminant of 
Concern

Average Metals Concentration 
(µg/L) Hazard Quotient 1

Aluminum 3,431                                             39                                             
Cadmium 2.2                                                 2.0                                            
Copper 1,720                                             200                                           
Zinc 418                                                3.9                                            

Deep Adit Surface Water Aquatic Hazard Quotients

Surface water contaminant of 
Concern

Average Metals Concentration 
(µg/L) Hazard Quotient 1

Aluminum 21,970                                           253                                           
Cadmium 12                                                  11                                             
Copper 9,620                                             1,119                                        
Nickel 86                                                  1.7                                            
Zinc 1,660                                             16                                             

Notes:
1. Based on ratio of detected concentration to the concentration 
considered protective of aquatic organisms.
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Table 2-1
Summary of Location-Specific ARARs

Ely Copper Mine Superfund Site
OU2/OU3 Underground Workings

Vershire, Vermont
Page 1 of 2

REQUIREMENT STATUS REQUIREMENT SYNOPSIS 

Vermont State Land Use and Development 
Plans Law (Act 250), 10 V.S.A. Chapter 151; 
Natural Resource Board Act 250 Rules 

Applicable 

Issues to be addressed in assessing compliance with Act 250 include substantive 
environmental and facility siting requirements necessary to demonstrate that the 
activity:  
• will not result in undue water and air pollution, including construction-related 
dust (criterion 1);
• will protect headwaters (criterion 1(A)); 
• will meet all standards for disposal of wastes (criterion 1(B));
• will protect floodways (criterion 1(D)); 
• will, whenever feasible, maintain the natural condition of streams (criterion 
1(E)); 
• will not violate the rules relating to wetlands (Class Three) (criterion 1(G));
• will not cause unreasonable soil erosion (criterion 4);
• will not have an undue adverse effect on the scenic or natural beauty of the 
area, aesthetics, historic sites, rare and irreplaceable natural areas (criterion 8);
• will not destroy or significantly imperil necessary wildlife habitat or any 
endangered species (criterion 8(A));  
• extraction of earth resources will not have an unduly harmful impact upon the 
environment or surrounding land uses and development and upon completion of 
the extracting or processing operation the site will be left in a condition suited for 
an approved alternative use or development (criterion 9 (E));
• will be designed and operated to conserve energy, to the extent practicable 
(criterion 9(F)); and 
• will protect public investments (roads) (criterion 9(K)). 

Regulation of Stream Flow Act, 10 V.S.A. 
Chapter 41; Stream Alteration Rule, Env. 
Prot. R. Ch. 27,  § 27-101 through 27-706

Applicable 
Regulates and permits activities that interrupt the natural flow of water in 
watercourses to protect against damage to aquatic life, prevent creation of flood 
hazards, and protect from damaging the rights of riparian owners. 

Vermont Historic Preservation Law, 22 
VSA § 743(4), 761, 763, and 767.  

Relevant and 
Appropriate

Places controls on actions conducted by the state that may impact historic, 
scientific, or archaeological sites and data.

Vermont Protection of Endangered Species 
Act,  10 V.S.A. Chapter 123

Applicable for 
Listed Species

This statute outlines the definition of endangered and threatened and the species 
listed as endangered or threatened.  The statute prohibits the taking, possession 
or transport of wildlife or plants that are members of an endangered or threatened 
species without complying with the Act.  Bat species that may occur on the Site 
that are listed as threatened or endangered species in Vermont: the Eastern 
Small-Footed Bat, Tri-colored Bat, Little Brown Bat, Indiana Bat and the Northern 
Long-eared Bat.

Vermont ANR Guidance on Riparian Buffers 
(December 9, 2005) 

To Be 
Considered

This guidance provides technical information on the functions and values of 
riparian buffers, as well as describing acceptable activities within buffer zones.  It 
recommends the establishment of 100 foot buffer zones to streams under 
circumstances where there is an increased risk of erosion and/or potential for 
overland flow of pollutants. Where Class II wetlands are contiguous to a 
waterbody, buffer widths of greater than  50 feet may be recommended based on 
case-specific application of this Guidance. This Guidance will also be used to 
recommend buffers for Class III wetlands contiguous to waterbodies as 
necessary to maintain the functions and values of the riparian area.

STATE ARARs and TO BE CONSIDERED GUIDANCES
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Table 2-1
Summary of Location-Specific ARARs

Ely Copper Mine Superfund Site
OU2/OU3 Underground Workings

Vershire, Vermont
Page 2 of 2

REQUIREMENT STATUS REQUIREMENT SYNOPSIS 

Floodplain Management and Protection of 
Wetlands, 44 C.F.R. 9

Relevant and 
Appropriate

Remedial alternatives that may cause alteration within a 500-year 
floodplain/cause negative impacts to downstream floodplain or that will cause 
alteration of  federal jurisdictional wetlands/aquatic habitats will be implemented 
in compliance with these relevant and appropriate FEMA standards (which 
promulgate requirements under Executive Order 11988 (Floodplain Management) 
and Executive Order 11990 (Protection of Wetlands)).  Prohibits activities that 
adversely affect a federally-regulated wetland unless there is no practicable 
alternative and the proposed action includes all practicable measures to minimize 
harm to wetlands that may result from such use.  

Federal Endangered Species Act of 1973 
(ESA), 16 U.S.C. 1531 et seq .; 33 C.F.R. 
Part 320 

To Be 
Considered 

The purpose of the ESA is to “conserve the ecosystems upon with threatened 
and endangered species depend” and to conserve and recover listed species.  
Federal agencies must consult with the U.S. Fish and Wildlife Service to ensure 
that the actions they authorize, fund, or carry out will not jeopardize listed 
species.  The law provides for critical habitat designations for listed species.  
Critical habitat designations affect Federal agency actions and federally funded or 
permitted activities.  The northern long-eared bat is listed as federally threatened 
and the Indiana bat is listed as federally endangered. Both may be located at the 
Site. 

National Historic Preservation Act (NHPA), 
Section 106, 16 U.S.C. 470 et seq., 36 
C.F.R. Part 800 

Applicable 

Section 106 of the NHPA of 1966 requires EPA to take into account the effect of 
all of its actions on historic properties in consultation with the State Historic 
Preservation Officer (SHPO).  A determination  has been made that the Ely Mine 
Site eligible for the National Register.  The consultation is to identify potential 
adverse effects on historic properties and seek ways to avoid, minimize or 
mitigate any such effects on historic properties. 

Archeological and Historic Preservation Act, 
16 U.S.C. 469 et seq ., 36 C.F.R., Part 65 Applicable 

This standard requires that, whenever any federal agency finds or is made aware 
that its activity in connection with any construction project or federally licensed 
project, activity, or program may cause irreparable loss or destruction of 
significant scientific, pre-historical, historical, or archeological data such agency 
shall undertake the recovery, protection, and preservation of such data or notify 
the Secretary of the Interior.  The undertaking could include a preliminary survey 
(or other investigation as needed) and analysis and publication of the reports 
resulting from such investigation. 

FEDERAL ARARs and TO BE CONSIDERED GUIDANCES
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Table 2-2
Summary of Chemical-Specific ARARs

Ely Copper Mine Superfund Site
OU2/OU3 Underground Workings

Vershire, Vermont

REQUIREMENT STATUS REQUIREMENT SYNOPSIS 

Vermont Water Quality Standards,  VT Env. Prot. R. 
Chapter 29(a), Ch. 1, 2, and 3 and Appendix C and D 

Relevant and 
Appropriate

This document provides human and ecological health-based criteria for 
surface water, including solids, alkalinity, pH, and toxic substances.

Groundwater Protection, 10 V.S.A. Ch 48, 
Groundwater Rule and Strategy, VT Env. Prot. R. Ch. 
12,  Appendix One, Table 1 Primary Groundwater 
Protection Standards 

WAIVED Primary groundwater protection standards for manganese are waived for 
the area within the TI Zone.

Clean Water Act (CWA) National Recommended 
Water Quality Criteria, 40 C.F.R. § 122.44

Relevant and 
Appropriate

These standards were used to develop numerical standards for the 
protection of aquatic biota quality for surface water and sediment at and 
downstream of the compliance points.

EPA National Recommend Water Quality Criteria 
(guidance) - EPA 822-R-02-047 (EPA 2002)

To Be 
Considered

This guidance regarding the NRWQC is based on data and scientific 
judgments about the relationship between pollutant concentrations and 
environmental effects.  The guidance was considered in the establishment 
of site-specific cleanup levels and delineation criteria for surface water 
when Vermont Water Quality Standards were not available.

Proposed Guidelines for the Clean-Up of 
Contaminated Sites in Ontario (Ministry of 
Environment and Energy of Ontario [MOE], 1994) 

To Be 
Considered 

This guidance document lists surface water and sediment criteria that are 
considered protective for aquatic organisms. 

Preliminary Remediation Goals for Ecological 
Endpoints , Efroymson et al., August 1997 

To Be 
Considered 

This technical memorandum was prepared to present recommended 
preliminary remediation goals (PRGs) for surface water, sediment and soil 
for ecological endpoints for risk assessments and decision making at 
CERCLA sites. 

STATE ARARs

FEDERAL ARARs
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Table 2-3
Summary of Action-Specific ARARs

Ely Copper Mine Superfund Site
OU2/OU3 Underground Workings

Vershire, Vermont
Page 1 of 2

REQUIREMENT STATUS REQUIREMENT SYNOPSIS 

Vermont Water Quality Standards, VT Env. 
Prot. R. Ch. 29(A),  Ch. 1, 2, and 3 and 
Appendix C and D (October 2014)

Applicable Establishes water quality standards for surface waters and applies to alternatives 
that call for monitoring surface water bodies on and off of the Site.  

Vermont Pollution Control Act, 10 V.S.A. 
Ch. 47; Water Pollution Control Permit 
Regulations, VT Env. Prot. R. Ch. 13  

Applicable 

The regulations stipulate requirements for discharges to surface waters, 
compliance with NPDES standards, and meeting stormwater management 
requirements.  Water displaced from Underground Workings during remedial 
activities (such as filling) may require treatment prior to discharge to surface 
waters.

Groundwater Protection, 10 V.S.A. Ch 48, 
Groundwater Rule and Strategy, VT Env. 
Prot. R. Ch. 12,  Appendix One, Table 1 
Primary Groundwater Protection Standards 

Applicable 
Establishes monitoring standards for groundwater at the TI Zone compliance 
boundary.  Also the basis for ICs to prevent groundwater use within the TI Zone 
and to restrict well installation in the well-restriction zone.

Vermont Stormwater Management Act, 10 
V.S.A. § 1263 and §1264; Vermont 
Stormwater Management Rule, VT Env. 
Prot. R. Ch. 18

Applicable if over 
1 acre of 

impervious 
surface created; 

Relevant and 
Appropriate if 

less than 1 acre 
of impervious 

surface created

Activities that create more than one acre of impervious surfaces, including roads 
and expansions to existing impervious surfaces that result in a total of one acre of 
impervious surfaces or more must implement measures to address the storm-
water from the impervious surfaces.

Vermont Waste Management Act, 10 
V.S.A. Chapter 159; Hazardous Waste 
Management Regulations, VT Env. Prot. 
R. Ch. 7 

Applicable 

Establishes requirements for the identification and management of hazardous 
waste.  These regulations apply to solutions having pH less than 2 or 
contaminated media that exceeds toxicity standards under these regulations. 
Treatment media or any other wastes that are disposed of off-site will be tested to 
determine if it exceeds the standards to be managed and disposed of as 
hazardous waste.   Incorporates requirements of the federal Resource 
Conservation and Recovery Act regulations, 40 C.F.R. 264.  

Vermont Air Pollution Control Act, 10 
V.S.A. Ch. 23; Air Pollution Control 
Regulations, VT Env. Prot. R. Ch. 5

Applicable
Establishes standards for air pollution prevention, abatement and control.  List 
prohibited activities and establishes primary and secondary ambient air quality 
standards for specific pollutants.  Includes dust control standards.  

Underground Injection Control 
Regulations, VT Env. Prot. R. Ch. 11

Relevant and 
Appropriate

These standards regulate disposal systems or any bored, drilled, or driven shaft, 
dug hole, or any other opening in the ground that is used to discharge waste 
(where "waste" is defined as "any substance or material that flows or moves 
whether in a semi-solid, liquid or other state), either under pressure or gravity, to 
the soil or groundwater.   Standards to protect groundwater are relevant and 
appropriate to alternative components that involve injecting grout or other 
substances into the Underground Workings.

Vermont Handbook for Erosion Prevention 
and Sediment Control  (VTDEC, 2006) 

To Be 
Considered 

A compilation of information from various sources released by the Vermont 
Department of Environmental Conservation for use in developing the erosion 
prevention and sediment control plans required for construction-related 
stormwater discharge permitting. 

Federal Safe Drinking Water Maximum 
Contaminant Levels (MCLs) and Maximum 
Contaminant Level Goals (MCLGs), 
National Primary Drinking Water 
Regulations, 40 C.F.R. Parts 141.11 – 
141.16 and 141.50 – 141.53 

Relevant and 
Appropriate for 
MCLs and non-

zero MCLGs only 

These standards may be used as monitoring standards for groundwater at the TI 
Zone compliance boundary.

Resource Conservation and Recovery Act, 
42 U.S.C. § 6901 et seq. ; 40 C.F.R. Part 
264 

Applicable Vermont is delegated to implement these standards through its Hazardous Waste 
Management Regulations (see above). 

STATE ARARs and TO BE CONSIDERED GUIDANCES

FEDERAL ARARs and TO BE CONSIDERED GUIDANCE
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Table 2-3
Summary of Action-Specific ARARs

Ely Copper Mine Superfund Site
OU2/OU3 Underground Workings

Vershire, Vermont
Page 2 of 2

REQUIREMENT STATUS REQUIREMENT SYNOPSIS 

Federal Clean Water Act, 33 U.S.C. § 
1251 et seq. ; National Recommended 
Water Quality Criteria (NRWQC), 40 
C.F.R. Part 122.44

Relevant and 
Appropriate 

These standards are used to develop numerical and biological water quality 
standards for monitoring surface water quality.   Monitoring will ensure that 
source control remedies at the Site are preventing metals and ARD from 
migrating to surface waters and exceeding the waterways' water quality 
standards.

Federal Clean Water Act, Section 402, 33 
U.S.C. § 1342; National Pollution 
Discharge Elimination System (NPDES) 40 
CFR 122-135, 131

Applicable

These regulations contain discharge limitations, monitoring requirements, and 
best management practices (BMPs) for discharges into navigable waters, i.e., 
surface waters. These regulations would be applicable to remedial strategies 
involving discharge to surface waters.  

Federal Clean Water Act, § 1342; 
Stormwater Requirements for Construction 
Sites; 40 C.F.R. 122.26 

Applicable if over 
1 acre of 

impervious 
surface created; 

Relevant and 
Appropriate if 

less than 1 acre 
of impervious 

surface created

Regulates stormwater discharge from construction activity including clearing, 
grading and excavation for operations that result in the disturbance of over one 
acre of total land area.   The standards are relevant and appropriate for 
alternatives that will disturb less than an acre of land.

Groundwater Injection Standards, 40 
C.F.R.  §§ 144, 146, 147

Relevant and 
Appropriate

These standards regulate disposal systems or any bored, drilled, or driven shaft, 
dug hole, or any other opening in the ground that is used to discharge waste 
(where "waste" is defined as "any substance or material that flows or moves 
whether in a semi-solid, liquid or other state), either under pressure or gravity, to 
the soil or groundwater.   Standards to protect groundwater are relevant and 
appropriate to alternative components that involve injecting grout or other 
substances into the Underground Workings.

EPA Risk Reference Doses (RfDs) To Be 
Considered 

RfDs are estimates of daily exposure levels that are unlikely to cause significant 
adverse non-carcinogenic health effects over a lifetime.  Used to establish risk-
based standards for preventing exposure to groundwater within the TI Zone. 
Human health risks were not identified for surface water exposure.

EPA Carcinogen Assessment Group, 
Cancer Slope Factors (CSFs)

To Be 
Considered 

CSFs are used to compute the incremental cancer risk from exposure to 
contaminants and represent the most up-to-date information on cancer risk from 
EPA's Carcinogen Assessment Group.  Used to establish risk-based standards 
for preventing exposure to groundwater within the TI Zone. Human health risks 
were not identified for surface water exposure.

Guidelines for Carcinogen Risk 
Assessment  EPA/630/P-03/001F (March 
2005)

To Be 
Considered 

Guidance for assessing cancer risk. Used to establish risk-based standards for 
preventing exposure to groundwater within the TI Zone. Human health risks were 
not identified for surface water exposure.

Supplemental Guidance for Assessing 
Susceptibility from Early-Life Exposure to 
Carcinogens EPA/630/R-03/003F  (March 
2005) 

To Be 
Considered

Guidance of assessing cancer risks to children.  Used to establish risk-based 
standards for preventing exposure to groundwater within the TI Zone. Human 
health risks were not identified for surface water exposure.

Health Advisories (EPA Office of Drinking 
Water)

To Be 
Considered 

Health Advisories are estimates of risk due to consumption of contaminated 
drinking water; they consider non-carcinogenic effects only. Used to establish risk-
based standards for preventing exposure to groundwater within the TI Zone. 
Human health risks were not identified for surface water exposure.  The Health 
Advisory standard for manganese is 0.3 ppm.  
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Table 2-4
Preliminary Remediation Goals
Ely Copper Mine Superfund Site

OU2/OU3 Underground Workings
Vershire, Vermont

OU2/OU3 Maximum 
Detected 

Concentration9

Average 
Background 

Concentration10

Preliminary 
Remediation Goal/

Performance 
Standards

Basis for cleanup level

22.3 J 0.7 6 HHRA1

132,000 131 14,000 HHRA1

2,460 3 300 VTGWES2

27,700 82 87 NRWQC 3

13.7 ND 1.1 VTWQC 4,5

9.4 1.20 11 VTWQC
11,200 2.4 8.6 BERA 6

15,900 102 1,000 NRWQC 3

105 0.61 52 NRWQC 3,5

2,120 150 106 VTWQC
3.09 7.41 6.5-8.5 VTWQC

1. HHRA = site-specific risk-based standard based on EPA Regional Screening Level, Resident Tapwater (TR = 1E-6, HQ = 1), November 2014.
2. VTGWES = Vermont Interim Primary Groundwater Enforcement Standard, March 18, 2015.
3. NRWQC = National Recommended Water Quality Criteria. 2009.  
4. VTWQC = Vermont Water Quality Criteria. Dec. 2011.
5. Interim clean-up level adjusted for hardness based on VTWQC Appendix C or NRWQC note E.  assumes hardness = 100 mg/L.
6.

7. ND = non-detect with the average detection limit shown in parentheses.
8. Value displayed for pH reflects minimum detected OU2/OU3 surface water value.
9.

10.

11. Performance Standards apply to groundwater analytes; Preliminary Remediation Goals apply to surface water analytes.

Analyte

Groundwater (µg/L)
Cobalt

Iron

Copper
Iron

Nickel

Manganese

Surface Water (µg/L)
Aluminum
Cadmium
Chromium

 Background concentrations determined from the completed monitoring well total metals/geochemistry results from MW-UP1 (August and 
November 2014). Background surface water concentration based on values from OU1 FS, Table 2-4.

Maximum detected concentration for groundwater based on mine pool concentrations only. Maximum detected surface water concentration 
based on 2007-2014 maximum value for 1850s Pollard Adit, Deep Adit, and Main Adit.

Zinc

pH8

Notes:

BERA = recommended aquatic BERA site-specific interim clean-up level adjusted for hardness = 9 µg/L x CF, CF = 0.96 (EPA National 
Recommended Water Quality Criteria: Appendix A. 2009.)
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Table 2-5
Remedial Action Objectives

Ely Copper Mine Superfund Site
OU2/OU3 Underground Workings

Vershire, Vermont

Human Health Ecological and Environmental Protection
Prevent potential exposure from ingestion/dermal contact by a 
current or future resident to concentrations of contaminants in 
excess of ARAR and risk-based standards within the compliance 
boundary for the TI Zone.
Prevent migration of site contaminants in groundwater from beyond 
the edge of the compliance boundary of the TI Zone.

Surface Water
Main Adit 

discharge, Deep 
Adit discharge

No significant human health risks identified.

Prevent the discharge from the Underground Workings 
from causing Pond 4, Pond 5, Ely Brook and its 
perennial tributaries to fail to comply with Vermont’s 
numerical and biological criteria for a Class B surface 
water and Class B numerical criteria.

Minimize any impacts from the 
cleanup action to state or federally 
threatened or endangered bats and 

features of historic significance 
within OU2/OU3.

Media Area of Impact Remedial Action Objectives Alternative Considerations

Minimize any impacts from the 
cleanup action to state or federally 
threatened or endangered bats and 

features of historic significance 
within OU2/OU3.

No significant ecological and environmental protection 
risks identified.

Main Shaft Mine 
PoolGroundwater
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Table 2-6
Estimated Areas and Volumes of Groundwater and Surface Water Discharges

Ely Copper Mine Superfund Site
OU2/OU3 Underground Workings

Vershire, Vermont

Length (ft) Average 
Width (ft)

Average 
Height (ft) Area (ft2) Volume (ft3)

Volume 
(gallons)

Estimated 
Recharge/
Discharge 
Rate (gpm)

Annual 
Recharge/
Discharge 
(gallons)

2,972 146 10 433,389 4,333,887 32,417,476 5.4 2,838,240

Length (ft) Average 
Width (ft)

Average 
Height (ft) Area (ft2) Volume (ft3)

Adit Volume 
(yd3)

Estimated 
Recharge/
Discharge 
Rate (gpm)

Annual 
Recharge/
Discharge 
(gallons)

712 7 6 4,985 29,912 1,108 1.8 946,080
893 7 6 6,251 37,506 1,389 3.3 1,734,480
608 7 6 4,256 25,536 946 3.3 1,734,480

285 7 6 1,995 11,970 443 N/A N/A

Length (ft) Average 
Width (ft)

Average 
Height (ft) Area (ft2) Volume (ft3)

Adit Volume 
(yd3)

Estimated 
Recharge/
Discharge 
Rate (gpm)

Annual 
Recharge/
Discharge 
(gallons)

426 300 12 127,777 1,533,329 56,790 N/A N/A

Notes:
1.
2. Surface water discharge rate based on average measured discharge from 07/14 to 07/15.

Main Adit
Deep Adit

Pollard Adit Section

Major Section

Main Shaft Underground Workings - Air Filled

Total Main Shaft Area
   (includes Pollard Shaft)

Groundwater

Main Shaft - Mine Pool

Surface Water Discharges

Groundwater discharge rate based on groundwater zone of contribution x annual recharge rate of 10 inches/year.
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Table 2-7
Surface Water Contaminant Mass Discharge

Ely Copper Mine Superfund Site
OU2/OU3 Underground Workings

Vershire, Vermont

Deep Adit - Estimated Annual Metals Flux

(kg/day) (kg/year) (kg/day) (kg/year)

Aluminum 21.97 0.95 345 0.40 144
Cadmium 0.012 5.2E-04 0.19 2.2E-04 0.079
Copper 9.62 0.41 151 0.17 63
Iron 0.768 0.033 12 0.014 5.0
Nickel 0.0858 3.7E-03 1.3 1.5E-03 0.56
Zinc 1.66 0.071 26 0.030 11

Main Adit - Estimated Annual Metals Flux

(kg/day) (kg/year) (kg/day) (kg/year)

Aluminum 3.43 0.21 75 0.034 12.3
Cadmium 0.0022 1.3E-04 0.05 2.1E-05 7.70E-03
Copper 1.72 0.10 38 0.017 6.2
Iron 0.30 0.018 6.6 0.0030 1.08
Nickel 0.025 1.5E-03 0.55 2.5E-04 0.090
Zinc 0.42 0.03 9.1 0.0041 1.5

Estimated Adit Discharge 
Rates Deep Adit Main Adit Units

observed maximum flow rate 7.9 11 gpm
observed average flow rate 3.3 1.8 gpm

Notes:
1. mg/L = milligrams per liter, gpm = gallons per minute, kg = kilogram.
2. Concentrations from estimated average dissolved metals for the Deep Adit and Main Adit.

Metals

Metals

Parameter
Average Metals 
Concentration 

(mg/L)

Mass Discharge  - Main Adit
Observed Maximum Observed Average

Parameter
Average Metals 
Concentration 

(mg/L)

Mass Discharge  - Deep Adit
Observed Maximum Observed Average
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Table 2-8
Applicable Treatment Technologies 

Ely Copper Mine Superfund Site
OU2/OU3 Underground Workings

Vershire, Vermont

 General Technology  Mine Pool 
Groundwater

Adit Discharge 
Surface Water

No-Action  X X

Institutional Controls  X

Monitored Natural Recovery  X X

Surface Controls  X X

Capping Systems  X X

Excavation/Dredging  

Land Disposal  

Ex-Situ Physical or Chemical Treatment  X X

In-Situ Physical or Chemical Treatment  X X

Notes:
"x" indicates that the General Technology is applicable to the media listed and will be selected for 
alternative screening.

Treatment

Removal and Disposal

Containment

Limited Action
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Table 2-9
Screening of Potential Treatment Options for Mine Pool Groundwater
Ely Copper Mine Superfund Site
OU2/OU3 Underground Workings
Vershire, Vermont
Page 1 of 2

Capital O&M

No Action No Action No action

The "No Action" GRA is required in accordance with CERCLA and NCP to serve as 
a baseline comparison for other GRA technologies.  The "No Action" alternative 
includes only scheduled 5-Year Reviews to assess the alternative effectiveness and 
compliance with OU2/OU3 UW PRGs.  It does not include any active or passive 
treatment of media, institutional controls, or monitoring.

The alternative does not address the RAOs developed for the OU2/OU3 UW.  Implementable.

Yes

(Required by 
CERCLA/NCP)

(Required by CERCLA/NCP)

Land use 
restrictions

Land use restrictions would be used to prevent certain use and activities such as 
residential building or recreational use.  The restrictions would be included in the 
chain of title/deed for the property and would continue into the future regardless of 
change in ownership or zoning in the vicinity of the Site.  

The alternative does not address the RAOs developed for the OU2/OU3 UW, 
and although the Land Use Restriction is in place, the technology does not 
physically prevent the exposure to human receptors.   However, the 
technology could be used in conjunction with other technologies in a larger 
system.

Low Low
Although this process option would not achieve the 

RAOs, it may be included as part of a more 
comprehensive alternative

Access 
controls

Engineered controls include restricting access to the OU2/OU3 UW area but does 
include treating the waste material with any physical or chemical processes.  
Fencing, signage, and security patrols could be utilized.  Fencing would minimize 
human and animal access and warning signs would alert people to the specific 
OU2/OU3 UW hazards located within the fence.  Security patrols would deter 
vandalism and unauthorized access to the OU2/OU3 UW and would notify EPA of 
breaches in the controls.

The alternative does not address the RAOs developed for OU2/OU3 UW, but 
it would be effective in reducing the access to the OU2/OU3 UW area.  
OU2/OU3 UW is relatively large, however, and the fence would have to 
extend to  around the entire property with gates located at all access points.  
Due to the remoteness of OU2/OU3 UW, it would be difficult to completely 
prevent vandalism and unauthorized access by humans and/or animals.

Low Low
Although this process option would not achieve the 

RAOs, it may be included as part of a more 
comprehensive alternative

Monitored 
natural 

attenuation

MNA uses naturally occurring processes such as dilution, volatilization, and sorption 
to address contamination. While MNA cannot degrade metals, it may transform 
them into phases that pose relatively low risk to potential receptors. Precipitation, 
sorption onto solid particles or into the rock matrix, and incorporation into organic 
matter reduce the mobility and bioavailability of metals and other inorganic 
contaminants. Redox reactions can transform some inorganic contaminants into less 
soluble, and therefore less mobile, and/or less toxic forms.

Natural processes could be used to attenuate the contaminants of concern. 
However, to be fully effective the source of contamination needs to be 
eliminated to prevent further contamination. This would not meet the RAOs in 
a reasonable timeframe.

Low Low
Although this process option would not achieve the 

RAOs, it may be included as part of a more 
comprehensive alternative

Slurry walls

Slurry walls are typically constructed by either filling a trench or injecting slurry into 
space created by a vibrating beam. The hardened slurry acts as a low-permeability 
barrier to groundwater flow. The slurry wall usually keyed into a unit capable of 
acting as an aquitard in order to keep groundwater and contamination from flowing 
under the slurry wall. Slurry walls are often used with capping systems to impede 
vertical and horizontal groundwater movement.

Slurry wall effectiveness depends on the ability to install the structure into the 
media and key it into a base impervious layer. Water containment into the UW 
would require lateral bedrock flow cutoff wall installations within deep zones of 
the surrounding bedrock (i.e. up to 1300 feet below ground surface and 
extending for thousands of feet on the surface). Therefore, slurry walls would 
not be feasible in containing groundwater and would not meet the RAOs.

Not implementable. High Low No

Slurry walls would not be implementable as a remedial 
technology to address containment of groundwater into 

the UW because of the requirement to create a flow 
barrier within the deep bedrock. There are no reasonably 

available means which could allow for installation of a 
slurry wall in this situation.

Grout curtain
A grout curtain is constructed by injecting grout into soil pore spaces or rock 
fractures via high-pressure injection points that are drilled into the geologic media. 
The emplaced grout solidifies, reducing the matrix hydraulic conductivity. 

Grout curtain effectiveness depends on distribution of grout into pore spaces 
and fractures to cut off infiltration, and the ability to key the curtain into an 
impermeable layer. Grout could be injected into fractures within the bedrock 
adjacent to the UW; however, verification of effectiveness would require 
significant effort using advanced technologies. Groundwater could still enter 
the mine through seepage through the roof and floor; therefore, this 
technology would need to be combined with others to achieve RAOs.

Not implementable. High Low No

A grout curtain would not be implementable as a 
remedial technology to address groundwater 

containment within the UW because of the requirement 
to create a grout curtain to the required depth (up to 

1300 feet deep) required for this application.

Solidified 
Barrier

Solid material (such as aggregate) is injected/poured into the open space in a series 
of boreholes to create a "ridge" of material. Grout may then be injected to the top of 
the material in order for it to solidify. Several of these barriers may be installed to 
minimize the open flow of groundwater.

The effectiveness of the barrier would depend on the amount of material 
which could be added to fill the open void. The barrier would not be keyed into 
rock, and therefore may allow underflow and overflow. The mine pool would 
remain in place and could potentially serve as a source of contamination to the 
surrounding bedrock.

Implementable. High Low No
Although the technology would be implementable, it 

would be difficult and likely not very effective; therefore, it 
is not retained for further consideration.

Sheet piling
A sealable joint sheet piling system is constructed by driving a sheet pile wall to the 
target depth, typically keying the sheet piling into a unit which is capable of acting as 
an aquitard.

This technology would not be effective because it cannot be used for bedrock. Not implementable. High Low No Sheet piling would not be implementable, and it cannot 
be installed in bedrock.

Isolation/ 
encapsulation

Grout 
placement

Grout is used to isolate source material from contact with groundwater. Grout could 
be installed by injection points drilled from the surface along the alignment of the 
UW.  In order to ensure that ARD sources were completely isolated from water and 
oxygen, the entire workings would be backfilled.

Grout would eliminate or significant limit contact of source material with 
groundwater and atmospheric oxygen, thereby significantly reducing or 
eliminating the potential for ARD generation. The use of grout may also raise 
the pH of seepage, which could further immobilize metals.

Implementable. High Low - 
Moderate Yes

Safety and structural issues prevent mine entry to 
implement the technology.  However, the technology 

exists to grout the UW from the surface.  Additional pre-
remedial investigation could be required to confirm the 

location and orientation of the UW at depth. Large 
volumes of grout would be required for implementation. 

Significant infrastructure would also be required. 

Institutional 
ControlsLimited Action

Vertical 
Barriers

Retained For 
Further 

Consideration
Notes

Cost
Effectiveness

Containment

Description Process 
OptionTechnology

General 
Response 

Action

Low

Implementability

Yes 

(as component in 
larger system)

Implementable.
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Table 2-9
Screening of Potential Treatment Options for Mine Pool Groundwater
Ely Copper Mine Superfund Site
OU2/OU3 Underground Workings
Vershire, Vermont
Page 2 of 2

Capital O&M

Retained For 
Further 

Consideration
Notes

Cost
EffectivenessDescription Process 

OptionTechnology
General 

Response 
Action

Implementability

Mine Pool 
Hydraulic 
Seepage 
Controls

To reduce the infiltration of groundwater to the mine pool as well as the overall 
volume of water to be treated, a groundwater extraction system located adjacent to 
the UW Main Shaft would be implemented.  Water originating from the hydraulic 
control extraction system is assumed to be clean and no treatment would be 
required for this volume. Once extracted, the water would be discharged to the ORT-
1 drainage. 

Pump and treat could be used to permanently dewater the mine pool. The 
technology would need to be implemented in combination with extraction and 
treatment to dewater the mine pool, as well as extraction and treatment 
indefinitely thereafter to address the volume of ARD seepage into the mine 
pool that would bypass the hydraulic controls.   

Implementable. High High No

UW hydraulic controls would be difficult to implement 
because of the volume of water and the depths of 

extraction involved. Based on the low yield of the local 
bedrock aquifer, the resulting scale of the cone of 
depression and recharge capture zone would be 

expected to extend far offsite, potentially impacting local 
bedrock water supplies. 

Mine Pool 
Plume 

Containment 
and Treatment

Groundwater pumping with ex-situ treatment and on-site disposal of treated 
groundwater involves pumping impacted groundwater through groundwater 
extraction wells. Once extracted, the water would require treatment using ex-situ 
treatment technologies and discharge to the ORT-1 drainage.  

Pump and treat could be used to reduce the bedrock aquifer to elevations 
below the mine pool.  permanently dewater the mine pool. Groundwater 
treatment would be required during dewatering of the mine pool and 
indefinitely thereafter. 

Implementable. High High Yes

Dewatering of the UW would be difficult to implement 
because of the volume of water and the depths of 

extraction involved. Treatment of mine pool groundwater 
would be difficult to implement due to the high flow rates 

required to achieve mine pool dewatering and the 
complexity of the treatment system required to achieve 

surface water discharge criteria.

Passive in-situ 
treatment

Sulfate-
Reducing 
Bacteria 

Bioreactors

Passive treatment technologies include both bioreactors and contact-driven 
technologies (i.e. apatite, Bauxsol™). Although these technologies are typically 
applied to treat discharge flows, this type of technology could be used to transform 
the UW into a treatment cell. The reactive treatment media could be added to the 
mine pool to treat the contained water.

These technologies would may not be effective in achieving RAOs because 
the contact media require some degree of contact to effect treatment and 
areas within the treatment cell would remain untreated. Also, the bioreactor 
treatment processes are reversible under certain geologic conditions, and 
both bioreactors and contact-driven media become expended over time, 
requiring regeneration.

Not implementable. High Low - 
Moderate No

This technology would not be implementable because 
the quantity of treatment media required to completely fill 

the mine pool is effectively unattainable.

Active in-situ 
treatment

Oxygen 
Addition

Active in-situ treatment may include addition of oxygen to cause iron precipitation 
within the mine pool. Oxygen addition may be in the form of injection of atmospheric 
air or ozone, or in the form of chemical oxidants which could be injected.

These technologies would be effective in precipitating iron and other metals. 
However, the treatment processes are reversible under certain geologic 
conditions, and the addition of oxygen may cause acidification of the mine 
pool, requiring further treatment.

Implementable. Moderate Moderate Yes 

This technology would be difficult to implement because 
of the injection well depths required. Additional material 

may be required to neutralize pH as  iron and other 
metals precipitate.

Notes:
GRA = General Remedial Action
CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act
NCP = National Contingency Plan
RAO = Remedial Action Objective
MNA = monitored natural attenuation

In-Situ 
Treatment

Ex-Situ 
Treatment

Groundwater 
Pump and 

Treat
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Table 2-10
Screening of Potential Treatment Options for Surface Water
Ely Copper Mine Superfund Site
OU2/OU3 Underground Workings
Vershire, Vermont
Page 1 of 6

Capital O&M

No Action No Action No Action

The "No Action" GRA is required in accordance with CERCLA and NCP to serve as a baseline 
comparison for other GRA technologies.  The "No Action" alternative includes scheduled 5-Year 
Reviews to assess the alternative effectiveness and compliance with OU2/OU3 UW PRGs.  It 
does not include any active or passive treatment of media, institutional controls, or monitoring.

The alternative does not address the RAOs developed for OU2/OU3 UW.  Implementable. None Low Yes (Required by 
CERCLA/NCP)

Land Use 
Restrictions

Land use restrictions would be used to prevent certain use and activities such as recreational 
use.  The restrictions would be included in the chain of title/deed for the property and would 
continue into the future regardless of change in ownership or zoning in the vicinity of the Site.  

This process option would aid in deterring land use practices that would cause increased exposure 
risks to human receptors.

Access Controls

Engineered controls include restricting access to the OU2/OU3 UW area.  Fencing, gates, 
signage, and security patrols could be utilized.  Fencing would minimize human and animal 
access and warning signs would alert people to the specific OU2/OU3 UW hazards located within 
the fence.  Security patrols would deter vandalism and unauthorized access to OU2/OU3 UW 
area and would notify EPA of breaches in the controls.

The alternative does not address the RAOs developed for the OU2/OU3 UW area, but it would be 
effective in reducing the access to the OU2/OU3 UW area, thereby impeding the potential for 
exposure to Site contaminants.  Due to the remoteness of the OU2/OU3 UW area, it would be 
difficult to completely prevent vandalism and unauthorized access by humans and/or animals.

Adit and Shaft 
Closure Portal gate closure could be utilized to restrict access to the UW.  

The alternative does not address the RAOs developed for the OU2/OU3 UW area, but it would be 
effective in eliminating the access to the UW, thereby impeding the potential for exposure to Site 
contaminants.  Due to the remoteness of the OU2/OU3 UW area, it would be difficult to completely 
prevent vandalism and unauthorized access by humans and/or animals.

Informational/
Educational 

Devices

Informational/educational devices consist of meetings or literature aimed at raising the public's 
knowledge of the site and addressing their concerns. Topics addressed by these devices could 
include the potential hazards posed by contaminants, potential hardships that may be temporarily 
encountered during implementation of the remedial alternative, and the purpose and 
effectiveness of the remedial actions taken.

Although this alternative would not achieve RAOs on its own, it may be included as part of a more 
comprehensive alternative.

Monitored 
Natural 

Recovery

Monitored Natural 
Recovery

Monitored natural recovery (MNR) uses naturally occurring processes such as dilution, 
volatilization, biodegradation, and sorption, to address contamination. While MNR cannot 
degrade inorganic contaminants, it may transform them into states that pose a relatively low risk 
to potential receptors. Metals precipitation, sorption of contaminants onto soil particles or into the 
soil/sediment matrix, and partitioning into organic matter reduce the mobility and bioavailability of 
contaminants. Redox reactions can transform the valence states of some inorganic contaminants 
into less soluble, and consequently less mobile, and/or less toxic forms. Long-term monitoring 
would be required to confirm MNR effectiveness. 

Natural processes may eventually attenuate the contaminants of concern at the Site. However, 
based on the fact that the Site has been subject to natural attenuation processes for over 100 
years and unacceptable impacts still remain, it can be concluded that this alternative does not 
address the RAOs within a reasonable timeframe. However, MNR could also be effective in 
combination with source control measures and may address inaccessible contaminant source 
areas that are not removed by other process options.   

Implementable. Low Low Yes

Although these 
alternatives would not 
achieve RAOs on 
their own, they may 
be included as part of 
a more 
comprehensive 
alternative.

Bulkhead 
Construction

Plug and seal adit and shaft openings to prevent water discharge. A bulkhead could be 
constructed to capture and either store mine drainage within the workings (i.e., impermeable 
bulkhead) or to regulate the flow out of the workings (i.e., flow-through bulkhead). Contaminated 
water would either be permanently or temporarily stored in the mine workings as well as the 
surrounding soil and rock formations. The bulkhead could be constructed out of materials such as 
concrete, foam, soil, or rock or a combination of these materials. A pipe would be installed 
through the bulkhead as a safety measure to allow release of water in an emergency situation 
and/or to regulate flow rates.

The effectiveness of a bulkhead depends on the condition of the rock surrounding the drift in which 
the bulkhead is being constructed. It also depends on the amount of storage within the workings 
for retaining mine discharge. Typically, a bulkhead is highly effective as an impermeable barrier 
and flow regulator. Implementability is dependent on the condition of the surrounding rock can be 
moderately difficult. As a stand-alone alternative, a bulkhead would not prevent the ongoing ARD 
impacts within the Deep Adit.  This bulkhead seal may cause adit ARD to be diverted to adjacent 
groundwater via bedrock fractures, potentially creating discharge from new surface seeps in the 
vicinity of the Deep Adit.  However, a bulkhead could be effective in combination with other 
containment and/or adit source control measures (e.g. filling adit).   

Moderate Low

Capping Construct surface cap or barrier to prevent surface water infiltration and recharge.  Although this alternative would not achieve RAOs on its own, it may be included as part of a more 
comprehensive alternative.  High Low

Pressure Grouting

Plug and seal adit and shaft openings to prevent water discharge. A low-permeability barrier is 
created by pressure grouting in and around a target zone to reduce groundwater flow. Grout is 
injected into small diameter drill holes under high pressure to seal and/or fill fractures and voids 
within the surrounding soil and/or bedrock to reduce groundwater flow. Pressure grouting was 
considered in conjunction with other diversion process options such as flowable fill.

Pressure grouting has high effectiveness when targeting zones of high porosity and permeability. It 
is easily implemented when conducted from the surface with conventional drilling equipment. If 
conducted within the workings, the implementability would be moderately difficult due to the 
constrained environment. Although this alternative will not achieve RAOs on its own, it may be 
included as part of a more comprehensive alternative.

Moderate Low

Yes

Although these 
alternatives would not 
achieve RAOs on 
their own, they may 
be included as part of 
a more 
comprehensive 
alternative.

Implementable. Low Low

Although these 
alternatives would not 

achieve RAOs on 
their own, they may 

be included as part of 
a more 

comprehensive 
alternative.

YesBarriers Implementable.

Notes
Retained For 

Further 
Consideration

ImplementabilityEffectivenessDescription
Cost

Institutional 
Controls

Limited Action

 Process OptionTechnology
General 

Response 
Action

Containment
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Table 2-10
Screening of Potential Treatment Options for Surface Water
Ely Copper Mine Superfund Site
OU2/OU3 Underground Workings
Vershire, Vermont
Page 2 of 6

Capital O&M
Notes

Retained For 
Further 

Consideration
ImplementabilityEffectivenessDescription

Cost
 Process OptionTechnology

General 
Response 

Action

Flowable Fill

Flowable fill is a self-compacting, low-strength, self-leveling material with a flowable consistency 
that is used as an economical fill or backfill material as an alternative to compacted granular fill. 
Flowable fill is usually composed of water, cement, fine aggregate, and fly ash or slag. Flowable 
fill could be gravity fed into a drift from a ready mix truck at the surface because of its fluid-like 
composition. A clean surface is recommended wherever the flowable fill is to be placed, so the 
adit may need to be cleared of timber, rail, pipes, and other construction and mining material, as 
well as accumulated muck. 

Filling the Deep Adit with flowable fill will prevent the infiltration of both surface water and 
groundwater into the Deep Adit, thereby eliminating the interaction of Deep Adit ARD sources with 
water and oxygen, and ultimately stopping the Deep Adit discharge. The effectiveness of flowable 
fill is high when placed on a surface that has been sufficiently cleaned and prepared. The 
effectiveness of flowable fill in an ARD setting could be enhanced by using fine aggregate with an 
acid-neutralization capacity.  It is susceptible to cracking, but also has self-healing properties. 
Although it may be effective at reducing the infiltration rate of surface water, groundwater and 
oxygen, some flowable fills are not self-sealing and will not create an impervious barrier to water 
and oxygen flow.  Therefore, the potential exists for ongoing discharge from the Deep Adit. 

Moderate Low

Polyurethane 
Foam Fill

Polyurethane foam (PUF) is a liquid to solid system specifically designed for use in abandoned 
mine applications to seal mine appurtenances such as shafts and adits. The installation process 
involves mixing two separate bags of liquid chemicals to form a flowable substance that is then 
poured into a void which been prepared with form work to provide confinement. The PUF flows 
onto the form and up against the void’s walls or sides, rising within minutes as a foam. Placement 
occurs in lifts, repeating as many times as needed to fill the targeted void. PUF is not affected by 
acid drainage and does not shrink.

PUF is highly effective for closure of mine workings such as shafts and adits. There is some 
susceptibility for leaking along side joints if not properly installed. PUF is easily implemented by 
mixing the two compounds. The most difficult aspect of implementation is installation of forms. 
Proper ventilation and heat protection are required during installation due to the exothermic 
reaction that consumes oxygen and releases carbon dioxide. There is a moderate capital cost and 
low O&M costs associated with PUF; however, the capital costs of PUF would be much lower than 
a concrete equivalent when considering constraints associated with construction in the mine 
workings.

Moderate Low

Shotcrete

Shotcrete is a generic name for pneumatically placed concrete. Using a concrete hopper filled by 
a ready mix truck on the surface, shotcrete can be applied underground at locations such as the 
back or floor of adits where groundwater is seeping into the drift. Shotcrete can be applied to wet 
rock if done carefully using accelerators and fibers in an attempt to slow inflow/infiltration into the 
mine workings. Shotcrete can also be placed to cover the geologic features, such as fractures, 
joints, and faults, through which water could potentially flow or seep.

Shotcrete can be highly effective as a barrier to flow when applied to target areas that are acting 
as or are potential flow pathways. It is easily implemented. Capital cost is moderate and O&M 
could be high if, for example, it is placed in high flow zones potentially requiring re-application. 
Shotcrete could be considered for use in conjunction with flowable fill, polyurethane foam fill, and 
extraction wells.

Moderate Low to 
Moderate

Concrete

Concrete could be used to create vertical or horizontal barriers for sealing mine workings such as 
shafts and adits.  Installation of concrete would require construction of formwork and associated 
anchoring. Reinforcing steel would need to be fully encapsulated in concrete and/or be acid 
resistant for protection from corrosive or acidic water. All surfaces interacting with the concrete 
would need to be cleaned and prepared prior to placement. Preparation could require removal of 
any blockage, scaling of loose blocks, and potentially keying the concrete into competent rock 
surrounding the raise. Formwork and anchoring would then have to be installed. Pumping would 
be required to get concrete into the workings. 

Concrete could serve as a highly effective barrier to flow, however, it would be susceptible to 
weathering, cracking, and chemical degradation. Implementation of a horizontal barrier, such as a 
bulkhead, within in the workings would be moderately difficult. Implementation of a vertical barrier 
would be highly difficult, likely requiring manual preparation by personnel suspended from rope 
rigging. In general, the capital cost would be moderate to high due to the associated costs in a 
constrained location such as mine workings. O&M costs would most likely below to moderate once 
the concrete is in place. Based on the effectiveness and implementability of the substitute process 
options for flowable fill, PUF, and shotcrete, concrete was not retained for alternative 
development.

Moderate Low No

Ponds

Adit discharge or seepage could be collected in one or more engineered basins (i.e., ponds). 
Ponds could be used to regulate flow or facilitate pipe capture of site water, allowing the water to 
be pumped or gravity fed to a treatment facility or diversion ditches. Ponds do not prevent or 
mitigate contamination of site water and would be implemented in conjunction with other 
technologies and process options, such as diversion and/or treatment.

Ponds are effective for water management when design parameters are known or can be 
estimated. The design would allow for collection of an estimated volume of water based on typical 
flow rates and storage durations. Implementation would be easily attained with conventional 
construction equipment. The capital and O&M costs associated with ponds would be low 
compared to the other technologies and process options. Periodic maintenance such as clearing 
of debris and sediment buildup is typically required. O&M costs are generally low.

Moderate Low

Diversion 
Channels

Diversion channels or piping could be used to divert surface water flow and/or near surface 
groundwater flow around contaminated materials, mine workings, and/or geological or 
constructed features. The channels would serve as horizontal barriers to prevent surface water 
flow into areas where water may be impacted by site contaminants. Diversion channels, as 
described herein, differ from interceptor trenches in that they will cut-off surface water and near 
surface groundwater flow (i.e., less than approximately 5 feet deep) as opposed to moderately 
deep groundwater flow (i.e., approximately 5 to 15 feet deep).

The effectiveness of diversion channels is dependent on the accuracy of estimating the quantity of 
the surface water and near surface groundwater flows that will be intercepted. If the flows are 
known or can be easily estimated, diversion channels would be highly effective in directing water 
away from areas of concern. Diversion channels are easily implemented with standard 
construction equipment. The capital cost for construction is moderate compared to the other 
process options, primarily due to the capital costs associated with obtaining borrow materials. The 
O&M costs would be low for diversion channels, but annual to semi-annual clearing and repair 
could be required.

Moderate Low

Horizontal 
Extraction Wells

Utilize one or more sub-horizontal extraction wells that will gravity drain to create a groundwater 
capture zone that results in water table drawdown below the adit discharge level.

An excessively large area would require dewatering in order to lower the site-wide bedrock 
groundwater elevations to levels below the mine pool decant level.  The number of extraction wells 
required to achieve this would be cost-prohibitive.  The resulting impacts to the local hydrogeologic 
regime could eliminate other surface water flows, resulting in ecological impacts to currently 
unimpacted streams.  Based on these factors, horizontal extraction wells are not retained for 
alternative development.

High Moderate No

Containment 
(cont.)

Although these 
alternatives would not 
achieve RAOs on 
their own, they may 
be included as part of 
a more 
comprehensive 
alternative.

Yes

Implementable.

Implementable.

Although these 
alternatives would not 

achieve RAOs on 
their own, they may 

be included as part of 
a more 

comprehensive 
alternative.

Yes

Barriers (cont.)

Collection and 
Diversion
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Capital O&M
Notes

Retained For 
Further 

Consideration
ImplementabilityEffectivenessDescription

Cost
 Process OptionTechnology

General 
Response 

Action

Groundwater 
Interceptor Walls

Interceptor trenches involve installing one or multiple trenches across groundwater flow paths to 
cut off water flow and limit further migration of clean and/or contaminated water to downgradient 
locations. Interceptor trenches differ from diversion channels in that they will act as a horizontal 
hydraulic barrier to moderately deep groundwater (i.e., approximately 5 to 15 feet depending on 
subsurface conditions) as opposed to surface water and/or near surface groundwater (i.e., less 
than approximately 5 feet deep) flows.

Interceptor trenches are more effective when located in porous and permeable media than when 
located in fractured bedrock because groundwater flow is less predictable in fractured bedrock. 
The UW conceptual groundwater model indicates that following excavation and restoration of the 
UWA waste rock (i.e. removal of the overburden aquifer directly overlying the Main and Deep 
Adits), the UW groundwater will controlled by the fractured bedrock aquifer.  Therefore, the 
effectiveness of interceptor trenches was estimated to be very low. Implementability was estimated 
to be difficult because bedrock is at or near the surface over most of the site, requiring specialized 
excavation techniques and/or blasting to reach depths necessary to intercept groundwater flow. 
Capital costs would be very high for specialized excavation techniques and/or blasting. O&M costs 
for interceptor trenches would be low. The lack of sufficient overburden to support the wall restrict 
implementability and this option is not retained for further consideration.

Implementable. High High

Vertical Extraction 
Wells

Utilize one or more extraction wells to create a groundwater capture zone that results in water 
table drawdown below the adit discharge level.

Vertical wells would require pumps thereby incurring a moderate to high operation and 
maintenance (O&M) cost. High High

French Drains

French drains are trenches that are excavated and then backfilled with granular material and a 
perforated pipe (drain) to collect groundwater. French drains act as horizontal hydraulic barriers 
similar to interceptor trenches; however, they have a pipe and are backfilled with granular 
material thus decreasing maintenance cleanout requirements. The drains would be designed to 
capture contaminated groundwater and route it for treatment or to provide a pathway for clean 
groundwater around contaminated areas.

French drains are most effective in subsurface conditions that allow groundwater to flow in a 
porous and permeable media where flow rates are high. Due to the conceptual groundwater 
model, which indicates groundwater flows in a fracture controlled system with relatively slow flow, 
the effectiveness of French drains was estimated to be very low. French drains are also 
susceptible to clogging and blinding due to sediment buildup within the coarse backfill and slotting 
on the piping. Clogging and blinding would decrease effectiveness and increase O&M costs in the 
long run. Implementability was estimated to be difficult because bedrock is at or near the surface 
over most of the site, requiring specialized excavation techniques and/or blasting to reach depths 
necessary to intercept groundwater flow. Capital cost could vary from low to high depending on the 
scale of the component and the need for specialized excavation techniques and/or blasting, and 
for processing of granular material for backfill.  Based on these factors, French drains are not 
retained for alternative development.

High Low

Open Limestone Channels
Add limestone amendments to waterways to neutralize pH. An open limestone channel 
technology is a variant of ALD technology and is used to treat discharges that are oxygenated 
and contain ferric iron (Fe+3) or high aluminum content. 

Open limestone channels, like ALDs may be subject to armoring by iron and aluminum 
precipitates. Steep slopes help to keep armoring from occurring. ALDs may not be effective at zinc 
removal because limestone has slow reactivity (EPA 2005). A sludge settling pond would be 
required to prevent the precipitated metals from entering Elk Creek and potentially redissolving. 
This alternative may be effective in concert with other process options.

Implementable. Low to 
Moderate

Low to 
Moderate Yes

Anoxic Limestone Drains (ALDs)
ALDs involve the burial of limestone in oxygen-depleted trenches. MIW is conveyed into these 
trenches. ALDs generate alkalinity and must be followed by a unit such as an aeration cascade, 
pond or aerobic wetland that oxidizes and removes the precipitated metals. Limestone is a low-
cost and effective way to generate alkalinity. However, it must be used in appropriate conditions 
to ensure its effectiveness.

This technology is applicable where influent water has less than 2 milligrams per liter (mg/L) 
dissolved oxygen and ferric iron (Fe+3) is less than 10 percent of the total iron. Metals precipitate 
as carbonates; iron and aluminum precipitate on and coat or armor the limestone reducing the 
limestone’s reactivity and the permeability of the system. Based on the elevated oxygen and 
aluminum observed in the Deep Adit discharge, a stand-alone ALD is not retained for further 
consideration without pretreatment to remove aluminum and oxygen (see Open Limestone 
Channel and Successive Alkalinity Producing Systems).

Moderate Moderate No

Oxidation

Oxidation can be used to precipitate iron and manganese hydroxides and can be used as pre-
treatment to form more readily precipitated forms of metals such as iron or chromium. Chemical 
oxidation uses oxidizing agents such as potassium permanganate, hydrogen peroxide, 
hypochlorites, chlorine, or chlorine dioxide. Aeration can also be used to facilitate oxidation. 

Oxidation can be inhibited by the pH drop associated with the formation of metal hydroxides. 
Oxidation alone is generally not effective in removing cadmium, copper, manganese, or zinc to 
concentrations below discharge criteria. Based on limited effectiveness, difficult implementability, 
high cost, and the availability of more proven, effective technologies for treating mining impacted 
waters, this alternative was eliminated from further consideration.

High High No

Biological 
Treatment Aerobic Wetlands

Aerobic wetlands are typically shallow excavations with one to two feet of soil, gravel, and/or 
rocks in a hummocky pattern. The designed hummocks allow for variations in water depth of 
between one inch and approximately one foot to form a diversity of microenvironments. Aerobic 
wetlands are often constructed as a series of terraced cells with intermediate spill points and 
typically contain planted areas and open water zones. Iron and manganese oxidation, 
precipitation, and sorption to biomass occur in the wetland. 

Periodic removal of precipitate and wetland reestablishment is required. This alternative is 
ineffective for zinc removal because the pH is typically too low to allow the formation of zinc 
hydroxide and requires a relatively large land area. But could be effective as a secondary 
treatment or polishing process following a primary treatment process to remove zinc. Wetlands are 
moderately implementable at the site. Wetlands are easily constructed but given the harsh 
environment at the Site, wetland vegetation may take several years to become well established. 
Costs in installing and maintaining aerobic wetlands are low to moderate.

Implementable. Moderate Low to 
Moderate Yes

Implementable.

Chemical 
Treatment

Precipitation

In-situ 
Treatment

No
Collection and 

Diversion 
(cont.)

Containment 
(cont.)
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Capital O&M
Notes

Retained For 
Further 

Consideration
ImplementabilityEffectivenessDescription

Cost
 Process OptionTechnology

General 
Response 

Action

Biochemical 
Reactors

Anaerobic wetlands and sulfate reducing bioreactors are considered biochemical reactors 
(BCRs). Organic material consisting of hay, manure, and wood chips along with limestone, 
referred to as substrate, are placed into a lined pond. Decomposition of the organic material 
consumes dissolved oxygen present in adit discharge water and creates an anaerobic 
environment. Sulfate reducing bacteria convert sulfate present in the influent water into sulfide 
that reacts with dissolved metals to form metal sulfides. Metal sulfides are insoluble in water and 
therefore precipitate within the substrate. Water alkalinity is increased due to dissolution of 
limestone substrate and sulfate reduction, enhancing precipitation of metal hydroxides. Metals 
are also sorbed to the metal hydroxides and organic substrate, further increasing the 
effectiveness of the BCR.

BCRs are effective in aluminum, cadmium, copper, lead, silver, and zinc removal, moderately 
effective at iron removal, but largely ineffective in manganese removal. Factors that affect the 
performance of BCRs include flow rate, temperature, water chemistry, substrate composition, 
development of preferential flow paths, and variations in influent water flow rate and water 
chemistry. An aeration pond, channel, or aerobic wetland may be installed to retain the BCR 
effluent and provide time for those sulfides that have not reacted to oxidize and avoid potential 
impacts on the receiving stream. A manganese removal bed (MRB) could be considered if 
manganese removal is required. A BCR can be effective in reducing metals concentrations in adit 
discharge water. 

Moderate Moderate

Successive 
Alkalinity 

Producing 
Systems

Successive alkalinity producing systems (SAPS) are an innovative technology that is a variant of 
the anaerobic systems. Water flows vertically through layers of limestone and anaerobic organic 
material with alkalinity added and sulfate reduction resulting in the precipitation of metal sulfides. 

Organic substrate requires periodic replacement. The chemical processes involved in the SAPS 
are largely the same as in BCRs; however, SAPS lack the substrate porosity and permeability 
provided by the wood chips that are included in BCRs and are therefore seen as a less 
satisfactory alternative compared to biochemical reactors.

Moderate Moderate

Phytoremediation
Phytoremediation is an emerging technology in which vegetation is used to extract inorganic 
contaminants from soil or water. The technology requires a long residence time for the water to 
contact the vegetation.

Due to the harsh climate and the long residence time requirements, this technology will not be 
considered for treatment Site adit discharges. Implementable. Moderate 

to High
Low to 

Moderate No

Sedimentation/
Clarification

Sedimentation is the removal of suspended solids from water by gravity settling. The emphasis 
can be on producing a thick sludge (thickening) and/or producing a clear effluent (clarification). 
The operation is often aided by addition of a flocculent to assist in coagulation and settling of 
particles. A sedimentation system may be active, requiring an on-site operator or remote 
operations sensors and equipment monitored by an operator, or may be passive, such as a 
sedimentation pond that is unattended except during solids removal.

Sedimentation is an effective method of separating solids that result from a precipitation process 
or other primary treatment technique. A sedimentation process is implementable at the site 
because it can operate unattended during winter months when site access is limited. The cost of 
constructing a sedimentation basin is low and the cost of maintaining a sedimentation basin is 
considered moderate. Although this alternative would not achieve RAOs on its own, it may be 
included as part of a more comprehensive alternative.

Implementable. Low Moderate Yes

Although these 
alternatives would not 
achieve RAOs on 
their own, they may 
be included as part of 
a more 
comprehensive 
alternative.

Carbon 
Adsorption

Carbon adsorption using charcoal or activated carbon can be considered both adsorption and ion 
exchange. Carbon adsorption is more commonly used for organic contaminants; however, some 
work has been done on metal removal, most commonly in removing precious metals from 
cyanide complexes. As water flows through a chamber packed with charcoal or activated carbon, 
metal ions are adsorbed onto the large surface area of the substrate. When the capacity of the 
substrate to adsorb ions is reached, the substrate must be regenerated, either by incineration or 
flushing. Continuous flow carbon adsorption has not been proven in practice and may be difficult 
and expensive for treatment of waters with high metal concentrations.

Carbon adsorption would remove dissolved contaminant ions from the adit discharge water but 
would need to be combined with other unit processes to be effective and implementable. 
Operation of a carbon adsorption system\ would be difficult in the remote environment of the 
Standard Mine. The cost of operating a carbon adsorption system is high for the high contaminant 
concentrations that are present in adit discharge water. Year-round access to the site to operate 
any active treatment process would be difficult and costly. Based on difficult implementability, high 
cost, and the availability of more proven, effective technologies for treating mining impacted 
waters, this alternative was eliminated from further consideration.

High High

Evaporation

Natural evaporation in large ponds (with or without vegetation) can be used in hot dry climates 
with low influent flow rates, large available area for evaporation, and no requirement for discharge 
water. Evaporation can be enhanced by heating the water and/or decreasing pressure. Increasing 
temperature and/or decreasing pressure would require large amounts of energy, making this 
technology cost prohibitive. The elimination of discharge water may be problematic if clean water 
discharge is needed to meet legal requirements or to meet standards at a point of compliance.

The evaporation process is effective in removing metal contaminants from water, but the 
evaporation process is unsuited to the wet, harsh environment at the site. Moderate Moderate 

to High

Physical 
Treatment

NoImplementable.

Implementable.Biological 
Treatment 

(cont.)

In-situ 
Treatment 

(cont.)

