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SECTION 1.0 

Introduction 

The U.S. Environmental Protection Agency (EPA) - under the authority of the Comprehen-
sive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA), as 
amended by the Superfund Amendments and Reauthorization Act of 1986 (SARA) - is con-
ducting a remedial investigation/feasibility study (RI/FS) to address contamination asso-
ciated with the Lava Cap Mine Superfund site. The Lava Cap Mine is located southeast of 
Nevada City, California, as shown on Figure 1-1. This Superfund site (referred to as the site 
or the Lava Cap Mine site in this report) was listed on the National Priorities List (NPL) in 
February 1999. The Lava Cap Mine was a gold and silver mine that operated until 1943 and 
has since been inactive. The site encompasses the mine property itself and all downgradient 
areas impacted by contamination from the Lava Cap Mine. The mine and downgradient 
areas have been impacted primarily by the release of tailings and seepage from the mine 
adit. The tailings and adit seepage contain arsenic and various metals that have impacted 
soils, sediment, and surface water.  

In November 2001, EPA issued its Public Release Draft Remedial Investigation Report for the 
Lava Cap Mine Superfund Site ( EPA, 2001A). That Remedial Investigation (RI) Report was 
developed according to the EPA guidance document, Guidance for Conducting Remedial Inves-
tigations and Feasibility Studies Under CERCLA (EPA, 1988). The Lava Cap Mine RI Report 
documents the results of data collection efforts conducted to characterize site conditions, 
determine the nature and extent of contamination, and support informed risk-management 
decisions regarding potential risks to human health and the environment. 

This Feasibility Study (FS) used information generated during the RI to develop, screen, and 
provide detailed evaluations of alternative remedial actions for contaminated tailings, soil, 
sediment, and surface water in the Lava Cap Mine Area operable unit. The term “operable 
unit” (OU) is used to define a discrete action that is an incremental step toward a compre-
hensive remedy. OUs may address certain geographic areas, specific media, initial phases of 
a remedy, or a set of actions over time. Due to the different issues presented by the various 
geographic areas and contaminated media at the Lava Cap Mine Superfund Site, EPA has 
divided the Site into three OUs: the Mine Area OU, the Lost Lake OU, and the Groundwater 
OU. The Mine Area OU supports fewer residents and, with its large disturbed area con-
taining the contaminant sources, presents less complex cleanup alternatives.  As a result, the 
overall cleanup strategy for the Lava Cap Mine Superfund Site is to first address the Mine 
Area OU while  continuing to develop cleanup alternatives for the Lost Lake OU and simul-
taneously investigating potential groundwater contamination in the Groundwater OU.  
 
The RI/FS process will lead to a Record of Decision (ROD). In the ROD, EPA will select the 
environmental cleanup actions necessary to mitigate risks to both human health and the 
environment from the contaminated Lava Cap Mine Area tailings, soil, sediment, and sur-
face water. 
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1.1 Feasibility Study Purpose and Overview 
The purpose of the FS is to develop and evaluate remedial alternatives that are appropriate 
to site-specific conditions, protective of human health and the environment, and comply 
with CERCLA. This FS is supported by information gathered during the RI and is designed 
to develop and evaluate remedial alternatives for contaminated tailings, soil, sediment, and 
surface water in the Lava Cap Mine Area OU.  

The Lava Cap Mine Area OU is defined to include the mine property itself and the section 
of Little Clipper Creek that extends through the mine area, downstream of the log dam to 
Greenhorn Road. Because of their geographic proximity, these areas will be remediated at 
the same time and will require similar considerations regarding impacts to adjacent resi-
dences and property owners. EPA will address cleanup alternatives for the Lost Lake OU in 
a separate FS and is investigating potential groundwater contamination in the Groundwater 
OU. The Lost Lake OU includes contaminated tailings, soil, sediment, and surface water in 
portions of Little Clipper Creek, Clipper Creek, and Lost Lake downgradient from the Lava 
Cap Mine.  

The development of this FS and the evaluation of remedial alternatives were based on the 
guidelines set forth in the Guidance for Conducting Remedial Investigations and Feasibility Study 
Under CERCLA (EPA, 1988). The CERCLA Compliance Policy specifies that Superfund 
remedial actions must meet any federal standards, requirements, criteria, or limitations that 
are determined to be applicable or relevant and appropriate requirements (ARARs). State 
ARARs must be met as well if they are more stringent than federal requirements.  

Remedial action objectives (RAOs) are medium-specific goals for protecting human health 
and the environment. RAOs were developed for the Lava Cap Mine site, and then general 
response actions were identified for specific media to satisfy the RAOs. General response 
actions include treatment, containment, excavation, extraction, disposal, and institutional 
controls. Remedial technologies are the general categories of remedies under a general 
response action, such as chemical treatment, capping, or dewatering. Specific process 
options are developed for each remedial technology, and after screening, are combined to 
form remedial alternatives.  

Pursuant to CERCLA guidance (EPA, 1988), the remedial alternatives investigated in this FS 
were evaluated according to their ability to meet the following criteria: 

1. Overall protection of human health and the environment 

2. Compliance with applicable, relevant, and appropriate requirements (ARARs) 

3. Long-term effectiveness and permanence of the remedial action to minimize risks 

4. Reduction of toxicity, mobility, and volume through treatment 

5. Ability to meet short-term remediation goals, including minimization of adverse health, 
safety, and environmental impacts during remedial activities 

6. Technical viability, reliability, and implementability  

7. Cost-effectiveness and economic feasibility 
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Alternatives will be evaluated against two additional criteria, state acceptance and commu-
nity acceptance, after public comment on the FS and the Proposed Plan.  

1.2 Report Organization  
This Draft Mine Area FS is organized as follows: 

 Section 1.0 - Introduction: Provides historical background information for the Lava Cap 
Mine site and summarizes the RI results. 

 Section 2.0 - Development of Preliminary Cleanup Goals: Presents RAOs, ARARs, 
contaminants of concern (COCs), and preliminary cleanup goals. 

 Section 3.0 - Development and Screening of Remedial Technologies: Identifies the 
general response actions, remedial technologies, and process options; screens the reme-
dial technologies and process options on effectiveness, implementability, and cost. 

 Section 4.0 - Development of Remedial Alternatives: Develops the remedial alterna-
tives by combining remedial technologies and process options. 

 Section 5.0 - Detailed Analysis of Remedial Alternatives: Presents an individual and 
comparative analysis of alternatives. The analysis is conducted using seven of the nine 
criteria specified in the CERCLA guidance. 

 Section 6.0 - Works Cited: Lists the documents referenced in this FS report. 

 Appendix A - Conceptual Design Drawings: Presents conceptual design drawings for 
each remedial alternative. 

 Appendix B - Cost Estimates: Includes detailed cost estimates used in the evaluation of 
remedial alternatives. 

 Appendix C - Summary of Assumptions Used in Preparing the Cost Estimates: 
Presents assumptions used in preparing the cost estimates of remedial alternatives. 

 Appendix D - Potentially Applicable or Relevant and Appropriate Requirements: 
Presents detailed chemical-specific, action-specific, and location-specific ARARs. 

 Appendix E - Hydrologic Analysis: Presents the hydrologic analysis for Clipper Creek 
Basin, including Little Clipper Creek, Clipper Creek, and other tributaries. 

 Appendix F - Development of Background Concentrations: Presents the methodology 
for determining background concentrations of inorganics in soil, sediments, surface 
water, and groundwater. 

 Appendix G - Cleanup Goals from Human Health and Ecological Risk Assessments: 
Presents cleanup goals for inorganic constituents calculated from the baseline human 
health and ecological risk assessments. 

 Appendix H - Lava Cap Mine Remedial Investigation Data Quality Evaluation 
Report: Discusses the quality of the RI data to support development and evaluation of 
remedial alternatives in the FS. 
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1.3 Site Background 
The following sections provide a description of the Lava Cap Mine site and a brief history of 
the Lava Cap Mine. This section also provides a summary of investigations performed prior 
to EPA initiating the RI. Further details of the information contained in this section are pro-
vided in the Lava Cap Mine RI Report ( EPA, 2001A). 

1.3.1 Site Description 
The Lava Cap Mine occupies approximately 30 acres in a rural residential area of the Sierra 
Nevada foothills. The mine is located approximately 5 miles southeast of Nevada City and 
6 miles east of Grass Valley (Figure 1-1) at 14501 Lava Cap Mine Road, Nevada City, 
California. The geographical coordinates are Latitude 39°13’41.0” north and Longitude 
120°58’11.5” west, Township 16 North, Range 9 East, Section 28 of the Mount Diablo Base 
and Meridian (EPA, 1994). 

Features of the Lava Cap Mine are shown on Figure 1-2. The mine property is bordered on 
all four sides by forest and low-density residential areas. Several structures are present at 
the mine, including the former mill, the former cyanide treatment facility, the former assay 
building, additional structures such as storage buildings and abandoned trailers, and four 
residences. The locations of the residences in relation to other features at the mine are 
shown on Figure 1-2. One residence is located adjacent to stockpiled waste rock. A second 
residence is approximately 300 feet from the waste rock and tailings pile. The third and 
fourth residences are located further away from the wastes and historical mining operations.  

Areas encompassed by the Lava Cap Mine Superfund site are shown on Figure 1-3 and 
include the Lava Cap Mine; Little Clipper Creek, which flows south from the mine; Clipper 
Creek below the confluence with Little Clipper Creek; a large tailings Deposition Area in the 
Clipper Creek delta; Lost Lake; and Clipper Creek and Little Greenhorn Creek downgradi-
ent of Lost Lake. Elevated concentrations of arsenic in soil, sediment, and/or surface water 
indicate these areas have been impacted by the release of tailings from the Lava Cap Mine. 
Residences are located adjacent to areas of the site impacted by mining activities. Approxi-
mately 15 residences are located within 500 feet of Little Clipper Creek downstream of the 
minesite. Ten to fifteen residences are located in the vicinity of Lost Lake, and twenty prop-
erty parcels include a portion of Lost Lake or the Deposition Area. Four residences are 
located within 500 feet of Clipper Creek downstream of Lost Lake. As discussed above, only 
the mine area and the portions of Little Clipper Creek downstream of the mine area are 
addressed in this FS. The other areas of the site are considered part of the Lost Lake OU and 
will be addressed in a separate FS. 

In 1994, the estimated population surrounding the Lava Cap Mine was 1,776 within 1 mile 
of the site and 24,091 within 4 miles of the site (EPA, 1997). In 1998, the surrounding com-
munities of Nevada City and Grass Valley had populations of 2,880 and 9,475, respectively. 
The major regional population and industrial centers in the general vicinity of Grass Valley/ 
Nevada City include Reno (91 miles northeast), South Lake Tahoe (94 miles southeast), and 
Sacramento (60 miles southwest). 
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1.3.2 Environmental Setting 
Nevada County generally has warm, dry summers and mild, wet winters. Most of the pre-
cipitation comes during the 6 months extending from fall through early spring (November 
through April). Annual precipitation is approximately 53 inches in Nevada City, California. 
Because the site is about 700 feet higher in elevation than Nevada City, the annual precipita-
tion at the site may be approximately 10 percent higher, or 58 inches per year (Cole/Mills 
Associates, 1985). 

The Lava Cap Mine property is located entirely within the Little Clipper Creek (LCC) drain-
age basin. The upper reaches of LCC above the mine are seasonally dry (ephemeral) and 
become perennial (year-round flow) below the log dam where LCC is fed by mine dis-
charge. Little Clipper Creek is the dominant surface-water drainage leading south away 
from the mine. For the RI, crest gauges were installed to help estimate peak discharges in 
surface-water channels. The crest gauges can only be used to estimate peak flow rates that 
occurred at the gauge between observation dates. Crest gauge data indicate that flow rates 
in LCC at the base of the log dam are typically less than 5 cubic feet per second (cfs) during 
non-storm periods. In August and November 2002, field-estimated flow rates of LCC at the 
base of the log dam were 0.2 and 0.25 cfs, respectively. Significant increases in flow can 
occur in LCC during winter storm events. In February 2000, an estimated peak discharge 
rate of 181 cfs flowed past the gauge below the log dam.  

LCC flows downstream from the log dam for approximately 1 mile to the confluence with 
Clipper Creek (CC). Normal flows of the LCC and CC upstream of the confluence are typi-
cally no more than 5 to 15 cfs for much of the year. Significant increases in flow have also 
occurred in CC during winter storm events. Estimated peak flows in the winter of 2000 
exceeded 300 cfs in both LCC and CC.  

Deposition of tailings-impacted sediment in the Clipper Creek delta has formed a large 
Deposition Area that separates Lost Lake into northern and southern lobes. Lost Lake is 
contained by the Lost Lake Dam, approximately 50 feet high, with a concrete spillway. 
Clipper Creek continues below Lost Lake for less than a quarter-mile before it enters Little 
Greenhorn Creek (LGC). This creek then joins Greenhorn Creek after approximately 2 miles 
and flows into Rollins Reservoir. Water from Rollins Reservoir discharges into Bear River, 
which flows into Lake Combie, approximately 11 miles downstream of Rollins Reservoir. 
Figure 1-3 presents the course of site drainages from the Lava Cap Mine south to Rollins 
Reservoir. 

The Lava Cap Mine is at approximately 2,840 feet elevation on the southern slope of Banner 
Ridge. Across the mine, the elevation drops from approximately 2,870 feet at the historic 
mine buildings to 2,710 feet at the base of the log dam, approximately 1,400 feet away. The 
LCC drainage between the log dam and the confluence of LCC/CC has a 240-foot elevation 
change over a one-mile distance. The confluence of LCC/CC is approximately Elevation 
2468 above mean sea level (msl). The Deposition Area ranges in elevation from 2,464 to 
2,470 feet, while Lost Lake is at Elevation 2461. 

Within the LCC watershed, the primary soil unit mapped is the Josephine-Mariposa com-
plex. This unit is mapped over most of the Lava Cap Mine area. It extends above and below  
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the mine on either side of LCC and is present on the slopes of CC in the lower half of the CC 
watershed. The Josephine-Mariposa and Josephine-Rock outcrop complexes both have a 
moderate to high water erosion hazard rating. 

The area surrounding the minesite is covered with dense trees of the Sierra Nevada Transi-
tion Zone, with the predominant vegetation consisting of Ponderosa Pine vegetation type 
(Mayer and Laudenslayer, 1988). A review of current land cover conditions indicates 
numerous areas within the LCC and CC watersheds where previous logging or land clear-
ing activities have occurred. Along the Lost Lake-facing edge of the Deposition Area and at 
limited locations along the north side of the lake, small Freshwater Emergent Wetland 
(Mayer and Laudenslayer, 1988) areas were observed. The California red-legged frog, a fed-
erally designated Category 2 species of special concern, was observed in an onsite wetland 
at the mine by a biologist in 1984 (EPA, 1994). A follow-on red-legged frog survey was con-
ducted by Bechtel at the Lava Cap Mine site in July 1995. Three species of frogs were dis-
covered, including the Pacific tree frog, bullfrog, and Northern leopard frog; however, no 
red-legged frogs were present in the onsite wetland area (Bechtel, 1995).  

1.3.3 Site History 
Various groups intermittently operated the Central and Banner mines between 1860 and 
1943. Gold and silver mining activities were initiated at the Lava Cap Mine (formerly 
known as the Central Mine) in 1861. The Banner Mine, approximately 1.5 miles north of the 
Lava Cap Mine, began operations in 1860. Starting in 1934, these two mines were operated 
jointly by the Lava Cap Gold Mining Corporation, and at that time, the Central Mine 
became known as the Lava Cap Mine. The Lava Cap Mine RI ( EPA, 2001A) provides a 
detailed chronology of mining operations at the Lava Cap Mine site. 

Relatively small-scale mining operations occurred during the initial operating period from 
1860 to 1918. Approximately 20,000 tons of ore were mined from the Banner Mine/Central 
Mine between 1865 and 1890 (California Department of Toxic Substances Control [DTSC], 
1991). 

In the early years, the Central Mine was mined primarily for silver, using amalgamation to 
process the ore. This process uses mercury to recover the silver and gold from the ore. The 
process was not highly effective on Central Mine ore, because of its high sulfide content. 
Between 1861 and 1918, the amount of ore produced was greater at the Banner Mine, and 
hence the majority of the ore processing, disposal of waste rock, and deposition of tailings 
(the waste products generated during the processing of ore) occurred at the Banner Mine. 

The Banner and Central mines were inactive from 1918 to 1934, after which mining activities 
resumed under the Lava Cap Gold Mining Corporation. A flotation plant was built to proc-
ess the ore at the renamed Lava Cap Mine property. At some time after 1934, when the 
mines were reopened, the Banner and Lava Cap mines were connected underground by 
means of a 5,000-foot drift. A cross-section depicting the subsurface mine workings of the 
Lava Cap and Banner mines is shown on Figure 1-4. Ore from the Banner portion of the 
mine was transported to the Central shaft and then to the surface, where it was processed in 
the Lava Cap Mill (California Journal of Mines and Geology, 1941). 

After operations resumed in 1934, the Lava Cap Mine became one of the largest gold mines 
operating in California. The mine produced 300 to 400 tons of ore a day during 1934 (Vector 
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Engineering, Inc., 1991). In 1941, about 310 men were employed at the mine. The primary 
mining method was cut and fill (California Journal of Mines and Geology, 1941), wherein 
open stopes formed by mining were filled with waste rock after the ore was removed. This 
provided a more stable method than leaving the stopes open under weak rock conditions. 

The Lava Cap Mill consisted of crushing and grinding circuits to reduce the particle size of 
ore. The ground ore was then subjected to flotation that separated the ore into a concentrate 
and tailings. The concentrate is the product that contains the gold and silver, and the tailings 
are the waste material from the processing. The primary gold-containing minerals were 
pyrite, arsenopyrite, and galena. The primary silver mineral was argentite. Silver was also 
reported to be contained in sphalerite (Engineering and Mining Journal, Vol. 135, 1934). The 
gold recovery from this processing is estimated at 93.5 percent (Holmes, 1985). The gold and 
silver concentrates from the flotation plant contained the majority of the sulfide minerals 
that were in the ore. The concentrates were shipped to two smelters: the Shelby Smelter near 
San Francisco, and a smelter in Tacoma, Washington (Vector Engineering, Inc., 1991). 

In 1940, a cyanide plant was built to recover gold from the concentrates onsite, but this 
operation was relatively ineffective. From 1941 to 1943, the cyanide plant handled only the 
middlings and tailings from the flotation plant, and did not handle the higher-grade flota-
tion concentrates. Middlings are an intermediate product that would normally be recycled 
in the mill to recover residual values. The middlings and tailings were ground to a very fine 
size and vat-leached with cyanide to remove residual gold and silver. The gold and silver 
were recovered in the cyanide plant using the Merrill Crowe zinc precipitation process. 

From 1934 to 1943, the Lava Cap Mine produced 270,000 ounces of gold and 2.3 million 
ounces of silver from approximately 1 million tons of ore (Holmes, 1985). Because about 
5 percent of the ore was recovered in the concentrate, the quantity of tailings would have 
been approximately 95 percent of the quantity of ore mined (Vector Engineering, Inc., 1991). 

Tailings from flotation and cyanide processes were deposited in a ravine on the Lava Cap 
Mine property. A log dam, approximately 30 feet high, was built to hold the tailings in place 
where the ravine steepened and narrowed. The construction date of the log dam is not 
known, but it likely occurred shortly after mining operations resumed in 1934. The waste 
rock was deposited in two piles between the mine shaft and the tailings pond that formed 
above the log dam. 

It was reported that a dam was built on “Greenhorn Creek” in 1938 to “stop tailings from 
polluting waters of Bear River” (Engineering and Mining Journal, Vol. 139, 1938). It is possi-
ble that this is a reference to the dam at Lost Lake. A 1935 Lava Cap Gold Mining Corp. map 
shows the section of Clipper Creek from the confluence of Little Clipper Creek to Little 
Greenhorn Creek as “ N. Fk. Little Greenhorn.” 

The dam located at Lost Lake was reported to be a “rock-core, earth filled dam meeting the 
then current requirements of the California Debris Commission. Water was then decanted in 
the tailings pond before being discharged into lower Clipper Creek” (Vector Engineering, 
Inc., 1991). Lost Lake Dam is approximately 50 feet high and approximately 1.25 miles 
downstream of the Lava Cap Mine. 
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Lost Lake Dam was constructed as a mine tailings impoundment and created Lost Lake. 
Lost Lake is a private lake with a surface area of approximately 5 acres (Figures 1-3 and 1-5). 
Mine tailings were reportedly released into LCC, where they were transported to Lost Lake. 

In 1943, the Lava Cap Mine was closed because the federal government prohibited the pro-
duction of non-strategic metals during World War II. An attempt was made to re-open the 
mine in the mid-1980s, but community opposition prevented the opening. 

The adit to the Lava Cap Mine collapsed sometime between 1978 and 1984. Additionally, 
the main shaft into the mine has been filled with debris. No access to the underground 
workings from the Lava Cap Mine currently exists.  

During a major winter storm in January 1997, the upper half of the log dam collapsed, 
releasing more than 10,000 cubic yards (cy) of tailings into LCC. This storm was estimated to 
be a 25-year event with a peak flow of approximately 120 cfs at the log dam on LCC. In May 
1997, staff from the DTSC, the California Department of Fish and Game (CDFG), and the 
Nevada County Department of Environmental Health inspected the mine and downgradi-
ent areas. Extensive deposits of tailings were observed in LCC, in CC below the confluence 
with LCC, and in Lost Lake. The tailings were also observed in wetland areas contiguous 
with these water bodies, in some cases, reportedly covering the vegetation. 

The DTSC issued an information sheet in June 1997 warning of potential hazards from con-
tact with Lost Lake sediments. This information sheet was issued because March and April 
1997 sampling results indicated the presence of arsenic in Lost Lake water at concentrations 
up to 28.4 micrograms per liter (g/L) and in shoreline soils at concentrations up to 
1,130 milligrams per kilogram (mg/kg). The water quality objectives for arsenic at the Lava 
Cap Mine site are shown in Table 2-1 of Section 2.0, Development of Preliminary Cleanup Goals. 

In October 1997, the EPA Region IX Emergency Response Office determined that conditions 
associated with the tailings release from the Lava Cap Mine met the National Contingency 
Plan (NCP) Section 300.415(b)(2) criteria for a removal action. The primary concern was the 
potential for additional releases of tailings from the tailings pile because of the high arsenic 
concentrations and the mobility of the extremely fine-grained tailings, which are easily sus-
pended and transported in surface water (EPA, 1997). 

During October and November 1997, 4,000 cy of tailings were removed from just upstream 
of the damaged log dam and stockpiled on the waste rock pile immediately to the north of 
the tailings pile as shown on Figure 1-2. The stockpiled tailings were placed on a liner and 
covered with a liner, then covered with a clay cap and waste rock to help protect the liner 
and cap. The oversteepened slopes of the tailings pile immediately behind the dam were 
graded, and the entire tailings pile was covered with waste rock. Stream diversions were 
also constructed around the waste rock and tailings piles. In February 1998, EPA conducted 
additional work at the site to stabilize another smaller tailings release and further improve 
drainage. In summer 1998, the emergency response action was completed. All work related 
to the action took place on the Lava Cap Mine property, at or above the log dam. 

In 1998, EPA evaluated the Lava Cap Mine site to approximate potential risks to human 
health and the environment posed by the site and to determine if it warranted listing on the 
NPL as a Superfund site. The EPA formally listed the Lava Cap Mine site on the NPL in 
February 1999, allowing Superfund funding for investigation and cleanup of the site. 
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1.4 Nature and Extent of Contamination 
This section summarizes the nature and extent of contamination associated with the Lava 
Cap Mine site, and the three primary media potentially impacted by the Lava Cap Mine 
contamination: soil, sediment, and surface water. Groundwater is being evaluated as part of 
a separate operable unit and will not be addressed in this FS. The evaluation of the chemical 
characteristics of the three media is based on field investigations conducted between 
October 1999 and June 2000 as part of the Lava Cap Mine RI.  

Included in Appendix H is a discussion of the quality of the RI data to support development 
and evaluation of remedial alternatives in the FS. A discussion of the field investigations 
and further details of the nature and extent of contamination are provided in the Lava Cap 
Mine RI Report ( EPA, 2001A). 

The areas investigated include reference areas (i.e., areas upgradient of, or otherwise not 
affected by, activities of the Lava Cap Mine) and potentially impacted areas. Reference areas 
were investigated to develop values for comparison to the inorganic concentrations in 
potentially impacted areas. The impacted areas have been divided into five subareas:  

 Residences in the mine area (MR) 
 Mine buildings, tailings, and waste rock (MB/T/WR) 
 Little Clipper Creek (LCC) from the log dam to the confluence with Clipper Creek (CC) 
 Deposition Area and Lost Lake  
 Clipper Creek downstream of Lost Lake Dam 

As discussed previously, this FS will only address the Lava Cap Mine Area OU, including 
the mine area residences, mine buildings, tailings and waste rock pile, and Little Clipper 
Creek between the log dam and Greenhorn Road. Impacted areas of Little Clipper Creek 
downstream of Greenhorn Road, Clipper Creek, the Deposition Area, and Lost Lake are 
considered part of the Lost Lake OU, and remediation alternatives for the Lost Lake OU will 
be developed and evaluated in a separate FS. As a result, the nature and extent of contami-
nation in these subareas has been presented in less detail. 

The RI focused on metals, arsenic, and cyanide as the most likely contaminants present in 
the Lava Cap Mine site source materials. Arsenic is the most prevalent contaminant at the 
Lava Cap Mine site. Without exception, tailings-impacted areas were found to be uniformly 
high in arsenic, while reference area concentrations were consistently much lower. Informa-
tion on other contaminants identified is presented in the Lava Cap Mine RI Report (EPA, 
2001A). The Human Health Risk Assessment identified arsenic as the only significant risk 
driver for the areas impacted by releases from the Lava Cap Mine site. Arsenic was also 
determined to be the primary risk driver in the Ecological Risk Assessment, although 
numerous other inorganic constituents also represent potential risks to ecological receptors. 
The arsenic concentrations were used to delineate the extent of Lava Cap Mine-related 
impacts, and arsenic is the primary contaminant considered in the development of remedial 
alternatives throughout the FS. Public release copies of the Human Health and Ecological 
Risk Assessments conducted for the Lava Cap Mine site were presented as Appendixes E 
and F, respectively, in the Lava Cap Mine RI ( EPA, 2001A). 
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Based on the mineralogy reported for the mine, arsenopyrite was the major arsenic-
containing mineral in the ore (Engineering and Mining Journal, Vol. 135, 1934). The majority 
of the arsenopyrite and other sulfides in the ore were removed from the ore during proces-
sing. This sulfide concentrate was shipped to the smelters. However, a small fraction of the 
sulfides was not removed in the processing and remained in the tailings because of ineffi-
ciencies in the separation process. The residual arsenopyrite is the likely source of the arse-
nic in the tailings. The oxidation of arsenopyrite in the mineralized rock underground or in 
the tailings can result in the release of dissolved arsenic.  

Transport of tailings as suspended and/or dissolved constituents within LCC and CC sur-
face-water flows appears to be the most significant migration pathway at the Lava Cap Mine 
site. The extent of tailings deposition along LCC was determined by the extent of flooding 
during the January 1997 event. In the Deposition Area and Lost Lake, the extent of mine 
tailings was determined using evidence of flooding during the January 1997 event combined 
with arsenic concentrations from soil and sediment samples collected within and upslope 
from these areas.  

The results of analytical testing of soils, sediment, and surface water for arsenic are summa-
rized below for each subarea. Table 1-1 presents a summary of arsenic concentrations in the 
reference areas and potentially impacted areas for surface soil, subsurface soil, sediment, 
surface water, and ambient air. The distribution of arsenic in surface soil and sediment over 
the entire site is shown on Figure 1-6. 

1.4.1 Reference Areas 
Reference areas are upstream or upgradient of areas potentially impacted by the Lava Cap 
Mine. The arsenic concentrations of reference area samples are summarized in Table 1-1. 
Nearly all the metals and other inorganic constituents detected in tailings-impacted areas 
are also present in samples collected from the reference areas, but at lower levels, because 
all of the inorganic metals are naturally occurring in geologic materials from the Lava Cap 
Mine area.  

Background concentrations of inorganics in each medium were calculated from the refer-
ence area datasets and are presented in Appendix F. Arsenic concentrations in reference 
area surface soil and sediment are relatively uniform. The background concentration of 
arsenic in surface soil was estimated at 20 mg/kg, and the background concentration of 
arsenic in sediment was estimated at 25 mg/kg. Arsenic is present at very low levels in 
surface water collected in LCC above the mine. The background concentration of arsenic in 
surface water was estimated at 1.8 µg/L and 0.8 µg/L for total and dissolved arsenic, 
respectively.  

1.4.2 Mine Residences (MR) 
Arsenic concentrations of soil samples collected during the RI around the two residences 
located closest to the waste rock and tailings pile ranged from 102 mg/kg to 1,750 mg/kg, 
with an average of 726 mg/kg (see Figure 1-7). In August 2002, three soil samples were col-
lected around the westernmost residence.  Arsenic concentrations in soil surrounding this 
residence were 100, 110, and 300 mg/kg (CH2M HILL, 2003).  



TABLE 1-1

Summary of Arsenic Results in Selected Media
Lava Cap Mine Area Feasibility Study

Description Media
Sample 

Locations Average Minimum Maximum Units

Reference Area 1 - Above Mine surface soil 14 21 5.2 95.3 mg/kg
sediment 7 25.8 17.9 44.3 mg/kg
surface water 3 0.4 / 0.6 0.2 / 0.3 0.9 / 0.8 ug/L

Reference Area 2 - CC surface soil 3 13 7.6 20.0 mg/kg
sediment 6 13 10.9 16.0 mg/kg
surface water 5 0.6 / 0.5 ND 3. 8 / 0.9 ug/L

Reference Area 3 - LGC sediment 1 10.1 10.1 10.1 mg/kg
surface water 1 ND ND ND ug/L

Source Areas surface soil-mine buildings 9 10,000 848 31,200 mg/kg
surface soil-waste rock/tailings pile 6 1,340 63.6 2,070 mg/kg
subsurface soil 22 603 15.5 5,360 mg/kg
sediment 1 9,201 459 34,000 mg/kg
surface water-mine buildings 3 3,113 23.8 14,300 ug/L
surface water-adit/seep/log dam 4 283 / 247 27.2 / 38.0 910 / 530 ug/L

ambient air 2 N/A ND 0.021 J ug/m3

Mine Area surface soil-around mine buildings 13 2,170 79.4 5,570 mg/kg
surface soil-away from waste rock/ tailings 
pile 25 370 4.7 1,750 mg/kg
surface water 2 17.7 2.1 31.9 µg/L

ambient air 1 N/A ND 0.067 ug/m3

LCC Below the Log Dam surface soil 7 599 53.9 908 mg/kg
sediment 5 669 328 1,150 mg/kg
surface water 5 127 / 75.5 19.0 / 34.0 285 / 221 µg/L

Deposition Area surface soil 34 459 10.2 913 mg/kg
sediment 8 615 398 892 mg/kg

ambient air 2 N/A ND ND ug/m3

subsurface soil 18 1,430 719 2,480 mg/kg
surface water 7 219 1.1 1,160 µg/L

Lost Lake sediment 6 697 304 1,140 mg/kg
surface soil 68 288 ND 848 mg/kg

ambient air 1 N/A ND ND µg/m3

surface water 3 40.4 / 21.6 5.8 / 3.7 121 / 47.6 µg/L
Downgradient of Lost Lake surface soil 2 403 261 673 mg/kg

sediment 5 753 38.5 2,110 mg/kg
surface water 4 61.1 / 13.2 1.8 / 1.8 340 / 77.3 µg/L

ND = non-detect
J = estimated concentration
N/A = not applicable because arsenic was either not detected or was only detected once.
Surface water data through May 2003.
3.8 / 0.9 = total (unfiltered samples) / dissolved (filtered samples)

RDD\032940051\CLR2061.xls
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No soil samples have been collected immediately adjacent to the northernmost residence, 
although one sample was collected approximately 100 feet from this residence and had a 
much lower arsenic concentration of 59 mg/kg. 

1.4.3 Mine Buildings, Tailings, and Waste Rock (MB/T/WR) 
The arsenic concentrations of samples from the mine area are summarized in Table 1-1. The 
distribution of arsenic in surface soil and sediment is shown on Figure 1-7 for the mine area. 
Contaminant source areas at the site include those areas where mine tailings and other 
mining wastes are present and include the historical mine buildings (e.g., the mill building 
and cyanide building), the waste rock and tailings pile areas, and surface-water seeps from 
the collapsed adit, tailings pile, and base of the log dam. The mine area refers to all areas at 
the mine exclusive of the source areas, and includes samples collected in the vicinity of mine 
area residences. 

Arsenic concentrations are highest in sediment at the adit discharge  and surface soil inside 
the mine buildings. Arsenic was detected at concentrations up to 34,000 mg/kg in sediment 
in the adit pool. Arsenic concentrations up to 31,200 mg/kg were detected in surface soil 
samples within and around the cyanide and mill buildings, and cyanide concentrations up 
to 419 mg/kg were detected in soil samples in and around the cyanide building. 

Arsenic concentrations in surface soil samples from the tailings/waste rock pile averaged 
1,340 mg/kg, with a maximum of 2,070 mg/kg. Subsurface soil samples from borings in the 
tailings/waste rock areas had elevated arsenic concentrations that tend to decrease with 
depth. The maximum arsenic concentration detected in the deepest samples of the soil bor-
ings was 223 mg/kg. The current volume of tailings and waste rock in the mine area is esti-
mated at approximately 210,000 cy. It is estimated that 50,000 cy of these materials are 
tailings, with the remainder being waste rock. More than 10,000 cy (estimated) of tailings 
were released during the January 1997 log dam collapse and storm event. 

Samples of ponded water from sumps in the historical mine buildings yielded the highest 
arsenic concentrations detected in surface water during the RI (14,300 g/L). Three addi-
tional surface-water sources at the mine had elevated arsenic levels: the collapsed adit dis-
charge, the waste rock/tailings pile seep, and the tailings pile underflow that discharges 
from the base of the log dam. The adit discharge and seep from the base of the log dam flow 
on a year-round basis. The waste rock/tailings pile seeps are seasonal. Monthly sampling of 
the adit discharge and the seep from the log dam indicate that arsenic concentrations fluctu-
ate with the volume of water discharged. Arsenic concentrations are highest during the low-
flow periods (late summer) and lowest during the high-flow periods (winter to early 
spring). The trends in arsenic concentrations for the surface-water sources at the mine 
between October 1999 and November 2002 are shown in Figure 1-8. Trends shown in Fig-
ure 1-8 are for total arsenic detected in unfiltered samples. 

Under normal, non-storm conditions, the flow rate from the adit was estimated to range 
from a low of around 50 gallons per minute (gpm) (approximately 0.1 cfs) to a high of about 
200 gpm (or around 0.5 cfs) ( EPA, 2001A). Estimated peak discharges from the crest gauge 
at the adit were highest during February 2000, with a maximum estimated flow of just 
under 4 cfs (almost 1,800 gpm). Much of this peak discharge is not likely coming from the 
adit, but rather is the result of surface runoff directed into the pond at the adit discharge.  
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As part of EPA’s drainage improvements during the removal action in 1997, one of the 
smaller drainages coming from the vicinity of the mine buildings was modified and now 
enters the pond at the adit discharge and flows out through the culvert.  

Arsenic was detected in only one of four air samples collected in the source area at the mine. 
The concentration exceeded the EPA Preliminary Remediation Goal (PRG). 

1.4.4 Little Clipper Creek (LCC) 
In the January 1997 flood, tailings were carried to areas along LCC below the log dam as 
suspended solids and dissolved constituents in the LCC surface-water flows. These tailings 
and associated constituents were deposited on the ground surface as the flood waters 
receded to normal levels. In the LCC corridor, floodwater levels likely returned to normal 
fairly quickly after the initial event, because of the relatively steep gradient and confined 
nature of the stream corridor along most of this stretch. A relatively thin coating of tailings 
probably was deposited over the entire area reached by the flood waters. Over time, tailings 
associated with the floodwater deposition will slowly erode and be carried by overland flow 
back into the LCC channel. In the stream channel itself, limited areas have significant sedi-
ment accumulation. One primary deposition area with more substantial accumulations of 
tailings has been identified along LCC between the log dam and Greenhorn Road. Addi-
tional areas of deposition exist between Greenhorn Road and the LCC/CC confluence. 
Sediment samples were collected along LCC with bias toward locations of sediment depo-
sition. The distribution of arsenic concentrations in sediment along LCC is shown on Fig-
ure 1-6.  