Yes
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Capital O&M
Notes

Retained For 
Further 

Consideration
ImplementabilityEffectivenessDescription

Cost
 Process OptionTechnology

General 
Response 

Action

Precipitation

Chemical precipitation occurs when a reaction between two substances in a liquid solution 
produces a solid product. The solid product can be removed from the liquid by gravity separation, 
filtration, or other methods. A neutralizing agent is used to increase the solution pH, causing the 
formation of metal hydroxide, metal carbonate, or metal sulfide precipitates, depending on the 
neutralization agent used. Chemical precipitation may be used in an active or semi-passive 
treatment system. In a typical ex-situ treatment system, the neutralizing agent is hydrated and/or 
slurried, then added to the influent water. A flocculent may be added to improve sludge settling. 
The treated water is sent to a settling basin/clarifier/thickener to allow settling of the precipitates. 
Other separation processes, such as a ceramic micro-filtration system or other filtration 
techniques, may be used for separation. Water is generally discharged from the top of the tank, 
and sludge discharged from the base. Sludges often have high water content that increases the 
cost of sludge handling and disposal. A filter press can be used to increase the sludge solids 
content. Depending on effluent requirements, a polishing stage may be used in conjunction with 
precipitation. Oxidation of iron and/or manganese into forms that are more easily precipitated may 
be done either before or after addition of the neutralization agent.

Chemical precipitation is the most common method for removing metals from acid mine 
drainage/discharge and is reliable, effective, and cost-effective. It can achieve the RAOs 
developed for the OU2/OU3 UW area.  The implementability of chemical precipitation is 
dependent on the type of system installed. Year-round access to the site to operate any active 
treatment process would be difficult and costly. Semi-passive systems can require less “hands on” 
maintenance but are generally less reliable and less proven for long-term use in harsh climates. 
The cost of installing and operating a chemical precipitation system can be moderate to high with 
the highest costs typically due to the long-term O&M of active system.

Implementable. High High Yes

Solvent Extraction

Solvent extraction uses an organic liquid mixed with contaminated water to transfer metal ions 
from the water to the organic liquid. The ions partition to and concentrate in the organic liquid. 
The organic liquid is then stripped of metals using sulfuric acid and recycled. The sulfuric acid 
solution must then undergo an electrolysis process (electrowinning) or crystallization. This 
method is particularly useful when only one metal requires removal because organic liquids are 
available to target specific metal ions. There are some limitations on organic compounds able to 
remove all of the contaminants in the UW water, the potential removal capacity for each metal, 
and the physical conditions under which optimum contaminant removal is possible.

The effectiveness of solvent extraction to remove high concentrations of metal contaminants from 
water is limited. Year-round access to the site to operate any active treatment process would be 
difficult and costly. This process can be very expensive to maintain and operate. Based on limited 
effectiveness, difficult implementability, high cost, and the availability of more proven, effective 
technologies for treating mining impacted waters, this alternative was eliminated from further 
consideration.

High High

Oxidation

Oxidation can be used to precipitate iron and manganese hydroxides and can be used as pre-
treatment to form more readily precipitated forms of metals such as iron or chromium. Chemical 
oxidation uses oxidizing agents such as potassium permanganate, hydrogen peroxide, 
hypochlorites, chlorine, or chlorine dioxide. Aeration can also be used to facilitate oxidation. 

Oxidation can be inhibited by the pH drop associated with the formation of metal hydroxides. 
Oxidation alone is generally not effective in removing cadmium, copper, manganese, or zinc to 
concentrations below discharge criteria. Based on limited effectiveness, difficult implementability, 
high cost, and the availability of more proven, effective technologies for treating mining impacted 
waters, this alternative was eliminated from further consideration for surface water treatment.

High High

Electrochemical 
Processes

An electric current is applied to electrodes submerged in the liquid solution and metals are 
deposited on the cathode or precipitate from solution. The precipitate sludge and the acid solution 
used to periodically regenerate the electrodes must be disposed of. This process is most 
commonly used in gold production. In water treatment, it is most commonly used for the reduction 
and precipitation of hexavalent chromium, but can also be used to remove arsenic, cadmium, 
molybdenum, aluminum, zinc, and copper ions from water. Electrowinning and electrocoagulation 
are specific examples of electrochemical processes.

Year-round access to the site to operate any active treatment process would be difficult and costly. 
Due to the difficult implementability and the availability of more proven, effective technologies for 
treating mining impacted waters that are not known to contain the significant quantities of precious 
metals required to make this technology cost effective, this alternative was eliminated from further 
consideration.

High High

Ion Exchange

Ion exchange is a chemical process involving the reversible exchange of ions between a liquid 
and a solid. Ion exchange substrates, such as ion exchange resins and zeolites, can be used to 
remove unwanted ions from a liquid and substitute more acceptable ions, most commonly 
sodium, potassium, calcium, and chloride. The substrate is then regenerated, usually with a dilute 
acid. The regeneration solution and spent ion exchange substrate must be discarded. Total 
dissolved solids concentrations are not decreased in this process, but the composition of the 
dissolved solids is changed. Ion exchange works best on dilute solutions, and would most 
probably be part of a polishing stage for high contaminant concentration waters.

Ion exchange would remove dissolved contaminant ions but would need to be combined with other 
unit processes to be effective for the high concentrations of metal contaminants at the site. 
Operation of an ion exchange system would be difficult in the remote environment of the Site. Year-
round access to the site to operate any active treatment process would be difficult and costly. 
Based on limited effectiveness, difficult implementability, high cost, and the availability of more 
proven, effective technologies for treating mining impacted waters, this alternative was eliminated 
from further consideration.

High High

Physical 
Treatment

Sedimentation/
Clarification

Sedimentation is the removal of suspended solids from water by gravity settling. The emphasis 
can be on producing a thick sludge (thickening) and/or producing a clear effluent (clarification). 
The operation is often aided by addition of a flocculent to assist in coagulation and settling of 
particles. A sedimentation system may be active, requiring an on-site operator or remote 
operations sensors and equipment monitored by an operator, or may be passive, such as a 
sedimentation pond that is unattended except during solids removal.

Sedimentation is an effective method of separating solids that result from a precipitation process 
or other primary treatment technique. A sedimentation process is implementable at the site 
because it can operate unattended during winter months when site access is limited. The cost of 
constructing a sedimentation basin is low and the cost of maintaining a sedimentation basin is 
considered moderate. Although this alternative would not achieve RAOs on its own, it may be 
included as part of a more comprehensive alternative.

Implementable. Low Moderate Yes

Although these 
alternatives would not 
achieve RAOs on 
their own, they may 
be included as part of 
a more 
comprehensive 
alternative.

Chemical 
Treatment

NoImplementable.

Ex-situ 
Treatment
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Filtration

Filtration separates suspended solids from a liquid by passing the mixture through a porous 
medium that allows the water to pass but retains the solids. Several filter mediums can be used, 
including granular material and fabric. Filtration can be used to remove suspended particulate 
material before treatment of ionic species from contaminated water and/or to remove precipitate 
from the water. Conventional filtration processes do not remove dissolved contaminant ions from 
solution and even with optimum performance result in a concentrate stream that requires further 
treatment and/or disposal. Microfiltration allows removal of chemical compounds such as 
precipitates and other chemical compounds from a solution. Nanofiltration is similar, but allows 
separation of larger metal ions from the water. These are also considered membrane processes 
(see below). There are no known large scale acid mine drainage treatment plants using this 
technology at this time.

Conventional filtration would not remove dissolved contaminant ions, which are the primary form of 
contaminants flowing from adit discharges, and therefore would need to be combined with other 
unit processes to be effective. Filtration produces a concentrate that would require additional 
treatment and/or disposal. O&M of a filtration system would be difficult in the remote environment 
of the Site. Year-round access to the site to operate any active treatment process would be difficult 
and costly. Based on moderate effectiveness and implementability and low to moderate costs, 
aerobic wetlands will be retained for further evaluation as a secondary process in a passive water 
treatment system.

High High

Reverse Osmosis

Reverse osmosis is a membrane technology used to separate larger ions from a water solution. 
Water is forced through the membrane by application of pressure greater than the normal 
osmotic pressure. The properties of the membrane determine the rate of transport and the 
species that will pass through the membrane. Reverse osmosis and other membrane 
technologies are generally used as a polishing step in water treatment, but can also be used to 
concentrate the metal ions in solution for subsequent treatment by precipitation or other method 
given an appropriate membrane. This method reduces the anion concentrations (i.e., sulfate) in 
addition to reducing the metal ion concentrations in the effluent water. Care must be taken to 
prevent cake formation on the membrane. Specialized membranes and electrocharging 
techniques have been developed to allow for treatment of more concentrated solutions without 
excess membrane clogging. Membrane processes result in a concentrate stream that requires 
further treatment and/or disposal.

Reverse osmosis or membrane technologies would remove dissolved contaminant ions but must 
be combined with other unit processes to be effective. Operation of a membrane or reverse 
osmosis system would be difficult in the remote environment of the Standard Mine. Year-round 
access to the site to operate any active treatment process would be difficult and costly. Based on 
difficult implementability, high cost, and the availability of more proven, effective technologies for 
treating mining impacted waters, this alternative was eliminated from further consideration.

High High

Carbon 
Adsorption

Carbon adsorption using charcoal or activated carbon can be considered both adsorption and ion 
exchange. Carbon adsorption is more commonly used for organic contaminants; however, some 
work has been done on metal removal, most commonly in removing precious metals from 
cyanide complexes. As water flows through a chamber packed with charcoal or activated carbon, 
metal ions are adsorbed onto the large surface area of the substrate. When the capacity of the 
substrate to adsorb ions is reached, the substrate must be regenerated, either by incineration or 
flushing. Continuous flow carbon adsorption has not been proven in practice and may be difficult 
and expensive for treatment of waters with high metal concentrations.

Carbon adsorption would remove dissolved contaminant ions from the adit discharge water but 
would need to be combined with other unit processes to be effective and implementable. 
Operation of a carbon adsorption system\ would be difficult in the remote environment of the 
Standard Mine. The cost of operating a carbon adsorption system is high for the high contaminant 
concentrations that are present in adit discharge water. Year-round access to the site to operate 
any active treatment process would be difficult and costly. Based on difficult implementability, high 
cost, and the availability of more proven, effective technologies for treating mining impacted 
waters, this alternative was eliminated from further consideration.

High High

Notes: GRA = General Remedial Action NCP = National Contingency Plan
CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act RAO = Remedial Action Objective

NoImplementable.
Physical 

Treatment 
(cont.)

Ex-situ 
Treatment 

(cont.)
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Table 3-1
Alternatives Retained for Development

Ely Copper Mine Superfund Site
OU2/OU3 Underground Workings

Vershire, Vermont

Alternative General 
Description GRA Source Process Option

UWG-1 No Action No action UW No action

UWG-2 Limited Action Limited action UW TI waiver, and Institutional Controls with monitoring

AD-1 No Action No action UW No action

Chemical Treatment Main Adit Construct passive chemical treatment systems to 
remove metals from any residual drainage

Containment Deep Adit Plug and fill adit

Main Adit Construct passive chemical treatment systems to 
remove metals from any residual drainage

Deep Adit Active ex-situ treatment: RCTS

Chemical Treatment Main Adit Construct passive chemical treatment systems to 
remove metals from any residual drainage

Biological Treatment Deep Adit Construct aerobic or anaerobic passive treatment 
systems to remove metals from any residual drainage

Notes:
UW = Underground Workings, RCTS = rotating cylinder treatment system

Chemical Treatment

Adit Discharge 
Passive TreatmentAD-4

AD-2

Adit Closure and 
Passive Adit 
Discharge 
Treatment

AD-3 Adit Discharge 
Active Treatment
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Table 3-2 
Screening of Alternative UWG-2 
Ely Copper Mine Superfund Site 

Vershire, Vermont 
 

 

NH-4054-2015  Nobis Engineering, Inc. 

Alternative UWG-2 
 

This alternative includes a Pre-Design Investigation (PDI) to delineate a groundwater impact zone. The PDI would include access road 
construction, development of a UW numerical groundwater model, bedrock surface outcrop investigation, surface geophysics, bedrock drilling 
program, borehole geophysical logging, monitoring and residential well sampling, development of a 3-D bedrock fracture model, and 
completion of a PDI report. The alternative also includes periodic monitoring, and 5-year reviews of the remedy under CERCLA. EPA will 
pursue a Technical Impracticability waiver for mine pool groundwater ARARs. 

Effectiveness 

Advantages 

• Institutional controls will prevent receptor contact with water from 
the mine pool; and 

• Requirement to restore groundwater to chemical-specific ARARs 
waived through demonstration of Technical Impracticability 

 

Disadvantages 

• Will not reduce the mass or toxicity of contaminant sources; 
• Will not reduce the volume or toxicity of the groundwater plume 

(i.e. mine pool); and 
• Does not eliminate the discharge of impacted groundwater from 

the mine pool to surface water. 

Implementability 

Advantages  

• Readily implementable. 
 

 

Disadvantages 

• Requires that groundwater use restriction be placed on large tracts 
of otherwise developable land. 

 
Cost 

Advantages 

• Low cost. 

 

Disadvantages 

• None. 

Screening Decision: This alternative is retained for detailed evaluation. 
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Alternative AD-2 
 
This alternative includes:  
 

 Establish site controls: locked grates and signage; 
 

 Conduct pre-design investigations: 
o Air circulation modeling; 
o Field investigations of endangered bat populations; 
o Geotechnical vibration investigation; 
o Structural evaluation of UW entrances; 
o Near-surface bedrock fracture evaluation; 
o UW discharge rate and quality investigation, and 
o Treatability studies to determine optimal Main Adit treatment technology and specifications 

 
 Install or construct: 

o Bat grates on up to three open UW features;  
o Surface water diversion structures in the vicinity of open UW features;  
o Pressure-grout the surface and near-entrance fractures that recharge the Deep Adit;  
o Shaft #4, the Burleigh Shaft, and/or other features may be partially filled to minimize recharge to the UW;  
o Passive chemical treatment system for the Main Adit discharge;  
o Reopen portal and install a flow-through bulkhead at the Deep Adit entrance; 
o Permanent closure of the Deep Adit by filling with either an inert or reactive material; 

 
 Restoration of waterways, wetlands, and wildlife habitat, as required. 

 
 Long-term operation and maintenance; 

 
 Post-remedy environmental monitoring;  

 
 Institutional control inspections; and 

 
 Five-Year Reviews. 

 
Effectiveness 

Advantages 

 Bat grates will prevent trespassing or disturbance of UW while 
permitting free egress of bats; 

 
 upstream diversion structure Installation and pressure-grouting of 

surface fractures may reduce water flow into the UW, reducing the 
volume of water requiring treatment; 

 
 filling the Deep Adit with inert material will greatly reduce or 

eliminate the surface area available for ARD generation as well as 
the overall infiltration rate into the Deep Adit and the ultimate 
discharge rate from the adit; 

 
 closure of the Deep Adit has the highest potential for permanence; 

and 
 

 treatment of Main Adit discharges ensures that surface water 
RAOs are achieved.   

 

 

Disadvantages 

 Does not reduce the mass or toxicity of ARD 
contaminant sources at the Main Adit. 

 
 Main Adit passive treatment system will need to be 

designed to handle variable flow and contaminant 
loads; and 

 
 Deep Adit plugging/sealing may cause groundwater 

levels to rise in the vicinity of the Deep Adit, creating 
flow to and discharge from new surface seeps. 
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Alternative AD-2 
 
This alternative includes:  
 

 Establish site controls: locked grates and signage; 
 

 Conduct pre-design investigations: 
o Air circulation modeling; 
o Field investigations of endangered bat populations; 
o Geotechnical vibration investigation; 
o Structural evaluation of UW entrances; 
o Near-surface bedrock fracture evaluation; 
o UW discharge rate and quality investigation, and 
o Treatability studies to determine optimal Main Adit treatment technology and specifications 

 
 Install or construct: 

o Bat grates on up to three open UW features;  
o Surface water diversion structures in the vicinity of open UW features;  
o Pressure-grout the surface and near-entrance fractures that recharge the Deep Adit;  
o Shaft #4, the Burleigh Shaft, and/or other features may be partially filled to minimize recharge to the UW;  
o Passive chemical treatment system for the Main Adit discharge;  
o Reopen portal and install a flow-through bulkhead at the Deep Adit entrance; 
o Permanent closure of the Deep Adit by filling with either an inert or reactive material; 

 
 Restoration of waterways, wetlands, and wildlife habitat, as required. 

 
 Long-term operation and maintenance; 

 
 Post-remedy environmental monitoring;  

 
 Institutional control inspections; and 

 
 Five-Year Reviews. 

 
Implementability 

Advantages  

 Construction of surface water diversion, bat grates, flow-through 
bulkhead are readily implementable; 

 
 Injection of flowable fill into the Deep Adit is readily 

implementable; 
 

 Passive system at the Main Adit would require far less 
maintenance than an active system; and 

 
 Closure of the Deep Adit has the highest potential for 

permanance, with very low operations and maintenance 
requirements; and 

 
 Requires the smallest overall remedy footprint for the Deep Adit 

area. 
 

 

Disadvantages 

 Requires treatability/design studies to determine 
appropriate system technology, sizing, and 
specifications; 

 
 Large volume of material required to be transported 

from off-site sources; and 
 

 Requires regular monitoring of system flow rates and 
output concentrations to ensure that system is 
working as designed. 

Cost 

Advantages  

 Low post-construction operation and maintenance costs. 
 

 

Disadvantages 

 High costs for boreholes and geophysical 
investigations to evaluate the geometry and condition 
of the Deep Adit 

 
 High capital/PDI costs. 
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Alternative AD-3 
 

This alternative includes: 
 

 Establish site controls: locked grates and signage; 
 

 Conduct pre-design investigations: 
 

o Air circulation modeling; 
o Field investigations of endangered bat populations; 
o Geotechnical vibration investigation; 
o Structural evaluation of UW entrances; 
o Near-surface bedrock fracture evaluation; 
o UW discharge rate and quality investigation, and 
o Treatability studies to determine optimal Main Adit and Deep Adit treatment technology and specifications 

 
 Install or construct: 

o Bat grates on up to three open UW features;  
o Surface water diversion structures in the vicinity of open UW features;  
o Pressure-grout the surface and near-entrance fractures that recharge the Deep Adit;  
o Construction, operation, and maintenance of a passive chemical treatment system for the Main Adit discharge; 
o Shaft #4, the Burleigh Shaft, and/or other features may be partially filled to minimize recharge to the UW;   
o Passive chemical treatment system for the Main Adit discharge; 
o Active chemical treatment system for the Deep Adit discharge 

 
 Restoration of waterways, wetlands, and wildlife habitat, as required. 

 
 Long-term operation and maintenance; 

 
 Post-remedy environmental monitoring; 

 
 Institutional control inspections; and 

 
 Five-Year Reviews. 

 
Effectiveness 

Advantages 

 Bat grates will prevent trespassing or disturbance of 
UW entrances while permitting free egress of bats. 

 
 Upstream diversion structure installation and pressure-

grouting of surface fractures may reduce water flow into 
the UW, reducing the volume of water requiring 
treatment. 

 
 Treatment of Deep Adit and Main Adit discharges 

ensures that surface water RAOs are achieved. 
 

 

Disadvantages 

 Does not reduce the mass or toxicity of ARD contaminant sources 
at the Main Adit or Deep Adit. 

 
 Active and passive treatment systems will need to be designed to 

handle variable flow and contaminant loads. 
 

 The system discharge system would also require long-term 
monitoring of inlet and outlet metals concentrations and 
geochemistry to evaluate system efficiency and make adjustments 
as needed. 
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Alternative AD-3 
 

This alternative includes: 
 

 Establish site controls: locked grates and signage; 
 

 Conduct pre-design investigations: 
 

o Air circulation modeling; 
o Field investigations of endangered bat populations; 
o Geotechnical vibration investigation; 
o Structural evaluation of UW entrances; 
o Near-surface bedrock fracture evaluation; 
o UW discharge rate and quality investigation, and 
o Treatability studies to determine optimal Main Adit and Deep Adit treatment technology and specifications 

 
 Install or construct: 

o Bat grates on up to three open UW features;  
o Surface water diversion structures in the vicinity of open UW features;  
o Pressure-grout the surface and near-entrance fractures that recharge the Deep Adit;  
o Construction, operation, and maintenance of a passive chemical treatment system for the Main Adit discharge; 
o Shaft #4, the Burleigh Shaft, and/or other features may be partially filled to minimize recharge to the UW;   
o Passive chemical treatment system for the Main Adit discharge; 
o Active chemical treatment system for the Deep Adit discharge 

 
 Restoration of waterways, wetlands, and wildlife habitat, as required. 

 
 Long-term operation and maintenance; 

 
 Post-remedy environmental monitoring; 

 
 Institutional control inspections; and 

 
 Five-Year Reviews. 

 
Implementability 

Advantages  

 Construction of surface water diversion, bat grates, 
flow-through bulkhead are readily implementable. 

 
 Passive system at the Main Adit would require far less 

maintenance than an active system. 

 

Disadvantages 

 Requires treatability/design studies to determine appropriate 
system technology, sizing, and specifications; 

 
 Active system requires significantly more capital costs and 

operations and maintenance effort than a passive system. 
 

 Deep Adit system requires the construction of year-round access 
for maintenance, emergency response, as well as and power and 
phone utilities to the treatment plant; 

 
 Requires regular monitoring of system flow rates and output 

concentrations to ensure that treatment systems are working as 
designed; and 

 
 To achieve RAOs, the Deep Adit treatment system will need to run 

year-round and will require significant operations and maintenance 
costs in perpetuity. 

 
Cost 

Advantages  

 None noted 

 

Disadvantages 

 High capital costs. 
 High post-construction operation and maintenance costs required 

in perpetuity. 
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Alternative AD-4 
 
This alternative includes: 
 

 Establish site controls: locked grates and signage; 
 

 Conduct pre-design investigations: 
o Air circulation modeling; 
o Field investigations of endangered bat populations; 
o Geotechnical vibration investigation; 
o Structural evaluation of UW entrances; 
o Near-surface bedrock fracture evaluation; 
o UW discharge rate and quality investigation, and 
o Treatability studies to determine optimal Main Adit and Deep Adit treatment technology and specifications; 

 
 Install or construct: 

o Bat grates on up to three open UW features;  
o Surface water diversion structures in the vicinity of open UW features;  
o Pressure-grout the surface and near-entrance fractures that recharge the Deep Adit;  
o Shaft #4, the Burleigh Shaft, and/or other features may be partially filled to minimize recharge to the UW;  
o Passive chemical treatment system for the Main Adit discharge;  
o Passive biological treatment systems for the Deep Adit discharge; 

 
 Restoration of waterways, wetlands, and wildlife habitat, as required. 

 
 Long-term operation and maintenance; 

 
 Post-remedy environmental monitoring;  

 
 Institutional control inspections; and 

 
 Five-Year Reviews. 
 

Effectiveness 

Advantages 

 Bat grates will prevent trespassing or disturbance of UW 
entrances while permitting free egress of bats; 

 
 Upstream diversion structure installation and pressure-grouting of 

surface fractures may reduce water flow into the UW, reducing the 
volume of water requiring treatment; and 

 
 Treatment of Deep Adit and Main Adit discharges ensures that 

surface water RAOs are achieved. 
 

 

Disadvantages 

 Does not reduce the mass or toxicity of ARD 
contaminant sources at the Main Adit or Deep Adit. 

 
 Passive treatment systems will need to be designed 

to handle variable flow and contaminant loads. 
 

Implementability 

Advantages  

 Construction of surface water diversion, bat grates, are readily 
implementable; and 

 Passive systems would require far less maintenance than an 
active system. 

 

Disadvantages 

 Requires treatability/design studies to determine 
appropriate system technology, sizing, and 
specifications; and 

 
 Requires the largest remedy footprint for the Deep 

Adit area. 
 

Cost 

Advantages  

 Relatively low investigation and construction costs 
 Low post-construction O&M costs 

 

Disadvantages 

 Requires ongoing operations and maintenance costs 
in perpetuity. 

 



Table 4-1

ARARs and TBCs for Alternative UW-1

Ely Copper Mine Superfund Site

OU2/OU3 Underground Workings

Vershire, Vermont

REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTION TAKEN TO COMPLY WITH ARARs

Groundwater Protection, 10 V.S.A. Ch 48, Groundwater Rule 
and Strategy, VT Env. Prot. R. Ch. 12,  Appendix One, Table 1 
Primary Groundwater Protection Standards 

Applicable Primary groundwater protection standards for contaminants, including manganese. The alternative does not address exceedances of these groundwater criteria.

Vermont Water Quality Standards, VT Env. Prot. R. Chapter 
29(a), Ch. 1, 2, and 3 and Appendix C and D Applicable This document provides human and ecological health-based criteria for surface water, including solids, alkalinity, pH, and toxic 

substances. The alternative does not address exceedances of these criteria in surface water in OU2/OU3.

Clean Water Act (CWA) National Recommended Water Quality 
Criteria, 40 C.F.R. § 122.44

Relevant and 
Appropriate

These standards were used to develop numerical standards for the protection of aquatic biota quality for surface water and 
sediment at and downstream of the compliance points. The alternative does not address exceedances of these  surface water criteria.

EPA Risk Reference Doses (RfDs) To Be Considered RfDs are estimates of daily exposure levels that are unlikely to cause significant adverse non-carcinogenic health effects over 
a lifetime. The alternative does not address risks identified under these criteria.

EPA Carcinogen Assessment Group, Cancer Slope Factors 
(CSFs) To Be Considered CSFs are used to compute the incremental cancer risk from exposure to contaminants and represent the most up-to-date 

information on cancer risk from EPA's Carcinogen Assessment Group. The alternative does not address risks identified under these criteria.

Health Advisories (EPA Office of Drinking Water) To Be Considered Health Advisories are estimates of risk due to consumption of contaminated drinking water; they consider non-carcinogenic 
effects only.  The Health Advisory standard for manganese is 0.3 ppm. The alternative does not address groundwater exposure risks developed using this guidance.

Guidelines for Carcinogen Risk Assessment  EPA/630/P-
03/001F (March 2005) To Be Considered Guidance for assessing cancer risk.  Used to establish risk-based standards for managing groundwater at the Site. The alternative does not address groundwater exposure risks developed using this guidance.

Supplemental Guidance for Assessing Susceptibility from Early-
Life Exposure to Carcinogens EPA/630/R-03/003F  (March 2005) To Be Considered Guidance of assessing cancer risks to children.  Used to establish risk-based standards for managing groundwater at the Site. The alternative does not address groundwater exposure risks developed using this guidance.

EPA National Recommend Water Quality Criteria (guidance) - 
EPA 822-R-02-047 (EPA 2002) To Be Considered

This guidance regarding the NRWQC is based on data and scientific judgments about the relationship between pollutant 
concentrations and environmental effects.  The guidance was considered in the establishment of site-specific cleanup levels 
and delineation criteria for surface water when Vermont Water Quality Standards were not available.

The alternative does not address ecological exposure risks from surface water developed using this guidance.

Proposed Guidelines for the Clean-Up of Contaminated Sites in 

Ontario (Ministry of Environment and Energy of Ontario [MOE], 
1994) 

To Be Considered This guidance document lists surface water and sediment criteria that are considered protective for aquatic organisms. The alternative does not address ecological exposure risks from surface water developed using this guidance.

Preliminary Remediation Goals for Ecological Endpoints , 
Efroymson et al., August 1997 To Be Considered This technical memorandum was prepared to present recommended preliminary remediation goals (PRGs) for surface water, 

sediment and soil for ecological endpoints for risk assessments and decision making at CERCLA sites. The alternative does not address ecological exposure risks from surface water developed using this guidance.

Note: Alternative UW-1 is a no-action alternative; therefore, location-specific and action-specific ARARs are not applicable.

STATE ARARs 

FEDERAL ARARS AND TBCs

CHEMICAL-SPECIFIC ARARS

NH-4054-2015 Nobis Engineering, Inc.



Table 4-2
Cost Summary for Alternative UW-1

Ely Copper Mine Superfund Site
OU2/OU3 Underground Workings

Vershire, Vermont

COST

Direct Cost Subtotal $0 $0
Contingency Cost (@30 Percent) $0 $0

Direct and Contingency Cost Subtotal $0 $0
TOTAL CAPITAL COSTS $0 $0

$7,000

Annual O&M Subtotal $7,000

$86,863

$86,863

Notes:
1. PV = Present Value
2. Includes project management and technical support as a percentage of operation, 

maintenance, and monitoring costs.  See Present Value Cost Sheet
3. Each line item represents the average cost of the O&M over the 30 year period.  See Appendix C for an 

annual cost for each specific year.

ITEM

LONG-TERM OPERATION, MAINTENANCE, AND MONITORING ANNUAL COST

CAPITAL COSTS

TOTAL PV COST (CAPITAL + LONG TERM PV, 30-YR, 7%)

Annualized Five-Year Review Cost

PRESENT VALUE COSTS, 30-YEARS, 7% (See Note 1)
TOTAL LONG-TERM OPERATION, MAINTENANCE, AND MONITORING 

NH-4054-2015 Nobis Engineering, Inc.
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ARARs and TBCs for Alternative UW-2

Ely Copper Mine Superfund Site

OU2/OU2 Underground Workings

Vershire, Vermont

Page 1 of 3

REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTION TAKEN TO COMPLY WITH ARARs

Vermont State Land Use and Development Plans Law (Act 250), 
10 V.S.A. Chapter 151;  Natural Resource Board Act 250 Rules Applicable 

Issues to be addressed in assessing compliance with Act 250 include substantive environmental and facility siting requirements 
necessary to demonstrate that the activity:  
• will not result in undue water and air pollution, including construction-related dust (criterion 1);
• will protect headwaters (criterion 1(A)); 
• will meet all standards for disposal of wastes (criterion 1(B));
• will protect floodways (criterion 1(D)); 
• will, whenever feasible, maintain the natural condition of streams (criterion 1(E)); 
• will not violate the rules relating to wetlands (Class Three) (criterion 1(G));
• will not cause unreasonable soil erosion (criterion 4);
• will not have an undue adverse effect on the scenic or natural beauty of the area, aesthetics, historic sites, rare and 
irreplaceable natural areas (criterion 8);
• will not destroy or significantly imperil necessary wildlife habitat or any endangered species (criterion 8(A));  
• extraction of earth resources will not have an unduly harmful impact upon the environment or surrounding land uses and 
development and upon completion of the extracting or processing operation the site will be left in a condition suited for an 
approved alternative use or development (criterion 9 (E));
• will be designed and operated to conserve energy, to the extent practicable (criterion 9(F)); and 
• will protect public investments (roads) (criterion 9(K)). 

Alternative UW-2 will be designed to minimize impacts on protected resources under the Act's criteria, including 
preventing impacts to downgradient wetlands, streams, and floodways, as appropriate.  UW-2 will be designed to 
minimize energy consumption and impacts on public investments (roads) by using local and industrial waste 
materials to the extent possible. Site work will be managed to minimize impacts to potential endangered species 
habitat.

Regulation of Stream Flow Act, 10 V.S.A. Chapter 41; Stream 
Alteration Rule, Env. Prot. R. Ch. 27,  § 27-101 through 27-706 Applicable Regulates and permits activities that interrupt the natural flow of water in watercourses to protect against damage to aquatic life, 

prevent creation of flood hazards, and protect from damaging the rights of riparian owners. 
Water displaced during the filling of the Deep Adit and associated Underground Workings  will be contained and 
released in a controlled manner to minimize impacts on Ely Brook and tributaries.

Vermont Historic Preservation Law, 22 VSA § 743(4), 761, 763, 
and 767.  

Relevant and 
Appropriate Places controls on actions conducted by the state that may impact historic, scientific, or archaeological sites and data.

The filling of the Deep Adit and associated Underground Workings represents a permanent impact to a historic 
resource. The installation of bat grates will impact historic resources. EPA will consult with the SHPO and 
community regarding the loss of historic resources.

Vermont Protection of Endangered Species Act,  10 V.S.A. 
Chapter 123

Applicable for Listed 
Species

This statute outlines the definition of endangered and threatened and the species listed as endangered or threatened.  The 
statute prohibits the taking, possession or transport of wildlife or plants that are members of an endangered or threatened 
species without complying with the Act.  Bat species that may occur on the Site that are listed as threatened or endangered 
species in Vermont: the Eastern Small-Footed Bat, Tri-colored Bat, Little Brown Bat, Indiana Bat and the Northern Long-eared 
Bat.

Underground Workings construction and filling activities will be limited to non-hibernation season. Bat grate and 
structural improvements to Underground Workings entrances will be designed based on the impacts to bats 
determined in the PDI. Activities around the bat habitat will be planned to minimize impacts to the extent possible.

Vermont ANR Guidance on Riparian Buffers (December 9, 2005) To Be Considered

This guidance provides technical information on the functions and values of riparian buffers, as well as describing acceptable 
activities within buffer zones.  It recommends the establishment of 100 foot buffer zones to streams under circumstances where 
there is an increased risk of erosion and/or potential for overland flow of pollutants. Where Class II wetlands are contiguous to a 
waterbody, buffer widths of greater than  50 feet may be recommended based on case-specific application of this Guidance. 
This Guidance will also be used to recommend buffers for Class III wetlands contiguous to waterbodies as necessary to maintain 
the functions and values of the riparian area.

Access roads and other activities will be planned to minimize impacts on riparian buffer zones. Water displaced 
during the filling of the Deep Adit and associated underground workings will be contained and released in a 
controlled manner to minimize impacts on Ely Brook and tributaries.

Floodplain Management and Protection of Wetlands, 44 C.F.R. 9 Relevant and 
Appropriate

Remedial alternatives that may cause alteration within a 500-year floodplain/cause negative impacts to downstream floodplain or 
that will cause alteration of  federal jurisdictional wetlands/aquatic habitats will be implemented in compliance with these relevant 
and appropriate FEMA standards (which promulgrate requirements under Executive Order 11988 (Floodplain Management) and 
Executive Order 11990 (Protection of Wetlands)).  Prohibits activities that adversely affect a federally-regulated wetland unless 
there is no practicable alternative and the proposed action includes all practicable measures to minimize harm to wetlands that 
may result from such use.  

Water displaced during the filling of the Deep Adit and associated Underground Workings will be contained and 
released in a controlled manner to minimize downstream flooding and wetland impacts.

Federal Endangered Species Act of 1973 (ESA), 16 U.S.C. 1531 
et seq .; 33 C.F.R. Part 320 To Be Considered 

The purpose of the ESA is to “conserve the ecosystems upon with threatened and endangered species depend” and to 
conserve and recover listed species.  Federal agencies must consult with the U.S. Fish and Wildlife Service to ensure that the 
actions they authorize, fund, or carry out will not jeopardize listed species.  The law provides for critical habitat designations for 
listed species.  Critical habitat designations affect Federal agency actions and federally funded or permitted activities.  The 
northern long-eared bat is listed as federally threatened and the Indiana bat is listed as federally endangered. Both may be 
located at the Site. 

Underground workings construction and filling activities will be limited to non-hibernation season. Bat grate and 
structural improvements to Underground Workings entrances will be designed based on the impacts to bats 
determined in the PDI. The U.S. Fish and Wildlife Service will be consulted in the PDI planning process so that 
investigations and RAs do not adversely impact bat populations or habitats.

National Historic Preservation Act (NHPA), Section 106, 16 
U.S.C. 470 et seq., 36 C.F.R. Part 800 Applicable 

Section 106 of the NHPA of 1966 requires EPA to take into account the effect of all of its actions on historic properties in 
consultation with the State Historic Preservation Officer (SHPO).  A determination  has been made that the Ely Mine Site eligible 
for the National Register.  The consultation is to identify potential adverse effects on historic properties and seek ways to avoid, 
minimize or mitigrate any such effects on historic properties. 

Unavoidable adverse impacts will occur to historic Site resources. Filling of the Deep Adit and associated 
Underground Workings will impact these features, and actions to shore up Underground Workings entrances and 
install bat grates may cause impacts to those features as well.  EPA with consult with the SHPO in developing 
mitigation measures, as required.

Archeological and Historic Preservation Act, 16 U.S.C. 469 et 

seq ., 36 C.F.R., Part 65 Applicable 

This standard requires that, whenever any federal agency finds or is made aware that its activity in connection with any 
construction project or federally licensed project, activity, or program may cause irreparable loss or destruction of significant 
scientific, pre-historical, historical, or archeological data such agency shall undertake the recovery, protection, and preservation 
of such data or notify the Secretary of the Interior.  The undertaking could include a preliminary survey (or other investigation as 
needed) and analysis and publication of the reports resulting from such investigation. 

Any access roads or other construction to complete UW-2 will be located to avoid known significant scientific, pre-
historic, historical, or archaeological assets. Most of the UW-2 activities will be within the footprint of the OU1 RA 
or on properties with no known connection to Ely Mine.  Access roads and monitoring wells within the OU3 area 
will be sited to avoid any potential protected resource areas, or mitigation will be carried out for unavoidable 
impacts, if required.

LOCATION-SPECIFIC ARARS

STATE ARARs 

FEDERAL ARARS AND TBCs

NH-4054-2015 Nobis Engineering, Inc.
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REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTION TAKEN TO COMPLY WITH ARARs

LOCATION-SPECIFIC ARARS

Groundwater Protection, 10 V.S.A. Ch 48, Groundwater Rule 
and Strategy, VT Env. Prot. R. Ch. 12,  Appendix One, Table 1 
Primary Groundwater Protection Standards 

WAIVED State groundwater protection standards. Primary groundwater protection standards for manganese are waived for the area within the TI Zone.

Vermont Water Quality Standards, VT Env. Prot. R. Chapter 
29(a), Ch. 1, 2, and 3 and Appendix C and D 

Relevant and 
Appropriate 

This document provides human and ecological health-based criteria for surface water, including solids, alkalinity, pH, and toxic 
substances.

Alternative UW-2 will be designed to minimize contaminated surface water discharges by filling the Deep Adit and 
associated Underground Workings and installing a passive treatment system to address discharges from the 
Main Adit.  Surface water treatment standards for Class B waters will be achieved at the downgradient 
compliance point.

Clean Water Act (CWA) National Recommended Water Quality 
Criteria, 40 C.F.R. § 122.44

Relevant and 
Appropriate

These standards were used to develop numerical standards for the protection of aquatic biota quality for surface water and 
sediment at and downstream of the compliance points.

Alternative UW-2 will be designed to minimize contaminated surface water discharges by filling the Deep Adit and 
associated Underground Workings and installing a passive treatment system to address discharges from the 
Main Adit.  Surface water treatment standards for Class B waters will be achieved at the downgradient 
compliance point.

EPA National Recommend Water Quality Criteria (guidance) - 
EPA 822-R-02-047 (EPA 2002) To Be Considered

This guidance regarding the NRWQC is based on data and scientific judgments about the relationship between pollutant 
concentrations and environmental effects.  The guidance was considered in the establishment of site-specific cleanup levels and 
delineation criteria for surface water when Vermont Water Quality Standards were not available.

UW-2 will address ecological exposure risks from surface water developed using this guidance, by meeting 
treatment standards at the downstream compliance point through source minimization and discharge treatment.

Proposed Guidelines for the Clean-Up of Contaminated Sites in 

Ontario (Ministry of Environment and Energy of Ontario, 1994) To Be Considered This guidance document lists surface water and sediment criteria that are considered protective for aquatic organisms. UW-2 will address ecological exposure risks from surface water developed using this guidance, by meeting 
treatment standards at the downstream compliance point through source minimization and discharge treatment.

Preliminary Remediation Goals for Ecological Endpoints , 
Efroymson et al., August 1997 To Be Considered This technical memorandum presents recommended preliminary remediation goals (PRGs) for ecological endpoints for risk 

assessments and decision making at CERCLA sites. 
UW-2 will address ecological exposure risks from surface water developed using this guidance, by meeting 
treatment standards at the downstream compliance point through source minimization and discharge treatment.

Vermont Water Quality Standards, VT Env. Prot. R. Ch. 29(A),  
Ch. 1, 2, and 3 and Appendix C and D (October 2014) Applicable Establishes water quality standards for surface waters and applies to alternatives that call for monitoring surface water bodies on 

and off of the Site.  
UW-2 includes reduction of source volume and treatment of discharge to achieve these standards. These 
standards will be used to monitor UW discharge and confirm acceptable outlet concentrations.

Vermont Pollution Control Act, 10 V.S.A. Ch. 47; Water Pollution 
Control Permit Regulations, VT Env. Prot. R. Ch. 13  Applicable 

The regulations stipulate requirements for discharges to surface waters, compliance with NPDES standards, and meeting 
stormwater management requirements.  Water displaced from UW during remedial activities (such as filling) may require 
treatment prior to discharge to surface waters.

UW-2 includes reduction of source volume and treatment of discharge to achieve these standards. Water 
displaced from Underground Workings during adit filling will be contained and tested to determine the need for 
treatment based on these regulations. Site disturbance will be comply with stormwater management standards.

Groundwater Protection, 10 V.S.A. Ch 48, Groundwater Rule 
and Strategy, VT Env. Prot. R. Ch. 12,  Appendix One, Table 1, 
Primary Groundwater Protection Standards 

Applicable Establishes monitoring standards for groundwater at the TI Zone compliance boundary.  Also the basis for ICs to prevent 
groundwater use within the TI Zone and to restrict well installation in the well-restriction zone.

Alternative UW-2 institutional controls will restrict exposure to contaminated groundwater within the TI Zone and 
prevent the installation of wells within the well restriction area that might cause the migration of contaminated 
groundwater from the TI Zone.  Establishes monitoring standards for the TI Zone to ensure contaminant migration 
is not occurring and  the remedy remains protective. 

Vermont Stormwater Management Act, 10 V.S.A. § 1263 and 
§1264; Vermont Stormwater Management Rule, VT Env. Prot. 
R. Ch. 18

Applicable if over 1 
acre of impervious 
surface created; 

Relevant and 
Appropriate if less 

than 1 acre of 
impervious surface 

created

Activities that create more than one acre of impervious surfaces, including roads and expansions to existing impervious surfaces 
that result in a total of one acre of impervious surfaces or more must implement measures to address the storm-water from the 
impervious surfaces.

Alternative UW-2 would include measures to comply with these requirements through the design of measures to 
mitigrate the release of stormwater from disturbed areas of the Site.

Vermont Waste Management Act, 10 V.S.A. Chapter 159; 
Hazardous Waste Management Regulations, VT Env. Prot. R. 
Ch. 7 

Applicable 

Establishes requirements for the identification and management of hazardous waste.  These regulations apply to solutions 
having pH less than 2 or contaminated media that exceeds toxicity standards under these regulations. Treatment media or any 
other wastes that are disposed of off-site will be tested to determine if it exceeds the standards to be managed and disposed of 
as hazardous waste.   Incorporates requirements of the federal Resource Conservation and Recovery Act regulations, 40 C.F.R. 
264.  

Wastes generated by UW-2 for off-site disposal (such as settled solids associated with the passive treatment 
system) will be tested for hazardous waste characteristics. If the wastes exceed these standards, they will be 
handled under the requirements of these regulations

Vermont Air Pollution Control Act, 10 V.S.A. Ch. 23; Air Pollution 
Control Regulations, VT Env. Prot. R. Ch. 5 Applicable Establishes standards for air pollution prevention, abatement and control.  List prohibited activities and establishes primary and 

secondary ambient air quality standards for specific pollutants.  Includes dust control standards.  
Dust suppression will be used during construction/site alteration actions to comply with these standards, as 
applicable.

Underground Injection Control Regulations, VT Env. Prot. R. Ch. 
11

Relevant and 
Appropriate

These standards regulate disposal systems or any bored, drilled, or driven shaft, dug hole, or any other opening in the ground 
that is used to discharge waste (where "waste" is defined as "any substance or material that flows or moves whether in a semi-
solid, liquid or other state), either under pressure or gravity, to the soil or groundwater.   Standards to protect groundwater are 
relevant and appropriate to alternative components that involve injecting grout or other substances into the Underground 
Workings.

Substances injected into the Underground Workings will  not negatively impair groundwater quality.

Vermont Handbook for Erosion Prevention and Sediment Control  
(VTDEC, 2006) To Be Considered A compilation of information from various sources released by the Vermont Department of Environmental Conservation for use in 

developing the erosion prevention and sediment control plans required for construction-related stormwater discharge permitting. 
The manual will be used to guide development of measures to prevent erosion and sedimentation from remedial 
activities.

ACTION-SPECIFIC ARARS

STATE ARARs 

STATE ARARs 

FEDERAL ARARS AND TBCs

CHEMICAL-SPECIFIC ARARS
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Table 4-3

ARARs and TBCs for Alternative UW-2

Ely Copper Mine Superfund Site

OU2/OU2 Underground Workings

Vershire, Vermont

Page 3 of 3

REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTION TAKEN TO COMPLY WITH ARARs

LOCATION-SPECIFIC ARARS

Federal Safe Drinking Water Maximum Contaminant Levels 
(MCLs) and Maximum Contaminant Level Goals (MCLGs), 
National Primary Drinking Water Regulations, 40 C.F.R. Parts 
141.11 – 141.16 and 141.50 – 141.53 

Relevant and 
Appropriate for MCLs 
and non-zero MCLGs 

only 

These standards may be used as monitoring standards for groundwater at the TI Zone compliance boundary. UW-2 will include these groundwater standards as monitoring standards for the TI Zone.

Resource Conservation and Recovery Act, 42 U.S.C. § 6901 et 

seq. ; 40 C.F.R. Part 264 Applicable Vermont is delegrated to implement these standards through its Hazardous Waste Management Regulations (see above). 
Wastes generated by UW-2 for off-site disposal (such as settled solids associated with the passive treatment 
system) will be tested for hazardous waste characteristics. If the wastes exceed these standards, they will be 
handled under the requirements of these regulations

Federal Clean Water Act, 33 U.S.C. § 1251 et seq. ; National 
Recommended Water Quality Criteria (NRWQC), 40 C.F.R. Part 
122.44

Relevant and 
Appropriate 

These standards are used to develop numerical and biological water quality standards for monitoring surface water quality.   
Monitoring will ensure that source control remedies at the Site are preventing metals and ARD from migrating to surface waters 
and exceeding the waterways' water quality standards.

These standards will be used to monitor UW surface water discharge and confirm acceptable outlet 
concentrations.

Federal Clean Water Act, Section 402, 33 U.S.C. § 1342; 
National Pollution Discharge Elimination System (NPDES) 40 
CFR 122-135, 131

Applicable
These regulations contain discharge limitations, monitoring requirements, and best management practices (BMPs) for 
discharges into navigable waters, i.e., surface waters. These regulations would be applicable to remedial strategies involving 
discharge to surface waters.  

Water displaced during the filling of the UW will be treated to meet discharge standards prior to being discharged 
to Site waterways. Site disturbance will comply with stormwater management standards.

Federal Clean Water Act, § 1342; Stormwater Requirements for 
Construction Sites; 40 C.F.R. 122.26 

Applicable if over 1 
acre of impervious 
surface created; 

Relevant and 
Appropriate if less 

than 1 acre of 
impervious surface 

created

Regulates stormwater discharge from construction activity including clearing, grading and excavation for operations that result in 
the disturbance of over one acre of total land area.   The standards are relevant and appropriate for alternatives that will disturb 
less than an acre of land.

Alternative UW-2 would include measures to comply with these requirements through the design of measures to 
mitigrate the release of stormwater from disturbed areas of the Site.

Groundwater Injection Standards, 40 C.F.R.  §§ 144, 146, 147 Relevant and 
Appropriate

These standards regulate disposal systems or any bored, drilled, or driven shaft, dug hole, or any other opening in the ground 
that is used to discharge waste (where "waste" is defined as "any substance or material that flows or moves whether in a semi-
solid, liquid or other state), either under pressure or gravity, to the soil or groundwater.   Standards to protect groundwater are 
relevant and appropriate to alternative components that involve injecting grout or other substances into the Underground 
Workings.

Substances injected into the Underground Workings will  not negatively impair groundwater quality.

Resource Conservation and Recovery Act, 42 USC §§ 
6901-6992; 40 CFR Part 264 Applicable Vermont is delegrated to implement these standards through its Hazardous Waste Management Regulations (see above). 

Wastes generated by UW-2 for off-site disposal (such as settled solids associated with the passive treatment 
system) will be tested for hazardous waste characteristics. If the wastes exceed these standards, they will be 
handled under the requirements of these regulations

EPA Carcinogen Assessment Group, Cancer Slope Factors 
(CSFs) To Be Considered 

CSFs are used to compute the incremental cancer risk from exposure to contaminants and represent the most up-to-date 
information on cancer risk from EPA's Carcinogen Assessment Group.  Used to establish risk-based standards for managing 
groundwater at the Site. Human health risks were not identified for surface water exposure.

Alternative UW-2 addresses groundwater exposure risks calculated using this guidance through ICs to prevent 
exposure to contaminated groundwater in the TI Zone and using the risk-based standards developed using this 
guidance as TI Zone monitoring standards.

Health Advisories (EPA Office of Drinking Water) To Be Considered 
Health Advisories are estimates of risk due to consumption of contaminated drinking water; they consider non-carcinogenic 
effects only. To be considered for monitoring contaminants in groundwater where the standard is more conservative than either 
federal or state statutory or regulatory standards.  These standards are used for monitoring standards for groundwater.

Alternative UW-2 addresses groundwater exposure risks calculated using this guidance through ICs to prevent 
exposure to contaminated groundwater in the TI Zone and using the risk-based standards, particularly for 
manganese, developed using this guidance as TI Zone monitoring standards.

Guidelines for Carcinogen Risk Assessment  EPA/630/P-
03/001F (March 2005) To Be Considered Guidance for assessing cancer risk.  Used to establish risk-based standards for managing groundwater at the Site.

Alternative UW-2 addresses groundwater exposure risks calculated using this guidance through ICs to prevent 
exposure to contaminated groundwater in the TI Zone and using the risk-based standards developed using this 
guidance as TI Zone monitoring standards.

Supplemental Guidance for Assessing Susceptibility from Early-
Life Exposure to Carcinogens EPA/630/R-03/003F  (March 
2005) 

To Be Considered Guidance of assessing cancer risks to children.  Used to establish risk-based standards for managing groundwater at the Site.
Alternative UW-2 addresses groundwater exposure risks calculated using this guidance through ICs to prevent 
exposure to contaminated groundwater in the TI Zone and using the risk-based standards developed using this 
guidance as TI Zone monitoring standards.

FEDERAL ARARS AND TBCs
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Table 4-4
Cost Summary for Alternative UW-2

Ely Copper Mine Superfund Site
OU2/OU3 Underground Workings

Vershire, Vermont

COST

Mobilization $120,000
Portal Closure $48,000
Deep Adit Closure - Plugging and Filling $475,700
Main Adit Passive Chemical Treatment System $61,000
Groundwater Monitoring Installations $98,480
Restoration and Mitigation $162,160
Institutional Controls $35,000
Remedial Action Report $50,000

Direct Cost Subtotal $1,050,340
Contingency Cost (@30 Percent) $315,102

Subtotal $1,365,442
Design/Remedial Action Support (PDI) $951,422
Engineering, Design, and Regulatory Support (10 percent) $136,544
Project Management (5 percent) $68,272
Construction Management (7 percent) $95,581

TOTAL CAPITAL COSTS $2,617,261

Site Inspections, Sampling, Reporting $23,107
Routine Site Maintenance, Repairs, etc. $11,969
Contingency (10%) $3,508
Project Management (5%) $1,754

Annual O&M Subtotal $40,338

Annualized Five-Year Review Cost $7,000

$757,799

$3,375,060

Notes:
1. PV = Present Value
2. Includes project management and technical support as a percentage of operation, 

maintenance, and monitoring costs.  See Present Value Cost Sheet
3. Each line item represents the average cost of the O&M over the 30 year period.  See Appendix C for an 

annual cost for each specific year.

ITEM

CAPITAL COSTS

LONG-TERM OPERATION, MAINTENANCE, AND MONITORING ANNUAL COST

TOTAL PV COST (CAPITAL + LONG TERM PV, 30-YR, 7%)

PRESENT VALUE COSTS, 30-YEARS, 7% (See Note 1)
TOTAL LONG-TERM OPERATION, MAINTENANCE, AND MONITORING 
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Table 4-5

ARARs and TBCs for Alternative UW-3

Ely Copper Mine Superfund Site

OU2/OU3 Underground Workings

Vershire, Vermont

Page 1 of 3

REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTION TAKEN TO COMPLY WITH ARARs

Vermont State Land Use and Development Plans Law (Act 250), 
10 V.S.A. Chapter 151;  Natural Resource Board Act 250 Rules Applicable 

Issues to be addressed in assessing compliance with Act 250 include substantive environmental and facility siting requirements 
necessary to demonstrate that the activity:  
• will not result in undue water and air pollution, including construction-related dust (criterion 1);
• will protect headwaters (criterion 1(A)); 
• will meet all standards for disposal of wastes (criterion 1(B));
• will protect floodways (criterion 1(D)); 
• will, whenever feasible, maintain the natural condition of streams (criterion 1(E)); 
• will not violate the rules relating to wetlands (Class Three) (criterion 1(G));
• will not cause unreasonable soil erosion (criterion 4);
• will not have an undue adverse effect on the scenic or natural beauty of the area, aesthetics, historic sites, rare and 
irreplaceable natural areas (criterion 8);
• will not destroy or significantly imperil necessary wildlife habitat or any endangered species (criterion 8(A));  
• extraction of earth resources will not have an unduly harmful impact upon the environment or surrounding land uses and 
development and upon completion of the extracting or processing operation the site will be left in a condition suited for an 
approved alternative use or development (criterion 9 (E));
• will be designed and operated to conserve energy, to the extent practicable (criterion 9(F)); and 
• will protect public investments (roads) (criterion 9(K)). 

Alternative UW-3 will be designed to minimize impacts on protected resources under the Act's criteria, including 
impacts to downstream wetlands, stream, and floodways, as appropriate. Impacts to Class 3 wetlands may be 
required for access road construction. UW-3 will be designed to minimize energy consumption and impacts on 
public investments (roads) by using locally-sourced reagents to the extent possible. Site work will be managed 
to minimize impacts to potential endangered species habitat.

Regulation of Stream Flow Act, 10 V.S.A. Chapter 41; Stream 
Alteration Rule, Env. Prot. R. Ch. 27,  § 27-101 through 27-706 Applicable Regulates and permits activities that interrupt the natural flow of water in watercourses to protect against damage to aquatic 

life, prevent creation of flood hazards, and protect from damaging the rights of riparian owners. 
Discharge from the treatment systems will be controlled to prevent creation of flood hazards or impacts to the 
post-OU1 designed stream contours

Vermont Historic Preservation Law, 22 VSA § 743(4), 761, 763, 
and 767.  

Relevant and 
Appropriate Places controls on actions conducted by the state that may impact historic, scientific, or archaeological sites and data.

The installation of bat grates will impact historic resources. The footprint of the treatment systems will be almost 
entirely on the OU1 RA footprint. EPA will consult with the SHPO and community regarding the loss of historic 
resources.

Vermont Protection of Endangered Species Act,  10 V.S.A. 
Chapter 123

Applicable for Listed 
Species

This statute outlines the definition of endangered and threatened and the species listed as endangered or threatened.  The 
statute prohibits the taking, possession or transport of wildlife or plants that are members of an endangered or threatened 
species without complying with the Act.  Bat species that may occur on the Site that are listed as threatened or endangered 
species in Vermont: the Eastern Small-Footed Bat, Tri-colored Bat, Little Brown Bat, Indiana Bat and the Northern Long-eared 
Bat.

Treatment system construction will be limited to non-hibernation season. Bat grate and structural improvements 
to UW entrances will be designed based on the impacts to bats determined in the PDI. Activities around the bat 
habitat will be planned to minimize impacts to the extent possible.

Vermont ANR Guidance on Riparian Buffers (December 9, 2005) To Be Considered

This guidance provides technical information on the functions and values of riparian buffers, as well as describing acceptable 
activities within buffer zones.  It recommends the establishment of 100 foot buffer zones to streams under circumstances where 
there is an increased risk of erosion and/or potential for overland flow of pollutants. Where Class II wetlands are contiguous to 
a waterbody, buffer widths of greater than  50 feet may be recommended based on case-specific application of this Guidance. 
This Guidance will also be used to recommend buffers for Class III wetlands contiguous to waterbodies as necessary to 
maintain the functions and values of the riparian area.

Access roads and other activities will be planned to minimize impacts on riparian buffer zones. Water discharge 
from the treatment systems will be controlled to minimize impacts to buffer zones.

Floodplain Management and Protection of Wetlands, 44 C.F.R. 9 Relevant and 
Appropriate

Remedial alternatives that may cause alteration within a 500-year floodplain/cause negative impacts to downstream floodplain 
or that will cause alteration of  federal jurisdictional wetlands/aquatic habitats will be implemented in compliance with these 
relevant and appropriate FEMA standards (which promulgrate requirements under Executive Order 11988 (Floodplain 
Management) and Executive Order 11990 (Protection of Wetlands)).  Prohibits activities that adversely affect a federally-
regulated wetland unless there is no practicable alternative and the proposed action includes all practicable measures to 
minimize harm to wetlands that may result from such use.  

Discharge from the treatment systems will be controlled to prevent adverse impacts to the downstream 
floodplain and wetlands. Adit discharge treatment will reduce the contaminant load to Pond 4, Pond 5, and other 
wetlands.

Federal Endangered Species Act of 1973 (ESA), 16 U.S.C. 1531 
et seq .; 33 C.F.R. Part 320 Applicable

The purpose of the ESA is to “conserve the ecosystems upon with threatened and endangered species depend” and to 
conserve and recover listed species.  Federal agencies must consult with the U.S. Fish and Wildlife Service to ensure that the 
actions they authorize, fund, or carry out will not jeopardize listed species.  The law provides for critical habitat designations for 
listed species.  Critical habitat designations affect Federal agency actions and federally funded or permitted activities.  The 
northern long-eared bat is listed as federally threatened and the Indiana bat is listed as federally endangered. Both may be 
located at the Site. 

UW-3 construction will be limited to non-hibernation season. Bat grates and structural improvements to UW 
entrances will be designed based on the impacts to bats determined in the PDI. The USFWS will be consulted 
in the PDI planning process so that investigations and RAs do not adversely impact bat populations or habitats.

National Historic Preservation Act (NHPA), Section 106, 16 
U.S.C. 470 et seq., 36 C.F.R. Part 800 Applicable 

Section 106 of the NHPA of 1966 requires EPA to take into account the effect of all of its actions on historic properties in 
consultation with the State Historic Preservation Officer (SHPO).  A determination  has been made that the Ely Mine Site 
eligible for the National Register.  The consultation is to identify potential adverse effects on historic properties and seek ways 
to avoid, minimize or mitigrate any such effects on historic properties. 

Unavoidable adverse impacts will occur to historic Site resources. Building of the treatment systems and actions 
to shore up entrances to underground workings and install bat grates may cause impacts to those features as 
well.  EPA with consult with the SHPO in developing mitigation measures, as required.

Archeological and Historic Preservation Act, 16 U.S.C. 469 et 

seq ., 36 C.F.R., Part 65 Applicable 

This standard requires that, whenever any federal agency finds or is made aware that its activity in connection with any 
construction project or federally licensed project, activity, or program may cause irreparable loss or destruction of significant 
scientific, pre-historical, historical, or archeological data such agency shall undertake the recovery, protection, and preservation 
of such data or notify the Secretary of the Interior.  The undertaking could include a preliminary survey (or other investigation as 
needed) and analysis and publication of the reports resulting from such investigation. 

Any access roads or other construction to complete UW-3 will be located to avoid known significant scientific, 
pre-historic, historical, or archaeological assets. Most of the UW-3 activities will be within the footprint of the 
OU1 RA or on properties with no known connection to Ely Mine.  Access roads and monitoring wells within the 
OU3 area will be sited to avoid any potential protected resource areas, or mitigation will be carried out for 
unavoidable impacts, if required.

LOCATION-SPECIFIC ARARS

STATE ARARs 

FEDERAL ARARS AND TBCs
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Table 4-5

ARARs and TBCs for Alternative UW-3

Ely Copper Mine Superfund Site

OU2/OU3 Underground Workings

Vershire, Vermont

Page 2 of 3

REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTION TAKEN TO COMPLY WITH ARARs

LOCATION-SPECIFIC ARARS

Groundwater Protection, 10 V.S.A. Ch 48, Groundwater Rule 
and Strategy, VT Env. Prot. R. Ch. 12,  Appendix One, Table 1 
Primary Groundwater Protection Standards 

WAIVED State groundwater protection standards. Primary groundwater protection standards for manganese are waived for the area within the TI Zone.

Vermont Water Quality Standards, VT Env. Prot. R. Chapter 
29(a), Ch. 1, 2, and 3 and Appendix C and D 

Relevant and 
Appropriate 

This document provides human and ecological health-based criteria for surface water, including solids, alkalinity, pH, and toxic 
substances. Underground workings discharge will be treated to achieve these standards. 

Clean Water Act (CWA) National Recommended Water Quality 
Criteria, 40 C.F.R. § 122.44

Relevant and 
Appropriate

These standards were used to develop numerical standards for the protection of aquatic biota quality for surface water and 
sediment at and downstream of the compliance points.

Alternative UW-3 will install passive and active treatment systems to address discharges from the UW.  Surface 
water treatment standards for Class B waters will be achieved at the downgradient compliance point.

EPA National Recommend Water Quality Criteria (guidance) - 
EPA 822-R-02-047 (EPA 2002) To Be Considered

This guidance regarding the NRWQC is based on data and scientific judgments about the relationship between pollutant 
concentrations and environmental effects.  The guidance was considered in the establishment of site-specific cleanup levels 
and delineation criteria for surface water when Vermont Water Quality Standards were not available.

UW-3 will address ecological exposure risks from surface water developed using this guidance, by meeting 
treatment standards at the downstream compliance point through source minimization and discharge treatment.