Arsenic concentrations detected in samples collected from various media along the LCC 
drainage between the log dam and the LCC/CC confluence are summarized in Table 1-1. 
Results of these samples indicate that arsenic concentrations for surface soil, sediment, and 
surface water are elevated above reference levels but are lower than those detected at the 
mine. 

1.4.5 Deposition Area and Lost Lake  
The Deposition Area and Lost Lake dataset includes sampling results from surrounding 
properties. Arsenic concentrations detected in samples collected from the Deposition Area 
and Lost Lake are summarized in Table 1-1. Drilling observations, combined with sample 
results, indicate that tailings-impacted soils are present from the ground surface to bedrock 
beneath the Deposition Area. Subsurface soil sample results confirm that, in addition to the 
1997 flood extent, significant releases have occurred to the Deposition Area and Lost Lake 
over an extended period of time. Details regarding the distribution of contamination in this 
area were presented in the RI ( EPA, 2001A). The Deposition Area and Lost Lake will not be 
addressed in this FS. 

1.4.6 Downgradient of Lost Lake  
The area downgradient of Lost Lake is also impacted by releases from the Lava Cap Mine. 
The majority of suspended solids - including tailings carried in the LCC/CC drainage below 
the mine - likely settle out in Lost Lake and the Deposition Area. However, in the 1997 flood 
event, the surface water flowing over the Lost Lake Dam reportedly was milky in appear-
ance. This indicates suspended sediment associated with the 1997 event entered the 
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drainages beyond the Lost Lake Dam. During part of the year, water behind the dam flows 
over the dam spillway, and a constant seepage occurs beneath the Lost Lake Dam into the 
channel below the dam. Arsenic concentrations from samples in the area downgradient of 
Lost Lake are summarized in Table 1-1. 

Arsenic concentrations in sediment and surface water are highest at the base of Lost Lake 
Dam. Surface-water data at the base of the Lost Lake Dam confirm that there is continuous 
loading of arsenic from the Lava Cap Mine site into the Little Greenhorn Creek drainage. 
Arsenic concentrations in sediment attenuate to relatively low levels moving downstream 
from the Lost Lake Dam and into the Little Greenhorn Creek watershed.  

1.4.7 Estimated Volumes of Contaminated Soil and Sediment 
The volumes of tailings and waste rock in the mine area were estimated using data from the 
soil borings conducted during the RI and additional test pits and soil borings advanced as 
part of a geotechnical exploration in August and September 2001. The volume of tailings 
was estimated as 50,000 cy using the average end area method. The approximate areal 
extent of waste rock is shown on Figure 1-2. The volume of waste rock was estimated to be 
160,000 cy by means of breaking the area into sections and calculating the volume of indi-
vidual sections using surface elevations, test pits and soil borings, and/or assumptions of 
depth. In addition to the waste rock shown in Figure 1-2, approximately one to two feet of 
waste rock/contaminated soil is located in the area surrounding the mine buildings. Waste 
rock has also been used as base course for the mine access roads.  

1.5 Fate and Transport of Contamination 
Past activities at the Lava Cap Mine have impacted the local environment, including its soil, 
sediment, and surface water. The possibility also exists of periodic impacts to air from mine 
wastes, and the potential for further migration leading to human and/or ecological expo-
sure. Routes of exposure have both physical and chemical factors that may either limit or 
enhance migration. The physical factors for sediment, water, and air are discussed in Section 
1.5.1. A brief geochemical evaluation of the surface water at the site and potential for con-
taminant migration is presented in Section 1.5.2. 

1.5.1 Potential Routes of Exposure 
Migration of contaminants from the mine has occurred primarily via tailings transport in 
LCC southward. Historically, this occurred during active mining operations (primarily 
1934 through 1943) via direct release of tailings into LCC for transport to Lost Lake, which 
served as a tailings impoundment. Since the end of mining operations, tailings releases have 
occurred through the tailings dam by leakage, flooding, or partial dam failure. Dissolved 
contaminant concentrations in surface water and groundwater constitute another potential 
route of mass transport from the site. Elevated arsenic concentrations were found in surface 
water throughout the area investigated during the RI field program. Sufficient data are cur-
rently unavailable to conclude whether significant migration of dissolved contaminants 
away from the mine is occurring in groundwater. Air transport of fine tailings, though not 
confirmed during the RI field activities, remains a viable route of exposure. A discussion of 
results of exposure from sediment, surface water, and airborne particulates follows.  
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1.5.1.1 Sediment 
Constituents are concentrated in the tailings at the mine, as evidenced by elevated concen-
trations in source area soil samples. The catastrophic flood event, which caused partial tail-
ings dam failure during January 1997, also caused an estimated 10,000 cy of tailings to be 
transported down the LCC/CC/Lost Lake/LGC drainage system. Evidence of tailings 
deposition was observed throughout all reaches of this system. Prior major storm events 
over the past 50 years also would have resulted in significant releases from the mine, 
although not likely as large a release as the 1997 event when the log dam failed. It also is 
probable that small but steady releases of tailings past the log dam have been occurring 
routinely since mining operations ended in 1943. 

Contaminated sediment and tailings will continue to move downgradient because of con-
tinued transport through the log dam, flood events that wash tailings over the log dam, sur-
face runoff through tailings deposition areas that transport the tailings into the creeks, and 
additional movement of tailings already in the creeks to downstream deposition areas. 

1.5.1.2 Surface Water  
Elevated constituent concentrations are present in the mine discharges that occur from the 
caved adit, the seep from the tailings and waste rock piles, and the seeps at the base of the 
log dam and Lost Lake Dam. These discharges flow into LCC and CC, impacting down-
stream surface water. The mine discharge through the adit represents water draining the 
mine workings of both the Lava Cap and Banner mines, which are interconnected. Cur-
rently, no physical controls restrain migration of dissolved contaminants. Migration will 
continue as long as untreated mine discharge (adit and seeps) continues into LCC, and 
seepage from Lost Lake Dam continues into CC.  

1.5.1.3 Airborne Particulates 
Arsenic is identified as the most widespread contaminant detected throughout the Lava Cap 
Mine site. Arsenic is reported above the detection limit in only two ambient air samples, one 
from inside the Lava Cap Mill building and one near the southernmost residence in the 
mine area. However, the potential for airborne transport of arsenic and other metals may 
have been underestimated during the RI field efforts, because of field conditions at the time 
of sampling and the limited number of samples collected. Two rounds of 24-hour composite 
sampling were conducted: one during late October-early November 1999 and one in May 
2000. During both sampling events, wind velocities were very low. Because meteorology 
and human activity vary throughout the year, it is likely that conditions could occur that 
would cause concentrations to exceed the levels reported for these two sampling events and 
elevate the potential for exposure. 

Several factors that could contribute to elevated concentrations of arsenic in ambient air 
near contaminated areas are: 

 Gusty winds 
 Dry soil 
 Motorized vehicle activity 
 Human foot traffic 
 Wildlife 
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 Construction activity 
 Removal of vegetation 

The highest winds will be present in canyon locations that have limited surface friction 
because of the lack of heavy vegetation. In dry soils, the low moisture content typical of 
summertime conditions makes the soil particles more susceptible to entrainment because of 
the loose texture. Human and wildlife activity also significantly enhances the entrainment 
process by disturbing the soil surface. Therefore, a high wind event in late summer with 
substantial human activity (vehicles, construction, or walking) would likely create 
worst-case conditions. It should be noted that wind speeds in the Nevada County Area 
average less than 10 miles per hour (NRCS, 1993), indicating that soil disturbed by human 
activity (and to a lesser extent animal activity) may be the main root of exposure in this area. 

If remedial actions are selected that leave exposed tailings in place, additional sampling will 
be needed in the future to better assess the long-term impacts of the Lava Cap Mine site on 
the ambient air. These future sampling efforts should attempt to quantify contaminant con-
centrations during the four seasons, with special attention given to wind and soil conditions 
during sampling.  

1.5.2 Contaminant Geochemistry Evaluation 

1.5.2.1 Background Information 
Numerous geochemical factors affect the mobility of arsenic and metals in surface water. A 
commonly cited geochemical control is precipitation of minerals, such as oxides, hydrox-
ides, or carbonates (in the case of heavy metals), or salts of barium or manganese (in the case 
of arsenic). A more common geochemical control is adsorption to soil mineral surfaces. The 
most common adsorbents are iron oxides and clay minerals. Adsorption or precipitation 
reactions may maintain dissolved concentrations in very low levels under certain condi-
tions. The following properties have a strong impact on geochemical controls for the site: 

 pH. Trace heavy metals, such as lead and cadmium, will be less favored thermodynami-
cally to precipitate or adsorb at lower pH values (and therefore be more mobile in the 
environment). Arsenic behaves in the opposite way, being more mobile at higher pH 
values (above 7).  

 Redox potential (measured as Eh). Some trace elements exist in different states, depend-
ing on whether conditions are oxidizing or reducing. At the Lava Cap Mine site, anti-
mony, arsenic, manganese, and mercury may vary in state over the pH and redox ranges 
found across the site. Different states of an element will have different reactive proper-
ties, so changes or variations in redox environment can affect mobility. The surface 
water in the creeks is in an oxidizing environment, while the seeps from the adit and the 
dams may be in a more reduced condition.  

 Ionic strength. Waters of higher ionic strength (related to total dissolved solids [TDS], 
specific conductance, or salinity) will inhibit trace elements from forming precipitates, 
compared to the same concentration of trace elements in a lower ionic strength water. 
Adsorption reactions are also affected by changes in ionic strength, as more ions in 
solution compete for mineral surface adsorption sites.  
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 Organic matter content. Natural organic matter often acts as a complexing agent, keep-
ing trace elements in solution that would adsorb or precipitate in the absence of the 
natural organic matter. In these cases, natural organic matter would increase the mobil-
ity of trace elements. Such an occurrence is dependent on the properties of the natural 
organic matter, the trace element, and the mineral surface.  

 Bulk composition of the water. Common inorganic constituents in water can, like natu-
ral organic matter, form complexes or precipitates with some trace elements. The rela-
tive amounts of iron, manganese, sulfate, calcium, and other ions will help determine 
trace element fate in the environment.  

Arsenic (with an element abbreviation of As) exists in natural waters in two redox states: 
As(III) and As(V). They are present as oxyanions (HAsO2 and H2AsO_4, respectively, in the 
pH-Eh range expected at the site). Of the two arsenic states, As(III) is the more toxic and 
mobile form. Although the solubility of arsenic minerals is not well understood (Hem, 1985), 
under oxidizing conditions, As(V) may form insoluble precipitates with calcium, manga-
nese, or barium. Also, arsenic is commonly coprecipitated with iron oxides/hydroxides in 
these environments (Fuller et al., 1993). As part of supplemental RI/FS data gaps sampling 
conducted in August 2001, selected samples of groundwater and mine discharge were col-
lected and analyzed for arsenite (As[III]) and total inorganic arsenic. For the mine adit dis-
charge, approximately 25 percent of the inorganic arsenic (142 µg/L of 608 µg/L) was 
As(III) (CH2M HILL, 2002b). 

Though relatively limited data are available, a brief evaluation of site geochemistry and the 
potential for arsenic mobility follows. 

1.5.2.2 Site Surface-water Geochemistry 
Reference Area 1, surface water from LCC above the mine, has very low TDS concentra-
tions, ranging from approximately 20 to 50 mg/L in both winter and spring samples. The 
positively charged major ions show a dominance of calcium and bicarbonate, respectively. 
This is a typical water chemistry type for creek and river waters (Hem, 1985). The pH ranges 
between 5.7 and 6.5, typical of waters not in contact with carbonate minerals. Available 
water chemistry for Reference Areas 2 and 3 had similar TDS and general chemistry data.  

Water in LCC as the creek enters the source area at the mine has similar general chemistry 
to the reference areas, but samples below the tailings dam display a distinctly different 
chemistry: a higher total dissolved solids (TDS) (between 120 and 410 mg/L) and a calcium-
sulfate/bicarbonate chemistry. The pH is significantly higher than in the reference area (6.4 
to 7.4), probably due to the influence of carbonate material in the ore zone. Sulfate is more 
concentrated during winter months. This is likely caused by increased discharge and runoff 
through waste rock and other sulfur-bearing materials at the minesite. The chemistry reverts 
back to a calcium-bicarbonate type during drier periods. 

Mine adit discharge, along with seeps from the tailings pile, has high TDS and, during win-
ter sampling, displayed a calcium-sulfate character. It is clear that TDS and chemical char-
acter of the LCC water are altered by the mine discharge. 

Samples collected from LCC downstream of the log dam are similar in general chemistry to 
those collected at the base of the dam. The inflow of CC dampens the chemical signature 
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from LCC and, as expected, the water chemistry below the confluence reflects a mixture of 
Reference Area 2 water from CC with mine-impacted LCC water. 

Geochemical conditions are favorable for arsenic precipitation in the creeks. Oxidizing con-
ditions exist, with the presence of iron, manganese, calcium, and barium as potential pre-
cipitating agents. Adsorption of arsenic would also take place on iron oxides, though the 
degree of adsorption would decrease at higher pH values. Overall, chemical controls are 
potentially in place that can limit arsenic concentrations and migration in the dissolved 
form, although more specific data are needed to verify this conclusion. Additional data will 
be gathered during subsequent monitoring to better characterize the geochemistry of the 
surface water. 

1.6 Risk Assessment 
The baseline human health and ecological risk assessments were prepared for the entire Lava 
Cap Mine Superfund Site, including the mine area and downgradient areas. The baseline 
human health and ecological risk assessments (Appendixes E and F, respectively, to the Lava 
Cap Mine RI [EPA, 2001A]) indicate that many areas at and downgradient of the mine pose a 
significant potential risk to human and ecological receptors. These areas have been impacted by 
mine-related contamination and contain elevated levels of inorganic constituents, particularly 
arsenic. Appendix G presents cleanup goals for inorganic constituents calculated from the 
human health and ecological risk assessments. 

1.6.1 Human Heath Risk Assessment 
The Human Health Risk Assessment (HHRA) (EPA, 2001B) concluded that arsenic is the 
primary risk driver in impacted areas and is the only constituent that contributes signifi-
cantly to the estimated risks. The HHRA evaluated potential risks to mine workers, mine 
residents, residents/recreational users along LCC below the mine, residents and recrea-
tional users around Lost Lake, recreational users of the Deposition Area, and recreational 
users of CC below Lost Lake. In the HHRA, six exposure units at the mine and in downgra-
dient areas were identified for estimating potential risks. Table 1-2 provides a link between 
exposure units and the subareas addressed in this FS. 

 Exposure Unit 1: Encompasses mine workers in the area associated with Lava Cap Mine 
historical operations and associated facilities and waste materials.  

 Exposure Unit 2: Consists of residents in the Lost Lake vicinity who are recreational 
users of Lost Lake.  

 Exposure Unit 3: Encompasses residents living on the Lava Cap Mine property away 
from the historical mining facilities and waste materials. It is assumed that these resi-
dents would not be directly exposed to soil in the source areas, but could be exposed to 
soil from the surrounding areas at the mine. The residents may also be exposed to con-
taminants in groundwater from domestic wells. 

 Exposure Unit 4: Consists of residents living along LCC between the mine and the 
Deposition Area above Lost Lake who are recreational users of the creek area. Residents 
engaging in recreational activities may be exposed to contaminated soil and sediment in 
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and along LCC and to contaminated surface water while wading in LCC. Residents may 
also be exposed to contaminants in groundwater from domestic wells.  

 Exposure Unit 5: Consists of recreational users of the Deposition Area above Lost Lake.  

 Exposure Unit 6: Consists of recreational users along CC below Lost Lake.  

TABLE 1-2 
Relationship of Human Health Exposure Units to Feasibility Study Subareas 
Lava Cap Mine Area Feasibility Study 

Human Health Exposure Unit Subarea 
Addressed in 
Mine Area FS 

1. Future Lava Cap Mine worker Mine buildings, tailings, and waste 
rock 

Yes 

2. Resident/recreational user 
around Lost Lake 

Lost Lake  No 

3. Resident at the mine Mine area residences Yes 

4. Resident/recreational user 
along LCC between the mine 
and the Deposition Area 

Little Clipper Creek Yes – Section of LCC 
between the Mine 
and Greenhorn Road 

5. Recreational user of the Depo-
sition Area above Lost Lake 

Deposition Area No 

6. Recreational user along CC 
below Lost Lake 

Clipper Creek downstream of Lost 
Lake Dam 

No 

Results of the baseline risk assessment for these six exposure units indicate that potential 
cancer risks for both current receptors and future hypothetical receptors exceed EPA’s risk 
management range of 10-6 to 10-4. An excess lifetime cancer risk of 10-6 indicates that an indi-
vidual has a 1 in 1,000,000 (1 in a million) chance of developing cancer as a result of site-
related exposure. This is referred to as an excess lifetime cancer risk (ELCR), because it 
would be in addition to the risks of cancer individuals face from other causes, such as 
smoking.  

The estimated potential cancer risks in all exposure units range from 10-5 to 10-3 with most of 
the scenarios having risk estimates that are greater than the corresponding background can-
cer risks. Noncancer hazard index (HI) estimates were also calculated for each exposure 
unit. An HI greater than one indicates that site-related exposures may present a risk to 
human health. The HI for all exposure units exceed one, and most exceed their respective 
background noncancer HI, indicating the potential for noncancer health impacts. The risk 
driver for all exposure units and media is arsenic. Specific ELCR and HI estimates for expo-
sure to contaminants in sediment, soil, and surface water under the exposure units 
addressed in this FS are summarized below. Risk estimates for exposure to contaminants in 
groundwater have been determined to be unacceptable for certain exposure scenarios; how-
ever, groundwater will be addressed in a separate detailed investigation.  

 Exposure Unit 1 – Future Lava Cap Mine Worker. For the incidental soil ingestion expo-
sure pathway, the ELCR estimate is 5.3 x 10-3, and the estimated HI is 31 with arsenic 
being the risk driver. The estimated background ELCR and HI from reference area con-
centrations of metals for this exposure unit are 1 x 10-5 and 1.6, respectively. 
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 Exposure Unit 3 - Resident at the Mine. For the incidental ingestion of soil pathway, the 
estimated ELCR for the residential receptor is 4.5 x 10-3, and the HI is 84 with arsenic 
being the risk driver. The estimated background ELCR and HI from exposure to metals 
in reference area surface soil/sediment are between 4 to 6 x 10-5 and 4.7 to 7.8, 
respectively. 

 Exposure Unit 4 - Resident/Recreational User along Little Clipper Creek between the 
Mine and the Deposition Area. The ELCR estimate for exposure to surface soil/sediment 
and surface water through recreational uses along LCC is 5.4 x 10-4 with arsenic being 
the risk driver through the incidental soil ingestion pathway. The HI for recreational 
exposure is 11 with arsenic being the main risk driver. The estimated background ELCR 
and HI from exposure to metals in reference area surface soil/sediment and surface 
water are between 4 to 6 x 10-5 and 4.7 to 7.8, respectively.  

1.6.2 Ecological Risk Assessment 
The Ecological Risk Assessment ( ERA) ( EPA, 2001C) evaluated risks to fish, sediment biota 
(benthic invertebrates), amphibians (e.g., red-legged frogs), terrestrial plants, soil inverte-
brates (earthworms), soil microbial processes, and several species of birds and mammals 
(e.g., American dipper, red-tailed hawk, green heron, California quail, mink, ornate shrew, 
California vole, and long-tailed weasel) from mine-related contaminants in surface water, 
sediment, and soil. The  ERA concluded that mine-related contaminants pose a potential 
risk to ecological receptors at the mine and in all downgradient areas impacted by mine 
releases. 

The  ERA results indicate that multiple contaminants of concern in soils, sediments, and sur-
face waters at the Lava Cap Mine site present ecological risks to multiple receptors. Overall, 
arsenic is the primary risk driver in all areas. Additionally, antimony, cadmium, copper, 
cyanide, lead, mercury, silver, and zinc are dominant risk drivers in the mine area. How-
ever, potential mercury risk is likely overestimated, because literature-derived toxicity val-
ues are for the highly bioavailable organic (i.e., methyl-mercury) form of mercury, and the 
mercury found in the Lava Cap Mine site samples is more likely to be in the less bioavail-
able inorganic form. The  ERA stated that in all areas downgradient of the mine area, 
including LCC, Lost Lake, and the Deposition Area, and downgradient of Lost Lake, no risk 
drivers other than arsenic were considered dominant. Although zinc and selenium posed 
risk to at least one receptor in each of these areas, they contributed a much lower risk than 
arsenic. Nickel does not present risk to any receptor outside of the mine area, and risk from 
lead and antimony decreases with distance from the mine area with no risk from either lead 
or antimony present downgradient of Lost Lake. 

1.7 Contaminants of Concern 
Table 1-3 presents the contaminants of concern (COCs) identified for each medium (surface 
water, soil, and sediment). As discussed below, COCs include contaminants that were iden-
tified as risk drivers in either the human health or ecological risk assessments and/or con-
taminants with concentrations in media in the mine area exceeding chemical-specific 
ARARs.  
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TABLE 1-3 
COCs for Surface Water, Soil, and Sediment in the Lava Cap Mine Area 
Lava Cap Mine Area Feasibility Study 

Medium Analyte ARARs a 
Human Health 

Risk Assessment 
Ecological Risk 

Assessment 

Surface Water Aluminum X   

 Antimony   X 

 Arsenic X X X 

 Barium   X 

 Beryllium   X 

 Cadmium   X 

 Cobalt   X 

 Copper   X 

 Cyanide X  X 

 Iron X   

 Lead   X 

 Manganese X  X 

 Mercury X  X 

 Nickel   X 

 Silver   X 

 Sulfate X   

 TDS X   

 Zinc   X 

Soil / Sediment Antimony --  X 

 Arsenic -- X X 

 Cadmium --  X 

 Cyanide --  X 

 Cobalt --  X 

 Copper --  X 

 Iron -- X  

 Lead -- X X 

 Mercury --  X 

 Manganese --  X 

 Nickel --  X 

 Selenium --  X 

 Silver --  X 

 Zinc --  X 
a For surface water, ARARs are the most stringent of state and federal MCLs or CTR criteria, as 

discussed in Section 2.0. 

Note:  -- = No chemical-specific ARARs are relevant for soil or sediment at the Lava Cap Mine site. 

 

In the HHRA (EPA, 2001b), arsenic was identified as the significant risk driver for the areas 
impacted by releases from the Lava Cap Mine site. Additional COCs (iron and lead) for soil 
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and sediment were identified as contaminants with an ELCR greater than 1 x 10-6 or an HI 
greater than 1 for Exposure Unit 1 (Mine Workers) and Exposure Unit 3 (Lava Cap Mine 
Residents).  

Arsenic was the only compound with an ELCR greater than 1 x 10-6 for surface water under 
Exposure Unit 4 (Residents/Recreational Users along LCC between the Mine and the Depo-
sition Area), and was therefore the only COC identified for surface water based on unac-
ceptable risks to human health. 

Arsenic is also the primary risk driver in the ERA (EPA, 2001c). Additional inorganic con-
stituents represent potential risks to ecological receptors. Ranges of cleanup concentrations 
were developed for inorganic COCs and are the concentrations of metals, arsenic, and cya-
nide that preserve the desired attributes of the assessment endpoints (e.g., growth, repro-
duction, or survival), and below which, adverse effect levels are expected either to be absent 
or to be within the limits of effects levels (Appendix G).  

For surface water, maximum contaminant concentrations detected in filtered and unfiltered 
samples from mine area sample locations were compared to ARARs to identify COCs. As 
discussed in Section 2.0, the most stringent of state and federal MCLs or CTR criteria was 
chosen as the controlling ARAR for setting chemical-specific water quality objectives for 
Little Clipper Creek. Included in Table 1-3 are constituents that were detected in mine area 
sample locations (including the adit discharge, seasonal tailings pile seep, secondary tailings 
pile seep, log dam seep, and the ponded portion of Little Clipper Creek north of the tailings 
pile) at concentrations exceeding the most stringent criteria. The comparison was conducted 
using surface-water monitoring data collected between October 1999 and August 2002. 

Two constituents, lead and copper, are not included as COCs because the maximum concen-
trations detected in mine area surface-water samples only marginally exceeded CTR criteria 
for total recoverable metals and did not exceed CTR criteria for dissolved metals. Lead 
exceeded the most stringent CTR criteria for total recoverable metals in two unfiltered sam-
ples. The CTR criteria for the protection of aquatic life were calculated for a hardness of 100 
mg/L. Lead was detected in two unfiltered samples at concentrations up to 6.3 µg/L. Both 
were collected from the seasonal tailings pile seep in June and July 2000. These lead concen-
trations exceed the 4-day average continuous concentration criteria (3.2 µg/L) for total 
recoverable lead, but do not exceed the one-hour average maximum concentration criteria 
(82 µg/L). Filtered samples collected at the site do not exceed CTR criteria for dissolved 
metals, and unfiltered samples collected in 2001 and 2002 do not exceed criteria for total 
recoverable metals. Consequently, lead was not retained as a COC. 

Similarly, copper concentrations detected in two unfiltered samples exceeded CTR criteria 
for total recoverable metals, with concentrations up to 10.5 µg/L. As with lead, both sam-
ples were collected from the seasonal tailings pile seep in June and July 2000. These copper 
concentrations marginally exceed the 4-day average continuous concentration criteria for 
protection of freshwater aquatic life (9.3 µg/L), but do not exceed the one-hour average 
maximum concentration criteria of 14 µg/L. Filtered samples collected at the site do not 
exceed CTR criteria for dissolved metals, and unfiltered samples collected in 2001 and 2002 
did not exceed criteria for total recoverable metals. Consequently, copper was not retained 
as a COC. 
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1.8 Conclusions 
Results of the RI show that mine-related contaminants associated with source areas have 
impacted both the surrounding areas at the mine and downgradient areas along LCC and 
CC, extending through Lost Lake to LGC.  

Arsenic contamination occurs at levels that pose a significant threat to human and ecological 
receptors at the mine and in areas downgradient of the mine directly impacted by tailings 
and mine discharges. Other inorganic constituents associated with mine-related wastes also 
were detected at levels that represent potential risks to various ecological receptors.  

Arsenic contamination levels in soil and sediment are highest in the source areas at the 
mine, particularly inside the mine buildings, and in the adit discharge pond. Continued 
migration of dissolved and suspended contaminants from the mine is occurring through 
year-round adit discharges and tailings pile seepage out of the log dam. Seasonal flow from 
waste rock/tailings pile surface seeps adds to the contaminant migration. Flow over and 
through the waste rock/tailings pile and past the log dam during significant storm events 
also results in continued migration of contaminants from the mine.  

Elevated arsenic levels are detected in surface soils, sediments, and surface water along the 
LCC/CC drainage below the mine. The concentrations are uniformly high in areas where 
deposition of tailings-impacted sediment has occurred along the LCC/CC drainage. 

Arsenic concentrations in LCC fluctuate with surface-water flow rates throughout the year. 
Periods of low water flows (i.e., late summer) correspond to the highest arsenic concentra-
tions in these downstream surface-water bodies. Conversely, high flow periods have the 
lowest arsenic concentrations. This is because during the low-flow periods, nearly all the 
flow in the LCC/CC drainage comes from mine discharges. 

Additional groundwater investigations are required to adequately define the groundwater 
system. The lack of information on groundwater flow paths limits how well contaminant 
movement can be defined within this medium. Groundwater is being considered as a sepa-
rate OU, and additional information is being gathered to better characterize this potential 
pathway. Remedial actions for LCC downstream of Greenhorn Road, the Deposition Area, 
Lost Lake, or downstream of Lost Lake are being considered separately as part of the Lost 
Lake OU. 
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SECTION 2.0 

Development of Preliminary Cleanup Goals 

The derivation of preliminary cleanup goals for the Lava Cap Mine area is described in this 
section. The preliminary cleanup goals for soil and surface water target the contaminants of 
concern (COCs) and media requiring remediation that were identified in Section 1.0. The 
preliminary cleanup goals are established to demonstrate compliance with Applicable or 
Relevant and Appropriate Requirements (ARARs) and to develop conceptual designs and 
cost estimates for remedial alternatives designed to meet the Remedial Action Objectives 
(RAOs). The preliminary cleanup goals are generally set at the lowest value of the following: 
Numerical cleanup criteria established by ARARs; minimum levels determined to be pro-
tective of human health; or minimum levels determined to be protective of ecological 
receptors. The exception to this generality is that the cleanup goals may be set at the site 
background concentrations for a particular media if the background concentrations are 
higher than the cleanup levels based on the preceding criteria. 

2.1 Remedial Action Objectives  
RAOs are statements defining the extent that site cleanup is required to protect human 
health and the environment. RAOs take into consideration the COCs, routes of exposure 
and receptors, and acceptable contaminant concentrations for each impacted medium at the 
site. Preliminary RAOs for the Lava Cap Mine site are presented below, listed in order from 
those generally applicable to all CERCLA sites to those more specific to the Lava Cap Mine 
site.  

RAOs can be divided into two categories: general and specific. General RAOs may be 
applied to all CERCLA sites; specific RAOs reflect site-specific conditions. The RAOs for the 
Lava Cap Mine area are presented in the following subsections. 

2.1.1 General RAOs 
General CERCLA RAOs include: 

 Protect human health and the environment by reducing the potential for exposure to 
contaminants. 

 Expedite site cleanup and restoration. 

 Use permanent solutions to the maximum extent possible.  

 Consider innovative technologies to reduce the duration and cost of remedial actions. 

 Restore contaminated areas to the extent necessary to support existing and proposed 
land uses. 

 Achieve compliance with ARARs. 

 Be compatible with other actions. 
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 Be flexible enough to respond to reuse priorities and changes in reuse priorities. 

2.1.2 Specific RAOs for the Lava Cap Mine Site 
Specific RAOs developed for the Lava Cap Mine site include: 

 Protect against exposure to contaminants in soil, sediment, and surface water via inges-
tion, inhalation, or direct contact that presents an unacceptable risk to human health.  

 Remediate contaminants that exceed cleanup goals in soils, sediments, and surface water 
to the extent technically and economically feasible.  

 Protect ecological receptors from exposure to contaminants in soils, surface water, and 
sediments that pose a significant risk. 

 Minimize the potential for migration of contaminants in soil and sediment that pose a 
threat to the beneficial uses of groundwater or surface water. 

 Minimize the potential for release of contaminated tailings during a seismic event pro-
ducing 60 percent of the peak ground acceleration or 0.3g.  

 Minimize the potential for release of contaminated soils and sediments during surface-
water flow up to the 100-year event. 

2.2 Applicable or Relevant and Appropriate Requirements 
The review and application of ARARs in the development of remedial actions is required in 
order to achieve compliance with applicable laws and regulations by the overall remedial 
action. Additionally, ARARs are a key consideration in the comparative analysis of remedial 
action alternatives as the alternatives must comply with ARARs to be further considered. 
Compliance with ARARs often has a significant effect on the cost and implementability of a 
particular alternative during both implementation and long-term operation. A complete 
analysis of ARARs is provided in Appendix D. A summary of the most significant ARARs, 
with respect to remedial alternative evaluation and development of preliminary cleanup 
goals, is provided in this section. 

The identification of ARARs is an iterative process throughout the RI/FS. The final deter-
mination of ARARs will be made by EPA as part of the selection of the remedy. Therefore, 
federal and state statutes identified in this document are considered potential ARARs and 
are not intended to serve as the final determination of all ARARs for the site.  

A requirement may not meet the definition of an ARAR, but still may be useful in deter-
mining whether to take action at a site or to what degree action is necessary. Such require-
ments are called “to-be-considered (TBC) criteria” and are defined at 40 CFR Section 
300.400(g)(3). TBC criteria are nonpromulgated advisories or guidance issued by federal or 
state government that are not legally binding, but that may provide useful information or 
recommended procedures for remedial action.  

Pursuant to CERCLA guidance, ARARs and TBCs are generally classified as chemical-
specific, location-specific, or action-specific. The following sections discuss the potential 
chemical-specific ARARs that were considered in the development of preliminary cleanup 
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goals and some of the general location-specific and action-specific ARARs that will assist in 
evaluating the remedial alternatives. 

2.2.1 Potential Chemical-Specific ARARs 
Chemical-specific ARARs include those that regulate the release to the environment of 
materials possessing certain chemical or physical characteristics or containing specified 
chemical compounds. These requirements generally set health- or risk-based concentration 
limits or discharge limits for specific hazardous substances. Additionally, chemical-specific 
ARARs include chemical concentrations in waste if the concentration would trigger a spe-
cific disposal or management requirement. If, in a specific situation, a chemical is subject to 
more than one discharge or exposure limit, the more stringent of the requirements is gener-
ally applied. 

2.2.1.1 Discharges to Surface Water 
Little Clipper Creek is the dominant surface-water drainage within the project area that has 
been, or has the potential to, be impacted by mine tailings and adit discharges. The adit dis-
charge, seep from beneath the log dam, and stormwater are considered discharges to Little 
Clipper Creek for purposes of developing ARARs. Thus, the surface water in, or directly 
discharging to, Little Clipper Creek is the only surface water for which remedial alternatives 
will be developed under this FS. However, the quality of surface waters, and protection of 
their associated beneficial uses downstream of the project area are also considered in the 
development of ARARs for Little Clipper Creek.  

Little Clipper Creek is an undesignated water body within the Sacramento and San Joaquin 
River Basin and as such is assigned a default beneficial use of municipal and domestic 
supply designation (MUN). Additional beneficial uses that may apply to Little Clipper 
Creek include: agricultural supply (AGR); industrial service supply (IND); contact and non-
contact water recreation (REC-1 and REC-2); warm and cold freshwater habitat (WARM and 
COLD); and wildlife habitat (WILD). 

The chemical-specific ARARs for establishing water quality objectives for Little Clipper 
Creek are discussed in Appendix D. The most stringent chemical-specific water quality 
requirements applicable to Little Clipper Creek are the requirements of the Basin Plan and 
the California Toxics Rule (CTR). The Basin Plan requires that the quality of surface waters 
designated as MUN meet, at a minimum, the maximum contaminant levels (MCLs) estab-
lished by the California Safe Drinking Water Act. The California Toxics Rule establishes 
water quality criteria for toxic pollutants that are protective of human health and the 
environment.  

As shown in Table 2-1, the most stringent of the MCLs or CTR criteria was chosen as the 
controlling ARAR for setting chemical-specific water quality objectives for Little Clipper 
Creek. Table 2-1 presents water quality objectives for constituents that were detected in 
mine area sample locations (including the adit discharge, seasonal tailings pile seep, 
secondary tailings pile seep, log dam seep, and the ponded portion of Little Clipper Creek 
north of the tailings pile) at maximum concentrations exceeding these criteria. The com-
parison was conducted using surface-water monitoring data collected between October 1999 
and August 2002. 
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TABLE 2-1 
Chemical-Specific ARARs for Surface Water Quality  
Lava Cap Mine Area Feasibility Study 

Chemical 

CTR Criteria 
Freshwater Aquatic Life Protection 

CTR Criteria 
Human Health Protection (10-6 risk for 

carcinogens) for Consumption of: 

Background 

Maximum Contaminant 
Level (MCL) a  

Criterion 
Maximum 

Concentration 

Criterion 
Continuous 

Concentration 
Water + 

Organisms Organisms Only 
Primary 

MCL 
Secondary 

MCL 
Most Stringent 

Standard b 

Aluminum NA NA NA NA 160 1,000 200 200 

Arsenic 340 b 150 b NA NA 1.8 10 NA 10 

Cyanide 22 c 5.2 c 700 220,000 1.5 150 NA 5.2 c 

Iron NA NA NA NA 50 / 2,540 d  NA 300 300 / 2,540 d  

Manganese NA NA NA NA 4.4 / 240 d NA 50  50 / 240 d  

Mercury NA NA 0.050 0.051 0.004 2 NA 0.05 

pH NA NA NA NA NA NA 6.5 to 8.5 6.5 to 8.5 

Sulfate NA NA NA NA 3,540 500,000 e 250,000 f 250,000 f 

TDS NA NA NA NA 59,000 NA 500,000 g 500,000 g 

Notes: 
All units are in µg/L. 
NA = Not applicable or not available. 
a  The most stringent of the state and federal MCLs is listed. 
b All criteria, except where noted, are expressed in terms of total concentrations. 
c Promulgated for specific California waters in the National Toxics Rule. 
d First value is expressed as dissolved; second value is total. 
e Proposed. 
f  Recommended level; upper level = 500,000 µg/L; short-term level = 600,000 µg/L. 
g Recommended level; upper level = 1,000,000 µg/L; short-term level = 1,500,000 µg/L. 
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The water quality objectives listed in Table 2-1 apply to the water quality of surface waters 
within the project area, but do not necessarily require that this level of quality be achieved at 
the point of discharge. However, because the adit discharge and the seep beneath the log 
dam make up 100 percent of the flow in Little Clipper Creek during portions of the year, the 
criteria in Table 2-1 would apply to the point of discharge during those periods. 

2.2.1.2 Soil and Sediment 
There are no chemical-specific ARARs that provide numerical cleanup criteria for COCs in 
soils and sediments at Lava Cap Mine. Instead, site-specific risk assessments were con-
ducted that serve as a basis for developing risk-based concentration limits, as presented in 
Section 2.3.2.  

2.2.2 Potential Location-Specific ARARs 
Remedial action alternatives for the Lava Cap Mine site may be subject to the following 
location-specific requirements: 

 Endangered Species Act 
 Fish and Wildlife Conservation Act 
 Fish and Game Code Section 1600 
 Clean Water Act - Dredge and Fill Requirements 
 Protection of Floodplains 
 Protection of Wetlands 
 National Historic Preservation Act 
 National Historic Landmarks Program 
 National Register of Historic Places 

These location-specific ARARs are not anticipated to have a significant effect on the selec-
tion or design of the final remedy. Additional information on location-specific ARARs can 
be referenced in Appendix D. 

2.2.3 Potential Action-Specific ARARs 
A description and listing of potential action-specific ARARs are provided in Appendix D. 
Action-specific ARARs generally set performance, design, or other similar action-specific 
controls or restrictions on particular kinds of activities. Remedial action alternatives for the 
Lava Cap Mine site include in situ capping, excavation with onsite or offsite disposal, and 
wastewater collection and treatment. The most significant action-specific ARARs for these 
actions include waste management requirements under California Hazardous Waste Con-
trol Law found in Title 22, the waste management and capping provisions of Title 27, and 
the substantive requirements of the National Pollutant Discharge Elimination System 
(NPDES) permitting program. Each of these action-specific ARARs is described in more 
detail in Appendix D. 

2.3 Preliminary Cleanup Goals 
Numerical preliminary cleanup goals are established in this section for purposes of evalu-
ating remedial alternatives and for use in the conceptual design and cost estimates provided 
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in Sections 4.0 and 5.0. Preliminary cleanup goals provide a basis for delineating the extent 
and volume of contaminated media, which is necessary when remedial alternatives are 
being evaluated and compared within the CERCLA FS process. Preliminary cleanup goals 
should not be considered final remediation goals or cleanup levels to be achieved by reme-
dial action.  

Preliminary cleanup goals were calculated based on the existing and planned land use, site-
specific risk calculations for the protection of human health and ecological receptors, and 
protection of the beneficial uses of surface water. The preliminary cleanup goals described 
below are intended to demonstrate compliance with ARARs and achievement of the RAOs. 

2.3.1 Surface Water 
Preliminary cleanup goals for surface water are based on the most stringent of the MCL or 
the CTR criteria presented in Table 2-1. In addition to demonstrating compliance with 
ARARs, these cleanup levels in surface water are protective of human health and the envi-
ronment based on the findings of the human health and ecological risk assessments per-
formed in conjunction with the RI. The cleanup level for arsenic of 10 g/L based on the 
MCL may be used as the primary factor in developing conceptual designs and establishing 
surface-water treatment specifications. Arsenic is the most widespread contaminant at the 
site and is responsible for elevated human health and ecological risks. Based on these 
factors, cleanup levels established for surface water in this FS are limited to arsenic. 
Additional COCs may be monitored or otherwise regulated through Waste Discharge 
Requirements or in the Record of Decision.  

2.3.1.1 Protection of Human Health 
The human health risk assessment for the Lava Cap Mine area examined the risks of direct 
contact exposure to surface water by a recreational user along Little Clipper Creek.  For 
cancer risks, arsenic accounts for virtually 100 percent (> 99.99 percent) of the cancer risk  
and 95 percent of the non-cancer risk due to surface water exposure.  Remediation to the 
preliminary cleanup goal for arsenic in surface water of 10 g/L would reduce human 
health risk to 7 x 10-7 for direct contact with surface water by a recreational user of Little 
Clipper Creek.  

2.3.2 Soil and Sediment 
Table 2-2 presents potential site-specific cleanup goals representing acceptable levels of risk 
(ELCR less than 1 x 10-6 and HI less than 1) to human health under a residential use scenario 
(Appendix G). The residential use scenario is considered to be the most conservative 
scenario for developing cleanup goals, because exposure factors (in days per year) are 
greater for a residential use scenario than a recreational or occupational scenario. Hence, 
cleanup goals developed for a residential scenario are protective for a recreational or 
occupational scenario. Background values of inorganics in surface soil are also presented in 
Table 2-2 for reference. If the site-specific background concentrations for soil or sediment are 
greater than the concentrations determined to present a significant human health risk, then 
the background concentrations are selected as cleanup levels.  

Proposed risk-based cleanup goals were also developed using results from the Ecological 
Risk Assessment. ERA goals are presented in Appendix G and represent concentrations of 
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inorganics that preserve the desired attributes of the assessment endpoints (e.g., growth, 
reproduction, or survival), and below which, adverse effect levels are expected either to be 
absent or to be within the limits of effects levels. Based on the site-specific Ecological Risk 
Assessment performed in conjunction with the RI, the contaminant levels in soil and 
sediment that remain after cleanup levels have been reached may still present varying 
degrees of risk (see Appendix G). However, the soil cleanup levels based on human health 
risk and/or background are within the range of ecological cleanup levels presented in 
Appendix G and sufficiently mitigate risks to ecological receptors at the mine, where the 
habitat has already been substantially impacted. 

TABLE 2-2 
Potential Cleanup Goals and Background Concentrations – Soil and Sediment 
Lava Cap Mine Area Feasibility Study 

Constituent 

Human Health Risk-
Based Goal a 

mg/kg Background b (mg/kg) 

Aluminum 76,123 91,275 

Antimony 31.3 1.22 

Arsenic 22 / 0.39C 20.0 

Cadmium 37 0.41 

Cyanide (free) 1,222 0.68 

Iron 23,464 60,477 

Lead 90 43.4 

Manganese 1,761 1,736 

Nickel 1,564 54.3 

Notes: 
a Human health risk-based goal calculated as concentration to reduce 
noncancer HI to less than 1 under a residential use scenario as defined 
in the Lava Cap Mine Human Health Risk Assessment. See Appendix G. 
b Background concentrations presented were calculated for surface soil 
in Appendix F. 
c  Only arsenic is considered a human carcinogen for the purposes of 
risk calculations. For arsenic, the first value presented is based on the 
noncancer endpoint (HI less than 1), and the second value is based on 
the cancer endpoint (ELCR less than 1 x 10-6) under a residential use 
scenario. 

 

As with surface water, arsenic is the most widespread contaminant in soils and sediments at 
the site, and is primarily responsible for elevated human health and ecological risks. For this 
FS, it is appropriate to use arsenic as an indicator pollutant for establishing the volume of 
soils and sediments subject to remediation, and for developing the conceptual designs for 
the remedial alternatives.  

2.3.2.1 Protection of Human Health 
The preliminary cleanup goal for arsenic in soil is based on the background concentrations 
of 20 mg/kg for surface soil and 24.6 mg/kg for sediments.  The human health risk assess-
ment considered human health risks due to soil exposure by residents in the Lava Cap Mine 
Area.  Arsenic accounted for virtually 100 percent of the cancer risk and 94 percent of the 
non-cancer risk.  Exposure to contaminated soil through ingestion, direct contact, and 
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inhalation was 78 percent of the arsenic cancer risk and 94 percent of the arsenic non-cancer 
risk.  The remaining risk was due to exposure to contaminated groundwater.  Remediation 
of arsenic alone to its background concentration of 20 mg/kg would reduce the cancer risks 
due to soil exposure to approximately 5.2 x 10-5 and the non-cancer risk to 4.3 (HI).  In the 
HHRA, the cancer and non-cancer human health risks due to exposure to background soil 
conditions were estimated to be 6.2 x 10-5 and 4.8 (HI), respectively.  The background risks 
are slightly higher than the projected risks after cleanup of arsenic because the preliminary 
background concentration for arsenic used in the HHRA was 23.8 mg/kg. 

2.3.3 Summary of Preliminary Cleanup Goals 
Arsenic is driving the human health and ecological risks associated with surface water, 
sediments, and soils at the site. Moreover, arsenic concentrations are the most reliable 
indicator of impacts to soil, sediment, and surface water associated with the presence of 
waste rock and mine tailings. For this FS, the effective site cleanup goals are based on back-
ground arsenic concentrations in soil and sediment and the arsenic MCL for surface water. 
Table 2-3 summarizes the preliminary cleanup goals for the Lava Cap Mine Area Feasibility 
Study. 

Preliminary cleanup goals established as part of the FS are intended to provide a basis for 
delineating target areas and volumes of soil, sediment, and surface water requiring reme-
diation.  It should be noted that during the remedial action, the dataset of confirmation soil 
and sediment samples would be compared to the reference area dataset to determine 
whether the site has been cleaned to background conditions, rather than comparing an 
individual confirmation soil sample result to a singular cleanup goal. This would be accom-
plished using parametric tests (t-test) or nonparametric tests (Wilcoxan Rank Sum) to 
determine whether the datasets are statistically different. 

TABLE 2-3 
Preliminary Cleanup Goals for each Medium 
Lava Cap Mine Area Feasibility Study 

Media 
Preliminary Cleanup Goal 

for Arsenic Basis 

Soil  20 mg/kg Background a 

Sediments 25 mg/kg Background a 

Surface Water 10 µg/L California MCL 
a Background concentrations are presented in Appendix F. For soil, the 
surface soil background concentration is presented. 

It may be necessary at some point during the remedial action to demonstrate that the site 
has been cleaned up to comply with ARARs or to mitigate risks associated with other COCs 
besides arsenic. The preliminary cleanup goals established here are based on the assump-
tion that cleanup to the target concentrations for arsenic will result in remediation of the 
waste rock and tailings, and result in adequate protection of human health, the environ-
ment, and the beneficial uses of surface water. Thus, the remedial actions proposed for 
arsenic will inherently remediate the other COCs associated with contaminated waste rock 
and tailings. This assumption will be verified through monitoring and performance data 
collected during the remedial action. For reference, potential risk-based cleanup goals for 



SECTION 2.0 DEVELOPMENT OF PRELIMINARY CLEANUP GOALS 

RDD\020230015 (CLR2012.DOC) 2-9 

other COCs are presented in Appendix G, and background concentrations are presented in 
Appendix F. 

2.4 Identification of Media and Volumes that Exceed 
Preliminary Cleanup Goals 

Identification of media exceeding preliminary cleanup goals and the associated volumes of 
contaminated material is necessary to provide information for preliminary design and 
evaluation of remedial alternatives. The nature and extent of contamination was generally 
described in Section 1.0. This section narrows the description of contamination to those 
media and areas that will be addressed by the remedial alternatives to achieve RAOs and 
comply with ARARs. 

2.4.1 Soil and Sediment 
The estimated volumes of tailings and waste rock in the mine area were described in Sec-
tion 1.0. Based on the site data, arsenic exceeds the preliminary cleanup goals in virtually all 
of the areas where tailings and waste rock are present. The volume of tailings was estimated 
as 50,000 cy, and the volume of waste rock was estimated to be 160,000 cy as described in 
Section 1.0. The primary areas of tailings and waste rock are shown on Figure 1-2.  

The highest concentrations of arsenic in soil and sediment have been detected in surface soil 
samples collected within and surrounding the mill, cyanide, and assay buildings, and sedi-
ment collected from the pool formed by the adit seepage. As indicated on Figure 1-7, arsenic 
has also been detected at concentrations exceeding background in surface soil samples col-
lected adjacent to impacted areas, such as the area surrounding the tailings and waste rock 
pile and the mine area residences. The surface soil has been impacted by migration of con-
taminated tailings from wind or water erosion. The contamination is likely limited to the top 
foot of soil. 

Tailings-impacted sediment in the Little Clipper Creek channel downstream of the log dam 
and upstream of Greenhorn Road (the stretch of LCC addressed in this FS) exceeds prelimi-
nary cleanup goals. The primary area of deposition exists along the Little Clipper Creek 
corridor, just upstream of Greenhorn Road. This area of deposition corresponds to a wider 
portion of the Little Clipper Creek channel, where there are marked decreases in gradient. 
The area of deposition accumulated much thicker deposits of tailings than other areas along 
this stretch of LCC flooded during the 1997 and earlier flood events, and would be the target 
area of remedial actions. The areal extent of deposition upstream of Greenhorn Road was 
delineated using field observations in combination with the estimated extent of flooding of 
Little Clipper Creek during the January 1997 storm event. Remaining areas along this sec-
tion of Little Clipper Creek have small, isolated areas of tailings and would not be subject to 
remedial actions. Tailings-impacted sediment is estimated to average one foot of depth in 
the area of deposition. The total area along Little Clipper Creek, north of Greenhorn Road, 
that would be targeted by the remedial actions is estimated as 1.2 acres. The total volume of 
contaminated sediment is estimated as 2,000 cy. 
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2.4.2 Surface Water 
All surface water within and downstream of the mine area currently exceeds the prelimi-
nary cleanup goal for arsenic of 10 µg/L. Samples of ponded water from sumps in the his-
torical mine buildings yielded the highest arsenic concentrations detected in surface water 
during the RI (14,300 g/L). In addition, three discharges to Little Clipper Creek had ele-
vated arsenic levels: the collapsed adit discharge, the waste rock/tailings pile seepage, and 
the tailings pile underflow that discharges from the base of the log dam. The adit discharge 
and seepage from the base of the log dam flow on a year-round basis. The waste rock/ 
tailings pile seeps are seasonal. 

Arsenic concentrations in surface water in Little Clipper Creek upstream of the mine area 
are well below the arsenic preliminary cleanup goal. Remedial alternatives will be designed 
to eliminate and/or treat contaminated discharge impacting Little Clipper Creek within the 
mine area. This includes treatment or elimination of the adit discharge, the waste rock/ 
tailings pile seep, and the log dam seep. The flow rates of impacted surface water dis-
charging to Little Clipper Creek are not well defined. For purposes of developing the con-
ceptual remedial designs for surface water, the flow rate of the adit seep is estimated to 
range between 70 and 400 gpm, and the flow rate of the log dam seepage is estimated to 
range between 20 and 300 gpm. 
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SECTION 3.0 

Development and Screening 
of Remedial Technologies 

3.1 Introduction 
As defined in the EPA’s Guidance for Conducting Remedial Investigations and Feasibility Studies 
Under CERCLA (EPA, 1988), general response actions are medium-specific actions that sat-
isfy the RAOs. General response actions may include treatment, containment, excavation, 
extraction, disposal, institutional controls, or a combination of these. A no-action general 
response action is included as a baseline for comparison. 

Except for the no-action alternative, each general response action can be achieved by several 
remedial technologies. Remedial technologies are defined as the general categories of reme-
dies under a general response action. For example, soil capping is one of the remedial tech-
nologies under the general response action of containment. Process options are specific 
categories of remedies within each remedial technology. The process options are used to 
implement each remedial technology. For example, the remedial technology of soil capping 
could be implemented using one of several types of process options (e.g., soil cap or multi-
layer cap). 

This section identifies the general response actions, remedial technologies, and process 
options deemed technically implementable on the Lava Cap Mine site. The technologies and 
process options are further screened primarily on effectiveness, as well as implementability 
and relative cost.  

The effectiveness of specific process options was evaluated by considering the following 
factors: 

1. The potential effectiveness of a process option to address the estimated areas or volumes 
of contaminated media and meet the goals identified in the RAOs 

2. The potential impacts to human health and the environment during the construction 
and implementation phases 

3. How reliable and proven the process is with respect to the types of contamination and 
site conditions that will be encountered 

The implementability of a technology or process option was further investigated with con-
sideration of the administrative or institutional aspects of using a technology or process. 
Factors such as the ability to obtain necessary permits; the availability and capacity of treat-
ment, storage, and disposal services; and the availability of the equipment and workers to 
implement the technology were considered under this criterion. 

Cost plays a limited role in the screening of process options. Relative capital plus operations 
and maintenance costs were used rather than detailed estimates. The costs for each process 
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option were evaluated on the basis of engineering judgment relative to the other process 
options in the same technology type. 

When multiple process options were considered effective, implementable, and cost-
effective, a representative process option was chosen to be used in the development and 
analysis of remediation alternatives. Retained technologies and process options will be 
combined into site-specific and media-specific remedial alternatives. Summaries of the 
remedial technologies and process options are presented in Table 3-1 for tailings, soil, and 
sediment, and Table 3-2 for surface water. Both tables are located at the end of this section. 
As discussed in Section 1.0, groundwater is being evaluated as part of a separate OU and is 
not addressed in this document.  

As discussed in Section 1.0, this Mine Area FS will address contamination in the mine area 
and a portion of Little Clipper Creek downstream of the mine area. The Lava Cap Mine area 
and Little Clipper Creek have been divided into four geographic subareas. Some remedial 
technologies are not applicable to all areas, and the division of the site will allow separate 
identification and screening of technologies and process options based on the characteristics 
of each subarea. The area for which a remedial technology may be applicable is indicated in 
the last column of Tables 3-1 and 3-2. The subareas (and their abbreviations as shown in 
Tables 3-1 and 3-2) are:  

 MR—the residences in the mine area 

 MB—mine buildings 

 T/WR—the mine area, including the tailings pile and areas of stockpiled waste rock  

 LCC—Little Clipper Creek from the log dam to Greenhorn Road 

Little Clipper Creek downstream of Greenhorn Road, the Deposition Area, Lost Lake, and 
Clipper Creek downstream of Lost Lake will not be addressed in this FS. 

3.2 General Response Actions for Tailings, Soil, and 
Sediment 

General response actions for remediating contaminated tailings, soil, and sediment at the 
Lava Cap Mine site include: 

 No Action - Required by EPA guidelines 

 Institutional Controls - Limit human exposure to contaminants in soil, sediment, and 
tailings 

 Containment - Limits direct contact with contaminants and reduces the migration of 
contaminated tailings, soil, and sediment to surface water, groundwater, and ambient 
air 

 Excavation - When combined with either disposal or treatment, expedites site cleanup 
and restoration by removing contaminated tailings, soil, and sediment 
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 Disposal, Onsite or Offsite - Minimizes exposure to contamination and migration of 
contamination 

 Treatment, Onsite or Offsite - Reduces the toxicity, mobility, and/or volume of contami-
nated material.  

Applicable remedial technologies and process options are described in the following para-
graphs and summarized in Table 3-1. 

3.2.1 No Action 
The no-action general response action is required by EPA’s Guidance for Conducting Remedial 
Investigations and Feasibility Studies Under CERCLA (EPA, 1988) as a baseline for comparison 
with other remedial alternatives. The no-action option does not include active remediation 
or monitoring. 

3.2.2 Institutional Controls 
Institutional controls involve limited technical and administrative controls that prevent 
human exposure to tailings and tailings-impacted soil. Access and use restrictions, includ-
ing land use restrictions, fencing, or posting warning signs, and construction of dedicated 
footpaths, can be combined to limit human exposure to contaminants. All institutional 
process options were retained for further evaluation. 

3.2.3 Containment 
Containment technologies screened for the Lava Cap Mine site include (1) capping, 
(2) surface controls, (3) sediment control barriers, (4) dam renovations, and (5) dust sup-
pression. Horizontal barriers in the form of liners were also considered to prevent vertical 
leaching out of the tailings pile; however, this technology was dropped because of the diffi-
culty of installing liners in areas of existing contamination. The remaining technologies for 
containment are described below. 

3.2.3.1 Capping 
Capping involves the construction of a surface barrier to prevent direct exposure to under-
lying tailings or contaminated soil. Capping is also designed to limit the erosion of tailings 
and contaminated soil. Impermeable caps can limit infiltration and consequent production 
of contaminated seepage or migration of contamination to groundwater. Because of the dif-
ficulty in reducing the toxicity of tailings and tailings-impacted sediment, capping was 
retained as a remediation technology for all areas. Capping is generally a low-cost tech-
nology to reduce risk to human and ecological receptors and limit contaminant migration. 
Capping would require long-term maintenance, and construction and maintenance of a cap 
may affect site operations and future development.  

Process options include applying a soil cap, clay and soil cap, synthetic membrane, engi-
neered cap (multi-layer), and shotcrete. A soil cap was retained as the representative process 
option for erosion control and reduction of receptor exposure. A multi-layered engineered 
cap was also retained as the representative process option for impermeable caps because it 
reduces as much as 99 percent of infiltration and is least susceptible to cracking. 
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3.2.3.2 Surface Controls 
Surface controls are designed to limit erosion of contaminated tailings or soil into surface 
water. Surface control options were retained for consideration in areas not capped or in 
capped areas to enhance the effectiveness of capping. Process options include surface seal-
ing, grading, soil stabilization, revegetation, and channel improvements. Grading and 
revegetation were selected as the representative process options applicable to all subareas 
rather than surface sealing and soil stabilization, which have lower reliability and poten-
tially higher costs. A treatability study was conducted in 2001 to determine the revegetation 
potential of the raw tailings (CH2M HILL, 2002a). Results of the treatability study indicate 
that, in general, no major concerns appear to exist regarding revegetation that cannot be 
overcome with the proper tailings restoration design. Irrigation may be required during 
establishment of vegetation or as a permanent system to supplement seasonal rainfall. 
Nutrient concentrations are very limited, but may be overcome with regular fertilization. 
Channel improvements was retained as a process option with application to sections of 
Little Clipper Creek that have a high scour potential.  

3.2.3.3 Sediment Control Barriers 
Sediment control barriers are designed to limit the migration of contaminated sediment and 
limit exposure of receptor populations to contamination. Curtain barriers and cofferdams 
are two process options to control sediment migration during sediment removal actions or 
construction in Little Clipper Creek. Vegetative (filter) strips were also considered. Vegeta-
tive strips can be planted between disturbed land and surface-water bodies to reduce the 
velocity of surface-water runoff and filter sediment. Vegetative strips would not be effective 
in reducing sediment loads resulting from construction or sediment removal actions within 
the stream channel.  

3.2.3.4 Dam Renovations 
Implementing dam renovations would minimize migration of tailings or tailings-impacted 
sediment during seismic or storm events. The replacement of the log dam with a buttress at 
the base of the tailings and waste rock pile is a key action to prevent contamination of Little 
Clipper Creek, Clipper Creek, Lost Lake, and subsequent downstream areas caused by 
future dam failures. The construction of a rockfill buttress in the mine area was retained as a 
process option. 

3.2.3.5 Dust Suppression 
Dust suppression technologies would be used in conjunction with excavation and debris 
removal activities to reduce the aerial transport of contaminants and reduce exposure to 
workers. Application of water sprayed from trucks to add moisture to soil, sediments, and 
debris before and during construction activities was retained as the representative process 
option. Magnesium chloride could be added to the water spray. Following evaporation or 
infiltration of water, magnesium chloride would act as a surface sealant, preventing dust 
from reforming. Supplying a water spray is the most common and least expensive of the 
process options and can be used without interruption of construction activities. Application 
of organic agents, polymers, or foam to the soil surface was also retained. Some organic 
agents can be more effective at dust suppression than a water spray, but implementation 
would be more difficult, and costs would be greater. 
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3.2.4 Excavation 
Excavation of debris, tailings, soil, or sediment expedites site cleanup and restoration by 
removing the contaminated material prior to disposal or treatment. Three excavation tech-
nologies were considered: (1) excavation, (2) removal of debris associated with the mine 
buildings, and (3) dredging of contaminated sediment. All three technologies were retained 
because of the high level of risk reduction associated with removal of contaminated material 
and the difficulty of in situ treatment of contaminated soil and sediment. 

3.2.4.1 Excavation 
Excavation remains an option for all areas and would be conducted by conventional con-
struction equipment such as track excavators, backhoes, scrapers, bulldozers, front-end 
loaders, and hand tools depending on the volume and extent of contaminated material.  

3.2.4.2 Debris Removal 
Debris removal would be used for hazard abatement and demolition of the mine buildings. 
Hazard abatement activities include removal of debris and internal structures associated 
with former ore-processing activities and arsenic and cyanide contamination, such as above-
ground process tanks and sumps. Debris removal would be conducted by conventional con-
struction equipment, along with hand tools, chisel hammers, and cutting devices. Because 
the buildings consist of wood frames and steel siding, explosives would not be required 
during demolition. During demolition and debris removal, dust suppression technologies 
would be implemented to prevent exposure of workers to aerial contaminants. 

3.2.4.3 Dredging 
Dredging remains a potentially applicable option for saturated sediment in Little Clipper 
Creek. However, because of the limited volume of saturated sediment along Little Clipper 
Creek, sediment removal by excavation may be a more economical and easily implemented 
technology. Dredging would have to be accompanied by disposal or ex situ treatment of 
sediment.  

3.2.5 Disposal 
Disposal in offsite landfills or onsite disposal cells reduces the mobility of the contaminants 
by placing the media in a controlled disposal facility. Disposal of contaminated material 
does not reduce the toxicity and volume of contaminants, and liability for contaminants 
does not terminate with disposal. Tailings, soil, sediment, and debris requiring disposal 
would require characterization to verify that the waste meets the waste acceptance criteria 
of the landfill or disposal facility. Three disposal technologies were considered: (1) disposal 
in an offsite landfill, (2) resource recovery/materials reuse, and (3) onsite disposal. The 
resource recovery/materials reuse technology was dropped because of the lack of feasibil-
ity. The potential hazardous waste classification of the tailings and high arsenic 
concentrations of the tailings and waste rock will inhibit permitting and institutional 
acceptance of tailings reuse. 
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3.2.5.1 Offsite Disposal 
Tailings, soil, sediment, and debris requiring offsite disposal would be disposed of in a 
Resource, Conservation, and Recover Act (RCRA) Class I or Class II landfill, depending on 
waste classification. Waste classification would be determined using federal toxicity 
characteristic leaching procedure (TCLP) tests and state soluble toxicity limit concentration 
(STLC) tests. TCLP and STLC testing was conducted on tailings samples collected in August 
2001 from the tailings pile to predict hazard classification. All samples of tailings passed 
TCLP tests, and only one sample exceeded STLC requirements. The test results indicate that 
the majority of tailings and impacted soil would not be considered a state or RCRA 
hazardous waste and could therefore be disposed of in a Class II facility. 

A small percentage of the tailings, soil, or sediment, in areas of higher contaminant concen-
trations around the mine buildings and adit seepage, would likely fail TCLP, STLC, or state 
threshold toxicity limit concentrations (TTLC) and require disposal in a Class I facility as a 
hazardous waste. 

3.2.5.2 Onsite Disposal 
Two process options were considered for onsite disposal: (1) onsite disposal in a disposal 
cell, and (2) onsite disposal in the mine workings. The process option of disposing of 
material in the mine workings was dropped because the mine workings were collapsed after 
mining operations ceased, limiting the potential disposal volume. Onsite disposal in a dis-
posal cell was retained. An onsite disposal facility must conform to the State of California 
Water Code Section 13172 and 27 CCR 22480 regarding proper location, design, construc-
tion, operation, maintenance, and monitoring. Onsite disposal carries long-term concerns 
regarding groundwater releases and requires prompt cover maintenance and routine 
groundwater monitoring. 

3.2.6 Ex situ Treatment 
Ex situ tailings, soil, and sediment treatment technologies include (1) ex situ physical treat-
ment, (2) ex situ chemical treatment, and (3) ex situ thermal treatment. No ex situ biological 
treatment technologies are applicable to treat arsenic contamination in tailings, soil, or sedi-
ment. Ex situ treatment technologies require excavation and may be performed onsite or 
offsite. All ex situ treatment technologies are designed to potentially reduce the toxicity, 
mobility, and/or volume of contaminated material. Physical, chemical, and thermal ex situ 
treatment technologies are described below. 

3.2.6.1 Ex situ Physical Treatment 
The ex situ physical treatment process options considered are designed to reduce the vol-
ume of contaminated waste for treatment or disposal. Solids dewatering could be used to 
separate liquid from contaminated tailings, soil, and sediment before disposal. Solids 
dewatering was retained as a process option to be used in combination with an excavation, 
disposal, or chemical treatment alternative. 

A treatability study was conducted in summer 2001 to determine the dewatering character-
istics of the tailings and the maximum amount of water expected to drain by gravity (CH2M 
HILL, 2002a). In addition, a number of physical and chemical characteristics of the 
dewatered tailings were measured, including in situ moisture, unit weight, shear strength, 
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and compaction. The results of the treatability study were used in developing the concep-
tual process design and cost estimate presented in Section 4.0.  

Solids processing and handling is a second option in which debris is prepared for further 
treatment or disposal by size reduction, material classification, or material separation. Solids 
processing and handling was retained as a process option for use in separating debris from 
mine building demolition. The metal siding of the mine buildings would be separated from 
other demolition debris for transport to a metal recycling facility. The third process option, 
debris washing, would be used to decontaminate debris using a hot water spray and deter-
gent. This process option was retained to remove contaminated soil from building debris 
and concrete foundations. 

3.2.6.2 Ex situ Chemical Treatment 
The ex situ chemical treatment technology is designed to either prevent migration of con-
taminants from excavated waste or to chemically extract contaminants from the waste. The 
process option chosen to prevent contaminant migration was solidification/stabilization. In 
solidification/stabilization, contaminated tailings, soil, or sediment are excavated and 
mixed with lime, cement, or pozzolan materials. Contaminants would be physically bound 
within a stabilized mass, or chemical reactions would be induced between the stabilizing 
agent and the contaminants to reduce their mobility. Chemical extraction of arsenic and 
metals was not considered feasible for tailings and waste rock. It would not be possible to 
achieve acceptable residual metals concentrations by chemical extraction. 

Advantages of solidification/stabilization treatment include: 

 Additives and reagents are available and inexpensive. 
 The solidified material may not require additional treatment. 
 Leaching of contaminants is prevented or minimized. 

Disadvantages of solidification/stabilization treatment include: 

 The volume of treated material may increase. 

 Distributing reagents and achieving uniform mixing may be difficult (although this is 
not as much a factor in ex situ treatment). 

Solidification/stabilization was retained as an ex situ chemical treatment option. It may be 
required prior to disposal of higher-concentration waste materials. 

3.2.6.3 Ex situ Thermal Treatment 
The potentially applicable ex situ thermal treatment technology is vitrification, which would 
be designed to prevent migration of contaminants from excavated waste. Vitrification 
entails melting contaminated tailings, soil, or sediment at high temperature to form a glass 
and crystalline structure with low leaching characteristics. Vitrification was dropped 
because of the high cost in comparison to other treatment options. 

3.2.7 In situ Treatment 
In situ tailings, soil, and sediment treatment technologies include: (1) physical, (2) chemical, 
(3) thermal, and (4) biological treatment. All in situ treatment technologies are designed to 
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potentially reduce the toxicity, mobility, and/or volume of contaminated material. In situ 
treatment technologies would be implementable for the mine area tailings. Physical, chemi-
cal, biological, and thermal in situ treatment technologies are discussed below. 

3.2.7.1 In situ Physical Treatment 
Two in situ physical treatment process options were considered: electrochemical treatment 
and electrokinetic separation. Electrochemical treatment is designed to decrease the toxicity 
and/or mobility of contamination by chemical neutralization, oxidation, and reduction pro-
cesses. Electrokinetic separation would reduce the toxicity of low-permeability soils. Elec-
trochemical and electrokinetic processes are used to desorb metals and polar organic 
compounds. A low-intensity current would be applied to soil between two electrodes, and 
charged species would be attracted to the anode or cathode. There have been few, if any, 
commercial applications of electrokinetic remediation in the United States. Both treatment 
process options remain unproven for arsenic contamination, are more expensive than other 
treatment options, and have been subsequently dropped. 

3.2.7.2 In situ Chemical Treatment 
The in situ chemical treatment process option considered for tailings and tailings-impacted 
sediment was solidification/stabilization. Solidification/stabilization would be designed to 
prevent migration of arsenic from tailings and to increase the stability of tailings. The 
advantages and disadvantages associated with in situ solidification/stabilization are the 
same as those for ex situ chemical treatment. An additional benefit of in situ stabilization 
would be an increase in the seismic stability of the tailings. In situ stabilization was retained 
as a process option because of the potential effectiveness in increasing the seismic stability 
of the tailings.  

A treatability study was conducted in 2001 (CH2M HILL, 2002a) to evaluate the strength 
characteristics of solidified tailings and to evaluate the effect of solidification on contami-
nant mobility. Portland cement was selected as the solidifying agent because of its nonpro-
prietary nature, ready availability, and strong solidifying properties. Three amendment 
ratios were tested. Physical and chemical parameters of the solidified tailings were deter-
mined, including unit weight, compressive strength, permeability, and arsenic and metals 
leachability. With increased cement content, unconfined compressive strength increased, 
and permeability remained consistently low. Even with amendment ratios of 5, 10, and 20 
percent, the metals leaching rate from the solidified tailings was still well below STLC and 
TCLP limits. The results of the treatability study were used in the development of the con-
ceptual process design and cost estimate presented in Section 4.0. 

3.2.7.3 In situ Biological Treatment 
Phytoremediation is a process that uses plants to remove, transfer, stabilize, and/or destroy 
contaminants in soil, sediment, groundwater, and surface water. Phytoremediation of 
metals contamination involves plants that have a demonstrated ability to hyperaccumulate 
metals, or arsenic for this application. Hyper-accumulator plants are able to remove and 
store significant amount of inorganic contaminants through uptake of contaminants by 
plant roots and translocation/accumulation of contaminants into plant shoots and leaves. 
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Phytoremediation is potentially applicable as an in situ biological treatment option for 
shallow sediment along Little Clipper Creek. A limited number of laboratory bench-scale 
studies and field pilot-scale studies have shown the ability of plants to hyperaccumulate 
arsenic. The Chinese Brake fern (Pteris vittata) was reported to have a bioconcentration fac-
tor (arsenic concentration ratio of plant to soil) of up to 200 based on soil and hydroponic 
greenhouse studies and pilot-scale field demonstration (Ma et al., 2003). The plant has a 
reported ability to produce large quantities of root exudates to solubilize soil arsenic, pro-
duce large root biomass, translocate arsenic to the fronds, and reduce arsenic from arsenate-
AsO43- to arsenite-AsO2- in plant tissue. In field trials, results indicate a decrease in surface 
soil arsenic concentration of approximately 20 mg/kg over a 5-month growing season 
(Blaylock and Ma, 2003).  

Phytoremediation relies on natural processes, and consequently, the effectiveness can vary 
and is dependent on site-specific conditions. Application of phytoremediation to the Lava 
Cap Mine Superfund Site would require a laboratory bench-scale study and/or field pilot 
study to determine the plant’s ability to remove arsenic under site-specific climatic condi-
tions, contaminant concentrations, soil structure, and soil nutritional status. Additional 
limitations include: (1) depth of the treatment zone is limited by the plants’ rooting depths, 
and in most cases, is limited to shallow soils, surface water, and shallow groundwater; 
(2) high concentrations of hazardous materials can be toxic to plants; (3) climatic or seasonal 
conditions may interfere or inhibit plant growth, slow remediation efforts, or increase the 
length of the treatment period; (4) if contaminants are accumulated in plant tissue without 
detoxification, plant tissue will need to be harvested, and a concern remains over potential 
bioaccumulation; (5) phytoremediation is still in the demonstration phase.  

Given the potential benefits of phytoremediation as a passive, inexpensive, and innovative 
remediation technology, it will be retained. As mentioned above, application of phyto-
remediation would require bench-scale and/or field pilot studies prior to implementation. 

3.2.7.4 In situ Thermal Treatment 
The potentially applicable in situ thermal treatment technology is vitrification, which would 
be designed to prevent migration of arsenic from tailings. During vitrification, an electric 
current would be sent through graphite electrodes to oxidize contaminants and melt sur-
rounding soils and sludges into glass and crystalline structures with low leaching charac-
teristics. Vitrification was dropped because of the high cost in comparison to other 
treatment options. 

3.3 General Response Actions for Surface Water 
General response actions for remediating contaminated surface water at the Lava Cap Mine 
site include: 

 No Action - Required by EPA guidelines 

 Institutional Controls - Limit human exposure to contaminants in surface water 

 Surface-water Control - Limits erosion of tailings or tailings-impacted sediment and 
reduces the volume of contaminated surface water and groundwater 
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 Seep Collection - Prevents further migration of contaminants in surface water and expe-
dites site cleanup and restoration by removing contaminated surface water for subse-
quent treatment. 

 Ex situ Treatment - Reduces the toxicity, mobility, and/or volume of contaminated. 
material.  

 Ex situ Disposal - Minimizes exposure to contamination and migration of contamination 

Applicable remedial technologies and process options are described in the following para-
graphs and summarized in Table 3-2. 