Proposed Guidelines for the Clean-Up of Contaminated Sites in 

Ontario (Ministry of Environment and Energy of Ontario, 1994) To Be Considered This guidance document lists surface water and sediment criteria that are considered protective for aquatic organisms. UW-3 will address ecological exposure risks from surface water developed using this guidance, by meeting 
treatment standards at the downstream compliance point through source minimization and discharge treatment.

Preliminary Remediation Goals for Ecological Endpoints , 
Efroymson et al., August 1997 To Be Considered This technical memorandum presents recommended preliminary remediation goals (PRGs) for ecological endpoints for risk 

assessments and decision making at CERCLA sites. 
UW-3 will address ecological exposure risks from surface water developed using this guidance, by meeting 
treatment standards at the downstream compliance point through source minimization and discharge treatment.

Vermont Water Quality Standards, VT Env. Prot. R. Ch. 29(A),  
Ch. 1, 2, and 3 and Appendix C and D (October 2014) Applicable Establishes water quality standards for surface waters and applies to alternatives that call for monitoring surface water bodies 

on and off of the Site.  
These standards will be used to monitor discharges from the treatment systems to meet Class B water quality 
standards at the downstream compliance point.

Vermont Pollution Control Act, 10 V.S.A. Ch. 47; Water Pollution 
Control Permit Regulations, VT Env. Prot. R. Ch. 13  Applicable 

The regulations stipulate requirements for discharges to surface waters, compliance with NPDES standards, and meeting 
stormwater management requirements.  Water displaced from underground workings during remedial activities (such as filling) 
may require treatment prior to discharge to surface waters.

Underground workings discharge will be treated to achieve these standards.  Treatment systems will be 
designed to address stormwater management. Construction Site disturbance will comply with stormwater 
management standards.

Groundwater Protection, 10 V.S.A. Ch 48, Groundwater Rule 
and Strategy, VT Env. Prot. R. Ch. 12,  Appendix One, Table 1, 
Primary Groundwater Protection Standards 

Applicable Establishes monitoring standards for groundwater at the TI Zone compliance boundary.  Also the basis for ICs to prevent 
groundwater use within the TI Zone and to restrict well installation in the well-restriction zone.

Alternative UW-3 institutional controls will restrict exposure to contaminated groundwater within the TI Zone and 
prevent the installation of wells within the well restriction area that might cause the migration of contaminated 
groundwater from the TI Zone.  Establishes monitoring standards for the TI Zone to ensure contaminant 
migration is not occurring and  the remedy remains protective. 

Vermont Stormwater Management Act, 10 V.S.A. § 1263 and 
§1264; Vermont Stormwater Management Rule, VT Env. Prot. R. 
Ch. 18

Applicable if over 1 
acre of impervious 
surface created; 

Relevant and 
Appropriate if less 

than 1 acre of 
impervious surface 

created

Activities that create more than one acre of impervious surfaces, including roads and expansions to existing impervious 
surfaces that result in a total of one acre of impervious surfaces or more must implement measures to address the storm-water 
from the impervious surfaces.

Alternative UW-3 would include measures to comply with these requirements through the design of measures to 
mitigrate the release of stormwater from disturbed areas of the Site.

Vermont Waste Management Act, 10 V.S.A. Chapter 159; 
Hazardous Waste Management Regulations, VT Env. Prot. R. 
Ch. 7 

Applicable 

Establishes requirements for the identification and management of hazardous waste.  These regulations apply to solutions 
having pH less than 2 or contaminated media that exceeds toxicity standards under these regulations. Treatment media or any 
other wastes that are disposed of off-site will be tested to determine if it exceeds the standards to be managed and disposed of 
as hazardous waste.   Incorporates requirements of the federal Resource Conservation and Recovery Act regulations, 40 
C.F.R. 264.  

Wastes generated by UW-3 for off-site disposal (such as settled solids associated with the  treatment systems) 
will be tested for hazardous waste characteristics. If the wastes exceed these standards, they will be handled 
under the requirements of these regulations

Vermont Air Pollution Control Act, 10 V.S.A. Ch. 23; Air Pollution 
Control Regulations, VT Env. Prot. R. Ch. 5 Applicable Establishes standards for air pollution prevention, abatement and control.  List prohibited activities and establishes primary and 

secondary ambient air quality standards for specific pollutants.  Includes dust control standards.  
Dust suppression will be used during construction/site alteration actions to comply with these standards, as 
applicable.

Vermont Handbook for Erosion Prevention and Sediment Control  
(VTDEC, 2006) To Be Considered 

A compilation of information from various sources released by the Vermont Department of Environmental Conservation for use 
in developing the erosion prevention and sediment control plans required for construction-related stormwater discharge 
permitting. 

The manual will be used to guide development of measures to prevent erosion and sedimentation from remedial 
activities.

ACTION-SPECIFIC ARARS

STATE ARARs 

STATE ARARs 

FEDERAL ARARS AND TBCs

CHEMICAL-SPECIFIC ARARS
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ARARs and TBCs for Alternative UW-3

Ely Copper Mine Superfund Site

OU2/OU3 Underground Workings

Vershire, Vermont

Page 3 of 3

REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTION TAKEN TO COMPLY WITH ARARs

LOCATION-SPECIFIC ARARS

Federal Safe Drinking Water Maximum Contaminant Levels 
(MCLs) and Maximum Contaminant Level Goals (MCLGs), 
National Primary Drinking Water Regulations, 40 C.F.R. Parts 
141.11 – 141.16 and 141.50 – 141.53 

Relevant and 
Appropriate for MCLs 
and non-zero MCLGs 

only 

These standards may be used as monitoring standards for groundwater at the TI Zone compliance boundary. UW-3 will include these groundwater standards as monitoring standards for the TI Zone.

Resource Conservation and Recovery Act, 42 U.S.C. § 6901 et 

seq. ; 40 C.F.R. Part 264 Applicable Vermont is delegrated to implement these standards through its Waste Management Regulations (see above). 
Wastes generated by UW-3 for off-site disposal (such as settled solids associated with the treatment systems) 
will be tested for hazardous waste characteristics. If the wastes exceed these standards, they will be handled 
under the requirements of these regulations

Federal Clean Water Act, 33 U.S.C. § 1251 et seq. ; National 
Recommended Water Quality Criteria (NRWQC), 40 C.F.R. Part 
122.44

Relevant and 
Appropriate 

These standards are used to develop numerical and biological water quality standards for monitoring surface water quality.   
Monitoring will ensure that source control remedies at the Site are preventing metals and ARD from migrating to surface waters 
and exceeding the waterways' water quality standards.

These standards will be used to monitor discharges from the treatment systems to meet Class B water quality 
standards at the downstream compliance point.

Federal Clean Water Act, Section 402, 33 U.S.C. § 1342; 
National Pollution Discharge Elimination System (NPDES) 40 
CFR 122-135, 131

Applicable
These regulations contain discharge limitations, monitoring requirements, and best management practices (BMPs) for 
discharges into navigable waters, i.e., surface waters. These regulations would be applicable to remedial strategies involving 
discharge to surface waters.  

The BMPs will be used to design the discharge treatment systems. Site disturbance will comply with stormwater 
management standards.

Federal Clean Water Act, § 1342; Stormwater Requirements for 
Construction Sites; 40 C.F.R. 122.26 

Applicable if over 1 
acre of impervious 
surface created; 

Relevant and 
Appropriate if less 

than 1 acre of 
impervious surface 

created

Regulates stormwater discharge from construction activity including clearing, grading and excavation for operations that result 
in the disturbance of over one acre of total land area.   The standards are relevant and appropriate for alternatives that will 
disturb less than an acre of land.

Alternative UW-3 would include measures to comply with these requirements through the design of measures to 
mitigrate the release of stormwater from disturbed areas of the Site.

Resource Conservation and Recovery Act, 42 USC §§ 
6901-6992; 40 CFR Part 264 Applicable Vermont is delegrated to implement these standards through its Hazardous Waste Management Regulations (see above). 

Wastes generated by UW-3 for off-site disposal (such as settled solids associated with the treatment systems) 
will be tested for hazardous waste characteristics. If the wastes exceed these standards, they will be handled 
under the requirements of these regulations

EPA Carcinogen Assessment Group, Cancer Slope Factors 
(CSFs) To Be Considered 

CSFs are used to compute the incremental cancer risk from exposure to contaminants and represent the most up-to-date 
information on cancer risk from EPA's Carcinogen Assessment Group.  Used to establish risk-based standards for managing 
groundwater at the Site. Human health risks were not identified for surface water exposure.

Alternative UW-3 addresses groundwater exposure risks calculated using this guidance through ICs to prevent 
exposure to contaminated groundwater in the TI Zone and using the risk-based standards developed using this 
guidance as TI Zone monitoring standards.

Health Advisories (EPA Office of Drinking Water) To Be Considered 
Health Advisories are estimates of risk due to consumption of contaminated drinking water; they consider non-carcinogenic 
effects only. To be considered for monitoring contaminants in groundwater where the standard is more conservative than either 
federal or state statutory or regulatory standards.  These standards are used for monitoring standards for groundwater.

Alternative UW-3 addresses groundwater exposure risks calculated using this guidance through ICs to prevent 
exposure to contaminated groundwater in the TI Zone and using the risk-based standards, particularly for 
manganese, developed using this guidance as TI Zone monitoring standards.

Guidelines for Carcinogen Risk Assessment  EPA/630/P-
03/001F (March 2005) To Be Considered Guidance for assessing cancer risk.  Used to establish risk-based standards for managing groundwater at the Site.

Alternative UW-3 addresses groundwater exposure risks calculated using this guidance through ICs to prevent 
exposure to contaminated groundwater in the TI Zone and using the risk-based standards developed using this 
guidance as TI Zone monitoring standards.

Supplemental Guidance for Assessing Susceptibility from Early-
Life Exposure to Carcinogens EPA/630/R-03/003F  (March 2005) To Be Considered Guidance of assessing cancer risks to children.  Used to establish risk-based standards for managing groundwater at the Site.

Alternative UW-3 addresses groundwater exposure risks calculated using this guidance through ICs to prevent 
exposure to contaminated groundwater in the TI Zone and using the risk-based standards developed using this 
guidance as TI Zone monitoring standards.

FEDERAL ARARS AND TBCs
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Table 4-6
Cost Summary for Alternative UW-3

Ely Copper Mine Superfund Site
OU2/OU3 Underground Workings

Vershire, Vermont

COST

Mobilization $120,000
Portal Closure $48,000
Deep Adit Closure - Plugging and Filling $118,925
Main Adit Passive Chemical Treatment System $61,000
Active Chemical Treatment System - Deep Adit $886,000
Groundwater Monitoring Installations $98,480
Restoration and Mitigation $162,160
Institutional Controls $35,000
Remedial Action Report $50,000

Direct Cost Subtotal $1,579,565
Contingency Cost (@30 Percent) $473,870

Subtotal $2,053,435
Design/Remedial Action Support (PDI) $911,922
Engineering, Design, and Regulatory Support (10 percent) $205,343
Project Management (5 percent) $102,672
Construction Management (7 percent) $143,740

TOTAL CAPITAL COSTS $3,417,112

Site Inspections, Sampling, Reporting $30,857
Routine Site Maintenance, Repairs, etc. $72,967
Contingency (10%) $10,382
Project Management (5%) $5,191

Annual O&M Subtotal $119,397

Annualized Five-Year Review Cost $7,000

$1,740,470

$5,157,582

Notes:
1. PV = Present Value
2. Includes project management and technical support as a percentage of operation, 

maintenance, and monitoring costs.  See Present Value Cost Sheet
3. Each line item represents the average cost of the O&M over the 30 year period.  See Appendix C for an 

annual cost for each specific year.

LONG-TERM OPERATION, MAINTENANCE, AND MONITORING ANNUAL COST

TOTAL PV COST (CAPITAL + LONG TERM PV, 30-YR, 7%)

PRESENT VALUE COSTS, 30-YEARS, 7% (See Note 1)
TOTAL LONG-TERM OPERATION, MAINTENANCE, AND MONITORING 

ITEM

CAPITAL COSTS
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Table 4-7
ARARs and TBCs for Alternative UW-4

Ely Copper Mine Superfund Site
OU2/OU3 Underground Workings

Vershire, Vermont
Page 1 of 6

REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTION TAKEN TO COMPLY WITH ARARs

Vermont State Land Use and 
Development Plans Law (Act 250), 
10 V.S.A. Chapter 151;  Natural 
Resource Board Act 250 Rules 

Applicable 

Issues to be addressed in assessing compliance with Act 250 include substantive 
environmental and facility siting requirements necessary to demonstrate that the activity:  
• will not result in undue water and air pollution, including construction-related dust (criterion 1);
• will protect headwaters (criterion 1(A)); 
• will meet all standards for disposal of wastes (criterion 1(B));
• will protect floodways (criterion 1(D)); 
• will, whenever feasible, maintain the natural condition of streams (criterion 1(E)); 
• will not violate the rules relating to wetlands (Class Three) (criterion 1(G));
• will not cause unreasonable soil erosion (criterion 4);
• will not have an undue adverse effect on the scenic or natural beauty of the area, aesthetics, 
historic sites, rare and irreplaceable natural areas (criterion 8);
• will not destroy or significantly imperil necessary wildlife habitat or any endangered species 
(criterion 8(A));  
• extraction of earth resources will not have an unduly harmful impact upon the environment or 
surrounding land uses and development and upon completion of the extracting or processing 
operation the site will be left in a condition suited for an approved alternative use or 
development (criterion 9 (E));
• will be designed and operated to conserve energy, to the extent practicable (criterion 9(F)); 
and 
• will protect public investments (roads) (criterion 9(K)). 

Alternative UW-4 will be designed to minimize impacts on protected 
resources under the Act's criteria, including impacts to downstream 
wetlands, stream, and floodways, as appropriate. Impacts to Class 
3 wetlands may be required for access road construction. UW-4 will 
be designed to minimize energy consumption and impacts on public 
investments (roads) by using locally-sourced reagents to the extent 
possible. Site work will be managed to minimize impacts to potential 
endangered species habitat.

Regulation of Stream Flow Act, 10 
V.S.A. Chapter 41; Stream 
Alteration Rule, Env. Prot. R. Ch. 
27,  § 27-101 through 27-706

Applicable 
Regulates and permits activities that interrupt the natural flow of water in watercourses to 
protect against damage to aquatic life, prevent creation of flood hazards, and protect from 
damaging the rights of riparian owners. 

Discharge from the treatment systems will be controlled to prevent 
creation of flood hazards or impacts to the post-OU1 designed 
stream contours.

Vermont Historic Preservation 
Law, 22 V.S.A. § 743(4), 761, 763, 
and 767.  

Relevant 
and 

Appropriate

Places controls on actions conducted by the state that may impact historic, scientific, or 
archaeological sites and data.

The installation of bat grates will impact historic resources. The 
footprint of the treatment systems will be almost entirely on the OU1 
RA footprint. EPA will consult with the SHPO and community 
regarding the loss of historic resources.

Vermont Protection of Endangered 
Species Act,  10 V.S.A. Chapter 
123

Applicable 
for Listed 
Species

This statute outlines the definition of endangered and threatened and the species listed as 
endangered or threatened.  The statute prohibits the taking, possession or transport of wildlife 
or plants that are members of an endangered or threatened species without complying with the 
Act.  Bat species that may occur on the Site that are listed as threatened or endangered 
species in Vermont: the Eastern Small-Footed Bat, Tri-colored Bat, Little Brown Bat, Indiana 
Bat and the Northern Long-eared Bat.

Treatment system construction will be limited to non-hibernation 
season. Bat grate and structural improvements to Underground 
Workings entrances will be designed based on the impacts to bats 
determined in the PDI. Activities around the bat habitat will be 
planned to minimize impacts to the extent possible.

LOCATION-SPECIFIC ARARS
STATE ARARs 
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Table 4-7
ARARs and TBCs for Alternative UW-4

Ely Copper Mine Superfund Site
OU2/OU3 Underground Workings

Vershire, Vermont
Page 2 of 6

REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTION TAKEN TO COMPLY WITH ARARs

Vermont ANR Guidance on 
Riparian Buffers (December 9, 
2005) 

To Be 
Considered

This guidance provides technical information on the functions and values of riparian buffers, as 
well as describing acceptable activities within buffer zones.  It recommends the establishment 
of 100 foot buffer zones to streams under circumstances where there is an increased risk of 
erosion and/or potential for overland flow of pollutants. Where Class II wetlands are contiguous 
to a waterbody, buffer widths of greater than 50 feet may be recommended based on case-
specific application of this Guidance. This Guidance will also be used to recommend buffers for 
Class III wetlands contiguous to waterbodies as necessary to maintain the functions and 
values of the riparian area.

Access roads and other activities will be planned to minimize 
impacts on riparian buffer zones. Water discharge from the 
treatment systems will be controlled to minimize impacts to buffer 
zones.

Floodplain Management and 
Protection of Wetlands, 44 C.F.R. 
9

Relevant 
and 

Appropriate

Remedial alternatives that may cause alteration within a 500-year floodplain/cause negative 
impacts to downstream floodplain or that will cause alteration of  federal jurisdictional 
wetlands/aquatic habitats will be implemented in compliance with these relevant and 
appropriate FEMA standards (which promulgate requirements under Executive Order 11988 
(Floodplain Management) and Executive Order 11990 (Protection of Wetlands)).  Prohibits 
activities that adversely affect a federally-regulated wetland unless there is no practicable 
alternative and the proposed action includes all practicable measures to minimize harm to 
wetlands that may result from such use.  

Discharge from the treatment systems will be controlled to prevent 
adverse impacts to the downstream floodplain and wetlands. Adit 
discharge treatment will reduce the contaminant load to Pond 4, 
Pond 5, and other wetlands.

Federal Endangered Species Act 
of 1973 (ESA), 16 U.S.C. 1531 et 
seq .; 33 C.F.R. Part 320 

Applicable

The purpose of the ESA is to “conserve the ecosystems upon with threatened and endangered 
species depend” and to conserve and recover listed species.  Federal agencies must consult 
with the U.S. Fish and Wildlife Service to ensure that the actions they authorize, fund, or carry 
out will not jeopardize listed species.  The law provides for critical habitat designations for 
listed species.  Critical habitat designations affect Federal agency actions and federally funded 
or permitted activities.  The northern long-eared bat is listed as federally threatened and the 
Indiana bat is listed as federally endangered. Both may be located at the Site. 

UW-4 construction will be limited to non-hibernation season. Bat 
grates and structural improvements to Underground Workings 
entrances will be designed based on the impacts to bats 
determined in the PDI. The USFWS will be consulted in the PDI 
planning process so that investigations and RAs do not adversely 
impact bat populations or habitats.

National Historic Preservation Act 
(NHPA), Section 106, 16 U.S.C. 
470 et seq., 36 C.F.R. Part 800 

Applicable 

Section 106 of the NHPA of 1966 requires EPA to take into account the effect of all of its 
actions on historic properties in consultation with the State Historic Preservation Officer 
(SHPO).  A determination  has been made that the Ely Mine Site eligible for the National 
Register.  The consultation is to identify potential adverse effects on historic properties and 
seek ways to avoid, minimize or mitigate any such effects on historic properties. 

Unavoidable adverse impacts will occur to historic Site resources 
creation of the UW-4 treatment systems. Actions to shore up UW 
entrances and install bat grates may cause impacts to those 
features as well.  EPA with consult with the SHPO in developing 
mitigation measures, as required.

Archeological and Historic 
Preservation Act, 16 U.S.C. 469 et 
seq ., 36 C.F.R., Part 65 

Applicable 

This standard requires that, whenever any federal agency finds or is made aware that its 
activity in connection with any construction project or federally licensed project, activity, or 
program may cause irreparable loss or destruction of significant scientific, pre-historical, 
historical, or archeological data such agency shall undertake the recovery, protection, and 
preservation of such data or notify the Secretary of the Interior.  The undertaking could include 
a preliminary survey (or other investigation as needed) and analysis and publication of the 
reports resulting from such investigation. 

Treatment systems will be located to avoid known significant 
scientific, pre-historic, historical, or archaeological assets to the 
extent possible. The UW-4 activities will be within the footprint of 
the OU1 RA or on properties with no known connection to Ely Mine.

FEDERAL ARARS AND TBCs
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Table 4-7
ARARs and TBCs for Alternative UW-4

Ely Copper Mine Superfund Site
OU2/OU3 Underground Workings

Vershire, Vermont
Page 3 of 6

REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTION TAKEN TO COMPLY WITH ARARs

Groundwater Protection, 10 V.S.A. 
Ch 48, Groundwater Rule and 
Strategy, VT Env. Prot. R. Ch. 12,  
Appendix One, Table 1 Primary 
Groundwater Protection Standards 

WAIVED State groundwater protection standards. Primary groundwater protection standards for manganese are 
waived for the area within the TI Zone.

Vermont Water Quality Standards, 
VT Env. Prot. R. Chapter 29(a), 
Ch. 1, 2, and 3 and Appendix C 
and D 

Relevant 
and 

Appropriate 

This document provides human and ecological health-based criteria for surface water, 
including solids, alkalinity, pH, and toxic substances.

Underground Workings discharge will be treated to achieve these 
standards.  Surface water treatment standards for Class B waters 
will be achieved at the downgradient compliance point.

Clean Water Act (CWA) National 
Recommended Water Quality 
Criteria, 40 C.F.R. § 122.44

Relevant 
and 

Appropriate

These standards were used to develop numerical standards for the protection of aquatic biota 
quality for surface water and sediment at and downstream of the compliance points.

Underground Workings discharge will be treated to achieve these 
standards at the downgradient compliance point.

EPA National Recommend Water 
Quality Criteria (guidance) - EPA 
822-R-02-047 (EPA 2002)

To Be 
Considered

This guidance regarding the NRWQC is based on data and scientific judgments about the 
relationship between pollutant concentrations and environmental effects.  The guidance was 
considered in the establishment of site-specific cleanup levels and delineation criteria for 
surface water when Vermont Water Quality Standards were not available.

UW-4 will address ecological exposure risks from surface water 
developed using this guidance, by meeting treatment standards at 
the downstream compliance point through discharge treatment.

Proposed Guidelines for the Clean-
Up of Contaminated Sites in 
Ontario (Ministry of Environment 
and Energy of Ontario, 1994) 

To Be 
Considered 

This guidance document lists surface water and sediment criteria that are considered 
protective for aquatic organisms. 

UW-4 will address ecological exposure risks from surface water 
developed using this guidance, by meeting treatment standards at 
the downstream compliance point through discharge treatment.

Preliminary Remediation Goals for 
Ecological Endpoints , Efroymson 
et al., August 1997 

To Be 
Considered 

This technical memorandum presents recommended preliminary remediation goals (PRGs) for 
ecological endpoints for risk assessments and decision making at CERCLA sites. 

UW-4 will address ecological exposure risks from surface water 
developed using this guidance, by meeting treatment standards at 
the downstream compliance point through discharge treatment.

Vermont Environmental Protection 
Rule, Chapter 29(a), Vermont 
Water Quality Standards, Ch. 1, 2, 
and 3 and Appendix C and D 
(October 2014)

Applicable Establishes water quality standards for surface waters and applies to alternatives that call for 
monitoring surface water bodies on and off of the Site.  

Underground Workings discharge will be treated to achieve these 
standards. These standards will be used to monitor to confirm 
acceptable concentrations at the compliance point.

ACTION-SPECIFIC ARARS
STATE ARARs 

STATE ARARs 

FEDERAL ARARS AND TBCs

CHEMICAL-SPECIFIC ARARS
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Table 4-7
ARARs and TBCs for Alternative UW-4

Ely Copper Mine Superfund Site
OU2/OU3 Underground Workings

Vershire, Vermont
Page 4 of 6

REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTION TAKEN TO COMPLY WITH ARARs

Vermont Pollution Control Act, 10 
V.S.A. Ch. 47; Water Pollution 
Control Permit Regulations, VT 
Env. Prot. R. Ch. 13  

Applicable 

The regulations stipulate requirements for discharges to surface waters, compliance with 
NPDES standards, and meeting stormwater management requirements.  Water displaced from 
UW during remedial activities (such as filling) may require treatment prior to discharge to 
surface waters.

Any discharge into surface waters will be treated to achieve these 
standards.  Treatment systems will be designed to address 
stormwater management. Construction Site disturbance will comply 
with stormwater management standards.

Groundwater Protection, 10 V.S.A. 
Ch 48, Groundwater Rule and 
Strategy, VT Env. Prot. R. Ch. 12,  
Appendix One, Table 1, Primary 
Groundwater Protection Standards 

Applicable 
Establishes monitoring standards for groundwater at the TI Zone compliance boundary.  Also 
the basis for ICs to prevent groundwater use within the TI Zone and to restrict well installation 
in the well-restriction zone.

Alternative UW-4 institutional controls will restrict exposure to 
contaminated groundwater within the TI Zone and prevent the 
installation of wells within the well restriction area that might cause 
the migration of contaminated groundwater from the TI Zone.  
Establishes monitoring standards for the TI Zone to ensure 
contaminant migration is not occurring and the remedy remains 
protective. 

Vermont Stormwater Management 
Act, 10 V.S.A. § 1263 and §1264; 
Vermont Stormwater Management 
Rule, VT Env. Prot. R. Ch. 18

Applicable 
if over 1 
acre of 

impervious 
surface 
created; 
Relevant 

and 
Appropriate 
if less than 
1 acre of 

impervious 
surface 
created

Activities that create more than one acre of impervious surfaces, including roads and 
expansions to existing impervious surfaces that result in a total of one acre of impervious 
surfaces or more must implement measures to address the storm-water from the impervious 
surfaces.

Alternative UW-4 would include measures to comply with these 
requirements through the design of measures to mitigate the 
release of stormwater from disturbed areas of the Site.

Vermont Waste Management Act, 
10 V.S.A. Chapter 159; Hazardous 
Waste Management Regulations, 
VT Env. Prot. R. Ch. 7 

Applicable 

Establishes requirements for the identification and management of hazardous waste.  These 
regulations apply to solutions having pH less than 2 or contaminated media that exceeds 
toxicity standards under these regulations. Treatment media or any other wastes that are 
disposed of off-site will be tested to determine if it exceeds the standards to be managed and 
disposed of as hazardous waste.   Incorporates requirements of the federal Resource 
Conservation and Recovery Act regulations, 40 C.F.R. 264.  

Wastes generated by UW-4 for off-site disposal (such as settled 
solids associated with the passive treatment system) will be tested 
for hazardous waste characteristics. If the wastes exceed these 
standards, they will be handled under the requirements of these 
regulations.

Vermont Air Pollution Control Act, 
10 V.S.A. Ch. 23; Air Pollution 
Control Regulations, VT Env. Prot. 
R. Ch. 5

Applicable
Establishes standards for air pollution prevention, abatement and control.  List prohibited 
activities and establishes primary and secondary ambient air quality standards for specific 
pollutants.  Includes dust control standards.  

Dust suppression will be used during construction/site alteration 
actions to comply with these standards, as applicable.
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Table 4-7
ARARs and TBCs for Alternative UW-4

Ely Copper Mine Superfund Site
OU2/OU3 Underground Workings

Vershire, Vermont
Page 5 of 6

REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTION TAKEN TO COMPLY WITH ARARs

Vermont Handbook for Erosion 
Prevention and Sediment Control  
(VTDEC, 2006) 

To Be 
Considered 

A compilation of information from various sources released by the Vermont Department of 
Environmental Conservation for use in developing the erosion prevention and sediment control 
plans required for construction-related stormwater discharge permitting. 

The manual will be used to guide development of measures to 
prevent erosion and sedimentation from remedial activities.

Federal Safe Drinking Water 
Maximum Contaminant Levels 
(MCLs) and Maximum 
Contaminant Level Goals 
(MCLGs), National Primary 
Drinking Water Regulations, 40 
C.F.R. Parts 141.11 – 141.16 and 
141.50 – 141.53 

Relevant 
and 

Appropriate 
for MCLs 
and non-

zero 
MCLGs 

only 

These standards may be used as monitoring standards for groundwater at the TI Zone 
compliance boundary.

UW-4 will include these groundwater standards as monitoring 
standards for the TI Zone.

Resource Conservation and 
Recovery Act, 42 U.S.C. § 6901 et 
seq. ; 40 C.F.R. Part 264 

Applicable Vermont is delegated to implement these standards through its Waste Management 
Regulations (see above). 

Wastes generated by UW-4 for off-site disposal (such as settled 
solids associated with the treatment systems) will be tested for 
hazardous waste characteristics. If the wastes exceed these 
standards, they will be handled under the requirements of these 
regulations

Federal Clean Water Act, 33 
U.S.C. § 1251 et seq. ; National 
Recommended Water Quality 
Criteria (NRWQC), 40 C.F.R. Part 
122.44

Relevant 
and 

Appropriate 

These standards are used to develop numerical and biological water quality standards for 
monitoring surface water quality.   Monitoring will ensure that source control remedies at the 
Site are preventing metals and ARD from migrating to surface waters and exceeding the 
waterways' water quality standards.

The discharge treatment systems will be designed  to achieve these 
standards. The standards will be used to monitor UW discharge 
and confirm acceptable outlet concentrations.

Federal Clean Water Act, Section 
402, 33 U.S.C. § 1342; National 
Pollution Discharge Elimination 
System (NPDES) 40 CFR 
122-135, 131

Applicable

These regulations contain discharge limitations, monitoring requirements, and best 
management practices (BMPs) for discharges into navigable waters, i.e., surface waters. 
These regulations would be applicable to remedial strategies involving discharge to surface 
waters.  

The BMPs will be used to design the discharge treatment systems. 
Site disturbance will comply with stormwater management 
standards.

FEDERAL ARARS AND TBCs
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Table 4-7
ARARs and TBCs for Alternative UW-4

Ely Copper Mine Superfund Site
OU2/OU3 Underground Workings

Vershire, Vermont
Page 6 of 6

REQUIREMENT STATUS REQUIREMENT SYNOPSIS ACTION TAKEN TO COMPLY WITH ARARs

Federal Clean Water Act, § 1342; 
Stormwater Requirements for 
Construction Sites; 40 C.F.R. 
122.26 

Applicable 
if over 1 
acre of 

impervious 
surface 
created; 
Relevant 

and 
Appropriate 
if less than 
1 acre of 

impervious 
surface 
created

Regulates stormwater discharge from construction activity including clearing, grading and 
excavation for operations that result in the disturbance of over one acre of total land area.   
The standards are relevant and appropriate for alternatives that will disturb less than an acre of 
land.

Alternative UW-4 would include measures to comply with these 
requirements through the design of measures to mitigate the 
release of stormwater from disturbed areas of the Site.

Resource Conservation and 
Recovery Act, 42 USC §§ 
6901-6992; 40 CFR Part 264 

Applicable Vermont is delegated to implement these standards through its Hazardous Waste 
Management Regulations (see above). 

Wastes generated by UW-4 for off-site disposal (such as settled 
solids associated with the treatment systems) will be tested for 
hazardous waste characteristics. If the wastes exceed these 
standards, they will be handled under the requirements of these 
regulations

EPA Carcinogen Assessment 
Group, Cancer Slope Factors 
(CSFs)

To Be 
Considered 

CSFs are used to compute the incremental cancer risk from exposure to contaminants and 
represent the most up-to-date information on cancer risk from EPA's Carcinogen Assessment 
Group.  Used to establish risk-based standards for managing groundwater at the Site. Human 
health risks were not identified for surface water exposure.

Alternative UW-4 addresses groundwater exposure risks calculated 
using this guidance through ICs to prevent exposure to 
contaminated groundwater in the TI Zone and using the risk-based 
standards developed using this guidance as TI Zone monitoring 
standards.

Health Advisories (EPA Office of 
Drinking Water)

To Be 
Considered 

Health Advisories are estimates of risk due to consumption of contaminated drinking water; 
they consider non-carcinogenic effects only. To be considered for monitoring contaminants in 
groundwater where the standard is more conservative than either federal or state statutory or 
regulatory standards.  These standards are used for monitoring standards for groundwater.

Alternative UW-4 addresses groundwater exposure risks calculated 
using this guidance through ICs to prevent exposure to 
contaminated groundwater in the TI Zone and using the risk-based 
standards, particularly for manganese, developed using this 
guidance as TI Zone monitoring standards.

Guidelines for Carcinogen Risk 
Assessment  EPA/630/P-03/001F 
(March 2005)

To Be 
Considered 

Guidance for assessing cancer risk.  Used to establish risk-based standards for managing 
groundwater at the Site.

Alternative UW-4 addresses groundwater exposure risks calculated 
using this guidance through ICs to prevent exposure to 
contaminated groundwater in the TI Zone and using the risk-based 
standards developed using this guidance as TI Zone monitoring 
standards.

Supplemental Guidance for 
Assessing Susceptibility from Early-
Life Exposure to Carcinogens 
EPA/630/R-03/003F  (March 2005) 

To Be 
Considered

Guidance of assessing cancer risks to children.  Used to establish risk-based standards for 
managing groundwater at the Site.

Alternative UW-4 addresses groundwater exposure risks calculated 
using this guidance through ICs to prevent exposure to 
contaminated groundwater in the TI Zone and using the risk-based 
standards developed using this guidance as TI Zone monitoring 
standards.
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Table 4-8
Cost Summary for Alternative UW-4

Ely Copper Mine Superfund Site
OU2/OU3 Underground Workings

Vershire, Vermont

COST

Mobilization $120,000
Portal Closure $48,000
Deep Adit Closure - Plugging and Filling $237,850
Main Adit Passive Chemical Treatment System $61,000
Passive Biological Treatment System - Deep Adit $287,000
Groundwater Monitoring Installations $98,480
Restoration and Mitigation $162,160
Institutional Controls $35,000
Remedial Action Report $50,000

Direct Cost Subtotal $1,099,490
Contingency Cost (@30 Percent) $329,847

Subtotal $1,429,337
Design/Remedial Action Support (PDI) $966,922
Engineering, Design, and Regulatory Support (10 percent) $142,934
Project Management (5 percent) $71,467
Construction Management (7 percent) $100,054

TOTAL CAPITAL COSTS $2,710,713

Site Inspections, Sampling, Reporting $30,857
Routine Site Maintenance, Repairs, etc. $17,000
Contingency (10%) $4,786
Project Management (5%) $2,393

Annual O&M Subtotal $55,035

Annualized Five-Year Review Cost $7,000

$908,992

$3,619,705

Notes:
1. PV = Present Value
2. Includes project management and technical support as a percentage of operation, 

maintenance, and monitoring costs.  See Present Value Cost Sheet
3. Each line item represents the average cost of the O&M over the 30 year period.  See Appendix C for an 

annual cost for each specific year.

ITEM

CAPITAL COSTS

LONG-TERM OPERATION, MAINTENANCE, AND MONITORING ANNUAL COST

TOTAL PV COST (CAPITAL + LONG TERM PV, 30-YR, 7%)

PRESENT VALUE COSTS, 30-YEARS, 7% (See Note 1)
TOTAL LONG-TERM OPERATION, MAINTENANCE, AND MONITORING 
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Table 5-1
Remedial Alternative Cost Comparison

Ely Copper Mine Superfund Site
OU2/OU3 Underground Workings

Vershire, Vermont

UW-1 UW-2 UW-3 UW-4
Pre-Design Investigations
Adit Closure PDI Costs -$                323,500$           284,000$          339,000$             
Groundwater PDI -$                627,922$           627,922$          627,922$             

Total PDI Costs -$                951,422$           911,922$          966,922$             

Remedy Implementation Costs
Mobilization -$                120,000$           120,000$          120,000$             
Portal Closure -$                48,000$             48,000$            48,000$               
Deep Adit Closure - Plugging and Filling -$                475,700$           118,925$          237,850$             
Passive Chemical Treatment System - Main Adit -$                61,000$             61,000$            61,000$               
Active Chemical Treatment System - Deep Adit -$                -$                   886,000$          -$                    
Passive Biological Treatment System - Deep Adit -$                -$                   -$                 287,000$             
Groundwater Monitoring Installations -$                98,480$             98,480$            98,480$               
Restoration and Mitigation -$                162,160$           162,160$          162,160$             
Institutional Controls (i.e. Land Use Restrictions) -$                35,000$             35,000$            35,000$               
Remedial Action Report -$                50,000$             50,000$            50,000$               

Total Before Contingency and other factors -$                1,050,340$         1,579,565$       1,099,490$          

Contingency (30%) -$                315,102$           473,870$          329,847$             
Subtotal -$                1,365,442$         2,053,435$       1,429,337$          

Engineering, Design, and Regulatory Support (10%) -$                136,544$           205,343$          142,934$             
Project Management and Construction Management (12%) -$                163,853$           246,412$          171,520$             

Total Capital Costs -$                1,665,839$         2,505,190$       1,743,791$          

Anticipated PDI Programs -$                951,422$           911,922$          966,922$             

Total Cost of Alternative: -$                2,617,261$         3,417,112$       2,710,713$          

Annual O&M Costs
Site Inspections, Sampling, Reporting -$                -$                   -$                 -$                    
Routine Site Maintenance, Repairs, etc. -$                23,107$             30,857$            30,857$               

Subtotal -$                23,107$             30,857$            30,857$               

Contingency (10%) -$                2,311$               3,086$              3,086$                 
Project Management (5%) -$                1,155$               1,543$              1,543$                 

Total Annual O&M Cost -$                26,573$             35,485$            35,485$               

Present Value Analysis
Capital Cost -$                2,617,261$         3,417,112$       2,710,713$          
30 Year Present Value for Annual O&M Cost -$                670,935$           1,653,607$       822,129$             
30 Year Present Value of FYR 86,863$          86,863$             86,863$            86,863$               

Total Present Value Cost 86,863$          3,375,060$         5,157,582$       3,619,705$          

NH-4054-2015 Nobis Engineering, Inc.



Table 5-2
Footprint Analysis Summary

Ely Copper Mine Superfund Site
OU2/OU3 Underground Workings

Vershire, Vermont

UW-2 UW-3 UW-4
M&W-1 Refined materials used on-site Tons 1,863 1,428 1,804
M&W-2 % of refined materials from recycled or reused material % 95.6% 56.1% 98.8%
M&W-3 Unrefined materials used on-site Tons 68 0 540
M&W-4 % of unrefined materials from recycled or reused material % 0.0% 0.0% 0.0%
M&W-5 On-site hazardous waste disposed of off-site Tons 0 0 0
M&W-6 On-site non-hazardous waste disposed of off-site Tons 0 0 508
M&W-7 % of total potential waste recycled or reused % 100.0% 100.0% 5.2%

W-1 Public water use MG 0 0 0
W-2 Groundwater use MG 0 0 0
W-3 Surface water use MG 0.0 0.0 0.0
W-4 Reclaimed water use MG 0 0 0
W-5 Storm water use MG 0 0 0
W-6 Other water resource #1 MG 0 0 0
W-7 Other water resource #2 MG 0 0 0
E-1 Total energy used (on-site and off-Site) MMBtu 55,094 44,403 71,652
E-2 Energy voluntarily derived from renewable resources MMBtu 0 0 0
E-3 Voluntary purchase of Renewable Energy Certificates MWh 0 0 0
E-4 On-site grid electricity use MWh 0 707.985 0
A-1 On-site NOx, SOx, and particulate matter emissions Pounds 1,001 215 239
A-2 On-site Hazardous Air Pollutant emissions Pounds 0.0 0.0 0.0
A-3 Total NOx, SOx, and particulate matter emissions Pounds 38,036 35,507 49,570

A-3A       Total NOx emissions Pounds 12,396 11,661 15,974
A-3B       Total SOx emissions Pounds 23,421 22,440 30,515
A-3C       Total particulate matter emissions Pounds 2,218 1,407 3,082
A-4 Total Hazardous Air Pollutant emissions Pounds 61 292 80
A-5 Total greenhouse gas emissions Tons CO2e* 3,124 2,783 4,045

Notes:

* Total greenhouse gases emissions (in CO2e) include CO2, CH4, and N2O (Nitrous oxide) emissions.
MMBtu = millions of Btus, MG = millions of gallons, Tons = short tons (2,000 pounds)
MWh = megawatt hours (i.e., thousands of kilowatt-hours or millions of Watt-hours)
CO2e = carbon dioxide equivalents of global warming potential
NOx = nitrogen oxides, SOx = sulfur oxides

The above metrics are consistent with EPA's Methodology for Understanding and Reducing a Project’s Environmental Footprint (EPA 
542-R-12-002), February 2012

Metric Unit of 
Measure

Footprint

NH-4054-2015 Nobis Engineering, Inc.



Table 5-3

Comparison Analysis of Alternatives

Ely Copper Mine Superfund Site

OU2/OU3 Underground Workings

Vershire, Vermont

Evaluation Criteria Alternative UW-1 Alternative UW-2 Alternative UW-3 Alternative UW-4

Overall Protection of Human Health and 
the Environment

Does not meet the criterion.
Would not eliminate, reduce, or control source 
areas or potential future exposure to 
contaminants exceeding PRGs and would not 
meet remedial action objectives.

Best
Would be protective of human health and the environment. Has the potential 
to greatly reduce or eliminate the Deep Adit ARD-generating reactions and 
discharge. PDI for filling the Deep Adit would ensure that filling would be 
complete and as protective as possible. In the event that some residual 
discharge continues from the Deep Adit, or new seeps appear that have 
AMD characteristics, a small passive biological treatment system could be 
constructed to provide polishing treatment as necessary.

Better
Would be protective of human health and the environment. Would treat 
discharge from both the Main Adit and Deep Adit. Deep Adit discharge 
would be treated using an active, batch-operated system to capture and 
treat all discharge. Includes a contingency to add flowable fill to the Deep 
Adit to reduce discharge volume and concentration.

Good
Would be protective of human health and the environment. Would treat 
discharge from both the Main Adit and Deep Adit. UW-4 is slightly less 
protective than UW-3 because a passive system is more sensitive to large 
fluctuations in volume and concentration. Includes a contingency to add 
flowable fill to the Deep Adit to reduce discharge volume and concentration.

Compliance with ARARs

Would not comply with applicable ARARs and 
TBCs. 
Would not attain human health-based or 
ecological risk-based standards based on 
chemical-specific ARARs and TBCs.

Would comply with applicable ARARs and TBCs. This alternative would 
have no permanent above-ground structures after the RA is complete, and 
so it would best achieve location-specific ARARs. It does require imported 
material, but not to the degree it should pose an excessive local nuisance or 
hazard. It is the only alternative that could provide permanent Deep Adit 
closure without the need for ongoing treatment and it also would produce 
the least amount of residual material.  

Would comply with applicable ARARs and TBCs. This alternative would take 
up some space for a permanent treatment plant, and would require regular 
shipments of reagent material. However, the active treatment system would 
be the most consistent in terms of treating fluctuations in the Deep Adit 
discharge.

Would comply with applicable ARARs and TBCs. This alternative would 
require substantial amounts of filler material if the flowable fill contingency is 
used. The use of a constructed wetland would improve habitat. However, a 
passive system is more sensitive to fluctuations in discharge concentration 
and flow.

Long-term Effectiveness and Permanence

Does not meet the criterion.
Would not eliminate, reduce, or control source 
areas or potential future exposure to 
contaminants exceeding PRGs and would not 
effectively protect human health and the 
environment.

Best
It is the only alternative that could provide permanent Deep Adit closure 
without the need for ongoing treatment. The PDI would evaluate UW 
structure and connections to place the material as accurately as possible.

Good
Would treat discharge from the Deep Adit along with the Main Adit. The 
alternative would require perpetual active treatment of discharge to maintain 
effectiveness. The alternative includes a contingency for ancillary Deep Adit 
fill, but this is not expected to eliminate the Deep Adit discharge.  

Better
Would treat discharge from the Deep Adit and Main Adit using passive 
methods. The passive treatment systems would likely need occasional 
reagent replacement to maintain compliance with discharge ARARs. The 
alternative includes a contingency for ancillary Deep Adit fill, but this is not 
expected to eliminate the Deep Adit discharge.  

Reduction of Toxicity, Mobility, and 
Volume through Treatment

Would not use treatment to reduce toxicity, 
mobility, and volume.

Good
Greatly reduces or eliminates AMD reactions in the Deep Adit, could use 
alkaline flowable fill to buffer the system. Therefore, the Deep Adit ARD 
contaminant source may be considerably reduced or eliminated. The PDI 
would evaluate UW structure and connections to place the material as 
accurately as possible.  A small passive biological treatment system could 
manage residual discharge, as necessary.

Best
Would treat discharge from the Deep Adit along with the Main Adit. The 
alternative would require perpetual active treatment of discharge to maintain 
effectiveness. The alternative includes a contingency to partially fill the UW, 
but this will not be as thorough as UW-2.

Better
Would treat discharge from the Deep Adit and Main Adit using passive 
methods. The passive treatment systems would likely need occasional 
reagent replacement to maintain compliance with discharge ARARs. The 
alternative does have a contingency to partially fill the Deep Adit and 
associated UW, but this component will not be as thorough as UW-2. 

Short-term Effectiveness

Poor
Does not result in short-term effects; however, 
it never achieves protectiveness of human 
health or the environment.

Best
Would have the most short-term impact on workers via PDI drilling/other 
investigations and Deep Adit filling. Displaced discharge water during filling 
will require management.

Good
Would require the most permanent above-ground infrastructure, and would 
require adjustments during start-up of treatment system operations. 
Alternative includes a contingency to partially fill the UW, but displaced 
water and other short-term impacts expected to be minimal.

Better
Would require the least amount of infrastructure; materials are expected to 
be limestone and compost/organics and not expected to present material 
handling concerns. Alternative includes a contingency to partially fill the UW, 
but displaced water and other short-term impacts expected to be minimal.

Implementability

Implementable.
Does not include any actions, other than Five-
Year Reviews, and, therefore, would be 
technically easy to implement.

Good
Implementability will depend on site conditions (determined in the PDI) and 
availability of appropriate local flowable fill material. Alternative components 
do not require specialized equipment or personnel.

Better
EPA has access to O&M, construction, and other details at the nearby Ely 
Mine, which used a RCTS for ARD discharge treatment. The treatment 
system design and construction may require specialized equipment and 
personnel for final design, construction, and setup of active treatment 
system.

Best
Once the PDI is completed, the passive treatment systems can be designed 
to use local materials for reagents (limestone and locally-derived organics, 
such as compost). The systems do not require specialized equipment or 
knowledge. Replacement of spent media can be performed using standard 
construction equipment.

Cost Excellent
$86,863 - Total Present Worth (30 yrs)

Best
$3,375,060 - Total Present Worth (30 yrs)

Poor
$5,157,582 - Total Present Worth (30 yrs)

Better                                                                      
$3,619,705 - Total Present Worth (30 yrs)

Footprint

Poor
Has minimal footprint; however, it never 
achieves protectiveness of human health or the 
environment.

Best
Uses a large amount of material to fill UW; however, no electricity is used 
and no waste is produced.  In the absence of Deep Adit closure, both the 
UW-3 active and UW-4 passive system would have to run in perpetuity and 
eventually the total life cycle environmental footprint for both alternatives 
would surpass UW-2.  

Better                                                                            
Requires on-going use of reagents and electricity; however, over a 30-year 
period, the energy used is still less than UW-4. Evaluation assumes that the 
contingency maximum volume of flowable fill is also added to the UW; 
however, this alternative uses a smaller contingency volume.

Good                                                                 
Has minimal HAP emissions; however, all other footprint metrics are high 
because of the large contingency volume to fill the Deep Adit and because 
of the need to replace reagent materials.

NH-4054-2015 Nobis Engineering, Inc.
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FIGURE ES-1
SITE LOCUS

ELY COPPER MINE
SUPERFUND SITE

VERSHIRE, VERMONT

0 1,000 2,000500

Feet ³1 inch = 1,000 feet

Legend

Ely Copper Mine Study Area

Underground Workings Area

Surface Waste Areas

Property Lines

Notes:

1. Source: USGS 7.5 Minute Series Topographic map: Vershire VT.
Revised 1983 .

2. Locations of site features depicted hereon are approximate and
given for illustrative purposes only.
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OU1 Area
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Ely Brook, Ely Brook Tributaries, and Ponds 4 and 5

OU2 Area
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OU3 Area
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OU4 Area

Smelter/slag area, surface water and sediments of
Schoolhouse Brook and Ompompanoosuc River,
and groundwater contamination not associated
with Underground Workings

Property Lines

Notes

1. EMFI = Ely Mine Forest, Inc.

2. Property Lines are from Vermont Center for Geographic
Information (VCGI). Topographic map from USGS Vershire, VT
quadrangle, revised 1983.

3. Locations of site features depicted hereon are approximate and
given for illustrative purposes only.
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FIGURE ES-2
OPERABLE UNITS
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FIGURE ES-3
SITE PLAN

ELY COPPER MINE
SUPERFUND SITE

VERSHIRE, VERMONT
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Notes:
1. Locations of site features depicted hereon are approximate
and given for illustrative purposes only.
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FIGURE ES-4
ASSESSMENT OF GROUNDWATER

IMPACT AREAS AND TI ZONE DELINEATION
ELY COPPER MINE
SUPERFUND SITE

VERSHIRE, VERMONT

Notes:
1. TI area is the same area designated as the Underground
Workings.

2. Topographic map is from USGS Vershire, VT quadrangle, revised
1983.

3. Locations of site features depicted hereon are approximate and
given for illustrative purposes only.
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FIGURE ES-6
UNDERGROUND WORKINGS

SURFACE FEATURES
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SUPERFUND SITE

VERSHIRE, VERMONT

0 250125

Feet ³1 inch = 125 feet

Client-Focused, Employee-Owned

Nobis Engineering, Inc.
18 Chenell Drive

Concord, NH 03301
T(603) 224-4182

www.nobiseng.com

Engineering a Sustainable Future

Notes:

1. Locations of site features depicted hereon are approximate
and given for illustrative purposes only.
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FIGURE ES-7
ALTERNATIVE UWG-2 COMPONENTS

ELY COPPER MINE
SUPERFUND SITE

VERSHIRE, VERMONT

Notes:

1. Topographic map is from USGS Vershire, VT quadrangle, revised
1983.

2. Locations of site features depicted hereon are approximate and
given for illustrative purposes only.
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NOTES:

1. EXISTING CONDITIONS & CONTOURS SHOWN WITHIN

WOODED AREAS ARE BASED ON A COMBINATION OF GROUND

SURVEY COMPLETED BY DOUCET SURVEY IN DECEMBER

2012, AERIAL SURVEY COMPLETED BY EASTERN
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FIGURE 1-1
SITE LOCUS

ELY COPPER MINE
SUPERFUND SITE

VERSHIRE, VERMONT
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Notes:

1. Source: USGS 7.5 Minute Series Topographic map: Vershire VT.
Revised 1983 .

2. Locations of site features depicted hereon are approximate and
given for illustrative purposes only.
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given for illustrative purposes only.

Client-Focused, Employee-Owned

Nobis Engineering, Inc.
18 Chenell Drive

Concord, NH 03301
T(603) 224-4182

www.nobiseng.com

Engineering a Sustainable Future

CHECKED BY: JLPREPARED BY: JH
PROJECT NO. 80070 DATE: JULY 2015

FIGURE 1-2
OPERABLE UNITS
ELY COPPER MINE
SUPERFUND SITE

VERSHIRE, VERMONT



"C¢

"C¢

XY

XY

XY
"C¢

"C¢
"C¢

"C¢
"C¢"C¢

!!
!!

!!

WWI Era Flotation Mill

Lower Adit
(Deep Adit)

Burleigh Shaft

1850's Polland Adit

Main AditShaft No. 4

1850s Pollard Adit A
1834 Tyson/

1854 Pollard Adit

Shaft II
(1850s Pollard Shaft)

Main Shaft

Back Stopes Entrance

Air Shaft

Underground
Workings

Earthen Berm

Stone Wall

Former
Tramway

Former
Tramway

Village

Village

Smelter

Saw Mill

Tramway

1850s Pollard Shaft

Westinghouse
Hoist House

Smoke Flue

0 300 600150

Feet ³

Legend
"C¢ Shaft

XY Adit

SmokeFlue

Treeline

Paved Road

Gravel Road

Trail

Historical Site Features

Streams

Former Tramway

Upper Ely Brook

Middle Ely Brook

Lower Ely Brook

Lower Waste Area

Ore Roast Bed

Pond 4 and 5 Sediment

Tailings Area

Upper Waste Area

Smelter / Slag  Area (OU2)

Underground Workings

éééééééééé

CHECKED BY: JLPREPARED BY: JH
PROJECT NO. 80070 DATE: JULY 2015

FIGURE 1-3
SITE HISTORICAL FEATURES

ELY COPPER MINE
SUPERFUND SITE

VERSHIRE, VERMONT

Client-Focused, Employee-Owned

Nobis Engineering, Inc.
18 Chenell Drive

Concord, NH 03301
T(603) 224-4182

www.nobiseng.com

Engineering a Sustainable Future

Pa
th

: R
:\8

00
00

 T
as

k 
O

rd
er

s\
80

07
0 

E
ly

 C
op

pe
r 

M
in

e 
O

U
 2

 R
I-

FS
\T

ec
hn

ic
al

 D
at

a\
G

IS
\M

ap
s\

F
S

 2
01

5\
F

in
al

\F
ig

ur
e 

1-
3 

E
ly

 S
ite

 H
is

to
ric

al
 F

ea
tu

re
s.

m
xd

   
   

Da
te

 Pr
int

ed
: 7

/2
3/

20
15



XY

" ð "ð"ð

XY
" ð

"ð

XY

XY

XY

"ð

"ð

#*

#*

#*

#*
#*

#*

#*

#*

#* #*

#*

#*

#*
#*

#* #*
#*

#*

#*

#*

#*

#*

#*

#*
#*

!A

!A

!A

!A

!A

!A

!A

!A
!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A !A

!A

!A

!A

!A
!A

!A

!A

!A

!A!A

!A

!A

!A

!A

!A

!A

!A

!A

!A!A

!A

!A

!A

!A

!A

!A

!A !A

!A

!A

!A

!A!A

EMFI PROPERTY

GREEN CROW PROPERTY

EB
T4

EB
T3

E BT5

EBT2

EBT1

Schoolhouse Brook

Ely
Bro

ok

ORT-1

SHAFT #4

SHAFT II

DEEP ADIT

MAIN ADIT

AIR SHAFT MAIN SHAFT

TYSON/POLLARD ADIT

1850s POLLARD SHAFT
1850s POLLARD ADIT A

BACK STOPES
ENTRANCE

BURLEIGH SHAFT

1850s POLLARD ADIT

Pond 1

Pond 2
Pond 3

Pond 4
Pond 5

1400

12
00

1600

10
00

1200

1600

Pa
th

: R
:\

8
0

0
0

0
 T

a
sk

 O
rd

e
rs

\8
0

0
7

0
 E

ly
 C

o
p

p
e

r 
M

in
e

 O
U

 2
 R

I-
F

S
\T

e
ch

n
ic

a
l 

D
a

ta
\G

IS
\M

a
p

s\
F

S
 2

0
1

5
\F

in
a

l\
F

ig
u

re
 1

-4
 E

ly
 S

it
e

 P
la

n
.m

xd
  

  
 D

at
e 

Pr
in

te
d:

 7
/2

3
/2

0
1

5

CHECKED BY: JLPREPARED BY: JH
PROJECT NO. 80070 DATE: JULY 2015

FIGURE 1-4
SITE PLAN
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Notes:
1. Locations of site features depicted hereon are approximate
and given for illustrative purposes only.
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1.This figure was developed from information found within the "USGS Geochemical
Characterization of Mine Waste, Mine Drainage and Stream Sediments at the Pike
Hill Copper Mine Superfund Site, Orange County, Vermont, Scientific Investigations
Report 2006-5303".
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FIGURE 1-6
UNDERGROUND WORKINGS

SURFACE FEATURES
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Notes:

1. Locations of site features depicted hereon are approximate
and given for illustrative purposes only.
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FIGURE 1-7
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NOTES:

1. PHOTOLINEAMENTS FROM NOBIS ENGINEERING, 2013. DRAFT

TECHNICAL MEMORANDUM - UNDERGROUND WORKINGS

HYDROGEOLOGY CHARACTERIZATION, ELY COPPER MINE SUPERFUND

SITE, VERSHIRE, VERMONT. FEBRUARY 15, 2013.

2. PHOTOLINEAMENTS ASSUMED TO REPRESENT VERTICAL STRUCTURES

IN BEDROCK, ARBITRARILY DRAWN TO DEPTH OF 200 FEET. LINEAMENTS

COINCIDING WITH ORT-1 ARBITRARILY DRAWN TO DEPTH OF 1,000 FEET,

OR BOTTOM OF FIGURE.

3. FRACTURES MEASURED IN OUTCROP OR IN BOREHOLE BY ACOUSTIC

TELEVIEWER. FRACTURE ORIENTATIONS (RELATIVE TO TRUE NORTH)

CONVERTED TO APPARENT DIP IN THE TREND OF EACH CROSS

SECTION.

4. TWO TYPES OF FRACTURES RECOGNIZED IN OUTCROPS - FRACTURES

THAT COINCIDE WITH METAMORPHIC FOLIATION, AND FRACTURES THAT

CROSS CUT FOLIATION. MOST OUTCROP FRACTURES SHOWN ARE THE

AVERAGE OF TWO OR MORE FRACTURES MEASURED IN OUTCROPS.

5. FRACTURE LENGTHS SHOWN ARE AVERAGES OF MEASURED FRACTURE

LENGTHS IN DWIGHT HILL OUTCROPS.

6. DETAILED GEOMETRY WHERE MW-UP1 AND MW-UP2 INTERSECT THE

MAIN SHAFT IS MORE COMPLEX THAN SHOWING, WITH VOID, RUBBLE

AND MORE COMPACT ROCK PRESENT. VARIATIONS BETWEEN THE TWO

BOREHOLES ARE PRESENT.

7. SUBSURFACE INFORMATION IS BASED ON A 1944 UNITED STATES

DEPARTMENT OF INTERIOR GEOLOGICAL SURFACE, "STRATEGIC

MINERALS INVESTIGATIONS PRELIMINARY MAP PLATE 4".

8. MW-UP1, MW-UP2, AND MW-DP1 ARE DEVIATED TO THE SOUTHWEST

FROM VERTICAL. ILLUSTRATIONS ARE APPROXIMATE.
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FIGURE 1-8
OVERBURDEN GROUNDWATER ELEVATIONS

AND POTENTIOMETRIC SURFACE
ELY COPPER MINE
SUPERFUND SITE

VERSHIRE, VERMONT
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Notes
1. Groundwater elevations with a '<' are dry and not used to
generate contours.

2. Groundwater elevations and contours based on November 10,
2014 water level round.

3. Groundwater contours were generated by ESRI Spatial Analyst
version 10.2.1 using the natural neighbor method. Other
interpretations are possible

4. Locations of site features depicted hereon are approximate and
given for illustrative purposes only.
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FIGURE 1-9
SHALLOW BEDROCK GROUNDWATER

ELEVATIONS AND POTENTIOMETRIC SURFACE
ELY COPPER MINE
SUPERFUND SITE

VERSHIRE, VERMONT
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with Groundwater Elevation
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Ore Roast Bed
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Tailings

Upper Ely Brook
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Development Rock Piles

Slag Pile Area

Smelter Area

Notes

1. Groundwater elevations based on November 10, 2014 water
level round.

2. Groundwater contours were generated by ESRI Spatial Analyst
version 10.2.1 using the natural neighbor method. Other
interpretations are possible.

3. Locations of site features depicted hereon are approximate and
given for illustrative purposes only.
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FIGURE 1-10
HYDROGEOLOGIC FEATURES

ELY COPPER MINE
SUPERFUND SITE

VERSHIRE, VERMONT
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Notes:

1. Residential Sample Locations from figure 3-8 of 2011 RI. Private Wells
obtained from Vermont Agency of Natural Resources GIS, November
2014.

2. For discussion of recharge area, please see Appendix L in RI report
(Nobis, 2015).

3. Topographic map is from USGS Vershire, VT quadrangle, revised 1983.

4. Locations of site features depicted hereon are approximate and given
for illustrative purposes only.
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FIGURE 1-11
ASSESSMENT OF GROUNDWATER

IMPACT AREAS
ELY COPPER MINE
SUPERFUND SITE

VERSHIRE, VERMONT

Notes:
1. Topographic map is from USGS Vershire, VT quadrangle, revised
1983.

2. Locations of site features depicted hereon are approximate and
given for illustrative purposes only.
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FIGURE 1-12
UNDERGROUND WORKINGS
EXCEEDANCES SUMMARY

ELY COPPER MINE
SUPERFUND SITE

VERSHIRE, VERMONT
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Notes:
1. Only results from completed monitoring wells and
surface water locations associated with OU2/OU3 are
shown.

2. Maximum result each for total and dissolved
constituents from all sample events in 2013-2014 is
shown.

3. Locations of site features depicted hereon are
approximate and given for illustrative purposes only.
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FIGURE 1-13
EXTENT OF ECOLOGICAL IMPACTS

ELY COPPER MIME
SUPERFUND SITE

VERSHIRE, VERMONT

Notes:
1. Locations of site features depicted hereon are
approximate and given for illustrative purposes only.
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FIGURE 1-14
APPROXIMATE LOCATION

OF WEST CELL
ELY COPPER MINE
SUPERFUND SITE

VERSHIRE, VERMONT
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NOTES:

1. GROUND BASED SURVEY WAS COMPLETED BY DOUCET SURVEY IN DECEMBER

2012. WETLANDS LOCATED BY NOBIS ENGINEERING, INC. IN JULY 2012 AND MAY

2013 USING A TRIMBLE GPS UNIT.

2. TOPOGRAPHIC INFORMATION OUTSIDE LIMITS OF GROUND SURVEY IS BASED

ON INFORMATION PROVIDED TO NOBIS ENGINEERING, INC, BY URS
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TOPOGRAPHICS, INC. IN SPRING 2013.
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FIGURE 3-1
ALTERNATIVE UWG-2 COMPONENTS

ELY COPPER MINE
SUPERFUND SITE

VERSHIRE, VERMONT

Notes:
1. Topographic map is from USGS Vershire, VT quadrangle, revised
1983.