3.3.1 No Action 
The no-action general response action is required by EPA’s Guidance for Conducting Remedial 
Investigations and Feasibility Studies Under CERCLA (EPA, 1988) as a baseline for comparison 
with other remedial alternatives. The no-action option does not include active remediation 
or monitoring. 

3.3.2 Institutional Controls 
Institutional controls involve limited technical and administrative controls that prevent 
exposure to contaminated surface water. Access and use restrictions, including land use 
restrictions, fencing, or posting warning signs, can be combined to limit human exposure to 
contaminants. Monitoring contaminant levels in surface water can determine the extent of 
contaminant migration and provide insight into actions necessary to minimize contaminant 
exposure to receptor populations. Both access and use restrictions and monitoring were 
retained. 

3.3.3 Surface-water Control 
Surface-water control consists of piping and open channels to divert surface-water flow 
around the mine workings, tailings, waste rock area, and contaminated sediment in Little 
Clipper Creek. Surface-water control would be designed to limit erosion of tailings and 
tailings-impacted sediment and limit the volume of contaminated seepage and ground-
water. Surface-water control process options were retained for inclusion into remedial 
alternatives. 

3.3.4 Seep Control 
Seep control includes both seep collection and seep prevention. Seep collection would be 
implemented in the locations of the collapsed adit and the log dam. Seep prevention would 
be used for the adit seepage. 

3.3.4.1 Seep Collection 
Seep collection prevents migration of contaminants in surface water, expedites site cleanup 
and restoration by removing contaminated surface water for subsequent treatment, and 
potentially increases the seismic stability of tailings through tailings dewatering. The proc-
ess options considered for seep collection include: (1) construction of an adit collection 
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structure, (2) pumping water out of the mine workings and using the workings as storage, 
(3) installation of a French drain, and (4) installation of horizontal collection wells.  

Construction of an adit collection structure would be necessary to effectively capture seep-
age from the collapsed adit and was retained as a process option. Installation of an adit col-
lection structure keyed into bedrock is expected to be more effective in the areas of seep 
collection than the more passive French drain, and it was retained as a representative proc-
ess option.  

Pumping water out of the mine workings and using the workings as storage was also 
retained as a process option. Pumping the water out of the mine workings would allow col-
lection of the adit seepage for treatment. Storage of the adit and the log dam seepage would 
be required in alternatives involving seepage treatment if a treatment plant is out of opera-
tion because of maintenance, electrical problems, or other factors. 

Installation of horizontal collection wells in conjunction with the construction of a buttress 
in the location of the log dam could assist seepage collection from the tailings pile and 
increase the stability of the tailings. Installation of horizontal collection wells was also 
retained as a process option. 

3.3.4.2 Seep Prevention 
Seep prevention would include plugging the entry to the collapsed mine adit to prevent 
seepage. This process option was dropped. Plugging of the adit could result in uncontrolled 
seepage in another location. No information has been collected concerning groundwater 
flow within the mine workings that could be used to predict the locations of additional 
seepage. 

3.3.5 Disposal 
A disposal technology would be required for alternatives involving treatment of surface 
water. Treatment of surface water would be designed to satisfy ARARs and cleanup goals, 
and consequently, treated water could be discharged to surface water onsite or offsite. 

3.3.6 Treatment 
Treatment technologies for contaminated surface water on the Lava Cap Mine site would be 
designed to reduce the toxicity or mobility of the principal contaminant of concern, arsenic. 
Feasible and effective in situ remediation technologies for arsenic contamination are not cur-
rently available; therefore, all treatment technologies and process options considered are ex 
situ. Ex situ treatment technologies evaluated for the Lava Cap Mine site include chemical, 
physical, and biological treatment.  

3.3.6.1 Ex situ Chemical Treatment  
The full extent of process options considered for ex situ chemical treatment of arsenic in 
surface water is summarized in Table 3-2. The most applicable process options include a 
precipitation process (coagulation/filtration), adsorption processes (activated alumina, 
granular ferric hydroxide [GFH], and zero valent iron [ZVI]), and ion exchange.  
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Activated Alumina. Activated alumina (AA) is a physical/chemical process by which ions in 
the feed water are sorbed to the oxidized AA surface. Activated alumina is prepared 
through dehydration of Al(OH)3 at high temperatures, and consists of amorphous and 
gamma alumina oxide (Clifford and Lin, 1995). Feed water is continuously passed through 
packed beds of AA, and contaminant ions are exchanged with the surface hydroxides on the 
alumina. Acidic pH levels are generally considered optimum for arsenic removal with AA, 
and influent water is often treated to reduce pH to less than 6.0. When adsorption sites 
become filled, the bed is regenerated by rinsing with regenerant (typically sodium hydrox-
ide), flushing with water, and neutralizing with acid (typically sulfuric acid). Arsenic is 
precipitated out of the regenerant with acid. Experience with AA processes is limited, and 
full-scale applications are virtually non-existent. The AA process option was dropped 
because of the high production of waste and the cost, which was greater than the 
coagulation/filtration process option. 

Ion Exchange. Ion exchange is a physical/chemical process by which an ion in the solid 
phase is exchanged for an ion in the feed water. The solid phase is typically a synthetic resin 
that has been chosen to preferentially adsorb the particular contaminant of concern. For 
arsenic removal, ion exchange resins consist of a strong base anion exchange resin. Regen-
eration of resins is typically conducted with concentrated salt (NaCl) solution. Arsenic is 
precipitated out of the regenerant or waste brine with ferric chloride. Previous studies have 
shown that high TDS and sulfate levels compete with arsenate and can reduce removal effi-
ciency (AWWA, 1990). Additionally, the presence of iron, Fe(III), can result in iron and 
arsenic complexes, which are not removed by ion exchange (Clifford, et al., 1998). Because of 
the limitations from the presence of sulfate and iron, the high production of waste, and 
higher costs than the coagulation/filtration process option, ion exchange was dropped as a 
process option. 

Coagulation/Microfiltration. Coagulation/microfiltration (C/MF) was chosen as the repre-
sentative process option for the mine area seeps based on cost-efficiency, proven effective-
ness for arsenic removal, and lower volumes of process waste.  

In C/MF, ferric chloride is added to raw water and dissolves upon addition to the water, 
forming amorphous hydrous ferric oxides (HFOs), which are relatively insoluble in neutral 
pH ranges. These metal hydroxides form gelatinous flocs that bind to other flocs and settle 
out of solution, scavenging many dissolved and particulate materials in the process. Vigor-
ous mixing is usually required for optimal coagulation. During C/MF, the primary removal 
action is coprecipitation, in which soluble arsenic species are incorporated into a growing 
metal hydroxide phase (Edwards, 1994). Arsenic in the pentavalent arsenate form is more 
readily removed than the trivalent arsenite form. If the primary arsenic species in surface 
water is As(III), surface water may require chemical oxidation before coagulation. 

Arsenic removal by coprecipitation with metal salts has been in use since at least the 1930s. 
Excellent arsenic removal is possible with ferric salts, with laboratories reporting greater 
than 99 percent removal under optimal conditions, and residual arsenic concentrations of 
less than 1 µg/L (Cheng et al., 1994). Numerous studies have shown that filtration is an 
important step to ensure efficient arsenic removal. After coagulation, HFO - along with its 
sorbed arsenic load - can very effectively be removed from the water stream through micro-
filtration. The HFO particles range in size from 2 to 10 micrometers (µm). Microfiltration 
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removes particles down to 0.1 µm in size and therefore provides excellent arsenic removal 
from the flowstream. 

Coagulation/microfiltration (C/MF) generates a lower volume of waste than the other pro-
cess options evaluated, and generates no waste brine. Capital and operation and mainte-
nance (O&M) costs for C/MF are lower than those for activated alumina and ion exchange. 
As discussed in subsequent sections, other process options such as granular ferric hydroxide 
(GFH) and zero valent iron (ZVI) have a high potential for low flows, but because these 
other processes are newer and have more uncertainties, C/MF was chosen as the represen-
tative process option for this FS. Selection of C/MF allows cost estimates to be on a more 
consistent basis for scenarios considering a range of flows of the mine area seeps. However, 
it is very possible that a more innovative technology (GFH or ZVI) could be selected for low 
flow applications during remedial design after pilot testing.   

A treatability study was conducted in 2001 to determine the estimated ferric chloride dose 
with and without pH adjustment, the estimated sludge production, and the resultant water 
quality after treatment. The results of the treatability study report (CH2M HILL, 2002a) 
were used in the development of the conceptual process design and cost estimate presented 
in Section 4.0. 

Adsorptive Media. Both GFH and ZVI can be used in an adsorption process in which ferric-
based media sorbs arsenic from contaminated source water. No pre-oxidation or coagulant 
chemicals are required for operation. The technique has the potential advantages of sim-
plicity, lower capital costs, and minimum operator requirements. Treatability testing is, 
however, recommended in the remedial design phase to confirm the treatment effectiveness 
of adsorptive media for mine area seepages. 

In general, an adsorptive media system would consist of a tank containing the adsorption 
media along with any support media. The water would be run through an influent strainer 
to remove large solids to reduce media fouling, and then the water would be run through 
the adsorptive media tank in an upflow-reactor arrangement. Arsenic is sorbed to the media 
prior to the water being discharged from the tank. As the media become saturated with 
arsenic and any other interfering contaminants in the water, they are removed from the ves-
sel and replaced with new media. Leachate tests performed by vendors on the spent media 
have reportedly shown that the sorbed arsenic does not leach from the media, and therefore 
could be disposed of as a non-hazardous waste.  

At high flowrates and high arsenic concentrations, adsorptive media life is short, and the 
high recurring cost of media replacement makes this technology less cost-effective than 
C/MF. At lower flowrates with low arsenic concentrations, media life is extended, and the 
low capital cost of the adsorptive media systems makes them more attractive.  

In order to completely assess the treatment- and cost-effectiveness of adsorptive media sys-
tem, some level of pilot-scale testing would be done to determine (1) if arsenic would be 
effectively removed, and (2) how many bed volumes of water can be treated before arsenic 
breakthrough occurs and the media are spent. The size and cost of a GFH system for arsenic 
removal for this project has been estimated for comparison purposes with C/MF. GFH was 
selected over ZVI because there has been much more extensive experience and documenta-
tion of the effectiveness of GFH in removing arsenic as compared to ZVI. Because media 
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replacement costs are the majority of costs associated with adsorptive media systems, a cost 
estimate was prepared only for the low flow estimate (90 gpm) from the adit and buttress 
seepages. Details regarding the cost comparison are presented in Appendix C. Adsorptive 
media costs appear to be significantly higher than C/MF given the information available at 
this time. In order to make the media adsorption system cost-competitive with C/MF, 
annual O&M cost would need to be reduced with extended media life. With the high arsenic 
concentrations and high interference potential of adsorption process from iron, manganese, 
and silica in the source water, it will be challenging to achieve media life with adsorptive 
technologies that will be cost-competitive with C/MF. Pilot-scale testing to better determine 
media life and adsorption effectiveness may be beneficial to optimizing the cost of ex situ 
arsenic removal.  

As mentioned above, components like iron, silica, and manganese, which are present in the 
mine area seeps at Lava Cap Mine, will likely interfere with adsorptive media effectiveness 
and reduce media life and system reliability. If manganese removal is required to meet the 
preliminary discharge limits, a separate manganese removal system would need to be 
installed in series with the adsorptive media. A typical process for this system would be 
oxidation and filtration of the manganese. If manganese removal is required, this makes the 
adsorptive technologies less advantageous because manganese would have to be treated 
separately rather than combined into the treatment process as with C/MF. An additional 
concern with ZVI is that of short-circuiting of the water through the media over time, as the 
ZVI has shown a tendency to clump and allow channelization in the media column even 
when mixed with 70 percent silica sand. In general, the effectiveness of either GFH or ZVI in 
this application may be complicated by high arsenic concentrations and the relatively high 
concentrations of iron, manganese, and silica.  

Because there may be some application at low flowrates if media life is shown to be long 
enough and arsenic removal is shown to be reliable, the adsorptive media option has been 
retained. The adsorptive media option may be implemented if the following occur: 

 Flow investigations show that the total flow from the system is at the low end of the 
estimated range. 

 Pilot-level testing of media shows that the adsorptive media is effective and reliable in 
arsenic removal. 

 Media life is long enough to make the option lower cost than C/MF.  

There is the potential that these more innovative process options could result in substantial 
cost savings, if applicable. 

3.3.6.2 Ex situ Physical Treatment 
The full extent of process options considered for ex situ physical treatment of arsenic in sur-
face water is summarized in Table 3-2 and includes thickening/clarification, media and 
microfiltration, and sludge filtration/dewatering. These process options would not be 
effective individually, but could be utilized to enhance the contaminant removal efficiency 
of ex situ chemical processes and reduce the volume of waste for disposal.  

Thickening/clarification was retained as a process option to be included in combination 
with chemical coagulation, to enhance the coagulation, flocculation, and settling processes. 
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Microfiltration was retained as a process option to be included with chemical coagulation, in 
which raw or treated water is passed through membrane filters to remove arsenic precipi-
tates. Microfiltration would have greater removal efficiencies than media filtration. Sludge 
filtration/dewatering would also be used in conjunction with chemical coagulation to 
reduce waste sludge volume.  

Other membrane processes, including reserve osmosis, electrodialysis, and nanofiltration, 
will not be carried through the evaluation process. These processes are prone to fouling, and 
surface water would potentially require extensive pretreatment to remove particles and pos-
sibly even dissolved constituents. In addition, these processes have a relatively high cost 
and lower treatment efficiency in comparison with coagulation/microfiltration systems. 

3.3.6.3 Ex situ Biological Treatment 
As discussed for in situ biological treatment of tailings, soil, and sediment, phytoremedia-
tion of metals contamination would involve the use of plants that have a demonstrated abil-
ity to hyperaccumulate metals through the uptake of contaminants by plant roots and 
translocation/accumulation of contaminants into plant shoots and leaves. A limited number 
of laboratory bench-scale studies and field pilot-scale studies have shown the ability of 
plants to hyperaccumulate arsenic. The Chinese Brake fern (Pteris vittata) was reported to 
have a bioconcentration factor (arsenic concentration ratio of plant to soil) of up to 200 based 
on soil and hydroponic greenhouse studies and pilot-scale field demonstration (Ma et al., 
2003). In hydroponic laboratory studies, data indicated the Chinese Brake fern had the abil-
ity to rapidly reduce arsenic concentrations from 200 µg/L to less than 10 µg/L (Blaylock 
and Ma, 2003). 

Phytoremediation is potentially applicable to treat arsenic and heavy metals contamination 
in mine area seeps. Application of phytoremediation to the Lava Cap Mine Superfund Site 
would require a laboratory bench-scale study and/or field pilot study to determine the 
plant’s ability to remove arsenic given high contaminant concentrations. Phytoremediation 
is still in the demonstration phase, and it is uncertain whether it could used in a full-scale 
system to effectively and reliably reduce arsenic concentrations.  

Constructed wetlands is another process option considered under ex situ biological treat-
ment. Constructed wetlands were dropped because arsenic, unlike heavy metals, becomes 
more mobile and toxic under reducing conditions typical of wetland environments. 



 

RDD\032940072 (CAH2500.DOC) 

TABLE 3-1 
Screening of Tailings, Soil, and Sediment Remediation Technologies and Process Options 
Lava Cap Mine Area Feasibility Study 

General 
Response 

Action Remedial Technology Process Option Descriptions Screening Comments 
Applicable Area(s) 

(Note 1) 

No Action None None No action Retained. Evaluate per EPA guidance.  
 

All 

Institutional 
Controls 

Access and use restrictions Land use restrictions Land use restrictions would be issued to restrict property use and exca-
vation in areas of tailings and contaminated soil. 

Retained all process options. Potentially effective in limiting expo-
sure to human receptors. 

All 

  Fencing/signing Security fences and/or signs would restrict access to areas of tailings 
and contaminated soil. 

  Construction of dedicated 
footpaths 

Dedicated footpaths would be constructed to restrict access to and dis-
turbance of tailings and contaminated soil. 

Containment Capping Soil cap Contaminated soil would remain in place and be covered with uncon-
taminated soil that is native to the area or transported from offsite. 

Retained as representative process option for erosion control and 
receptor protection. Potentially effective in reducing contaminant 
migration. Low cost technology to reduce risk to human and eco-
logical receptors and reduce contaminant migration. Requires 
maintenance and does not reduce toxicity or volume of 
contaminants. 

All 

  Clay and soil cap Contaminated soil would remain in place and be covered by a cap con-
structed from compacted clay and soil. 

Potentially applicable. Susceptible to cracking, resulting in lower 
effectiveness for reducing infiltration than other process options. 

All 

  Synthetic membrane Contaminated soil would remain in place and be covered by a cap con-
sisting of a synthetic membrane over a prepared soil or geotextile 
surface. 

Retained. Lower effectiveness as an impermeable cap for reducing 
infiltration than an engineered multi-layer cap. 

All 

  Engineered cap (multi-layer) Contaminated soil would remain in place and be covered by a cap con-
structed from compacted clay, synthetic membranes, drainage layers, 
and vegetated soil. 

Retained as representative process option. Multi-layered engi-
neered caps have been shown to reduce 99 percent of infiltration 
and be less susceptible to cracking than clay and soil caps or shot-
crete. More expensive than the use of synthetic membranes alone. 

All 

  Shotcrete 
 

Concrete would be sprayed on surfaces to limit infiltration. Potentially applicable. Susceptible to cracking and does not allow 
revegetation of the capped surface. 

All 

 Horizontal barrier Liners Liners would restrict vertical transport or leaching of contaminants into or 
through tailings pile or contaminated soil. 

Dropped. Difficult to implement in areas of existing contamination.  
 

 

T/WR 

 Surface controls Surface sealing Cover materials and sealing techniques would be used to stabilize con-
taminated soil, prevent surface water infiltration, and control erosion. 

Dropped. Lower reliability and potentially higher cost than other 
process options. Would only provide short-term benefit. 

All 

  Grading Topography would be reshaped to control infiltration, runoff, and erosion. Retained. Option would be used in areas not capped or would be 
used to enhance effectiveness of capping. 

All 

  Soil stabilization Chemical stabilizers would be sprayed onto bare soils to coat, penetrate, 
and bind together soil particles. Chemical stabilizers include latex, emul-
sions, plastic films, oil-in-water emulsions, and resin-in-water emulsions. 

Dropped. Lower reliability and potentially higher cost than other 
process options. Would only provide short-term benefit. 

All 

  Revegetation Soil would be vegetated using hydroseeding or traditional seeding and 
planting actions. Vegetative cover reduces infiltration and soil erosion. 

Retained. Potentially effective in limiting contaminant migration. 
Option would be used in areas not capped or would be used to 
enhance effectiveness of capping.  

All 
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TABLE 3-1 
Screening of Tailings, Soil, and Sediment Remediation Technologies and Process Options 
Lava Cap Mine Area Feasibility Study 

General 
Response 

Action Remedial Technology Process Option Descriptions Screening Comments 
Applicable Area(s) 

(Note 1) 

Containment 
(continued) 

Surface controls 
(continued) 

Channel improvement Sections of creek channels with high scour potential would be riprapped 
to reduce erosion. 

Retained. Potentially effective in limiting contaminant migration by 
diverting surface water flow around areas of tailings and contami-
nated soil. Option would be used in combination with surface soil 
control or capping. 

All except MR 

 Sediment control barriers Vegetative Strip A strip of vegetation (grass, trees, or shrubs) would be planted between 
disturbed areas and surface-water bodies. Vegetation would act to 
reduce the velocity of surface-water runoff and filter sediment.  

Dropped. Applicable to overland flow originating from large areas 
of disturbed land. Would not be applicable to construction or sedi-
ment removal actions within the stream channel.  

 

  Curtain barriers Watertight curtain barrier would consist of a thin, impervious membrane 
to contain sediments within an area to be dredged. 

Retained both process options. Potentially effective in limiting 
migration of contaminated sediments. Would be used in combina-
tion with channel construction or sediment removal actions in LCC. 

 

LCC 

 
  Cofferdams Cofferdams would be installed to isolate an area of contaminated sedi-

ments. The composition of cofferdams depends on the water depths, 
differential head to be maintained, soil strength, and depth of excavation. 

 Dam renovations Replacement of log dam with 
buttress 

A rock buttress would be constructed to replace the existing log dam and 
to contain tailings during a seismic or storm event. 

Retained. Minimizes migration of tailings or tailings-impacted sedi-
ment during seismic or storm events. 
 

T/WR 

 Dust suppression Water spray Water would be sprayed onsite to reduce the amount of dust. Magne-
sium chloride could be added to the water spray. Following evaporation 
or infiltration of water, magnesium chloride would act as a surface 
sealant, preventing dust from reforming. 

Retained as representative process option. Potentially limits aerial 
transport of contaminants and exposure to human receptors during 
construction events. Representative option because of lower cost 
and ease of implementation. 

All 

 Organic agents/ 
polymers/foam 

Organic agents, polymers, or foam would be applied onsite to reduce the 
amount of dust. 

Retained. Potentially more effective than water; however, more 
expensive and difficult to implement than a water spray. 

All 

  Membranes/tarps Membranes or tarps would be used to cover the site to reduce the 
amount of dust. 

Dropped. More expensive and difficult to implement than a water 
spray. 

All 

  Hygroscopic agents 

 

Hygroscopic agents would be applied and mixed with soil onsite to 
absorb moisture into soil. 

Dropped. More expensive and difficult to implement than a water 
spray. 

All 

Excavation Excavation Track excavator, backhoe, 
scraper, bulldozer, front-end 
loaders, hand tools 
 

Contaminated soil would be removed using conventional construction 
equipment. 

Retained. Technology reduces exposure to receptor populations, 
limits migration of contamination, and makes land available for 
other uses. Requires dust suppression technology to limit exposure 
of workers to contamination.  

All 

 Debris removal Backhoe/excavator, scraper, 
bulldozer, front-end loaders 

Buildings would be collapsed or debris would be removed using conven-
tional construction equipment. 

Retained. Combination of equipment could be used for demolition 
of mine buildings and removal of structures associated with former 
ore-processing activities. Requires dust suppression technologies 
to limit exposure of workers to contamination. 

MB 

  Hand tools Manually operated tools and equipment would be used for light demoli-
tion and moving soil/debris. 

Retained. Component of mine building demolition and hazard 
abatement. 

MB 

  Chisel hammers Chisel hammers would be used to break apart concrete foundations for 
removal. 

Retained. Necessary equipment for removal of concrete founda-
tions of mine buildings. 

MB 

  Cutting devices Hydraulic or pneumatic equipment would be used to cut steel into man-
ageable pieces for removal. 

Retained. Component of mine building demolition. MB 
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TABLE 3-1 
Screening of Tailings, Soil, and Sediment Remediation Technologies and Process Options 
Lava Cap Mine Area Feasibility Study 

General 
Response 

Action Remedial Technology Process Option Descriptions Screening Comments 
Applicable Area(s) 

(Note 1) 

Excavation 
(continued) 

Debris removal 
(continued) 

Explosives 
 

Explosives would be used to demolish mine buildings into manageable 
pieces for removal. 

Dropped. Not necessary for demolition of mine buildings. MB 

 Dredging Suction dredging Contaminated sediment would be removed using a suction dredging 
technique. 

Retained. Dredging would be a permanent solution that could 
reduce exposure to receptor populations, limit migration of con-
tamination, and make land available for other uses. Because of 
limited volume of sediment and low flows during the dry season, 
excavation may be more implementable and cost-effective. 

LCC 

  Clam shell Contaminated sediment would be removed using a clam shell digging 
technique. 

Disposal Offsite landfill Class I landfill Hazardous or designated waste would be disposed of in Class I landfill. Retained. Would be incorporated into offsite disposal option. A 
small percentage of the tailings, soil, or sediment would be 
expected to fail TCLP, STLC, or TTLC testing and require disposal 
in a Class I facility. 

MB/T/WR 

  Class II landfill Non-RCRA and non-California hazardous wastes would be disposed of 
in Class II landfill. 

Retained. TCLP and STLC testing on the tailings indicates the 
majority of impacted tailings, soil, and sediment would meet 
acceptance criteria for disposal in a Class II facility. 

All 

 Reuse Resource recovery/ 
materials reuse 

Waste rock or tailings would be reused offsite. Dropped. Waste classification and high arsenic content of tailings 
and waste rock would limit implementation. 

T/WR 

 Onsite disposal Disposal cell Tailings and contaminated soil would be disposed of in onsite disposal 
cell. 

Retained. Provides an option to offsite disposal with reduced truck 
traffic and potentially lower costs. Onsite disposal carries long-term 
concerns regarding groundwater releases and requires prompt 
cover maintenance and routine groundwater monitoring. 

All 

  Disposal in mine workings Tailings and contaminated soil would be disposed of in mine workings. Dropped. Accessible volume of mine workings is not adequate to 
store waste material. 

All 

Ex situ 
Treatment 

Ex situ physical treatment Solids dewatering Liquid would be separated from soil or sediment before disposal. Retained. Option could reduce volume of contaminated waste. 
Option would be included with onsite or offsite disposal or chemical 
treatment alternative. Treatability study has been conducted to 
determine feasibility and extent of tailings dewatering. 

All 

 Solids processing/handling Soil/debris would be prepared for further treatment or disposal by size 
reduction, classification, or material separation. 

Retained. Would be required to separate debris from mine building 
demolition for disposal. 

MB 

  Debris washing 
 

Debris would be sprayed with detergent and water. Retained. Building debris or concrete foundations may require 
some level of decontamination. 

MB 

 Ex situ chemical treatment Solidification/stabilization Contaminated soil would be excavated and mixed with lime, cement, or 
pozzolan materials. Contaminants would be physically bound within a 
stabilized mass (solidification), or chemical reactions would be induced 
between stabilizing agent and contaminants to reduce their mobility 
(stabilization). 

Retained. Solidification/stabilization of higher concentration waste 
materials may be required prior to disposal. 

All 

 Ex situ biological treatment  Not applicable. No process options are applicable.  
 

 

 Ex situ thermal treatment Vitrification Excavated contaminated soils would be melted at high temperatures to 
form a glass and crystalline structure with very low leaching characteris-
tics. 

Dropped. High cost limits implementability. T/WR 
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TABLE 3-1 
Screening of Tailings, Soil, and Sediment Remediation Technologies and Process Options 
Lava Cap Mine Area Feasibility Study 

General 
Response 

Action Remedial Technology Process Option Descriptions Screening Comments 
Applicable Area(s) 

(Note 1) 

In situ 
Treatment 

In situ physical treatment Electrochemical treatment Chemical neutralization, oxidation, and reduction processes would con-
vert contaminants to less toxic and/or less soluble forms. 

Dropped both process options. High cost limits implementability. 
Not proven for reducing arsenic contamination in soil. 

T/WR 

 Electrokinetic separation Electrochemical and electrokinetic processes would be used to desorb 
metals from low permeability soils. A low-intensity current would be 
applied to soil between two electrodes, and charged species would be 
attracted to the anode or cathode, depending on charge. 

 In situ chemical treatment Solidification/stabilization Contaminated soil would be treated in place by mixing with lime, cement, 
or pozzolan materials. Contaminants would be physically bound within a 
stabilized mass (solidification), or chemical reactions would be induced 
between stabilizing agent and contaminants to reduce their mobility 
(stabilization). 

Retained. Potentially effective in increasing seismic stability of tail-
ings. Treatability study has been conducted to determine the 
strength characteristics of solidified tailings. 

T/WR 

 In situ biological treatment Phytoremediation Plants would uptake contaminants through roots and translocate/ 
accumulate contaminants in plant shoots and leaves. Plants would be 
used that have a demonstrated ability to hyperaccumulate arsenic. 

Potentially applicable for shallow tailings-impacted sediment along 
LCC. Would require a laboratory bench-scale study and/or field 
pilot study to determine the plant's ability to remove arsenic under 
site-specific climatic conditions, contaminant concentrations, soil 
structure, and soil nutritional status. Concern of potential bioaccu-
mulation in wildlife feeding on plants. 

LCC 

 In situ thermal treatment Vitrification Electric current would be sent through graphite electrodes to oxidize 
contaminants and melt surrounding soils and sludges into glass and 
crystalline structures with very low leaching characteristics. 

Dropped. High cost limits implementability. T/WR 

Note 1: Applicable areas are defined as follows: 

 LCC = Little Clipper Creek from log dam to Greenhorn Road 
 MB = Mine buildings 
 MB/T/WR = Mine buildings, tailings, and waste rock  
 MR = Residences in mine area 
 T/WR = Tailings and waste rock 
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TABLE 3-2 
Screening of Surface-water Remedial Technologies and Process Options 
Lava Cap Mine Area Feasibility Study 

General 
Response 

Action 
Remedial 

Technology Process Option Descriptions Screening Comments 
Applicable Area(s) 

(See Note 1) 

No Action None None No action. Retained. Evaluate per EPA guidance.  
 

All 

Institutional 
Controls 

Access and use 
restrictions 

Land use restrictions Land use restrictions would be issued to restrict property use and mini-
mize contact with contaminated surface water. Retained both process options. Potentially effective in limiting 

exposure to human receptors but does not limit exposure to eco-
logical receptors.  

All except MR 

Fencing/signing Security fences and/or signs would restrict access to contaminated sur-
face water. 

 Monitoring Surface-water sampling and 
analysis 

Surface-water samples would be collected and analyzed to evaluate 
contaminant levels and migration.  

Retained. Potentially effective in reducing risk to receptors by 
monitoring continued contaminant migration. 

All except MR 

Surface Water 
Control 

Collection Open channel Open channels would be used to divert surface-water flow around tail-
ings, contaminated sediment, waste rock, and potentially mine workings. 
Surface-water diversion would limit infiltration and runoff in areas of 
contamination. 

Retained both process options. Potentially effective in limiting vol-
ume of seepage and migration of contamination. 

All except MR 

 Piping Piping would be used to divert surface water flow around tailings, con-
taminated sediment, and potentially mine workings. Surface water diver-
sion would limit infiltration and runoff in areas of contamination. 

Seep Control Collection Adit collection structure  A collection structure would be constructed at the entry to the mine adit 
to enhance collection of seepage. This would be keyed into bedrock 
downgradient of the adit and would contain a sump for collection of 
seepage. 

Retained. The adit is collapsed and overgrown with vegetation, 
making collection of the seepage difficult. The construction of a 
collection structure will be necessary to capture the adit seepage. 

MB/T/WR 

 Pump water out of mine workings 
and use workings as storage 

Collection wells would be installed in the mine workings and would be 
used to pump accumulated water out for treatment. Pumping would 
lower the water surface in the workings to allow storage volume when a 
treatment plant is not in operation. 

Retained. Pumping the water out of the mine workings would allow 
collection of the adit seepage for treatment. Storage of adit and log 
dam seepage would be required in alternatives involving seepage 
treatment when a treatment plant is out of operation for mainte-
nance or other reasons. 

MB/T/WR 

 Horizontal collection wells Collection wells would be installed either by drilling horizontal wells or 
excavating a trench from the surface into which perforated PVC pipe 
would be placed with a sand backfill. 

Retained. Potentially effective in limiting contaminant migration and 
expediting site cleanup by removing seepage for ex situ treatment. 
Also potentially effective in increasing seismic stability of tailings. 

MB/T/WR  

  French drain Consists of perforated PVC pipe in a gravel bed. Considered as an alter-
nate process option for collection of seepage from the adit. 

Dropped. Not expected to be as effective as the adit seepage col-
lection structure for recovery of adit drainage. 

MB/T/WR  

 Prevention Plugging of adit The entry to the mine adit would be sealed to prevent seepage. Dropped. Limited information exists concerning groundwater flow 
within the mine workings. Plugging the adit may result in uncon-
trolled seepage in other locations. 

MB/T/WR 

Disposal Treated water dis-
charge 

Discharge to surface water Treated water could be discharged to surface water onsite or offsite. Retained. Potentially effective in reducing volume of waste for dis-
posal. Must be included in alternative with treatment. 
 

MB/T/WR  
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TABLE 3-2 
Screening of Surface-water Remedial Technologies and Process Options 
Lava Cap Mine Area Feasibility Study 

General 
Response 

Action 
Remedial 

Technology Process Option Descriptions Screening Comments 
Applicable Area(s) 

(See Note 1) 

Treatment 

 

Ex situ chemical 
treatment 

Coagulation/microfiltration Ferric chloride would be added to raw water, and soluble arsenic species 
would be incorporated into a growing metal hydroxide phase, a result of 
the precipitation of hydrous ferric oxides at neutral pHs. Coagulation 
would be followed by microfiltration to increase removal efficiency. 

Retained as representative process option for the mine area seeps. 
Proven technology to reduce arsenic concentration in water and 
reduce volume of contaminated waste. Option would be combined 
with microfiltration to increase removal efficiency. Lower cost than 
other chemical options. Treatability study has been conducted to 
further investigate implementability on mine seepage, including 
speciation of arsenic, dose of ferric chloride, sludge production, 
and resultant water quality. 

MB/T/WR  

 Chemical oxidation Chlorine or other oxidants would be added to the source water to oxidize 
arsenic species from As(III) to As(V). As(V) is less toxic than As(III), and 
oxidation may be required for some chemical treatment options. 

Retained. Potentially effective in lowering toxicity of contamination. 
Would probably be required as a pretreatment prior to coagulation/ 
filtration. 

 

  Ion exchange Ion exchange would remove ions from the aqueous phase by exchange 
of counter ions on the exchange medium. For arsenic removal, ion 
exchange resins consist of a strong base anion exchange resin. Arsenic 
is precipitated in waste brine with ferric chloride. 

Potentially applicable. Reduces arsenic concentration of surface 
water and reduces volume of contaminated waste. Sulfate and 
dissolved solids inversely impact resin capacity for removal of 
arsenic. Large volumes of waste are produced. Higher cost than 
coagulation. 

 

  Lime softening Lime softening would remove hardness caused by calcium and mag-
nesium compounds by raising the pH of the solution and creating a shift 
in the carbonate equilibrium. Arsenic would be removed by precipitation 
of calcium carbonate, magnesium, and ferric hydroxide. Preoxidation of 
As(III) to As(V) may be required if As(III) is the dominant species. 

Dropped. Considerable amounts of sludge are produced, and dis-
posal is expensive. 

 

  Activated alumina (AA) Water would be passed through packed bed reactor consisting of Al2O3 
media. Arsenic would be precipitated in waste brine with acid. 

Potentially applicable. Reduces arsenic concentration of surface 
water and reduces volume of contaminated waste. Large volumes 
of waste are produced. Higher cost than coagulation. 

 

  Iron oxide coated sand Sand grains coated with ferric hydroxide would be used in fixed bed 
reactors to remove dissolved metal species. The metal ions would be 
exchanged with the surface hydroxides. 

Dropped. Process not used extensively. Coated sand production 
and regeneration facility not available on commercial scale.  

 

  Sulfur-modified iron Finely divided metallic iron, powdered sulfur, and an oxidizing agent 
would be thoroughly mixed and then added to the water to be treated. 
The oxidizing agent would serve to convert As(III) to As(V). The solution 
would then be mixed and settled. 

Dropped. The technology is still experimental.  

  Photo-oxidation  In the presence of light and naturally occurring light-absorbing materials, 
the oxidation rate of As(III) by oxygen can be increased ten-thousand 
fold. As(V) is less toxic than As(III), and oxidation may be required for 
some chemical treatment options. With the process, As (III) would be 
preferentially oxidized in the presence of excess dissolved Fe (II), in 
contrast to conventional chemical oxidation in which excess dissolved 
Fe (II) represents an extra chemical oxidant demand. 

Dropped. The technology is still experimental.  
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TABLE 3-2 
Screening of Surface-water Remedial Technologies and Process Options 
Lava Cap Mine Area Feasibility Study 

General 
Response 

Action 
Remedial 

Technology Process Option Descriptions Screening Comments 
Applicable Area(s) 

(See Note 1) 

Treatment 
(continued) 

Ex situ chemical 
treatment 
(continued) 

Granular ferric hydroxide Arsenic (III) and (V) would be adsorbed on GFH in fixed bed reactors. Potentially applicable. A more passive treatment option than con-
ventional coagulation/filtration with lower capital costs. Large mass 
loadings of arsenic from adit could quickly exhaust media, requiring 
frequent changeouts and reducing the cost-effectiveness of the 
system. Would require pilot-testing to determine if applicable at low 
seepage flowrates following implementation of surface-water 
controls. 

 

  Zero valent iron Arsenic (III) and (V) would be adsorbed on ferric-based media (iron fil-
ings mixed with sand) in fixed bed reactor. 