2. Locations of site features depicted hereon are approximate and
given for illustrative purposes only.
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NOTES:

1. EXISTING CONDITIONS & CONTOURS SHOWN WITHIN

WOODED AREAS ARE BASED ON A COMBINATION OF GROUND

SURVEY COMPLETED BY DOUCET SURVEY IN DECEMBER

2012, AERIAL SURVEY COMPLETED BY EASTERN

TOPOGRAPHICS, INC. IN SPRING 2013, AND INFORMATION

PROVIDED TO NOBIS ENGINEERING, INC. BY URS

CORPORATION IN JULY 2008.

2. EXISTING CONDITIONS CONTOURS SHOWN WITHIN EXPOSED

BEDROCK AND RESTORATION AREAS BASED ON THE

ANTICIPATED EXTENT OF EXCAVATION AND RESTORATION

ASSOCIATED WITH THE OU1 REMEDY.

3. FINAL LOCATIONS OF ACTIVE/PASSIVE TREATMENT SYSTEMS

WILL BE DETERMINED AFTER OU1 REMEDY AND PRE-DESIGN

INVESTIGATIONS.
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NOTES:

1. EXISTING CONDITIONS & CONTOURS SHOWN WITHIN

WOODED AREAS ARE BASED ON A COMBINATION OF GROUND

SURVEY COMPLETED BY DOUCET SURVEY IN DECEMBER

2012, AERIAL SURVEY COMPLETED BY EASTERN

TOPOGRAPHICS, INC. IN SPRING 2013, AND INFORMATION

PROVIDED TO NOBIS ENGINEERING, INC. BY URS

CORPORATION IN JULY 2008.
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1.0 INTRODUCTION 

This Technical Impracticability (TI) Evaluation Report was prepared for the Ely Copper Mine 

Superfund Site by Nobis Engineering, Inc. (Nobis). This TI Evaluation Report provides supporting 

information for the Operable Unit 2 (OU2) and Operable Unit 3 (OU3) Remedial Investigation and 

Feasibility Study (RI and FS). More specifically, the TI Evaluation Report is an Appendix of the 

OU2/OU3 FS to document the factors that support the finding that achieving certain Applicable or 

Relevant and Appropriate Requirements (ARARs) and federal risk-based standards is not 

practicable from an engineering perspective. 

 

EPA has issued guidance on TI waivers, titled “Guidelines for Evaluating the Technical 

Impracticability of Ground Water Restoration,” OSWER Directive 9234.2-25, September 1993 and 

“Consistent Implementation of the FY 1993 Guidance on Technical Impracticability of Ground-

Water Restoration at Superfund Sites,” OSWER Directive 9200.4-14, January 19, 1995. EPA 

guidance described the following key elements of a TI Evaluation: 

 

1. Specific ARARs or media cleanup standards for which TI determinations are sought. 

 

2. Spatial area over which the TI decision will apply. 

 

3. Conceptual model that described site geology, hydrology, groundwater contamination 

sources, transport, and fate. 

 

4. An evaluation of the restoration potential of the site, including data and analyses that 

support any assertion that attainment of ARARs or media cleanup standards is technically 

impracticable from an engineering perspective. At a minimum, this generally should 

include: 

 

a) A demonstration that contamination source sources have been identified and have 

been, or will be, removed and contained to the extent practicable; 

 

b) Analysis of the performance of any ongoing or completed remedial actions; 
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c) Predictive analysis of the timeframes to attain required cleanup levels using available 

technologies; and 

 

d) A demonstration that no other remedial technologies (conventional or innovative) 

could reliably, logically, or feasibly attain the cleanup levels at the site within a 

reasonable timeframe. 

 

5. Estimates of the cost of the existing or proposed remedy options, including construction, 

operation, and maintenance costs. 

 

6. Any additional information or analyses that EPA deems necessary for the TI evaluation. 

 

The guidance also states that the data and analysis needed to address each of these components 

of a TI evaluation is determined on a site-specific basis. This TI Evaluation will address each of 

the requirements above. 

 

Scope of the TI Evaluation 

This TI Evaluation was prepared specifically for the OU2/OU3 FS to evaluate the groundwater 

within the OU2/OU3 Underground Workings. The National Contingency Plan (NCP) states that 

EPA expects to return usable ground waters to their beneficial uses wherever practicable, within 

a time frame that is reasonable given the particular circumstances of the site. When restoration 

of ground water to beneficial uses is not practicable, EPA expects to prevent further migration of 

the plume, prevent exposure to the contaminated ground water, and evaluate further risk 

reduction" (40 CFR 300.430(a)(1)(iii)(F)). Generally, drinking water standards (Federal MCLs, 

non-zero MCLGs, or more stringent State drinking water standards) are relevant and appropriate 

as preliminary remediation goals, and ultimately as final cleanup levels, for ground waters that 

are determined to be a current or potential future source of drinking water (40 CFR 

300.430(e)(2)(i)(B and C); and Ground-Water Presumptive Strategy, page 15). Where ARARs 

are not available or are not sufficiently protective, EPA generally sets site-specific remediation 

levels for carcinogens at a level that represents an excess upper bound lifetime cancer risk to an 

individual of between 10-4 to 10-6 and for non-carcinogens such that the cumulative risks from 

exposure will not result in adverse effects to human populations (including sensitive sub-

populations) that may be exposed during a lifetime or part of a lifetime, incorporating an adequate 
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margin of safety). (“Summary of Key Existing EPA CERCLA Policies for Groundwater 

Restoration”, OSWER Directive 9283.1-33, June 26, 2009; "A Guide on Remedial Actions for 

Contaminated Ground Water," April 1989. OSWER Directive 9283.1-1FS and 40 CFR 300.430 

(e)(2)(i).) 

 

When evaluating the beneficial use of groundwater at a Site, groundwater at a given site is 

generally assumed to be a potential future source of drinking water if designated as such by the 

State or if considered to be a potential source of drinking water under the Federal Guidelines. 

(CSGWPP Directive; Federal Guidelines; and 1990 NCP Preamble at 55 FR 8733). As provided 

for in 10 Vermont Statutes Annotated (V.S.A.) 1394(b), all groundwater of the state is classified 

as Class III unless reclassified by the Secretary. "Class III groundwater" means groundwater that 

has been classified by the statute or reclassified by the Secretary and that is suitable as a source 

of water for individual domestic water supply, irrigation, agricultural use and general industrial and 

commercial use. For the Ely Copper Mine Site and surrounding areas, the classification of all 

groundwater is Class III. 

 

Based on the groundwater classification, ground-water restoration to allow future use of the 

groundwater within the OU2/OU3 Underground Workings was determined to be a possible 

Remedial Action Objective (RAO) for the Ely Copper Mine Site. The chemical specific standards 

that would be associated with the RAO would be, MCLs, non-zero MCLGs, Vermont Groundwater 

Protection Standards, or site specific federal risk-based cleanup levels. These cleanup levels 

would have to be achieved in order for the ground-water resource to be restored to the identified 

beneficial use. 

 

EPA, however, recognizes that site-specific factors such as issues with hydrogeology, 

contamination, and/or remedial system inadequacies may make groundwater restoration 

infeasible. If one or more factors are significant, technical impracticability (TI) may be determined 

and alternative measures taken to ensure protection of human health and the environment (EPA, 

1993). 

 

The focus of the OU2/OU3 RI/FS at the Ely Copper Mine is the Underground Workings. This TI 

Evaluation is focused on the groundwater found within the OU2/OU3 Underground Workings. A 

similar TI Evaluation was performed for the Elizabeth Mine in 2006 and the 2006 Record of 

Decision for the Elizabeth Mine included a technical impracticability waiver to document that the 
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groundwater within the Underground Workings at the Elizabeth Mine could not achieve the 

chemical specific ARARs that would be necessary for the beneficial use of the groundwater as a 

drinking water supply. While that TI Evaluation was fully considered, this TI Evaluation relies upon 

the current state of the practice in engineering and science for remediation of Underground 

Workings and was developed based upon information specific to the Ely Copper Mine Superfund 

Site. 

 

The Site locus is provided as Figure 1-1 and a Site Plan is provided as Figure 1-2. 

 

2.0 UNDERGROUND WORKINGS CONCEPTUAL MODEL 

The following sections summarize the relevant findings of the OU2-OU3 Remedial Investigation 

(RI) as they relate to the geochemical setting and physical characteristics of the groundwater 

found in the OU2/OU3 Underground Workings as well as the hydrologic impacts on bedrock 

groundwater. 

 

2.1 Geochemical Setting 

The ore deposits of the Ely Copper Mine are stratiform massive sulfide deposits (Besshi-type 

deposits). The ore was composed primarily of the sulfide minerals pyrrhotite and chalcopyrite with 

minor sphalerite and pyrite (Slack, et al., 2001). The sulfide minerals are present in unmined ore 

within the intact wall rock of the Underground Workings shaft and adits, as well as unconsolidated 

waste rock (i.e. boulder, cobbles, sand etc.) that remains within the Underground Workings. When 

exposed to water and oxygen, these sulfide minerals react to generate iron, sulfate, and acidity. 

This acidity in turn causes many of the metals bound within the ore and waste rock to solubilize 

into groundwater or surface water, resulting in elevated levels of base metals such as aluminum, 

cadmium, cobalt, copper, iron, manganese, and zinc. These dissolved metals are conveyed to 

receiving aquifers and streams, resulting in metals, sulfate, and acid impacts. These general 

geochemical processes are well understood and are generically described as acid mine drainage 

(AMD) (Wolkersdorfer, 2008). 

 

At the Site, each constituent needed for AMD is present within the Underground Workings. These 

include: (1) an abundance of sulfide minerals present within wall rock and waste rock; (2) 

oxygenated water which enters the Underground Workings through surface water infiltration into 
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open shafts and adits as well as groundwater flow into the Underground Workings and (3) 

atmospheric air that enters the Underground Workings through open shafts and adits. 

 

Consistent with these conditions, AMD from the Underground Workings has mixed with the 

bedrock groundwater to form a 32.4 million gallon mine pool contained within the Underground 

Workings, primarily the Main Shaft. The overall result is an area of groundwater that contains 

metals (cobalt, iron, manganese, and thallium) at levels exceeding federal and state criteria for 

groundwater and drinking water. 

 

2.2 Physical Characteristics 

2.2.1 Surface Mine Features 

There are approximately 12 shafts, adits, vents or other surface openings that have been 

identified on maps of the Site which comprise the OU2/OU3 Underground Workings (PAL, 2005). 

These features are shown on Figure 2-1. Many of these may not be accessible, or collapsed, and 

some may have never intersected the mine. Only the Main Shaft is fully saturated to the extent 

that a mine pool is present. The openings include: 

 

 Unnamed air shaft; 

 Back Stopes entrance; 

 Main Shaft; 

 1850s Pollard Shaft (“Shaft II”); 

 1834 Tyson/1854 Pollard Adit (“Tyson/Pollard Adit”); 

 1850s Pollard Shaft; 

 1850s Pollard Adit A; 

 Main Adit; 

 Shaft 4; 

 1850s Pollard Adit; 

 Burleigh Shaft; and 

 Deep Adit 
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The OU2/OU3 Underground Workings features that discharge to surface water are described 

below and are being addressed in the OU2/OU3 Feasibility Study independent from the 

Underground Working mine pool. 

 

 The Main Adit has partially collapsed. Ponded surface water is typically visible in the 

collapsed entrance with intermittent flow. This flow is rarely substantial enough to result in 

discharge away from the immediate vicinity of the adit. Discharge from the Main Adit is 

presumed to infiltrate to overburden groundwater and be transported downgradient to a 

surface water discharge point within the Ely Brook watershed, presumably in a location 

between the Upper Waste Area (UWA) Underground Workings and Lower Waste Area 

(LWA). 

 

 The 1850s Pollard Adit is a potential water discharge point although flow is rarely observed 

there. Discharge from the 1850s Pollard Adit is transported in surface water and the likely 

surface water receptors for this discharge are EBT-2 and/or EBT-3. 

 

 The Deep Adit discharges the largest volume of surface water that is directly attributed to 

the Underground Workings This discharge forms an ephemeral stream that flows to its 

discharge point at Pond 5, and ultimately to EBT-2. 

 

2.2.2 Underground Workings Description 

The surface projections of the OU2/OU3 Underground Workings are estimated (as shown in 

Figures 1-2 and 2-1) based on a cross-section of the ore zone compiled by White and Eric (1944) 

and further work performed by Nobis (Nobis, 2014). Figure 2-2 is an updated a cross-section of 

the Underground Workings. Additional historic depictions of several of the OU2/OU3 Underground 

Workings features in plan view and cross-section are provided as Attachment B. 

 

The primary feature of the OU2/OU3 Underground Workings is the Main Shaft of the former mine. 

The Main Shaft is observed at the surface as the uppermost opening located along the steep 

slope above the Underground Workings at an elevation of approximately 1,385 feet above mean 

sea level (amsl). From the portal, the Main Shaft extends approximately 3,000 feet northward 

along a trend approximately N40E at an inclination averaging approximately 25 degrees. The 
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Main Shaft descends approximately 1,500 feet vertically, such that the workings lie between 500 

and 1,500 feet below the ground surface along its extent. 

 

The Main Shaft is presumed to have flooded shortly after the cessation of mining activities circa 

1905. Based on observations from the 1943 survey by the U.S. Bureau of Mines, and anecdotal 

evidence provided by spelunkers visiting the mine as recently as 2015, the flooded level of the 

mine is estimated to be approximately 1,275 feet (White and Eric, 1944; PAL, 2008). The volume 

of the mine pool is estimated as 4.33 million cubic feet (or 32 million gallons), based on the water-

filled area of Main Shaft and an average mine shaft height of 10 feet (Table 2-1). A major 

assumption is that the mine pool surface elevation represents the potentiometric head in the entire 

mine pool and that a collapse in the upper portion of the OU2/OU3 Underground Workings has 

not hydraulically isolated it from the lower portion of the OU2/OU3 Underground Workings. 

 

It is noted that portions of the OU2/OU3 Underground Workings are critical habitats for threatened 

or endangered bat populations, specifically as winter hibernacula. 

 

2.3 Hydrologic Impacts on OU2/OU3 Underground Workings  

Water levels in the mine pool, as measured by pressure transducers in up-plunge and down-

plunge wells MW-UP2 and MW-DP1, respectively, remained essentially constant at 1,276 ft amsl. 

The Main Adit discharge is approximately 1,276 ft amsl. The fact that the water levels in the mine 

pool are constant and equal to the Main Adit discharge demonstrates that the Main Adit is an 

unconfined outflow point for the mine pool. This elevation of this outflow point controls water levels 

in the mine pool. 

 

A water budget for the OU2/OU3 Underground Workings includes inputs, outputs, and storage 

(estimated at 4.33 million cubic feet [approximately 32.4 million gallons]). The primary input to the 

OU2/OU3 Underground Workings is recharge through overburden soils and bedrock fractures. 

Additional direct input of water may occur by overland flow of precipitation down the Main Shaft 

and other inclined openings. Water levels in the OU2/OU3 Underground Workings have remained 

essentially constant, at 1,275 to 1,276 feet amsl, since at least the 1940s, indicating that outputs 

must equal inputs. The primary output of water from the OU2/OU3 Underground Workings is 

outflow from mine openings, primarily the Main Adit (Figure 2-1). The primary mine pool 

associated with the Main Shaft may or may not be hydraulically connected to the Deep Adit and 
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associated workings through connected fractures. Additional outputs may include outflow from 

the OU2/OU3 Underground Workings via bedrock fractures, toward areas of lower hydraulic head. 

South of the crest of Dwight Hill (within OU2), this flow would be expected to be southward and 

may reach the surface as outflow to springs, seeps, ponds or tributaries to Ely Brook. North of the 

crest of Dwight Hill (within OU3), outflow from the OU2/OU3 Underground Workings, if present, 

would be expected in the northerly or easterly directions, toward the valley of the 

Ompompanoosuc River. There are no known wells that are hydraulically connected to the 

OU2/OU3 Underground Workings and that are pumping on a regular basis, so no wells are 

considered outputs in a water budget for the OU2/OU3 Underground Workings. 

 

2.4 Mine Pool Chemistry 

Based on the results of the OU2/OU3 human health risk assessment (HHRA), cobalt, iron, and 

manganese have been identified as the OU2-OU3 groundwater contaminants of concern (COCs) 

(Table 2-2). Groundwater samples were collected within and above the mine pool and the 

analytical results for these samples are summarized in Table 2-3. 

 

These results demonstrate the following: 

 

 The mine pool groundwater contains metals at levels exceeding state groundwater 

protection standards and federal risk based standards for groundwater and drinking water; 

 

 Distinct differences between the bedrock groundwater geochemistry of background 

samples versus mine pool samples is indicated by the following: 

 

o iron, sulfate, alkalinity, and chloride concentrations are significantly higher in the mine 

pool (approximately one order of magnitude greater than background); 

 

o calcium, magnesium, potassium, and sodium concentrations are significantly higher 

in the mine pool (from 8 to 19 times greater than background); 

 

o aluminum, cobalt, and copper concentrations are significantly higher in the mine pool 

(approximately one to three orders of magnitude greater than background). 
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o Dissolved and total metals concentrations are generally similar for samples within the 

mine pool, suggesting that the high metals concentrations are not caused by 

suspended material; 

 

o specific conductivity and calculated total dissolved solids are significantly higher in the 

mine pool (approximately one to two orders of magnitude greater than background); 

 

o strongly reducing conditions are observed in the mine pool whereas background 

conditions are generally oxidizing. 

 

Information from the two monitoring locations in the upper portion of the saturated OU2/OU3 

Underground Workings reveal a fairly consistent chemistry in the OU2/OU3 Underground 

Workings (Table 2-4). For the purposes of this TI Report, it is assumed that the remaining portions 

of the OU2/OU3 Underground Workings have the potential to contain groundwater that exceeds 

state groundwater protection standards and federal risk based standards. 

 

2.5 Contamination Sources 

The primary sources of impacts to groundwater within the UNDERGROUND WORKINGS are: 

 

 unmined ore and naturally occurring sulfide minerals disseminated within the OU2/OU3 

Underground Workings wall rock;  

 residual waste rock remaining within the OU2/OU3 Underground Workings ; and 

 AMD inflow to the mine pool as a result of groundwater infiltration and seepage from the 

fractured bedrock overlying the OU2/OU3 Underground Workings.  

 

Because of the presence of unmined ore and naturally occurring minerals disseminated within 

the OU2/OU3 Underground Workings wall rock, the AMD contaminant mass source of the 

OU2/OU3 Underground Workings is essentially unlimited. Consequently, the OU2/OU3 

Underground Workings has the geochemical capacity to produce AMD for an indefinite period of 

time. 
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2.6 Fate and Transport 

The source of the major cations and chloride in the mine pool is silicate and carbonate mineral 

weathering, whereas the source of the sulfate and iron is iron sulfide mineral dissolution. The 

observation of circumneutral pH and significant bicarbonate alkalinity as well as significant 

concentrations of sulfate and iron in the mine pool suggests that the mine pool system has evolved 

from an AMD system to a neutral mine drainage system. This evolution indicates the silicate 

weathering products are now dominating the sulfide mineral weathering in the mine pool. 

 

The presence of ferrous iron and sulfate in the mine pool indicates pyrite weathering processes 

(i.e. AMD) occurred in this system at some point and may still continue to some extent at the 

upper portion of the mine pool where the groundwater interacts with the atmospheric oxygen in 

the unsaturated area of the mine shaft. The AMD reactions, however, were shut down when 

oxygen was depleted from the system. The circumneutral pH indicates that at some point during 

the evolution of the mine pool, acid production was overtaken by carbonate buffering. In other 

neutral mine pool settings, the evolution from acid drainage to neutral drainage conditions is 

commonly accompanied by decreasing iron and sulfate concentrations. These decreases occur 

as a mine pool volume is exchanged through groundwater flow and discharge, flushing iron and 

sulfate from the system (Wolkersdorfer, 2008; Perry, et al., 2005). The observation that these 

decreases are not occurring in the Ely mine pool suggest that the pool is stagnant and is not 

mixing with appreciable volumes of either clean water or AMD seepage. 

 

Contamination from the OU2/OU3 Underground Workings mine pool may be released via two 

mechanisms: migration through bedrock fractures, and free water movement to the surface via 

mine openings. However, the current geochemical conditions of the mine pool (i.e. circumneutral 

pH with elevated ferrous iron, calcium, bicarbonate, and sulfate), are a strong indication that the 

mine pool is relatively stagnant (i.e. the volume of inflow and outflow is significantly less than the 

total volume of the mine pool). 

 

2.6.1 Natural Attenuation Mechanisms 

The chemical mass of the mine pool is expected to be mostly in the dissolved phase, rather than 

in suspended particles. Therefore, the metals concentrations are not expected to decrease over 

time because of drop-out of suspended material. Also, the location and depth of the mine pool 
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and surrounding bedrock aquifer have produced conditions that inhibit microbial activity: 

specifically minimal organic carbon and low DO. 

 

Both manganese and iron are soluble at mildly acidic and reducing conditions. As water from the 

mine pool travels from the source area and mixes with oxidizing waters, the concentrations of 

dissolved manganese and iron are expected to decline as these metals precipitate out of solution. 

 

Like iron and manganese, cobalt is also sensitive to pH, and tends to be mobilized at pH below 4 

(much lower than in the mine pool). Cobalt also strongly binds to humic material (organic acids) 

in the subsurface, allowing it to remain in the dissolved phase. However, organic acids are not 

expected to any degree in the mine pool and the surrounding bedrock aquifer. Cobalt does 

strongly sorb to mineral oxides, such as manganese and iron oxides. Therefore, if redox and pH 

conditions change causing those metals to precipitate and drop out of solution, cobalt migration 

is expected to be retarded (Agency for Toxic Substances and Disease Registry [ATSDR], 2004) 

by sorption. 

 

Sulfate may be reduced by microbial activity as long as carbon sources (such as organic acids) 

are available. Sulfate reduction is beneficial because it causes precipitation of iron and other 

metals in the form of metal sulfides (Miao et al., 2012). However, given the expected lack of 

organic carbon or microbial activity in the bedrock aquifer, sulfate is not anticipated to be 

transformed or attenuated chemically. 

 

The solubility and complexation of the mine pool metals and sulfate are controlled by redox and 

pH geochemistry. However, because the mine pool is at circumneutral pH, any chemical 

attenuation resulting from precipitation of the mine pool contaminants will be dependent on a 

transition from reducing to oxidizing conditions.  

 

2.6.2 Groundwater Impacts 

AMD from the OU2/OU3 Underground Workings has mixed with the bedrock groundwater to form 

a 32.4 million gallon mine pool contained within the OU2/OU3 Underground Workings, primarily 

the Main Shaft. The overall result is an area of groundwater that contains COCs and other metals 

at levels exceeding site-specific risk based standards and state criteria for groundwater and 

drinking water. 
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Figure 2-3 depicts the extent of groundwater impacts related to the OU2/OU3 Underground 

Workings mine pool. This depiction is based on a spatially and temporally limited data set. The 

area of observed groundwater exceedances is drawn as equivalent to extent of the OU2/OU3 

Underground Workings. The lack of subsurface data in the vicinity of the OU2/OU3 Underground 

Workings results in a high degree of uncertainty regarding the extent of the bedrock groundwater 

plume beyond the limit of the OU2/OU3 Underground Workings. Accordingly, an 800 foot 

groundwater use restriction zone has been drawn around the OU2/OU3 Underground Workings 

to delineate the maximum estimated dispersion-based transport along typical, outcrop-scale 

fractures. Greater uncertainty exists related to potential transport along laterally extensive and 

highly conductive fractures. Although fractures of this type were not directly observed during prior 

investigations at the Site, mapped photolineaments suggest they may be present. In particular, 

mapped photolineaments that generally coincide with the unnamed drainage ORT-1 intersect the 

map trace of the Underground Workings and extend offsite towards residential drinking water 

supplies. To address the potential for flow along laterally extensive and highly conductive 

fractures, the groundwater use restriction zone was further expanded along the trace of the 

potential fractures as depicted on Figure 2-3. Data collected during the OU1 and OU2/OU3 RI 

does provide some insight that contaminated groundwater in the Underground Workings is not 

actively contributing to ORT-1 or the bedrock aquifer associated with the residential water 

supplies at the outer edge of the potential fracture zone. Four residential wells in the area east 

and north of the Underground Workings along with surface water samples along the upper and 

lower elevation portion of ORT1 were collected during the OU1 RI and OU2/OU3RI. The 

residential well results and surface water samples suggest that site contamination is not 

discharging to ORT1 or impacting existing water supplies. The location of the residential and 

surface water samples is shown on Figure 3-2 of the OU2/OU3 RI. The design for OU2/OU3 will 

include developing a strategy to provide ongoing monitoring of surface water and groundwater in 

the ORT-1 drainage, as well as drinking water supply wells within this watershed. Establishment 

of a robust technically-defensible monitoring network focused to the ORT-1 watershed will be a 

necessary component of this strategy to reduce the uncertainty associated with the potential for 

groundwater impacts in this area. 
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3.0 SPECIFIC ARARS FOR WHICH TI WAIVER IS SOUGHT 

Based on the contaminants detected as part of the OU2/OU3 RI, classification of the groundwater 

within the OU2/OU3 Underground Workings as a Class III groundwater which should be suitable 

for use as a drinking water supply, and EPA’s general goal of restoring groundwater to drinking 

water standards, the ARARs which would not be achieved and for which a TI waiver is sought 

include the Vermont Groundwater Protection Standards (VTGWPS), Env. Prot. Ch. 12-702 and 

703 Primary Groundwater Quality Standards. 

 

The TI waiver is only sought for the groundwater within the OU2/OU3 Underground Workings and 

not the overburden and bedrock groundwater outside the OU2/OU3 Underground Workings. If 

future investigations reveal the presence of contaminated groundwater within the bedrock aquifer 

outside the OU2/OU3 Underground Workings, an evaluation will be performed to determine 

whether to expand the TI Zone. 

 

In addition, for the same basis as the TI waiver, it would be technically impracticable from an 

engineering perspective to restore the groundwater within the Underground Workings to federal 

risk-based standards for cobalt, manganese, and iron. 

 

In addition, for the same basis as the TI waiver, it would be technically impracticable from an 

engineering perspective to restore the groundwater within the Underground Workings to federal 

risk-based standards for cobalt, manganese, and iron. 

 

As a result of the TI waiver and the finding of TI for the federal risk-based standards, the RAOs 

for the groundwater within the OU2/OU3 Underground Workings will focus on preventing 

consumption of the contaminated groundwater and preventing any actions, particularly 

groundwater extraction, that could cause the contaminated groundwater in the OU2/OU3 

Underground Workings to migrate beyond the limits of the TI zone. 

 

4.0 DEFINITION OF TI ZONE 

The TI zone defined by this OU2/OU3 TI Evaluation includes all OU2/OU3 Underground Workings 

excavated as part of mining activities. The volume of the mine pool is estimated as 4.33 million 

cubic feet (32.4 million gallons), based on the water-filled area of Main Shaft and an average mine 

shaft height of 10 feet (Table 2-1). Figure 1-2 provides a surface projection of the Underground 
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Workings based on the results of the 2013 drilling investigation. Figure 2-2 provides a cross-

section. 

 

The TI zone does not extend into the bedrock aquifer outside the OU2/OU3 Underground 

Workings, nor does it include surface water that may receive discharge from the OU2/OU3 

Underground Workings. A TI waiver is not being sought for the ARARs in the bedrock aquifer 

outside the OU2/OU3 Underground Workings. The bedrock aquifer is also expected to meet 

federal risk-based standards. The ARARs and federal risk-based standards will be used to set 

the compliance levels for the edge of the TI zone in groundwater. If future investigations reveal 

the presence of contaminated groundwater within the bedrock aquifer outside the OU2/OU3 

Underground Workings, an evaluation will be performed to determine whether to expand the TI 

zone. 

 

5.0 EVALUATION OF RESTORATION POTENTIAL 

Nobis evaluated the restoration of the mine pool in accordance with EPA’s Guidance for 

Evaluating the Technical Impracticability of Ground-Water Restoration (EPA, 1993). The 

evaluation was performed to demonstrate whether there exists remediation options that could 

reliably and cost effectively restore the groundwater within the OU2/OU3 Underground Workings 

to a source of drinking water in a reasonable time frame. If there are not technologies that could 

fully restore the groundwater in the OU2/OU3 Underground Workings, then it would be technically 

impracticable from an engineering perspective to achieve the ARARs based on the restoration 

RAOs. 

 

The evaluation of the impracticability of mine pool restoration includes the following: 

 

 Demonstration of source material containment: Demonstrate that contaminant sources 

have been identified and have been or will be contained or removed to the extent 

practicable. 

 

 Screening of remedial technologies: Assess the potential conventional or innovative 

technologies that may be applied to attain cleanup criteria. 
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 Development and evaluation of remedial alternatives: Develop viable technologies into 

remedial alternatives which are evaluated on the basis of effectiveness, implementability, 

time of remedial cleanup, and cost. 

 

Each of these evaluation elements are discussed in the following subsections. 

 

5.1 Containment of Source Materials 

As noted in Section 2.5, the sources of metals impacting OU2/OU3 Underground Workings 

groundwater quality include: 

 

 unmined ore and naturally occurring sulfide minerals disseminated within the OU2/OU3 

Underground Workings wall rock;  

 residual waste rock remaining within the OU2/OU3 Underground Workings ; and 

 AMD inflow to the mine pool as a result of groundwater infiltration and seepage from the 

fractured bedrock overlying the OU2/OU3 Underground Workings. 

 

The surficial waste piles that are part of the OU1 cleanup for the Ely Copper Mine will be 

excavated and consolidated under a cover system to protect the groundwater and surface water 

impacted by the release from these waste piles. Unlike the OU1 waste piles, the source material 

for OU2/OU3 Underground Workings groundwater contamination are not accessible because 

they are within the saturated portion of an abandoned mine that cannot be safely entered. Since 

the source will remain, the AMD contaminant mass source of the Underground Workings is large, 

and essentially unlimited for practical purposes. Although there were no technologies identified at 

this time that could fully restore the groundwater within the OU2/OU3 Underground Workings to 

drinking water, technologies were evaluated that could prevent the release of contaminated 

groundwater from the OU2/OU3 Underground Workings by either eliminating or removing the 

source of contamination, containing/preventing migration of contamination (e.g., via pumping), or 

in-situ treatment to stabilize the groundwater. Technologies that can be used to contain AMD 

sources and collect and/or treat the mine pool are discussed in Section 5.2. 

 



 

NH-4054-2015-F 16 Nobis Engineering, Inc. 

5.2 Screening of Remedial Technologies 

Table 5-1 presents the potentially applicable technologies and process options that could be used 

to address the mine pool groundwater impacts. Remedial technologies were screened based on 

their ability to: 

 

 reduce or eliminate the production of AMD from these sources by limiting contact of the 

sulfide-bearing ore and wall rock with water and/or atmospheric oxygen; and 

 collect and treat or alter the chemistry of the groundwater in the mine pool to achieve 

chemical-specific ARARs. 

 

The table also presents an FS-level evaluation of the technologies against three criteria: 

effectiveness, implementability, and cost. Section 3.1 of the FS describes these criteria. 

 

Based on the evaluation, three general response actions were identified as potentially effective 

to reduce metals concentrations in the OU2/OU3 Underground Workings. It is important to note 

that none of these general response actions would result in compliance with ARARs with respect 

to restoration of the groundwater within the OU2/OU3 Underground Workings to drinking water 

standards. These process options include containment and isolation; collection, treatment, and 

discharge; and in-situ treatment. 

 

5.3 Development and Evaluation of Remedial Alternatives 

The retained technologies were used to develop the following remedial alternatives that could 

potentially be implemented to prevent groundwater contamination from migrating from the 

OU2/OU3 Underground Workings. 

 

A significant factor in the evaluation of any technology is the presence of federally threatened bat 

species in the OU2/OU3 Underground Workings. The OU2/OU3 Underground Workings are 

critical habitats for threatened or endangered bat populations, specifically as winter hibernacula. 

Consequently, all of the remedial alternatives described would be designed to minimize impact 

on the local bat population using the following mitigation measures as applicable: 
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 Construction activities within 0.25 miles of any known, occupied hibernacula (generally 

November through May) will be carefully planned to minimize any impact on bat 

populations. 

 

 Tree clearing of any known, occupied roost trees during the pup season (June 1–July 31) 

will be prohibited. 

 

 Constructed infrastructure (roads, treatment plants, etc.) would be located away from all 

open or partially open workings. 

 

 Modifications to the OU2/OU3 Underground Workings would be limited to the submerged 

portion of the Underground Workings (the mine pool), leaving entrances and roofs intact. 

 

5.3.1 Remedial Alternative 1 – Mine Pool Dewatering and 

Groundwater Control 

Remedial Alternative 1 includes the following components: 

 

 Extraction and ex-situ treatment to dewater the mine pool using extraction wells that 

penetrate into the OU2/OU3 Underground Workings. Treated water would be discharged 

to the ORT-1 drainage. 

 

 After mine pool dewatering is complete, continued and indefinite extraction and ex-situ 

treatment at decreased pumping rate for treatment of AMD seepage into the OU2/OU3 

Underground Workings. 

 

 In the event that long-term pumping and treating for groundwater controls results in a 

lowered water table elevation in the vicinity of the workings, a public water supply may 

need to be provided to affected residents. 

 

The dewatering would be performed through a bedrock boreholes extraction array intersecting 

the Underground Workings at the end of the Main Shaft (i.e. complete dewatering requires 

extraction from the lowest elevation within the mine pool). Each of the four boreholes would be 

approximately 1,370 feet deep.  



 

NH-4054-2015-F 18 Nobis Engineering, Inc. 

 

Additional boreholes would be required to straddle the OU2/OU3 Underground Workings in order 

to perform cross-borehole tomography geophysical study to accurately locate the OU2/OU3 

Underground Workings, ensuring that the extraction wells intersect the OU2/OU3 Underground 

Workings at the optimal places. 

 

5.3.2 Remedial Alternative 2 – Mine Pool Dewatering and 

Underground Workings Closure 

Remedial Alternative 2 includes the following components: 

 

 As described in Section 5.3.1, extraction and ex-situ treatment to dewater the mine pool 

using extraction wells that penetrate into the OU2/OU3 Underground Workings. Treated 

water would be discharged to the ORT-1 drainage. 

 

 Seal the formerly-submerged portion of the mine pool by pumping grout via boreholes 

penetrating the OU2/OU3 Underground Workings. 

 

Grout could also be injected as part of mine pool dewatering (i.e. through physical displacement 

of the water). However, this approach would still require treatment of the water, and the displaced 

groundwater would be difficult to control/contain, given the extent of near-surface OU2/OU3 

Underground Workings and the current lack of knowledge regarding the degree of connection 

between these OU2/OU3 Underground Workings and their current configuration. An alternative 

would be to pump the water from a depth near the top of the OU2/OU3 Underground Workings 

prior to the water decanting from the mine openings in the shallow workings. Grout placement 

would be performed through boreholes located and installed consistent with the dewatering 

extraction wells described in Alternative 1. 

 

5.3.3 Remedial Alternative 3 – Mine Pool Oxidation 

Remedial Alternative 3 includes the following components: 

 

 In-situ treatment using vertical injection wells and circulation system to distribute and mix 

oxygen or oxidants with buffering agents to the mine pool.  
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Active in-situ treatment may include addition of oxygen to precipitate dissolved iron and 

manganese out of solution. Oxygen addition would be implemented by aeration or injection of 

oxygen release compounds or ozone, or other oxidants. Oxygen addition would need to be 

combined with the addition of a buffering agent to counterbalance the generation of acidity that 

would result from the iron oxidation and precipitation. It is not anticipated that the flocculants will 

re-dissolve into the mine pool water; therefore, it is not expected that additional oxidation 

treatments would need to be performed once the optimal conditions are achieved.  

 

Based on the average concentration of iron in the up-plunge and down-plunge boreholes (MW-

UP2 and MW-DP1, respectively) an estimated 1,100 kilograms (kg) of oxygen (O2) is required to 

oxidize the estimated mass of iron in the mine pool. However, based on the significant 

concentrations of non-ferrous aqueous ions, it is reasonable to expect that competing reactions 

and ionic interactions will reduce the overall activity of the oxygen and any buffering agents that 

are added to the mine pool. If we assume that 33% of the oxygen and buffering agent will be lost 

to reductions in activity and/or some other deviation from the ideal reactions, then 10,249 kg (~10 

tons) of an 18% active oxygen compound would be required to treat the existing mine pool 

volume. Additional volumes of base neutralization agents may need to be added to the system to 

buffer the generation of acidity that will result from the iron oxidation reactions. 

 

The product would require surface mixing and injection as a slurry in each of the injection locations 

along the OU2/OU3 Underground Workings transect generally consistent with the injection 

locations identified in Alternative 2. 

 

5.4 Evaluation of Remedial Alternatives 

Each of the remedial alternatives described in Section 5.3 are assessed in the following 

subsections with respect to effectiveness, implementability, remediation timeframe, and cost, 

respectively. 

 

5.4.1 Effectiveness 

Remedial Alternative 1 – Mine Pool Dewatering and Groundwater Control 

Remedial Alternative 1 – Mine Pool Dewatering and Groundwater Control would not achieve the 

RAO of groundwater restoration nor would it comply with the associated chemical specific ARARs 
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or federal risk-based standards. This alternative could achieve a RAO of preventing migrations of 

contaminated groundwater from the OU2/OU3 Underground Workings by eliminating the mine 

pool via dewatering extraction and treatment. This alternative does not treat or contain the AMD 

contaminant mass source, which is essentially unlimited but it would contain the contaminated 

groundwater. Consequently, the OU2/OU3 Underground Workings will continue to produce AMD 

for an indefinite period of time and the long-term effectiveness of this alternative would require 

active extraction and treatment in perpetuity. In addition, the groundwater within the OU2/OU3 

Underground Workings would no longer exist as a result of the dewatering. The dewatering of the 

Underground Workings could re-introduce oxygen that could result in additional AMD generation. 

This AMD would in turn result in worsening groundwater conditions if the extraction were to stop 

and the mine pool allowed to re-establish. In addition, the potential impacts on the bat population 

is uncertain. The dewatering of the mine could provide additional habitat for bats. However, bats 

depend on stable conditions within their hibernacula (i.e. the OU2/OU3 Underground Workings) 

and it’s possible this alternative would result in changed conditions within the OU2/OU3 

Underground Workings that negatively impact the resident bat populations. 

 

Remedial Alternative 2 – Mine Pool Dewatering and OU2/OU3 Underground 

Workings Closure 

Remedial Alternative 2 – Mine Pool Dewatering and OU2/OU3 Underground Workings Closure 

not achieve the RAO of groundwater restoration nor would it comply with the associated chemical 

specific ARARs or federal risk-based standards. This alternative could achieve a RAO of 

preventing migrations of contaminated groundwater from the OU2/OU3 Underground Workings 

by extracting and treating the mine pool groundwater and permanently isolating the OU2/OU3 

Underground Workings AMD sources via grouting the submerged portion of the OU2/OU3 

Underground Workings. In addition, the groundwater within the OU2/OU3 Underground Workings 

would no longer exist as a result of the filling of the OU2/OU3 Underground Workings void with 

grout. In addition, the potential impacts on the bat population is uncertain. The dewatering of the 

mine could provide additional habitat for bats. However, bats depend on stable conditions within 

their hibernacula (i.e. the OU2/OU3 Underground Workings) and it is possible this alternative 

would result in changed conditions within the Underground Workings that negatively impact the 

resident bat populations. 
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Remedial Alternative 3 – Mine Pool Oxidation 

Remedial Alternative 3 – Mine Pool Oxidation not achieve the RAO of groundwater restoration 

nor would it comply with the associated chemical specific ARARs or federal risk-based standards. 

This alternative could achieve a RAO of preventing migration of contaminated groundwater from 

the OU2/OU3 Underground Workings by causing flocculation of iron and other constituents. The 

long-term effectiveness of this alternative relies on geochemical stability within the mine pool (i.e. 

anaerobic and circumneutral). The precipitated contaminant mass would be available to re-

mobilize if the equilibrium was disrupted, which is the reason this technology would not achieve 

the RAO for restoring the groundwater in the OU2/OU3 Underground Workings to drinking use 

and meeting chemical specific ARARs and federal risk-based standards during such use. In 

addition, the potential impacts on the bat population is uncertain. The oxygenation of the mine 

pool could result in changed conditions within the OU2/OU3 Underground Workings that 

negatively impact the resident bat populations. 

 

5.4.2 Implementability 

Each of the three remedial alternatives include significant technical challenges for 

implementability. These implementability challenges are described below; e.g., walls or other 

constructed features, abandoned equipment, waste piles, pillars, etc. could isolate portions of the 

mine pool from effective extraction. 

 

Remedial Alternative 1 – Mine Pool Dewatering and Groundwater Control 

Implementability limitations for Alternative 1 are associated with the confirmation of the current 

configuration of the OU2/OU3 Underground Workings at depth. This remedy relies on the ability 

of the extraction system to completely dewater and treat the entire mine pool volume. Roof 

collapses have been documented in the Underground Workings (Attachment B). It’s possible that 

these collapses or other barriers within the Main Shaft (e.g. walls or other constructed features; 

abandoned equipment, waste piles, pillars, etc.) could isolate portions of the mine pool from 

effective extraction. Therefore, an accurate and complete understanding of the current physical 

and geochemical conditions is critical for this remedy. To address this data gap and to correctly 

target, size, and design the long-term extraction wells, the current mine features and adjacent 

bedrock would be evaluated using cross-borehole geophysical tomography. An estimated 10 

pairs of cross-borehole tomography wells would need to be installed at 200 foot spacing along 
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the inferred OU2/OU3 Underground Workings transect to accurately locate the OU2/OU3 

Underground Workings for the installation of the extraction wells. Following implementation, select 

tomography boreholes would be converted to long-term monitoring wells. Using an average 

bedrock depth of 825’, this would be equivalent to 16,500 of bedrock drilling. Tracer studies would 

be performed to confirm the continuity of the upper mine pool to the lower mine pool extraction 

zone, and to evaluate the effectiveness of the extraction system in recover the entire volume of 

mine pool groundwater. 

 

Access to the extraction and treatment system, as well as the borehole investigation locations 

would likely require over one mile of newly cleared and constructed access roads and drilling 

platforms. Access roads would be difficult to construct and maintain due to the steep topography 

of the remedy zones. Access roads to the extraction and treatment facility would need to be 

designed and constructed to allow for year-round treatment plant maintenance, truck deliveries, 

and emergency response. 

 

The Main Shaft dewatering would be performed from the ground surface through boreholes 

installed in OU3 and intersecting the Underground Workings at the end of the Main Shaft (i.e., 

complete dewatering requires extraction from the lowest elevation within the mine pool). These 

wells would therefore need to be up to 1,370 feet deep (equivalent to a total of 5,480 of bedrock 

drilling) and hydraulic lift would be required for these depths. Borehole deviations during drilling 

are typical in the metamorphic rocks that overly the Main Shaft. In the deepest portions of the 

Main Shaft, a borehole deviation of less than 2% would be required to intercept the OU2/OU3 

Underground Workings. Therefore, some percentage of the boreholes will deviate from the target 

and will fail to intercept the OU2/OU3 Underground Workings. Assuming that the “miss” rate will 

be 30%, the required bedrock drilling would be equal to 7,124 feet. 

 

The current estimated volume of water contained within the Underground Workings is 

approximately 32.4 million gallons. The average groundwater recharge into the Underground 

Workings is estimated at approximately 12 gpm. The current estimated seepage into the mine 

pool is approximately 12 gpm. As the mine pool is dewatered, the corresponding hydraulic head 

to lift the discharged water would likely increase. The difference in hydraulic head between the 

mine pool and the surrounding bedrock would increase, likely causing increased flow to the mine 

pool. For costing purposes, it is assumed the recharge rate will increase 100%, or to an estimated 

24 gpm. 
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The water would need to be treated prior to discharge to the ORT-1 drainage. The treatment train 

utilized to dewater the mine pool would be designed and constructed to address the current 

geochemical and contaminant characteristics: circumneutral, with significantly elevated iron and 

major cation concentrations. The treatment train utilized to for long-term extraction and treatment 

would be modified to address a transition from circumneutral conditions back to AMD conditions. 

Both treatment trains would be designed to meet surface water discharge standards. 

 

The groundwater extraction and treatment system would require a significant level of 

infrastructure development and operations and maintenance including the construction of a 50 

gpm treatment system built in a fixed, durable facility that will withstand the harsh winter weather 

of the region. The system would require electrical service and permanent access roads be 

extended to the Main Shaft area and discharge piping that would extend to ORT-1 drainage. 

 

Access would not be available from inside the mine structure for health and safety reasons, and 

to minimize impact on the mine working entrances. The construction and long-term operation of 

the extraction system would require new infrastructure (access roads, power supply, water 

conveyance and discharge equipment) in an area with rugged topography. The system would 

need to be operated and maintained during winter conditions. In addition, some components of 

the required infrastructure may need to be installed on private property, requiring negotiated 

access agreements. 

 

It would take approximately 4 months to completely dewater the mine pool at 200 gpm. However, 

since the groundwater seepage control system would need to be operational in perpetuity, it would 

be more effective and implementable to reduce the dewatering flow rates so that a single, smaller-

scale treatment system could be utilized. If the dewatering extraction rate is 50 gpm, or 12 gpm 

of seepage water removal and 38 gpm of existing mine pool removal, the dewatering period would 

be 20 months. Following the dewatering period, the flow rate could be reduced to 24 gpm to 

control the anticipated seepage into the mine pool. 

 

Long-term groundwater pumping controls will result in a lowered water table elevation in the 

vicinity of the workings. In the event the water table is lowered to the degree that local water 

supply wells are impacted by a change in water quality or well yield, a public water supply will 

need to be provided to affected residents. 
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Remedial Alternative 2 – Mine Pool Dewatering and OU2/OU3 Underground 

Workings Closure 

In general, those implementability issues associated with Alternative 1 mine pool dewatering also 

apply to Alternative 2, with two exceptions. First: Alternative 2 utilizes a temporary treatment 

system rather than the long-term treatment system included in Alternative 1. Second: the 

challenge of performing deep bedrock drilling to intercept the Main Shaft is magnified by the 

greater number of target locations required to both extract groundwater and inject grout. 

 

Similar to Alternative 1, implementability limitations for Alternative 2 are associated with the 

confirmation of the current configuration of the OU2/OU3 Underground Workings at depth. This 

remedy relies on the ability of the extraction system to completely dewater and treat the entire 

mine pool volume, and to place grout within the entire Underground Workings volume. Roof 

collapses have been documented in the OU2/OU3 Underground Workings (Attachment B). It’s 

possible that these collapses or other barriers within the Main Shaft (e.g. walls or other 

constructed features; abandoned equipment, waste piles, pillars, etc.) could isolate portions of 

the mine pool from extraction and grouting, thereby preventing both the (1) complete extraction 

and treatment of the mine pool; and (2) grout placement and closure within the entire OU2/OU3 

Underground Workings. Therefore, an accurate and complete understanding of the current 

physical and geochemical conditions is critical for this remedy. To address this data gap, the 

current mine features and adjacent bedrock would be evaluated using cross-borehole tomography 

wells (16,500 of bedrock drilling; see Alternative 1). Following implementation, select tomography 

boreholes would be converted to long-term monitoring wells. Tracer studies would be performed 

to confirm the continuity of the upper mine pool to the lower mine pool extraction zone, and to 

evaluate the effectiveness of the extraction system in recover the entire volume of mine pool 

groundwater. If the middle and lower mine pool are not contiguous due to collapse or other 

blockage, it may not be possible to characterize the area or perform tracer tests. 

 

Alternative 2 also includes implementability issues with the generation and placement of grout. 

 

Grout injection would require a large injection well array. These injection wells would be deep 

bedrock wells ranging in total depths between 250 feet and 1,400 feet. The total length of the 

injection array is equal to the length of the mine pool, or 2,972 feet. If placed on a 50 foot spacing, 
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the injection array would require up to 57 grout injection wells. Using an average bedrock depth 

of 825’, this would be equivalent to 47,025 of bedrock drilling. Borehole deviations during drilling 

are typical in the metamorphic rocks that overly the Main Shaft. In the deepest portions of the 

Main Shaft, a borehole deviation of less than 2% would be required to intercept the Underground 

Workings. Therefore, some percentage of the boreholes will deviate from the target and will fail 

to intercept the OU2/OU3 Underground Workings. Assuming that the “miss” rate will be 30%, the 

required bedrock drilling would be equal to 61,132 feet. 

 

Additionally, large quantities of non-local material for use as the fill or to create the flowable fill 

on-site would be required to fill the OU2/OU3 Underground Workings to the approximate level of 

the flooded portion of the OU2/OU3 Underground Workings. The volume of material required to 

fill the mine pool is estimated to be approximately 158,436 cy. Obtaining this quantities of 

materials and construction of a grout mixing plant would be a heavy burden to the local 

infrastructure (i.e. roads and bridges) and community (i.e. nuisance and safety hazards resulting 

from the significantly increased truck traffic). Consequently, prior to implementation, this remedy 

would require significant improvements to both offsite and on-site roads and bridges to ensure 

safe transportation. It is also likely that extensive repairs will be required to local roads following 

the remedy implementation. This technology may be applicable to portions of the OU2 

Underground Workings that discharge to surface water to prevent the generation of AMD and 

minimize the discharge of water. The much smaller area to be filled would make this technology 

an option for the response objective. 

 

Remedial Alternative 3 – Mine Pool Oxidation 

Similar to Alternatives 1 and 2, implementability limitations for Alternative 3 are associated with 

the access road construction and maintenance in the steep and remote topography of the remedy 

zones, although access for Alternative 3 will not require year-round maintenance. The degree of 

uncertainty in the site characterization for the deep and mid-level portions of the OU2/OU3 

Underground Workings represents a significant uncertainly for Alternative 3. 

 

Similar to Alternative 1, implementability limitations for Alternative 3 are associated with the 

confirmation of the current configuration of the OU2/OU3 Underground Workings at depth. This 

remedy relies on rapid and complete mixing and distribution of the oxidant. Roof collapses have 

been documented in the OU2/OU3 Underground Workings (Attachment B). It’s possible that these 
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collapses or other barriers within the Main Shaft (e.g. walls or other constructed features; 

abandoned equipment, waste piles) could isolate portions of the mine pool from injection and 

treatment, thereby preventing complete treatment of the mine pool. Therefore, an accurate and 

complete understanding of the current physical and geochemical conditions is critical for this 

remedy. To address this data gap, the deep Underground Workings and adjacent bedrock would 

be evaluated using cross-borehole tomography wells (16,500 of bedrock drilling; see Alternative 

1). Following implementation, select tomography boreholes would be converted to long-term 

monitoring wells. Tracer studies would be performed to confirm the continuity of the mine pool. 

and to evaluate the effectiveness of the injection system to distribute oxygen to the entire volume 

of mine pool groundwater. 

 

Similar to Alternative 2, this remedy would require the installation of multiple oxidant injection 

wells at significant depth in the bedrock. If placed on a 50 foot spacing, the injection array would 

require up to 58 injection wells. Using an average bedrock depth of 825’, this would be equivalent 

to 23,925 feet of bedrock drilling. Assuming that the “miss” rate will be 30%, the required bedrock 

drilling would be equal to 31,102 feet. 

 

Alternative 3 includes implementability issues with the generation, injection, and mixing of 

oxidants. Large quantities of non-local materials in the form of oxidants would be required to fill 

the OU2/OU3 Underground Workings to the approximate level of the flooded portion of the 

Underground Workings. Access would not be available from inside the mine structure for health 

and safety reasons, and to minimize impact on the mine working entrances. Although temporary, 

the construction and operation of the injection and mixing system would require new infrastructure 

(access roads, power supply, and oxidant conveyance) in an area with rugged topography. 

 

Alternative 3 relies on the addition of oxygen to this dormant AMD source zone. This geochemical 

effects of this oxidation treatment system will need to be carefully controlled and monitored to 

balance the oxygen inputs with the iron oxidation products such that no residual oxygen remains 

in the system once the iron and other metals have been precipitated from solution. Similarly, the 

pH of the system will need to be carefully monitored and adjusted to balance the generation of 

acidity with alkalinity. 
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5.4.3 Remediation Timeframe 

Remedial Alternative 1 – Mine Pool Dewatering and Groundwater Control 

Performance of any required pre-design investigations is assumed to require 12 months. 

Construction and startup of the extraction and treatment system is assumed to require another 

12 months. Estimating the amount of time required to dewater the OU2/OU3 Underground 

Workings cannot be accomplished accurately until achievable extraction rates are determined. 

However, based on the initial assumptions the maximum discharge rate is anticipated to be no 

more than 50 gpm, or 12 gpm of seepage water removal and 38 gpm of existing mine pool 

removal. This would take approximately 20 months to dewater the mine pool completely. It is 

anticipated that once the mine pool is dewatered and groundwater seepage control is 

implemented to maintain the potentiometric level of the groundwater to lower than the bottom of 

the OU2/OU3 Underground Workings. This timeframe is estimated to be between 3-4 years. 

Following this period, operation and maintenance of the groundwater seepage control system 

would be required in perpetuity in order to contain the groundwater within the OU2/OU3 

Underground Workings and meet an RAO for limiting migration. This alternative would not achieve 

the RAO of groundwater restoration nor would it comply with the associated chemical specific 

ARARs or federal risk-based standards. 

 

Remedial Alternative 2 – Mine Pool Dewatering and OU2/OU3 Underground 

Workings Closure 

As discussed in Alternative 1: performance of any required pre-design investigations is assumed 

to require 12 months; construction and startup of the extraction and treatment system is assumed 

to require another 12 months; and dewatering the mine pool would take approximately 20 months 

to complete. Once the mine pool is dewatered and seepage is temporarily controlled, the grout 

would be introduced to the OU2/OU3 Underground Workings from the bottom up. It is anticipated 

that the placement of grout within the OU2/OU3 Underground Workings could take up to 2 years 

assuming that 10 truckloads of grout could be delivered to the Site and placed in the Underground 

Workings per day. Compliance with an RAO to contain the groundwater within the OU2/OU3 

Underground Workings would be met following the 20-month dewatering period. This alternative 

would not achieve the RAO of groundwater restoration nor would it comply with the associated 

chemical specific ARARs or federal risk-based standards. This timeframe for construction 
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completion is estimated to be between 5-6 years. No O&M would be required following 

construction completion. 

 

Remedial Alternative 3 – Mine Pool Oxidation 

Performance of any required pre-design investigations is assumed to require 12 months. 

Construction and startup of the injection system is assumed to require another 6 months. 

However, due to the lack of adequate historical groundwater quality data in the OU2/OU3 

Underground Workings, it is difficult to accurately assess the time needed to effectively distribute 

and react the oxidants, iron, and constituents. Based on the relatively small mass and volume of 

oxidant contemplated for this remedy (9,108 kg), it is reasonable to assume that the oxidant 

injections could be completed within 24 months during four phases of injections and monitoring. 

It is reasonable to assume that the targeted iron oxidation reactions could reduce iron 

concentrations to levels below the applicable screening criteria within 12 months following the 

final injection. Compliance with an RAO to contain the groundwater within the OU2/OU3 

Underground Workings would be met between 4-5 years. This alternative would not achieve the 

RAO of groundwater restoration nor would it comply with the associated chemical specific ARARs 

or federal risk-based standards. To evaluate potential geochemical instability that might result 

from the treatment, the mine pool would only need to be monitored periodically to ensure that re-

dissolution of the metals does not occur and/or that AMD conditions are not re-established. The 

same potential challenges associated with the characterization and implementation would persist 

to allow assessment of the extent to which the entire mine pool has achieve the geochemical 

transition state required for Alternative 3 to be effective. 

 

5.4.4 Cost 

The estimate cost of each remedial alternative was developed based on the following 

assumptions. The basis for the cost components are included in Attachment A-1 to this appendix. 

 

Assumptions: 

 The Underground Workings is approximately 1,500 feet deep and contains approximately 

32.4 million gallons of mine pool water. 

 Water seepage into the OU2/OU3 Underground Workings is estimated to be 12 gpm and 

will increase as the mine pool is dewatered. 
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 Surface water discharge following treatment must meet the same regulatory standards as 

Ely Brook. 

 

Remedial Alternative 1 – Mine Pool Dewatering and OU2/OU3 Underground 

Workings Closure 

The estimated costs for Alternative 1 include approximately $19.4 million in capital costs, 

engineering, design, management, and contingencies; and $15.5 million in operations and 

maintenance (O&M), and annualized Five Year Review costs (non-discounted). As discussed 

above, the remedial timeframe for Alternative 1 to achieve RAOs by dewatering the mine pool is 

estimated at 3-4 years. Ongoing extraction and treatment would be required indefinitely to 

maintain ROAs. The costs summarized above and detailed in Attachment A-1 only include 30 

years of O&M for cost estimation purposes. The O&M costs are expected to remain at 

approximately $518,000 annually for the life of the system. 

 

Remedial Alternative 2 – Mine Pool Dewatering and OU2/OU3 Underground 

Workings Closure 

The estimated costs for Alternative 2 include approximately $49.1 million in capital costs, 

engineering, design, management, and contingencies; and $408,375 in O&M (non-discounted). 

As discussed above, the remedial timeframe for Alternative 2 to achieve RAOs by dewatering the 

mine pool is estimated at 5-6 years, and up to 2 years to fill the Main Shaft with grout and 

permanently close the Underground Workings. The costs summarized above and detailed in 

Attachment A-2 only include 30 years of O&M for cost estimation purposes. The O&M costs are 

expected to remain at approximately $13,600 annually for the life of the system. 

 

Remedial Alternative 3 – Mine Pool Oxidation 

The estimated costs for Alternative 3 include approximately $13.4 million in capital costs 

engineering, design, management, and contingencies; and approximately $866,000 in O&M (non-

discounted). As discussed above, the remedial timeframe for Alternative 3 to achieve RAOs by 

dewatering the mine pool is estimated at 4-5 years. The O&M costs are expected to remain at 

approximately $29,000 annually in perpetuity. 
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5.5 Performance/Suitability of Ongoing or Completed Remedial Actions 

There have been no remedial actions performed to date in the OU2/OU3 Underground Workings 

located at the Site. 

 

5.6 Technical Impracticability Demonstration 

The remedial alternatives identified and evaluated in this TI memo are technically impracticable 

for the following reasons: 

 

 None of the remedial alternatives identified and evaluated would achieve the RAO 

requiring restoration of the groundwater within the OU2/OU3 Underground Workings to 

chemical specific ARARs or federal risk-based standards allowing the groundwater to be 

used as a drinking water supply. 

 

 Because of the presence of unmined ore and naturally occurring minerals disseminated 

within the OU2/OU3 Underground Workings wall rock, the AMD contaminant mass source 

of the OU2/OU3 Underground Workings is essentially unlimited. Consequently, the 

OU2/OU3 Underground Workings has the geochemical capacity to produce AMD for an 

indefinite period of time. 

 

 Alternative 1 would attempt to indefinitely dewater the mine pool to limit migration of 

groundwater in the OU2/OU3 Underground Workings. However, as the AMD-generating 

source materials would remain in-place within the OU2/OU3 Underground Workings, 

extraction would be required to continue in perpetuity to extract impacted seepage and 

prevent the mine pool plume from re-establishing. Additionally, Alternative 1 requires 

significant access road clearing and construction on OU3 to support the drilling and 

extraction and treatment plant construction, as well as the construction of utilities. 

Mobilization of mixing and extraction equipment will be problematic due to the rough and 

uneven terrain on the area, causing significant health and safety concerns during the 

process. This remedy relies on drilling extraction wells that intercept the Main Shaft at 

depths in bedrock of 1,370 feet below ground. The Main Shaft may be less than 25 feet 

wide in some areas. In the deepest portions of the Main Shaft, a borehole deviation of less 

than 2% would be required to intercept the OU2/OU3 Underground Workings. Borehole 

deviations greater than 10% were observed during previous bedrock drilling in the 
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metamorphic rocks that overly the Main Shaft. Therefore, some percentage of the 

boreholes will deviate from the target and will fail to intercept the OU2/OU3 Underground 

Workings. The costs here assume that the target “miss” rate will be 30%, however it is 

possible that rate could prove to be significantly higher in some locations. It may even 

prove to be very difficult to intercept the OU2/OU3 Underground Workings in some 

locations, requiring the use of high cost drilling methods. It is unlikely that ARARs would 

ever be achieved within the Underground Workings. The approach would either eliminate 

the water from the OU2/OU3 Underground Workings or result in more fully oxidized and 

more contaminated water in the mine pool. The use of groundwater within a potential water 

well influence zone (e.g. Figure 8-2 of the OU2-OU3 RI) will need to be restricted in 

perpetuity to ensure containment of the mine pool groundwater seepage is not 

compromised by changes in the bedrock aquifer conditions and/or pumping influences. In 

addition, there is no evidence to suggest the OU2/OU3 Underground Workings have 

impacted groundwater outside the proposed TI zone. Therefore, active measures to 

contain the groundwater in the OU2/OU3 Underground Workings may not be necessary. 

 

 Alternative 2 would require significant volumes of grout or similar material. Such quantities 

created significant short term impacts due to limitations of local infrastructure (i.e., roads, 

bridges) and community acceptance (i.e., increased truck traffic). Additionally, Alternative 

2 requires significant access road clearing and construction on OU3 to support the drilling, 

extraction and treatment plant construction, and grout injection platforms, as well as the 

construction of utilities. Mobilization of mixing and injection equipment will be problematic 

due to the rough and uneven terrain on the area, causing significant health and safety 

concerns during the process. This remedy has the same inherent technical challenges as 

Alternative 1 with respect to drilling extraction and injections wells that intercept the Main 

Shaft in deep bedrock. However, for Alternative 2, this challenge is magnified by the 

greater number of target locations required to both extract groundwater and inject grout. 

The costs here assuming that the target “miss” rate will be 30%, however it is possible 

that rate could prove to be significantly higher in some locations. It may prove to be very 

difficult to intercept the OU2/OU3 Underground Workings in some locations, requiring the 

use of high-cost drilling methods. In addition, there is no evidence to suggest the OU2/OU3 

Underground Workings have impacted groundwater outside the proposed TI zone. 

Therefore, active measures to contain the groundwater in the OU2/OU3 Underground 

Workings may not be necessary. 
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 Alternative 3 would require significant volumes of an oxygen release compound or similar 

material. Similar to Alternatives 1 and 2, Alternative 3 requires significant access road 

clearing and construction on OU3 to support the extensive drilling program. Mobilization 

of mixing and injection equipment will be problematic due to the rough and uneven terrain 

on the area, causing significant health and safety concerns during the process. This 

remedy has the same inherent technical challenges as Alternative 2 with respect to drilling 

a large number of extraction and injections wells that intercept the Main Shaft in deep 

bedrock. The costs here assuming that the target “miss” rate will be 30%, however it is 

possible that rate could prove to be significantly higher in some locations. It may prove to 

be very difficult to intercept the OU2/OU3 Underground Workings in some locations, 

requiring the use of high cost drilling methods. 

 

Alternative 3 relies on the addition of oxygen to an apparent dormant AMRD source zone. 

If these iron oxidation reactions are not carefully balanced, there may a risk of disturbing 

the current geochemical stability and reinitiating the AMRD system in the mine pool. This 

remedy would also require a greater degree of long-term monitoring to ensure the ongoing 

stability of the mine pool conditions and effectiveness of the remedy. Furthermore, even 

in the event Alternative 3 achieved chemical specific ARARs in the mine pool, the use of 

groundwater within a potential water well influence zone (e.g. Figure 8-2 of the OU2-OU3 

RI) will need to be restricted in perpetuity to ensure that the geochemical stability of the 

mine pool is not impacted by changes in the bedrock aquifer conditions and/or pumping 

influences. As a result, the alternative cannot reliably achieve the RAOs and chemical 

specific ARARs. 

 

5.7 Evaluation of Containment 

The NCP (40 CFR 300.430(a)(1)(iii)(B)) states that EPA expects to use engineering controls, such 

as containment, for waste that poses a relatively low long-term threat or where treatment is 

impracticable. The NCP (40 CFR 300.430(a)(1)(iii)(D)) also states that Institutional controls (such 

as easements, well drilling prohibitions, building permit restrictions, land use zoning restrictions, 

or fishing bans) generally shall not substitute for more active measures (e.g., treatment and/or 

containment of source material) as the sole remedy unless active measures are not practicable, 

based on the balancing of trade-offs among alternatives that is conducted during the remedy 
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selection process. Institutional controls typically will be used in conjunction with engineering 

controls when the remedy results in long-term waste management onsite. 

 

Based on the EPA TI guidance, a TI evaluation is required to demonstrate that contaminant 

sources have been identified, and have been, or will be removed or contained to the extent 

practicable. When site conditions do not allow for practical removal or treatment of the source, 

effective source containment may be critical to the long-term effectiveness and reliability of a 

groundwater remediation strategy based on a TI waiver. Containment should be considered if it 

would limit the migration of the contamination outside the TI zone or allow for restoration of the 

portion of the aqueous plume that lies outside the defined TI zone. 

 

As discussed in Section 5, removal of the source or treatment of the source is not a practicable 

strategy for the OU2/OU3 Underground Workings. An approach similar to Alternative 1 described 

in Section 5 would be the strategy to achieve containment by pumping within the mine pool. It is 

unlikely that, given the depth of the Underground Workings, that a perimeter groundwater 

extraction system would be successful in containing any release from the OU2/OU3 Underground 

Workings. Any attempt to contain the groundwater contamination would face similar technical 

challenges described in Section 5 for Alternative 1. 

 

The Conceptual Site Model assumes that any limited migration of contaminated groundwater from 

the OU2/OU3 Underground Workings into the bedrock aquifer is not creating a contaminant plume 

that would present a threat to human health or the environment. The anecdotal information from 

a review of the historic operation of the Ely Mine suggests that it was a fairly “dry” mine with only 

minimal effort required to dewater the workings during operation. In addition, the mine pool has 

been at its current level for over 75 years. Any off-site migration to the nearby residential water 

supplies or streams should have taken place in that time period. Sampling of the stream that 

transects the mine pool and the closest residential water supplies documented that the 

contaminated groundwater in the OU2/OU3 Underground Workings has not migrated to these 

locations. 

 

Based on the assumption that the contaminated groundwater above state groundwater protection 

standards and federal risk based standards is limited to an area within or in close proximity to the 

OU2/OU3 Underground Workings, containment alternatives were not evaluated as part of this TI 

evaluation. If information becomes available to suggest that the OU2/OU3 Underground Workings 
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are not reasonably contained and represent a threat to human health and ecological receptors 

outside the TI Zone, EPA will re-evaluate whether containment is a necessary component of the 

remedial strategy for OU2/OU3 Underground Workings. Consistent with the NCP, the RI and TI 

Evaluation have identified the TI zone and an associated buffer zone where groundwater use 

should be restrictions to achieve long-term and reliable protectiveness. 

 

6.0 SUMMARY AND CONCLUSIONS 

This TI Evaluation provides the technical basis for a TI Waiver for the chemical specific ARARs 

associated with the RAO requiring restoration of the groundwater in the OU2/OU3 Underground 

Workings. This TI Evaluation also provides the technical basis to document that federal risk-based 

cleanup levels could not be achieved in the TI zone. The TI zone developed will not extend beyond 

the OU2/OU3 Underground Workings into the surrounding bedrock, nor does it include surface 

water that may receive discharge from the OU2/OU3 Underground Workings. 

 

The presence of water in the OU2/OU3 Underground Workings, combined with the existing 

sulfide-enriched geochemical environment of the OU2/OU3 Underground Workings, has resulted 

in a finding that it would be technically impracticable to engineer a remedy that would achieve and 

sustain compliance with drinking water and groundwater ARARs and federal risk-based standards 

for the groundwater within the OU2/OU3 Underground Workings. Because of the presence of 

unmined ore and naturally occurring minerals disseminated within the OU2/OU3 Underground 

Workings wall rock, the AMD contaminant mass source of the OU2/OU3 Underground Workings 

is essentially unlimited. Consequently, the OU2/OU3 Underground Workings has the 

geochemical capacity to produce AMD for an indefinite period of time and any response actions 

that include a collection and treatment approach would be required to operate in perpetuity. Such 

measures were evaluated as part of this TI evaluation and were determined to be tremendously 

expensive for the limited benefit that would be achieved. An approach that would not require 

ongoing treatment and would address the current mine pool contamination mass in-situ was also 

evaluated. However, the long-term effectiveness of this approach would depend on a 

corresponding long-term geochemical stability and equilibrium within the mine pool and relies 

upon the ability to evenly distribute oxidant without re-initiating the oxidizing reactions that result 

in AMD. 
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The implementability of the three remedial alternatives evaluated renders each technically 

impracticable due to the location of the OU2/OU3 Underground Workings on steep, uneven, and 

remote terrain that will require the construction of extensive infrastructure (i.e. roads, platforms, 

foundations, utilities, etc.) and the significant uncertainties associated with the conditions within 

the OU2/OU3 Underground Workings that have not been worked since 1905. In addition, 

Alternative 1 includes a groundwater seepage control component that would exist in perpetuity to 

sustain the dewatering of the OU2/OU3 Underground Workings and could cause serious impacts 

to local water supplies. The more permanent solution for OU2/OU3 Underground Workings 

closure, Alternative 2, would be highly effective but has significant inherent technical challenges, 

resulting in tremendous implementation costs. Alterative 3, which has the potential to provide a 

long-term solution, is much less costly than Alternative 2 but relies on the maintenance of long-

term geochemical stability within the mine pool and that outcome cannot be demonstrated at this 

time with a reasonable level of certainty. 

 

Each of the three mine pool alternatives could achieve RAOs targeting migration of the 

groundwater contamination. OU2/OU3 Underground Workings Alternative 1 permanently 

dewaters the Underground Working. Such dewatering does not achieve ARARs or federal risk-

based standards, nor does it eliminate the resource. Since it is unlikely that all seepage into the 

OU2/OU3 Underground Workings could be stopped and since the extraction point would be at 

the lower elevation portion of the OU2/OU3 Underground Workings, the water traveling in the 

dewatered OU2/OU3 Underground Workings is likely to generate substantial AMD and be of 

worse quality than the current groundwater within the OU2/OU3 Underground Workings. In 

addition, the sustained dewatering would likely result in an unacceptable impact on local water 

supplies and possible impacts to streams on the mountain. Alternative 2 also permanently 

eliminates the resource by filling the OU2/OU3 Underground Workings cavity and in some way 

re-creating the condition prior to mining. The initial dewatering would also have the same regional 

water supply and surface water impacts that would be unacceptable. In addition, the ability to 

uniformly and completely fill the OU2/OU3 Underground Workings is not realistic from a well 

injection based approach. It is more likely that completely re-opening the mine and filling via 

pumping into the void would be necessary to ensure that the cavity was completely sealed. 

Alternative 3 has the lowest degree of adverse impacts with respect to dewatering and mine 

activity, but it is entirely dependent on oxygen mixing and distribution assumptions that do not 

seem reasonable for an abandoned mine workings with known collapses and other features. It is 
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likely that incomplete and non-uniform mixing would trigger AMD reactions that would result in a 

worsening of the water quality in some areas of the Underground Workings. 

 

The Technical Impracticability Zone is equivalent to the physical extent of the OU2/OU3 

Underground Workings, shown on Figure 2-3 (i.e. the OU2/OU3 Groundwater Impact Zone). EPA 

has determined that contaminated water within the underground workings is not causing the 

adjacent bedrock aquifer to exceed federal or state drinking water or groundwater standards. 

 

As a result of the TI waiver, the RAO requiring complete restoration of the groundwater within the 

OU2/OU3 Underground Workings was eliminated from the FS and RAOs to prevent consumption 

and migration of the contaminated groundwater within the OU2/OU3 Underground Workings were 

retained along with RAOs to protect surface water. 

 

Any remedial strategy that is implemented based on a finding of Technical Impracticability along 

with any associated Technical Impracticability waiver must be protective of human health and the 

environment. If the conditions of protectiveness or reliability cease to be met, EPA will determine 

whether additional remedial actions must be implemented to achieve protectiveness and 

reliability. As part of future Five Year Reviews of the OU2/OU3 Remedial Action, EPA will continue 

to update the Conceptual Site Model and review the state-of-the practice for mine pool 

characterization and remediation to determine whether or not technical advances have taken 

place which would allow for cost effective restoration of the groundwater within the TI zone. For 

the TI finding for OU2/OU3 at the Ely Copper Mine, the key component of an evaluation of 

protectiveness and reliability would relate to whether any ecological or human receptors are being 

impacted by the contaminated groundwater associated with the OU2/OU3 Underground 

Workings. 
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Table 2-1

Estimated Areas and Volumes of Mine Pool Groundwater Impacts

OU2/OU3 Underground Workings

Ely Copper Mine Superfund Site

Vershire, Vermont

Length (ft)
Average 

Width (ft)

Average 

Height (ft)
Area (ft

2
) Volume (ft

3
)

Volume 

(gallons)

Estimated 

Recharge/

Discharge 

Rate (gpm)

Annual 

Recharge/

Discharge 

(gallons)

2,972 146 10 433,389 4,333,887 32,417,476 5.4 2,838,240

Length (ft)
Average 

Width (ft)

Average 

Height (ft)
Area (ft

2
) Volume (ft

3
)

Adit Volume 

(yd
3
)

Estimated 

Recharge/

Discharge 

Rate (gpm)

Annual 

Recharge/

Discharge 

(gallons)

426 300 12 127,777 1,533,329 56,790 N/A N/A

Notes:

1.

Groundwater

Main Shaft - Mine Pool

Groundwater discharge rate based on groundwater zone of contribution x annual recharge rate of 10 inches/year.

Main Shaft Underground Workings - Air Filled

Total Main Shaft Area 
(includes Pollard Shaft)
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Table 2-2

OU2/OU3 Contaminants of Concern

Ely Copper Mine Superfund Site

Vershire, Vermont

Average 

Detected 

Concentration

Maximum 

Detected 

Concentration

Interim 

Clean-Up 

Level

Unit 
7 Frequency 

of Detection

Frequency of 

Exceedance

Basis for Interim Clean-Up 

Level

9,453 123,000 87 µg/L 89% 73% NRWQC

6 55.8 1.1 µg/L 70% 57% VTWQC 3

10 130 11 µg/L 57% 13% VTWQC

4,546 91,800 8.6 µg/L 94% 84% Ely Site-Specific 4

8,811 199,000 1,000 µg/L 90% 56% NRWQC

0.57 5.2 3.2 µg/L 58% 1% VTWQC 3

0.048 0.16 0.012 µg/L 11% 11% VTWQC

42 456 52 µg/L 88% 22% NRWQC 3

1.3 9.3 5 µg/L 47% 2% VTWQC

0.11 5 3.2 µg/L 27% 0% NRWQC 3

681 1,300 2 µg/L 19% 19% NRWQC

569 8,192 106 µg/L 95% 70% NRWQC 3

Average 

Detected 

Concentration

Maximum 

Detected 

Concentration

Interim 

Clean-Up 

Level

Unit 
7 Frequency 

of Detection

Frequency of 

Exceedance

Basis for Interim Clean-Up 

Level

4.4 22.3 6 µg/L 86% 59% RSL

64,788 132,000 14,000 µg/L 82% 55% RSL

580 2,460 480 µg/L 82% 55% RSL

Notes:

1. NRWQC = National Recommended Water Quality Criteria. 2009.  
2. VTWQC = Vermont (VT) Water Quality Criteria. From the VT Water Quality Standards, Jan 2008.
3. Interim clean-up level adjusted for hardness based on VTWQC 

Appendix C or NRWQC note E.  Assumes hardness = 100 mg/L.
4. Recommended aquatic BERA site-specific interim clean-up level adjusted for hardness = 9 ug/L x CF

CF = 0.96 (EPA National Recommended Water Quality Criteria: Appendix A. 2009.)
5. RSL = EPA Regional Screening Level (RSL) Resident Tapwater Table (TR=1E-6, HQ=1) November 2014.
6. µg/L = micrograms per liter.  

Adit Discharge Surface Water Contaminants of Concern

Cadmium

Zinc

Sulfide

Silver

Selenium

Nickel

Mercury

Lead

Iron

Copper

Chromium

Manganese

Iron

Parameter

Parameter

Cobalt

Aluminum

Groundwater Contaminants of Concern
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Table 2-3
OU2-OU3 Mine Pool Groundwater Analytical Results
Ely Copper Mine Superfund Site
Vershire, Vermont

Total Dissolved Total Dissolved Total Dissolved Total Dissolved Total Dissolved Total Dissolved Total Dissolved Total Dissolved

Sample ID Criterion Source MW-DP01X-
090313AX

MW-DP01X-
090313AX

MW-DP1-
081114AX

MW-DP1-
081114AXF

MW-DP1-
081114AD

MW-DP1-
081114ADF

MW-DP1-
111914X

MW-DP1-
111914XF

MW-UP02X-
090513AX

MW-UP02X-
090513AX

MW-UP2-
081114AX

MW-UP2-
081114AXF

MW-UP2-
112014X

MW-UP2-
112014XF

MW-UP2-
112014D

MW-UP2-
112014DF

  
Aluminum 20,000 RSL 200 U 200 U 443 437 466 442 18.5 J 200 U 773 301 458 431 52.2 J 200 U 19.8 J 200 U
Antimony 6 VTGWES, MCL 1.9 J 60 U 60 U 60 U 60 U 5.3 J 2.9 J 60 U 60 U 60 U 60 U 60 U 60 U 60 U 60 U 60 U
Arsenic 10 VTGWES, MCL 10 UJ 10 UJ 10 U 10 U 10 U 10 U 10 U 2.3 J 10 UJ 10 UJ 10 U 10 U 10 U 4.5 J 10 U 3.8 J
Barium 2,000 VTGWES, MCL 20.1 J 200 UJ 22.6 J 24.1 J 24.6 J 25.4 J 21.8 J 23.1 J 19.5 J 200 UJ 26.7 J 26.7 J 22 J 22.5 J 21.7 J 23.1 J
Beryllium 4 VTGWES, MCL 5 U 5 U 5 U 5 U 5 U 5 U 1.3 J 5 U 5 U 5 U 5 U 5 U 0.68 J 5 U 1 J 5 U
Cadmium 5 VTGWES, MCL 1 U 1 U 0.059 J 1 U 1 U 1 U 0.14 J 1 UJ 2 U 1 U 0.11 J 1 U 1 UJ 1 UJ 1 UJ 1 UJ
Calcium -- -- 683,000 662,000 651,000 652,000 689,000 660,000 617,000 640,000 401,000 403,000 644,000 655,000 627,000 612,000 623,000 636,000
Chromium 100 VTGWES, MCL 10 U 10 U 2 U 0.99 J 2 U 2 J 1.2 J 27.7 J 19.8 6.2 J 2 U 3.4 13.6 J 0.87 J 2.4 J 4.3 J
Cobalt 6 RSL 1.4 J 1.3 J 4.4 2.4 4.1 4.7 2 U 9.4 J 22.3 J 20 J 4.4 0.38 J 4.9 J 11.5 J 5.4 J 9.7 J
Copper 800 RSL 25 U 25 U 2 U 1.1 J 2 U 1.4 J 1.4 J 3.5 J 53.8 14.2 J 3.3 1.3 J 2 J 1.4 J 1.4 J 1.1 J
Iron 14,000 RSL 128,000 125,000 120,000 125,000 131,000 129,000 130,000 128,000 84,200 72,700 121,000 121,000 132,000 123,000 130,000 128,000
Lead 15 VTGWES, MCL 2 U 2 U 1.4 J 1 UJ 3.7 J 1.1 J 1 U 1 U 1 U 1 U 1.1 J 1 UJ 1 U 1 U 1 U 1 U
Magnesium -- -- 113,000 112,000 120,000 123,000 128,000 124,000 118,000 120,000 70,600 69,700 120,000 120,000 119,000 114,000 118,000 118,000
Manganese 480 RSL 592 593 742 753 794 777 700 723 2,460 2,420 760 762 718 682 709 712
Mercury 2 VTGWES, MCL 0.2 U 0.2 U 0.055 J 0.2 U 0.2 U 0.2 U NA NA 0.2 U 0.2 U 0.2 U 0.21 NA NA NA NA
Molybdenum 40 VTGWES 10 UJ 10 UJ NA NA NA NA NA NA 6.1 J 1.1 J NA NA NA NA NA NA
Nickel 100 VTGWES 40 U 40 U 40 U 40 U 40 U 40 U 2.7 J 40 U 22.3 J 15.3 J 40 U 40 U 6.8 J 40 U 40 U 9.1 J
Potassium -- -- 132,000 133,000 136,000 137,000 144,000 139,000 129,000 136,000 J 72,000 74,100 134,000 137,000 133,000 130,000 J 131,000 135,000 J
Selenium 50 VTGWES, MCL 35 UJ 35 UJ 0.33 J 5 U 5 U 5 U 10 U 5 UJ 35 UJ 35 UJ 0.45 J 5 U 5 UJ 5 UJ 5 UJ 5 UJ
Silver 100 VTGWSEC 10 UJ 10 UJ 1 U 0.052 J 1 U 1 U 2 U 1 UJ 10 UJ 10 UJ 1 U 1 U 1 UJ 1 UJ 1 UJ 1 UJ
Sodium 250,000 VTGWSEC 57,200 57,800 59,400 J 60,200 J 63,200 J 61,100 J 57,500 57,200 35,900 37,200 59,600 J 59,700 J 59,200 53,300 58,100 55,400
Strontium -- -- 1,090 1,100 NA NA NA NA NA NA 629 653 NA NA NA NA NA NA
Thallium 2 VTGWES, MCL 25 U 25 U 25 U 25 U 25 U 2.1 J 25 UJ 25 UJ 25 U 25 U 25 U 25 U 25 UJ 25 UJ 25 UJ 25 UJ
Vanadium -- -- 1.1 J 50 U 50 U 50 U 50 U 50 U 50 U 50 U 1.9 J 50 U 50 U 50 U 50 U 50 U 50 U 50 U
Zinc 6,000 RSL 187 210 858 J 870 J 917 J 874 J 1,970 J 2,010 J 167 136 60 U 60 U 60 U 60 U 61.9 J 74.6 J

Acidity, Total -- --  R NA 5 U NA 5 U NA 5 UJ NA  R NA 5 U NA 5 U NA 5 U NA
Alkalinity, Bicarbonate (as CaCO3) -- -- 349 NA 590 NA 580 NA 470 NA 187 NA 630 NA 560 NA 540 NA
Alkalinity, Carbonate (as CaCO3) -- -- 2 U NA 5 U NA 5 U NA 5 U NA 2 U NA 5 U NA 5 U NA 5 U NA
Alkalinity, Hydroxide (as CaCO3) -- -- 2 U NA 5 U NA 5 U NA 5 U NA 2 U NA 5 U NA 5 U NA 5 U NA
Alkalinity, Total (as CaCO3) -- -- 349 NA 590 NA 580 NA 470 NA 187 NA 630 NA 560 NA 540 NA
Bicarbonate -- -- NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Chloride 250 VTGWSEC 4.3 NA 7.6 NA 7.9 NA 9.9 NA 2.8 NA 7.9 NA 9.9 NA 9.1 NA
Nitrite + Nitrate (as Nitrogen) -- -- 0.55 J NA NA NA NA NA NA NA 0.38 J NA NA NA NA NA NA NA
Sulfate 250 VTGWSEC 1,670 NA 1,700 NA 1,600 NA 1,700 NA 1,360 NA 1,700 NA 1,700 NA 1,700 NA
Sulfide -- -- 1.2 J NA NA NA NA NA NA NA 1 J NA NA NA NA NA NA NA

Dissolved Oxygen (mg/L) -- -- NA NA 2.57 NA 2.57 NA NA NA NA NA 2.81 NA NA NA NA NA
Oxidation-Reduction Potential (mV) -- -- NA NA -27.8 NA -27.8 NA NA NA NA NA -35.6 NA NA NA NA NA
pH, Field -- -- NA NA 6.27 NA 6.27 NA NA NA NA NA 6.39 NA NA NA NA NA
Specific Conductivity (µS/cm) -- -- NA NA 3,271 NA 3,241 NA NA NA NA NA 3,271 NA NA NA NA NA
Temperature (°C) -- -- NA NA 11.3033 NA 11.3 NA NA NA NA NA 11.02 NA NA NA NA NA
Turbidity (NTU) -- -- NA NA 3.38 NA 3.38 NA NA NA NA NA 6.57 NA NA NA NA NA

Notes:
*Dissolved oxygen readings correct in air (much lower than in water); probe may have been impacted by water geochemistry. Membrane was replaced after sampling. 
1. mg/L = milligrams per liter, µS/cm = microsiemens per centimeter, mV = millivolts, °C = degrees celcius, NTU = nephelometric turbidity units, U= chemical not detected, J = estimated value, 
R = rejected, NA = not analyzed, TR = Result initialy rejected and under further review, N = normal sample, FD = field duplicate; Shading - Criterion exceeded;
2. VT HAES = Vermont health advisory enforcement standard, 2007; VTGWES = Vermont primary groundwater enforcement standard, 2005; VTGWSEC = Vermont secondary groundwater quality standards, 2005.
3. RSL = EPA Regional Screening Level (RSL) Resident Tapwater Table (TR=1E-6, HQ=1) November 2014.
4. MCL = Maximum contaminant level for drinking water, national primary drinking water regulations, May 2013.
5. Screening level used for iron reverts to less-restrictive criterion based on relativel low copper.

Field Measurement

General Chemistry (mg/L)

09/03/13 09/05/13 08/11/1408/11/14
380 - 401
11/19/14

N NFD
380 - 401

N

Metals (µg/L)

MW-UP02
11/20/14

N
205 - 210

FD
205 - 2010205 - 205

MW-DP01

Filtering

Sample Location
Sample Date

Sample Depth (ft bgs)
Sample Type N N

380 - 401
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Table 2-4

Mine Pool Chemistry Comparison

Ely Copper Mine Superfund Site

Vershire, Vermont

Parameter

Upper Mine Pool 

Groundwater

(MW-UP2)

Lower Mine Pool 

Groundwater

(MW-DP1)

Aluminum 431 440
Cadmium -- --
Calcium 631,750 648,000
Chromium 3.9 14.6
Cobalt 8.0 6.5
Copper 1.3 2.4
Iron 124,375 127,500
Magnesium 117,000 121,750
Manganese 713 744
Nickel 9.1 --
Potassium 133,625 137,000
Sodium 55,688 58,925
Zinc 75 1,441

Sulfate 1,700 1,675

Oxidation Reduction Potential (mV) 40 -393
pH 6.2 6.5
Specific Conductivity (µS/cm) 2,029 2,622

Notes:

1.µg/L = micrograms per liter, mg/L = milligrams per liter, µS/cm = microsiemens per centimeter, mV = 
millivolts

2. The Upper Mine Pool average is taken from dissolved metals samples collected in 2014 from MW-UP2.

3. The Lower Mine Pool average is taken from dissolved metals samples collected in 2014 from MW-DP1.

Metals (µg/L)

Geochemical Field Parameters

Other Inorganics (mg/L)
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Table 5-1
Groundwater Potential Treatment Option Screening
Ely Copper Mine Superfund Site
Vershire, Vermont

General 
Response 

Action
Technology Process 

Option Description Effectiveness Implementability Cost Retained

Limited Action MNA MNA

MNA uses naturally ocurring processes such as dilution, volatilization, and sorption to address 
contamination. While MNA cannot degrade metals, it may transform them into phases that 
pose relatively low risk to potential receptors. Precipitation, sorption onto solid particles or into 
the rock matrix, and incorporation into organic matter reduce the mobility and bioavailability of 
metals and other inorganic contaminants. Redox reactions can transform some inorganic 
contaminants into less soluble, and therefore less mobile, and/or less toxic forms.

Natural processes could be used to attenuate the contaminants of concern. However, 
to be fully effective the source of contamination needs to be eliminated to prevent 
further contamination. Because the ARD sources in the UW are essentially unlimited, 
natural attenuation would not meet the RAOs in a reasonable timeframe.

Implementable. Does not involve intrusive activities, with exception 
of monitoring well installation. MNA would be a long-term process, 
during which potentail receptors would be protected via 
implementation of institutional controls.

Low capital 
costs, low O&M 

costs
No

Slurry Walls

Slurry walls are typically constructed by either filling a trench or injecting slurry into space 
created by a vibrating beam. The hardened slurry acts as a low-permability barrier to 
groundwater flow. The slurry wall usually keyed into a unit capable of acting as an aquitard in 
order to keep groundwater and contamination from flowing under the slurry wall. Slurry walls 
are often used with capping systems to impede vertical and horizontal groundwater movement.

Slurry wall effectiveness depends on the ability to install the structure into the media 
and key it into a base impervious layer. Water containment into the UW would require 
lateral bedrock flow cutoff wall installations within deep zones of the surrounding 
bedrock (i.e. up to 1300 feet below ground surface and extending for thousands of 
feet on the surface). Therefore, slurry walls would not be feasable in containing 
groundwater and would not meet the RAOs.

Slurry walls would not be implementable as a remedial technology 
to address containment of groundwater into the UW because of the 
requirement to create a flow barrier within the deep bedrock. There 
are no reasonably available means which could allow for installation 
of a slurry wall in this situation.

high capital 
costs, low O&M 

costs
No

Grout Curtain
A grout curtain is constructed by injecting grout into soil pore spaces or rock fractures via high-
pressure injection points that are drilled into the geologic media. The emplaced grout 
solidifies, reducing the matrix hydraulic conductivity. 

Grout curtain effectiveness depends on distribution of grout into pore spaces and 
fractures to cut off infiltration, and the ability to key the curtain into an impermeable 
layer. Grout could be injected into fractures within the bedrock adjacent to the UW; 
however, verification of effectiveness would require significant effort using advanced 
technologies. Groundwater could still enter the mine through seepage through the 
roof and floor; therefore, this technology would need to be combined with others to 
achieve RAOs.

A grout curtain would not be implementable as a remedial 
technology to address groundwater containment within the UW 
because of the requirepment to create a grout curtain to the 
required depth (up to 1300 feet deep) required for this application.

high capital 
costs, low O&M 

costs
No

Sheet Piling A sealable joint sheet piling system is constructed by driving a sheet pile wall to the target 
depth, typically keying the sheet piling into a unit which is capable of acting as an aquitard. This technology would not be effective because it cannot be used for bedrock. Sheet piling would not be implementable, as it cannot be installed in 

bedrock.

high capital 
costs, low O&M 

costs
No

Isolation/ 
Encapsulation

Grout 
Placement

Grout is used to isolate source material from contact with groundwater. Grout could be 
installed by injection points drilled from the surface along the alignment of the UW.  In order to 
ensure that ARD sources were completely isolated from water and oxygen, the entire workings 
would be backfilled.

Grout would eliminate or significant limit contact of source material with groundwater 
and atmospheric oxygen, thereby significantly reducing or eliminating the potential for 
ARD generation. The use of grout may also raise the pH of seepage, which could 
further immobilize metals.

Safety and structural issues prevent mine entry to implement the 
technology.  However, the technology exists to grout the UW from 
the surface.  Additional pre-remedial investigation could be required 
to confirm the location and orientation of the UW at depth. Large 
volumes of grout would be required for implementation. Significant 
infrastructure would also be required. 

high capital 
costs, low to 

moderate O&M 
costs

Yes

Mine Pool 
Hydraulic 
Seepage 
Controls

To reduce the infiltration of groundwater to the mine pool as well as the overall volume of 
water to be treated, a groundwater extraction system located adjacent to the UW Main Shaft 
would be implimented.  Water originating from the hydraulic control extraction system is 
assumed to be clean and no treatment would be required for this volume. Once extracted, the 
water would be discharged to the ORT-1 drainage. 

Pump and treat could be used to permanently dewater the mine pool. The technology 
would need to be implimented in combination with extraction and treatment to 
dewater the mine pool, as well as extraction and treatment indefnitely thereafter to 
address the volume of ARD seepage into the mine pool that would bypass the 
hydraulic controls.   

UW hydraulic controls would be difficult to implement because of 
the volume of water and the depths of extraction involved. Based 
on the low yield of the local bedrock aquifer, the resulting scale of 
the cone of depression and recharge capture zone would be 
expected to extend far offsite, potentially impacting local bedrock 
water supplies. 

high capital 
costs, high O&M 

costs
No

Mine Pool 
Plume 

Containment 
and Treatment

Groundwater pumping with ex-situ treatment and on-site disposal of treated groundwater 
involves pumping impacted groundwater through groundwater extraction wells. Once 
extracted, the water would require treatment using ex-situ treatment technologies and 
discharge to the ORT-1 drainage. Applicable ex-situ treatment technolgies include singly or in 
combination: aerobic chemical treatment (e.g. lime ammendment neutralization) and 
anaerobic biologic treatment (e.g. sulfate reducing bioreactor).

Pump and treat couild be used to reduce the bedrock aquifer to elevations below the 
mine pool.  permanently dewater the mine pool. Groundwater treatment would be 
required during dewatering of the mine pool and indefnitely thereafter. 

Dewatering of the UW would be difficult to implement because of 
the volume of water and the depths of extraction involved. 
Treatment of mine pool groundwater would be difficult to implement 
due to the high flow rates required to achieve mine poool 
dewatering and the complexity of the treatment system required to 
achieve surface water discharge criteria.

high capital 
costs, high O&M 

costs
Yes

Passive In-Situ 
Treatment

Sulfate-
Reducing 
Bacteria 

Bioreactors

Passive treatment technologies include both bioreactors and contact-driven technologies (i.e. 
apatite, Bauxsol™). Although these technologies are typically applied to treat discharge flows, 
this type of technology could be used to transform the UW into a treatment cell. The reactive 
treatment media could be added to the mine pool to treat the contained water.

These technologies would not be effective in achieviing RAOs because the contact 
media require some degree of contact to effect treatment and areas within the 
treatment cell would remain untreated. Also, the bioreactor treatment processes are 
reversible under certain geologic conditions, and both bioreactors and contact-driven 
media become expended over time, requiring regeneration.

This technology would not be implementable because the quantity 
of treatment media required to completely fill the mine pool is 
effectively unattainable.

high capital 
costs, low to 

moderate O&M 
costs

No

Active In-Situ 
Treatment Oxygenation

Active in-situ treatment may include addition of oxygen to precipitate dissolved iron out of 
solution. Oxygen addition may be in the form of injection of atmopsheric air or ozone, or in the 
form of chemical oxidants which could be injected.  Oxygen addition would need to be 
combined with the addition of a buffering agent to counterbalance the generation of acidity 
that would result from the iron oxidation and precipitation.

These technologies would be effective in precipitating iron and other metals. 
However, the treatment processes are reversible under certain geologic conditions, 
and the addition of oxygen may cause acidification of the mine pool, requiring further 
treatment.

Oxygen injection would be difficult to implement because of the 
injection depths required. Additional material may be required to 
neutralize the pH as the iron and other metals precipitate.

moderate capital 
costs, moderate 

O&M costs
Yes

Notes:
MNA = monitored natural attenuation
RAO = remedial action objective

Vertical Barriers

Containment

In-Situ 
Treatment

Groundwater 
Pump and Treat

Collection, 
Treatment, 

and Discharge
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FIGURE 1-1
SITE LOCUS

ELY COPPER MINE
SUPERFUND SITE

VERSHIRE, VERMONT

0 1,000 2,000500

Feet ³1 inch = 1,000 feet

Legend
Ely Copper Mine Study Area

Underground Workings Area

Surface Waste Areas

Property Lines

Notes:

1. Source: USGS 7.5 Minute Series Topographic map: Vershire VT.
Revised 1983 .

2. Locations of site features depicted hereon are approximate and
given for illustrative purposes only.
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FIGURE 1-2
SITE PLAN

ELY COPPER MINE
SUPERFUND SITE

VERSHIRE, VERMONT
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OU1 Area
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Property Lines
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Notes:
1. Locations of site features depicted hereon are approximate
and given for illustrative purposes only.
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FIGURE 2-1
UNDERGROUND WORKINGS

SURFACE FEATURES
ELY COPPER MINE
SUPERFUND SITE

VERSHIRE, VERMONT

0 250125

Feet ³1 inch = 125 feet
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Notes:

1. Locations of site features depicted hereon are approximate
and given for illustrative purposes only.
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FIGURE 2-2
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NOTES:

1. PHOTOLINEAMENTS FROM NOBIS ENGINEERING, 2013. DRAFT
TECHNICAL MEMORANDUM - UNDERGROUND WORKINGS
HYDROGEOLOGY CHARACTERIZATION, ELY COPPER MINE SUPERFUND
SITE, VERSHIRE, VERMONT. FEBRUARY 15, 2013.

2. PHOTOLINEAMENTS ASSUMED TO REPRESENT VERTICAL STRUCTURES
IN BEDROCK, ARBITRARILY DRAWN TO DEPTH OF 200 FEET. LINEAMENTS
COINCIDING WITH ORT-1 ARBITRARILY DRAWN TO DEPTH OF 1,000 FEET,
OR BOTTOM OF FIGURE.

3. FRACTURES MEASURED IN OUTCROP OR IN BOREHOLE BY ACOUSTIC
TELEVIEWER. FRACTURE ORIENTATIONS (RELATIVE TO TRUE NORTH)
CONVERTED TO APPARENT DIP IN THE TREND OF EACH CROSS
SECTION.

4. TWO TYPES OF FRACTURES RECOGNIZED IN OUTCROPS - FRACTURES
THAT COINCIDE WITH METAMORPHIC FOLIATION, AND FRACTURES THAT
CROSS CUT FOLIATION. MOST OUTCROP FRACTURES SHOWN ARE THE
AVERAGE OF TWO OR MORE FRACTURES MEASURED IN OUTCROPS.

5. FRACTURE LENGTHS SHOWN ARE AVERAGES OF MEASURED FRACTURE
LENGTHS IN DWIGHT HILL OUTCROPS.

6. DETAILED GEOMETRY WHERE MW-UP1 AND MW-UP2 INTERSECT THE
MAIN SHAFT IS MORE COMPLEX THAN SHOWING, WITH VOID, RUBBLE
AND MORE COMPACT ROCK PRESENT. VARIATIONS BETWEEN THE TWO
BOREHOLES ARE PRESENT.

7. SUBSURFACE INFORMATION IS BASED ON A 1944 UNITED STATES
DEPARTMENT OF INTERIOR GEOLOGICAL SURFACE, "STRATEGIC
MINERALS INVESTIGATIONS PRELIMINARY MAP PLATE 4".

8. MW-UP1, MW-UP2, AND MW-DP1 ARE DEVIATED TO THE SOUTHWEST
FROM VERTICAL. ILLUSTRATIONS ARE APPROXIMATE.
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FIGURE 2-3
ASSESSMENT OF GROUNDWATER

IMPACT AREAS AND TI ZONE DELINEATION
ELY COPPER MINE
SUPERFUND SITE

VERSHIRE, VERMONT

Notes:
1. TI area is the same area designated as the Underground
Workings.

2. Topographic map is from USGS Vershire, VT quadrangle,
revised 1983.

3. Locations of site features depicted hereon are
approximate and given for illustrative purposes only.
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NOTES:
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Attachment A-1

Cost Detail

Alternative 1  Mine Pool Dewatering and Seepage Control

Ely Copper Mine Superfund Site

Vershire, Vermont

Page 1 of 3

ALTERNATIVE 1:  MINE POOL DEWATERING AND 

GROUNDWATER CONTROL

 

Site: Ely Copper Mine Superfund Site Description: The dewatering and seepage contol would achieve the RAOs by eliminating the mine pool via dewatering, followed by continued extraction and treatment.
Location: Vershire, Vermont
Phase: Technical Impracticability Waiver

Description Qty. Units  Unit Cost  Cost  Notes 

Capital Costs

Infrastructure and Power 1 ls 1,000,000$           1,000,000$     Clear and construct access roads from Rt. 113 to extraction location directly overlying the 
end of the Main Shaft and plant location. Extend or construct power and utilities.

Drilling Mobilization 1 ls 300,000$              300,000$        Clear and construct access roads to drilling locations; mobilize facilities and subcontractors
Bedrock drilling for Borehole Tomography 16,500 ft 68$                        1,122,000$     10 sets of x-hole tomography boreholes, 825 ft average; Ely historic costs
Bedrock drilling for Extraction Wells 7,124 ft 68$                        484,432$        Extraction wells (4), 1,370 ft average; plus 30% "miss" rate
Cross-Hole Borehole Tomography 1 ls 100,000$              100,000$        10 pairs of borings; 40 transects; data inversion
Mine pool tracer study 1 ls 150,000$              150,000$        
Mine Pool Groundwater and Treatability Evaluation 1 ea 80,000$                80,000$          
Treatment System Construction 1 ls 5,660,106$           5,660,106$     300% cost from Emine for fixed, durable RCTS plant construction; escalated @ 3%
Treatment System Startup and Shakedown 1 ls 326,193$              326,193$        EMine Year 1 escalated @ 3%
Mine Pool Dewatering and Treatment 35,000,000 gal 0.06$                     1,978,906$     EMine Year 1 per gallon cost escalated @ 3%; 4 pumps, 50 gpm total
Residential Water Supply Contruction 1 ls 1,000,000.00$      1,000,000$     EMine FS estimate escalated @ 3%
 

 Total Before Contingency and other factors 12,201,637$    
 

Contingency (30%) 30% 3,660,491$     

 Subtotal 15,862,129$   

Engineering Design 10% 1,586,213$     
Project Management 5% 793,106$        
Construction Management (Field Oversight and Reporting) 7% 1,110,349$     

 Total Capital Costs: 19,351,797$   

Annualized O&M Costs 

Notes: 

Annual O&M Costs shown are average annualized costs over the period 0-30 years.  
Includes: monitoring, analysis, reporting, maintenance, inspection, 10% contingency, 5% 
project management  

 Total Annual O&M Cost 517,954$        

Cost type Year
Total Non-

Discounted Cost

Total Annual O&M 

Cost
 Discount Factor 

 PRESENT 

VALUE 

Present Value Analysis

Capital Cost 0 19,351,797$         19,351,797$   
Annualized Five Year Review Costs 1-30 210,000$               7,000$                     0.414 86,863$          

Annual O&M Cost 1-30 15,328,615$         510,954$                 0.414 6,340,447$     Monthly EMine cost applied for 12 months; plus $60K/yer for public water supply O&M; plus 
$52K per year for monitoring, analysis, reporting, inspection

25,779,107$   

NH-4054-2015 Nobis Engineering, Inc.



Attachment A-2

Cost Detail

Alternative 2  Mine Pool Dewatering and UW Closure

Ely Copper Mine Superfund Site

Vershire, Vermont

Page 2 of 3

ALTERNATIVE 2:  MINE POOL DEWATERING AND UW 

CLOSURE

 

Site: Ely Copper Mine Superfund Site Description: The dewatering and UW closure would achieve the RAOs by extracting and treating the mine pool, then filling the Main Shaft with grout or flowable fill.
Location: Vershire, Vermont
Phase: Technical Impracticability Waiver

Description Qty. Units  Unit Cost  Cost  Notes 

Capital Costs

Infrastructure and Power 1 ls 1,500,000$   1,500,000$     Clear and construct access roads from Rt. 113 to extraction location directly overlying the 
end of the Main Shaft and plant location. Extend or construct power and utilities.

Drilling Mobilization 1 ls 800,000$      800,000$        Clear and construct access roads to drilling and grout injection locations; mobilize facilities 
and subcontractors

Bedrock drilling for Borehole Tomography 16,500 ft 68$                1,122,000$     10 sets of x-hole tomography boreholes, 825 ft average; Ely historic costs
Bedrock drilling for Extraction Wells 7,124 ft 68$                484,432$        Extraction wells (4), 1,370 ft average; plus 30% "miss" rate
Bedrock drilling for Grout Injection Wells 61,132 ft 68$                4,156,976$     57 grout injection wells, 50 foot spacing, 825 ft average
Cross-Hole Borehole Tomography 1 ls 100,000$      100,000$        10 pairs of borings; 40 transects; data inversion
Mine pool tracer study 1 ls 150,000$      150,000$        
Mine Pool Groundwater and Treatability Evaluation 1 ea 80,000$        80,000$          
Treatment System Construction 1 ls 1,886,702$   1,886,702$     100% cost from Emine for temporary RCTS plant construction; escalated @ 3% annual
Treatment System Startup and Shakedown 1 ls 163,097$      163,097$        50% of EMine Year 1 escalated @ 3%
Mine Pool Water Treatment 35,000,000 gal 0.06$             1,978,906$     EMine Year 1 per gallon cost escalated @ 3%; 4 pumps, 50 gpm total
Grout Placement 158,436 yd3 100$              15,843,600$   EMine FS
Decommision and Disposal of Treatment System 1 ea 80,000$        80,000$          Demolish and dispose of temporary treatment system
Well Decommissioning 84,756 ft 20$                1,695,120$     Decommission all grout and geophysics boreholes upon construction completion
Site Restoration 1 ls 400,000$      400,000$        
 

 Total Before Contingency and other factors 30,440,833$    
 

Contingency (30%) 30% 9,132,250$     

 Subtotal 39,573,082$   

Engineering Design 10% 3,957,308$     
Project Management 6% 2,374,385$     
Construction Management (Field Oversight and Reporting) 8% 3,165,847$     

 Total Capital Costs: 49,070,622$   

Annualized O&M Costs 

Notes: 

Annual O&M Costs shown are average annualized costs over the period 0-30 years.  
Includes: monitoring, analysis, reporting, inspection, 10% contingency, 5% project 
management  

 Total Annual O&M Cost 13,613$          

Cost type Year
Total Non-

Discounted Cost

Total Annual O&M 

Cost

 Discount 

Factor 

 PRESENT 

VALUE 

Present Value Analysis

Capital Cost 0 49,070,622$         49,070,622$   
Annualized Five Year Review Costs 1-30 210,000$               7,000$                     0.573 120,259$        
Annual O&M Cost 1-30 198,375$               6,613$                     0.573 113,602$        

49,304,483$   

NH-4054-2015 Nobis Engineering, Inc.



Attachment A-3

Cost Detail

Alternative 3  Mine Pool Oxidation

Ely Copper Mine Superfund Site

Vershire, Vermont

Page 3 of 3

ALTERNATIVE 3:  MINE POOL OXIDATION

 

Site: Ely Copper Mine Superfund Site Description: The mine pool oxidation alternative will achieve RAOs by oxygenating the mine pool so that iron and
Location: Vershire, Vermont  manganese precipitate, leaving water within the limits of the PRGs.
Phase: Technical Impracticability Waiver

Description Qty. Units  Unit Cost  Cost  Notes 

Capital Costs

Mobilization 1 ls 1,200,000$    1,200,000$     
Clear and construct access roads from Dwight Hill and Rt. 113 to injection 
locations directly overlying the Main Shaft; Extend or construct power and 
utilities; mobilize facilities and subcontractors

Bedrock drilling for Borehole Tomography 16,500 ft 68$                1,122,000$     10 sets of x-hole tomography boreholes, 825 ft average; Ely historic costs
Bedrock drilling for Injection Wells 61,133 ft 68$                4,157,010$     Injection wells (57), 50' spacing, 825 ft average; plus 30% "miss" rate
Cross-Hole Borehole Tomography 1 ls 100,000$       100,000$        10 pairs of borings; 40 transects; data inversion
Mine pool tracer study 1 ls 150,000$       150,000$        

Geochemical modeling 1 ea 200,000$       200,000$        Chemical fate and transport geochemical modeling to evaluate potential 
geochemical instabilities resutling from oxidation.

Mine Pool Groundwater and Treatability Evaluation 1 ea 400,000$       400,000$        Bench and field testing to evaluate treatment effectiveness and geochemical 
controls.

-$                    
Oxidation Mobilization 1 ls 8,000$           8,000$            
Oxidation Product (PermeOx Ultra) 10,250 kg 19.45$           199,353$        
Injection Event 4 ea 200,000$       800,000$        
 

 Total Before Contingency and other factors 8,336,363$      
 

Contingency (30%) 30% 2,500,909$     

 Subtotal 10,837,272$   

Engineering Design 10% 1,083,727$     
Project Management 6% 650,236$        
Construction Management (Field Oversight and Reporting) 8% 866,982$        

 Total Capital Costs: 13,438,217$   

Annualized O&M Costs 

Notes: 

Annual O&M Costs shown are average annualized costs over the period 0-
30 years.  Includes: monitoring, analysis, reporting, inspection, 10% 
contingency, 5% project management  

 Total Annual O&M Cost 28,850$          

Cost type Year
Total Non-

Discounted Cost

Total Annual 

O&M Cost

 Discount 

Factor 

 PRESENT 

VALUE 

Present Value Analysis

Capital Cost 0 13,438,217$          13,438,217$   
Annualized Five Year Review Costs 1-30 210,000$               7,000$            0.414 86,863$          
Annual O&M Cost 1-30 655,500$               21,850$          0.414 271,138$        

13,796,218$   

NH-4054-2015 Nobis Engineering, Inc.



Attachment A-4

Present Value of Annual and Periodic Costs - Years 1 through 30

Alternative 1  Mine Pool Dewatering and Groundwater Control

Ely Copper Mine Superfund Site

Vershire, Vermont

Page 1 of 3

Year (t)
 SW 

Monitoring 
 Lab  Maintenance 

 Site 

Inspections 

 Annual 

Reporting 

 Contingency 

(@ 10%) 
 PM (@ 5%) 

 Total Non-

Discounted 

Cost 

 Total Present 

Value 

 Five-Year 

Reviews 

0
1 7,000$             20,000$       392,308$         -$                    25,000$           44,431$           22,215$        510,954$         477,527$         7,000$             
2 7,000$             20,000$       392,308$         -$                    25,000$           44,431$           22,215$        510,954$         446,287$         7,000$             
3 7,000$             20,000$       392,308$         -$                    25,000$           44,431$           22,215$        510,954$         417,091$         7,000$             
4 7,000$             20,000$       392,308$         -$                    25,000$           44,431$           22,215$        510,954$         389,804$         7,000$             
5 7,000$             20,000$       392,308$         -$                    25,000$           44,431$           22,215$        510,954$         364,303$         7,000$             
6 7,000$             20,000$       392,308$         -$                    25,000$           44,431$           22,215$        510,954$         340,470$         7,000$             
7 7,000$             20,000$       392,308$         -$                    25,000$           44,431$           22,215$        510,954$         318,196$         7,000$             
8 7,000$             20,000$       392,308$         -$                    25,000$           44,431$           22,215$        510,954$         297,380$         7,000$             
9 7,000$             20,000$       392,308$         -$                    25,000$           44,431$           22,215$        510,954$         277,925$         7,000$             
10 7,000$             20,000$       392,308$         -$                    25,000$           44,431$           22,215$        510,954$         259,743$         7,000$             
11 7,000$             20,000$       392,308$         -$                    25,000$           44,431$           22,215$        510,954$         242,750$         7,000$             
12 7,000$             20,000$       392,308$         -$                    25,000$           44,431$           22,215$        510,954$         226,870$         7,000$             
13 7,000$             20,000$       392,308$         -$                    25,000$           44,431$           22,215$        510,954$         212,028$         7,000$             
14 7,000$             20,000$       392,308$         -$                    25,000$           44,431$           22,215$        510,954$         198,157$         7,000$             
15 7,000$             20,000$       392,308$         -$                    25,000$           44,431$           22,215$        510,954$         185,193$         7,000$             
16 7,000$             20,000$       392,308$         -$                    25,000$           44,431$           22,215$        510,954$         173,078$         7,000$             
17 7,000$             20,000$       392,308$         -$                    25,000$           44,431$           22,215$        510,954$         161,755$         7,000$             
18 7,000$             20,000$       392,308$         -$                    25,000$           44,431$           22,215$        510,954$         151,173$         7,000$             
19 7,000$             20,000$       392,308$         -$                    25,000$           44,431$           22,215$        510,954$         141,283$         7,000$             
20 7,000$             20,000$       392,308$         -$                    25,000$           44,431$           22,215$        510,954$         132,040$         7,000$             
21 7,000$             20,000$       392,308$         -$                    25,000$           44,431$           22,215$        510,954$         123,402$         7,000$             
22 7,000$             20,000$       392,308$         -$                    25,000$           44,431$           22,215$        510,954$         115,329$         7,000$             
23 7,000$             20,000$       392,308$         -$                    25,000$           44,431$           22,215$        510,954$         107,784$         7,000$             
24 7,000$             20,000$       392,308$         -$                    25,000$           44,431$           22,215$        510,954$         100,733$         7,000$             
25 7,000$             20,000$       392,308$         -$                    25,000$           44,431$           22,215$        510,954$         94,143$           7,000$             
26 7,000$             20,000$       392,308$         -$                    25,000$           44,431$           22,215$        510,954$         87,984$           7,000$             
27 7,000$             20,000$       392,308$         -$                    25,000$           44,431$           22,215$        510,954$         82,228$           7,000$             
28 7,000$             20,000$       392,308$         -$                    25,000$           44,431$           22,215$        510,954$         76,849$           7,000$             
29 7,000$             20,000$       392,308$         -$                    25,000$           44,431$           22,215$        510,954$         71,821$           7,000$             
30 7,000$             20,000$       392,308$         -$                    25,000$           44,431$           22,215$        510,954$         67,123$           7,000$             

TOTAL 210,000$         600,000$     11,769,231$    -$                    750,000$         1,332,923$      666,462$      15,328,615$    6,340,447$      210,000$         
Discount Factor 0.414

Total before applied costs 13,329,231$    

PV Discount Rate (i)
0.070

PV = non-discounted cost X 1/((1+i)t)

NH-4054-2015 Nobis Engineering, Inc.



Attachment A-5

Present Value of Annual and Periodic Costs - Years 1 through 30

Alternative 2  Mine Pool Dewatering and UW Closure

Ely Copper Mine Superfund Site

Vershire, Vermont

Page 2 of 3

Year (t)
 SW 

Monitoring 
 Lab  Maintenance 

 Site 

Inspections 

 Annual 

Reporting 

 Contingency 

(@ 10%) 
 PM (@ 5%) 

 Total Non-

Discounted 

Cost 

 Total Present 

Value 

 Five-Year 

Reviews 

0
1 1,000$             10,000$      -$                    1,000$             5,000$             1,700$             850$            19,550$           18,271$           7,000$             
2 1,000$             10,000$      -$                    1,000$             5,000$             1,700$             850$            19,550$           17,076$           7,000$             
3 1,000$             10,000$      -$                    1,000$             5,000$             1,700$             850$            19,550$           15,959$           7,000$             
4 1,000$             10,000$      -$                    1,000$             5,000$             1,700$             850$            19,550$           14,915$           7,000$             
5 1,000$             10,000$      -$                    1,000$             5,000$             1,700$             850$            19,550$           13,939$           7,000$             
6 1,000$             2,000$        -$                    -$                    500$                350$                175$            4,025$             2,682$             7,000$             
7 1,000$             2,000$        -$                    -$                    500$                350$                175$            4,025$             2,507$             7,000$             
8 1,000$             2,000$        -$                    -$                    500$                350$                175$            4,025$             2,343$             7,000$             
9 1,000$             2,000$        -$                    -$                    500$                350$                175$            4,025$             2,189$             7,000$             
10 1,000$             2,000$        -$                    -$                    500$                350$                175$            4,025$             2,046$             7,000$             
11 1,000$             2,000$        -$                    -$                    500$                350$                175$            4,025$             1,912$             7,000$             
12 1,000$             2,000$        -$                    -$                    500$                350$                175$            4,025$             1,787$             7,000$             
13 1,000$             2,000$        -$                    -$                    500$                350$                175$            4,025$             1,670$             7,000$             
14 1,000$             2,000$        -$                    -$                    500$                350$                175$            4,025$             1,561$             7,000$             
15 1,000$             2,000$        -$                    -$                    500$                350$                175$            4,025$             1,459$             7,000$             
16 1,000$             2,000$        -$                    -$                    500$                350$                175$            4,025$             1,363$             7,000$             
17 1,000$             2,000$        -$                    -$                    500$                350$                175$            4,025$             1,274$             7,000$             
18 1,000$             2,000$        -$                    -$                    500$                350$                175$            4,025$             1,191$             7,000$             
19 1,000$             2,000$        -$                    -$                    500$                350$                175$            4,025$             1,113$             7,000$             
20 1,000$             2,000$        -$                    -$                    500$                350$                175$            4,025$             1,040$             7,000$             
21 1,000$             2,000$        -$                    -$                    500$                350$                175$            4,025$             972$                7,000$             
22 1,000$             2,000$        -$                    -$                    500$                350$                175$            4,025$             908$                7,000$             
23 1,000$             2,000$        -$                    -$                    500$                350$                175$            4,025$             849$                7,000$             
24 1,000$             2,000$        -$                    -$                    500$                350$                175$            4,025$             794$                7,000$             
25 1,000$             2,000$        -$                    -$                    500$                350$                175$            4,025$             742$                7,000$             
26 1,000$             2,000$        -$                    -$                    500$                350$                175$            4,025$             693$                7,000$             
27 1,000$             2,000$        -$                    -$                    500$                350$                175$            4,025$             648$                7,000$             
28 1,000$             2,000$        -$                    -$                    500$                350$                175$            4,025$             605$                7,000$             
29 1,000$             2,000$        -$                    -$                    500$                350$                175$            4,025$             566$                7,000$             
30 1,000$             2,000$        -$                    -$                    500$                350$                175$            4,025$             529$                7,000$             

TOTAL 30,000$           100,000$    -$                    5,000$             37,500$           17,250$           8,625$         198,375$         113,602$         210,000$         
Discount Factor 0.573

Total before applied costs 172,500$         720,352$         

PV Discount Rate (i)
0.070

PV = non-discounted cost X 1/((1+i)t)

NH-4054-2015 Nobis Engineering, Inc.



Attachment A-6

Present Value of Annual and Periodic Costs - Years 1 through 30

Alternative 3  Mine Pool Oxidation

Ely Copper Mine Superfund Site

Vershire, Vermont

Page 3 of 3

Year (t)
 SW 

Monitoring 
 Lab  Maintenance 

 Site 

Inspections 

 Annual 

Reporting 

 Contingency 

(@ 10%) 
 PM (@ 5%) 

 Total Non-

Discounted 

Cost 

 Total Present 

Value 

 Five-Year 

Reviews 

0
1 2,000$             10,000$      -$                    2,000$             5,000$             1,900$             950$           21,850$           20,421$           7,000$             
2 2,000$             10,000$      -$                    2,000$             5,000$             1,900$             950$           21,850$           19,085$           7,000$             
3 2,000$             10,000$      -$                    2,000$             5,000$             1,900$             950$           21,850$           17,836$           7,000$             
4 2,000$             10,000$      -$                    2,000$             5,000$             1,900$             950$           21,850$           16,669$           7,000$             
5 2,000$             10,000$      -$                    2,000$             5,000$             1,900$             950$           21,850$           15,579$           7,000$             
6 2,000$             10,000$      -$                    2,000$             5,000$             1,900$             950$           21,850$           14,560$           7,000$             
7 2,000$             10,000$      -$                    2,000$             5,000$             1,900$             950$           21,850$           13,607$           7,000$             
8 2,000$             10,000$      -$                    2,000$             5,000$             1,900$             950$           21,850$           12,717$           7,000$             
9 2,000$             10,000$      -$                    2,000$             5,000$             1,900$             950$           21,850$           11,885$           7,000$             
10 2,000$             10,000$      -$                    2,000$             5,000$             1,900$             950$           21,850$           11,107$           7,000$             
11 2,000$             10,000$      -$                    2,000$             5,000$             1,900$             950$           21,850$           10,381$           7,000$             
12 2,000$             10,000$      -$                    2,000$             5,000$             1,900$             950$           21,850$           9,702$             7,000$             
13 2,000$             10,000$      -$                    2,000$             5,000$             1,900$             950$           21,850$           9,067$             7,000$             
14 2,000$             10,000$      -$                    2,000$             5,000$             1,900$             950$           21,850$           8,474$             7,000$             
15 2,000$             10,000$      -$                    2,000$             5,000$             1,900$             950$           21,850$           7,919$             7,000$             
16 2,000$             10,000$      -$                    2,000$             5,000$             1,900$             950$           21,850$           7,401$             7,000$             
17 2,000$             10,000$      -$                    2,000$             5,000$             1,900$             950$           21,850$           6,917$             7,000$             
18 2,000$             10,000$      -$                    2,000$             5,000$             1,900$             950$           21,850$           6,465$             7,000$             
19 2,000$             10,000$      -$                    2,000$             5,000$             1,900$             950$           21,850$           6,042$             7,000$             
20 2,000$             10,000$      -$                    2,000$             5,000$             1,900$             950$           21,850$           5,646$             7,000$             
21 2,000$             10,000$      -$                    2,000$             5,000$             1,900$             950$           21,850$           5,277$             7,000$             
22 2,000$             10,000$      -$                    2,000$             5,000$             1,900$             950$           21,850$           4,932$             7,000$             
23 2,000$             10,000$      -$                    2,000$             5,000$             1,900$             950$           21,850$           4,609$             7,000$             
24 2,000$             10,000$      -$                    2,000$             5,000$             1,900$             950$           21,850$           4,308$             7,000$             
25 2,000$             10,000$      -$                    2,000$             5,000$             1,900$             950$           21,850$           4,026$             7,000$             
26 2,000$             10,000$      -$                    2,000$             5,000$             1,900$             950$           21,850$           3,762$             7,000$             
27 2,000$             10,000$      -$                    2,000$             5,000$             1,900$             950$           21,850$           3,516$             7,000$             
28 2,000$             10,000$      -$                    2,000$             5,000$             1,900$             950$           21,850$           3,286$             7,000$             
29 2,000$             10,000$      -$                    2,000$             5,000$             1,900$             950$           21,850$           3,071$             7,000$             
30 2,000$             10,000$      -$                    2,000$             5,000$             1,900$             950$           21,850$           2,870$             7,000$             

TOTAL 60,000$           300,000$    -$                    60,000$           150,000$         57,000$           28,500$      655,500$         271,138$         210,000$         
Discount Factor 0.414

Total before applied costs 570,000$         1,792,138$      

PV Discount Rate (i)
0.070

PV = non-discounted cost X 1/((1+i)t)

NH-4054-2015 Nobis Engineering, Inc.
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ATTACHMENT B 

PUBLISHED GEOLOGIC MAPS AND BLOCK DIAGRAM 

  



 

 

 

 

 

 

 

 

 

 

APPENDIX I-1 

WHITE, W. S.  AND ERIC, J. H., USGS. PRELIMINARY REPORT – GEOLOGY OF THE 
ORANGE COUNTY COPPER DISTRICT, VERMONT. AUGUST 1944 
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APPENDIX I-2 

OFFIELD, T. W., SLACK, J. F., AND WITTENBRINK, S. A., USGS. STRUCTURE AND 
ORIGIN OF THE ELY COPPER DEPOSIT, EAST-CENTRAL VERMONT. 1993 
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Figure 7. Block t.liagram showing interpreted posiLiun of nrc zone on F2 fold structure. location of main shaft. drill-hole 
information (drill holes shown by circled numbers), small-scale fold shapes observed an outcrop and drill holes (M. Z. S). 
and representative surface measurements of foliations and F2 axial lineations. The driJI holes lie off the section drawn on 
the front face of the block by as much as 200m (in front and hehind) and are presented in assumed simple updip .and downdip 
projections to the face. Brown. dominantly pelitic schist wilh snhordinate psammitic schist and amphibolite. Yellow. dom
inantly psammitic schist with subordinate pelitic schist and amphibolite. Thick black portions of drill holes. signiticant am
phibolite layers. x.x. sulfide in slopes and ndits: x. signiticnnl sulfide occurrence in drill hole. AS. axial surface of large ~ 
fold. Front face is section A- A' on tigure 5. 
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Appendix B-1
Cost Detail

Alternative UW-1
Ely Copper Mine Superfund Site

Vershire, Vermont
Page 1 of 1

Alternative UW-1:  No Action

Site: Ely Mine Site Description: No Action - 5-year reviews and project management only.
Location: Vershire, Vermont
Phase: Feasibility Study (-30% to +50%)
Base Year: 2015
Date: June 2015

Description Qty. Units  Unit Cost  Cost  Notes 

Capital Costs

(none) 1 ls -$                           -$                           
Total Before Contingency and other factors -$                           

Contingency (30%) 30 % -$                           

SUBTOTAL -$                           

Engineering, Design, and Regulatory Support 10% % -$                           
Project and Construction Management (12%) 12% % -$                           

Total Capital Costs: -$                           

Annual O&M Costs 
Site Inspections, Sampling, Reporting 0 LS -$                           
Routine Site Maintenance, Repairs, etc. 0 LS -$                           
Contingency (10%) and Project Management (5%) 0 LS -$                           

SUBTOTAL -$                           

Total Annual O&M Cost -$                           

Cost type Year Total Cost Total Cost per 
Year 

 Discount Factor 
(7%) Present Value

Present Value Analysis

Capital Cost 0 -$                           -$                           -$                           
Annual O&M Cost 1-30 -$                           -$                           0.000 -$                           
Annualized Five-Year Review Cost 1-30 210,000$               7,000$                   0.414 86,863$                 

-$                           

NH-4054-2015 Nobis Engineering, Inc.