Potentially applicable. This is an emerging technology with consid-
erable potential in the future. Only limited data currently exist that 
could be used for design of a treatment system. Would require 
pilot-testing to determine if applicable at low seepage flowrates 
following implementation of surface-water controls. This technology 
is considered to have a high degree of applicability to reduce costs 
and meet remediation goals, depending on pilot test results. 

 

 Ex situ physical 
treatment 

Thickening/clarification In conjunction with the addition of chemical coagulants, low-sheer mixing 
in a flocculator would be conducted to promote contact between parti-
cles, allowing particle growth and flocculant settling. Other physical pro-
cesses, such as filtration, may follow. 

Retained. Process option should be used in conjunction with 
chemical treatment. 

 

MB/T/WR  

  Iron/manganese removal processes Conventional Fe/Mn removal processes can reduce the arsenic by 
removing the iron and manganese from the source water based upon the 
same mechanisms that occur with the iron addition methods (coagula-
tion/filtration). 

Dropped. The addition of iron may be required if the naturally 
occurring Fe and Mn are not sufficient to achieve the required 
arsenic removal level. Limited data exist regarding system 
effectiveness and reliability for arsenic removal. Not suitable for 
source water with high arsenic concentration such as the adit 
seepage. 

  Media filtration Raw or treated water would be forced through a porous medium to 
remove tailings, arsenic precipitates, and/or flocs through physical 
sieving.  

Retained. Process option could be used in conjunction with chemi-
cal treatment to increase removal efficiencies. Lower removal effi-
ciencies in comparison to microfiltration. 

  Microfiltration Treated water would be sent through a microfilter for removal of sus-
pended solids and colloidal matter larger than 0.1 µm from the process 
stream. 

Retained. Process option should be used in conjunction with 
chemical treatment to increase removal efficiencies. Microfiltration 
provides greater removal efficiencies than media filtration and 
lower costs, and is less prone to fouling in comparison to other 
membrane processes. 

 

  Sludge filtration/dewatering Liquid would be separated from waste sludge or brine before disposal. 
Process would most likely be used after chemical precipitation of arse-
nic. 

Retained. Process option may be used in conjunction with chemi-
cal treatment to reduce volume of waste requiring disposal. 

 

  Reverse osmosis (RO) A pressure gradient would be maintained across a membrane greater 
than the osmotic pressure of the feed water. Membrane pore size would 
be approximately 0.001 micron. Would remove dissolved As(V) more 
effectively than As(lII). 

Dropped. Surface water would potentially require extensive pre-
treatment to remove particles and possibly dissolved constituents. 
Brine volumes higher than other options. Relatively high cost.  

  Electrodialysis Electrical-potential driven membrane process in which ions would be 
transferred through membranes that were selectively permeable toward 
cations or anions. Contaminant removal is comparable to that for RO.  

Dropped. Removal efficiency expected to be insufficient for this 
application. Relatively high cost. 
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TABLE 3-2 
Screening of Surface-water Remedial Technologies and Process Options 
Lava Cap Mine Area Feasibility Study 

General 
Response 

Action 
Remedial 

Technology Process Option Descriptions Screening Comments 
Applicable Area(s) 

(See Note 1) 

  Nanofiltration Fluid would be pushed through filter of less than 0.01 micron to remove 
dissolved as well as particulate arsenic. 

Dropped. Nanofiltration is prone to fouling. Surface water would 
potentially require extensive pretreatment to remove particles and 
possibly dissolved constituents. 

Treatment 
(continued) 

Ex situ biological 
treatment 

Phytoremediation Plants would uptake contaminants through roots and translocate/ 
accumulate contaminants in plant shoots and leaves. Plants would be 
used that have a demonstrated ability to hyperaccumulate arsenic. 

Potentially applicable for treatment of mine area seeps. Would 
require a laboratory bench-scale study and/or field pilot study to 
determine the plant's ability to remove arsenic given high contami-
nant concentrations.  

MB/T/WR 

  Constructed wetlands The constructed wetlands-based treatment technology uses natural geo-
chemical and biological processes inherent in an artificial wetland eco-
system to accumulate and remove metals, explosives, and other 
contaminants from influent waters. The process can use a filtration or 
degradation process. 

 

Dropped. Constructed wetlands have been effective in treating 
heavy metals in acid mine drainage waters; however, arsenic, 
unlike heavy metals, becomes more mobile and toxic under 
reducing conditions typical of wetland environments. 

MB/T/WR  

Note 1: Applicable areas are defined as follows: 

 LCC = Little Clipper Creek from log dam to Greenhorn Road 
 MB/T/WR = Mine buildings, tailings, and waste rock  
 MR = Residences in mine area 
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SECTION 4.0 

Development of Remedial Alternatives 

In accordance with EPA's Guidance for Conducting Remedial Investigations and Feasibility 
Studies under CERCLA (EPA, 1988), remedial alternatives have been developed by assem-
bling remedial technologies and representative process options identified and screened in 
Section 3.0 for each of the three subareas listed below: 

 Mine Area Residences 
 Mine Buildings, Tailings, and Waste Rock 
 Little Clipper Creek (between the log dam and Greenhorn Road) 

Alternatives have been developed for each subarea to provide a range of waste management 
options that vary primarily in the extent of active remediation and the extent to which they 
rely on long-term management of residuals and untreated wastes. The alternatives for each 
subarea typically range from a no-action alternative, to a containment alternative involving 
little or no treatment, and to an alternative that eliminates, to the extent feasible, the need 
for any long-term management at the site. The objective of developing alternatives is to pro-
vide an appropriate range of alternatives and sufficient information to adequately compare 
them in Section 5.0, Detailed Analysis of Alternatives. The results of the detailed analysis will 
be presented to decisionmakers for use during the remedy selection process.  

The descriptions of potential remedial alternatives for each subarea include the alternative 
goals, alternative components, and the conceptual design basis for each component, if appli-
cable. For each subarea, the alternatives are listed in order of increasing level of active reme-
diation. Names are given to alternatives to highlight major components or differences in 
them and are not intended to capture the full extent of the alternatives. Specific details pre-
sented as part of the conceptual design or component description were developed for the 
evaluation, cost, and comparison of alternatives only, and are not meant to serve as a true 
design or specific recommendation of technologies or process options.  

Appendix A to this document contains conceptual design drawings for the remedial alter-
natives developed to date for the Lava Cap Mine Area OU. Sheet 2 in Appendix A is the 
overall site map, illustrating the locations of the subareas addressed in this FS and the 
corresponding site plan drawings. Two subareas, Mine Area Residences and Mine Build-
ings, Tailings, and Waste Rock, use the Lava Cap Mine Area site plan (Sheet 3). Table 4-1 
summarizes the remedial alternatives, including a brief description of the components. 
Table 4-2 summarizes the cost estimate for each alternative, including capital cost, annual 
O&M cost, and the total 50-year present value. A preliminary cost estimate is detailed in 
Appendix B, and assumptions used in the derivation of the cost estimate are described in 
Appendix C. 
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TABLE 4-1  
Summary of Remedial Alternatives for Lava Cap Mine Area OU 
Lava Cap Mine Area Feasibility Study 

Subarea Alternative Components Description 

Residences in Mine 
Area 

1-1 No Action Perform no active remediation or monitoring. 

1-2 Access and Land Use 
Restrictions 

Prohibit occupation of onsite residences and change residential zoning. 

1-3 Cap Contaminated Soil Cover soil around residences with uncontaminated soil and revegetate. 

 Land Use Restrictions Implement land use restrictions to prevent intrusive activities that would compromise soil cap. 

1-4 Excavate Contaminated 
Soil 

Excavate soil around residences. 

Consolidate excavated soil with tailings, dispose of soil in onsite disposal cell, or dispose of 
soil in offsite disposal facility depending on alternative chosen for mine area tailings. 

Backfill excavation with uncontaminated soil to maintain grade and revegetate. 

Mine Buildings / 
Tailings and Waste 
Rock Area 

2-1 No Action Perform no active remediation or monitoring. 

2-2 Access and Land Use 
Restrictions 

Restrict access with the construction of fences around mine area and posting of signs. 

Restrict residential and recreational uses and excavation or construction activities in vicinity of 
mine buildings and tailings and waste rock pile. 

  Regrade and Vegetate 
Tailings and Waste Rock 
Pile 

Regrade tailings area to facilitate runoff and reduce surface-water infiltration. 

Cover area with one foot of soil and vegetate. 

  Regrade Other Areas of 
Waste Rock  

Regrade waste rock in other areas on the mine property to facilitate runoff and reduce 
surface-water infiltration.  

  Construct Buttress Remove remnants of log dam and construct a buttress that would be stable under selected 
seismic conditions. 

Install horizontal drains on upstream face of buttress to dewater tailings.  

  Channelize Little Clipper 
Creek and Western 
Drainages 

Channelize LCC along eastern boundary of tailings pile. 

Construct diversion channel(s) for western drainages adjacent to mine buildings and along 
western boundary of tailings pile. 

  Divert Surface Water 
above Mine Shaft(s) 

Use surface-water diversions above the mine shaft(s) to reduce infiltration into the shaft(s) and 
potentially reduce the volume of adit seepage. 

  Adit Seepage Collection Pump water out of the mine workings to reduce or eliminate discharge from the adit and allow 
the workings to be used as storage for the treatment plant. Pipe extracted mine water to the 
treatment plant. Construct adit structure to measure seepage flow rate and to collect 
remaining adit seepage. Dispose of excavated sediments in Class I facility.  
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TABLE 4-1  
Summary of Remedial Alternatives for Lava Cap Mine Area OU 
Lava Cap Mine Area Feasibility Study 

Subarea Alternative Components Description 

Mine Buildings / 
Tailings and Waste 
Rock Area (cont’d) 

2-2 
(cont’d) 

Buttress Seepage 
Collection 

Construct sand blanket drain system on upstream side of buttress connected to outlet pipe at 
toe of buttress to collect dam seepage. 

  Ex Situ Chemical 
Treatment of Adit and 
Buttress Seepage 

Construct a water treatment plant to treat collected surface water using a ferric chloride 
coagulation/filtration process. 

  Surface-Water Monitoring Conduct periodic monitoring of surface water in Little Clipper Creek upstream and downstream 
of the mine area. 

 2-3 Access and Land Use 
Restrictions  

Restrict unauthorized access, residential and recreational uses, and excavation or 
construction activities in vicinity of mine buildings and tailings and waste rock pile. 

  Excavation and Hazard 
Abatement in and around 
Mine Buildings 

Excavate contaminated soil in and around cyanide, mill, and assay buildings. 

Reduce or eliminate hazards in mine buildings, including removal of soil and debris associated 
with former process tanks, removal of cyanide vats, and removal of sumps. 

Dispose of material failing STLC or TCLP testing as a hazardous waste in offsite Class I 
disposal facility. Consolidate remaining material with tailings. 

  Regrade and Cap Tailings 
Area 

Regrade tailings and adjacent waste rock to slopes of 4:1 or flatter. 

Cap tailings and adjacent waste rock with an impermeable cap and uncontaminated soil. 

Vegetate cover soil. 

  Regrade, Cover, and 
Vegetate Other Areas of 
Waste Rock 

Regrade waste rock in other areas on the mine property to facilitate runoff and reduce 
surface-water infiltration. 

Cover area with one foot of soil and vegetate. 

  Construct Buttress Same as Alternative 2-2. 

  Channelize Little Clipper 
Creek and Western 
Drainages 

Same as Alternative 2-2. 

  Adit and Buttress Seep 
Collection 

Same as Alternative 2-2. 

  Divert Surface Water 
above Mine Shaft(s) 

Same as Alternative 2-2. 
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TABLE 4-1  
Summary of Remedial Alternatives for Lava Cap Mine Area OU 
Lava Cap Mine Area Feasibility Study 

Subarea Alternative Components Description 

Mine Buildings / 
Tailings and Waste 
Rock Area (cont’d) 

2-3 
(cont’d) 

Ex Situ Chemical Treat-
ment of Adit and Buttress 
Seepage 

Same as Alternative 2-2. 

  Surface-Water Monitoring Same as Alternative 2-2. 

 2-4 Access and Land Use 
Restrictions 

Same as Alternative 2-3. 

  Excavation, Hazard 
Abatement, and Demo-
lition of Mine Buildings 

Excavation and hazard abatement activities are the same as Alternative 2-3. 

Demolish cyanide, mill, and assay buildings but leave concrete foundations and footings in 
place. 

Decontaminate concrete foundations and metal siding using water and detergent wash. 

Dispose of metal siding and roofing offsite in a metal recycling facility and bury wooden frames 
onsite. 

  In Situ Stabilization of 
Tailings 

Solidify portion of mine tailings with the addition of Portland cement. 

  Regrade and Cap Tailings Same as Alternative 2-3. 

  Regrade, Cover, and 
Vegetate Other Areas of 
Waste Rock 

Same as Alternative 2-3. 

  Construct Buttress Same as Alternative 2-2 with extension of horizontal collection wells through zone of 
stabilization. 

  Channelize Little Clipper 
Creek and Western 
Drainages 

Same as Alternative 2-2. 

  Divert Surface Water 
above Mine Shaft(s) 

Same as Alternative 2-2. 

  Adit and Buttress 
Seepage Collection 

Same as Alternative 2-2. 

  Ex situ Chemical 
Treatment of Adit and 
Buttress Seepage 

Same as Alternative 2-2. 

  Surface-Water Monitoring Same as Alternative 2-2. 
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TABLE 4-1  
Summary of Remedial Alternatives for Lava Cap Mine Area OU 
Lava Cap Mine Area Feasibility Study 

Subarea Alternative Components Description 

Mine Buildings / 
Tailings and Waste 
Rock Area (cont’d) 

2-5 Access and Use 
Restrictions 

Restrict access and use of land occupied by onsite disposal cell. 

  Excavation, Hazard 
Abatement, and Demo-
lition of Mine Buildings 

Same as Alternative 2-4 except concrete foundations and footings would be removed during 
demolition activities for placement of the onsite disposal cell, and excavated soil and 
demolition debris would be disposed of in onsite disposal facility. 

  Divert Surface Water 
above Mine Shaft(s) 

Same as Alternative 2-2. 

  Adit Seepage Collection Same as Alternative 2-2. 

  Ex situ Chemical 
Treatment of Adit 
Seepage 

Same as Alternative 2-2. 

  Excavate Tailings Remove and stockpile waste rock. 

Excavate tailings. 

Refill and regrade tailings area using waste rock. 

  Regrade, Cover, and 
Vegetate Areas of Waste 
Rock 

Same as Alternative 2-3. 

  Restore Little Clipper 
Creek Channel and 
Channelize Drainages in 
Upper Mine Area 

Restore Little Clipper Creek channel through the excavated area using riprap to stabilize and 
shape the channel as necessary. 

Keep waste rock outside of 100-year flow of Little Clipper Creek. 

Construct diversion channel for surface water drainage around mine buildings. 

  Dispose of Tailings Onsite Construct a Group A onsite disposal facility for the disposal of excavated tailings. Conduct 
periodic groundwater monitoring to identify potential impacts from the onsite disposal cell. 

  Surface-Water Monitoring Same as Alternative 2-2. 

 2-6 Land Use Restrictions Restrict residential and recreational uses in the area adjacent to the treatment plant and waste 
rock.  

  Excavation, Hazard 
Abatement, and Demo-
lition of Mine Buildings 

Same as Alternative 2-4. 
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TABLE 4-1  
Summary of Remedial Alternatives for Lava Cap Mine Area OU 
Lava Cap Mine Area Feasibility Study 

Subarea Alternative Components Description 

Mine Buildings / 
Tailings and Waste 
Rock Area (cont’d) 

2-6 
(cont’d) 

Divert Surface Water 
above Mine Shaft(s) 

Same as Alternative 2-2. 

  Adit Seepage Collection Same as Alternative 2-2. 

  Ex situ Chemical 
Treatment of Adit 
Seepage 

Same as Alternative 2-2. 

  Excavate Tailings Same as Alternative 2-5. 

  Regrade, Cover, and 
Vegetate Areas of Waste 
Rock 

Same as Alternative 2-3. 

  Restore Little Clipper 
Creek Channel and 
Channelize Drainages in 
Upper Mine Area 

Same as Alternative 2-5. 

  Dispose of Tailings Offsite Dispose of tailings as a non-hazardous waste in an offsite disposal facility. 

Conduct road improvements and modifications to account for large truck volume required for 
offsite disposal. 

  Surface-Water Monitoring Same as Alternative 2-2. 

Little Clipper Creek 3-1 No Action Perform no active remediation or monitoring. 

(Log Dam to 
Greenhorn Road) 

3-2 Access and Use 
Restrictions 

Restrict access by posting signs. 

Restrict recreational uses and excavation or construction activities in and along Little Clipper 
Creek. 

  Surface-Water Monitoring Conduct quarterly monitoring of surface water in Little Clipper Creek just upstream of the 
confluence with Clipper Creek. 

 3-3 Channelize Little Clipper 
Creek  

Channelize sections of LCC through area of deposition. 

Construct roads to provide access to entire extent requiring channelization. 

  Cap Sediment with Soil 
and Revegetate 

Cap the sediment outside of the channel in area of deposition and revegetate. 

  Land Use Restrictions Prevent intrusive activities such as excavation or construction that would comprise soil cap. 

  Surface-Water Monitoring Same as Alternative 3-2. 
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TABLE 4-1  
Summary of Remedial Alternatives for Lava Cap Mine Area OU 
Lava Cap Mine Area Feasibility Study 

Subarea Alternative Components Description 

Little Clipper Creek 
(Log Dam to 
Greenhorn Road) 

3-4 Excavate Contaminated 
Sediment 

Excavate tailings and contaminated sediment in area of deposition. 

Consolidate excavated soil with tailings, dispose of soil in onsite disposal cell, or dispose of 
soil in offsite disposal facility depending on alternative chosen for mine area tailings. 

 

Construct roads to provide access to entire extent of areas requiring excavation. 

  Surface-Water Monitoring Same as Alternative 3-2. 
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TABLE 4-2  
Cost Summary of Remedial Alternatives 
Lava Cap Mine Area Feasibility Study 

Subarea Alternative 
Capital 
Cost ($) 

Annual 
O&M Cost 

($) 

Present Value 
for Equipment 
Replacement 

Cost ($) 

50-Year 
Present 

Value a ($) 

Mine Area 
Residences 

1-1 No Action 0 0  0 

1-2 Institutional Controls 34,000 480  46,000 

1-3 Capping 190,000 2,200  250,000 

1-4 Excavation b     

 1-4A Consolidate with 
Tailings 

310,000 0  310,000 

 1-4B Offsite Disposal 500,000 0  500,000 

 1-4C Onsite Disposal 340,000 190  350,000 

Mine 
Buildings, 
Tailings, and 
Waste Rock 

2-1 No Action 0 0  0 

2-2 Surface Soil Controls and 
Buttress Construction (no 
treatment) c 

2,900,000 23,000  3,400,000 

 2-2A Low-Flow Treatment 1,070,000 70,400 485,000 3,300,000 

 2-2B High-Flow Treatment 3,330,000 125,000 1,520,000 7,900,000 

2-3 Capping and Buttress Con-
struction (no treatment) c 

4,600,000 30,000  5,400,000 

 2-3A Low-Flow Treatment 1,070,000 70,400 485,000 3,300,000 

 2-3B High-Flow Treatment 3,330,000 125,000 1,520,000 7,900,000 

2-4 Capping, Solidification, and 
Buttress Construction (no 
treatment) c 

5,600,000 29,000  6,300,000 

 2-4A Low-Flow Treatment 1,070,000 70,400 485,000 3,300,000 

 2-4B High-Flow Treatment 3,330,000 125,000 1,520,000 7,900,000 

2-5 Excavation and Onsite 
Disposal (no treatment) c 

7,500,000 37,000  8,400,000 

 2-5A Low-Flow Treatment 1,070,000 70,400 485,000 3,300,000 

 2-5B High-Flow Treatment 2,400,000 99,300 1,090,000 5,900,000 

2-6 Excavation and Offsite 
Disposal (no treatment) c 

11,000,000 18,000  11,000,000 

 2-6A Low-Flow Treatment 1,070,000 70,400 485,000 3,300,000 

  2-6B High-Flow Treatment 2,400,000 99,300 1,090,000 5,900,000 
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TABLE 4-2  
Cost Summary of Remedial Alternatives 
Lava Cap Mine Area Feasibility Study 

Subarea Alternative 
Capital 
Cost ($) 

Annual 
O&M Cost 

($) 

Present Value 
for Equipment 
Replacement 

Cost ($) 

50-Year 
Present 

Value a ($) 

Little Clipper 
Creek 

3-1 No Action 0 0  0 

3-2 Institutional Controls 1,400 12,000  290,000 

 3-3 Capping and Channelization 680,000 14,000  1,000,000 

3-4 Excavation b     

  3-4A Consolidate with 
Tailings 

300,000 8,100  500,000 

  3-4B Offsite Disposal 430,000 8,100  630,000 

  3-4C Onsite Disposal 330,000 8,300  530,000 

a Net present value estimates use a real discount rate of 3.2 percent (Appendix C). Net present value estimates for 
Alternatives 2-2 through 2-6 are presented separately for the treatment components and non-treatment components 
(i.e., surface soil controls, capping, onsite or offsite disposal). To calculate a total present value for Alternatives 2-2 
through 2-6, the present value of non-treatment components would need to be added to the present value for either 
the low-flow or high-flow treatment scenario. Net present value for treatment components include one replacement of 
treatment capital equipment at Year 25. 

b Cost estimates for Alternatives 1-4B and 3-4B are based on offsite disposal of excavated soil/ sediment and are 
presented in Appendix B. Cost estimates for Alternatives 1-4A, 1-4C, 3-4A, and 3-4C are based on either onsite 
consolidation of excavated soil/sediment with tailings or onsite disposal of excavated soil/sediment, and details of 
costing are presented in Appendix C. 

c Cost does not include the cost of treatment of mine area seeps. The costs for treatment of mine area seeps are 
shown separately for a low- and high-flow scenario. 

4.1 Mine Area Residences 
Sheet 3 in Appendix A is the base map illustrating existing features in the mine area, 
including the four mine area residences and approximate property boundary lines. Arsenic 
concentrations ranged from 102 to 1,750 mg/kg in surface soil samples collected during the 
RI around the two residences located closest to the waste rock/tailings pile (the easternmost 
residences on Sheet 3). In August 2002, three soil samples were collected around the west-
ernmost residence.  Arsenic concentrations in soil surrounding this residence were 100, 110, 
and 300 mg/kg (CH2M HILL, 2003). Concentrations around these three residences exceed 
the surface soil background concentration of arsenic of 20 mg/kg (Appendix F), and as a 
result, these areas were targeted for remedial action. 

This section presents the development of remedial alternatives for contaminated soil sur-
rounding two of the mine area residences (the westernmost residence on Sheet 3 and the 
residence to the southeast of that sheet). The residence in the center of Sheet 3 is a rental 
property located adjacent to stockpiled waste rock. EPA has relocated the occupant of this 
residence, and this residence will be abandoned. The soil and waste rock surrounding the 
residence will be considered in the alternatives for the Mine Buildings, Tailings, and Waste 
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Rock. For estimating costs of the specific alternatives, it was assumed that soil surrounding 
the northern residence would not require remediation. Four alternatives have been 
developed for the mine area residences. A summary of these four alternatives is shown in 
Table 4-3. 

TABLE 4-3  
Remedial Alternatives for the Mine Area Residences 
Lava Cap Mine Feasibility Study 

   Remedial Alternatives 

Media General Response Action Component 1-1 1-2 1-3 1-4 

 No Action No Action X    

Soil Institutional Controls Access and/or Land Use 
Restrictions 

 X X  

 Capping Soil Cap   X  

 Excavation Soil Excavation    X 

4.1.1 Alternative 1-1 - No Action 
The no-action alternative is required by EPA’s Guidance for Conducting Remedial Investigations 
and Feasibility Studies Under CERCLA (EPA, 1988) as a baseline for comparison with other 
remedial alternatives. The no-action alternative does not include active remediation or mon-
itoring. No cost is associated with this alternative. 

4.1.2 Alternative 1-2 - Institutional Controls 
As a minimal action alternative, Alternative 1-2 includes access and use restrictions only. To 
limit human exposure to contaminated soil, the residential zoning would be changed to 
prohibit occupation of mine area residences. Institutional controls would only be imple-
mented for residences in areas of soil contamination. They could be implemented using 
governmental controls (i.e., zoning restrictions, ordinances, or statutes); proprietary controls 
(i.e., easements or covenants); enforcement and permit tools; or informational devices (i.e., 
state registries of contaminated properties, deed notices, or advisories). Institutional controls 
would likely be applied in a layered strategy, using components of each of the general cate-
gories. For cost estimation, it was assumed that a capital cost would be incurred for the 
labor associated with changing the residential zoning. Annual costs were estimated to 
include an inspection of property transactions (to verify that land use restrictions were 
maintained when owners or tenants change) and an annual site inspection to verify land 
use. 

4.1.3 Alternative 1-3 - Capping 
Alternative 1-3 is designed to limit human and ecological exposure to contaminated soil by 
capping the contaminated soil and implementing land use restrictions. The major compo-
nents of Alternative 1-3 are shown on Sheet 4 in Appendix A. 

4.1.3.1 Land Use Restrictions 
Land use restrictions would be implemented to prevent activities that could compromise the 
soil cover. Prohibited activities would include excavation or digging to a depth exceeding 
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one foot. As discussed for Alternative 1-2, institutional controls could involve the use of 
governmental controls, proprietary controls, enforcement and permit tools, or informational 
devices. For cost estimation, it was assumed an inspection of property transactions would be 
required to verify that land use restrictions were maintained, and an annual site inspection 
would be conducted to verify land use. 

4.1.3.2 Cap Contaminated Soil 
For alternative development and cost estimation, it was assumed exposed soil within a dis-
tance of 50 feet surrounding the residences would be covered with 2 feet of uncontaminated 
soil. The soil cover would be seeded to reestablish the existing vegetative cover. Areas cov-
ered with buildings, concrete, or asphalt would not require a soil cover. For cost estimating, 
only the two southern residences would require capping, and the total volume of uncon-
taminated soil required to cap the soil surrounding the two residences is 2,700 cy. The soil 
would be transported from an offsite borrow source.  

4.1.4 Alternative 1-4 - Excavation 
Alternative 1-4 is designed to protect human and ecological receptors by excavation of con-
taminated soil. The major components of Alternative 1-4 are shown on Sheet 4 in Appen-
dix A. 

4.1.4.1 Excavate Contaminated Soil 
For alternative development and cost estimation, it was assumed exposed soil within a dis-
tance of 50 feet surrounding the residences would be excavated to a depth of 2 feet. As in 
Alternative 1-3, soil would be excavated from around the two southern residences at the 
mine. The total volume of excavated soil would be 2,700 cy. The area would be excavated 
using backhoes and excavators.  

The excavated area would be backfilled with uncontaminated soil to maintain the grade, 
and the area would be seeded to reestablish existing vegetation. The volume of uncontami-
nated soil would be approximately equal to the volume of soil excavated, and would be 
transported from an offsite borrow source. 

Depending on the alternative chosen for the tailings in the mine area, the excavated soil 
would be: (1) consolidated with the tailings and waste rock pile for regrading or capping, 
(2) disposed in a Class II landfill, or (3) disposed in an onsite disposal cell. Cost estimates 
developed for these three disposal options are presented in Table 4-2.  

4.2 Mine Buildings, Tailings, and Waste Rock  
Sheet 3 in Appendix A is the base map illustrating existing features in the mine area, as well 
as approximate property boundary lines. This section presents the development of remedial 
alternatives for the tailings, waste rock, and mine buildings in the mine area. Media targeted 
by these remedial actions include tailings, soil, sediment, and surface water with contami-
nant concentrations exceeding cleanup goals presented in Section 2.0. A summary of the 
alternatives developed for this area is shown in Table 4-4. 
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TABLE 4-4 
Remedial Alternatives for the Mine Buildings, Tailings, and Waste Rock 
Lava Cap Mine Area Feasibility Study 

 General Response  Remedial Alternatives 
Media Action Component 2-1 2-2 2-3 2-4 2-5 2-6 

 No Action  X      

Tailings, Soil, 
and Sediment 

Institutional Controls Access and/or Land Use 
Restrictions 

 X X X X X 

 Containment Regrade and Vegetate 
Tailings and Waste Rock 
Pile  

 X     

  Cap Tailings and Waste 
Rock Pile 

  X X   

  Regrade Other Areas of 
Waste Rock 

 X X X X X 

  Cover and Vegetate Other 
Areas of Waste Rock 

  X X X X 

  Construct Buttress  X X X   

 Excavation Excavation and Hazard 
Abatement in and around 
Mine Buildings 

  X X X X 

  Demolition of Mine 
Buildings 

   X X X 

  Excavate Tailings     X X 

 Disposal Dispose of Tailings Onsite     X  

  Dispose of Tailings Offsite      X 

 In situ Treatment Stabilize Tailings    X   

Surface Water Institutional Controls Monitor Surface Water  X X X X X 

 Surface Water 
Controls 

Channelize Little Clipper 
Creek 

 X X X   

  Restore Little Clipper 
Creek Channel 

    X X 

  Channelize Western 
Drainages 

 X X X X X 

  Surface-Water Diversion 
above Mine Shaft(s) 

 X X X X X 

 Seepage Collection Collect Adit Seepage  X X X X X 

  Collect Buttress Seepage  X X X   

  Horizontal Collection 
Wells 

 X X X   

 Treatment Ex situ Chemical Treat-
ment of Adit Seepage 

 X X X X X 

  Ex situ Chemical Treat-
ment of Buttress Seepage 

 X X X   
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As shown in Table 4-4, ex situ chemical treatment of mine area seepages is included in 
Alternatives 2-2 through 2-6. The FS presents a range of flow rates for treatment that will be 
refined upon collection of additional flow data. Remedial actions proposed for tailings, soil, 
and sediment, including grading, channelization of LCC and the western drainages, and 
surface-water diversions above the mine shaft would be expected to reduce flow rates of the 
mine area seeps. Final selection of the treatment process and a detailed treatment design 
would be dependent on the actual flow rates and arsenic concentrations of the adit and but-
tress seepage. Accordingly, alternatives for the mine area would be conducted in a phased 
approach, in which remedial actions targeting tailings, soil, and sediment and potential 
pilot-scale treatment studies would be conducted first. Sizing, implementation, and 
construction of the treatment plant would occur after these remedial actions and a 
reassessment of mine area seeps and concentrations requiring treatment.    

4.2.1 Alternative 2-1 - No Action 
Alternative 2-1 is included to serve as a baseline for comparison with other alternatives. The 
no-action alternative does not include active remediation or monitoring. No cost is associ-
ated with this alternative. 

4.2.2 Alternative 2-2 - Surface Soil Controls and Buttress Construction 
Alternative 2-2 is designed to limit the migration of contaminated sediment into Little 
Clipper Creek using enhanced surface-water diversions around the tailings and waste rock 
pile, construction of a buttress that would be stable under selected seismic conditions, and 
regrading and vegetating the tailings and waste rock pile. The alternative is designed to 
limit migration of contaminated surface water by collecting and treating adit and dam seep-
age, regrading and vegetating the tailings area to reduce infiltration, regrading and creating 
surface-water diversions through other areas of waste rock, and diverting surface water 
above the mine shaft(s) to reduce infiltration into the shaft and potentially reduce the adit 
seepage flow. Treatment of adit and dam seepage would be designed to attain cleanup goals 
presented in Section 2.0. The alternative includes access and use restrictions to protect 
human receptors. The major components of Alternative 2-2 are shown on Sheet 5 in 
Appendix A. 

4.2.2.1 Access and Land Use Restrictions 
Access and use restrictions would be implemented around the mine buildings and tailings 
and waste rock pile. Physical controls in the form of chain-link fences would be constructed 
around the perimeter of the mine area to reduce human exposure to and disturbance of 
contaminated soil, sediment, and waste rock. Areas that would be fenced include the mine 
buildings, tailings area, stockpiled waste rock, and treatment facilities. Signs would be 
posted along the fence to prohibit trespassing and indicate the presence of arsenic-
contaminated material. Land use restrictions would prohibit residential or recreational uses 
and intrusive activities such as construction or excavation in the area adjacent to the mine 
buildings and the tailings and waste rock pile. Land use restrictions would include aban-
donment of the residence located adjacent to stockpiled waste rock. As discussed for 
Alternative 1-2, institutional controls could involve the use of governmental controls, pro-
prietary controls, enforcement and permit tools, or informational devices. For cost estima-
tion, it was assumed an inspection of property transactions would be required to verify that 
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land use restrictions were maintained and an annual site inspection to verify that fencing 
and signage are maintained and verify land use.  

4.2.2.2 Regrade and Vegetate Tailings and Waste Rock Pile 
The area targeted by this remedial action is shown on Sheet 5, and includes the tailings area 
north to the tailings stockpile. Regrading would provide better drainage for the tailings and 
waste rock pile. Positive slopes and drainage swales would be provided to facilitate runoff 
and reduce surface-water infiltration into the tailings and waste rock pile. Following grad-
ing, the area would be covered with approximately one foot of soil to assist in revegetation. 
The area requiring grading is approximately 5.0 acres (218,000 square feet). 

It is assumed that the waste rock and tailings pile would be vegetated with a mix of herba-
ceous and woody vegetation to provide a combination of infiltration and erosion control. 
Because of the limited water-holding capacity of the waste rock cover, deep-rooted species 
would be chosen that are able to penetrate to the finer-grained tailings and shallow ground-
water. Potential tree species that are native to the area include Ponderosa pine, Oregon ash, 
Fremont cottonwood, white alder, California sycamore, and interior live oak. Potential spe-
cies for ground cover include creeping wild rye, meadow barley, vetch, clover, and lupine. 
A mixture of hand-planting and hydroseeding would be used to vegetate the area. Irrigation 
would be required during establishment of vegetation. A periodic application of fertilizer 
would be required in addition to the soil cover. 

As indicated on Figure 1-7, arsenic has been detected at concentrations exceeding back-
ground in surface soil samples collected adjacent to impacted areas, such as the tailings and 
waste rock pile. The surface soil has been impacted by migration of contaminated tailings 
from wind erosion and subsequent deposition or erosion from surface-water runoff. The 
contamination is likely limited to the top foot of soil. As part of Alternative 2-2, it is 
assumed an area of 50 feet width surrounding the perimeter of the tailings and waste rock 
pile would be excavated to a depth of 1 foot and incorporated with the tailings and waste 
rock prior to regrading or revegetation. 

4.2.2.3 Regrade Other Areas of Waste Rock 
Waste rock refers to the unprocessed rock removed from the mine during mining opera-
tions. This rock was removed during construction of mine workings that were not part of 
the ore body. The waste rock ranges in size from 8-inch-diameter pieces to sand-sized parti-
cles and primarily comprises rock in the 1- to 4-inch-diameter range. The tailings are the 
fine-grained waste product generated through the onsite processing of ore in the mill and 
cyanide buildings. The tailings range from fine sand to (more commonly) silt- and clay-
sized particles. Although the waste rock contains arsenic, it does not have the high potential 
to erode or leach as the tailings do because the particle size is much larger. Consequently, 
stockpiled waste rock outside of the tailings area would not be targeted by the same reme-
dial actions proposed for the tailings.  

In Alternative 2-2, the waste rock would be regraded to facilitate runoff and reduce surface-
water infiltration. The extent of regrading is shown on Sheet 5 of Appendix A. The area 
would be graded to create positive slopes and drainage swales and direct runoff toward sur-
face-water diversions. The area requiring grading is approximately 5.6 acres and includes 
the area surrounding the mine shaft and mine buildings, the area surrounding the aban-



SECTION 4.0 DEVELOPMENT OF REMEDIAL ALTERNATIVES 

RDD\032940074 (CAH2501.DOC) 4-15 

doned residence, and three existing benches formed from stockpiled waste rock. The areas 
to be graded include several deteriorating structures and a field trailer. Waste rock under-
lying this area is estimated to be from 1 to 20 feet thick.  

In addition to these areas of stockpiled waste rock, waste rock has also been used as base 
course for the mine access roads. To reduce dust emissions, the primary access road on the 
mine property would be paved. A paved access road would be placed to the treatment 
plant, as shown on Sheet 5.  

4.2.2.4 Construct Buttress 

Conceptual Design Basis and Assumptions. The existing log dam will not prevent release of 
tailings for the desired design criteria. Because the dam is the predominant feature keeping 
the tailings onsite, an improved buttress, stable under selected seismic conditions, was 
included in the alternatives. 

Conceptual design of the improved buttress was based on achieving internal and external 
stability under static and pseudo-static conditions, while limiting the overall size of the 
buttress. Stability criteria were defined as factors of safety greater than 1.5 under static 
conditions and greater than 1.1 under pseudo-static conditions. Seismic accelerations of 
60 percent of the peak horizontal ground acceleration, or 0.3g, were used for the pseudo-
static analysis. For the stability analysis of slopes under seismic conditions, the general 
practice is to use 60 percent of the peak ground acceleration for pseudo-static analysis.  This 
reduction to the peak ground acceleration is to account for the fact that the peak acceleration 
of a seismic event occurs for a short amount of time and better represents the “average” 
acceleration a facility or structure is subjected to during a particular seismic event.  
 
The California Seismic Hazard Map published by Caltrans in 1996 was used to determine 
site seismicity and the maximum peak horizontal ground acceleration. The map uses the 
anticipated Maximum Credible Earthquake from young faults in and near California to 
define the safety evaluation event for design. The Maximum Credible Earthquake is defined 
as the largest earthquake which can be expected to occur on a fault in the current tectonic 
regime. For the Lava Cap Mine site, a value of about 0.5g was obtained based on seismicity 
contours near the site. The ground acceleration of the site is reported as a fraction of the 
acceleration due to gravity (g), which is equivalent to 32.2 ft/sec2. 
 
Among other factors, the estimated ground acceleration at the site is dependent on the 
magnitude of the earthquake, the distance of the fault from the site, and the depth of the 
fault. A search of the historical seismicity of the site was performed using the computer 
program EQSEARCH (Blake, 2000). The EQSEARCH analysis indicates that between the 
years 1800 and 2000, 110 events greater than Magnitude 5.0 have been recorded within 
100 miles of the site.  The closest event was a Magnitude 5.0 event which occurred in 1867 at 
a distance of about 2.2 miles from the site and produced the largest earthquake site accelera-
tion of 0.134g.  The largest recorded event was a Magnitude 6.4 event in 1892 located a 
distance of about 80 miles from the site. Given the historical seismicity of the Lava Cap Mine 
site, the estimate of the peak horizontal ground acceleration of 0.5g is very conservative, and 
is equivalent to a Magnitude 6.5 earthquake occurring near the site. 
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Description. The buttress, as shown on Sheet 5 of Appendix A, would be constructed of 
waste rock obtained onsite following removal of tailings within, adjacent to, and immedi-
ately downstream of the footprint of the proposed buttress. Dewatering of the tailings 
would be required before buttress construction and would be conducted using dewatering 
wells. 

The buttress would be approximately 20 feet in height with a downstream slope of 2.5:1 
horizontal to vertical (h:v) and placed directly on bedrock. Because of the topography and 
probable variation in bedrock elevation in this area along the axis of the buttress, it is antici-
pated the buttress crest elevation would vary accordingly. 

To prevent seepage of contaminated groundwater through the buttress, a 60-mil high-
density polyethylene (HDPE) liner or equivalent would be installed. A sand blanket drain 
installed on the upstream face of the liner and connecting to an outlet pipe at the base of the 
buttress would collect and pass seepage water to the treatment plant to be constructed 
onsite if Alternative 2-2 were selected.  

The stability analysis requires a zone of upstream materials be kept unsaturated. If the 
materials become saturated, a reduction in the stability of the buttress would occur. To 
achieve and maintain a dewatered condition of the material directly upstream of the but-
tress, horizontal drains would be placed and connected to the blanket drain system on the 
upstream face of the buttress. The horizontal drains, consisting of 8-inch-diameter polyvinyl 
chloride (PVC), would be placed at a depth of about 10 feet on approximate 20-foot centers 
across the face of the buttress and extend to a length of about 40 feet upstream. 

Stability analysis requires the upstream materials be graded and placed at a slope of 8:1 or 
flatter for a distance of at least 150 feet upstream of the buttress. 

4.2.2.5 Channelize Little Clipper Creek and Western Drainages 

Conceptual Design Basis and Assumptions. Existing stream diversion channels adjacent to 
the tailings and waste rock pile would be upgraded to prevent contact of surface water with 
tailings to reduce infiltration and erosion of tailings. Additionally, surface-water diversion 
channels would be constructed to direct flow around the upper areas of stockpiled waste 
rock. The existing diversion for the adit drainage would be reconstructed to separate surface 
drainages above and adjacent to the adit pool from the contaminated adit discharge. The 
typical flow rate of the adit seepage is estimated to be between 50 and 200 gallons per min-
ute (gpm) based on visual observation; however, peak flow rates up to 1,800 gpm have been 
recorded at the adit as a result of the contribution of surface drainages to the flow.  

The conceptual design of the channels for Little Clipper Creek and the western drainages 
was based on the 100-year return flow. The Hydrologic Analysis (Appendix E) includes an 
estimated 100-year return flow for Little Clipper Creek of 200 cubic feet per second (cfs). On 
the basis of the ratio of contributing areas, the 100-year return flow for the western drain-
ages is estimated to be approximately 12 cfs. 

Description. The estimated extent of channelization of Little Clipper Creek and the western 
drainages is shown on Sheet 5 in Appendix A. Channels would be located along the edge of 
the tailings and waste rock pile to the extent practical to minimize effects from the tailings 
on design and construction. The channel for the western drainages would begin above the 
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mine area to divert the existing drainage adjacent to the mine buildings. An additional 
diversion channel would be constructed along the primary mine access road, as shown on 
Sheet 5, along with a culvert to transport drainage to the opposite side of the mine access 
road. 

At the upgradient end, the channels would be excavated to capture subsurface flow through 
the alluvial layer. As shown in the detail of Sheet 5, the assumed channels would be lined 
with a 60-mil HDPE liner and gabions, which consist of mesh screens filled with approxi-
mately 6-inch-diameter rocks. The liner would minimize seepage from the channel into the 
underlying tailings and provide added scour protection to the channel bottom. The Little 
Clipper Creek channel would be 5 feet wide at the base, 5 feet in depth, and would have 2:1 
sideslopes. The channel designed to capture the western drainages would be 5 feet wide and 
3 feet in depth with similar sideslopes. 

4.2.2.6 Divert Surface Water above Mine Shaft(s) 
To reduce the amount of water entering the mine shaft and contributing to the quantity of 
contaminated water requiring treatment, surface-water diversions would be constructed 
above the mine shaft. Diversions would likely consist of shallow riprap-lined ditches, 
located and oriented so that surface water would be diverted away from and beyond the 
mine shaft entrance. Reconnaissance-level site visits would be conducted to locate the two 
additional shafts associated with Lava Cap and Banner Mines (see Figure 1-4). If these shafts 
are located, diversions would be constructed around the shafts as necessary. 

4.2.2.7 Adit and Buttress Seepage Collection 

Conceptual Design Basis and Assumptions. Seepage from the adit is contributing to high 
arsenic concentrations downstream. The entrance to the adit has collapsed and is no longer 
visible at the surface. Seepage from the adit continues to discharge to a small pond located 
near the former portal. Pumping water out of the mine workings is included in this alterna-
tive as a method of collecting mine water for treatment and eliminating the discharge from 
the adit. Pumping from mine workings would allow the workings to be used for storage 
when the treatment plant to be constructed under this alternative might be out of operation 
because of maintenance, electrical problems, or other factors. A collection structure at the 
adit would also be constructed to collect seepage in the event that seepage continues despite 
pumping of the mine workings and the installation of surface water diversions around the 
mine buildings. 

The perennial seepage from the log dam would also require collection after the construction 
of a buttress. It is assumed that grading and vegetating the tailings and waste rock pile, 
channelizing the drainages, and containing the adit discharge would be sufficient to elimi-
nate the existing seasonal seep from the western side of the pile. 

Description. A new or existing production well would be used to dewater the mine work-
ings and maintain the water levels in the mine at a level below the mine adit elevation. For 
cost estimation, it was assumed one extraction well would be installed near the mine shaft, 
as shown on Sheet 5. It is assumed the extraction well would be screened at a depth of 
100 feet or greater and would pump water out of the mine workings at a rate between 50 
and 100 gpm. Extracted mine water would be piped to the treatment plant. 
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An adit seepage collection structure would also be constructed. It would provide a method 
to determine if seepage was occurring from the adit, and if so, to collect the seepage for 
treatment. For cost estimation, it was assumed the structure would consist of a reinforced 
concrete “barrier” wall keyed into bedrock to contain the seepage from the adit. A weir 
would be constructed for flow measurements. A sump would be constructed to collect the 
retained seepage and pump it to the treatment plant.  

Approximately 30 cy of contaminated soil at the base of the adit seepage or adit pool would 
be excavated during construction of the collection structure. Because this sediment contains 
some of the highest concentrations of arsenic detected on the site (up to 34,000 mg/kg), 
sediment in this area would be expected to fail TCLP tests and STLC tests and would be 
disposed of in a Class I facility capable of handling RCRA hazardous waste. 

As described previously, seepage would also be collected at the toe of the buttress and 
pumped to the treatment plant shown on Sheet 5 in Appendix A.  

4.2.2.8 Ex situ Chemical Treatment of Adit and Buttress Seepage 

Conceptual Design Basis and Assumptions. The flow estimates for both the adit and buttress 
seepages are currently based on limited historical data, RI crest-gauge measurements of 
peak discharges, and field-estimated flow rates. Additional data would be collected to better 
refine these estimates prior to design of the treatment system. The system would be 
designed to treat to the preliminary cleanup goals presented in Section 2.0, including a 
cleanup goal for arsenic of 10 µg/L. Determination of the treatment process and cost would 
be dependent on the actual flow rates and arsenic concentrations of the adit and buttress 
seepage, following grading, channelization of LCC and the western drainages, and surface-
water diversions above the mine shaft(s).  

Conceptual design and cost estimates were developed for low and high flows. Flows and 
approximate arsenic concentrations under low-flow and high-flow conditions are presented 
in Table 4-5. Table 4-6 provides seepage water quality estimates for other constituents 
detected in the mine area seeps. As described in Section 3.3.5, ferric chloride coagulation 
followed by microfiltration (C/MF) has proved to be a reliable, cost-effective method of 
arsenic removal from water streams. C/MF was selected as the representative process 
option for ex situ chemical treatment of the adit and buttress seepages under either the low-
flow or the high-flow scenario. In the event that remedial-design flow investigations show 
that the total flow from the system is at the low end of the estimated range, pilot-level 
testing of adsorptive media treatment technologies (GFH or ZVI) may be conducted because 
of the potential lower capital costs and minimum operator requirements. 

TABLE 4-5 
Adit and Buttress Seepage Water Flow and Arsenic Concentration Estimates 
Lava Cap Mine Area Feasibility Study 

Parameter Units Low Estimate High Estimate 

Flow from Adit Seepage gpm 70 400 

Flow from Buttress Seepage gpm 20 300 

Approximate Arsenic Concentration of Treatment Plant Influent µg/L 400 400 

Note: Estimated flows and arsenic concentrations based on historical information. Flows and arsenic concentrations will need 
to be confirmed through additional field efforts, including field monitoring, prior to final design and construction.  
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TABLE 4-6 
Adit and Buttress Seepage Water Quality Estimates  
Lava Cap Mine Area Feasibility Study 

Parameter Units 

Estimate for 
Adit 

Seepage 

Estimate for 
Buttress 
Seepage 

Preliminary 
Discharge 

Limit a 

pH b  7.1 7.0 6.5-8.5 

Alkalinity (as CaCO3) 
c mg/L 140 120 n/a 

Arsenic µg/L 400 400 10 

Hardness (as CaCO3)
 c mg/L 220 230 n/a 

Antimony c µg/L 0.5   1.7 n/a 

Chromium c µg/L <3  1.2  n/a 

Copper c µg/L 2.1  1.0  9 

Iron, total c µg/L 1,250 2,050  300 

Manganese c µg/L 270 710  50 

Phosphorous, total orthophosphate (as PO4)
 c µg/L <130 <130 n/a 

Selenium c µg/L <4  <4 n/a 

Silica, total d µg/L 22,000 NA n/a 

Notes: 
<1  = Non-detect, less than maximum detection limit. 

NA = not analyzed. 

 
a
 Preliminary cleanup goals per Section 2.0.   

n/a = not applicable, no applicable standards or no detections above applicable standards.  
b
 Average of RI field measurements for the adit seep and the base of the log dam between October 1999 and September 2000. 

c
 Average concentration of unfiltered samples collected from the adit seep and the base of the log dam between October 1999 

and August 2002. 
d
 Source: Technical Memorandum re Treatability Study Report, Lava Cap Mine Superfund Site, Nevada County California 

(CH2M HILL, 2002a). April. 

 

The low-flow condition assumes that surface controls and surface-water diversions, imple-
mented as part of Alternative 2-2, would significantly reduce surface-water infiltration into 
the tailings and would be effective in separating surface drainages above and adjacent to the 
adit from the contaminated adit discharge. With much of the surface water being routed 
around the tailings pile, this would limit seepage within the tailings to subsurface inflow 
from upgradient locations into the tailings and to infiltration from direct precipitation onto 
the waste rock and tailings pile itself. Groundwater recharge and seepage through the tail-
ings is assumed to be minimal given the low hydraulic conductivity of the fine-grained 
tailings and downward vertical hydraulic gradients estimated from 2001 and 2002 ground-
water elevations in wells and piezometers in the southern portion of the tailings. Estimates 
of the adit seepage flow rate, without the contribution of overland flow during storm 
events, are based on historical measurements of the adit discharge and estimates of the dis-
charge of groundwater into the mine during mining operations, as presented in the RI. 

The high-flow condition includes a highly conservative estimate of peak flows from the adit 
and buttress seepages. For both flow conditions, the average influent arsenic concentration 
is estimated to be 400 g/L. As part of the treatability study, samples of groundwater and 
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surface water were collected and analyzed for arsenite (As[III]) and total inorganic arsenic. 
For the mine adit discharge, approximately 25 percent of the inorganic arsenic was As(III) 
(CH2M HILL, 2003). The speciation of the arsenic between As(III) and As(V) would be fur-
ther investigated during future field efforts. 

Description. The selected representative treatment process option is a ferric chloride 
coagulation/filtration process as detailed in Section 3.0. The conceptual design of this 
system is based on a treatability study conducted with water collected from the adit seep 
(CH2M HILL, 2002a). The treatment plant would be located outside of the 100-year flood-
plain of surface-water drainages in a relatively flat area. The selected location for the treat-
ment plant was based on existing ground surface contours and is approximately 230 feet 
from the adit discharge. The treatment plant would be contained within a new building and 
would comprise the following components (refer to Figure 4-1 for process schematic): 

 pH Adjustment - Carbon dioxide would likely be used to adjust the pH of the influent. 

 Pre-Oxidation - Chlorine dioxide (ClO2) would likely be used to oxidize the influent 
stream for the removal of manganese. The chlorine dioxide injection would be designed 
to provide excess free chlorine to oxidize and convert the As(III) species to As(V). 

 Ferric Chloride Coagulation - Ferric chloride would be injected into the raw water and 
rapid-mixed. The ferric chloride would hydrolyze to form ferric hydroxide which has a 
net positive charge and would adsorb arsenic in the water stream. In-line rapid mixing 
would be used to provide more complete contact between the ferric chloride and the 
arsenic to be removed. Preliminary jar testing has indicated that a ferric chloride dosage 
of approximately 45 mg/L would be necessary for arsenic removal to below the pre-
liminary discharge limit of 10 µg/L. 

 Microfiltration - Process water would be sent through a microfilter for removal of sus-
pended solids and colloidal matter larger than 0.1 µm from the process stream. Treated 
water would be sent to the effluent clearwell and then discharged. The higher solids 
concentration backwash water would be sent to a thickener and dewatered. 

 Thickening - Gravity thickening, enhanced by the use of Lamella plates, would be used 
to concentrate the solids discharge stream. Supernatant would be recycled to the treat-
ment plant influent, and sludge would be sent to the filter bottom container for dewater-
ing. The thickener may serve the dual purpose of storage and processing of filter 
backwash water. 

 Sludge Dewatering and Disposal - A filter bottom container would be used to dewater 
the ferric hydroxide residuals. The initial sludge concentration is assumed to be 22 per-
cent solids by weight based on field tests for a similar application. Sludge would likely 
be disposed as an industrial non-hazardous waste in a Class II offsite disposal facility. 

 Aeration - Aeration capability would be installed should aeration be required for pH 
adjustment or to meet dissolved oxygen requirements prior to discharge. Requirements 
for aeration would be determined through jar testing prior to design. 
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 Effluent Discharge - Treated effluent would be discharged from the effluent clearwell 
and piped to the western drainage diversion channel. 

Phosphate, chromium, antimony, copper, and selenium would increase ferric chloride usage 
for arsenic removal. All of these chemicals are expected to be at very low concentrations or 
non-detect in the water from the adit and buttress seepages (see Table 4-6). The concentra-
tions of iron, manganese, and silica in the water from the adit and buttress seepages may 
effect the C/MF process by increasing chemical usage, increasing filter backwashing, 
slightly lowering the filter life, and increasing sludge production. However, iron, manga-
nese, and silica would not be expected to impact the effectiveness of C/MF in the removal of 
arsenic.  

The treatment plant would operate 24 hours a day, 365 days a year, with the exception of 
temporary maintenance shutdowns. The plant would require at least one part-time opera-
tor. An autodialer would be installed to communicate plant alarms and shutdowns to the 
plant operator via pager 24 hours a day. For alternative development and cost estimation, it 
was assumed monthly sampling of influent, effluent, and sludge would be conducted to 
monitor process performance once the treatment plant was online and operational. 
Sampling frequency could be increased during implementation of the remedial action. 
Given the operation and monitoring requirements, a long-term access plan for the site 
would need to be developed, including primary access routes and appropriate gating. Esti-
mated costs for C/MF treatment are presented in Appendix C for both the low and high 
estimated flows from the adit and buttress seeps.  

4.2.2.9 Surface-Water Monitoring 
For alternative development and cost estimation, it was assumed Little Clipper Creek would 
be monitored quarterly to identify potential impacts to surface water from tailings and 
waste rock during high- and low-flow conditions and following storm events. Surface-water 
samples would be collected in two locations: upstream of the mine area and downstream of 
the current location of the log dam. Samples would be analyzed for total and dissolved 
metals. Effluent from the treatment plant would be monitored as part of the treatment 
process. The number of sampling locations and the sampling frequency could be increased 
during implementation of the remedial action. 

4.2.3 Alternative 2-3 - Capping and Buttress Construction 
Alternative 2-3 is designed to limit migration of contaminated sediment into Little Clipper 
Creek using enhanced surface-water diversions around the tailings and waste rock pile, con-
structing a buttress that would be stable under selected seismic conditions, and covering the 
tailings and waste rock pile with an impermeable cap. Alternative 2-3 is designed to limit 
migration of contaminated surface water by collecting and treating adit and dam seepage, 
reducing infiltration into the tailings and waste rock pile with an impermeable cap, regrad-
ing and creating surface-water diversions through other areas of waste rock, and diverting 
surface water above the mine shaft(s) to reduce infiltration into the shaft and potentially 
reduce the adit seepage flow. Treatment of adit and dam seepage would be designed to 
attain cleanup goals presented in Section 2.0. Alternative 2-3 limits human and ecological 
exposure to contaminated soil and tailings with access and land use restrictions, an imper-
meable cap, and limited excavation and hazard abatement in the mine buildings.  
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Alternative 2-3 is similar to Alternative 2-2 except for the addition of limited excavation and 
hazard abatement in the mine buildings and covering the tailings and waste rock with an 
impermeable cap. Alternative 2-3 also includes covering and vegetating areas of waste rock 
outside of the tailings area to prevent erosion of waste rock and discourage disturbance or 
removal of waste rock from human activities. The major components of Alternative 2-3 are 
shown on Sheet 6 of Appendix A. 

4.2.3.1 Access and Land Use Restrictions 
Physical controls in the form of chain-link fences and “no trespassing” signs would be 
constructed around the mine buildings because of the physical hazards related to the 
dilapidated structures that would remain after decontamination. Unauthorized access 
would continue to be restricted in the mine area, and land use restrictions would be 
implemented to prohibit residential and recreational uses in the area adjacent to the mine 
buildings and tailings and waste rock pile. As with Alternative 2-2, land use restrictions 
would include abandonment of the residence shown in the center of Sheet 6 in Appendix A. 
Land use restrictions would also prohibit intrusive activities such as construction or 
excavation that would compromise the impermeable cap and soil cover over the tailings and 
waste rock pile.  

4.2.3.2 Excavation and Hazard Abatement in and around Mine Buildings 

Conceptual Design Basis and Assumptions. Arsenic concentrations up to 31,200 mg/kg and 
cyanide concentrations up to 419 mg/kg were detected in surface soil samples within and 
around the cyanide and mill buildings. The highest arsenic and cyanide concentrations are 
associated with soil adjacent to former above-ground process tanks in and around the mill 
and cyanide buildings and with soil within the cyanide and mill buildings. Three ponded 
water samples were taken from sumps within the mill and cyanide buildings, and concen-
trations of arsenic up to 14,300 g/L and cyanide up to 53 g/L were detected. Hazard 
abatement activities would be focused on these areas of maximum contaminant concentra-
tions within the mill and cyanide buildings. A portion of the floor within the cyanide and 
mill buildings is covered with soil. For cost estimation, the extent of soil cover is estimated 
as 40 percent of the building areas with an average depth of one foot. 

The area surrounding the mill and cyanide buildings would be excavated to remove highly 
contaminated soil. The northern sides of the buildings are bordered by predominantly 
undisturbed areas. For alternative development and cost estimation, it is assumed excava-
tion would include the immediate vicinity and 30 feet south of the mill, cyanide, and assay 
buildings.  

Description. For purposes of alternative evaluation and cost estimating, hazard abatement 
activities would include the removal of soil and debris associated with former process tanks, 
removal of cyanide vats, and removal of sumps, including the removal and treatment of 
ponded water within the sumps. Contaminated soil within the mine buildings would be 
excavated using primarily small mechanical equipment and hand tools. Physical hazards of 
the dilapidated mine buildings and appropriate safety measures would be considered for 
worker safety during hazard abatement and excavation activities. Following excavation and 
hazard abatement, the concrete foundations and metal siding would be decontaminated 
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using a water and detergent wash. The estimated volume of soil and debris removed or 
excavated during hazard abatement activities is 400 cy.  

Contaminated soil from the mine buildings represents the most contaminated material 
onsite, with high arsenic and cyanide concentrations. These wastes would be treated as 
RCRA hazardous waste and transported to an offsite Class I landfill for disposal. 

Soil surrounding the cyanide, assay, and mill buildings would be excavated with backhoes 
and excavators. Composite soil samples would be collected per volume of soil excavated, 
and excavated soil would be separated and stockpiled during waste profiling. Soil failing 
STLC testing would be disposed of in a Class I facility as a non-RCRA hazardous waste. It is 
assumed a volume of 1,500 cy, equivalent to 1 foot of soil over the excavation area, would 
fail STLC testing and require disposal as a non-RCRA hazardous waste. It is assumed that 
an additional 100 cy of excavated soil surrounding the mine buildings would fail TCLP tests 
and would be disposed of in a Class I facility as a RCRA hazardous waste. Confirmation soil 
samples would be taken following excavation to verify that highly contaminated soil has 
been removed. A target goal would be established for hazard abatement activities to allow 
for the removal of highly contaminated soil resulting from ore-processing activities, without 
requiring excavation of waste rock. For alternative development, it was assumed the target 
goal would be approximately 1,500 mg/kg arsenic, which is in the upper range of arsenic 
concentrations detected in surface samples from the waste rock and tailings pile during the 
RI. Following excavation, the area would be graded, covered, and vegetated as described in 
Section 4.2.3.4 below.  

4.2.3.3 Regrade and Cap Tailings 

Conceptual Design Basis and Assumptions. To reduce the potential of receptor contact and 
erosion of tailings, a cover system would be placed over the tailings and adjacent waste 
rock. This would also reduce surface infiltration through the tailings, increasing the seismic 
stability of tailings and likely reducing the amount of seepage requiring collection and 
treatment. The extent of capping is shown on Sheet 6 in Appendix A, and the area of 
capping would be approximately 5.0 acres.  

Description. The tailings and adjacent waste rock would be regraded and capped to 
minimize seepage into the tailings. For alternative development and cost estimating, the cap 
would consist of a sand layer, 60-mil HDPE liner, and soil cover. Areas to receive the cap 
would be regraded to slopes of 4:1 or flatter. A minimum of 6 inches of sand would be 
placed on the graded areas prepared to receive the liner to reduce the potential for damage 
to the liner. Following placement of the liner, a minimum of 18 inches of low-permeability 
cover soil would be placed and compacted.  

Following placement of the cover soil, the site would be hydroseeded to reduce erosion 
potential. Vegetation would consist of herbaceous plants with a shallow rooting depth. 
Potential vegetation types include adapted, drought-tolerant grasses, legumes such as vetch, 
and forbs. Irrigation would be required during establishment of vegetation.  

The graded site would likely have low areas that would collect surface water and shallow 
seepage along the top of the liner. These areas would be directed to drain away from and off 
the site to the extent practical. Alternatively, shallow ditches or drainage swales, possibly 
lined with riprap or waste rock, could be constructed to collect and pass these flows. 
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As discussed for Alternative 2-2, arsenic has been detected at concentrations exceeding 
background in surface soil samples collected adjacent to impacted areas, such as the tailings 
and waste rock pile. As part of Alternative 2-3, it is assumed an area of 50 feet width sur-
rounding the perimeter of the tailings and waste rock pile would be excavated to a depth of 
1 foot and incorporated with the tailings and waste rock prior to capping. 

4.2.3.4 Regrade, Cover, and Vegetate Other Areas of Waste Rock 
Areas of waste rock outside of the tailings area would be graded as described for Alterna-
tive 2-2. Following grading, the area would be covered with one foot of soil and vegetated. 
The cover soil and vegetation would provide a physical barrier to prevent erosion of waste 
rock and disturbance or removal of waste rock from human activities. The area requiring 
grading, soil cover, and revegetation is the same as described for Alternative 2-2, approxi-
mately 5.6 acres. This area includes the area surrounding the mill, assay, and cyanide 
buildings. In the area surrounding the mine buildings, regrading, placement of the soil 
cover, and revegetation would occur following excavation and hazard abatement activities 
described above. 

The waste rock has limited water-holding capacity and likely low available nutrients. The 
cover soil would be amended with fertilizer and organic material as necessary, and irriga-
tion would be required during establishment of vegetation. The existing vegetation, where 
present, consists of native or non-native ground cover, and is characteristic of a rural envi-
ronment. The cover soil would be hydroseeded with herbaceous plants. Potential vegetation 
types include adapted, drought-tolerant grasses, legumes such as vetch, and forbs.  

As described for Alternative 2-2, to reduce dust emissions, the primary access road on the 
mine property would be paved. 

4.2.3.5 Construct Buttress 
The assumptions and conceptual design for the construction of the buttress are the same as 
described in Alternative 2-2. 

4.2.3.6 Channelize Little Clipper Creek and Western Drainages 
The channels for Little Clipper Creek and the western drainages would be the same as 
described in Alternative 2-2. 

4.2.3.7 Divert Surface Water above Mine Shaft(s) 
The surface-water diversion above the mine shaft would be constructed as described in 
Alternative 2-2. 

4.2.3.8 Adit and Buttress Seepage Collection 
Assumptions related to pumping of the mine workings and collection of the adit and but-
tress seepages would be the same as described in Alternative 2-2. 

4.2.3.9 Ex situ Chemical Treatment of Adit and Buttress Seepage 
The ex situ chemical treatment process and layout would be the same as described in Alter-
native 2-2. 
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4.2.3.10 Surface-Water Monitoring 

Surface-water monitoring would be conducted as described in Alternative 2-2. 

4.2.4 Alternative 2-4 - Capping, Stabilization, and Buttress Construction 
The goals of Alternative 2-4 are to limit migration of contaminated sediment into Little 
Clipper Creek using enhanced surface-water diversions around the tailings and waste rock 
pile, construction of a buttress that would be stable under selected seismic conditions, 
solidifying a portion of the tailings, and capping the tailings and waste rock pile. The alter-
native is also designed to limit migration of contaminated surface water by collecting and 
treating adit and dam seepage, reducing infiltration into the tailings and waste rock pile 
with an impermeable cap, regrading and creating surface-water diversions through other 
areas of waste rock, and diverting surface water above the mine shaft(s) to reduce infiltra-
tion into the shaft and potentially reduce the adit seepage flow. Treatment of adit and dam 
seepage would be designed to attain cleanup goals presented in Section 2.0. Alternative 2-4 
is designed to limit human and ecological exposure to contaminated soil and tailings with 
access and land use restrictions, capped tailings, and demolition of the mine buildings. 
Alternative 2-4 also includes covering and vegetating areas of waste rock outside of the 
tailings area to prevent erosion of waste rock and discourage disturbance or removal of 
waste rock from human activities. 

In summary, Alternative 2-4 is similar to Alternative 2-3 except that it also includes demoli-
tion of the mine buildings and solidification of a portion of the tailings behind the buttress. 
The major components of Alternative 2-4 are shown on Sheet 7 of Appendix A. 

4.2.4.1 Access and Land Use Restrictions 

The institutional controls would be the same as described in Alternative 2-3. 

4.2.4.2 Excavation, Hazard Abatement, and Demolition of Mine Buildings 
The soil excavation and hazard abatement would be the same as described in Alterna-
tive 2-3. Demolition activities are described in this section. 

Conceptual Design Basis and Assumptions. For cost estimating and alternative evaluation, 
the mine buildings associated with historical ore-processing activities would be demolished. 
These buildings include the cyanide, mill, and assay buildings. The buildings have steel 
roofs, steel siding, wooden frames, concrete foundations, and were constructed before 1950. 
The age of the buildings requires consideration of the National Historic Preservation Act 
(NHPA) and list of state registries. Requirements of NHPA would be met during the 
remedial action, including coordination with the State Historic Preservation Officer (SHPO) 
and the Advisory Council on Historic Preservation (ACHP) and/or a cultural resources 
survey.  

Because of the age of the buildings, painted surfaces if present could contain lead, and loose 
and peeling paint would need to be removed before demolition. However, no painted sur-
faces have been observed in the mine buildings during site visits, and therefore, it is 
assumed no lead abatement activities would be required. Material containing asbestos 
would also need to be removed if present. No potential asbestos-containing materials have 
been identified during site visits. 
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Description. The buildings would be demolished using conventional construction equip-
ment, including a backhoe/excavator, bulldozer, and front-end loader. The buildings would 
be collapsed, using an excavator to grab the structure and pull the steel shell apart. The con-
crete foundations and footings would remain in place. The steel roofing and siding would 
be cut into manageable pieces using hydraulic or pneumatic equipment and transported to a 
metal scrap yard for recycling. The wooden frames do not appear to have been treated, and 
would be buried onsite. 

4.2.4.3 In situ Stabilization of Tailings 

Conceptual Design Basis and Assumptions. The saturated tailings near the existing log dam 
or proposed buttress are subject to liquefaction during a significant seismic event, resulting 
in potential lateral spreading and increased pressure on the buttress. These tailings would 
be stabilized by adding cement. 

Description. Cement would be added at a rate of approximately 10 percent by weight to sta-
bilize the tailings. Cement would likely be added using large augers and deep mixing tech-
niques. The zone requiring stabilization is estimated to be about 100 feet upstream of the 
buttress face and would extend to bedrock. Care would be taken to prevent mixing of 
cement and the sand drainage blanket on the buttress face. Horizontal drains would extend 
through the zone of stabilization to transport seepage to the collection point at the toe of the 
buttress. 

4.2.4.4 Regrade and Cap Tailings 
The tailings would be graded, capped, and vegetated as described in Alternative 2-3.  

4.2.4.5 Regrade, Cover, and Vegetate Other Areas of Waste Rock 
The waste rock outside of the tailings area would be graded, covered, and vegetated as 
described in Alternative 2-3. To reduce dust emissions, the primary access road on the mine 
property would be paved. 

4.2.4.6 Construct Buttress 
The assumptions and conceptual design of the buttress are the same as described in Alter-
native 2-2 except the length of the horizontal drains would increase to extend through the 
stabilized tailings. 

4.2.4.7 Channelize Little Clipper Creek and Western Drainages 
The channels for Little Clipper Creek and the western drainages would be the same as 
described in Alternative 2-2. 

4.2.4.8 Divert Surface Water above Mine Shaft(s) 
The surface-water diversion above the mine shaft would be constructed as described in 
Alternative 2-2. 

4.2.4.9 Adit and Buttress Seepage Collection 
Assumptions related to pumping of the mine workings and collection of the adit and but-
tress seepages would be the same as described in Alternative 2-2. 
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4.2.4.10 Ex situ Chemical Treatment of Adit and Buttress Seepage 
The ex situ chemical treatment process and layout would be the same as described in Alter-
native 2-2. 

4.2.4.11 Surface-Water Monitoring 

Surface-water monitoring would be conducted as described in Alternative 2-2. 

4.2.5 Alternative 2-5 - Excavation and Onsite Disposal 
The goals of Alternative 2-5 are to prevent migration of contaminated sediment into Little 
Clipper Creek by excavating the tailings and disposing of them in a lined onsite disposal 
cell. Potential disposal cell locations for extracted tailings from the mine area are shown on 
Sheet 8 of Appendix A. Alternative 2-5 is also designed to limit migration of contaminated 
surface water by collecting and treating adit seepage, regrading and creating surface-water 
diversions through areas of waste rock, and reducing the adit seepage flow by using 
surface-water diversions above the mine shaft(s) to limit infiltration into the shaft. Treat-
ment of adit seepage would be designed to attain cleanup goals presented in Section 2.0. 
Alternative 2-5 is designed to minimize human and ecological exposure to contaminated 
soil and tailings with excavation of tailings and hazard abatement and demolition of the 
mine buildings. Alternative 2-5 also includes covering and vegetating waste rock remaining 
onsite to prevent erosion of waste rock and discourage disturbance or removal of waste rock 
from human activities. The major components of Alternative 2-5 are shown on Sheet 9 of 
Appendix A. 

Remedial actions proposed for Alternative 2-5 for the mine buildings, mine shaft, and adit 
seepage are similar to Alternative 2-4. In contrast to Alternative 2-4, the tailings would be 
excavated rather than capped, which would eliminate the requirement for a buttress and 
allow restoration of Little Clipper Creek channel. 

4.2.5.1 Access and Use Restrictions 
Access and use restrictions would be implemented for the onsite disposal cell. Signs would 
be posted, and fences would be constructed around the disposal cell to prohibit trespassing 
and indicate the presence of arsenic-contaminated material. Land use restrictions would 
prohibit residential or recreational uses and intrusive activities such as construction or exca-
vation in the vicinity of the disposal cell. Land use restrictions would also prevent removal 
or disturbance of waste rock remaining onsite. As with Alternative 2-2, land use restrictions 
would include abandonment of the residence shown in the center of Sheet 9 of Appendix A.  

4.2.5.2 Excavation, Hazard Abatement, and Demolition of Mine Buildings 
The soil excavation and hazard abatement activities and the mine building demolition 
would be the same as described in Alternatives 2-3 and 2-4, respectively, with the exception 
of the concrete foundations and footings and the disposal actions. A disposal cell for the 
excavated tailings would be constructed onsite, and potential locations are in the area of the 
mine buildings, as shown on Sheet 8 of Appendix A. The concrete foundations and footings 
of the mill, assay, and cyanide buildings would need to be removed. The concrete would be 
broken apart using a chisel hammer, and the pieces would be excavated.  
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As in Alternative 2-4, the steel roofing and siding from building demolition would be trans-
ported to a metal scrap yard for recycling. The estimated 500 cy of highly contaminated soil 
and debris from hazard abatement and excavation activities would be disposed of in a 
Class I facility as a RCRA hazardous waste, as described in Alternative 2-3. The remaining 
excavated soil, debris, wooden frames, and concrete from soil excavation and building 
demolition would be disposed of in the onsite disposal cell. 

4.2.5.3 Divert Surface Water above Mine Shaft(s) 
The surface-water diversion above the mine shaft would be constructed as described in 
Alternative 2-2. 

4.2.5.4 Adit Seepage Collection 
Pumping of the mine workings and adit seepage collection would be the same as described 
in Alternative 2-2.  

4.2.5.5 Ex situ Chemical Treatment of Adit Seepage 
Because the tailings would be excavated under this alternative, the need for a buttress is 
eliminated as well as associated seeps from the tailings. The high-flow estimate for Alterna-
tive 2-5 is 400 gpm, which includes the peak discharge of the adit only. The low-flow esti-
mate presented under Alternative 2-2 already includes a minimal seepage flow rate from the 
buttress and was not changed for this alternative. For both the low- and high-flow estimates, 
the average influent arsenic concentration is estimated to be 400 g/L. 