Appendix B-2
Cost Detail

Alternative UW-2
Ely Copper Mine Superfund Site

Vershire, Vermont
Page 1 of 3

Alternative UW-2:  Adit Closure, Source Reduction, and Passive Adit Discharge Treatment
 
Site: Ely Mine Site Description: Work performed when the bedrock surface is exposed following OU1 remedy implimentation in the UWA :
Location: Vershire, Vermont •perform a Groundwater Pre-Design Investigation (PDI) to include the following:
Phase: Feasibility Study (-30% to +50%) upgrade of existing and construction of new access roads
Base Year: 2015 development of UW numerical groundwater model
Date: June 2015 bedrock surface outcop mapping and evaluation (Green Crow and/or other off-site properties)

surface geophysical investigation to assess ORT lineament and other OU4 surface features
overburden and bedrock ORT drilling program (Green Crow and/or other off-site properties)
borehole geophysical logging and packer sampling
mine pool and ORT area open borehole or monitoring well sampling (2 events)
updated residential water supply sampling
3D bedrock fracture digital model development
PDI report

Perform a Deep Adit PDI to include the following:
perform UW air-circulation modeling to evaluate the potential impacts to endangered bat populations
perform structural evaluation of UW portals to support bat grate and Deep Adit closure designs.
perform survey of bedrock surface fractures within the Deep Adit surface infiltration recharge zone
evaluate the extent of Deep Adit collapse to support Deep Adit closure design.
evaluate changes in UW discharge rates and water quality following OU1 UWA remedy implimentation
conduct bench and field-scale treatability studies to evaluate passive treatment technologies

perform value engineering and remedial design
install bat-compatible grates at all Pollard Shafts.
install surface water diversion structures uphill of open UW entrances
construct flow-through bulkhead to plug and seal the Deep Adit discharge
install Deep Adit boreholes
inject flowable fill into the Deep Adit
construct passive chemical treatment system for the Main Adit discharge
perform long-term operations and monitoring for structural integrity
perform environmental monitoring
•waiver of UW mine pool groundwater ARARs (i.e. MCLs and VT PGES) based on Technical Impacticability Waiver
•OU3 institutional controls
•assess compliance with institutional controls, including annual ispections
•groundwater monitoring and reporting
•project management
•perform 5-year reviews

Description Qty. Units Unit Cost Cost Notes 
Capital Costs

Groundwater Pre-Design Investigations
Mobilization / Demobilization 1 ls 5,000$            5,000$                  
Deep UW and ORT PDI
UW groundwater modeling 1 ls 60,000$          60,000$                 Medium complexity finite-difference numerical modeling 

bedrock surface outcop mapping and evaluation 1 week 19,780$          19,780$                1 Sr. geo/1 mid. Geo; 55 hrs/wk; 4 overnight; 5 M&E; travel; equip
surface geophysics - assess ORT lineament and other 
OU4 surface features 2 week 20,000$          40,000$                $20,000/week for crew plus report.  Based on 2013 Ely west cell surface geophysics

ORT surface water quality assessment 2 ea 34,950$          69,900$                2 events (spring/summer, and fall/winter) for surface water quality monitoring; 20 stations; TAL metals and inorganics; 1 
wk labor, equip., travel

bedrock drilling - mobilization 1 ls 4,000$            4,000$                  from 2014 OU2 bedrock drilling: average based on 10' x 10" OB casing + 20' x 6" casing + 60' x 6" BR drilling
bedrock drilling - four boreholes, average 600' 2,400 ft 46$                 109,512$              from 2014 OU2 bedrock drilling: average based on 10' x 10" OB casing + 20' x 6" casing + 60' x 6" BR drilling
borehole geophysics 1 week 12,000$          12,000$                Hager quote for OU2 borehole geophys. - 1 weeks plus report
bedrock borehole packer sampling 16 ea 1,800$            28,800$                4 intervals in each of 4 boreholes; 2013 Ely OU2 actual costs

mine pool groundwater water quality evaluation 2 ea 39,810$          79,620$                2 (spring/summer, and fall/winter) rounds for flow and water quality monitoring (4 events); 12 wells; TAL metals and 
inorganics; hoist rig for deep UW sampling

updated residential water supply sampling 1 ea 29,310$          29,310$                1 event for drinking water quality monitoring; 15 wells; TAL metals and sulfate; 1 wk labor, equip., travel
3D bedrock fracture digital model development 1 ls 100,000$        100,000$              Per EPA CSM Tech Memo comments
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Description Qty. Units Unit Cost Cost Notes 
PDI report and Buffer Zone Delineation 1 ls 70,000$          70,000$                
Subtotal Groundwater PDI Costs 627,922$             

Adit Closure Pre-Design Investigations
Mobilization / Demobilization 1 ls 5,000$            5,000$                  
Upgrade of existing and construction of new access roads 1 ls 10,000$          10,000$                Current quote for OU2 bedrock access/road construction

 UW air-circulation modeling 1 ls 25,000$          25,000$                 Low complexity finite-difference numerical modeling 

Structural evaluation of UW portals 1 ls 25,000$          25,000$                 1 week in field Structural Engineer; mini-excavator and operator; report; From EMine TP-2B ROM Alternative E: March 
2011 

Acitve and passive treatment treatability studies
bench-scale 1 ls 3,000$            3,000$                  
field-scale 1 ls 20,000$          20,000$                

Deep Adit PDI
surface geophysics - surface fractures and Deep Adit collapse 5 day 4,000$            20,000$                $4,000/day for crew plus report - Ely west cell surface geophysics invoice
bedrock drilling - per borehole 15 ea 3,300$            49,500$                from OU2 bedrock drilling: 10' x 10" OB casing + 20' x 6" casing + 90' x 6" BR drilling
borehole geophysics/tomography 1 ls 12,000$          12,000$                Hager quote for OU2 borehole geophys. - 1 week
UW discharge rate and water quality evaluation 12 ea 7,000$            84,000$                Monthly flow and water quality monitoring (12 months)

PDI report 1 ls 70,000$          70,000$                
Subtotal Deep Adit PDI Costs 323,500$             

Total PDI Costs 951,422$              

Mobilization
Temporary Facilities 1 ls 50,000$          50,000$                From Ely costs to date
Erosion and Sediment Control 1 ls 20,000$          20,000$                From Ely costs to date
Upgrade of existing and construction of new access roads 1 ls 50,000$          50,000$                From Ely costs to date

Portal Closure
Portal structural enhancements/upgrades 3 ls 5,000$            15,000$                
Bat Grate Installation (Pollard Shafts) 3 ls 5,000$            15,000$                assume manganal steel for cutting/damage resistance
Per-portal surface water diversion 300 lf 60$                 18,000$                assume 50 LF/entrance, per LF cost from OU1 BOD

Deep Adit Closure - Plugging and Filling
mobilization/demobilization/standby 1 ls 10,000$          10,000$                
Pressure Grout Significant Surface Fractures 1 ls 30,000$          30,000$                (rough estimate - may need revision)
Adit Shoring/Flow-Through Bulkhead Construction 1 ls 40,000$          40,000$                Adjusted from Standard Mine FS, not including pressure grout of surrounding bedrock
bedrock drilling - per borehole 33 ea 3,300$            108,900$              from OU2 bedrock drilling: 10' x 10" OB casing + 20' x 6" casing + 90' x 6" BR drilling

Flowable fill (assume total Deep Adit and Pollard Adit volumes) 1,389 cubic yds 200$               277,800$              Conceptual Engineering Plan and Cost estimate for Mine Void Stabilization, MD Dept of Natural Resources, March 2012 
= $200/cy estimate for low-volume "conventional" grout

Water management 1 ls 9,000$            9,000$                  $2000/month/tank (2 tanks, 1 months) +$5,000 treatment

Passive Chemical Treatment System - Main Adit
mobilization/demobilization/standby 1 ls 5,000$            5,000$                  
Pre-treatment settling pond 1 ls 6,000$            6,000$                  1/3 capacity as estimated from Emine - should be able to get better numbers
Limestone nuetralization system 1 ls 35,000$          35,000$                
Year 1 start up/optimization 1 ls 15,000$          15,000$                

Groundwater Monitoring Installations
Mobilization, site preparation, and upgrade of existing and 
construction of new access roads 1 ls 30,000$          30,000$                From Ely costs to date

bedrock drilling - two boreholes and monitoring wells, 
average 200' 400 ft 68$                 27,200$                from 2014 OU2 bedrock drilling: average based on 10' x 10" OB casing + 20' x 6" casing + 60' x 6" BR drilling

borehole geophysics 4 day 2,800$            11,200$                Hager quote for OU2 borehole geophys. - 1 weeks plus report
baseline groundwater sampling 2 ea 14,040$          28,080$                2 baseline rounds for flow and water quality monitoring; 2 wells; TAL metals and inorganics

Restoration and Revegetation 1 ls 2,000$            2,000$                  based on 0.2 acre per UW entrance

Restoration and Mitigation
Restoration and Revegetation 2 acre 7,600$            12,160$                based on 0.2 acre per UW entrance
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Description Qty. Units Unit Cost Cost Notes 
Cultural/Historical Monitoring and Mitigation 1 ls 50,000$          50,000$                20% of OU1 estimate
Bat Habitat Mitigation 1 ls 100,000$        100,000$              

Institutional Controls (land use restrictions) 1 ls 35,000$          35,000$                
Remedial Action Report 1 ls 50,000$          50,000$                

Total Before Contingency and other factors 1,050,340$           

Contingency (30%) 30 % 315,102$              

SUBTOTAL 1,365,442$           

PreDesign Investigations, Modeling, and Site 
Characterization 1 ls 951,422$        951,422$              

Engineering, Design, and Regulatory Support 10% % 136,544$              
Project and Construction Management (12%) 12% % 163,853$              

TOTAL CAPITAL COSTS 2,617,261$           

Annual O&M Costs 
Site Inspections, Sampling, Reporting 1 LS 23,107$                
Routine Site Maintenance, Repairs, etc. 1 LS 11,969$                

SUBTOTAL 35,076$               

Contingency (10%) 10% % 3,508$                  
Project Management (5%) 5% % 1,754$                  

Total Annual O&M Cost 40,338$               

Cost type Year Total Cost  Total Cost per 
Year 

 Discount 
Factor (7%) Present Value

Present Value Analysis

Capital Cost 0 2,617,261$    2,617,261$           
Annual O&M Cost 1-30 1,210,130$    40,338$             0.554 670,935$              
Five Year Reviews 1-30 210,000$       7,000$               0.414 86,863$                

3,375,060$          



Appendix B-3
Cost Detail

Alternative UW-3
Ely Copper Mine Superfund Site

Vershire, Vermont
Page 1 of 3

Alternative UW-3:  Adit Discharge Active Treatment
 
Site: Ely Mine Site Description: Work performed when the bedrock surface is exposed following OU1 remedy implimentation in the UWA :
Location: Vershire, Vermont •perform a Groundwater Pre-Design Investigation (PDI) to include the following:
Phase: Feasibility Study (-30% to +50%) upgrade of existing and construction of new access roads
Base Year: 2015 development of UW numerical groundwater model
Date: June 2015 bedrock surface outcop mapping and evaluation (Green Crow and/or other off-site properties)

surface geophysical investigation to assess ORT lineament and other OU4 surface features
overburden and bedrock ORT drilling program (Green Crow and/or other off-site properties)
borehole geophysical logging and packer sampling
mine pool and ORT area open borehole or monitoring well sampling (2 events)
updated residential water supply sampling
3D bedrock fracture digital model development
PDI report

Perform a Deep Adit PDI to include the following:
perform UW air-circulation modeling to evaluate the potential impacts to endangered bat populations
perform structural evaluation of UW portals to support bat grate and Deep Adit closure designs.
perform survey of bedrock surface fractures within the Deep Adit surface infiltration recharge zone
evaluate the extent of Deep Adit collapse to support Deep Adit closure design.
evaluate changes in UW discharge rates and water quality following OU1 UWA remedy implimentation
conduct bench and field-scale treatability studies to evaluate active and passive treatment technologies

perform value engineering and remedial design
install bat-compatible grates at all Pollard Shafts.
install surface water diversion structures uphill of open UW entrances
construct active chemical treatment system for the Deep Adit discharge
construct passive chemical treatment system for the Main Adit discharge
install limited number of Deep Adit boreholes
partial injection of flowable fill into the Deep Adit
perform long-term operations and monitoring for structural integrity
perform environmental monitoring
•waiver of UW mine pool groundwater ARARs (i.e. MCLs and VT PGES) based on Technical Impacticability Waiver
•OU3 institutional controls
•assess compliance with institutional controls, including annual ispections
•groundwater monitoring and reporting
•project management
•perform 5-year reviews

Description Qty. Units Unit Cost Cost Notes 
Capital Costs

Groundwater Pre-Design Investigations
Mobilization / Demobilization 1 ls 5,000$            5,000$                  
Deep UW and ORT PDI
UW groundwater modeling 1 ls 60,000$          60,000$                 Medium complexity finite-difference numerical modeling 

bedrock surface outcop mapping and evaluation 1 week 19,780$          19,780$                1 Sr. geo/1 mid. Geo; 55 hrs/wk; 4 overnight; 5 M&E; travel; equip
surface geophysics - assess ORT lineament and other 
OU4 surface features 2 week 20,000$          40,000$                $20,000/week for crew plus report.  Based on 2013 Ely west cell surface geophysics

ORT surface water quality assessment 2 ea 34,950$          69,900$                2 events (spring/summer, and fall/winter) for surface water quality monitoring; 20 stations; TAL metals and inorganics; 1 
wk labor, equip., travel

bedrock drilling - mobilization 1 ls 4,000$            4,000$                  from 2014 OU2 bedrock drilling: average based on 10' x 10" OB casing + 20' x 6" casing + 60' x 6" BR drilling
bedrock drilling - four boreholes, average 600' 2,400 ft 46$                 109,512$              from 2014 OU2 bedrock drilling: average based on 10' x 10" OB casing + 20' x 6" casing + 60' x 6" BR drilling
borehole geophysics 1 week 12,000$          12,000$                Hager quote for OU2 borehole geophys. - 1 weeks plus report
bedrock borehole packer sampling 16 ea 1,800$            28,800$                4 intervals in each of 4 boreholes; 2013 Ely OU2 actual costs

mine pool groundwater water quality evaluation 2 ea 39,810$          79,620$                2 (spring/summer, and fall/winter) rounds for flow and water quality monitoring (4 events); 12 wells; TAL metals and 
inorganics; hoist rig for deep UW sampling

updated residential water supply sampling 1 ea 29,310$          29,310$                1 event for drinking water quality monitoring; 15 wells; TAL metals and sulfate; 1 wk labor, equip., travel
3D bedrock fracture digital model development 1 ls 100,000$        100,000$              Per EPA CSM Tech Memo comments
PDI report and Buffer Zone Delineation 1 ls 70,000$          70,000$                
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Description Qty. Units Unit Cost Cost Notes 
Subtotal Groundwater PDI Costs 627,922$             

Adit Closure Pre-Design Investigations
Mobilization / Demobilization 1 ls 5,000$            5,000$                  
Upgrade of existing and construction of new access roads 1 ls 10,000$          10,000$                Northwoods quote for OU2 bedrock access/road construction

 UW air-circulation modeling 1 ls 25,000$          25,000$                 Low complexity finite-difference numerical modeling 

Structural evaluation of UW portals 1 ls 25,000$          25,000$                 1 week in field Structural Engineer; mini-excavator and operator; report; From EMine TP-2B ROM Alternative E: March 
2011 

Acitve and passive treatment treatability studies
bench-scale 1 ls 25,000$          25,000$                
field-scale 1 ls 40,000$          40,000$                

Deep Adit PDI
UW discharge rate and water quality evaluation 12 ea 7,000$            84,000$                Monthly flow and water quality monitoring (12 months)

PDI report 1 ls 70,000$          70,000$                
Subtotal Deep Adit PDI Costs 284,000$             

Total PDI Costs 911,922$              

Mobilization
Temporary Facilities 1 ls 50,000$          50,000$                From Ely costs to date
Erosion and Sediment Control 1 ls 20,000$          20,000$                From Ely costs to date
Upgrade of existing and construction of new access roads 1 ls 50,000$          50,000$                From Ely costs to date

Portal Closure
Portal structural enhancements/upgrades 3 ls 5,000$            15,000$                
Bat Grate Installation (Pollard Shafts) 3 ls 5,000$            15,000$                assume manganal steel for cutting/damage resistance
Per-portal surface water diversion 300 lf 60$                 18,000$                assume 50 LF/entrance, per LF cost from OU1 BOD

Deep Adit Closure - Plugging and Filling
Flowable fill (assume 25% total Deep Adit and Pollard Adit 
volumes) 347 cubic yds 342$               118,925$              Conceptual Engineering Plan and Cost estimate for Mine Void Stabilization, MD Dept of Natural Resources, March 

2012 = $200/cy estimate for low-volume "conventional" grout

Active Chemical Treatment System - Deep Adit
mobilization/demobilization/standby 1 ls 10,000$          10,000$                

Treatment building 900 square feet 140$               126,000$              per square ft from EMine FS FLBSA-2A, scaled up for permanent system
Storage ponds - pre and post treatment 2 ls 45,000$          90,000$                1/5 capacity as estimated from Emine - should be able to get better numbers
Treatment system package 1 ls 200,000$        200,000$              1/5 capacity as estimated from Emine - should be able to get better numbers
Treatment system package installation 1 ls 300,000$        300,000$              1/5 capacity as estimated from Emine - should be able to get better numbers
Year 1 start up/optimization 1 ls 160,000$        160,000$              1/5 capacity as estimated from Emine - should be able to get better numbers

Passive Chemical Treatment System - Main Adit
mobilization/demobilization/standby 1 ls 5,000$            5,000$                  
Pre-treatment settling pond 1 ls 6,000$            6,000$                  1/3 capacity as estimated from Emine - should be able to get better numbers
Limestone nuetralization system 1 ls 35,000$          35,000$                
Year 1 start up/optimization 1 ls 15,000$          15,000$                

Groundwater Monitoring Installations
Mobilization, site preparation, and upgrade of existing and 
construction of new access roads 1 ls 30,000$          30,000$                From Ely costs to date

bedrock drilling - two boreholes and monitoring wells, 
average 200' 400 ft 68$                 27,200$                from 2014 OU2 bedrock drilling: average based on 10' x 10" OB casing + 20' x 6" casing + 60' x 6" BR drilling

borehole geophysics 4 day 2,800$            11,200$                Hager quote for OU2 borehole geophys. - 1 weeks plus report
baseline groundwater sampling 2 ea 14,040$          28,080$                2 baseline rounds for flow and water quality monitoring; 2 wells; TAL metals and inorganics

Restoration and Revegetation 1 ls 2,000$            2,000$                  based on 0.2 acre per UW entrance

Restoration and Mitigation
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Description Qty. Units Unit Cost Cost Notes 
Restoration and Revegetation 1.6 acre 7,600$            12,160$                based on 0.2 acre per UW entrance
Cultural/Historical Monitoring and Mitigation 1 ls 50,000$          50,000$                adjusted downward from OU1 estimate
Wetland and Habitat Mitigation 1 ls 100,000$        100,000$              from EMine costs

Institutional Controls (land use restrictions) 1 ls 35,000$          35,000$                
Remedial Action Report 1 ls 50,000$          50,000$                

Total Before Contingency and other factors 1,579,565$           

Contingency (30%) 30 % 473,870$              

SUBTOTAL 2,053,435$           

PreDesign Investigations, Modeling, and Site 
Characterization 1 ls 911,922$        911,922$              

Engineering, Design, and Regulatory Support 10% % 205,343$              
Project and Construction Management (12%) 12% % 246,412$              

TOTAL CAPITAL COSTS 3,417,112$           

Annual O&M Costs 
Site Inspections, Sampling, Reporting 1 LS 30,857$                
Routine Site Maintenance, Repairs, etc. 1 LS 72,967$                

SUBTOTAL 103,824$             

Contingency (10%) 10% % 10,382$                
Project Management (5%) 5% % 5,191$                  

Total Annual O&M Cost 119,397$             

Cost type Year Total Cost  Total Cost per 
Year 

 Discount 
Factor (7%) Present Value

Present Value Analysis

Capital Cost 0 3,417,112$    3,417,112$           
Annual O&M Cost 1-30 3,581,913$    119,397$          0.462 1,653,607$           
Five Year Reviews 1-30 210,000$       7,000$              0.414 86,863$                

5,157,582$          
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Alternative UW-4:  Adit Discharge Passive Treatment
 
Site: Ely Mine Site Description: Work performed when the bedrock surface is exposed following OU1 remedy implimentation in the UWA :
Location: Vershire, Vermont •perform a Groundwater Pre-Design Investigation (PDI) to include the following:
Phase: Feasibility Study (-30% to +50%) upgrade of existing and construction of new access roads
Base Year: 2015 development of UW numerical groundwater model
Date: June 2015 bedrock surface outcop mapping and evaluation (Green Crow and/or other off-site properties)

surface geophysical investigation to assess ORT lineament and other OU4 surface features
overburden and bedrock ORT drilling program (Green Crow and/or other off-site properties)
borehole geophysical logging and packer sampling
mine pool and ORT area open borehole or monitoring well sampling (2 events)
updated residential water supply sampling
3D bedrock fracture digital model development
PDI report

Perform a Deep Adit PDI to include the following:
perform UW air-circulation modeling to evaluate the potential impacts to endangered bat populations
perform structural evaluation of UW portals to support bat grate and Deep Adit closure designs
perform survey of bedrock surface fractures within the Deep Adit surface infiltration recharge zone
evaluate the extent of Deep Adit collapse to support Deep Adit closure design.
evaluate changes in UW discharge rates and water quality following OU1 UWA remedy implimentation
conduct bench and field-scale treatability studies to evaluate passive treatment technologies

perform value engineering and remedial design
install bat-compatible grates at all Pollard Shafts
install surface water diversion structures uphill of open UW entrances.
install limited number of Deep Adit boreholes
partial injection of flowable fill into the Deep Adit
construct passive chemical treatment system for the Deep Adit discharge
construct passive chemical treatment system for the Main Adit discharge
perform long-term operations and monitoring for structural integrity
perform environmental monitoring
•waiver of UW mine pool groundwater ARARs (i.e. MCLs and VT PGES) based on Technical Impacticability Waiver
•OU3 institutional controls
•assess compliance with institutional controls, including annual ispections
•groundwater monitoring and reporting
•project management
•perform 5-year reviews

Description Qty. Units Unit Cost Cost Notes 
Capital Costs

Groundwater Pre-Design Investigations
Mobilization / Demobilization 1 ls 5,000$            5,000$                  
Deep UW and ORT PDI
UW groundwater modeling 1 ls 60,000$          60,000$                 Medium complexity finite-difference numerical modeling 

bedrock surface outcop mapping and evaluation 1 week 19,780$          19,780$                1 Sr. geo/1 mid. Geo; 55 hrs/wk; 4 overnight; 5 M&E; travel; equip
surface geophysics - assess ORT lineament and other 
OU4 surface features 2 week 20,000$          40,000$                $20,000/week for crew plus report.  Based on 2013 Ely west cell surface geophysics

ORT surface water quality assessment 2 ea 34,950$          69,900$                2 events (spring/summer, and fall/winter) for surface water quality monitoring; 20 stations; TAL metals and inorganics; 1 
wk labor, equip., travel

bedrock drilling - mobilization 1 ls 4,000$            4,000$                  from 2014 OU2 bedrock drilling: average based on 10' x 10" OB casing + 20' x 6" casing + 60' x 6" BR drilling
bedrock drilling - four boreholes, average 600' 2,400 ft 46$                 109,512$              from 2014 OU2 bedrock drilling: average based on 10' x 10" OB casing + 20' x 6" casing + 60' x 6" BR drilling
borehole geophysics 1 week 12,000$          12,000$                Hager quote for OU2 borehole geophys. - 1 weeks plus report
bedrock borehole packer sampling 16 ea 1,800$            28,800$                4 intervals in each of 4 boreholes; 2013 Ely OU2 actual costs

mine pool groundwater water quality evaluation 2 ea 39,810$          79,620$                2 (spring/summer, and fall/winter) rounds for flow and water quality monitoring (4 events); 12 wells; TAL metals and 
inorganics; hoist rig for deep UW sampling

updated residential water supply sampling 1 ea 29,310$          29,310$                1 event for drinking water quality monitoring; 15 wells; TAL metals and sulfate; 1 wk labor, equip., travel
3D bedrock fracture digital model development 1 ls 100,000$        100,000$              Per EPA CSM Tech Memo comments
PDI report and Buffer Zone Delineation 1 ls 70,000$          70,000$                
Subtotal Groundwater PDI Costs 627,922$             
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Description Qty. Units Unit Cost Cost Notes 

Adit Closure Pre-Design Investigations
Mobilization / Demobilization 1 ls 5,000$            5,000$                  
Upgrade of existing and construction of new access roads 1 ls 10,000$          10,000$                Northwoods quote for OU2 bedrock access/road construction

 UW air-circulation modeling 1 ls 25,000$          25,000$                 Low complexity finite-difference numerical modeling 

Structural evaluation of UW portals 1 ls 25,000$          25,000$                 1 week in field Structural Engineer; mini-excavator and operator; report; From EMine TP-2B ROM Alternative E: March 
2011 

Passive treatment treatability studies
bench-scale 1 ls 40,000$          40,000$                
field-scale 1 ls 80,000$          80,000$                

Deep Adit PDI

UW discharge rate and water quality evaluation 12 ea 7,000$            84,000$                Monthly flow and water quality monitoring (12 months)

PDI report 1 ls 70,000$          70,000$                
Subtotal Deep Adit PDI Costs 339,000$             

Total PDI Costs 966,922$              

Mobilization
Temporary Facilities 1 ls 50,000$          50,000$                From Ely costs to date
Erosion and Sediment Control 1 ls 20,000$          20,000$                From Ely costs to date
Upgrade of existing and construction of new access roads 1 ls 50,000$          50,000$                From Ely costs to date

Portal Closure
Portal structural enhancements/upgrades 3 ls 5,000$            15,000$                
Bat Grate Installation (Pollard Shafts) 3 ls 5,000$            15,000$                assume manganal steel for cutting/damage resistance
Per-portal surface water diversion 300 lf 60$                 18,000$                assume 50 LF/entrance, per LF cost from OU1 BOD

Deep Adit Closure - Plugging and Filling
Flowable fill (assume 50% total Deep Adit and Pollard Adit 
volumes) 695 cubic yds 342$               237,850$              Conceptual Engineering Plan and Cost estimate for Mine Void Stabilization, MD Dept of Natural Resources, March 

2012 = $200/cy estimate for low-volume "conventional" grout

Passive Aerobic or Anaerobic Treatment System - Deep Adit
mobilization/demobilization/standby 1 ls 7,000$            7,000$                  
Outfall limestone drain/aeration channel 1 ls 70,000$          70,000$                
Pre-treatment settling pond 1 ls 20,000$          20,000$                1/3 capacity as estimated from Emine - should be able to get better numbers
Construct aerobic or anaerobic wetland 1 ls 150,000$        150,000$              
Year 1 start up/optimization 1 ls 40,000$          40,000$                

Passive Chemical Treatment System - Main Adit
mobilization/demobilization/standby 1 ls 5,000$            5,000$                  
Pre-treatment settling pond 1 ls 6,000$            6,000$                  1/3 capacity as estimated from Emine - should be able to get better numbers
Limestone nuetralization system 1 ls 35,000$          35,000$                
Year 1 start up/optimization 1 ls 15,000$          15,000$                

Groundwater Monitoring Installations
Mobilization, site preparation, and upgrade of existing and 
construction of new access roads 1 ls 30,000$          30,000$                From Ely costs to date

bedrock drilling - two boreholes and monitoring wells, 
average 200' 400 ft 68$                 27,200$                from 2014 OU2 bedrock drilling: average based on 10' x 10" OB casing + 20' x 6" casing + 60' x 6" BR drilling

borehole geophysics 4 day 2,800$            11,200$                Hager quote for OU2 borehole geophys. - 1 weeks plus report
baseline groundwater sampling 2 ea 14,040$          28,080$                2 baseline rounds for flow and water quality monitoring; 2 wells; TAL metals and inorganics

Restoration and Revegetation 1 ls 2,000$            2,000$                  based on 0.2 acre per UW entrance

Restoration and Mitigation
Restoration and Revegetation 2 acre 7,600$            12,160$                based on 0.2 acre per UW entrance
Cultural/Historical Monitoring and Mitigation 1 ls 50,000$          50,000$                20% of OU1 estimate
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Wetland and Habitat Mitigation 1.00 ls 100,000$        100,000$              from EMine costs

Institutional Controls (land use restrictions) 1 ls 35,000$          35,000$                
Remedial Action Report 1 ls 50,000$          50,000$                

Total Before Contingency and other factors 1,099,490$           

Contingency (30%) 30 % 329,847$              

SUBTOTAL 1,429,337$           

PreDesign Investigations, Modeling, and Site 
Characterization 1 ls 966,922$        966,922$              

Engineering, Design, and Regulatory Support 10% % 142,934$              
Project and Construction Management (12%) 12% % 171,520$              

TOTAL CAPITAL COSTS 2,710,713$           

Annual O&M Costs 
Site Inspections, Sampling, Reporting 1 LS 30,857$                
Routine Site Maintenance, Repairs, etc. 1 LS 17,000$                

SUBTOTAL 47,857$               

Contingency (10%) 10% % 4,786$                  
Project Management (5%) 5% % 2,393$                  

Total Annual O&M Cost 55,035$               

Cost type Year Total Cost  Total Cost per 
Year 

 Discount 
Factor (7%) Present Value

Present Value Analysis

Capital Cost 0 2,710,713$    2,710,713$           
Annual O&M Cost 1-30 1,651,063$    55,035$            0.498 822,129$              
Five Year Reviews 1-30 210,000$       7,000$              0.414 86,863$                

3,619,705$          
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Appendix C-1
Present Value of Annual and Periodic Costs - Years 1 through 30

Alternative UW-1
Ely Copper Mine Superfund Site

Vershire, Vermont
Page 1 of 1

Year (t)  GW 
Monitoring  Lab  Maintenance  Site 

Inspections 
 Annual 

Reporting 
 Contingency 

(@ 10%)  PM (@ 5%) 
Total Non-

Discounted 
Cost 

 Total Present 
Value 

 Five-Year 
Reviews 

0
1 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            
2 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            
3 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            
4 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            
5 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            
6 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            
7 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            
8 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            
9 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            
10 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            
11 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            
12 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            
13 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            
14 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            
15 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            
16 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            
17 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            
18 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            
19 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            
20 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            
21 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            
22 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            
23 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            
24 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            
25 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            
26 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            
27 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            
28 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            
29 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            
30 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            

TOTAL -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    210,000$        
Discount Factor 0.414

Total before contingency and PM -$                    210,000$        

Annualized O&M
 Total Pre-
Discount  Total PV 

 Total 
Annualized PV Discount Rate (i)

Site Inspections, Sampling, Reporting -$                    -$                    -$                0.070
Routine Site Maintenance, Repairs, etc. -$                    -$                    -$                    
Contingency (10%) -$                    -$                    -$                    PV = non-discounted cost X 1/((1+i)t)
Project Management (5%) -$                    -$                    -$                    
Annualized Five-Year Review Cost 210,000$        86,863$          7,000$            
TOTAL 210,000$        86,863$          7,000$            

NH-4054-2015 Nobis Engineering, Inc.



Appendix C-2
Present Value of Annual and Periodic Costs - Years 1 through 30

Alternative UW-2
Ely Copper Mine Superfund Site

Vershire, Vermont
Page 1 of 1

Year (t)  SW 
Monitoring  Lab  Maintenance  Site 

Inspections 
 Annual 

Reporting 
 Contingency 

(@ 10%)  PM (@ 5%) 
Total Non-

Discounted 
Cost 

 Total Present 
Value 

 Five-Year 
Reviews 

0
1 24,373$          24,100$          42,000$          9,280$            29,000$          12,875$          6,438$            148,066$        138,380$        7,000$            
2 24,373$          24,100$          32,000$          9,280$            19,000$          10,875$          5,438$            125,066$        109,238$        7,000$            
3 20,873$          14,100$          27,600$          5,480$            14,000$          8,205$            4,103$            94,361$          77,027$          7,000$            
4 20,873$          14,100$          20,480$          5,480$            14,000$          7,493$            3,747$            86,173$          65,741$          7,000$            
5 20,873$          14,100$          17,000$          5,480$            14,000$          7,145$            3,573$            82,171$          58,587$          7,000$            
6 1,400$            1,400$            10,000$          3,580$            2,400$            1,878$            939$               21,597$          14,391$          7,000$            
7 1,400$            1,400$            10,000$          3,580$            2,400$            1,878$            939$               21,597$          13,450$          7,000$            
8 1,400$            1,400$            10,000$          3,580$            2,400$            1,878$            939$               21,597$          12,570$          7,000$            
9 18,773$          5,500$            12,000$          3,580$            5,400$            4,525$            2,263$            52,041$          28,307$          7,000$            
10 1,400$            1,400$            8,000$            3,580$            2,400$            1,678$            839$               19,297$          9,810$            7,000$            
11 1,400$            1,400$            8,000$            3,580$            2,400$            1,678$            839$               19,297$          9,168$            7,000$            
12 1,400$            1,400$            8,000$            3,580$            2,400$            1,678$            839$               19,297$          8,568$            7,000$            
13 18,773$          5,500$            10,000$          3,580$            5,400$            4,325$            2,163$            49,741$          20,641$          7,000$            
14 1,400$            1,400$            8,000$            3,580$            2,400$            1,678$            839$               19,297$          7,484$            7,000$            
15 1,400$            1,400$            8,000$            3,580$            2,400$            1,678$            839$               19,297$          6,994$            7,000$            
16 1,400$            1,400$            8,000$            3,580$            2,400$            1,678$            839$               19,297$          6,537$            7,000$            
17 18,773$          5,500$            10,000$          3,580$            5,400$            4,325$            2,163$            49,741$          15,747$          7,000$            
18 1,400$            1,400$            8,000$            3,580$            2,400$            1,678$            839$               19,297$          5,709$            7,000$            
19 1,400$            1,400$            8,000$            3,580$            2,400$            1,678$            839$               19,297$          5,336$            7,000$            
20 1,400$            1,400$            8,000$            3,580$            2,400$            1,678$            839$               19,297$          4,987$            7,000$            
21 18,773$          5,500$            10,000$          3,580$            5,400$            4,325$            2,163$            49,741$          12,013$          7,000$            
22 1,400$            1,400$            8,000$            3,580$            2,400$            1,678$            839$               19,297$          4,356$            7,000$            
23 1,400$            1,400$            8,000$            3,580$            2,400$            1,678$            839$               19,297$          4,071$            7,000$            
24 1,400$            1,400$            8,000$            3,580$            2,400$            1,678$            839$               19,297$          3,804$            7,000$            
25 18,773$          5,500$            10,000$          3,580$            5,400$            4,325$            2,163$            49,741$          9,165$            7,000$            
26 1,400$            1,400$            8,000$            3,580$            2,400$            1,678$            839$               19,297$          3,323$            7,000$            
27 1,400$            1,400$            8,000$            3,580$            2,400$            1,678$            839$               19,297$          3,105$            7,000$            
28 1,400$            1,400$            8,000$            3,580$            2,400$            1,678$            839$               19,297$          2,902$            7,000$            
29 18,773$          5,500$            10,000$          3,580$            5,400$            4,325$            2,163$            49,741$          6,992$            7,000$            
30 1,400$            1,400$            8,000$            3,580$            2,400$            1,678$            839$               19,297$          2,535$            7,000$            

TOTAL 250,607$        150,100$        359,080$        124,500$        168,000$        105,229$        52,614$          1,210,130$     670,935$        210,000$        
Discount Factor 0.554

Total before contingency and PM 1,052,287$     

Annualized O&M
 Total Pre-
Discount  Total PV 

 Total 
Annualized PV Discount Rate (i)

Site Inspections, Sampling, Reporting 693,207$        390,961$        23,107$          0.070
Routine Site Maintenance, Repairs, etc. 359,080$        192,461$        11,969$          
Contingency (10%) 105,229$        58,342$          3,508$            PV = non-discounted cost X 1/((1+i)t)
Project Management (5%) 52,614$          29,171$          1,754$            
Annualized Five-Year Review Cost 210,000$        86,863$          7,000$            
TOTAL 1,420,130$     757,799$        47,338$          

NH-4054-2015 Nobis Engineering, Inc.



Appendix C-3
Present Value of Annual and Periodic Costs - Years 1 through 30

Alternative UW-3
Ely Copper Mine Superfund Site

Vershire, Vermont
Page 1 of 1

Year (t)  SW 
Monitoring  Lab  Maintenance  Site 

Inspections 
 Annual 

Reporting 
 Contingency 

(@ 10%)  PM (@ 5%) 
Total Non-

Discounted 
Cost 

 Total Present 
Value 

 Five-Year 
Reviews 

0
1 24,373$          24,100$          137,000$        9,280$            29,000$          22,375$          11,188$          257,316$        240,483$        7,000$            
2 24,373$          24,100$          110,000$        9,280$            19,000$          18,675$          9,338$            214,766$        187,585$        7,000$            
3 20,873$          14,100$          92,000$          5,480$            14,000$          14,645$          7,323$            168,421$        137,482$        7,000$            
4 20,873$          14,100$          68,000$          5,480$            14,000$          12,245$          6,123$            140,821$        107,432$        7,000$            
5 20,873$          14,100$          70,000$          5,480$            14,000$          12,445$          6,223$            143,121$        102,044$        7,000$            
6 3,500$            5,000$            68,000$          3,580$            6,000$            8,608$            4,304$            98,992$          65,963$          7,000$            
7 3,500$            5,000$            68,000$          3,580$            6,000$            8,608$            4,304$            98,992$          61,647$          7,000$            
8 3,500$            5,000$            68,000$          3,580$            6,000$            8,608$            4,304$            98,992$          57,614$          7,000$            
9 20,873$          9,100$            70,000$          3,580$            9,000$            11,255$          5,628$            129,436$        70,405$          7,000$            
10 3,500$            5,000$            68,000$          3,580$            6,000$            8,608$            4,304$            98,992$          50,323$          7,000$            
11 3,500$            5,000$            68,000$          3,580$            6,000$            8,608$            4,304$            98,992$          47,030$          7,000$            
12 3,500$            5,000$            68,000$          3,580$            6,000$            8,608$            4,304$            98,992$          43,954$          7,000$            
13 20,873$          9,100$            70,000$          3,580$            9,000$            11,255$          5,628$            129,436$        53,711$          7,000$            
14 3,500$            5,000$            68,000$          3,580$            6,000$            8,608$            4,304$            98,992$          38,391$          7,000$            
15 3,500$            5,000$            68,000$          3,580$            6,000$            8,608$            4,304$            98,992$          35,879$          7,000$            
16 3,500$            5,000$            68,000$          3,580$            6,000$            8,608$            4,304$            98,992$          33,532$          7,000$            
17 20,873$          9,100$            70,000$          3,580$            9,000$            11,255$          5,628$            129,436$        40,976$          7,000$            
18 3,500$            5,000$            68,000$          3,580$            6,000$            8,608$            4,304$            98,992$          29,288$          7,000$            
19 3,500$            5,000$            68,000$          3,580$            6,000$            8,608$            4,304$            98,992$          27,372$          7,000$            
20 3,500$            5,000$            68,000$          3,580$            6,000$            8,608$            4,304$            98,992$          25,581$          7,000$            
21 20,873$          9,100$            70,000$          3,580$            9,000$            11,255$          5,628$            129,436$        31,261$          7,000$            
22 3,500$            5,000$            68,000$          3,580$            6,000$            8,608$            4,304$            98,992$          22,344$          7,000$            
23 3,500$            5,000$            68,000$          3,580$            6,000$            8,608$            4,304$            98,992$          20,882$          7,000$            
24 3,500$            5,000$            68,000$          3,580$            6,000$            8,608$            4,304$            98,992$          19,516$          7,000$            
25 20,873$          9,100$            70,000$          3,580$            9,000$            11,255$          5,628$            129,436$        23,849$          7,000$            
26 3,500$            5,000$            68,000$          3,580$            6,000$            8,608$            4,304$            98,992$          17,046$          7,000$            
27 3,500$            5,000$            68,000$          3,580$            6,000$            8,608$            4,304$            98,992$          15,931$          7,000$            
28 3,500$            5,000$            68,000$          3,580$            6,000$            8,608$            4,304$            98,992$          14,889$          7,000$            
29 20,873$          9,100$            70,000$          3,580$            9,000$            11,255$          5,628$            129,436$        18,194$          7,000$            
30 3,500$            5,000$            68,000$          3,580$            6,000$            8,608$            4,304$            98,992$          13,004$          7,000$            

TOTAL 303,107$        240,100$        2,189,000$     124,500$        258,000$        311,471$        155,735$        3,581,913$     1,653,607$     210,000$        
Discount Factor 0.462

Total before contingency and PM 3,114,707$     

Annualized O&M
 Total Pre-
Discount  Total PV 

 Total 
Annualized PV Discount Rate (i)

Site Inspections, Sampling, Reporting 925,707$        468,233$        30,857$          0.070
Routine Site Maintenance, Repairs, etc. 2,189,000$     969,686$        72,967$          
Contingency (10%) 311,471$        143,792$        10,382$          PV = non-discounted cost X 1/((1+i)t)
Project Management (5%) 155,735$        71,896$          5,191$            
Annualized Five-Year Review Cost 210,000$        86,863$          7,000$            
TOTAL 3,791,913$     1,740,470$     126,397$        

NH-4054-2015 Nobis Engineering, Inc.



Appendix C-4
Present Value of Annual and Periodic Costs - Years 1 through 30

Alternative UW-4
Ely Copper Mine Superfund Site

Vershire, Vermont
Page 1 of 1

Year (t)  SW 
Monitoring  Lab  Maintenance  Site 

Inspections 
 Annual 

Reporting 
 Contingency 

(@ 10%)  PM (@ 5%) 
Total Non-

Discounted 
Cost 

 Total Present 
Value 

 Five-Year 
Reviews 

0
1 24,373$          24,100$          57,000$          9,280$            29,000$          14,375$          7,188$            165,316$        154,501$        7,000$            
2 24,373$          24,100$          30,000$          9,280$            19,000$          10,675$          5,338$            122,766$        107,229$        7,000$            
3 20,873$          14,100$          27,000$          5,480$            14,000$          8,145$            4,073$            93,671$          76,464$          7,000$            
4 20,873$          14,100$          18,000$          5,480$            14,000$          7,245$            3,623$            83,321$          63,565$          7,000$            
5 20,873$          14,100$          16,000$          5,480$            14,000$          7,045$            3,523$            81,021$          57,767$          7,000$            
6 3,500$            5,000$            14,000$          3,580$            6,000$            3,208$            1,604$            36,892$          24,583$          7,000$            
7 3,500$            5,000$            14,000$          3,580$            6,000$            3,208$            1,604$            36,892$          22,974$          7,000$            
8 3,500$            5,000$            14,000$          3,580$            6,000$            3,208$            1,604$            36,892$          21,471$          7,000$            
9 20,873$          9,100$            16,000$          3,580$            9,000$            5,855$            2,928$            67,336$          36,627$          7,000$            
10 3,500$            5,000$            14,000$          3,580$            6,000$            3,208$            1,604$            36,892$          18,754$          7,000$            
11 3,500$            5,000$            14,000$          3,580$            6,000$            3,208$            1,604$            36,892$          17,527$          7,000$            
12 3,500$            5,000$            14,000$          3,580$            6,000$            3,208$            1,604$            36,892$          16,380$          7,000$            
13 20,873$          9,100$            16,000$          3,580$            9,000$            5,855$            2,928$            67,336$          27,942$          7,000$            
14 3,500$            5,000$            14,000$          3,580$            6,000$            3,208$            1,604$            36,892$          14,307$          7,000$            
15 3,500$            5,000$            14,000$          3,580$            6,000$            3,208$            1,604$            36,892$          13,371$          7,000$            
16 3,500$            5,000$            14,000$          3,580$            6,000$            3,208$            1,604$            36,892$          12,497$          7,000$            
17 20,873$          9,100$            16,000$          3,580$            9,000$            5,855$            2,928$            67,336$          21,317$          7,000$            
18 3,500$            5,000$            14,000$          3,580$            6,000$            3,208$            1,604$            36,892$          10,915$          7,000$            
19 3,500$            5,000$            14,000$          3,580$            6,000$            3,208$            1,604$            36,892$          10,201$          7,000$            
20 3,500$            5,000$            14,000$          3,580$            6,000$            3,208$            1,604$            36,892$          9,534$            7,000$            
21 20,873$          9,100$            16,000$          3,580$            9,000$            5,855$            2,928$            67,336$          16,263$          7,000$            
22 3,500$            5,000$            14,000$          3,580$            6,000$            3,208$            1,604$            36,892$          8,327$            7,000$            
23 3,500$            5,000$            14,000$          3,580$            6,000$            3,208$            1,604$            36,892$          7,782$            7,000$            
24 3,500$            5,000$            14,000$          3,580$            6,000$            3,208$            1,604$            36,892$          7,273$            7,000$            
25 20,873$          9,100$            16,000$          3,580$            9,000$            5,855$            2,928$            67,336$          12,407$          7,000$            
26 3,500$            5,000$            14,000$          3,580$            6,000$            3,208$            1,604$            36,892$          6,353$            7,000$            
27 3,500$            5,000$            14,000$          3,580$            6,000$            3,208$            1,604$            36,892$          5,937$            7,000$            
28 3,500$            5,000$            14,000$          3,580$            6,000$            3,208$            1,604$            36,892$          5,549$            7,000$            
29 20,873$          9,100$            16,000$          3,580$            9,000$            5,855$            2,928$            67,336$          9,465$            7,000$            
30 3,500$            5,000$            14,000$          3,580$            6,000$            3,208$            1,604$            36,892$          4,846$            7,000$            

TOTAL 303,107$        240,100$        510,000$        124,500$        258,000$        143,571$        71,785$          1,651,063$     822,129$        210,000$        
Discount Factor 0.498

Total before contingency and PM 1,435,707$     

Annualized O&M
 Total Pre-
Discount  Total PV 

 Total 
Annualized PV Discount Rate (i)

Site Inspections, Sampling, Reporting 925,707$        468,233$        30,857$          0.070
Routine Site Maintenance, Repairs, etc. 510,000$        246,662$        17,000$          
Contingency (10%) 143,571$        71,489$          4,786$            PV = non-discounted cost X 1/((1+i)t)
Project Management (5%) 71,785$          35,745$          2,393$            
Annualized Five-Year Review Cost 210,000$        86,863$          7,000$            
TOTAL 1,861,063$     908,992$        62,035$          

NH-4054-2015 Nobis Engineering, Inc.



Appendix C-5
Present Value of Annual and Periodic Costs - Years 1 through 30

Alternative UWG-1 and AD-1
Ely Copper Mine Superfund Site

Vershire, Vermont
Page 1 of 1

Year (t)  GW 
Monitoring  Lab  Maintenance  Site 

Inspections 
 Annual 

Reporting 
 Contingency 

(@ 10%)  PM (@ 5%) 
 Total Non-
Discounted 

Cost 

 Total Present 
Value 

 Five-Year 
Reviews 

 Total Present 
Value 

0
1 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            6,542$             
2 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            6,114$             
3 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            5,714$             
4 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            5,340$             
5 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            4,991$             
6 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            4,664$             
7 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            4,359$             
8 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            4,074$             
9 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            3,808$             
10 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            3,558$             
11 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            3,326$             
12 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            3,108$             
13 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            2,905$             
14 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            2,715$             
15 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            2,537$             
16 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            2,371$             
17 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            2,216$             
18 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            2,071$             
19 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            1,936$             
20 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            1,809$             
21 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            1,691$             
22 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            1,580$             
23 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            1,477$             
24 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            1,380$             
25 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            1,290$             
26 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            1,205$             
27 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            1,127$             
28 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            1,053$             
29 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            984$                
30 -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    7,000$            920$                

TOTAL -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    -$                    210,000$        86,863$           
Discount Factor 0.414

Total before contingency and PM -$                    210,000$        

Annualized O&M
 Total Pre-
Discount 

 Total 
Annualized PV Discount Rate (i)

Site Inspections, Sampling, Reporting -$                    -$                0.070
Routine Site Maintenance, Repairs, etc. -$                    -$                    
Contingency (10%) -$                    -$                    PV = non-discounted cost X 1/((1+i)t)
Project Management (5%) -$                    -$                    
Annualized Five-Year Review Cost 210,000$        7,000$            
TOTAL 210,000$        7,000$            

NH-4054-2015 Nobis Engineering, Inc.



Appendix C-6
Present Value of Annual and Periodic Costs - Years 1 through 30

Alternative UWG-2
Ely Copper Mine Superfund Site

Vershire, Vermont

Year (t)  Monitoring  Lab  Maintenance  Site 
Inspections 

 Annual 
Reporting 

 Contingency 
(@ 10%)  PM (@ 5%) 

Total Non-
Discounted 

Cost 

 Total Present 
Value 

 Five-Year 
Reviews 

0
1 17,373$          4,100$            2,000$            1,680$            4,000$            2,915$            1,458$            33,526$          31,333$          7,000$            
2 17,373$          4,100$            -$                    1,680$            4,000$            2,715$            1,358$            31,226$          27,274$          7,000$            
3 17,373$          4,100$            2,000$            1,680$            4,000$            2,915$            1,458$            33,526$          27,367$          7,000$            
4 17,373$          4,100$            -$                    1,680$            4,000$            2,715$            1,358$            31,226$          23,822$          7,000$            
5 17,373$          4,100$            2,000$            1,680$            4,000$            2,915$            1,458$            33,526$          23,904$          7,000$            
6 -$                    -$                    -$                    1,680$            1,000$            268$               134$               3,082$            2,054$            7,000$            
7 -$                    -$                    -$                    1,680$            1,000$            268$               134$               3,082$            1,919$            7,000$            
8 -$                    -$                    -$                    1,680$            1,000$            268$               134$               3,082$            1,794$            7,000$            
9 17,373$          4,100$            2,000$            1,680$            4,000$            2,915$            1,458$            33,526$          18,236$          7,000$            

10 -$                    -$                    -$                    1,680$            1,000$            268$               134$               3,082$            1,567$            7,000$            
11 -$                    -$                    -$                    1,680$            1,000$            268$               134$               3,082$            1,464$            7,000$            
12 -$                    -$                    -$                    1,680$            1,000$            268$               134$               3,082$            1,368$            7,000$            
13 17,373$          4,100$            2,000$            1,680$            4,000$            2,915$            1,458$            33,526$          13,912$          7,000$            
14 -$                    -$                    -$                    1,680$            1,000$            268$               134$               3,082$            1,195$            7,000$            
15 -$                    -$                    -$                    1,680$            1,000$            268$               134$               3,082$            1,117$            7,000$            
16 -$                    -$                    -$                    1,680$            1,000$            268$               134$               3,082$            1,044$            7,000$            
17 17,373$          4,100$            2,000$            1,680$            4,000$            2,915$            1,458$            33,526$          10,614$          7,000$            
18 -$                    -$                    -$                    1,680$            1,000$            268$               134$               3,082$            912$               7,000$            
19 -$                    -$                    -$                    1,680$            1,000$            268$               134$               3,082$            852$               7,000$            
20 -$                    -$                    -$                    1,680$            1,000$            268$               134$               3,082$            796$               7,000$            
21 17,373$          4,100$            2,000$            1,680$            4,000$            2,915$            1,458$            33,526$          8,097$            7,000$            
22 -$                    -$                    -$                    1,680$            1,000$            268$               134$               3,082$            696$               7,000$            
23 -$                    -$                    -$                    1,680$            1,000$            268$               134$               3,082$            650$               7,000$            
24 -$                    -$                    -$                    1,680$            1,000$            268$               134$               3,082$            608$               7,000$            
25 17,373$          4,100$            2,000$            1,680$            4,000$            2,915$            1,458$            33,526$          6,177$            7,000$            
26 -$                    -$                    -$                    1,680$            1,000$            268$               134$               3,082$            531$               7,000$            
27 -$                    -$                    -$                    1,680$            1,000$            268$               134$               3,082$            496$               7,000$            
28 -$                    -$                    -$                    1,680$            1,000$            268$               134$               3,082$            464$               7,000$            
29 17,373$          4,100$            2,000$            1,680$            4,000$            2,915$            1,458$            33,526$          4,713$            7,000$            
30 -$                    -$                    -$                    1,680$            1,000$            268$               134$               3,082$            405$               7,000$            

TOTAL 191,107$        45,100$          18,000$          50,400$          63,000$          36,761$          18,380$          422,748$        215,381$        210,000$        
Discount Factor 0.509

Total before contingency and PM 367,607$        

Annualized O&M
 Total Pre-
Discount 

 Total 
Annualized PV Discount Rate (i)

Site Inspections, Sampling, Reporting 349,607$        11,654$          0.070
Routine Site Maintenance, Repairs, etc. 18,000$          600$               
Contingency (10%) 36,761$          1,225$            PV = non-discounted cost X 1/((1+i)t)
Project Management (5%) 18,380$          613$               
Annualized Five-Year Review Cost 210,000$        7,000$            
TOTAL 632,748$        21,092$          

NH-4054-2015 Nobis Engineering, Inc.



Appendix C-7
Present Value of Annual and Periodic Costs - Years 1 through 30

Alternative AD-2
Ely Copper Mine Superfund Site

Vershire, Vermont
Page 1 of 1

Year (t)  SW 
Monitoring  Lab  Maintenance  Site 

Inspections 
 Annual 

Reporting 
 Contingency 

(@ 10%)  PM (@ 5%) 
Total Non-

Discounted 
Cost 

 Total Present 
Value 

 Five-Year 
Reviews 

0
1 7,000$            20,000$          40,000$          7,600$            25,000$          9,960$            4,980$            114,540$        107,047$        7,000$            
2 7,000$            20,000$          32,000$          7,600$            15,000$          8,160$            4,080$            93,840$          81,963$          7,000$            
3 3,500$            10,000$          25,600$          3,800$            10,000$          5,290$            2,645$            60,835$          49,659$          7,000$            
4 3,500$            10,000$          20,480$          3,800$            10,000$          4,778$            2,389$            54,947$          41,919$          7,000$            
5 3,500$            10,000$          15,000$          3,800$            10,000$          4,230$            2,115$            48,645$          34,683$          7,000$            
6 1,400$            1,400$            10,000$          1,900$            1,400$            1,610$            805$               18,515$          12,337$          7,000$            
7 1,400$            1,400$            10,000$          1,900$            1,400$            1,610$            805$               18,515$          11,530$          7,000$            
8 1,400$            1,400$            10,000$          1,900$            1,400$            1,610$            805$               18,515$          10,776$          7,000$            
9 1,400$            1,400$            10,000$          1,900$            1,400$            1,610$            805$               18,515$          10,071$          7,000$            
10 1,400$            1,400$            8,000$            1,900$            1,400$            1,410$            705$               16,215$          8,243$            7,000$            
11 1,400$            1,400$            8,000$            1,900$            1,400$            1,410$            705$               16,215$          7,704$            7,000$            
12 1,400$            1,400$            8,000$            1,900$            1,400$            1,410$            705$               16,215$          7,200$            7,000$            
13 1,400$            1,400$            8,000$            1,900$            1,400$            1,410$            705$               16,215$          6,729$            7,000$            
14 1,400$            1,400$            8,000$            1,900$            1,400$            1,410$            705$               16,215$          6,288$            7,000$            
15 1,400$            1,400$            8,000$            1,900$            1,400$            1,410$            705$               16,215$          5,877$            7,000$            
16 1,400$            1,400$            8,000$            1,900$            1,400$            1,410$            705$               16,215$          5,493$            7,000$            
17 1,400$            1,400$            8,000$            1,900$            1,400$            1,410$            705$               16,215$          5,133$            7,000$            
18 1,400$            1,400$            8,000$            1,900$            1,400$            1,410$            705$               16,215$          4,797$            7,000$            
19 1,400$            1,400$            8,000$            1,900$            1,400$            1,410$            705$               16,215$          4,484$            7,000$            
20 1,400$            1,400$            8,000$            1,900$            1,400$            1,410$            705$               16,215$          4,190$            7,000$            
21 1,400$            1,400$            8,000$            1,900$            1,400$            1,410$            705$               16,215$          3,916$            7,000$            
22 1,400$            1,400$            8,000$            1,900$            1,400$            1,410$            705$               16,215$          3,660$            7,000$            
23 1,400$            1,400$            8,000$            1,900$            1,400$            1,410$            705$               16,215$          3,421$            7,000$            
24 1,400$            1,400$            8,000$            1,900$            1,400$            1,410$            705$               16,215$          3,197$            7,000$            
25 1,400$            1,400$            8,000$            1,900$            1,400$            1,410$            705$               16,215$          2,988$            7,000$            
26 1,400$            1,400$            8,000$            1,900$            1,400$            1,410$            705$               16,215$          2,792$            7,000$            
27 1,400$            1,400$            8,000$            1,900$            1,400$            1,410$            705$               16,215$          2,609$            7,000$            
28 1,400$            1,400$            8,000$            1,900$            1,400$            1,410$            705$               16,215$          2,439$            7,000$            
29 1,400$            1,400$            8,000$            1,900$            1,400$            1,410$            705$               16,215$          2,279$            7,000$            
30 1,400$            1,400$            8,000$            1,900$            1,400$            1,410$            705$               16,215$          2,130$            7,000$            

TOTAL 59,500$          105,000$        341,080$        74,100$          105,000$        68,468$          34,234$          787,382$        455,554$        210,000$        
Discount Factor 0.579

Total before contingency and PM 684,680$        

Annualized O&M
 Total Pre-
Discount 

 Total 
Annualized PV Discount Rate (i)

Site Inspections, Sampling, Reporting 343,600$        11,453$          0.070
Routine Site Maintenance, Repairs, etc. 341,080$        11,369$          
Contingency (10%) 68,468$          2,282$            PV = non-discounted cost X 1/((1+i)t)
Project Management (5%) 34,234$          1,141$            
Annualized Five-Year Review Cost 210,000$        7,000$            
TOTAL 997,382$        33,246$          

NH-4054-2015 Nobis Engineering, Inc.