The ex situ chemical treatment process and layout for the adit seepage would be the same as 
described for the adit and buttress seepage in Alternative 2-2. The only difference in the 
treatment system layout is that treated effluent would be discharged from the effluent clear-
well into the Little Clipper Creek channel instead of into the western drainage diversion 
channel. The equipment capital and O&M costs were modified to reflect the high-flow treat-
ment estimate of the adit seepage. The capital and O&M cost estimates for the low and high-
flow conditions are presented in Appendix C.  

4.2.5.6 Excavate Tailings 

Conceptual Design Basis and Assumptions. As described in Alternative 2-2, the waste rock 
contains arsenic; however, it does not have the high potential to erode or leach as the tail-
ings do because the particle size is much larger. Only the tailings would be excavated, and 
the waste rock would not be removed. The extent of tailings excavation shown on Sheet 9 in 
Attachment A is estimated from soil borings conducted in the tailings and waste rock pile. 
The extent of excavation and volume of tailings was estimated using data from soil borings 
advanced during the RI and additional test pits and soil borings advanced as part of a geo-
technical investigation in August and September 2001 (CH2M HILL, 2002b). Actual areas 
and volumes would be refined in the remedial design phase prior to implementation of the 
remedial action. 

Description. The existing waste rock cover would be removed and stockpiled. The under-
lying tailings would be excavated down to native soil using backhoes/excavators, scrapers, 
bulldozers, or front-end loaders. The volume of tailings is estimated as 47,000 cy in the tail-
ings pile and 4,000 cy in the existing tailings stockpile. The extent of excavation is based on 
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the extent of tailings, and is shown on Sheet 9 of Appendix A. In addition to the tailings, 
contaminated surface soil adjacent to the tailings and waste rock pile would be excavated. 
The additional volume of soil is estimated as 5,000 cy. Confirmation soil sampling would 
follow excavation to verify that removal of tailings is complete. The area outside the creek 
channel would be backfilled with waste rock and regraded. Waste rock would be main-
tained outside of the 100-year flow of Little Clipper Creek 

For cost estimation, it was assumed that excavation would be conducted in three phases as 
the tailings are dewatered. In each phase, three trenches would be excavated approximately 
8 to 10 feet deep and filled with a drain pipe and drain sand. A well sump would be con-
structed at the end of each trench. The wells would be pumped to remove free water in the 
trenched depth of the tailings and to draw down groundwater levels surrounding the tail-
ings. The dewatered portion of the tailings would then be excavated and transported to a 
drying bed, and the next phase of dewatering trenches would be constructed. The drying 
bed would be constructed at the site of the tailings stockpile. The drying bed would consist 
of a leveling course, a 60-mil geomembrane layer overlain with a drain sand layer with a 
slotted collection pipe running the length of the drying bed. The tailings would be placed in 
2-foot lifts on top of the sand layer, for a total volume of approximately 4,400 cy per drying 
cycle. The tailings would be mixed using a small tractor-mounted tiller and dried by the 
sun. When the moisture content through the tailings bed reached optimum moisture content 
(approximately 20 percent as determined in the geotechnical investigation [CH2M HILL, 
2002b]), tailings would be excavated and transported to the final disposal site. It is expected 
that 2 weeks’ drying would be needed for each layer placed in the drying bed.  

Arsenic has been detected at concentrations up to 610 µg/L in unfiltered groundwater sam-
ples collected from Monitoring Wells 5D and 5E, which are screened beneath the tailings in 
the shallow Paleozoic Metasedimentary deposits at depths of 31 to 41 feet bgs. Arsenic con-
centrations averaged 40 µg/L in Monitoring Well 5D and 330 µg/L in Monitoring Well 5E in 
groundwater samples collected between November 1999 and November 2002. Based on 
these results, groundwater removed during dewatering would require treatment.  

4.2.5.7 Regrade, Cover, and Vegetate Areas of Waste Rock 
The waste rock remaining onsite would be graded, covered, and vegetated as described in 
Alternative 2-3. This action would target the area surrounding the mine shaft, the area sur-
rounding the abandoned residence, the three existing benches formed from stockpiled waste 
rock, and backfilled waste rock in the area of excavation. To the extent feasible, waste rock 
would be consolidated when backfilled to limit the area requiring surface controls. The total 
area of waste rock that would be graded, covered with soil, and vegetated is estimated as 
7.5 acres.  

To provide adequate access and reduce dust emissions, the primary access road on the mine 
property would be widened and paved. 
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4.2.5.8 Restore Little Clipper Creek Channel and Channelize Drainages in Upper Mine Area 

Conceptual Design Basis and Assumptions. The conceptual design basis for the restoration of 
the Little Clipper Creek channel is based on the 100-year return flow. The Hydrologic 
Analysis (Appendix E) includes an estimated 100-year return flow for Little Clipper Creek 
of 200 cfs. Because of the anticipated increased slope of the original ground compared with 
previous engineered alternatives, a slightly wider channel is required to pass the flows and 
maintain the velocities under 10 feet per second (fps).  

Surface-water diversion channels would be constructed to divert surface-water flows 
around the onsite disposal cell and the upper areas of stockpiled waste rock.  

Description. A degree of uncertainty exists regarding the shape of the original ground/ 
bedrock surface following removal of the tailings. Because of this uncertainty, it is conserva-
tively assumed that riprap would be required to stabilize and shape the channel. However, 
to re-establish benthic communities, the channel would be restored to as natural a condition 
as possible without placement of gabions. Because the tailings are excavated in this alterna-
tive, there is no need for a plastic liner underlying the channel. Because the creek flows pass 
through waste rock upstream of the tailings area, it would be necessary to excavate, chan-
nelize, and regrade the waste rock to provide the required channel. Waste rock would be 
maintained outside of the 100-year flow of Little Clipper Creek and would be regraded to 
slopes of 3:1 or flatter. 

Diversion channels would capture the drainage upgradient of the disposal cell. The surface 
water would be diverted around the disposal cell and channelized through the waste rock 
to intersect the restored Little Clipper Creek channel. As described for Alternative 2-2, an 
additional diversion channel would be constructed along the mine access road, with a cul-
vert to transport drainage to the opposite side of the mine access road. 

4.2.5.9 Dispose of Tailings Onsite 

Conceptual Design Basis and Assumptions. An onsite disposal cell would be constructed to 
contain the excavated tailings as well as soil and debris from hazard abatement and demo-
lition of the mine buildings. The volume of waste to be disposed of in the onsite disposal cell 
is approximately 62,500 cy (47,000 cy of excavated tailings, 4,000 cy of stockpiled tailings, 
5,000 cy of soil excavated around the tailings pile, 3,000 cy of soil and debris from excava-
tion around the mine buildings, and 3,500 cy of demolition debris). As discussed in Appen-
dix D, conceptual design criteria for the onsite disposal cell are based on requirements for 
California Title 27 Group A wastes. The assumed closure design is also based on the Group 
A criteria. 

Description. Three potential locations for the disposal of tailings excavated from the waste 
rock and tailings pile are shown on Sheet 8 in Appendix A. All three locations are assumed 
to be outside of the 100-year floodplain of Little Clipper Creek. The FEMA Flood Insurance 
Rate Map (FIRM) for Little Clipper Creek is likely classified as Zone A. This would indicate 
that no base flood elevations were developed in producing the map. A detailed analysis 
could be performed during the remedial design to confirm this assumption.  

One representative disposal cell location was chosen for conceptual design of Alternative 2-
5, as shown on Sheet 9. This location was chosen for the conceptual design because it is in an 
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area that has already been disturbed by mining activities and it utilizes the volume of an 
existing canyon. This disposal cell location covers the existing mill, assay, and cyanide 
buildings. These buildings would be demolished, and the concrete foundations and footings 
would be removed. The ground would require preparation work to create a more uniform 
slope and to create a trench for leachate collection before the liner could be installed.  

A typical cross-section of the disposal cell is shown on Sheet 9 of Appendix A. An onsite 
source of low-permeability clay is not expected to be available for liner construction. For 
ease of implementation, a composite liner (clay and synthetic) was assumed for alternative 
development. The disposal cell would be lined with a 60-mil HDPE geomembrane and a 
geosynthetic clay liner (GCL) of an effective permeability equal to or less than 1 x 10-7 
cm/sec. A blanket-type leachate collection and removal system (LCRS) would be installed 
and would consist of 12 inches of permeable drain sand overlying the HDPE geomembrane 
and GCL along the bottom and sides of the disposal cell. A leachate collection pipe would 
be placed along the low point of the cell between the drain sand and HDPE liner and would 
be surrounded by drain rock.  

A detection monitoring system would be installed that would include placement of an 
80-mil HDPE liner, drain sand, and collection piping beneath the disposal cell liner for leak 
detection. For alternative development and cost estimation, it was assumed the synthetic 
membrane and drain sand for leak detection would be placed under 25 percent of the area 
of the disposal cell, corresponding to a 70-foot-wide section beneath the leachate collection 
pipe at the bottom of the cell. For the conceptual design, the leak detection system was 
placed under the low point of the cell, where leachate would pool as it gets collected for 
treatment, and the location where a leak would be most likely to occur. Following place-
ment of the liner materials, the liner system would be inspected for imperfections and to 
ensure proper installation. 

The tailings would be placed in the disposal cell at optimum moisture content, in lifts of uni-
form thickness, graded, and compacted. The waste would be covered with a 60-mil HDPE 
liner and a minimum of 18 inches of compacted, low-permeability cover soil. Following 
placement of the cover materials, the cover system would be inspected for imperfections 
and to ensure proper installation. The soil cover would be hydroseeded to reduce erosion 
potential. Piping would be placed to transport collected leachate from the onsite disposal 
cell to the mine area treatment plant. 

The slope of the final cover would not exceed 4:1, and the surface of the disposal cell would 
include a minimum of one 15-foot-wide bench for every 50 feet of vertical height. Surface-
water diversion channels would be constructed along the benches and edges of the disposal 
cell. Diversion and drainage facilities would be designed and constructed to divert an 
anticipated volume of precipitation and designated peak flow from surface runoff around 
the onsite disposal cell. Cover maintenance would include prompt cover repair and vegeta-
tion maintenance. The integrity of the soil cover would be monitored to identify problem 
areas such as areas of the vegetative cover requiring replanting, eroded or damaged areas, 
areas lacking free drainage, and areas having repeated or severe differential settlement. The 
landfill would be inspected to detect evidence of the presence of liquids in the leak detection 
systems and in the leachate collection and removal system. 
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Potential impacts to groundwater from leachate or surface runoff from the onsite disposal 
cell would be monitored periodically according to Title 27 regulations for waste manage-
ment units. For conceptual design and cost estimation, it was assumed four monitoring 
wells would be installed to monitor shallow groundwater without penetrating into the his-
torical mine workings. Groundwater samples would also be collected from existing back-
ground and mine area monitoring and residential wells. 

4.2.5.10 Surface-water Monitoring 
For alternative development and cost estimation, it was assumed Little Clipper Creek would 
be monitored as described in Alternative 2-2 to identify potential impacts to surface water 
from the waste rock that would remain in place. As described in Alternative 2-2, effluent 
from the treatment plant would be monitored as part of the treatment process. The adit 
seepage and, potentially, leachate from the onsite disposal, would comprise the treatment 
plant influent. 

4.2.6 Alternative 2-6 - Excavation and Offsite Disposal 
Alternative 2-6 is identical to Alternative 2-5 except that the tailings would be transported to 
an offsite disposal facility following excavation rather than disposed of in an onsite disposal 
cell. Offsite and onsite disposal were retained as two separate alternatives because of the 
differences in cost, truck traffic, construction activities, and land use restrictions, among 
other factors. The major components of Alternative 2-6 are shown on Sheet 10 of Appen-
dix A. 

4.2.6.1 Land Use Restrictions 
No signs or fences would be used to restrict access to the mine area because excavation and 
hazard abatement activities would remove the areas of highest contamination in the mine 
buildings, and the tailings would be excavated. Land use restrictions would be imple-
mented to restrict residential and recreational uses in the area adjacent to the treatment 
plant and waste rock that would remain onsite. Land use restrictions would also prevent 
removal or disturbance of waste rock remaining onsite. As with Alternative 2-2, land use 
restrictions would include abandonment of the residence shown in the center of Sheet 10 in 
Appendix A.  

4.2.6.2 Excavation, Hazard Abatement, and Demolition of Mine Buildings 
The soil excavation and hazard abatement would be the same as described in Alterna-
tive 2-3. The mine building demolition would be the same as described in Alternative 2-4. 
Unlike Alternative 2-5, the concrete foundations and footings would remain in place, and 
excavated soil and demolition debris would be disposed of offsite. 

4.2.6.3 Divert Surface Water above Mine Shaft(s) 
The surface-water diversion above the mine shaft would be constructed as described in 
Alternative 2-2. 

4.2.6.4 Adit Seepage Collection 
Pumping of the mine workings and adit seepage collection would be the same as described 
in Alternative 2-2. 
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4.2.6.5 Ex situ Chemical Treatment of Adit Seepage 
The ex situ chemical treatment process and layout would be the same as described in Alter-
native 2-2. 

4.2.6.6 Excavate Tailings 

The excavation of tailings would be the same as described in Alternative 2-5. 

4.2.6.7 Regrade, Cover, and Vegetate Areas of Waste Rock 
The waste rock remaining onsite would be graded, covered, and vegetated as described in 
Alternative 2-3. This action would target the area surrounding the mine shaft and mine 
buildings, the area surrounding the abandoned residence, the three existing benches formed 
from stockpiled waste rock, and backfilled waste rock following the tailings excavation. To 
the extent feasible, waste rock would be consolidated when backfilled to limit the area 
requiring surface controls. The total area that would be graded, covered with soil, and 
vegetated is approximately 8.4 acres.  

To provide adequate access and reduce dust emissions, the primary access road on the mine 
property would be widened and paved. 

4.2.6.8 Restore Little Clipper Creek Channel and Channelize Drainages in Upper Mine Area 
The restoration of Little Clipper Creek channel would be the same as described in Alterna-
tive 2-5. A diversion channel would be constructed to divert the existing drainage adjacent 
to the mine buildings. The channel would divert surface water around the area of demol-
ished mine buildings to the restored LCC channel, as shown in Sheet 10 of Appendix A. As 
described for Alternative 2-2, an additional diversion channel would be constructed along 
the mine access road, with a culvert to transport drainage to the opposite side of the mine 
access road. 

4.2.6.9 Dispose of Tailings Offsite 
Roads used as part of the primary truck route for Alternative 2-6 are highlighted on Sheet 10 
of Appendix A. Because of the steep grade of Lava Cap Mine Road, it would be necessary to 
use Tensy Lane and the mine access roads north of Tensy Lane as part of the truck access 
route. As shown on Sheet 2 of Appendix A, Greenhorn Road would also be used for con-
nection to Tensy Lane. Improvements would be required for the mine access roads prior to 
construction activities. Repairs, including repaving, would likely be required following 
remediation for Tensy Lane, Greenhorn Road, and potentially Lava Cap Mine Road because 
of the high volume of truck traffic. 

To predict hazard classification, TCLP and STLC tests were conducted on tailings samples 
collected from four borings within the tailings and waste rock pile in August 2001. STLC 
and TCLP analyses on the tailings samples indicate that mining wastes contain 
nonhazardous levels of soluble pollutants. One sample marginally exceeded STLC limits, 
but did not exceed TCLP limits. The field duplicate sample collected from this location and 
the other samples of tailings did not exceed STLC limits. Based on these data, it is assumed 
that the tailings would not be considered a state or RCRA hazardous waste and therefore 
would be disposed of in a Class II facility. Cost implications are discussed in the detailed 
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analysis of alternatives (Section 5.0) if excavated tailings require disposal in a Class I landfill 
as a non-RCRA hazardous waste. 

4.2.6.10 Surface-Water Monitoring 
For alternative development and cost estimation, it was assumed Little Clipper Creek would 
be monitored as described in Alternative 2-2 to identify potential impacts to surface water 
from the waste rock that would remain in place.  

4.3 Little Clipper Creek 
Sheet 11 in Appendix A is the base map illustrating the section of Little Clipper Creek 
downstream of the log dam and upstream of Greenhorn Road that would be targeted by 
remedial actions. As discussed in Section 1.0, the section of Little Clipper Creek downstream 
of Greenhorn Road and upstream of the confluence with Clipper Creek will be considered 
in a separate FS as part of the Lost Lake OU. Greenhorn Road was selected as a boundary 
between the Lava Cap Mine Area OU and Lost Lake OU; however, this boundary is flexible. 
EPA may decide to extend remedial actions implemented as part of the Mine Area OU to 
just downstream of Greenhorn Road if remedial actions in these areas have a similar level of 
administrative and technical feasibility.   

Approximate property boundaries and residences along Little Clipper Creek are shown on 
Sheet 11. The estimated extent of flooding of Little Clipper Creek during the January 1997 
storm event is shown as well. The flood widths were approximated using the Manning 
equation, in conjunction with a peak discharge value and channel characteristics. The peak 
discharge value was derived for the January 1997 rainfall event using the U.S. Army Corps 
of Engineers’ HEC-1 Flood Hydrograph Package.  

One primary area of deposition exists along the Little Clipper Creek corridor, upstream of 
Greenhorn Road. This area of deposition corresponds to a wider portion of the Little 
Clipper Creek channel, where there are marked decreases in gradient. The area of deposi-
tion correlates with the area where the flooded width of Little Clipper Creek was the widest. 
The area of deposition accumulated much thicker deposits of tailings than other areas 
flooded during the 1997 and earlier flood events, and would be the target area of remedial 
actions. The extent of the area of deposition upstream of Greenhorn Road was delineated 
using field observations in combination with the estimated extent of flooding of Little 
Clipper Creek during the January 1997 storm event. The extent of deposition, as used for 
development and cost estimating of the alternatives, is shown on Sheets 12 and 13 of 
Appendix A. Additional data collection during the remedial design phase would be used to 
refine this area. Remaining areas along this section of Little Clipper Creek have small, iso-
lated areas of tailings and would not be subject to remedial actions. A summary of the 
alternatives developed for Little Clipper Creek upstream of Greenhorn Road is shown in 
Table 4-7. 
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TABLE 4-7 
Remedial Alternatives for Little Clipper Creek 
Lava Cap Mine Area Feasibility Study 

 General Response  Remedial Alternatives 

Media Action Component 3-1 3-2 3-3 3-4 

 No Action  X    

Tailings, Soil, 
and Sediment 

Institutional Controls Access and/or Land Use 
Restrictions 

 X X  

 Containment Soil Cap   X  

 Excavation Soil Excavation    X 

Surface Water Institutional Controls Access and/or Land Use 
Restrictions 

 X X  

 Monitoring Surface Water   X X X 

 Surface Water 
Controls 

Channelize Little Clipper 
Creek 

  X  

4.3.1 Alternative 3-1 - No Action 
Alternative 3-1 is included to serve as a baseline for comparison with other alternatives. The 
no-action alternative does not include active remediation or monitoring. No cost is associ-
ated with this alternative. 

4.3.2 Alternative 3-2 - Institutional Controls 
As a minimal action alternative, Alternative 3-2 includes access and use restrictions to limit 
exposure to human receptors and surface-water monitoring to identify potential impacts to 
surface water from tailings-impacted sediment in Little Clipper Creek downstream of the 
mine area.  

4.3.2.1 Access and Land Use Restrictions 
To limit human exposure to contaminated soil, signs would be posted along the creek chan-
nel indicating the presence of arsenic-contaminated sediment, prohibiting trespassing, and 
prohibiting recreational activities. Land use restrictions would be developed to prohibit rec-
reational activities and prevent intrusive activities such as construction or excavation in the 
areas of contamination. As discussed for Alternative 1-2, institutional controls could involve 
the use of governmental controls, proprietary controls, enforcement and permit tools, or 
informational devices. For cost estimation, it was assumed an inspection of property trans-
actions would be required to verify that land use restrictions were maintained, and periodic  
site inspections would be conducted to verify land use and maintenance of signage. Because 
this is in an area of uncontrolled public access, quarterly site inspections were assumed for 
Little Clipper Creek. 

4.3.2.2 Surface-water Monitoring 
For alternative development and cost estimation, it was assumed surface-water monitoring 
would be conducted quarterly to identify potential impacts to surface water from tailings-
impacted sediment during both high- and low-flow conditions. Quarterly monitoring of 
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Little Clipper Creek downstream of the current location of the log dam is included in alter-
natives for the mine buildings, tailings, and waste rock. For this alternative, an additional 
surface-water sample would be collected in Little Clipper Creek just upstream of Greenhorn 
Road to identify potential impacts from contaminated tailings in the Little Clipper Creek 
channel downstream of the mine area. Samples would be analyzed for total and dissolved 
metals. 

4.3.3 Alternative 3-3 - Capping and Channelization 
Alternative 3-3 is designed to limit migration of contaminated sediment by channelizing 
Little Clipper Creek and limit human and ecological exposure to contaminated sediment by 
capping the contaminated sediment and implementing land use restrictions. The major 
components of Alternative 3-3 are shown on Sheet 12 in Appendix A. 

4.3.3.1 Land Use Restrictions 
No signs would be used to restrict access to Little Clipper Creek because the primary area of 
tailings deposition would be capped. Land use restrictions would be implemented to 
prevent intrusive activities, such as construction or excavation, that would compromise the 
soil cover.  

4.3.3.2 Channelize Little Clipper Creek 

Conceptual Design Basis and Assumptions. Little Clipper Creek would be channelized 
through the primary area of deposition upstream of Greenhorn Road. The conceptual 
design of the channel is based on the 100-year return flow, which was estimated in the 
Hydrologic Analysis (Appendix E) to be about 400 cfs for Little Clipper Creek just upstream 
of the confluence with Clipper Creek. The 100-year design flow would likely vary between 
200 cfs at the log dam to just under 400 cfs at Greenhorn Road. The design flow of 400 cfs 
was selected as a conservative assumption and results in an increase of approximately 
20 percent in construction materials based on a linear width of channel (see Appendix C). 

Description. The extent of channelization of Little Clipper Creek and a cross-section of the 
channel are shown on Sheet 12 of Appendix A. Approximately 850 feet of Little Clipper 
Creek north of Greenhorn Road would be channelized. The channel would be lined with a 
60-mil HDPE liner and gabions as discussed in Alternative 2-2. The Little Clipper Creek 
channel would be 10 feet wide at the base, 5 feet in depth, and would have 2:1 sideslopes.  

4.3.3.3 Cap Sediment with Soil and Revegetate 

Conceptual Design Basis and Assumptions. Sediment in the primary area of deposition 
upstream of Greenhorn Road would be capped. The extent of capping was approximated 
using field observations in combination with the estimated extent of flooding during the 
January 1997 storm event.  

Description. Sediment in the primary area of deposition outside of the Little Clipper Creek 
channel would be covered with 2 feet of uncontaminated soil. The total volume of uncon-
taminated soil required to cap sediment within the estimated flooding extent in the area of 
deposition is 2,060 cy. The soil would be transported from an offsite borrow source. Fol-
lowing placement of the cover soil, the site would be revegetated to reduce erosion poten-
tial. The site would be vegetated to match existing or native vegetation, including shrubs 
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and ground cover layers such as hydrophytic ferns, grasses, rushes, sedges, willow, and 
bigleaf maple, and tree cover including Ponderosa pine, Douglas fir, incense cedar, Oregon 
ash, and white alder. The total area requiring soil cap and revegetation would be 0.6 acre 
(28,000 square feet). 

4.3.3.4 Road Improvements 
Because of limited access to Little Clipper Creek upstream of Tensy Lane, extensive road 
improvements would be required to implement Alternative 3-3. Existing roads providing 
access to Little Clipper Creek are highlighted on Sheet 12 in Appendix A. Approximately 
450 feet of road would need to be constructed to provide truck access to the area of depo-
sition upstream of Tensy Lane.  

4.3.3.5 Surface-Water Monitoring 
Periodic surface-water monitoring would be conducted in Little Clipper Creek just 
upstream of Greenhorn Road as described for Alternative 3-2. 

4.3.4 Alternative 3-4 - Excavation 
Alternative 3-4 is designed to prevent migration of contaminated sediment in Little Clipper 
Creek and to prevent exposure to human and ecological receptors by excavating contami-
nated sediment in the primary area of deposition. The estimated extent of excavation is 
shown on Sheet 13 in Appendix A.  

4.3.4.1 Excavate Contaminated Sediment 

Conceptual Design Basis and Assumptions. Tailings in the primary area of deposition 
upstream of Greenhorn Road would be excavated. The extent of excavation was approxi-
mated using field observations in combination with the estimated extent of flooding during 
the January 1997 storm event. An average depth of excavation of one foot is assumed. 

Description. The primary area of deposition north of Greenhorn Road would be excavated to 
an average depth of approximately 1 foot. Excavation would occur during low flow in the 
summer months. Flow would be piped around the work area to allow remediation in the 
creek channel. For cost estimation, it was assumed sediment outside of the Little Clipper 
Creek channel would be excavated primarily by an excavator and a scraper. To avoid 
removing large-diameter trees and to reduce the impact on riparian habitat, excavation of 
sediment may need to be conducted by hand crews rather than using heavy equipment, 
especially at locations within the channel. During excavation activities, large-diameter rock 
would be separated and stockpiled. Confirmation soil samples would be taken following 
excavation to verify that removal is complete. The total volume of excavated soil would be 
approximately 2,000 cy.  

Following excavation, the area would be graded to re-establish the creek channel. A rolled 
erosion control product consisting of a temporary matrix of degradable natural or polymer 
fibers would be placed along the banks of the channel to allow shoreline stabilization during 
revegetation. The creek bed and banks would also be stabilized with stockpiled rock. The 
site would be revegetated to re-establish existing vegetation, as described in Alternative 3-3.  
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As in Alternative 3-3, road construction would be required to provide access to the entire 
length of the area of excavation. Depending on the alternative chosen for the tailings in the 
mine area, the excavated sediment would be: (1) consolidated with the tailings and waste 
rock pile for regrading or capping, (2) disposed of in a Class II landfill, or (3) disposed of in 
an onsite disposal cell. Cost estimates developed for these disposal options are presented in 
Table 4-2. 

4.3.4.2 Surface-Water Monitoring 
Periodic surface-water monitoring would be conducted in Little Clipper Creek just 
upstream of Greenhorn Road as described for Alternative 3-2. 
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SECTION 5.0 

Detailed Analysis of Remedial Alternatives 

In this section, detailed analysis is performed on alternatives developed for specific subareas 
of the Lava Cap Mine Area OU (Mine Area Residences; Mine Buildings, Tailings, and Waste 
Rock; and Little Clipper Creek). As discussed in Section 1.0, groundwater is being evaluated 
as part of a separate OU and will not be addressed in this FS. Contaminated tailings, soil, 
sediment, and surface water in Little Clipper Creek and downgradient from Greenhorn 
Road and Lost Lake are being evaluated as part of the Lost Lake OU and are also not 
included in this FS. 

The alternatives are evaluated in detail based on the standard criteria specified in the Guid-
ance for Conducting Remedial Investigations and Feasibility Studies Under CERCLA (U.S. EPA, 
1988). The alternatives are evaluated individually against each criterion, and then the differ-
ent alternatives developed for a subarea are compared to determine specific strengths and 
weaknesses that must be balanced. The results of the detailed analysis support the selection 
of a remedial action and the foundation for the ROD. 

The nine CERCLA evaluation criteria include the following: 

 Overall protection of human health and the environment 
 Compliance with ARARs 
 Long-term effectiveness and permanence 
 Reduction of toxicity, mobility, or volume through treatment 
 Short-term effectiveness 
 Implementability 
 Cost 
 State acceptance 
 Community acceptance 

The NCP [40 CFR Section 300.430(e)(9)(iii)] categorizes these nine criteria into three groups: 
(1) threshold criteria, (2) primary balancing criteria, and (3) modifying criteria. Each type of 
criteria has its own weight when it is evaluated. Threshold criteria are requirements that 
each alternative must meet to be eligible for selection as the preferred alternative, and 
include overall protection of human health and the environment and compliance with 
ARARs (unless a waiver is obtained). 

Primary balancing criteria are used to weigh effectiveness and cost tradeoffs among alterna-
tives. The primary balancing criteria include long-term effectiveness and permanence; 
reduction of toxicity, mobility, or volume through treatment; short-term effectiveness; 
implementability; and cost. The primary balancing criteria represent the main technical cri-
teria upon which the alternatives evaluation is based.  

Modifying criteria include state acceptance and community acceptance, and may be used to 
modify aspects of the preferred alternative when preparing the ROD. Modifying criteria are 
generally evaluated after public comment on the FS and the Proposed Plan. Accordingly, 
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only the seven threshold and primary balancing criteria are considered in the detailed 
analysis phase. The following sections contain descriptions of the first seven evaluation 
criteria, individual evaluations of the alternatives, and comparative evaluations for each 
subarea. Descriptions of the individual alternatives are provided in Section 4.0.  

5.1 Description of Evaluation Criteria 

5.1.1 Overall Protection of Human Health and the Environment 
This evaluation criterion assesses how each alternative provides and maintains adequate 
protection of human health and the environment. Alternatives are assessed to determine 
whether they can adequately protect human health and the environment from unacceptable 
risks posed by contaminants present at the site, in both the short and long term. This crite-
rion is also used to evaluate how risks would be eliminated, reduced, or controlled through 
treatment, engineering, institutional controls, or other remedial activities. The considera-
tions evaluated during the analysis of each alternative for overall protection of human 
health and the environment are presented in Table 5-1. 

TABLE 5-1 
Overall Protection of Human Health and the Environment 
Lava Cap Mine Area Feasibility Study 

Analysis Factors Considerations 

Human health protection Likelihood that the alternative reduces risk to human health through exposure 
to contaminants in soil and surface water by direct contact, ingestion, or 
inhalation. 

Environmental protection Likelihood that the alternative reduces the threat to unaffected groundwater, 
soil, or surface water by minimizing migration of contaminants.  

Likelihood that the alternative reduces risk to ecological receptors. 

 

5.1.2 Compliance with ARARs  
This evaluation criterion is used to determine if each alternative would comply with federal 
and state ARARs, or whether invoking waivers to specific ARARs is adequately justified. 
Other information, such as advisories, criteria, or guidance, is considered where appropriate 
during the ARARs analysis. The considerations evaluated during the analysis of the ARARs 
applicable to each alternative are presented in Table 5-2. Potential action-, location-, and 
chemical-specific ARARs for the alternatives presented in this FS are identified in 
Appendix D and summarized in Section 2.0.  

5.1.3 Long-term Effectiveness and Permanence 
This evaluation criterion addresses the long-term effectiveness and permanence of maintain-
ing the protection of human health and the environment after implementing the remedial 
action imposed by the alternative. The primary components of this criterion are the magni-
tude of residual risk remaining at the site after remedial objectives have been met and the 
extent and effectiveness of controls that might be required to manage the risk posed by 
treatment residuals and/or untreated wastes. The considerations evaluated during the 
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analysis of each alternative for long-term effectiveness and permanence are presented in 
Table 5-3. 

TABLE 5-2 
Compliance with ARARs 
Lava Cap Mine Area Feasibility Study 

Analysis Factors Considerations 

Chemical-specific ARARs Likelihood that the alternative will achieve compliance with chemical-specific 
ARARs within a reasonable period of time. 

 If it appears that compliance with chemical-specific ARARs will not be 
achieved, then evaluation of whether a waiver is appropriate. 

Location-specific ARARs Determination of whether any location-specific ARARs (e.g., preservation of 
wetlands) apply to the alternative. 

 Likelihood that the alternative will achieve compliance with the location-
specific ARAR. 

 Evaluation of whether a waiver is appropriate if the location-specific ARAR 
cannot be met. 

Action-specific ARARs Likelihood that the alternative will achieve compliance with action-specific 
ARARs (e.g., hazardous waste treatment regulations). 

 Evaluation of whether a waiver is appropriate if the action-specific ARAR 
cannot be met. 

Other criteria and guidance Likelihood that the alternative will achieve compliance with other criteria, 
such as risk-based criteria. 

 
TABLE 5-3 
Long-term Effectiveness and Permanence 
Lava Cap Mine Area Feasibility Study 

Analysis Factors Considerations 

Magnitude of residual risks Identity of remaining risks (risks from treatment residuals) as well as risks 
from untreated residual contamination. 

 Magnitude of the remaining risks. 

Adequacy and reliability of 
controls 

Likelihood that the technologies will meet required process efficiencies or 
performance specifications. 

 Type and degree of long-term management required. 

 Long-term monitoring requirements. 

 Operation and maintenance functions that must be performed. 

 Difficulties and uncertainties associated with long-term operation and main-
tenance functions. 

 Potential need for technical components replacement. 

 Magnitude of threats or risks should the remedial action need replacement. 

 Degree of confidence that controls can adequately handle potential 
problems. 

 Uncertainties associated with land disposal of residuals and untreated 
wastes. 

 

5.1.4 Reduction of Toxicity, Mobility, or Volume through Treatment 
This evaluation criterion addresses the anticipated performance of the alternative’s treat-
ment technologies in permanently and significantly reducing toxicity, mobility, and/or vol-
ume of hazardous materials at the site. The NCP prefers remedial actions where treatment is 
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used to reduce the principal threats at a site through destruction of toxic contaminants, irre-
versible reduction in contaminant mobility, or reduction of total volume of contaminated 
media. The considerations evaluated during the analysis of each alternative for reduction of 
toxicity, mobility, or volume of contaminants present at a given site are presented in 
Table 5-4. 

TABLE 5-4  
Reduction of Toxicity, Mobility, or Volume through Treatment  
Lava Cap Mine Area Feasibility Study  

Analysis Factors Considerations 

Treatment process and remedy Likelihood that the treatment process addresses the principal 
threat. 

 Special requirements for the treatment process. 

Amount of hazardous material destroyed or 
treated 

Portion (mass) of contaminant that is destroyed. 

Portion (mass) of contaminant that is treated. 

Reduction in toxicity, mobility, or volume Extent that the total mass of contaminants is reduced. 

 Extent that the mobility of contaminants is reduced. 

 Extent that the volume of contaminants is reduced. 

Irreversibility of treatment Extent that the effects of the treatment are irreversible. 

Type and quantity of treatment residual Residuals that will remain. 

 Quantities and characteristics of the residuals. 

 Risk posed by the treatment residuals. 

Statutory preference for treatment as a 
principal element 

Extent to which the scope of the action covers the principal threats. 

Extent to which the scope of the action reduces the inherent haz-
ards posed by the principal threats at the site. 

 

5.1.5 Short-term Effectiveness 
This evaluation criterion considers the effect of each alternative on the protection of human 
health and the environment during the construction and implementation process. The short-
term effectiveness evaluation only addresses protection prior to meeting the RAO. The con-
siderations evaluated during the analysis of each alternative for short-term effectiveness are 
presented in Table 5-5. 

5.1.6 Implementability 
This criterion evaluates the technical feasibility and administrative feasibility (i.e., the ease 
or difficulty) of implementing each alternative and the availability of required services and 
materials during its implementation. The considerations evaluated during the analysis of 
each alternative for implementability are presented in Table 5-6. 

5.1.7 Cost 
This criterion evaluates the cost of implementing each alternative. The cost of an alternative 
encompasses all engineering, construction, and operation and maintenance costs incurred 
over the life of the project. According to CERCLA guidance, cost estimates for remedial 
alternatives were developed with an expected accuracy range of –30 to +50 percent. 
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TABLE 5-5 
Short-term Effectiveness 
Lava Cap Mine Area Feasibility Study 

Analysis Factors Considerations 

Protection of the community during the remedial action Risks to the community that must be addressed. 

 How the risks will be addressed and mitigated. 

 Remaining risks that cannot be readily controlled. 

Protection of workers during remedial actions Risks to the workers that must be addressed. 

 How the risks will be addressed and mitigated. 

 Remaining risks that cannot be readily controlled. 

Environmental impacts Environmental impacts that are expected with the con-
struction and implementation of the alternative. 

 Mitigation measures that are available and their reli-
ability to minimize potential impacts. 

 Impacts that cannot be avoided, should the alternative 
be implemented. 

Time until remedial action objectives are achieved Time to achieve protection against the threats being 
addressed. 

 Time until any remaining threats are addressed. 

 Time until RAOs are achieved. 

 

TABLE 5-6 
Implementability 
Lava Cap Mine Area Feasibility Study 

Analysis Factors Considerations 

Technical Feasibility 

Ability to construct and operate the 
technology 

Difficulties associated with the construction. 

Uncertainties associated with the construction. 

Reliability of the technology Likelihood that technical problems will lead to schedule delays. 

Ease of undertaking additional remedial 
action 

Likely future remedial actions that may be anticipated. 

Difficulty implementing additional remedial actions. 

Monitoring considerations Migration or exposure pathways that cannot be monitored 
adequately. 

 Risks of exposure, should the monitoring be insufficient to detect 
failure. 