Appendix C-8
Present Value of Annual and Periodic Costs - Years 1 through 30

Alternative AD-3
Ely Copper Mine Superfund Site

Vershire, Vermont
Page 1 of 1

Year (t)  SW 
Monitoring  Lab  Maintenance  Site 

Inspections 
 Annual 

Reporting 
 Contingency 

(@ 10%)  PM (@ 5%) 
Total Non-

Discounted 
Cost 

 Total Present 
Value 

 Five-Year 
Reviews 

0
1 7,000$            20,000$          135,000$        7,600$            25,000$          19,460$          9,730$            223,790$        209,150$        7,000$            
2 7,000$            20,000$          110,000$        7,600$            15,000$          15,960$          7,980$            183,540$        160,311$        7,000$            
3 3,500$            10,000$          90,000$          3,800$            10,000$          11,730$          5,865$            134,895$        110,115$        7,000$            
4 3,500$            10,000$          68,000$          3,800$            10,000$          9,530$            4,765$            109,595$        83,610$          7,000$            
5 3,500$            10,000$          68,000$          3,800$            10,000$          9,530$            4,765$            109,595$        78,140$          7,000$            
6 3,500$            5,000$            68,000$          1,900$            5,000$            8,340$            4,170$            95,910$          63,909$          7,000$            
7 3,500$            5,000$            68,000$          1,900$            5,000$            8,340$            4,170$            95,910$          59,728$          7,000$            
8 3,500$            5,000$            68,000$          1,900$            5,000$            8,340$            4,170$            95,910$          55,820$          7,000$            
9 3,500$            5,000$            68,000$          1,900$            5,000$            8,340$            4,170$            95,910$          52,169$          7,000$            
10 3,500$            5,000$            68,000$          1,900$            5,000$            8,340$            4,170$            95,910$          48,756$          7,000$            
11 3,500$            5,000$            68,000$          1,900$            5,000$            8,340$            4,170$            95,910$          45,566$          7,000$            
12 3,500$            5,000$            68,000$          1,900$            5,000$            8,340$            4,170$            95,910$          42,585$          7,000$            
13 3,500$            5,000$            68,000$          1,900$            5,000$            8,340$            4,170$            95,910$          39,799$          7,000$            
14 3,500$            5,000$            68,000$          1,900$            5,000$            8,340$            4,170$            95,910$          37,196$          7,000$            
15 3,500$            5,000$            68,000$          1,900$            5,000$            8,340$            4,170$            95,910$          34,762$          7,000$            
16 3,500$            5,000$            68,000$          1,900$            5,000$            8,340$            4,170$            95,910$          32,488$          7,000$            
17 3,500$            5,000$            68,000$          1,900$            5,000$            8,340$            4,170$            95,910$          30,363$          7,000$            
18 3,500$            5,000$            68,000$          1,900$            5,000$            8,340$            4,170$            95,910$          28,376$          7,000$            
19 3,500$            5,000$            68,000$          1,900$            5,000$            8,340$            4,170$            95,910$          26,520$          7,000$            
20 3,500$            5,000$            68,000$          1,900$            5,000$            8,340$            4,170$            95,910$          24,785$          7,000$            
21 3,500$            5,000$            68,000$          1,900$            5,000$            8,340$            4,170$            95,910$          23,164$          7,000$            
22 3,500$            5,000$            68,000$          1,900$            5,000$            8,340$            4,170$            95,910$          21,648$          7,000$            
23 3,500$            5,000$            68,000$          1,900$            5,000$            8,340$            4,170$            95,910$          20,232$          7,000$            
24 3,500$            5,000$            68,000$          1,900$            5,000$            8,340$            4,170$            95,910$          18,908$          7,000$            
25 3,500$            5,000$            68,000$          1,900$            5,000$            8,340$            4,170$            95,910$          17,671$          7,000$            
26 3,500$            5,000$            68,000$          1,900$            5,000$            8,340$            4,170$            95,910$          16,515$          7,000$            
27 3,500$            5,000$            68,000$          1,900$            5,000$            8,340$            4,170$            95,910$          15,435$          7,000$            
28 3,500$            5,000$            68,000$          1,900$            5,000$            8,340$            4,170$            95,910$          14,425$          7,000$            
29 3,500$            5,000$            68,000$          1,900$            5,000$            8,340$            4,170$            95,910$          13,481$          7,000$            
30 3,500$            5,000$            68,000$          1,900$            5,000$            8,340$            4,170$            95,910$          12,599$          7,000$            

TOTAL 112,000$        195,000$        2,171,000$     74,100$          195,000$        274,710$        137,355$        3,159,165$     1,438,225$     210,000$        
Discount Factor 0.455

Total before contingency and PM 2,747,100$     

Annualized O&M
 Total Pre-
Discount 

 Total 
Annualized PV Discount Rate (i)

Site Inspections, Sampling, Reporting 576,100$        19,203$          0.070
Routine Site Maintenance, Repairs, etc. 2,171,000$     72,367$          
Contingency (10%) 274,710$        9,157$            PV = non-discounted cost X 1/((1+i)t)
Project Management (5%) 137,355$        4,579$            
Annualized Five-Year Review Cost 210,000$        7,000$            
TOTAL 3,369,165$     112,306$        

NH-4054-2015 Nobis Engineering, Inc.



Appendix C-9
Present Value of Annual and Periodic Costs - Years 1 through 30

Alternative AD-4
Ely Copper Mine Superfund Site

Vershire, Vermont
Page 1 of 1

Year (t)  SW 
Monitoring  Lab  Maintenance  Site 

Inspections 
 Annual 

Reporting 
 Contingency 

(@ 10%)  PM (@ 5%) 
Total Non-

Discounted 
Cost 

 Total Present 
Value 

 Five-Year 
Reviews 

0
1 7,000$            20,000$          55,000$          7,600$            25,000$          11,460$          5,730$            131,790$        123,168$        7,000$            
2 7,000$            20,000$          30,000$          7,600$            15,000$          7,960$            3,980$            91,540$          79,955$          7,000$            
3 3,500$            10,000$          25,000$          3,800$            10,000$          5,230$            2,615$            60,145$          49,096$          7,000$            
4 3,500$            10,000$          18,000$          3,800$            10,000$          4,530$            2,265$            52,095$          39,743$          7,000$            
5 3,500$            10,000$          14,000$          3,800$            10,000$          4,130$            2,065$            47,495$          33,863$          7,000$            
6 3,500$            5,000$            14,000$          1,900$            5,000$            2,940$            1,470$            33,810$          22,529$          7,000$            
7 3,500$            5,000$            14,000$          1,900$            5,000$            2,940$            1,470$            33,810$          21,055$          7,000$            
8 3,500$            5,000$            14,000$          1,900$            5,000$            2,940$            1,470$            33,810$          19,678$          7,000$            
9 3,500$            5,000$            14,000$          1,900$            5,000$            2,940$            1,470$            33,810$          18,390$          7,000$            
10 3,500$            5,000$            14,000$          1,900$            5,000$            2,940$            1,470$            33,810$          17,187$          7,000$            
11 3,500$            5,000$            14,000$          1,900$            5,000$            2,940$            1,470$            33,810$          16,063$          7,000$            
12 3,500$            5,000$            14,000$          1,900$            5,000$            2,940$            1,470$            33,810$          15,012$          7,000$            
13 3,500$            5,000$            14,000$          1,900$            5,000$            2,940$            1,470$            33,810$          14,030$          7,000$            
14 3,500$            5,000$            14,000$          1,900$            5,000$            2,940$            1,470$            33,810$          13,112$          7,000$            
15 3,500$            5,000$            14,000$          1,900$            5,000$            2,940$            1,470$            33,810$          12,254$          7,000$            
16 3,500$            5,000$            14,000$          1,900$            5,000$            2,940$            1,470$            33,810$          11,453$          7,000$            
17 3,500$            5,000$            14,000$          1,900$            5,000$            2,940$            1,470$            33,810$          10,703$          7,000$            
18 3,500$            5,000$            14,000$          1,900$            5,000$            2,940$            1,470$            33,810$          10,003$          7,000$            
19 3,500$            5,000$            14,000$          1,900$            5,000$            2,940$            1,470$            33,810$          9,349$            7,000$            
20 3,500$            5,000$            14,000$          1,900$            5,000$            2,940$            1,470$            33,810$          8,737$            7,000$            
21 3,500$            5,000$            14,000$          1,900$            5,000$            2,940$            1,470$            33,810$          8,166$            7,000$            
22 3,500$            5,000$            14,000$          1,900$            5,000$            2,940$            1,470$            33,810$          7,631$            7,000$            
23 3,500$            5,000$            14,000$          1,900$            5,000$            2,940$            1,470$            33,810$          7,132$            7,000$            
24 3,500$            5,000$            14,000$          1,900$            5,000$            2,940$            1,470$            33,810$          6,666$            7,000$            
25 3,500$            5,000$            14,000$          1,900$            5,000$            2,940$            1,470$            33,810$          6,229$            7,000$            
26 3,500$            5,000$            14,000$          1,900$            5,000$            2,940$            1,470$            33,810$          5,822$            7,000$            
27 3,500$            5,000$            14,000$          1,900$            5,000$            2,940$            1,470$            33,810$          5,441$            7,000$            
28 3,500$            5,000$            14,000$          1,900$            5,000$            2,940$            1,470$            33,810$          5,085$            7,000$            
29 3,500$            5,000$            14,000$          1,900$            5,000$            2,940$            1,470$            33,810$          4,752$            7,000$            
30 3,500$            5,000$            14,000$          1,900$            5,000$            2,940$            1,470$            33,810$          4,442$            7,000$            

TOTAL 112,000$        195,000$        492,000$        74,100$          195,000$        106,810$        53,405$          1,228,315$     606,747$        210,000$        
Discount Factor 0.494

Total before applied costs 3,273,377$     

Annualized O&M
 Total Pre-
Discount 

 Total 
Annualized PV Discount Rate (i)

Site Inspections, Sampling, Reporting 576,100$        19,203$          0.070
Routine Site Maintenance, Repairs, etc. 492,000$        16,400$          
Contingency (10%) 106,810$        3,560$            PV = non-discounted cost X 1/((1+i)t)
Project Management (5%) 53,405$          1,780$            
Annualized Five-Year Review Cost 210,000$        7,000$            
TOTAL 1,438,315$     47,944$          

NH-4054-2015 Nobis Engineering, Inc.



 

 

 

 

 

 

 

 

 

 

 

APPENDIX D 

               SPREADSHEETS FOR ENVIRONMENTAL FOOTPRINT ANALYSIS
 

  



Greener Cleanups: EPA Spreadsheets for Environmental Footprint Analysis - August 2014
Ely Copper Mine Site - AD-2

Deep Adit 
structural PDI

Deep Adit flow-
through bulkhead

Deep Adit Borings 
for Injection

Deep Adit Flowable 
Fill < Component 5 > < Component 6 > Total

M&W-1 Refined materials used on-site Tons 6.7 60.7 14.5 1,781.4 0.0 0.0 1,863.4

M&W-2 % of refined materials from recycled or reused material % 0.0% 0.0% 0.0% 100.0% 95.6%

M&W-3 Unrefined materials used on-site Tons 0.0 0.0 0.0 67.5 0.0 0.0 67.5

M&W-4 % of unrefined materials from recycled or reused material % 0.0% 0.0%

M&W-5 On-site hazardous waste disposed of off-site Tons 0.0 0.0 0.0 0.0 0.0 0.0 0.0

M&W-6 On-site non-hazardous waste disposed of off-site Tons 0.0 0.0 0.0 0.0 0.0 0.0 0.0

M&W-7 % of total potential waste recycled or reused % 100.0% 100.0%

W-1 Public water use MG 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W-2 Groundwater use MG 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W-3 Surface water use MG 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W-4 Reclaimed water use MG 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W-5 Storm water use MG 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W-6 Other water resource #1 MG 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W-7 Other water resource #2 MG 0.0 0.0 0.0 0.0 0.0 0.0 0.0

E-1 Total energy used (on-site and off-Site) MMBtu 443.8 143.5 529.6 53,976.8 0.0 0.0 55,093.8

E-2 Energy voluntarily derived from renewable resources

E-2A
On-site renewable energy generation or use + on-site 
biodiesel use + biodiesel and other renewable resource use for 
transportation

MMBtu 0.0 0.0 0.0 0.0 0.0 0.0 0.0

E-2B Voluntary purchase of renewable electricity MWh 0.0 0.0 0.0 0.0 0.0 0.0 0.0

E-3 Voluntary purchase of RECs MWh 0.0 0.0 0.0 0.0 0.0 0.0 0.0

E-4 On-site grid electricity use MWh 0.0 0.0 0.0 0.0 0.0 0.0 0.0

A-1 On-site NOx, SOx, and PM emissions Pounds 382.9 80.5 437.2 100.0 0.0 0.0 1,000.5

A-2 On-site HAP emissions Pounds 0.0 0.0 0.0 0.0 0.0 0.0 0.0

A-3 Total NOx, SOx, and PM emissions Pounds 540.4 182.6 641.4 36,671.4 0.0 0.0 38,035.8

A-3A       Total NOx emissions Pounds 461.5 140.6 533.3 11,260.7 0.0 0.0 12,396.0

A-3B       Total SOx emissions Pounds 66.5 38.1 91.0 23,225.9 0.0 0.0 23,421.5

A-3C       Total PM emissions Pounds 12.4 3.9 17.2 2,184.8 0.0 0.0 2,218.2

A-4 Total HAP emissions Pounds 1.0 1.4 1.7 57.5 0.0 0.0 61.5

A-5 Total greenhouse gas emissions Tons CO2e* 38.9 18.1 49.6 3,017.9 0.0 0.0 3,124.4

* Total greenhouse gases emissions (in CO2e) include consideration of CO2, CH4, and N2O (Nitrous oxide) emissions.
"MMBtu" = millions of Btus
"MG" = millions of gallons
"CO2e" = carbon dioxide equivalents of global warming potential
"MWh" = megawatt hours (i.e., thousands of kilowatt-hours or millions of Watt-hours)
"Tons" = short tons (2,000 pounds)

Notes:

Land & Ecosystems Qualitative Description

Environmental Footprint Summary

Materials & 
Waste

Air

Unit of 
Measure

Core 
Element

Footprint

Water 
(used 

on-site)

Metric

Energy

The above metrics are consistent with EPA's Methodology for Understanding and Reducing a Project’s Environmental 
Footprint (EPA 542-R-12-002), February 2012



Greener Cleanups: EPA Spreadsheets for Environmental Footprint Analysis - August 2014
Ely Copper Mine Site - AD-3

Flowable Fill
Chemical 

Treatment - 
Installation

Routine O&M < Component 4 > < Component 5 > < Component 6 > Total

M&W-1 Refined materials used on-site Tons 801.6 374.0 252.3 0.0 0.0 0.0 1,427.8

M&W-2 % of refined materials from recycled or reused material % 100.0% 0.0% 0.0% 56.1%

M&W-3 Unrefined materials used on-site Tons 0.0 0.0 0.0 0.0 0.0 0.0 0.0

M&W-4 % of unrefined materials from recycled or reused material %

M&W-5 On-site hazardous waste disposed of off-site Tons 0.0 0.0 0.0 0.0 0.0 0.0 0.0

M&W-6 On-site non-hazardous waste disposed of off-site Tons 0.0 0.0 0.0 0.0 0.0 0.0 0.0

M&W-7 % of total potential waste recycled or reused % 100.0% 100.0%

W-1 Public water use MG 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W-2 Groundwater use MG 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W-3 Surface water use MG 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W-4 Reclaimed water use MG 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W-5 Storm water use MG 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W-6 Other water resource #1 MG 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W-7 Other water resource #2 MG 0.0 0.0 0.0 0.0 0.0 0.0 0.0

E-1 Total energy used (on-site and off-Site) MMBtu 24,226.8 2,173.5 17,457.2 0.0 0.0 0.0 43,857.6

E-2 Energy voluntarily derived from renewable resources

E-2A
On-site renewable energy generation or use + on-site 
biodiesel use + biodiesel and other renewable resource use for 
transportation

MMBtu 0.0 0.0 0.0 0.0 0.0 0.0 0.0

E-2B Voluntary purchase of renewable electricity MWh 0.0 0.0 0.0 0.0 0.0 0.0 0.0

E-3 Voluntary purchase of RECs MWh 0.0 0.0 0.0 0.0 0.0 0.0 0.0

E-4 On-site grid electricity use MWh 0.0 0.0 708.0 0.0 0.0 0.0 708.0

A-1 On-site NOx, SOx, and PM emissions Pounds 0.0 214.6 0.0 0.0 0.0 0.0 214.6

A-2 On-site HAP emissions Pounds 0.0 0.0 0.0 0.0 0.0 0.0 0.0

A-3 Total NOx, SOx, and PM emissions Pounds 16,431.3 2,866.1 15,903.1 0.0 0.0 0.0 35,200.4

A-3A       Total NOx emissions Pounds 5,007.4 1,950.3 4,652.5 0.0 0.0 0.0 11,610.3

A-3B       Total SOx emissions Pounds 10,441.9 887.7 10,879.6 0.0 0.0 0.0 22,209.1

A-3C       Total PM emissions Pounds 982.0 28.1 370.9 0.0 0.0 0.0 1,381.0

A-4 Total HAP emissions Pounds 25.8 23.5 243.1 0.0 0.0 0.0 292.5

A-5 Total greenhouse gas emissions Tons CO2e* 1,353.0 383.8 1,029.7 0.0 0.0 0.0 2,766.5

* Total greenhouse gases emissions (in CO2e) include consideration of CO2, CH4, and N2O (Nitrous oxide) emissions.
"MMBtu" = millions of Btus
"MG" = millions of gallons
"CO2e" = carbon dioxide equivalents of global warming potential
"MWh" = megawatt hours (i.e., thousands of kilowatt-hours or millions of Watt-hours)
"Tons" = short tons (2,000 pounds)

Notes:

Land & Ecosystems Qualitative Description

Environmental Footprint Summary

Materials & 
Waste

Air

Unit of 
Measure

Core 
Element

Footprint

Water 
(used 

on-site)

Metric

Energy

The above metrics are consistent with EPA's Methodology for Understanding and Reducing a Project’s Environmental 
Footprint (EPA 542-R-12-002), February 2012



Greener Cleanups: EPA Spreadsheets for Environmental Footprint Analysis - August 2014
Ely Copper Mine Site - AD-4

Flowable Fill
Biological 

Treatment - 
Installation

Routine O&M < Component 4 > < Component 5 > < Component 6 > Total

M&W-1 Refined materials used on-site Tons 1,603.1 81.1 60.0 0.0 0.0 0.0 1,744.3

M&W-2 % of refined materials from recycled or reused material % 100.0% 73.9% 100.0% 98.8%

M&W-3 Unrefined materials used on-site Tons 0.0 180.0 180.0 0.0 0.0 0.0 360.0

M&W-4 % of unrefined materials from recycled or reused material % 0.0% 0.0% 0.0%

M&W-5 On-site hazardous waste disposed of off-site Tons 0.0 0.0 0.0 0.0 0.0 0.0 0.0

M&W-6 On-site non-hazardous waste disposed of off-site Tons 0.0 0.0 254.0 0.0 0.0 0.0 254.0

M&W-7 % of total potential waste recycled or reused % 9.9% 9.9%

W-1 Public water use MG 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W-2 Groundwater use MG 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W-3 Surface water use MG 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W-4 Reclaimed water use MG 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W-5 Storm water use MG 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W-6 Other water resource #1 MG 0.0 0.0 0.0 0.0 0.0 0.0 0.0

W-7 Other water resource #2 MG 0.0 0.0 0.0 0.0 0.0 0.0 0.0

E-1 Total energy used (on-site and off-Site) MMBtu 48,451.6 7,617.4 8,333.9 0.0 0.0 0.0 64,403.0

E-2 Energy voluntarily derived from renewable resources

E-2A
On-site renewable energy generation or use + on-site 
biodiesel use + biodiesel and other renewable resource use for 
transportation

MMBtu 0.0 0.0 0.0 0.0 0.0 0.0 0.0

E-2B Voluntary purchase of renewable electricity MWh 0.0 0.0 0.0 0.0 0.0 0.0 0.0

E-3 Voluntary purchase of RECs MWh 0.0 0.0 0.0 0.0 0.0 0.0 0.0

E-4 On-site grid electricity use MWh 0.0 0.0 0.0 0.0 0.0 0.0 0.0

A-1 On-site NOx, SOx, and PM emissions Pounds 0.0 158.2 80.5 0.0 0.0 0.0 238.7

A-2 On-site HAP emissions Pounds 0.0 0.0 0.0 0.0 0.0 0.0 0.0

A-3 Total NOx, SOx, and PM emissions Pounds 32,861.6 5,324.7 6,364.2 0.0 0.0 0.0 44,550.4

A-3A       Total NOx emissions Pounds 10,014.3 1,799.9 2,674.6 0.0 0.0 0.0 14,488.8

A-3B       Total SOx emissions Pounds 20,883.2 3,220.9 3,270.5 0.0 0.0 0.0 27,374.7

A-3C       Total PM emissions Pounds 1,964.0 303.9 419.0 0.0 0.0 0.0 2,686.9

A-4 Total HAP emissions Pounds 51.6 11.0 9.0 0.0 0.0 0.0 71.5

A-5 Total greenhouse gas emissions Tons CO2e* 2,705.9 443.0 491.7 0.0 0.0 0.0 3,640.6

* Total greenhouse gases emissions (in CO2e) include consideration of CO2, CH4, and N2O (Nitrous oxide) emissions.
"MMBtu" = millions of Btus
"MG" = millions of gallons
"CO2e" = carbon dioxide equivalents of global warming potential
"MWh" = megawatt hours (i.e., thousands of kilowatt-hours or millions of Watt-hours)
"Tons" = short tons (2,000 pounds)

Notes:

Land & Ecosystems Qualitative Description

Environmental Footprint Summary

Materials & 
Waste

Air

Unit of 
Measure

Core 
Element

Footprint

Water 
(used 

on-site)

Metric

Energy

The above metrics are consistent with EPA's Methodology for Understanding and Reducing a Project’s Environmental 
Footprint (EPA 542-R-12-002), February 2012



Input Worksheet for Input Template Ely Copper Mine Site ‐ AD‐2

1

General Scope

Personnel Transportation

Number of 
Roundtrips 
to Site

Roundtrip 
Distance to 

Site
(miles)

Transport Fuel 
Type*

Total Distance 
Transported 

(miles)
Default Fuel 
Usage Rate**

Fuel Usage 
Rate 

Override**

Fuel Used for 
Personnel 
Transport**

3 300 Gasoline 900 17 52.9
3 300 Diesel 900 20 45
3 300 Gasoline 900 17 52.9
4 300 Gasoline 1200 17 70.6
3 300 Diesel 900 20 45
3 300 Gasoline 900 17 52.9
3 20 Gasoline 60 24 2.5

On‐Site Equipment Use and Transportation

HP*
Load Factor

(%)*
Equipment 
Fuel Type

Equipment 
Fuel Usage 

Rate
(gal/hr)

Equipment 
Hours 

Operated

Fuel Used for 
On‐site 

Equipment 
(gallons)

Number of 
Equipment 

Roundtrips to 
Site

Roundtrip 
Distance to 

Site
(miles)

Total Distance 
Transported 

(miles)
Transport Fuel 

Type
Default Fuel 
Usage Rate**

Fuel Usage 
Rate 

Override**

Fuel Used for 
Equipment 
Transport**

500 75% Diesel 18.75 100 1875 1 200 200
100 75% Diesel 3.75 10 37.5 1 50 50 Diesel 6 8.3
400 75% Diesel 15 4 60 1 50 50
150 75% Diesel 5.625 30 168.75 1 200 200

On‐Site Electricity Use

Equipment Type HP
Load Factor

(%)
Efficiency

(%)
Electrical 

Rating (kW) Hours Used
Energy Used 

(kWh)
Power Rating 

(Btu/hr) Efficiency (%) Hours Used

Energy 
Required 
(Btu)

Natural Gas 
Used (ccf)

<Equip. with HP, Efficiency, and Hours>
<Equip. with HP, Efficiency, and Hours>
<Equip. with HP, Efficiency, and Hours> 0
<Equip. with HP, Efficiency, and Hours> 0
<Equip. with known kW rating> 0 0 0
<Equip. with known kW rating>
<Equip. with known kW rating>
<Equip. with known kW rating>
<Equip. with known total Energy Used>
<Equip. with known total Energy Used>
<Equip. with known total Energy Used>
<Equip. with known total Energy Used>

0

0Total Grid Electricity Used
* Electricity generated on‐site from renewable resources, for which the facility retains the rights to the renewable 
energy (i.e., does not sell renewable energy certificates associated with the renewable energy generation).

Estimated Total Electricity Usage Based on Above

Please see the “Detailed Notes and Explanations” tab for instructions on using the two tables above (“On‐site Natural Gas Use” and 
“Landfill Gas Combusted On‐Site for Energy Use”).  In the two tables above, ccf = hundreds of cubic feet.

0
Renewable Electricity Generated On‐Site* Total 0

% Methane by 
volume

Landfill Gas Methane Used 
(ccf) Notes
0

Landfill Gas Combusted On‐Site for Energy Use

Equipment Type
Landfill Gas 

(ccf)

Totals

On‐Site Natural Gas Use

Notes Equipment Type Notes

** for biodiesel, B20, diesel, and gasoline, units are gallons for Fuel Used and miles/gallon for Fuel Usage Rate; for natural gas, 
units are hundreds of cubic feet (ccf) for Fuel Used and ccf/gallon for Fuel Usage Rate.

* HP and Load Factor must be entered by user in Columns C and D.  Please see the “Detailed Notes and Explanations” tab for further explanation.

Drilling ‐ medium rig (150 HP) Equipment for packer testing
Water truck (400 HP)

packer testing drillers Light‐Duty Truck
packer testing sampler Light‐Duty Truck

Car

* See the "Detailed Notes and Explanations" tab for 
explanation of transport and fuel options.

Drilling ‐ large rig (500 HP) Drill rig for boring installation
Backhoe (100 HP)

borehole geophysics crew + oversight Light‐Duty Truck

** for biodiesel, B20, diesel, and gasoline, units are gallons for Fuel Used and miles/gallon for Fuel Usage Rate; for 
natural gas, units are hundreds of cubic feet (ccf) for Fuel Used and ccf/gallon for Fuel Usage Rate.

Equipment Type* Activity or Notes

roundtrip assumed to be 100 miles each way + 100 miles daily driving to site 
per week

backhoe operator for equipment access

Greener Cleanups: EPA Spreadsheets for Environmental Footprint Analysis ‐ August 2014

Please specify which Remedy Component this Input worksheet is part of:
(Select "Off" to exclude this Input worksheet from calculations and results)

Component 1 Deep Adit structural PDI

Example Items Eliminated through Screening Process Other Notes and References

Light‐Duty Truck
bedrock drilling ‐ oversight Light‐Duty Truck

Surface geophysics, bedrock drilling, borehole geophysics, packer testing, groundwater sampling

Participant
Light‐Duty Truck

bedrock drilling ‐ crew

Mode of Transportation* Activity or Notes
Surface geophysics crew + oversight



Input Worksheet for Input Template Ely Copper Mine Site ‐ AD‐2
Greener Cleanups: EPA Spreadsheets for Environmental Footprint Analysis ‐ August 2014

Remedy Component that this Input 
worksheet is part of:

Materials Use and Transportation 

Unit Quantity Tons

Is the Material 
Refined or 

Unrefined?**

Material 
Source: Virgin, 
Recycled, or 
Reused?**

Calculate Item 
Footprint?**

Default One‐
way Distance to 

Site
(miles)

One‐way 
Distance to 
Site Override 

(miles)

Number of One‐
way Trips to 

Site
Transport Fuel 

Type

Default Fuel 
Usage Rate
 (gptm or 
mpg)

Fuel Usage 
Rate 

Override  
(gptm or 
mpg)

Fuel Used for 
Materials 
Transport
(gallons)

lb 5976 2.988 Refined Virgin Yes 500 1 Diesel 0.029 43.3
dry‐lb 7500 3.75 Refined Virgin Yes 500 1 Diesel 0.029 54.4

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Waste Disposal and Transportation

Unit Quantity Tons

Default One‐
way Distance 

to Site
(miles)

One‐way 
Distance to 
Site Override 

(miles)

Number of 
One‐way 

Trips to Site
Transport Fuel 

Type

Default Fuel 
Usage Rate

(gptm or mpg)

Fuel Usage 
Rate Override 
(gptm or mpg)

Fuel Used for 
Waste 

Transport 
(gallons)

0
0
0
0
0
0
0
0
0
0
0
0

Water Use
Unit Quantity Tons

gal x 1000 1 4.17
0
0
0
0
0
0
0
0
0
0
0

Remedy Component that this Input 
worksheet is part of:

* Only the "Public Water" selection has an associated footprint.  No footprint is 
calculated for the other water source selections.  Please see the “Detailed Notes 
and Explanations” tab for additional information.

Note: Information entered in Columns F ‐ V (Source/Quality/Use/Fate) is not compiled or reported by SEFA.

Component 1 Deep Adit structural PDI

Fate of Used Water (optional)
Surface Water local stream

** Please see the "Detailed Notes and Explanations" tab for instructions on selecting mode of transportation, 
accounting for empty return trips, and other aspects of data entry in Columns I, K, and M.

Source of Water Used* Source Location/Aquifer (optional) Quality of Water Used (optional) Water Uses (optional)

* No footprint is calculated for the Recycled/Reused On‐Site and Off‐Site selections.  
Please see the “Detailed Notes and Explanations” tab for instructions on specifying 
“User‐Defined” selections in the dropdown menu.

** Selections must be made in Columns F ‐ H in order for the footprint 
calculations to be performed.  Please see the “Detailed Notes and 
Explanations” tab for further information.

*** Please see the "Detailed Notes and Explanations" tab for instructions on 
selecting mode of transportation, accounting for empty return trips, and other 
aspects of data entry in Columns L, N, and P.

Waste Destination* Mode of Transportation** Notes and Description of Waste

* Please see the “Detailed Notes and Explanations” tab 
for instructions on specifying “User‐Defined Materials” 
in the dropdown menu.

Cement Truck freight (gptm) cement for 6" borings ‐ assumed 20' x 15

Material Type* Mode of Transportation*** Notes and Description of Materials
Steel Truck freight (gptm) casing for 6" borings ‐ assumed 20' x 15

Component 1 Deep Adit structural PDI



Input Worksheet for Input Template Ely Copper Mine Site ‐ AD‐2
Greener Cleanups: EPA Spreadsheets for Environmental Footprint Analysis ‐ August 2014

Other Energy Use and Air Emissions
Units Quantity

*User‐Defined TBD
*User‐Defined TBD 0

lbs 0
lbs CO2e 0
lbs CO2e 0
ccf CH4 0
lbs 0
lbs 0
lbs 0

0
Units Quantity 0

*User‐Defined TBD 0
*User‐Defined TBD 0

0
0 0

Other Voluntary Renewable Energy Use
Units Quantity

*User‐Defined TBD
*User‐Defined TBD
*User‐Defined TBD
*User‐Defined TBD

MWh
MWh

* Enter units and conversion factors on "User Defined Factors" tab
** Complete information on provider in the table to the right.  No footprint reductions are associated with the voluntary purchases.  

Date of renewable system installation:
Voluntary purchase of RECs** Location of renewable system installation:

See the “Detailed Notes and Explanations” tab for use of this table

User‐defined renewable energy transportation #1

Description of purchased RECs

Provider:
User‐defined renewable energy transportation #2 Type of renewable energy source:
Voluntary purchase of renewable electricity**

See the “Detailed Notes and Explanations” tab for use of this table

Type of renewable energy source:
User‐defined on‐site renewable energy use #2 Date of renewable system installation:

** Enter a positive number for emissions and a negative number for reductions, avoidances, or storage Totals

Description of purchased renewable electricity 
(green pricing product or 
green marketing product)

Provider:
Item Notes Type of product:

User‐defined on‐site renewable energy use #1

User‐defined conventional energy transportation #2
* Enter units and conversion factors on "User Defined Factors" tab

Transportation Notes
User‐defined conventional energy transportation #1

Other on‐site SOx emissions or reductions**
Other on‐site PM emissions or reductions**

GHG avoided by flaring on‐site landfill methane
Other on‐site NOx emissions or reductions**

On‐site GHG emissions**
On‐site carbon storage**

User‐defined on‐site conventional energy use #2
On‐site HAP process emissions**

 Unit Cost 
($)

Number of 
Samples Total Cost

On‐Site
User‐defined on‐site conventional energy use #1

Off‐Site Laboratory Analysis
Item Notes

Parameter and Notes



Input Worksheet for Input Template (2) Ely Copper Mine Site ‐ AD‐2

2

General Scope

Personnel Transportation

Number of 
Roundtrips 
to Site

Roundtrip 
Distance to 

Site
(miles)

Transport Fuel 
Type*

Total Distance 
Transported 

(miles)
Default Fuel 
Usage Rate**

Fuel Usage 
Rate 

Override**

Fuel Used for 
Personnel 
Transport**

2 300 Gasoline 600 24 25
2 20 Gasoline 40 17 2.4
1 300 Gasoline 300 24 12.5
1 300 Gasoline 300 17 17.6

On‐Site Equipment Use and Transportation

HP*
Load Factor

(%)*
Equipment 
Fuel Type

Equipment 
Fuel Usage 

Rate
(gal/hr)

Equipment 
Hours 

Operated

Fuel Used for 
On‐site 

Equipment 
(gallons)

Number of 
Equipment 

Roundtrips to 
Site

Roundtrip 
Distance to 

Site
(miles)

Total Distance 
Transported 

(miles)
Transport Fuel 

Type
Default Fuel 
Usage Rate**

Fuel Usage 
Rate 

Override**

Fuel Used for 
Equipment 
Transport**

100 75% Diesel 3.75 40 150 1 50 50 Diesel 6 8.3
400 75% Diesel 15 20 300 1 50 50

On‐Site Electricity Use

Equipment Type HP
Load Factor

(%)
Efficiency

(%)
Electrical 

Rating (kW) Hours Used
Energy Used 

(kWh)
Power Rating 

(Btu/hr) Efficiency (%) Hours Used

Energy 
Required 
(Btu)

Natural Gas 
Used (ccf)

<Equip. with HP, Efficiency, and Hours>
<Equip. with HP, Efficiency, and Hours>
<Equip. with HP, Efficiency, and Hours> 0
<Equip. with HP, Efficiency, and Hours> 0
<Equip. with known kW rating> 0 0 0
<Equip. with known kW rating>
<Equip. with known kW rating>
<Equip. with known kW rating>
<Equip. with known total Energy Used>
<Equip. with known total Energy Used>
<Equip. with known total Energy Used>
<Equip. with known total Energy Used>

0

0Total Grid Electricity Used
* Electricity generated on‐site from renewable resources, for which the facility retains the rights to the renewable 
energy (i.e., does not sell renewable energy certificates associated with the renewable energy generation).

Please see the “Detailed Notes and Explanations” tab for instructions on using the two tables above (“On‐site Natural Gas Use” and 
“Landfill Gas Combusted On‐Site for Energy Use”).  In the two tables above, ccf = hundreds of cubic feet.

Estimated Total Electricity Usage Based on Above 0
Renewable Electricity Generated On‐Site* Total 0

Landfill Gas Methane Used 
(ccf) Notes
0

Landfill Gas Combusted On‐Site for Energy Use

Equipment Type
Landfill Gas 

(ccf)
% Methane by 

volume

Totals

* HP and Load Factor must be entered by user in Columns C and D.  Please see the “Detailed Notes and Explanations” tab for further explanation. ** for biodiesel, B20, diesel, and gasoline, units are gallons for Fuel Used and miles/gallon for Fuel Usage Rate; for natural gas, 
units are hundreds of cubic feet (ccf) for Fuel Used and ccf/gallon for Fuel Usage Rate.

On‐Site Natural Gas Use

Notes Equipment Type Notes

Activity or Notes
Backhoe (100 HP)
Water truck (400 HP)

* See the "Detailed Notes and Explanations" tab for 
explanation of transport and fuel options.

** for biodiesel, B20, diesel, and gasoline, units are gallons for Fuel Used and miles/gallon for Fuel Usage Rate; for 
natural gas, units are hundreds of cubic feet (ccf) for Fuel Used and ccf/gallon for Fuel Usage Rate.

Equipment Type*

oversight for local excavation crew Car
non‐local construction crew for bulkhead Light‐Duty Truck

Greener Cleanups: EPA Spreadsheets for Environmental Footprint Analysis ‐ August 2014

Please specify which Remedy Component this Input worksheet is part of:
(Select "Off" to exclude this Input worksheet from calculations and results)

Component 2 Deep Adit flow‐through bulkhead

Example Items Eliminated through Screening Process Other Notes and References
structural investigation, excavating collapsed portion of Deep Adit, installing bulkhead roundtrip assumed to be 100 miles each way + 100 miles daily driving to site 

per week

Participant Mode of Transportation* Activity or Notes
structural investigation crew Car
local excavation crew Light‐Duty Truck



Input Worksheet for Input Template (2) Ely Copper Mine Site ‐ AD‐2
Greener Cleanups: EPA Spreadsheets for Environmental Footprint Analysis ‐ August 2014

Remedy Component that this Input 
worksheet is part of:

Materials Use and Transportation 

Unit Quantity Tons

Is the Material 
Refined or 

Unrefined?**

Material 
Source: Virgin, 
Recycled, or 
Reused?**

Calculate Item 
Footprint?**

Default One‐
way Distance to 

Site
(miles)

One‐way 
Distance to 
Site Override 

(miles)

Number of One‐
way Trips to 

Site
Transport Fuel 

Type

Default Fuel 
Usage Rate
 (gptm or 
mpg)

Fuel Usage 
Rate 

Override  
(gptm or 
mpg)

Fuel Used for 
Materials 
Transport
(gallons)

lb 1079 0.5395 Refined Virgin Yes 500 Diesel 0.029 7.8
lb 120188 60.094 Refined Virgin Yes 25 Diesel 0.029 43.6
lb 200 0.1 Refined Virgin Yes 500 Diesel 6 0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Waste Disposal and Transportation

Unit Quantity Tons

Default One‐
way Distance 

to Site
(miles)

One‐way 
Distance to 
Site Override 

(miles)

Number of 
One‐way 

Trips to Site
Transport Fuel 

Type

Default Fuel 
Usage Rate

(gptm or mpg)

Fuel Usage 
Rate Override 
(gptm or mpg)

Fuel Used for 
Waste 

Transport 
(gallons)

0
0
0
0
0
0
0
0
0
0
0
0

Water Use
Unit Quantity Tons

gal x 1000 2 8.34
0
0
0
0
0
0
0
0
0
0
0

Remedy Component that this Input 
worksheet is part of:

* Only the "Public Water" selection has an associated footprint.  No footprint is 
calculated for the other water source selections.  Please see the “Detailed Notes 
and Explanations” tab for additional information.

Note: Information entered in Columns F ‐ V (Source/Quality/Use/Fate) is not compiled or reported by SEFA.

Component 2 Deep Adit flow‐through bulkhead

Surface Water local surface water

* No footprint is calculated for the Recycled/Reused On‐Site and Off‐Site selections.  
Please see the “Detailed Notes and Explanations” tab for instructions on specifying 
“User‐Defined” selections in the dropdown menu.

** Please see the "Detailed Notes and Explanations" tab for instructions on selecting mode of transportation, 
accounting for empty return trips, and other aspects of data entry in Columns I, K, and M.

Source of Water Used* Source Location/Aquifer (optional) Quality of Water Used (optional) Water Uses (optional) Fate of Used Water (optional)

Waste Destination* Mode of Transportation** Notes and Description of Waste

* Please see the “Detailed Notes and Explanations” tab 
for instructions on specifying “User‐Defined Materials” 
in the dropdown menu.

** Selections must be made in Columns F ‐ H in order for the footprint 
calculations to be performed.  Please see the “Detailed Notes and 
Explanations” tab for further information.

*** Please see the "Detailed Notes and Explanations" tab for instructions on 
selecting mode of transportation, accounting for empty return trips, and other 
aspects of data entry in Columns L, N, and P.

Concrete Truck freight (gptm) concrete ‐ assume 20 x 8 x 5 feet
Steel Truck (mpg) rebar to reinforce flow‐through bulkhead

Material Type* Mode of Transportation*** Notes and Description of Materials
Steel Truck freight (gptm) discharge pipe

Component 2 Deep Adit flow‐through bulkhead



Input Worksheet for Input Template (2) Ely Copper Mine Site ‐ AD‐2
Greener Cleanups: EPA Spreadsheets for Environmental Footprint Analysis ‐ August 2014

Other Energy Use and Air Emissions
Units Quantity

*User‐Defined TBD
*User‐Defined TBD 0

lbs 0
lbs CO2e 0
lbs CO2e 0
ccf CH4 0
lbs 0
lbs 0
lbs 0

0
Units Quantity 0

*User‐Defined TBD 0
*User‐Defined TBD 0

0
0 0

Other Voluntary Renewable Energy Use
Units Quantity

*User‐Defined TBD
*User‐Defined TBD
*User‐Defined TBD
*User‐Defined TBD

MWh
MWh

* Enter units and conversion factors on "User Defined Factors" tab
** Complete information on provider in the table to the right.  No footprint reductions are associated with the voluntary purchases.  
See the “Detailed Notes and Explanations” tab for use of this table

Date of renewable system installation:
Voluntary purchase of RECs** Location of renewable system installation:

User‐defined renewable energy transportation #1

Description of purchased RECs

Provider:
User‐defined renewable energy transportation #2 Type of renewable energy source:
Voluntary purchase of renewable electricity**

Type of renewable energy source:
User‐defined on‐site renewable energy use #2 Date of renewable system installation:

See the “Detailed Notes and Explanations” tab for use of this table

Description of purchased renewable electricity 
(green pricing product or 
green marketing product)

Provider:
Item Notes Type of product:

User‐defined on‐site renewable energy use #1

User‐defined conventional energy transportation #2
* Enter units and conversion factors on "User Defined Factors" tab
** Enter a positive number for emissions and a negative number for reductions, avoidances, or storage Totals

Transportation Notes
User‐defined conventional energy transportation #1

Other on‐site SOx emissions or reductions**
Other on‐site PM emissions or reductions**

GHG avoided by flaring on‐site landfill methane
Other on‐site NOx emissions or reductions**

On‐site GHG emissions**
On‐site carbon storage**

User‐defined on‐site conventional energy use #2
On‐site HAP process emissions**

 Unit Cost 
($)

Number of 
Samples Total Cost

On‐Site
User‐defined on‐site conventional energy use #1

Off‐Site Laboratory Analysis
Item Notes

Parameter and Notes



Input Worksheet for Input Template (3) Ely Copper Mine Site ‐ AD‐2

3

General Scope

Personnel Transportation

Number of 
Roundtrips 
to Site

Roundtrip 
Distance to 

Site
(miles)

Transport Fuel 
Type*

Total Distance 
Transported 

(miles)
Default Fuel 
Usage Rate**

Fuel Usage 
Rate 

Override**

Fuel Used for 
Personnel 
Transport**

4 300 Gasoline 1200 17 70.6
4 300 Gasoline 1200 17 70.6
10 20 Gasoline 200 24 8.3

On‐Site Equipment Use and Transportation

HP*
Load Factor

(%)*
Equipment 
Fuel Type

Equipment 
Fuel Usage 

Rate
(gal/hr)

Equipment 
Hours 

Operated

Fuel Used for 
On‐site 

Equipment 
(gallons)

Number of 
Equipment 

Roundtrips to 
Site

Roundtrip 
Distance to 

Site
(miles)

Total Distance 
Transported 

(miles)
Transport Fuel 

Type
Default Fuel 
Usage Rate**

Fuel Usage 
Rate 

Override**

Fuel Used for 
Equipment 
Transport**

500 75% Diesel 18.75 120 2250 1 200 200
400 75% Diesel 15 8 120 1 50 50
100 75% Diesel 3.75 20 75 1 50 50

On‐Site Electricity Use

Equipment Type HP
Load Factor

(%)
Efficiency

(%)
Electrical 

Rating (kW) Hours Used
Energy Used 

(kWh)
Power Rating 

(Btu/hr) Efficiency (%) Hours Used

Energy 
Required 
(Btu)

Natural Gas 
Used (ccf)

<Equip. with HP, Efficiency, and Hours>
<Equip. with HP, Efficiency, and Hours>
<Equip. with HP, Efficiency, and Hours> 0
<Equip. with HP, Efficiency, and Hours> 0
<Equip. with known kW rating> 0 0 0
<Equip. with known kW rating>
<Equip. with known kW rating>
<Equip. with known kW rating>
<Equip. with known total Energy Used>
<Equip. with known total Energy Used>
<Equip. with known total Energy Used>
<Equip. with known total Energy Used>

0

0Total Grid Electricity Used
* Electricity generated on‐site from renewable resources, for which the facility retains the rights to the renewable 
energy (i.e., does not sell renewable energy certificates associated with the renewable energy generation).

Please see the “Detailed Notes and Explanations” tab for instructions on using the two tables above (“On‐site Natural Gas Use” and 
“Landfill Gas Combusted On‐Site for Energy Use”).  In the two tables above, ccf = hundreds of cubic feet.

Estimated Total Electricity Usage Based on Above 0
Renewable Electricity Generated On‐Site* Total 0

Landfill Gas Methane Used 
(ccf) Notes
0

Landfill Gas Combusted On‐Site for Energy Use

Equipment Type
Landfill Gas 

(ccf)
% Methane by 

volume

Totals

* HP and Load Factor must be entered by user in Columns C and D.  Please see the “Detailed Notes and Explanations” tab for further explanation. ** for biodiesel, B20, diesel, and gasoline, units are gallons for Fuel Used and miles/gallon for Fuel Usage Rate; for natural gas, 
units are hundreds of cubic feet (ccf) for Fuel Used and ccf/gallon for Fuel Usage Rate.

On‐Site Natural Gas Use

Notes Equipment Type Notes

Activity or Notes
Drilling ‐ large rig (500 HP)
Water truck (400 HP)
Backhoe (100 HP) for drill rig access

* See the "Detailed Notes and Explanations" tab for 
explanation of transport and fuel options.

** for biodiesel, B20, diesel, and gasoline, units are gallons for Fuel Used and miles/gallon for Fuel Usage Rate; for 
natural gas, units are hundreds of cubic feet (ccf) for Fuel Used and ccf/gallon for Fuel Usage Rate.

Equipment Type*

backhoe operator for equipment access Car

Greener Cleanups: EPA Spreadsheets for Environmental Footprint Analysis ‐ August 2014

Please specify which Remedy Component this Input worksheet is part of:
(Select "Off" to exclude this Input worksheet from calculations and results)

Component 3 Deep Adit Borings for Injection

Example Items Eliminated through Screening Process Other Notes and References
Install 33 borings for dams/flowable fill injection. Assume that 4 weeks of drilling will be required (1 crew), plus water truck and occasional 
assisstance with backhoe for access

Participant Mode of Transportation* Activity or Notes
Drill crew Light‐Duty Truck
Drill crew ‐ oversight Light‐Duty Truck



Input Worksheet for Input Template (3) Ely Copper Mine Site ‐ AD‐2
Greener Cleanups: EPA Spreadsheets for Environmental Footprint Analysis ‐ August 2014

Remedy Component that this Input 
worksheet is part of:

Materials Use and Transportation 

Unit Quantity Tons

Is the Material 
Refined or 

Unrefined?**

Material 
Source: Virgin, 
Recycled, or 
Reused?**

Calculate Item 
Footprint?**

Default One‐
way Distance to 

Site
(miles)

One‐way 
Distance to 
Site Override 

(miles)

Number of One‐
way Trips to 

Site
Transport Fuel 

Type

Default Fuel 
Usage Rate
 (gptm or 
mpg)

Fuel Usage 
Rate 

Override  
(gptm or 
mpg)

Fuel Used for 
Materials 
Transport
(gallons)

lb 12520 6.26 Refined Virgin Yes 500 Diesel 0.029 90.8
dry‐lb 16500 8.25 Refined Virgin Yes 500 Diesel 0.029 119.6

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Waste Disposal and Transportation

Unit Quantity Tons

Default One‐
way Distance 

to Site
(miles)

One‐way 
Distance to 
Site Override 

(miles)

Number of 
One‐way 

Trips to Site
Transport Fuel 

Type

Default Fuel 
Usage Rate

(gptm or mpg)

Fuel Usage 
Rate Override 
(gptm or mpg)

Fuel Used for 
Waste 

Transport 
(gallons)

tons 0.25 0.25 50 Diesel 6 0
0
0
0
0
0
0
0
0
0
0
0

Water Use
Unit Quantity Tons

0
0
0
0
0
0
0
0
0
0
0
0

Remedy Component that this Input 
worksheet is part of:

* Only the "Public Water" selection has an associated footprint.  No footprint is 
calculated for the other water source selections.  Please see the “Detailed Notes 
and Explanations” tab for additional information.

Note: Information entered in Columns F ‐ V (Source/Quality/Use/Fate) is not compiled or reported by SEFA.

Component 3 Deep Adit Borings for Injection

* No footprint is calculated for the Recycled/Reused On‐Site and Off‐Site selections.  
Please see the “Detailed Notes and Explanations” tab for instructions on specifying 
“User‐Defined” selections in the dropdown menu.

** Please see the "Detailed Notes and Explanations" tab for instructions on selecting mode of transportation, 
accounting for empty return trips, and other aspects of data entry in Columns I, K, and M.

Source of Water Used* Source Location/Aquifer (optional) Quality of Water Used (optional) Water Uses (optional) Fate of Used Water (optional)

Waste Destination* Mode of Transportation** Notes and Description of Waste
Recycled/reused off‐site Truck (mpg) Unused/ends of steel casing (all extra steel casing from investigations included here)

* Please see the “Detailed Notes and Explanations” tab 
for instructions on specifying “User‐Defined Materials” 
in the dropdown menu.

** Selections must be made in Columns F ‐ H in order for the footprint 
calculations to be performed.  Please see the “Detailed Notes and 
Explanations” tab for further information.

*** Please see the "Detailed Notes and Explanations" tab for instructions on 
selecting mode of transportation, accounting for empty return trips, and other 
aspects of data entry in Columns L, N, and P.

Cement Truck freight (gptm) cement for 6" borings ‐ assumed 20' x 15

Material Type* Mode of Transportation*** Notes and Description of Materials
Steel Truck freight (gptm) casing for 6" borings ‐ assumed 20' x 15

Component 3 Deep Adit Borings for Injection



Input Worksheet for Input Template (3) Ely Copper Mine Site ‐ AD‐2
Greener Cleanups: EPA Spreadsheets for Environmental Footprint Analysis ‐ August 2014

Other Energy Use and Air Emissions
Units Quantity

*User‐Defined TBD
*User‐Defined TBD 0

lbs 0
lbs CO2e 0
lbs CO2e 0
ccf CH4 0
lbs 0
lbs 0
lbs 0

0
Units Quantity 0

*User‐Defined TBD 0
*User‐Defined TBD 0

0
0 0

Other Voluntary Renewable Energy Use
Units Quantity

*User‐Defined TBD
*User‐Defined TBD
*User‐Defined TBD
*User‐Defined TBD

MWh
MWh

* Enter units and conversion factors on "User Defined Factors" tab
** Complete information on provider in the table to the right.  No footprint reductions are associated with the voluntary purchases.  
See the “Detailed Notes and Explanations” tab for use of this table

Date of renewable system installation:
Voluntary purchase of RECs** Location of renewable system installation:

User‐defined renewable energy transportation #1

Description of purchased RECs

Provider:
User‐defined renewable energy transportation #2 Type of renewable energy source:
Voluntary purchase of renewable electricity**

Type of renewable energy source:
User‐defined on‐site renewable energy use #2 Date of renewable system installation:

See the “Detailed Notes and Explanations” tab for use of this table

Description of purchased renewable electricity 
(green pricing product or 
green marketing product)

Provider:
Item Notes Type of product:

User‐defined on‐site renewable energy use #1

User‐defined conventional energy transportation #2
* Enter units and conversion factors on "User Defined Factors" tab
** Enter a positive number for emissions and a negative number for reductions, avoidances, or storage Totals

Transportation Notes
User‐defined conventional energy transportation #1

Other on‐site SOx emissions or reductions**
Other on‐site PM emissions or reductions**

GHG avoided by flaring on‐site landfill methane
Other on‐site NOx emissions or reductions**

On‐site GHG emissions**
On‐site carbon storage**

User‐defined on‐site conventional energy use #2
On‐site HAP process emissions**

 Unit Cost 
($)

Number of 
Samples Total Cost

On‐Site
User‐defined on‐site conventional energy use #1

Off‐Site Laboratory Analysis
Item Notes

Parameter and Notes



Input Worksheet for Input Template (4) Ely Copper Mine Site ‐ AD‐2

4

General Scope

Personnel Transportation

Number of 
Roundtrips 
to Site

Roundtrip 
Distance to 

Site
(miles)

Transport Fuel 
Type*

Total Distance 
Transported 

(miles)
Default Fuel 
Usage Rate**

Fuel Usage 
Rate 

Override**

Fuel Used for 
Personnel 
Transport**

4 300 Gasoline 1200 17 70.6
4 300 Gasoline 1200 17 70.6
20 20 Gasoline 400 24 16.7

On‐Site Equipment Use and Transportation

HP*
Load Factor

(%)*
Equipment 
Fuel Type

Equipment 
Fuel Usage 

Rate
(gal/hr)

Equipment 
Hours 

Operated

Fuel Used for 
On‐site 

Equipment 
(gallons)

Number of 
Equipment 

Roundtrips to 
Site

Roundtrip 
Distance to 

Site
(miles)

Total Distance 
Transported 

(miles)
Transport Fuel 

Type
Default Fuel 
Usage Rate**

Fuel Usage 
Rate 

Override**

Fuel Used for 
Equipment 
Transport**

60 75% Gasoline 2.52 160 403.2 1 300 300 Diesel 6 50
400 75% Diesel 15 20 300 1 50 50

On‐Site Electricity Use

Equipment Type HP
Load Factor

(%)
Efficiency

(%)
Electrical 

Rating (kW) Hours Used
Energy Used 

(kWh)
Power Rating 

(Btu/hr) Efficiency (%) Hours Used

Energy 
Required 
(Btu)

Natural Gas 
Used (ccf)

<Equip. with HP, Efficiency, and Hours>
<Equip. with HP, Efficiency, and Hours>
<Equip. with HP, Efficiency, and Hours> 0
<Equip. with HP, Efficiency, and Hours> 0
<Equip. with known kW rating> 0 0 0
<Equip. with known kW rating>
<Equip. with known kW rating>
<Equip. with known kW rating>
<Equip. with known total Energy Used>
<Equip. with known total Energy Used>
<Equip. with known total Energy Used>
<Equip. with known total Energy Used>

0

0

Greener Cleanups: EPA Spreadsheets for Environmental Footprint Analysis ‐ August 2014

Please specify which Remedy Component this Input worksheet is part of:
(Select "Off" to exclude this Input worksheet from calculations and results)

Component 4 Deep Adit Flowable Fill

Example Items Eliminated through Screening Process Other Notes and References
Flowable fill injection: assumes that fill is a locally‐derived industrial waste product that will be transported dry and mixed on‐site prior to injection. 
Grouter used for injection. Assume 4 weeks for injection.

roundtrip assumed to be 100 miles each way + 100 miles daily driving to site 
per week

Participant Mode of Transportation* Activity or Notes
Injection crew Light‐Duty Truck
Injection oversight Light‐Duty Truck
Local equipment support (water truck etc) Car

Activity or Notes
Grout pump (20 HP) grout pump assumed to be specialized/heavy duty for injection (higher HP)
Water truck (400 HP)

* See the "Detailed Notes and Explanations" tab for 
explanation of transport and fuel options.

** for biodiesel, B20, diesel, and gasoline, units are gallons for Fuel Used and miles/gallon for Fuel Usage Rate; for 
natural gas, units are hundreds of cubic feet (ccf) for Fuel Used and ccf/gallon for Fuel Usage Rate.

Equipment Type*

* HP and Load Factor must be entered by user in Columns C and D.  Please see the “Detailed Notes and Explanations” tab for further explanation. ** for biodiesel, B20, diesel, and gasoline, units are gallons for Fuel Used and miles/gallon for Fuel Usage Rate; for natural gas, 
units are hundreds of cubic feet (ccf) for Fuel Used and ccf/gallon for Fuel Usage Rate.

On‐Site Natural Gas Use

Notes Equipment Type Notes

Totals

Landfill Gas Methane Used 
(ccf) Notes
0

Landfill Gas Combusted On‐Site for Energy Use

Equipment Type
Landfill Gas 

(ccf)
% Methane by 

volume

Total Grid Electricity Used
* Electricity generated on‐site from renewable resources, for which the facility retains the rights to the renewable 
energy (i.e., does not sell renewable energy certificates associated with the renewable energy generation).

Please see the “Detailed Notes and Explanations” tab for instructions on using the two tables above (“On‐site Natural Gas Use” and 
“Landfill Gas Combusted On‐Site for Energy Use”).  In the two tables above, ccf = hundreds of cubic feet.

Estimated Total Electricity Usage Based on Above 0
Renewable Electricity Generated On‐Site* Total 0



Input Worksheet for Input Template (4) Ely Copper Mine Site ‐ AD‐2
Greener Cleanups: EPA Spreadsheets for Environmental Footprint Analysis ‐ August 2014

Remedy Component that this Input 
worksheet is part of:

Materials Use and Transportation 

Unit Quantity Tons

Is the Material 
Refined or 

Unrefined?**

Material 
Source: Virgin, 
Recycled, or 
Reused?**

Calculate Item 
Footprint?**

Default One‐
way Distance to 

Site
(miles)

One‐way 
Distance to 
Site Override 

(miles)

Number of One‐
way Trips to 

Site
Transport Fuel 

Type

Default Fuel 
Usage Rate
 (gptm or 
mpg)

Fuel Usage 
Rate 

Override  
(gptm or 
mpg)

Fuel Used for 
Materials 
Transport
(gallons)

lb 3562785 1781.3925 Refined Reused Yes 500 80 90 Diesel 6 1200.0
0 Yes 80 90 Diesel 6 1200

lb 135000 67.5 Unrefined Virgin Yes 25 80 4 Diesel 6 53.3
0 Yes 80 4 Diesel 6 53.3
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Waste Disposal and Transportation

Unit Quantity Tons

Default One‐
way Distance 

to Site
(miles)

One‐way 
Distance to 
Site Override 

(miles)

Number of 
One‐way 

Trips to Site
Transport Fuel 

Type

Default Fuel 
Usage Rate

(gptm or mpg)

Fuel Usage 
Rate Override 
(gptm or mpg)

Fuel Used for 
Waste 

Transport 
(gallons)

0
0
0
0
0
0
0
0
0
0
0
0

Water Use
Unit Quantity Tons

gal x 1000 0
0
0
0
0
0
0
0
0
0
0
0

Remedy Component that this Input 
worksheet is part of:

Component 4 Deep Adit Flowable Fill

Truck (mpg) empty return trip ‐ mpg assumed to be the same
Other unrefined construction materials Truck (mpg) Crushed limestone

Material Type* Mode of Transportation*** Notes and Description of Materials
Other Treatment Chemicals & Materials Truck (mpg) Delivery to site from industrial facility

Truck (mpg) empty return trip ‐ mpg assumed to be the same

* Please see the “Detailed Notes and Explanations” tab 
for instructions on specifying “User‐Defined Materials” 
in the dropdown menu.

** Selections must be made in Columns F ‐ H in order for the footprint 
calculations to be performed.  Please see the “Detailed Notes and 
Explanations” tab for further information.

*** Please see the "Detailed Notes and Explanations" tab for instructions on 
selecting mode of transportation, accounting for empty return trips, and other 
aspects of data entry in Columns L, N, and P.

Waste Destination* Mode of Transportation** Notes and Description of Waste

* No footprint is calculated for the Recycled/Reused On‐Site and Off‐Site selections.  
Please see the “Detailed Notes and Explanations” tab for instructions on specifying 
“User‐Defined” selections in the dropdown menu.

** Please see the "Detailed Notes and Explanations" tab for instructions on selecting mode of transportation, 
accounting for empty return trips, and other aspects of data entry in Columns I, K, and M.

Source of Water Used* Source Location/Aquifer (optional) Quality of Water Used (optional) Water Uses (optional) Fate of Used Water (optional)
Surface Water

* Only the "Public Water" selection has an associated footprint.  No footprint is 
calculated for the other water source selections.  Please see the “Detailed Notes 
and Explanations” tab for additional information.

Note: Information entered in Columns F ‐ V (Source/Quality/Use/Fate) is not compiled or reported by SEFA.

Component 4 Deep Adit Flowable Fill



Input Worksheet for Input Template (4) Ely Copper Mine Site ‐ AD‐2
Greener Cleanups: EPA Spreadsheets for Environmental Footprint Analysis ‐ August 2014

Other Energy Use and Air Emissions
Units Quantity

*User‐Defined TBD
*User‐Defined TBD 0

lbs 0
lbs CO2e 0
lbs CO2e 0
ccf CH4 0
lbs 0
lbs 0
lbs 0

0
Units Quantity 0

*User‐Defined TBD 0
*User‐Defined TBD 0

0
0 0

Other Voluntary Renewable Energy Use
Units Quantity

*User‐Defined TBD
*User‐Defined TBD
*User‐Defined TBD
*User‐Defined TBD

MWh
MWh

 Unit Cost 
($)

Number of 
Samples Total Cost

On‐Site
User‐defined on‐site conventional energy use #1

Off‐Site Laboratory Analysis
Item Notes

Parameter and Notes

On‐site GHG emissions**
On‐site carbon storage**

User‐defined on‐site conventional energy use #2
On‐site HAP process emissions**

Other on‐site SOx emissions or reductions**
Other on‐site PM emissions or reductions**

GHG avoided by flaring on‐site landfill methane
Other on‐site NOx emissions or reductions**

User‐defined conventional energy transportation #2
* Enter units and conversion factors on "User Defined Factors" tab
** Enter a positive number for emissions and a negative number for reductions, avoidances, or storage Totals

Transportation Notes
User‐defined conventional energy transportation #1

Type of renewable energy source:
User‐defined on‐site renewable energy use #2 Date of renewable system installation:

See the “Detailed Notes and Explanations” tab for use of this table

Description of purchased renewable electricity 
(green pricing product or 
green marketing product)

Provider:
Item Notes Type of product:

User‐defined on‐site renewable energy use #1

User‐defined renewable energy transportation #1

Description of purchased RECs

Provider:
User‐defined renewable energy transportation #2 Type of renewable energy source:
Voluntary purchase of renewable electricity**

* Enter units and conversion factors on "User Defined Factors" tab
** Complete information on provider in the table to the right.  No footprint reductions are associated with the voluntary purchases.  
See the “Detailed Notes and Explanations” tab for use of this table

Date of renewable system installation:
Voluntary purchase of RECs** Location of renewable system installation:



Input Worksheet for Input Template Ely Copper Mine Site ‐ AD‐3

1

General Scope

Personnel Transportation

Number of 
Roundtrips 
to Site

Roundtrip 
Distance to 

Site
(miles)

Transport Fuel 
Type*

Total Distance 
Transported 

(miles)
Default Fuel 
Usage Rate**

Fuel Usage 
Rate 

Override**

Fuel Used for 
Personnel 
Transport**

2 300 Gasoline 600 17 35.3
2 300 Gasoline 600 17 35.3
10 20 Gasoline 200 24 8.3

On‐Site Equipment Use and Transportation

HP*
Load Factor

(%)*
Equipment 
Fuel Type

Equipment 
Fuel Usage 

Rate
(gal/hr)

Equipment 
Hours 

Operated

Fuel Used for 
On‐site 

Equipment 
(gallons)

Number of 
Equipment 

Roundtrips to 
Site

Roundtrip 
Distance to 

Site
(miles)

Total Distance 
Transported 

(miles)
Transport Fuel 

Type
Default Fuel 
Usage Rate**

Fuel Usage 
Rate 

Override**

Fuel Used for 
Equipment 
Transport**

60 75% Gasoline 2.52 0 1 20 20 Diesel 6 3.3
400 75% Diesel 15 0 1 20 20

On‐Site Electricity Use

Equipment Type HP
Load Factor

(%)
Efficiency

(%)
Electrical 

Rating (kW) Hours Used
Energy Used 

(kWh)
Power Rating 

(Btu/hr) Efficiency (%) Hours Used

Energy 
Required 
(Btu)

Natural Gas 
Used (ccf)

<Equip. with HP, Efficiency, and Hours>
<Equip. with HP, Efficiency, and Hours>
<Equip. with HP, Efficiency, and Hours> 0
<Equip. with HP, Efficiency, and Hours> 0
<Equip. with known kW rating> 0 0 0
<Equip. with known kW rating>
<Equip. with known kW rating>
<Equip. with known kW rating>
<Equip. with known total Energy Used>
<Equip. with known total Energy Used>
<Equip. with known total Energy Used>
<Equip. with known total Energy Used>

0

0

Greener Cleanups: EPA Spreadsheets for Environmental Footprint Analysis ‐ August 2014

Please specify which Remedy Component this Input worksheet is part of:
(Select "Off" to exclude this Input worksheet from calculations and results)

Component 1 Flowable Fill

Example Items Eliminated through Screening Process Other Notes and References

Light‐Duty Truck
Local equipment support (water truck etc) Car

Flowable fill injection: assumes that fill is a locally‐derived industrial waste product that will be transported dry and mixed on‐site prior to injection. 
Grouter used for injection. Assume 2 weeks for injection.

Participant
Light‐Duty Truck

Injection oversight

Mode of Transportation* Activity or Notes
Injection crew

** for biodiesel, B20, diesel, and gasoline, units are gallons for Fuel Used and miles/gallon for Fuel Usage Rate; for 
natural gas, units are hundreds of cubic feet (ccf) for Fuel Used and ccf/gallon for Fuel Usage Rate.

Equipment Type* Activity or Notes

roundtrip assumed to be 100 miles each way + 100 miles daily driving to site 
per week

* See the "Detailed Notes and Explanations" tab for 
explanation of transport and fuel options.

Grout pump (20 HP) grout pump assumed to be specialized/heavy duty for injection (higher HP)
Water truck (400 HP)

On‐Site Natural Gas Use

Notes Equipment Type Notes

** for biodiesel, B20, diesel, and gasoline, units are gallons for Fuel Used and miles/gallon for Fuel Usage Rate; for natural gas, 
units are hundreds of cubic feet (ccf) for Fuel Used and ccf/gallon for Fuel Usage Rate.

* HP and Load Factor must be entered by user in Columns C and D.  Please see the “Detailed Notes and Explanations” tab for further explanation.

Totals

% Methane by 
volume

Landfill Gas Methane Used 
(ccf) Notes
0

Landfill Gas Combusted On‐Site for Energy Use

Equipment Type
Landfill Gas 

(ccf)

Total Grid Electricity Used
* Electricity generated on‐site from renewable resources, for which the facility retains the rights to the renewable 
energy (i.e., does not sell renewable energy certificates associated with the renewable energy generation).

Estimated Total Electricity Usage Based on Above

Please see the “Detailed Notes and Explanations” tab for instructions on using the two tables above (“On‐site Natural Gas Use” and 
“Landfill Gas Combusted On‐Site for Energy Use”).  In the two tables above, ccf = hundreds of cubic feet.

0
Renewable Electricity Generated On‐Site* Total 0



Input Worksheet for Input Template Ely Copper Mine Site ‐ AD‐3
Greener Cleanups: EPA Spreadsheets for Environmental Footprint Analysis ‐ August 2014

Remedy Component that this Input 
worksheet is part of:

Materials Use and Transportation 

Unit Quantity Tons

Is the Material 
Refined or 

Unrefined?**

Material 
Source: Virgin, 
Recycled, or 
Reused?**

Calculate Item 
Footprint?**

Default One‐
way Distance to 

Site
(miles)

One‐way 
Distance to 
Site Override 

(miles)

Number of One‐
way Trips to 

Site
Transport Fuel 

Type

Default Fuel 
Usage Rate
 (gptm or 
mpg)

Fuel Usage 
Rate 

Override  
(gptm or 
mpg)

Fuel Used for 
Materials 
Transport
(gallons)

lb 1603125 801.5625 Refined Reused Yes 500 80 40 Diesel 6 533.3
0 80 40 Diesel 6 533.3
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Waste Disposal and Transportation

Unit Quantity Tons

Default One‐
way Distance 

to Site
(miles)

One‐way 
Distance to 
Site Override 

(miles)

Number of 
One‐way 

Trips to Site
Transport Fuel 

Type

Default Fuel 
Usage Rate

(gptm or mpg)

Fuel Usage 
Rate Override 
(gptm or mpg)

Fuel Used for 
Waste 

Transport 
(gallons)

0
0
0
0
0
0
0
0
0
0
0
0

Water Use
Unit Quantity Tons

gal x 1000 1 4.17
0
0
0
0
0
0
0
0
0
0
0

Remedy Component that this Input 
worksheet is part of:

Component 1 Flowable Fill

Truck (mpg) empty return trip ‐ mpg assumed to be the same

Material Type* Mode of Transportation*** Notes and Description of Materials
Other Treatment Chemicals & Materials Truck (mpg) Delivery to site from industrial facility ‐ lime

** Selections must be made in Columns F ‐ H in order for the footprint 
calculations to be performed.  Please see the “Detailed Notes and 
Explanations” tab for further information.

*** Please see the "Detailed Notes and Explanations" tab for instructions on 
selecting mode of transportation, accounting for empty return trips, and other 
aspects of data entry in Columns L, N, and P.

Waste Destination* Mode of Transportation** Notes and Description of Waste

* Please see the “Detailed Notes and Explanations” tab 
for instructions on specifying “User‐Defined Materials” 
in the dropdown menu.

Fate of Used Water (optional)
Surface Water

** Please see the "Detailed Notes and Explanations" tab for instructions on selecting mode of transportation, 
accounting for empty return trips, and other aspects of data entry in Columns I, K, and M.

Source of Water Used* Source Location/Aquifer (optional) Quality of Water Used (optional) Water Uses (optional)

* No footprint is calculated for the Recycled/Reused On‐Site and Off‐Site selections.  
Please see the “Detailed Notes and Explanations” tab for instructions on specifying 
“User‐Defined” selections in the dropdown menu.

* Only the "Public Water" selection has an associated footprint.  No footprint is 
calculated for the other water source selections.  Please see the “Detailed Notes 
and Explanations” tab for additional information.

Note: Information entered in Columns F ‐ V (Source/Quality/Use/Fate) is not compiled or reported by SEFA.

Component 1 Flowable Fill



Input Worksheet for Input Template Ely Copper Mine Site ‐ AD‐3
Greener Cleanups: EPA Spreadsheets for Environmental Footprint Analysis ‐ August 2014

Other Energy Use and Air Emissions
Units Quantity

*User‐Defined TBD
*User‐Defined TBD 0

lbs 0
lbs CO2e 0
lbs CO2e 0
ccf CH4 0
lbs 0
lbs 0
lbs 0

0
Units Quantity 0

*User‐Defined TBD 0
*User‐Defined TBD 0

0
0 0

Other Voluntary Renewable Energy Use
Units Quantity

*User‐Defined TBD
*User‐Defined TBD
*User‐Defined TBD
*User‐Defined TBD

MWh
MWh

 Unit Cost 
($)

Number of 
Samples Total Cost

On‐Site
User‐defined on‐site conventional energy use #1

Off‐Site Laboratory Analysis
Item Notes

Parameter and Notes

On‐site GHG emissions**
On‐site carbon storage**

User‐defined on‐site conventional energy use #2
On‐site HAP process emissions**

Other on‐site SOx emissions or reductions**
Other on‐site PM emissions or reductions**

GHG avoided by flaring on‐site landfill methane
Other on‐site NOx emissions or reductions**

User‐defined conventional energy transportation #2
* Enter units and conversion factors on "User Defined Factors" tab

Transportation Notes
User‐defined conventional energy transportation #1

See the “Detailed Notes and Explanations” tab for use of this table

Type of renewable energy source:
User‐defined on‐site renewable energy use #2 Date of renewable system installation:

** Enter a positive number for emissions and a negative number for reductions, avoidances, or storage Totals

Description of purchased renewable electricity 
(green pricing product or 
green marketing product)

Provider:
Item Notes Type of product:

User‐defined on‐site renewable energy use #1

User‐defined renewable energy transportation #1

Description of purchased RECs

Provider:
User‐defined renewable energy transportation #2 Type of renewable energy source:
Voluntary purchase of renewable electricity**

* Enter units and conversion factors on "User Defined Factors" tab
** Complete information on provider in the table to the right.  No footprint reductions are associated with the voluntary purchases.  

Date of renewable system installation:
Voluntary purchase of RECs** Location of renewable system installation:

See the “Detailed Notes and Explanations” tab for use of this table



Input Worksheet for Input Template (2) Ely Copper Mine Site ‐ AD‐3

2

General Scope

Personnel Transportation

Number of 
Roundtrips 
to Site

Roundtrip 
Distance to 

Site
(miles)

Transport Fuel 
Type*

Total Distance 
Transported 

(miles)
Default Fuel 
Usage Rate**

Fuel Usage 
Rate 

Override**

Fuel Used for 
Personnel 
Transport**

40 20 Gasoline 800 24 33.3
1 2000 Diesel 2000 20 100
4 300 Gasoline 1200 17 70.6
20 20 Gasoline 400 24 16.7
10 300 Diesel 3000 20 150

On‐Site Equipment Use and Transportation

HP*
Load Factor

(%)*
Equipment 
Fuel Type

Equipment 
Fuel Usage 

Rate
(gal/hr)

Equipment 
Hours 

Operated

Fuel Used for 
On‐site 

Equipment 
(gallons)

Number of 
Equipment 

Roundtrips to 
Site

Roundtrip 
Distance to 

Site
(miles)

Total Distance 
Transported 

(miles)
Transport Fuel 

Type
Default Fuel 
Usage Rate**

Fuel Usage 
Rate 

Override**

Fuel Used for 
Equipment 
Transport**

175 75% Diesel 6.5625 80 525 1 20 20 Diesel 6 3.3
400 75% Diesel 15 20 300 1 20 20
200 75% Diesel 7.5 10 75 1 20 20
200 75% Diesel 7.5 40 300 1 20 20

On‐Site Electricity Use

Equipment Type HP
Load Factor

(%)
Efficiency

(%)
Electrical 

Rating (kW) Hours Used
Energy Used 

(kWh)
Power Rating 

(Btu/hr) Efficiency (%) Hours Used

Energy 
Required 
(Btu)

Natural Gas 
Used (ccf)

<Equip. with HP, Efficiency, and Hours>
<Equip. with HP, Efficiency, and Hours>
<Equip. with HP, Efficiency, and Hours> 0
<Equip. with HP, Efficiency, and Hours> 0
<Equip. with known kW rating> 0 0 0
<Equip. with known kW rating>
<Equip. with known kW rating>
<Equip. with known kW rating>
<Equip. with known total Energy Used>
<Equip. with known total Energy Used>
<Equip. with known total Energy Used>
<Equip. with known total Energy Used>

0

0

Greener Cleanups: EPA Spreadsheets for Environmental Footprint Analysis ‐ August 2014

Please specify which Remedy Component this Input worksheet is part of:
(Select "Off" to exclude this Input worksheet from calculations and results)

Component 2 Chemical Treatment ‐ Installation

Example Items Eliminated through Screening Process Other Notes and References
Construction of treatment building, storage pools, and RCTS ‐ assume 2 weeks construction, 2 weeks for system setup/fine tuning by non‐local 
specialty firm, 20 round‐trip visits by local operator for troubleshooting/optimization

roundtrip assumed to be 100 miles each way + 100 miles daily driving to site 
per week

Participant Mode of Transportation* Activity or Notes
Local construction ‐ crew of 4 (2 week) Car
Treatment system setup ‐ specialty crew

Oversight/specialty shakedown assistance Light‐Duty Truck

Light‐Duty Truck
Oversight Light‐Duty Truck
Local plant operator ‐ shakedown Car trip number based on expected additional trips for optimization

Activity or Notes
Excavator ‐ medium (175 HP)
Water truck (400 HP)
Concrete paving machine (200 HP)

* See the "Detailed Notes and Explanations" tab for 
explanation of transport and fuel options.

** for biodiesel, B20, diesel, and gasoline, units are gallons for Fuel Used and miles/gallon for Fuel Usage Rate; for 
natural gas, units are hundreds of cubic feet (ccf) for Fuel Used and ccf/gallon for Fuel Usage Rate.

Equipment Type*

Other ‐ HP varies Crane truck for treatment building construction

* HP and Load Factor must be entered by user in Columns C and D.  Please see the “Detailed Notes and Explanations” tab for further explanation. ** for biodiesel, B20, diesel, and gasoline, units are gallons for Fuel Used and miles/gallon for Fuel Usage Rate; for natural gas, 
units are hundreds of cubic feet (ccf) for Fuel Used and ccf/gallon for Fuel Usage Rate.

On‐Site Natural Gas Use

Notes Equipment Type Notes

Totals

Landfill Gas Methane Used 
(ccf) Notes
0

Landfill Gas Combusted On‐Site for Energy Use

Equipment Type
Landfill Gas 

(ccf)
% Methane by 

volume

Total Grid Electricity Used
* Electricity generated on‐site from renewable resources, for which the facility retains the rights to the renewable 
energy (i.e., does not sell renewable energy certificates associated with the renewable energy generation).

Please see the “Detailed Notes and Explanations” tab for instructions on using the two tables above (“On‐site Natural Gas Use” and 
“Landfill Gas Combusted On‐Site for Energy Use”).  In the two tables above, ccf = hundreds of cubic feet.

Estimated Total Electricity Usage Based on Above 0
Renewable Electricity Generated On‐Site* Total 0



Input Worksheet for Input Template (2) Ely Copper Mine Site ‐ AD‐3
Greener Cleanups: EPA Spreadsheets for Environmental Footprint Analysis ‐ August 2014

Remedy Component that this Input 
worksheet is part of:

Materials Use and Transportation 

Unit Quantity Tons

Is the Material 
Refined or 

Unrefined?**

Material 
Source: Virgin, 
Recycled, or 
Reused?**

Calculate Item 
Footprint?**

Default One‐
way Distance to 

Site
(miles)

One‐way 
Distance to 
Site Override 

(miles)

Number of One‐
way Trips to 

Site
Transport Fuel 

Type

Default Fuel 
Usage Rate
 (gptm or 
mpg)

Fuel Usage 
Rate 

Override  
(gptm or 
mpg)

Fuel Used for 
Materials 
Transport
(gallons)

lb 42300 21.15 Refined Virgin Yes 500 2 Diesel 6 166.7
lb 2200 1.1 Refined Virgin Yes 500 Diesel 0.029 16

dry‐lb 37600 18.8 Refined Virgin Yes 500 Diesel 0.029 272.6
dry‐lb 654000 327 Refined Virgin Yes 500 15 Diesel 6 1250
lb 1000 0.5 Refined Virgin Yes 500 Diesel 0.029 7.3
lb 2000 1 Refined Virgin Yes 500 Diesel 0.029 14.5
lb 2405 1.2025 Refined Virgin Yes 500 Diesel 0.029 17.4

dry‐lb 6480 3.24 Refined Virgin Yes 500 Diesel 0.029 47
0
0
0
0
0
0
0
0
0
0

Waste Disposal and Transportation

Unit Quantity Tons

Default One‐
way Distance 

to Site
(miles)

One‐way 
Distance to 
Site Override 

(miles)

Number of 
One‐way 

Trips to Site
Transport Fuel 

Type

Default Fuel 
Usage Rate

(gptm or mpg)

Fuel Usage 
Rate Override 
(gptm or mpg)

Fuel Used for 
Waste 

Transport 
(gallons)

0
0
0
0
0
0
0
0
0
0
0
0

Water Use
Unit Quantity Tons

gal x 1000 1 4.17
0
0
0
0
0
0
0
0
0
0
0

Remedy Component that this Input 
worksheet is part of:

Component 2 Chemical Treatment ‐ Installation

Steel Truck freight (gptm) 24 gauge steel for building ‐ 10' x 30' x 30'
Cement Truck freight (gptm) cement for 400 ft2, 5' deep settling basin (1/2' slab)

Material Type* Mode of Transportation*** Notes and Description of Materials
Other Treatment Chemicals & Materials Truck (mpg) Delivery to site from industrial facility ‐ lime

Stainless steel Truck freight (gptm) rough estimate for RCTS and treatment system components
PVC Truck freight (gptm) 12" PVC discharge piping (schedule 80)

Cement Truck (mpg) cement for 10,00 ft2, 5' deep sedimentation basin (1/2' slab)
Steel Truck freight (gptm) rebar for cement forms (all)

Cement Truck freight (gptm) cement for 12" PVC discharge piping

* Please see the “Detailed Notes and Explanations” tab 
for instructions on specifying “User‐Defined Materials” 
in the dropdown menu.

** Selections must be made in Columns F ‐ H in order for the footprint 
calculations to be performed.  Please see the “Detailed Notes and 
Explanations” tab for further information.

*** Please see the "Detailed Notes and Explanations" tab for instructions on 
selecting mode of transportation, accounting for empty return trips, and other 
aspects of data entry in Columns L, N, and P.

Waste Destination* Mode of Transportation** Notes and Description of Waste

* No footprint is calculated for the Recycled/Reused On‐Site and Off‐Site selections.  
Please see the “Detailed Notes and Explanations” tab for instructions on specifying 
“User‐Defined” selections in the dropdown menu.

** Please see the "Detailed Notes and Explanations" tab for instructions on selecting mode of transportation, 
accounting for empty return trips, and other aspects of data entry in Columns I, K, and M.

Source of Water Used* Source Location/Aquifer (optional) Quality of Water Used (optional) Water Uses (optional) Fate of Used Water (optional)
Surface Water

* Only the "Public Water" selection has an associated footprint.  No footprint is 
calculated for the other water source selections.  Please see the “Detailed Notes 
and Explanations” tab for additional information.

Note: Information entered in Columns F ‐ V (Source/Quality/Use/Fate) is not compiled or reported by SEFA.

Component 2 Chemical Treatment ‐ Installation



Input Worksheet for Input Template (2) Ely Copper Mine Site ‐ AD‐3
Greener Cleanups: EPA Spreadsheets for Environmental Footprint Analysis ‐ August 2014

Other Energy Use and Air Emissions
Units Quantity

*User‐Defined TBD
*User‐Defined TBD 0

lbs 0
lbs CO2e 0
lbs CO2e 0
ccf CH4 0
lbs 0
lbs 0
lbs 0

0
Units Quantity 0

*User‐Defined TBD 0
*User‐Defined TBD 0

0
0 0

Other Voluntary Renewable Energy Use
Units Quantity

*User‐Defined TBD
*User‐Defined TBD
*User‐Defined TBD
*User‐Defined TBD

MWh
MWh

 Unit Cost 
($)

Number of 
Samples Total Cost

On‐Site
User‐defined on‐site conventional energy use #1

Off‐Site Laboratory Analysis
Item Notes

Parameter and Notes

On‐site GHG emissions**
On‐site carbon storage**

User‐defined on‐site conventional energy use #2
On‐site HAP process emissions**

Other on‐site SOx emissions or reductions**
Other on‐site PM emissions or reductions**

GHG avoided by flaring on‐site landfill methane
Other on‐site NOx emissions or reductions**

User‐defined conventional energy transportation #2
* Enter units and conversion factors on "User Defined Factors" tab
** Enter a positive number for emissions and a negative number for reductions, avoidances, or storage Totals

Transportation Notes
User‐defined conventional energy transportation #1

Type of renewable energy source:
User‐defined on‐site renewable energy use #2 Date of renewable system installation:

See the “Detailed Notes and Explanations” tab for use of this table

Description of purchased renewable electricity 
(green pricing product or 
green marketing product)

Provider:
Item Notes Type of product:

User‐defined on‐site renewable energy use #1

User‐defined renewable energy transportation #1

Description of purchased RECs

Provider:
User‐defined renewable energy transportation #2 Type of renewable energy source:
Voluntary purchase of renewable electricity**

* Enter units and conversion factors on "User Defined Factors" tab
** Complete information on provider in the table to the right.  No footprint reductions are associated with the voluntary purchases.  
See the “Detailed Notes and Explanations” tab for use of this table

Date of renewable system installation:
Voluntary purchase of RECs** Location of renewable system installation:



Input Worksheet for Input Template (3) Ely Copper Mine Site ‐ AD‐3

3

General Scope

Personnel Transportation

Number of 
Roundtrips 
to Site

Roundtrip 
Distance to 

Site
(miles)

Transport Fuel 
Type*

Total Distance 
Transported 

(miles)
Default Fuel 
Usage Rate**

Fuel Usage 
Rate 

Override**

Fuel Used for 
Personnel 
Transport**

3120 20 Gasoline 62400 24 2600
360 300 108000

On‐Site Equipment Use and Transportation

HP*
Load Factor

(%)*
Equipment 
Fuel Type

Equipment 
Fuel Usage 

Rate
(gal/hr)

Equipment 
Hours 

Operated

Fuel Used for 
On‐site 

Equipment 
(gallons)

Number of 
Equipment 

Roundtrips to 
Site

Roundtrip 
Distance to 

Site
(miles)

Total Distance 
Transported 

(miles)
Transport Fuel 

Type
Default Fuel 
Usage Rate**

Fuel Usage 
Rate 

Override**

Fuel Used for 
Equipment 
Transport**

On‐Site Electricity Use

Equipment Type HP
Load Factor

(%)
Efficiency

(%)
Electrical 

Rating (kW) Hours Used
Energy Used 

(kWh)
Power Rating 

(Btu/hr) Efficiency (%) Hours Used

Energy 
Required 
(Btu)

Natural Gas 
Used (ccf)

<Equip. with HP, Efficiency, and Hours>
<Equip. with HP, Efficiency, and Hours>
<Equip. with HP, Efficiency, and Hours> 0
<Equip. with HP, Efficiency, and Hours> 0
<Equip. with known kW rating> 0 0 0
<Equip. with known kW rating>
<Equip. with known kW rating>
<Equip. with known kW rating>
<Equip. with known total Energy Used> 707985
<Equip. with known total Energy Used>
<Equip. with known total Energy Used>
<Equip. with known total Energy Used>

707985

707985

Greener Cleanups: EPA Spreadsheets for Environmental Footprint Analysis ‐ August 2014

Please specify which Remedy Component this Input worksheet is part of:
(Select "Off" to exclude this Input worksheet from calculations and results)

Component 3 Routine O&M

Example Items Eliminated through Screening Process Other Notes and References
Quantities based on a 30‐year period. Lime usage assumed to be 0.01 lb/gallon treated (based on Emine RCTS) to treat 3.2 gpm. roundtrip assumed to be 100 miles each way + 100 miles daily driving to site 

per week

Participant Mode of Transportation* Activity or Notes
Operator Car 2 trips/week x 52 weeks x 30 years
Oversight/additional assistance 1 trip/month x 12 months x 30 years

Activity or Notes

* See the "Detailed Notes and Explanations" tab for 
explanation of transport and fuel options.

** for biodiesel, B20, diesel, and gasoline, units are gallons for Fuel Used and miles/gallon for Fuel Usage Rate; for 
natural gas, units are hundreds of cubic feet (ccf) for Fuel Used and ccf/gallon for Fuel Usage Rate.

Equipment Type*

* HP and Load Factor must be entered by user in Columns C and D.  Please see the “Detailed Notes and Explanations” tab for further explanation. ** for biodiesel, B20, diesel, and gasoline, units are gallons for Fuel Used and miles/gallon for Fuel Usage Rate; for natural gas, 
units are hundreds of cubic feet (ccf) for Fuel Used and ccf/gallon for Fuel Usage Rate.

On‐Site Natural Gas Use

Notes Equipment Type Notes

Totals

Landfill Gas Methane Used 
(ccf) Notes
0

1/2 EMine electrical useage 2011 x 30 years Landfill Gas Combusted On‐Site for Energy Use

Equipment Type
Landfill Gas 

(ccf)
% Methane by 

volume

Total Grid Electricity Used
* Electricity generated on‐site from renewable resources, for which the facility retains the rights to the renewable 
energy (i.e., does not sell renewable energy certificates associated with the renewable energy generation).

Please see the “Detailed Notes and Explanations” tab for instructions on using the two tables above (“On‐site Natural Gas Use” and 
“Landfill Gas Combusted On‐Site for Energy Use”).  In the two tables above, ccf = hundreds of cubic feet.

Estimated Total Electricity Usage Based on Above 0
Renewable Electricity Generated On‐Site* Total 0



Input Worksheet for Input Template (3) Ely Copper Mine Site ‐ AD‐3
Greener Cleanups: EPA Spreadsheets for Environmental Footprint Analysis ‐ August 2014

Remedy Component that this Input 
worksheet is part of:

Materials Use and Transportation 

Unit Quantity Tons

Is the Material 
Refined or 

Unrefined?**

Material 
Source: Virgin, 
Recycled, or 
Reused?**

Calculate Item 
Footprint?**

Default One‐
way Distance to 

Site
(miles)

One‐way 
Distance to 
Site Override 

(miles)

Number of One‐
way Trips to 

Site
Transport Fuel 

Type

Default Fuel 
Usage Rate
 (gptm or 
mpg)

Fuel Usage 
Rate 

Override  
(gptm or 
mpg)

Fuel Used for 
Materials 
Transport
(gallons)

lb 504570 252.285 Refined Virgin Yes 500 150 13 Diesel 6 325.0
lb 0 500 150 13 Diesel 6 325

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Waste Disposal and Transportation

Unit Quantity Tons

Default One‐
way Distance 

to Site
(miles)

One‐way 
Distance to 
Site Override 

(miles)

Number of 
One‐way 

Trips to Site
Transport Fuel 

Type

Default Fuel 
Usage Rate

(gptm or mpg)

Fuel Usage 
Rate Override 
(gptm or mpg)

Fuel Used for 
Waste 

Transport 
(gallons)

tons 113.1 113.1 50 30 Diesel 6 250
tons 0 50 30 Diesel 6 250

0
0
0
0
0
0
0
0
0
0

Water Use
Unit Quantity Tons

gal x 1000 1 4.17
0
0
0
0
0
0
0
0
0
0
0

Remedy Component that this Input 
worksheet is part of:

Component 3 Routine O&M

Other Treatment Chemicals & Materials Truck (mpg) return trip for lime delivery

Material Type* Mode of Transportation*** Notes and Description of Materials
Other Treatment Chemicals & Materials Truck (mpg) Delivery to site from industrial facility ‐ lime

* Please see the “Detailed Notes and Explanations” tab 
for instructions on specifying “User‐Defined Materials” 
in the dropdown menu.

** Selections must be made in Columns F ‐ H in order for the footprint 
calculations to be performed.  Please see the “Detailed Notes and 
Explanations” tab for further information.

*** Please see the "Detailed Notes and Explanations" tab for instructions on 
selecting mode of transportation, accounting for empty return trips, and other 
aspects of data entry in Columns L, N, and P.

Recycled/reused off‐site Truck (mpg) return trip for waste removal

Waste Destination* Mode of Transportation** Notes and Description of Waste
Recycled/reused off‐site Truck (mpg) precipitate ‐ annual clean‐out x 30 years ‐ assume average Table 2‐7 loading rate

* No footprint is calculated for the Recycled/Reused On‐Site and Off‐Site selections.  
Please see the “Detailed Notes and Explanations” tab for instructions on specifying 
“User‐Defined” selections in the dropdown menu.

** Please see the "Detailed Notes and Explanations" tab for instructions on selecting mode of transportation, 
accounting for empty return trips, and other aspects of data entry in Columns I, K, and M.

Source of Water Used* Source Location/Aquifer (optional) Quality of Water Used (optional) Water Uses (optional) Fate of Used Water (optional)
Surface Water

* Only the "Public Water" selection has an associated footprint.  No footprint is 
calculated for the other water source selections.  Please see the “Detailed Notes 
and Explanations” tab for additional information.

Note: Information entered in Columns F ‐ V (Source/Quality/Use/Fate) is not compiled or reported by SEFA.

Component 3 Routine O&M



Input Worksheet for Input Template (3) Ely Copper Mine Site ‐ AD‐3
Greener Cleanups: EPA Spreadsheets for Environmental Footprint Analysis ‐ August 2014

Other Energy Use and Air Emissions
Units Quantity

*User‐Defined TBD
*User‐Defined TBD 0

lbs 0
lbs CO2e 0
lbs CO2e 0
ccf CH4 0
lbs 0
lbs 0
lbs 0

0
Units Quantity 0

*User‐Defined TBD 0
*User‐Defined TBD 0

0
0 0

Other Voluntary Renewable Energy Use
Units Quantity

*User‐Defined TBD
*User‐Defined TBD
*User‐Defined TBD
*User‐Defined TBD

MWh
MWh

 Unit Cost 
($)

Number of 
Samples Total Cost

On‐Site
User‐defined on‐site conventional energy use #1

Off‐Site Laboratory Analysis
Item Notes

Parameter and Notes

On‐site GHG emissions**
On‐site carbon storage**

User‐defined on‐site conventional energy use #2
On‐site HAP process emissions**

Other on‐site SOx emissions or reductions**
Other on‐site PM emissions or reductions**

GHG avoided by flaring on‐site landfill methane
Other on‐site NOx emissions or reductions**

User‐defined conventional energy transportation #2
* Enter units and conversion factors on "User Defined Factors" tab
** Enter a positive number for emissions and a negative number for reductions, avoidances, or storage Totals

Transportation Notes
User‐defined conventional energy transportation #1

Type of renewable energy source:
User‐defined on‐site renewable energy use #2 Date of renewable system installation:

See the “Detailed Notes and Explanations” tab for use of this table

Description of purchased renewable electricity 
(green pricing product or 
green marketing product)

Provider:
Item Notes Type of product:

User‐defined on‐site renewable energy use #1

User‐defined renewable energy transportation #1

Description of purchased RECs

Provider:
User‐defined renewable energy transportation #2 Type of renewable energy source:
Voluntary purchase of renewable electricity**

* Enter units and conversion factors on "User Defined Factors" tab
** Complete information on provider in the table to the right.  No footprint reductions are associated with the voluntary purchases.  
See the “Detailed Notes and Explanations” tab for use of this table

Date of renewable system installation:
Voluntary purchase of RECs** Location of renewable system installation:



Input Worksheet for Input Template Ely Copper Mine Site ‐ AD‐4

1

General Scope

Personnel Transportation

Number of 
Roundtrips 
to Site

Roundtrip 
Distance to 

Site
(miles)

Transport Fuel 
Type*

Total Distance 
Transported 

(miles)
Default Fuel 
Usage Rate**

Fuel Usage 
Rate 

Override**

Fuel Used for 
Personnel 
Transport**

3 300 Gasoline 900 17 52.9
3 300 Gasoline 900 17 52.9
15 20 Gasoline 300 24 12.5

On‐Site Equipment Use and Transportation

HP*
Load Factor

(%)*
Equipment 
Fuel Type

Equipment 
Fuel Usage 

Rate
(gal/hr)

Equipment 
Hours 

Operated

Fuel Used for 
On‐site 

Equipment 
(gallons)

Number of 
Equipment 

Roundtrips to 
Site

Roundtrip 
Distance to 

Site
(miles)

Total Distance 
Transported 

(miles)
Transport Fuel 

Type
Default Fuel 
Usage Rate**

Fuel Usage 
Rate 

Override**

Fuel Used for 
Equipment 
Transport**

60 75% Gasoline 2.52 0 1 20 20 Diesel 6 3.3
400 75% Diesel 15 0 1 20 20

On‐Site Electricity Use

Equipment Type HP
Load Factor

(%)
Efficiency

(%)
Electrical 

Rating (kW) Hours Used
Energy Used 

(kWh)
Power Rating 

(Btu/hr) Efficiency (%) Hours Used

Energy 
Required 
(Btu)

Natural Gas 
Used (ccf)

<Equip. with HP, Efficiency, and Hours>
<Equip. with HP, Efficiency, and Hours>
<Equip. with HP, Efficiency, and Hours> 0
<Equip. with HP, Efficiency, and Hours> 0
<Equip. with known kW rating> 0 0 0
<Equip. with known kW rating>
<Equip. with known kW rating>
<Equip. with known kW rating>
<Equip. with known total Energy Used>
<Equip. with known total Energy Used>
<Equip. with known total Energy Used>
<Equip. with known total Energy Used>

0

0

Greener Cleanups: EPA Spreadsheets for Environmental Footprint Analysis ‐ August 2014

Please specify which Remedy Component this Input worksheet is part of:
(Select "Off" to exclude this Input worksheet from calculations and results)

Component 1 Flowable Fill

Example Items Eliminated through Screening Process Other Notes and References

Light‐Duty Truck
Local equipment support (water truck etc) Car

Flowable fill injection: assumes that fill is a locally‐derived industrial waste product that will be transported dry and mixed on‐site prior to injection. 
Grouter used for injection. Assume 3 weeks for injection.

Participant
Light‐Duty Truck

Injection oversight

Mode of Transportation* Activity or Notes
Injection crew

** for biodiesel, B20, diesel, and gasoline, units are gallons for Fuel Used and miles/gallon for Fuel Usage Rate; for 
natural gas, units are hundreds of cubic feet (ccf) for Fuel Used and ccf/gallon for Fuel Usage Rate.

Equipment Type* Activity or Notes

roundtrip assumed to be 100 miles each way + 100 miles daily driving to site 
per week

* See the "Detailed Notes and Explanations" tab for 
explanation of transport and fuel options.

Grout pump (20 HP) grout pump assumed to be specialized/heavy duty for injection (higher HP)
Water truck (400 HP)

On‐Site Natural Gas Use

Notes Equipment Type Notes

** for biodiesel, B20, diesel, and gasoline, units are gallons for Fuel Used and miles/gallon for Fuel Usage Rate; for natural gas, 
units are hundreds of cubic feet (ccf) for Fuel Used and ccf/gallon for Fuel Usage Rate.

* HP and Load Factor must be entered by user in Columns C and D.  Please see the “Detailed Notes and Explanations” tab for further explanation.

Totals

% Methane by 
volume

Landfill Gas Methane Used 
(ccf) Notes
0

Landfill Gas Combusted On‐Site for Energy Use

Equipment Type
Landfill Gas 

(ccf)

Total Grid Electricity Used
* Electricity generated on‐site from renewable resources, for which the facility retains the rights to the renewable 
energy (i.e., does not sell renewable energy certificates associated with the renewable energy generation).

Estimated Total Electricity Usage Based on Above

Please see the “Detailed Notes and Explanations” tab for instructions on using the two tables above (“On‐site Natural Gas Use” and 
“Landfill Gas Combusted On‐Site for Energy Use”).  In the two tables above, ccf = hundreds of cubic feet.

0
Renewable Electricity Generated On‐Site* Total 0



Input Worksheet for Input Template Ely Copper Mine Site ‐ AD‐4
Greener Cleanups: EPA Spreadsheets for Environmental Footprint Analysis ‐ August 2014

Remedy Component that this Input 
worksheet is part of:

Materials Use and Transportation 

Unit Quantity Tons

Is the Material 
Refined or 

Unrefined?**

Material 
Source: Virgin, 
Recycled, or 
Reused?**

Calculate Item 
Footprint?**

Default One‐
way Distance to 

Site
(miles)

One‐way 
Distance to 
Site Override 

(miles)

Number of One‐
way Trips to 

Site
Transport Fuel 

Type

Default Fuel 
Usage Rate
 (gptm or 
mpg)

Fuel Usage 
Rate 

Override  
(gptm or 
mpg)

Fuel Used for 
Materials 
Transport
(gallons)

lb 3206250 1603.125 Refined Reused Yes 500 80 81 Diesel 6 1080.0
0 80 81 Diesel 6 1080
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Waste Disposal and Transportation

Unit Quantity Tons

Default One‐
way Distance 

to Site
(miles)

One‐way 
Distance to 
Site Override 

(miles)

Number of 
One‐way 

Trips to Site
Transport Fuel 

Type

Default Fuel 
Usage Rate

(gptm or mpg)

Fuel Usage 
Rate Override 
(gptm or mpg)

Fuel Used for 
Waste 

Transport 
(gallons)

0
0
0
0
0
0
0
0
0
0
0
0

Water Use
Unit Quantity Tons

gal x 1000 10 41.7
0
0
0
0
0
0
0
0
0
0
0

Remedy Component that this Input 
worksheet is part of:

Component 1 Flowable Fill

Truck (mpg) empty return trip ‐ mpg assumed to be the same

Material Type* Mode of Transportation*** Notes and Description of Materials
Other Treatment Chemicals & Materials Truck (mpg) Delivery to site from industrial facility ‐ lime

** Selections must be made in Columns F ‐ H in order for the footprint 
calculations to be performed.  Please see the “Detailed Notes and 
Explanations” tab for further information.

*** Please see the "Detailed Notes and Explanations" tab for instructions on 
selecting mode of transportation, accounting for empty return trips, and other 
aspects of data entry in Columns L, N, and P.

Waste Destination* Mode of Transportation** Notes and Description of Waste

* Please see the “Detailed Notes and Explanations” tab 
for instructions on specifying “User‐Defined Materials” 
in the dropdown menu.

Fate of Used Water (optional)
Surface Water

** Please see the "Detailed Notes and Explanations" tab for instructions on selecting mode of transportation, 
accounting for empty return trips, and other aspects of data entry in Columns I, K, and M.

Source of Water Used* Source Location/Aquifer (optional) Quality of Water Used (optional) Water Uses (optional)

* No footprint is calculated for the Recycled/Reused On‐Site and Off‐Site selections.  
Please see the “Detailed Notes and Explanations” tab for instructions on specifying 
“User‐Defined” selections in the dropdown menu.

* Only the "Public Water" selection has an associated footprint.  No footprint is 
calculated for the other water source selections.  Please see the “Detailed Notes 
and Explanations” tab for additional information.

Note: Information entered in Columns F ‐ V (Source/Quality/Use/Fate) is not compiled or reported by SEFA.

Component 1 Flowable Fill



Input Worksheet for Input Template Ely Copper Mine Site ‐ AD‐4
Greener Cleanups: EPA Spreadsheets for Environmental Footprint Analysis ‐ August 2014

Other Energy Use and Air Emissions
Units Quantity

*User‐Defined TBD
*User‐Defined TBD 0

lbs 0
lbs CO2e 0
lbs CO2e 0
ccf CH4 0
lbs 0
lbs 0
lbs 0

0
Units Quantity 0

*User‐Defined TBD 0
*User‐Defined TBD 0

0
0 0

Other Voluntary Renewable Energy Use
Units Quantity

*User‐Defined TBD
*User‐Defined TBD
*User‐Defined TBD
*User‐Defined TBD

MWh
MWh

 Unit Cost 
($)

Number of 
Samples Total Cost

On‐Site
User‐defined on‐site conventional energy use #1

Off‐Site Laboratory Analysis
Item Notes

Parameter and Notes

On‐site GHG emissions**
On‐site carbon storage**

User‐defined on‐site conventional energy use #2
On‐site HAP process emissions**

Other on‐site SOx emissions or reductions**
Other on‐site PM emissions or reductions**

GHG avoided by flaring on‐site landfill methane
Other on‐site NOx emissions or reductions**

User‐defined conventional energy transportation #2
* Enter units and conversion factors on "User Defined Factors" tab

Transportation Notes
User‐defined conventional energy transportation #1

See the “Detailed Notes and Explanations” tab for use of this table

Type of renewable energy source:
User‐defined on‐site renewable energy use #2 Date of renewable system installation:

** Enter a positive number for emissions and a negative number for reductions, avoidances, or storage Totals

Description of purchased renewable electricity 
(green pricing product or 
green marketing product)

Provider:
Item Notes Type of product:

User‐defined on‐site renewable energy use #1

User‐defined renewable energy transportation #1

Description of purchased RECs

Provider:
User‐defined renewable energy transportation #2 Type of renewable energy source:
Voluntary purchase of renewable electricity**

* Enter units and conversion factors on "User Defined Factors" tab
** Complete information on provider in the table to the right.  No footprint reductions are associated with the voluntary purchases.  

Date of renewable system installation:
Voluntary purchase of RECs** Location of renewable system installation:

See the “Detailed Notes and Explanations” tab for use of this table



Input Worksheet for Input Template (2) Ely Copper Mine Site ‐ AD‐4

2

General Scope

Personnel Transportation

Number of 
Roundtrips 
to Site

Roundtrip 
Distance to 

Site
(miles)

Transport Fuel 
Type*

Total Distance 
Transported 

(miles)
Default Fuel 
Usage Rate**

Fuel Usage 
Rate 

Override**

Fuel Used for 
Personnel 
Transport**

40 20 Gasoline 800 24 33.3
1 300 Gasoline 300 17 17.6

On‐Site Equipment Use and Transportation

HP*
Load Factor

(%)*
Equipment 
Fuel Type

Equipment 
Fuel Usage 

Rate
(gal/hr)

Equipment 
Hours 

Operated

Fuel Used for 
On‐site 

Equipment 
(gallons)

Number of 
Equipment 

Roundtrips to 
Site

Roundtrip 
Distance to 

Site
(miles)

Total Distance 
Transported 

(miles)
Transport Fuel 

Type
Default Fuel 
Usage Rate**

Fuel Usage 
Rate 

Override**

Fuel Used for 
Equipment 
Transport**

175 75% Diesel 6.5625 80 525 1 20 20 Diesel 6 3.3
400 75% Diesel 15 20 300 1 20 20
200 75% Diesel 7.5 8 60 1 20 20

On‐Site Electricity Use

Equipment Type HP
Load Factor

(%)
Efficiency

(%)
Electrical 

Rating (kW) Hours Used
Energy Used 

(kWh)
Power Rating 

(Btu/hr) Efficiency (%) Hours Used

Energy 
Required 
(Btu)

Natural Gas 
Used (ccf)

<Equip. with HP, Efficiency, and Hours>
<Equip. with HP, Efficiency, and Hours>
<Equip. with HP, Efficiency, and Hours> 0
<Equip. with HP, Efficiency, and Hours> 0
<Equip. with known kW rating> 0 0 0
<Equip. with known kW rating>
<Equip. with known kW rating>
<Equip. with known kW rating>
<Equip. with known total Energy Used>
<Equip. with known total Energy Used>
<Equip. with known total Energy Used>
<Equip. with known total Energy Used>

0

0

Greener Cleanups: EPA Spreadsheets for Environmental Footprint Analysis ‐ August 2014

Please specify which Remedy Component this Input worksheet is part of:
(Select "Off" to exclude this Input worksheet from calculations and results)

Component 2 Biological Treatment ‐ Installation

Example Items Eliminated through Screening Process Other Notes and References
Construction of settling pond and passive treatment system  ‐ assume 1 week construction roundtrip assumed to be 100 miles each way + 100 miles daily driving to site 

per week

Participant Mode of Transportation* Activity or Notes
Local construction ‐ crew of 4 (1 week) Car
Oversight Light‐Duty Truck

Activity or Notes
Excavator ‐ medium (175 HP)
Water truck (400 HP)
Concrete paving machine (200 HP)

* See the "Detailed Notes and Explanations" tab for 
explanation of transport and fuel options.

** for biodiesel, B20, diesel, and gasoline, units are gallons for Fuel Used and miles/gallon for Fuel Usage Rate; for 
natural gas, units are hundreds of cubic feet (ccf) for Fuel Used and ccf/gallon for Fuel Usage Rate.

Equipment Type*

* HP and Load Factor must be entered by user in Columns C and D.  Please see the “Detailed Notes and Explanations” tab for further explanation. ** for biodiesel, B20, diesel, and gasoline, units are gallons for Fuel Used and miles/gallon for Fuel Usage Rate; for natural gas, 
units are hundreds of cubic feet (ccf) for Fuel Used and ccf/gallon for Fuel Usage Rate.

On‐Site Natural Gas Use

Notes Equipment Type Notes

Totals

Landfill Gas Methane Used 
(ccf) Notes
0

Landfill Gas Combusted On‐Site for Energy Use

Equipment Type
Landfill Gas 

(ccf)
% Methane by 

volume

Total Grid Electricity Used
* Electricity generated on‐site from renewable resources, for which the facility retains the rights to the renewable 
energy (i.e., does not sell renewable energy certificates associated with the renewable energy generation).

Please see the “Detailed Notes and Explanations” tab for instructions on using the two tables above (“On‐site Natural Gas Use” and 
“Landfill Gas Combusted On‐Site for Energy Use”).  In the two tables above, ccf = hundreds of cubic feet.

Estimated Total Electricity Usage Based on Above 0
Renewable Electricity Generated On‐Site* Total 0



Input Worksheet for Input Template (2) Ely Copper Mine Site ‐ AD‐4
Greener Cleanups: EPA Spreadsheets for Environmental Footprint Analysis ‐ August 2014

Remedy Component that this Input 
worksheet is part of:

Materials Use and Transportation 

Unit Quantity Tons

Is the Material 
Refined or 

Unrefined?**

Material 
Source: Virgin, 
Recycled, or 
Reused?**

Calculate Item 
Footprint?**

Default One‐
way Distance to 

Site
(miles)

One‐way 
Distance to 
Site Override 

(miles)

Number of One‐
way Trips to 

Site
Transport Fuel 

Type

Default Fuel 
Usage Rate
 (gptm or 
mpg)

Fuel Usage 
Rate 

Override  
(gptm or 
mpg)

Fuel Used for 
Materials 
Transport
(gallons)

dry‐lb 37600 18.8 Refined Virgin Yes 500 Diesel 0.029 272.6
0
0

lb 360000 180 Unrefined Virgin Yes 500 100 9 Diesel 6 150
0 Yes 100 9 Diesel 6 150

lb 120000 60 Refined Reused Yes 500 20 3 Diesel 6 10
0 20 3
0

lb 500 0.25 Refined Virgin Yes 500 Diesel 0.029 3.6
lb 4175 2.0875 Refined Virgin Yes 500 Diesel 0.029 30.3

0
0
0
0
0
0
0
0

Waste Disposal and Transportation

Unit Quantity Tons

Default One‐
way Distance 

to Site
(miles)

One‐way 
Distance to 
Site Override 

(miles)

Number of 
One‐way 

Trips to Site
Transport Fuel 

Type

Default Fuel 
Usage Rate

(gptm or mpg)

Fuel Usage 
Rate Override 
(gptm or mpg)

Fuel Used for 
Waste 

Transport 
(gallons)

0
0
0
0
0
0
0
0
0
0
0
0

Water Use
Unit Quantity Tons

gal x 1000 5 20.85
0
0
0
0
0
0
0
0
0
0
0

Remedy Component that this Input 
worksheet is part of:

Component 2 Biological Treatment ‐ Installation

Material Type* Mode of Transportation*** Notes and Description of Materials
Cement Truck freight (gptm) cement for 400 ft2, 5' deep settling basin (1/2' slab)

Other Treatment Chemicals & Materials Truck (mpg) compost for passive biological treatment system
return trip for compost

Other Treatment Chemicals & Materials Truck (mpg) limestone for passive biological treatment system
Truck (mpg) return trip for limestone

PVC Truck freight (gptm) PVC for discharge piping
Steel Truck freight (gptm) rebar for cement forms

* Please see the “Detailed Notes and Explanations” tab 
for instructions on specifying “User‐Defined Materials” 
in the dropdown menu.

** Selections must be made in Columns F ‐ H in order for the footprint 
calculations to be performed.  Please see the “Detailed Notes and 
Explanations” tab for further information.

*** Please see the "Detailed Notes and Explanations" tab for instructions on 
selecting mode of transportation, accounting for empty return trips, and other 
aspects of data entry in Columns L, N, and P.

Waste Destination* Mode of Transportation** Notes and Description of Waste

* No footprint is calculated for the Recycled/Reused On‐Site and Off‐Site selections.  
Please see the “Detailed Notes and Explanations” tab for instructions on specifying 
“User‐Defined” selections in the dropdown menu.

** Please see the "Detailed Notes and Explanations" tab for instructions on selecting mode of transportation, 
accounting for empty return trips, and other aspects of data entry in Columns I, K, and M.

Source of Water Used* Source Location/Aquifer (optional) Quality of Water Used (optional) Water Uses (optional) Fate of Used Water (optional)
Surface Water

* Only the "Public Water" selection has an associated footprint.  No footprint is 
calculated for the other water source selections.  Please see the “Detailed Notes 
and Explanations” tab for additional information.

Note: Information entered in Columns F ‐ V (Source/Quality/Use/Fate) is not compiled or reported by SEFA.

Component 2 Biological Treatment ‐ Installation



Input Worksheet for Input Template (2) Ely Copper Mine Site ‐ AD‐4
Greener Cleanups: EPA Spreadsheets for Environmental Footprint Analysis ‐ August 2014

Other Energy Use and Air Emissions
Units Quantity

*User‐Defined TBD
*User‐Defined TBD 0

lbs 0
lbs CO2e 0
lbs CO2e 0
ccf CH4 0
lbs 0
lbs 0
lbs 0

0
Units Quantity 0

*User‐Defined TBD 0
*User‐Defined TBD 0

0
0 0

Other Voluntary Renewable Energy Use
Units Quantity

*User‐Defined TBD
*User‐Defined TBD
*User‐Defined TBD
*User‐Defined TBD

MWh
MWh

 Unit Cost 
($)

Number of 
Samples Total Cost

On‐Site
User‐defined on‐site conventional energy use #1

Off‐Site Laboratory Analysis
Item Notes

Parameter and Notes

On‐site GHG emissions**
On‐site carbon storage**

User‐defined on‐site conventional energy use #2
On‐site HAP process emissions**

Other on‐site SOx emissions or reductions**
Other on‐site PM emissions or reductions**

GHG avoided by flaring on‐site landfill methane
Other on‐site NOx emissions or reductions**

User‐defined conventional energy transportation #2
* Enter units and conversion factors on "User Defined Factors" tab
** Enter a positive number for emissions and a negative number for reductions, avoidances, or storage Totals

Transportation Notes
User‐defined conventional energy transportation #1

Type of renewable energy source:
User‐defined on‐site renewable energy use #2 Date of renewable system installation:

See the “Detailed Notes and Explanations” tab for use of this table

Description of purchased renewable electricity 
(green pricing product or 
green marketing product)

Provider:
Item Notes Type of product:

User‐defined on‐site renewable energy use #1

User‐defined renewable energy transportation #1

Description of purchased RECs

Provider:
User‐defined renewable energy transportation #2 Type of renewable energy source:
Voluntary purchase of renewable electricity**

* Enter units and conversion factors on "User Defined Factors" tab
** Complete information on provider in the table to the right.  No footprint reductions are associated with the voluntary purchases.  
See the “Detailed Notes and Explanations” tab for use of this table

Date of renewable system installation:
Voluntary purchase of RECs** Location of renewable system installation:



Input Worksheet for Input Template (3) Ely Copper Mine Site ‐ AD‐4

3

General Scope

Personnel Transportation

Number of 
Roundtrips 
to Site

Roundtrip 
Distance to 

Site
(miles)

Transport Fuel 
Type*

Total Distance 
Transported 

(miles)
Default Fuel 
Usage Rate**

Fuel Usage 
Rate 

Override**

Fuel Used for 
Personnel 
Transport**

360 300 Diesel 108000 20 5400
30 20 Gasoline 600 24 25
2 20 Gasoline 40 24 1.7
31 300 Gasoline 9300 17 547.1

On‐Site Equipment Use and Transportation

HP*
Load Factor

(%)*
Equipment 
Fuel Type

Equipment 
Fuel Usage 

Rate
(gal/hr)

Equipment 
Hours 

Operated

Fuel Used for 
On‐site 

Equipment 
(gallons)

Number of 
Equipment 

Roundtrips to 
Site

Roundtrip 
Distance to 

Site
(miles)

Total Distance 
Transported 

(miles)
Transport Fuel 

Type
Default Fuel 
Usage Rate**

Fuel Usage 
Rate 

Override**

Fuel Used for 
Equipment 
Transport**

100 75% Diesel 3.75 120 450 30 20 600 Diesel 6 100

On‐Site Electricity Use

Equipment Type HP
Load Factor

(%)
Efficiency

(%)
Electrical 

Rating (kW) Hours Used
Energy Used 

(kWh)
Power Rating 

(Btu/hr) Efficiency (%) Hours Used

Energy 
Required 
(Btu)

Natural Gas 
Used (ccf)

<Equip. with HP, Efficiency, and Hours>
<Equip. with HP, Efficiency, and Hours>
<Equip. with HP, Efficiency, and Hours> 0
<Equip. with HP, Efficiency, and Hours> 0
<Equip. with known kW rating> 0 0 0
<Equip. with known kW rating>
<Equip. with known kW rating>
<Equip. with known kW rating>
<Equip. with known total Energy Used>
<Equip. with known total Energy Used>
<Equip. with known total Energy Used>
<Equip. with known total Energy Used>

0

0

Greener Cleanups: EPA Spreadsheets for Environmental Footprint Analysis ‐ August 2014

Please specify which Remedy Component this Input worksheet is part of:
(Select "Off" to exclude this Input worksheet from calculations and results)

Component 3 Routine O&M

Example Items Eliminated through Screening Process Other Notes and References
Quantities based on a 30‐year period. Assume that sedimentation basin will require cleanout annually and that passive treatment system media will 
be replaced every 15 years (at 15 and 30 years after initial installation). Also assume that the flowable fill reduces the discharge volume/mass by 
50%.

roundtrip assumed to be 100 miles each way + 100 miles daily driving to site 
per week

Participant Mode of Transportation* Activity or Notes
Regular O&M checks Light‐Duty Truck
Construction crew ‐ sediment/basin cleanout  Car
Construction crew ‐ active media removal Car
oversight of construction crew Light‐Duty Truck

Activity or Notes
Backhoe (100 HP) backhoe used to clear out sediment basin

* See the "Detailed Notes and Explanations" tab for 
explanation of transport and fuel options.

** for biodiesel, B20, diesel, and gasoline, units are gallons for Fuel Used and miles/gallon for Fuel Usage Rate; for 
natural gas, units are hundreds of cubic feet (ccf) for Fuel Used and ccf/gallon for Fuel Usage Rate.

Equipment Type*

* HP and Load Factor must be entered by user in Columns C and D.  Please see the “Detailed Notes and Explanations” tab for further explanation. ** for biodiesel, B20, diesel, and gasoline, units are gallons for Fuel Used and miles/gallon for Fuel Usage Rate; for natural gas, 
units are hundreds of cubic feet (ccf) for Fuel Used and ccf/gallon for Fuel Usage Rate.

On‐Site Natural Gas Use

Notes Equipment Type Notes

Totals

Landfill Gas Methane Used 
(ccf) Notes
0

Landfill Gas Combusted On‐Site for Energy Use

Equipment Type
Landfill Gas 

(ccf)
% Methane by 

volume

Total Grid Electricity Used
* Electricity generated on‐site from renewable resources, for which the facility retains the rights to the renewable 
energy (i.e., does not sell renewable energy certificates associated with the renewable energy generation).

Please see the “Detailed Notes and Explanations” tab for instructions on using the two tables above (“On‐site Natural Gas Use” and 
“Landfill Gas Combusted On‐Site for Energy Use”).  In the two tables above, ccf = hundreds of cubic feet.

Estimated Total Electricity Usage Based on Above 0
Renewable Electricity Generated On‐Site* Total 0



Input Worksheet for Input Template (3) Ely Copper Mine Site ‐ AD‐4
Greener Cleanups: EPA Spreadsheets for Environmental Footprint Analysis ‐ August 2014

Remedy Component that this Input 
worksheet is part of:

Materials Use and Transportation 

Unit Quantity Tons

Is the Material 
Refined or 

Unrefined?**

Material 
Source: Virgin, 
Recycled, or 
Reused?**

Calculate Item 
Footprint?**

Default One‐
way Distance to 

Site
(miles)

One‐way 
Distance to 
Site Override 

(miles)

Number of One‐
way Trips to 

Site
Transport Fuel 

Type

Default Fuel 
Usage Rate
 (gptm or 
mpg)

Fuel Usage 
Rate 

Override  
(gptm or 
mpg)

Fuel Used for 
Materials 
Transport
(gallons)

lb 240000 120 Refined Reused Yes 500 20 9 Diesel 6 30.0
0 Yes 20 9 Diesel 6 30

lb 720000 360 Unrefined Virgin Yes 500 100 3 Diesel 6 50
0 Yes 100 3 Diesel 6 50
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Waste Disposal and Transportation

Unit Quantity Tons

Default One‐
way Distance 

to Site
(miles)

One‐way 
Distance to 
Site Override 

(miles)

Number of 
One‐way 

Trips to Site
Transport Fuel 

Type

Default Fuel 
Usage Rate

(gptm or mpg)

Fuel Usage 
Rate Override 
(gptm or mpg)

Fuel Used for 
Waste 

Transport 
(gallons)

tons 28 28 50 30 Diesel 6 250
0 30 Diesel 6

tons 254 254 25 13 Diesel 6 54.2
0 13 Diesel 6

tons 254 254 25 13 Diesel 6 54.2
0 13 Diesel 6
0
0
0
0
0
0

Water Use
Unit Quantity Tons

0
0
0
0
0
0
0
0
0
0
0
0

Remedy Component that this Input 
worksheet is part of:

Component 3 Routine O&M

Truck (mpg) return trip for compost delivery (x2)
Other Treatment Chemicals & Materials Truck (mpg) limestone for passive biological treatment system (x2)

Material Type* Mode of Transportation*** Notes and Description of Materials
Other Treatment Chemicals & Materials Truck (mpg) compost for passive biological treatment system (x2)

Truck (mpg) return trip for limestone (x2)

* Please see the “Detailed Notes and Explanations” tab 
for instructions on specifying “User‐Defined Materials” 
in the dropdown menu.

** Selections must be made in Columns F ‐ H in order for the footprint 
calculations to be performed.  Please see the “Detailed Notes and 
Explanations” tab for further information.

*** Please see the "Detailed Notes and Explanations" tab for instructions on 
selecting mode of transportation, accounting for empty return trips, and other 
aspects of data entry in Columns L, N, and P.

Truck (mpg) return trip for waste removal
Off‐site non‐hazardous waste landfill Truck (mpg) used media replacement ‐ assume mixed limestone/precipitate/compost cannot be reused

Waste Destination* Mode of Transportation** Notes and Description of Waste
Recycled/reused off‐site Truck (mpg) precipitate in settling basin ‐ annual clean‐out x 30 years ‐ assume average Table 2‐7 loading rate/2

Truck (mpg) return trip for waste removal

Truck (mpg) return trip for waste removal
Off‐site non‐hazardous waste landfill Truck (mpg) used media replacement ‐ assume mixed limestone/precipitate/compost cannot be reused

* No footprint is calculated for the Recycled/Reused On‐Site and Off‐Site selections.  
Please see the “Detailed Notes and Explanations” tab for instructions on specifying 
“User‐Defined” selections in the dropdown menu.

** Please see the "Detailed Notes and Explanations" tab for instructions on selecting mode of transportation, 
accounting for empty return trips, and other aspects of data entry in Columns I, K, and M.

Source of Water Used* Source Location/Aquifer (optional) Quality of Water Used (optional) Water Uses (optional) Fate of Used Water (optional)

* Only the "Public Water" selection has an associated footprint.  No footprint is 
calculated for the other water source selections.  Please see the “Detailed Notes 
and Explanations” tab for additional information.

Note: Information entered in Columns F ‐ V (Source/Quality/Use/Fate) is not compiled or reported by SEFA.

Component 3 Routine O&M



Input Worksheet for Input Template (3) Ely Copper Mine Site ‐ AD‐4
Greener Cleanups: EPA Spreadsheets for Environmental Footprint Analysis ‐ August 2014

Other Energy Use and Air Emissions
Units Quantity

*User‐Defined TBD
*User‐Defined TBD 0

lbs 0
lbs CO2e 0
lbs CO2e 0
ccf CH4 0
lbs 0
lbs 0
lbs 0

0
Units Quantity 0

*User‐Defined TBD 0
*User‐Defined TBD 0

0
0 0

Other Voluntary Renewable Energy Use
Units Quantity

*User‐Defined TBD
*User‐Defined TBD
*User‐Defined TBD
*User‐Defined TBD

MWh
MWh

 Unit Cost 
($)

Number of 
Samples Total Cost

On‐Site
User‐defined on‐site conventional energy use #1

Off‐Site Laboratory Analysis
Item Notes

Parameter and Notes

On‐site GHG emissions**
On‐site carbon storage**

User‐defined on‐site conventional energy use #2
On‐site HAP process emissions**

Other on‐site SOx emissions or reductions**
Other on‐site PM emissions or reductions**

GHG avoided by flaring on‐site landfill methane
Other on‐site NOx emissions or reductions**

User‐defined conventional energy transportation #2
* Enter units and conversion factors on "User Defined Factors" tab
** Enter a positive number for emissions and a negative number for reductions, avoidances, or storage Totals

Transportation Notes
User‐defined conventional energy transportation #1

Type of renewable energy source:
User‐defined on‐site renewable energy use #2 Date of renewable system installation:

See the “Detailed Notes and Explanations” tab for use of this table

Description of purchased renewable electricity 
(green pricing product or 
green marketing product)

Provider:
Item Notes Type of product:

User‐defined on‐site renewable energy use #1

User‐defined renewable energy transportation #1

Description of purchased RECs

Provider:
User‐defined renewable energy transportation #2 Type of renewable energy source:
Voluntary purchase of renewable electricity**

* Enter units and conversion factors on "User Defined Factors" tab
** Complete information on provider in the table to the right.  No footprint reductions are associated with the voluntary purchases.  
See the “Detailed Notes and Explanations” tab for use of this table

Date of renewable system installation:
Voluntary purchase of RECs** Location of renewable system installation:
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