Administrative Feasibility 

Coordination with other agencies Steps required to coordinate with regulatory agencies. 

 Steps required to establish long-term or future coordination among 
agencies. 

 Ease of obtaining permits for offsite activities, if required. 
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TABLE 5-6 
Implementability 
Lava Cap Mine Area Feasibility Study 

Analysis Factors Considerations 

Availability of Services and Materials 

Availability of treatment, storage capacity, 
and disposal services  

Availability of adequate treatment, storage capacity, and disposal 
services. 
 
Additional capacity that is necessary. 
 
Whether lack of capacity prevents implementation. 
 
Additional provisions required to ensure that additional capacity is 
available. 

Availability of necessary equipment and 
specialists 

Availability of adequate equipment and specialists. 

Additional equipment or specialists that are required. 

Whether there is a lack of equipment or specialists. 

Additional provisions required to ensure that equipment and spe-
cialists are available. 

Availability of prospective technologies Whether technologies under consideration are generally available 
and sufficiently demonstrated. 

 Further field applications needed to demonstrate that the technolo-
gies could be used full-scale to treat the waste at the site. 

 When technology should be available for full-scale use. 

 Whether more than one vendor will be available to provide a com-
petitive bid. 

The costs of the remedial alternatives are compared using the estimated present value and 
the total accumulated cost of the alternative. The net present value allows costs for remedial 
alternatives to be compared by discounting all costs to the year that the alternative is imple-
mented. In the Guide to Developing and Documenting Cost Estimates During the Feasibility Study 
(EPA, 2000), EPA states that the commonly used assumption of a 30-year period of analysis 
for estimating present value is not recommended. Most of the remedial alternatives devel-
oped for this site require long-term operation and maintenance activities, including treat-
ment of seepage, surface and/or groundwater monitoring, access and use restrictions, and 
maintenance of constructed caps and channels. A duration of 50 years was chosen as the 
period of analysis rather than an assumption of 30 years. Operation and maintenance for 
many of remedial alternatives would extend beyond 50 years. However, the net present 
value reaches an asymptotic level for increasing periods of analysis, and large uncertainties 
exist with regard to technological advances that would occur for a duration of 100 to 
500 years.  

For all alternatives, the net present value was calculated using the real discount rate found 
in Appendix C of Office of Management and Budget Circular A-94. The real discount rate 
based on the economic assumptions from the 2004 Budget for programs with durations of 
30 years or longer is 3.2 percent.  
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The capital costs, annual O&M costs, and 50-year net present value for each of the alterna-
tives are summarized in Table 4-2. Detailed cost estimates and cost estimate assumptions 
are provided in Appendixes B and C, respectively.  

5.2 Individual Analysis of Alternatives 

5.2.1 Mine Area Residences 
Sheet 3 in Appendix A is the base map illustrating existing features in the mine area, 
including the mine area residences and approximate property boundary lines. Arsenic con-
centrations ranged from 100 to 1,750 mg/kg in surface soil samples collected around the 
three southern residences in the mine area. These concentrations exceed the surface soil 
background concentration of arsenic of 20 mg/kg (Appendix F and Section 2.0), and as a 
result, these areas were targeted for remedial action. 

The alternatives developed to address contaminated soil surrounding the mine area resi-
dences are described in detail in Section 4.1. For estimating costs of the specific alternatives, 
it was assumed that soil surrounding the northern residence would not require remediation. 
EPA has relocated the occupant of the residence located adjacent to stockpiled waste rock, in 
the center of Sheet 3. This residence will be abandoned, and the soil and waste rock sur-
rounding this residence is addressed in the alternatives for the Mine Buildings, Tailings, and 
Waste Rock.  

As indicated in Section 4.1, four alternatives have been analyzed for the Mine Area 
Residences: 

 Alternative 1-1 - No Action 
 Alternative 1-2 - Institutional Controls 
 Alternative 1-3 - Capping 
 Alternative 1-4 - Excavation 

These four alternatives are discussed in the following paragraphs. A summary of the 
detailed analysis for alternatives for the mine area residences alternatives is presented in 
Table 5-7. 

5.2.1.1 Alternative 1-1 - No Action 
The no-action alternative provides a baseline from which to analyze other alternatives. 

Overall Protection of Human Health and the Environment. The estimated excess lifetime cancer 
risk for residents in the mine area (Exposure Unit 3) was greater than the acceptable range 
for site-related exposures, defined by EPA as between 1 x 10-6 and 1 x 10-4. Arsenic was 
determined to be the primary risk driver mainly through the incidental soil ingestion expo-
sure pathway. The no-action alternative would not eliminate, reduce, or control the risk to 
residents at the Lava Cap Mine because exposure to contaminants through direct contact, 
ingestion, and/or inhalation would be possible. There would be unlimited access to con-
taminated soil, and future activities (such as excavation and construction) would not be 
monitored or restricted.  
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Compliance with ARARs. No chemical-, action-, or location-specific ARARs are applicable to 
this alternative. 

Long-term Effectiveness and Permanence. All current and future risks remain under Alter-
native 1-1. Untreated residual contamination in soil would continue to pose a risk to human 
health. No controls would be implemented to manage untreated wastes. 

Reduction of Toxicity, Mobility, or Volume through Treatment. There is no reduction of toxicity, 
mobility, or volume through treatment because no treatment technologies would be 
employed. No treatment residuals would be generated.  

Short-term Effectiveness. Because no remedial action would be taken under Alternative 1-1, 
no short-term risks to the community or to workers would occur as a result of implementing 
the alternative. Similarly, no environmental impact from construction activities would 
occur. RAOs for soil would not be met because human exposure to contaminants in soil 
would not be controlled, and arsenic contamination would continue to present an unaccept-
able risk to human health. 

Implementability. The no-action alternative is implementable, and no permits would be 
required. 

Cost. No cost is associated with the no-action alternative. 

5.2.1.2 Alternative 1-2 - Institutional Controls 
A detailed description of Alternative 1-2 is available in Section 4.1.2. Access and use restric-
tions would be implemented, which would include prohibiting occupation of mine area 
residences in areas of soil contamination.  

Overall Protection of Human Health and the Environment. Access and use restrictions imple-
mented in Alternative 1-2 would prohibit occupation of mine area residences in areas of soil 
contamination, thereby reducing the human health risk associated with incidental ingestion 
of contaminated soil in the surrounding area. Prohibiting occupation of mine area resi-
dences would also reduce risks to residents posed by source area contamination, addressed 
in alternatives for the mine buildings, tailings, and waste rock. 

Compliance with ARARs. No chemical- or location-specific ARARs are applicable to this 
alternative. This alternative would comply with DTSC’s Land Use Covenants Regulations 
(22 CCR §67391.1). As such, the institutional controls would be signed by DTSC and the 
landowner, recorded in the county where the land is located, and continue in perpetuity 
unless modified or terminated in accordance with applicable law. Response action decision 
documents would contain an implementation plan and enforcement plan. Public notice 
would be provided of the response action decision document, including notification of 
affected local and state agencies and the affected community.  

Long-term Effectiveness and Permanence. Arsenic contamination in soil would remain. How-
ever, Alternative 1-2 manages the risks to human health posed by untreated contaminated 
soil by prohibiting residential use. Institutional controls would require long-term enforce-
ment and agency coordination to be effective. EPA can enforce the implementation of insti-
tutional controls, but the maintenance of institutional controls is frequently the respon-
sibility of state and local governments. For greater effectiveness, institutional controls would 
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TABLE 5-7 
Mine Area Residences Comparative Analysis Matrix 
Lava Cap Mine Area Feasibility Study 

Remedial 
Alternative Major Components 

Threshold Criteria Balancing Criteria 

Protection of Human Health and 
the Environment 

 
Compliance with ARARs 

Long-term Effectiveness and 
Permanence 

Reduction in Toxicity, Mobility, 
or Volume Short-term Effectiveness Implementability 

Estimated 
Net Present Value 

($) 

Alternative 1-1: No 
Action 

None C – RAOs would not be achieved. 
Risks to health of residents in the 
mine area would be above 
acceptable range.  

No grade assigned because 
there are no chemical-, action-, 
or location-specific ARARs 
applicable. 

C –Future risks to human health 
would not be diminished. 

C – No treatment or reduction in 
TMV of soil contamination. 

C – No remedial action; therefore, 
no additional impacts to 
populations from implementation. 
RAOs would not be achieved. 

A – Implementable.  0 

Alternative 1-2: 
Institutional 
Controls 

Access and Land Use 
Restrictions 

A – Controls human exposure to 
site contamination through access 
and use restrictions, as long as 
they are actively enforced. 

A – Complies with DTSC’s Land 
Use Covenants Regulations 
governing implementation of 
institutional controls. 

B – Residual risk of arsenic 
contamination would not be 
eliminated; however, risk would be 
controlled using access and land 
use restrictions. Institutional 
controls would require long-term 
enforcement and agency 
coordination to be effective.  

C – No treatment or reduction in 
TMV of soil contamination. 

A – No construction activities; 
therefore, no additional impacts to 
populations from implementation. 
RAO of protection of human 
exposure to contaminated soil 
would be achieved rapidly, as long 
as institutional controls are actively 
enforced.  

B – Implementation of institutional 
controls would require coordination 
with state and local governments 
and the property owner(s). 

46,000 

Alternative 1-3: 
Capping 

Soil Cover 

Land Use Restrictions 

A – Limits exposure of residents 
and ecological receptors to site 
contamination by covering 
contaminated soil adjacent to 
residences and implementing land 
use controls. 

A – Complies with DTSC’s Land 
Use Covenants Regulations 
governing implementation of 
institutional controls. 

B – Residual risk of arsenic 
contamination would not be 
eliminated. However, risk to human 
health would be controlled, provided 
the soil cover is maintained and 
land use restrictions are enforced. 

B – Capping reduces the mobility 
of the contaminated soil.   

B – Risk to the community, onsite 
workers, and the environment from 
dust, noise, and truck traffic would 
be minimized by appropriate 
controls and protective measures. 
RAOs would be achieved rapidly.  

B – Implementable; soil cover 
technology is considered reliable; 
equipment and technology are 
available. Implementation of 
institutional controls would require 
coordination with state and local 
governments and the property 
owner(s). 

250,000 

Alternative 1-4: 
Excavation 

Excavation 

 

 

A – Provides protection of human 
health by removing contaminated 
soil surrounding the residences 
and backfilling with 
uncontaminated soil. 

A – Complies with ARARs. 
Excavation and disposal would 
comply with chemical-, and 
action-specific ARARs. No 
location-specific ARARs have 
been identified as applicable. 

A – Excavation and disposal would 
provide effective and permanent 
reduction of risk to mine area 
residents. Long-term management 
and monitoring would be required 
for onsite disposal or consolidation 
with tailings. 

A – TMV of arsenic-contaminated 
soil adjacent to residences would 
be reduced through excavation 
and offsite disposal, onsite 
disposal, or consolidation with 
tailings for capping. 

B – Risk to the community, onsite 
workers, and the environment from 
dust, noise, and truck traffic would 
be minimized by appropriate 
controls and protective measures. 
RAOs would be achieved rapidly.  

A – Implementable; excavation 
technology is considered reliable; 
equipment and technology are 
available. 

1-4A (Consolidate with Tailings) 
310,000 

1-4B (Offsite Disposal)  

Disposal in Class II facility 
500,000 

Additional contingency cost if 
dispose in Class I facility 

430,000 

1-4C (Onsite Disposal) 
350,000 

Notes:    

Qualitative assessment of the results of criteria evaluation: 

A – Favorable  

B – Favorable with qualifiers 

C – Not favorable 
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be implemented in a layered strategy, involving components from general categories of 
governmental controls, proprietary controls, enforcement and permit tools, and/or informa-
tional devices. Proprietary or governmental controls are generally more enforceable and can 
apply to multiple property owners. 

Reduction of Toxicity, Mobility, or Volume through Treatment. Alternative 1-2 would not 
include treatment for the reduction of toxicity, mobility, or volume of arsenic contamination 
in soil. 

Short-term Effectiveness. No construction activities would be implemented as part of Alter-
native 1-2; therefore, no short-term risks to the community or workers would arise during 
the remedial action. Access and land use restrictions would be implemented rapidly. Once 
access and use restrictions are implemented, RAOs to protect against the exposure of 
humans to contaminants in soil that pose an unacceptable risk would be achieved, assuming 
the restrictions are actively enforced. 

Implementability. Implementation of institutional controls would require coordination with 
state and local governments and the property owner(s). Implementation and enforcement of 
institutional controls can be difficult depending on the type of control. If the institutional 
control is a form of governmental control, such as a zoning restriction, ordinance, or statute, 
the institutional control would be implemented and enforced by the state or local 
government.  

If the institutional controls involve proprietary controls, legal instruments such as ease-
ments and covenants would be placed in the chain of titles of the site or property. Proprie-
tary controls can be complicated to implement and must consider the individual rights of 
the property owner with respect to his or her property. For a proprietary control to be put in 
place, a transaction may occur in which the property interest is conveyed from the owner to 
some other party who will be the holder, and in some cases, the enforcer of the interest.  

EPA is authorized, under CERCLA Section 104(j), to acquire (by purchase, lease, or other-
wise) real property interests, such as easements, needed to conduct a remedial action pro-
vided that the state is willing to accept transfer of the interest following the remedial action. 
The NCP requires that (for fund-financed sites) the state ensure that institutional controls 
implemented as part of the remedial action are in place, are reliable, and will remain in 
place after the initiation of operation and maintenance [40 CFR 300.510(c)(1)]. For 
Superfund-financed and private sites, the NCP also requires the state to hold any interest on 
property that is acquired (once the site goes into O&M) to ensure the reliability of institu-
tional controls [40 CFR 300.510(f)]. 

Enforcement and permit tools can be used to compel the landowner to limit certain site 
activities. Enforcement agreements are only binding on the signatories, and the property 
restrictions are not transferred through a property transaction.  

Informational devices can include state registries of contaminated properties, deed notices, 
and advisories. Informational devices are not directly enforceable and may be used in a lay-
ered strategy of implementing institutional controls.  

Cost. The estimates of capital cost, annual cost, and net present value to implement Alter-
native 1-2 are summarized in Table 4-2. For Alternative 1-2, the capital costs include labor 
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associated with changing the residential zoning. An annual cost was estimated to include 
verifying that land use restrictions are maintained during property transactions and for 
annual site inspections to verify land use. To calculate the net present value, the total project 
duration was estimated as 50 years of continued institutional controls. 

5.2.1.3 Alternative 1-3 - Capping 
A detailed description of Alternative 1-3 is available in Section 4.1.3. Contaminated soil sur-
rounding residences would be covered with 2 feet of uncontaminated soil and seeded to 
establish a vegetative cover. Land use restrictions would be implemented to protect the 
integrity of the soil cover.  

Overall Protection of Human Health and the Environment. Alternative 1-3 would provide pro-
tection of human health by covering contaminated soil adjacent to mine area residences. 
Land use restrictions would be implemented to limit the potential for intrusive activities 
that could compromise the integrity of the soil cover.  

Compliance with ARARs. No chemical-specific ARARs would apply to this alternative. As 
discussed for Alternative 1-2, this alternative would comply with DTSC’s Land Use 
Covenants Regulations. Currently, no significant cultural, historical, archaeological, or eco-
logical resources have been identified near the mine area residences. As a result, no location-
specific ARARs have been identified that would require consideration during the remedial 
action. In the event that any significant cultural, historical, archaeological, or ecological 
resources are identified during site activities or construction activities, location-specific 
ARARs would govern the actions taken during the remedial action. 

Long-term Effectiveness and Permanence. Arsenic contamination would remain in the soil; 
however, Alternative 1-3 manages the risks to human health posed by untreated contami-
nated soil by covering soil to prevent direct contact and prohibiting intrusive activities. The 
soil cover would require periodic inspections and maintenance to ensure the integrity of the 
physical barrier and limit future contact of receptors with contaminated soil. As discussed 
for Alternative 1-2, effective enforcement of institutional controls would require coordina-
tion with state and local governments. Greater effectiveness would be attained by imple-
menting institutional controls in a layered strategy, involving components from general 
categories of governmental controls, proprietary controls, enforcement and permit tools, 
and/or informational devices. 

Reduction of Toxicity, Mobility, or Volume through Treatment. Alternative 1-3 would not 
include treatment for the reduction of toxicity, mobility, or volume of arsenic contamination 
in soil. However, the mobility of the contaminated soil would be reduced via the cap. 

Short-term Effectiveness. Installation of the cap may generate dust and noise that could pose 
risks to human health or ecological receptors. Effects of dust would be mitigated through 
dust control measures, such as application of water. Assuming 20-cubic-yard dump trucks, 
more than one hundred truckloads of uncontaminated soil would be required for the soil 
cover. Noise impacts from truck traffic during soil transport would be mitigated through 
scheduling or noise suppression devices such as mufflers. Residents would likely be tempo-
rarily relocated during construction activities. 



SECTION 5.0 DETAILED ANALYSIS OF REMEDIAL ALTERNATIVES 

RDD\032940081 (CAH2505.DOC) 5-13 

Covering and revegetation of soils would be completed within one construction season. As 
discussed for Alternative 1-2, land use restrictions would be implemented rapidly. RAOs to 
protect human health would be achieved with the construction of the soil cover and imple-
mentation of land use controls.  

Implementability. The equipment and labor required to install the soil cover are available and 
would be provided by an environmental contractor. Uncontaminated soil would need to be 
obtained from a local borrow source. As discussed for Alternative 1-2, implementation of 
institutional controls would require coordination with state and local governments and the 
property owner(s). 

Cost. The estimates of capital cost, annual cost, and net present value to implement Alterna-
tive 1-3 are summarized in Table 4-2. Capital costs include purchase of uncontaminated soil 
and construction of the soil cover. Annual costs include costs associated with maintenance 
of the soil cover and land use restrictions. The total project duration was estimated as 
50 years of cover maintenance and continued land use controls. 

5.2.1.4 Alternative 1-4 - Excavation 
A detailed description of Alternative 1-4 is available in Section 4.1.4. Contaminated soil sur-
rounding the residences would be excavated and disposed of offsite. The excavated area 
would be backfilled with uncontaminated soil and seeded to reestablish existing vegetation. 
Depending on the alternative chosen for the tailings in the mine area, the excavated soil 
would be: (1) consolidated with the tailings and waste rock pile for regrading or capping, 
(2) disposed of in a Class II landfill, or (3) disposed of in an onsite disposal cell.  

Overall Protection of Human Health and the Environment. Alternative 1-4 would provide pro-
tection of human health by removing contaminated soil surrounding the residences and 
replacing the excavated material with uncontaminated soil. Disposal of the excavated soil 
would be dependent on the alternative chosen for the tailings in the mine area; however, the 
excavated soil would be managed in a manner to prevent contaminant migration or receptor 
exposure. The contaminated soil would be disposed in an approved onsite or offsite engi-
neered containment system or incorporated with the tailings and managed with surface soil 
controls or a cap.  

Compliance with ARARs. Alternative 1-4 would comply with ARARs. Disposal would com-
ply with chemical-specific and action-specific ARARs that govern the classification, storage, 
transportation, and/or disposal of potentially hazardous materials. Wastes would be char-
acterized to determine the appropriate classification based on RCRA and California hazard-
ous waste determination regulations. TCLP and STLC testing results for tailings indicate soil 
excavated from around the mine area residences would be classified as nonhazardous and 
meet the requirements of a Class II offsite disposal facility. Air quality regulations that 
apply to fugitive dust control would be met during excavation activities. As discussed for 
Alternative 1-3, no significant cultural, historical, archaeological, or ecological resources 
have been identified near the mine area residences. In the event that any significant cultural, 
historical, archaeological, or ecological resources are identified during site activities or con-
struction activities, location-specific ARARs would govern the actions taken during the 
remedial action. 
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Long-term Effectiveness and Permanence. Alternative 1-4 provides permanent and long-term 
effectiveness in protecting human health because contaminants in soil surrounding the resi-
dences would be physically removed. Long-term management and monitoring would be 
required for the onsite disposal facility or in the case that excavated soil is consolidated with 
tailings onsite. 

Reduction of Toxicity, Mobility, or Volume through Treatment. Alternative 1-4 would reduce 
the mobility of contaminated soil surrounding the residences through excavation and dis-
posal. Because the soil would not be treated, the inherent toxicity and volume of arsenic 
contamination in the soil would not be reduced. But the toxicity and volume of soil contami-
nation in this subarea, adjacent to the mine area residences, would be reduced through 
removal and containment during disposal.  

Short-term Effectiveness. As discussed for Alternative 1-3, mitigation measures would be 
employed to limit potential impacts to humans and ecological receptors during construction 
activities. More than one hundred truckloads would be required to transport excavated 
material for potential offsite disposal, and a similar number of truckloads would be required 
for the soil backfill. Hazards posed to workers by excavation activities would be addressed 
through compliance with a Construction Quality Assurance Plan (CQAP), a Health and 
Safety Plan (HSP), and pertinent Occupational Safety and Health Administration (OSHA) 
regulations governing excavation activities. Spill prevention measures such as tarps, liners, 
and covers would be implemented during the transportation of contaminated soil to the 
disposal location. Residents would likely be temporarily relocated during construction 
activities. 

All temporarily stockpiled soils would be covered during off-hours to reduce potential dust 
emissions. Soil excavation would be accomplished within one construction season. RAOs to 
protect human health would be achieved following completion of the soil excavation 
activities. 

Implementability. Alternative 1-4 is readily implementable and reliable. Excavation is a com-
monly used and well-proven method of removing contaminated surface and subsurface 
materials from hazardous waste sites. The equipment, labor, and materials needed to imple-
ment this alternative are available and would be provided by an environmental contractor. 
Following removal of contaminated soil, the excavation void would be backfilled to return 
the site to surface contours compatible with planned land use. The backfill would consist of 
uncontaminated soil obtained from a local borrow source. Disposal of excavated soil in a 
Class II landfill would be contingent on contaminant concentrations being below TCLP and 
STLC concentrations during waste characterization. 

Cost. The estimates of capital cost, annual cost, and net present value to implement Alter-
native 1-4 are summarized in Table 4-2. Capital costs include the cost of excavation and dis-
posal of contaminated soil and purchase and placement of backfill. Disposal depends on the 
alternative chosen for the tailings in the mine area, and costs were developed for three 
options: (1) consolidation with the tailings and waste rock pile for regrading or capping, 
(2) offsite disposal in a Class II landfill, or (3) disposal in an onsite disposal cell.  

Offsite disposal costs assume excavated soil would not be classified as a RCRA or non-
RCRA, state-only hazardous waste. This assumption is based on TCLP and STLC test results 
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for tailings samples taken in August 2001. The average arsenic concentration of 730 mg/kg 
detected in surface soil samples collected around the eastern mine area residences is lower 
than the arsenic concentrations in the waste rock and tailings pile surface samples, which 
averaged 1,340 mg/kg. All samples of tailings passed TCLP tests, and only one sample 
exceeded STLC requirements. If the excavated soil failed STLC testing and required disposal 
as a non-RCRA hazardous waste, the disposal cost for 2,700 cy of excavated material 
evaluated in this alternative would increase from the current disposal estimate of $230,000 
for a Class II facility to $660,000 for a Class I facility. 

5.2.2 Mine Buildings, Tailings, and Waste Rock 
Sheet 3 in Appendix A is the base map illustrating existing features in the mine area, as well 
as approximate property boundary lines. This section presents the evaluation of remedial 
alternatives for the tailings, waste rock, and mine buildings in the mine area. Media targeted 
by these remedial actions include tailings, soil, sediment, and surface water with contami-
nant concentrations exceeding cleanup goals presented in Section 2.0.  

As indicated in Section 4.2, six alternatives have been analyzed for the Mine Buildings, 
Tailings, and Waste Rock: 

 Alternative 2-1 - No Action 
 Alternative 2-2 - Surface Soil Controls and Buttress Construction 
 Alternative 2-3 - Capping and Buttress Construction 
 Alternative 2-4 - Capping, Stabilization, and Buttress Construction 
 Alternative 2-5 - Excavation and Onsite Disposal 
 Alternative 2-6 - Excavation and Offsite Disposal 

These six alternatives are described in detail in Section 4.2 and discussed in the following 
paragraphs. A summary of the detailed analysis for alternatives for the mine buildings, 
tailings, and waste rock is presented in Table 5-8. 

5.2.2.1 Alternative 2-1 - No Action 

The no-action alternative provides a baseline from which to analyze other alternatives. 

Overall Protection of Human Health and the Environment. The estimated excess lifetime cancer 
risks for future mine workers (Exposure Unit 1) and mine area residents (Exposure Unit 3) 
were greater than the acceptable range for site-related exposures, defined by EPA as 
between 1 x 10-6 and 1 x 10-4. Arsenic was determined to be the primary risk driver for both 
exposure units primarily through the incidental soil ingestion exposure pathway. The no-
action alternative would not eliminate, reduce, or control the risk under the occupational or 
residential scenario at the Lava Cap Mine because exposure to contaminants through direct 
contact, ingestion, and/or inhalation would be possible. There would be unlimited access to 
contaminated soil, and future activities (such as excavation and construction) would not be 
monitored or restricted.  

The Ecological Risk Assessment (EPA, 2001c) evaluated risks to fish, amphibians, terrestrial 
plants, soil invertebrates, soil microbial processes, and several species of birds and mam-
mals from mine-related contaminants in surface water, sediment, and soil. The Ecological 
Risk Assessment (ERA) concluded that mine-related contaminants pose a potential risk to 
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ecological receptors at the mine. The ERA results indicate that multiple contaminants of con-
cern in soils, sediments, and surface waters at the Lava Cap Mine site present ecological 
risks to multiple receptors. Overall, arsenic is the primary risk driver. Additionally, anti-
mony, cadmium, copper, cyanide, lead, mercury, silver, and zinc are dominant risk drivers 
in the mine area. Alternative 2-1 would not provide adequate protection of the ecological 
receptors because exposure to contaminated soil, sediment, and surface water is not elimi-
nated, reduced, or controlled.  

Alternative 2-1 would not provide adequate protection of the environment. Contaminated 
surface water seeps from the adit, tailings pile, and log dam would continue to impact 
surface-water quality downstream of the mine. Arsenic contamination in surface water in 
LCC downstream of the mine poses unacceptable risk to residents and recreational users 
along LCC (Exposure Unit 4) and significant risks to the environment. Migration of tailings 
through wind or water erosion would not be controlled, and the potential for release of 
tailings during a seismic or storm event would not be reduced.  

Compliance with ARARs. Alternative 2-1 would not comply with ARARs. As a result of con-
tinued migration of contaminated surface water downstream of the mine area, the no-action 
alternative would not comply with the RWQCB’s Basin Plan and State Water Resources 
Control Board (SWRCB) Resolution 92-49 to protect the beneficial uses of surface water. The 
continued adit discharge, seep from beneath the log dam, and seasonal tailings pile seep 
could be considered unauthorized discharges, and would not comply with the substantive 
requirements of chemical-specific ARARs, including the CTR criteria.  

The existing tailings impoundment would not comply with the siting and construction 
standards for existing mining units under Title 27 Mining Waste Management Regulations. 
ARARs require existing mining units to be protected from the 100-year peak streamflow and 
have precipitation and drainage controls.  

Long-term Effectiveness and Permanence. All current and future risks remain under Alter-
native 2-1. Untreated contamination in soil, sediment, and surface water would continue to 
pose a risk to human health and the environment. 

Reduction of Toxicity, Mobility, or Volume through Treatment. There would be no reduction of 
toxicity, mobility, or volume through treatment because no treatment technologies would be 
employed. No treatment residuals would be generated.  

Short-term Effectiveness. Because no remedial action would be taken under Alternative 2-1, 
no short-term risks to the community or to workers would occur as a result of implementing 
the alternative. Similarly, no environmental impact from construction activities would 
occur. RAOs would not be met. No actions would be taken to protect against human or eco-
logical exposure to contamination in soil, sediment, and surface water that poses a signifi-
cant risk. No effort would be made to remediate contaminants that exceed cleanup goals in 
soils, sediment, and surface water. The potential would not be diminished for migration of 
contaminated tailings and sediment during storm or seismic events. 

Implementability. The no-action alternative would be implementable, and no permits would 
be required. 

Cost. There would be no cost associated with the no-action alternative.
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TABLE 5-8 
Mine Buildings, Tailings, and Waste Rock Comparative Analysis Matrix 
Lava Cap Mine Area Feasibility Study 

Remedial 
Alternative Major Components 

Threshold Criteria Balancing Criteria 

Protection of Human Health 
and the Environment Compliance with ARARs 

Long-term Effectiveness and 
Permanence 

Reduction in Toxicity, 
Mobility, or Volume Short-term Effectiveness Implementability 

Estimated 
Net Present Value 

($) 

Alternative 2-1: No 
Action 

None C – RAOs would not be achieved. 
Risks to health of future workers 
and mine area residents would be 
above acceptable range. Risks to 
ecological receptors would not be 
diminished. Does not reduce 
potential for release or migration of 
tailings during seismic or storm 
events. Contaminated mine area 
seeps would continue to impact 
surface water quality in LCC. 

C – Continued discharge of 
mine area seeps would not 
comply with chemical-specific 
ARARs. Existing tailings 
impoundment would not comply 
with the siting and construction 
standards for existing mine 
units. 

C – Residual risk to human health 
and the environment would not be 
diminished. 

C – No treatment or reduction in 
TMV. 

C – No remedial action; therefore, 
no additional impacts to 
populations from implementation. 
RAOs would not be achieved. 

A – Implementable.  0 

Alternative 2-2: 
Surface Soil 
Controls and 
Buttress 
Construction 

Surface Soil Controls for Tailings 
and Waste Rock 

Buttress Construction 

Channelize LCC and Western 
Drainages 

Ex situ Chemical Treatment of Adit 
and Buttress Seepages 

Access and Land Use Restrictions 

 

 

B – Controls human exposure to 
contaminated soil and surface 
water through access and use 
restrictions, as long as they are 
actively enforced. Does not 
provide protection for ecological 
receptors to contaminated soil. 
Reduces potential for release or 
migration of tailings through 
buttress construction, stream 
channel modifications, and surface 
soil controls. Reduces TMV of con-
taminated surface water by 
eliminating or treating mine area 
seeps. 

A – Complies with ARARs. 
Treatment of mine area seeps 
would comply with chemical- 
and action-specific ARARs. 
Existing tailings impoundment 
would comply with the siting and 
construction standards for 
existing mine units. Complies 
with DTSC’s Land Use 
Covenants Regulations gov-
erning implementation of 
institutional controls. No 
location-specific ARARs are 
thought to be applicable. 

B – Residual risk of arsenic 
contamination would not be 
eliminated in soil or sediment. 
However, risks to human health 
and the environment would be 
controlled, provided access and 
use restrictions, surface soil 
controls, and channel diversions 
are maintained. C/MF would 
provide effective and permanent 
reduction of TMV of contaminated 
surface water, but would require 
long-term O&M. 

A – Reduction in TMV of arsenic 
contamination in surface water. 
Reduction in mobility of tailings 
and contaminated soil and 
sediment.  

A – Risk to the community, onsite 
workers, and the environment from 
dust, noise, and truck traffic would 
be minimized by appropriate 
controls and protective measures. 
Approximately 550 truck loads 
required for materials. RAOs for 
contaminated tailings, soil and 
sediment would be achieved 
rapidly. C/MF treatment system 
construction would likely occur 
after surface soil controls and 
buttress construction.  RAOs for 
remediation and control of 
contaminated surface water would 
be achieved once treatment 
system operational. 

A – Implementable. Implementation 
of institutional controls would 
require coordination with state and 
local governments and the property 
owner(s). Construction activities 
would use readily available conven-
tional construction equipment. C/MF 
treatment systems have been 
designed and operated at full-scale, 
and equipment is readily available 
from commercial vendors. 
Additional data on the flow rates of 
the adit and buttress would need to 
be collected prior to design. 

NPV without treatment 

3,400,000 

Low-flow treatment (2-2A)  

3,300,000 

High-flow treatment (2-2B) 
7,900,000 

Alternative 2-3: 
Capping and 
Buttress 
Construction 

Components of Alternative 2-2, 
and 

Cap Tailings Area 

Excavation and Hazard Abatement 
in and around Mine Buildings 

Regrade, Cover, and Vegetate 
Other Areas of Waste Rock 

A – Additional controls in 
Alternative 2-3 would provide 
greater protection of humans and 
ecological receptors by capping 
tailings, abating hazards and 
excavating areas of greatest 
contamination in and around mine 
buildings, and covering and 
vegetating waste rock. 
Impermeable cap further limits the 
infiltration of surface water and 
production of contaminated 
seepage from the buttress. 

A – Complies with ARARs. 
Treatment of mine area seeps 
would comply with chemical- 
and action-specific ARARs. 
Excavation and disposal would 
comply with chemical-specific 
and action-specific ARARs. 
Existing tailings impoundment 
would comply with the siting and 
construction standards for 
existing mine units. No location-
specific ARARs are thought to 
be applicable. 

 

B –Additional controls in Alter-
native 2-3 would provide greater 
long-term effectiveness than 
Alternative 2-2. Placement of an 
impermeable cap over tailings 
would more effectively reduce 
surface water infiltration. 
Placement of cover soil and 
revegetating other areas of waste 
rock would more effectively 
discourage removal or disturbance 
of waste rock. Hazard abatement 
and excavation in the mine 
buildings would remove hazards 
posed by some of the greatest 
contaminant concentrations onsite. 

A – Reduction in TMV of arsenic 
contamination in surface water. 
Reduction in mobility of tailings 
and contaminated soil and 
sediment. Impermeable cap 
further limits volume of 
contaminated seepage from the 
buttress. 

A – Same as Alternative 2-2, with 
controls and protective measures 
also required during excavation 
and disposal of highly 
contaminated material around 
mine buildings. Approximately 
1,700 truck loads required for 
materials.  

A – Implementable. Same as 
Alternative 2-2. 

NPV without treatment 

5,400,000 

Low-flow treatment (2-3A)  

3,300,000 

High-flow treatment (2-3B) 
7,900,000 

Alternative 2-4: 
Capping, Stabili-
zation, and 
Buttress 
Construction 

Components of Alternative 2-3, 
and 

In situ Stabilization of Tailings 

Demolition of Mine Buildings 

A - Cement stabilization of portion 
of tailings would increase the 
stability of tailings during seismic 
events and decrease the potential 
for contaminant leaching. Demoli-
tion of mine buildings removes 
physical hazards from deterio-
rating structures. 

A – Demolition of mine buildings 
requires consideration of the 
NHPA. 

B - Same as Alternative 2-3. 
Cement stabilization would be 
expected to permanently and 
effectively increase the shear 
strength and potentially decrease 
leaching potential of contaminants. 

A – Same as Alternative 2-3. 
Addition of cement to tailings 
decreases the leachability of 
contaminants, but increases the 
volume of contaminated material. 

A – Same as Alternative 2-3. A - Additives for tailings stabilization 
are readily available and 
inexpensive. Distributing cement 
and achieving uniform mixing in situ 
may be difficult. Demolition of mine 
buildings requires consideration of 
the NHPA. 

NPV without treatment 

6,300,000 

Low-flow treatment (2-4A)  

3,300,000 

High-flow treatment (2-4B) 
7,900,000 
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TABLE 5-8 
Mine Buildings, Tailings, and Waste Rock Comparative Analysis Matrix 
Lava Cap Mine Area Feasibility Study 

Remedial 
Alternative Major Components 

Threshold Criteria Balancing Criteria 

Protection of Human Health 
and the Environment Compliance with ARARs 

Long-term Effectiveness and 
Permanence 

Reduction in Toxicity, 
Mobility, or Volume Short-term Effectiveness Implementability 

Estimated 
Net Present Value 

($) 

Alternative 2-5: 
Excavation and 
Onsite Disposal 

Excavate Tailings 

Dispose of Tailings in Onsite 
Disposal Cell 

Excavation, Hazard Abatement, 
and Demolition of Mine Buildings 

Regrade, Cover, and Vegetate 
Waste Rock 

Restore LCC Channel 

Channelize Western Drainages 

Ex situ Chemical Treatment of Adit 
Seepage 

Access and Land Use Restrictions 

A – Tailings removal provides 
protection of mine area residents, 
future workers, and ecological 
receptors and eliminates the 
potential for migration or release of 
contaminated tailings. Onsite 
disposal cell would be maintained 
and monitored to minimize the 
potential for contaminant releases 
to groundwater. 

A - The onsite disposal cell 
would be constructed and 
maintained in compliance with 
action- and location-specific 
ARARs. Excavation and 
handling of wastes would 
comply with chemical-, and 
action-specific ARARs. 
Demolition of mine buildings 
requires consideration of the 
NHPA. 

B – Excavation and disposal in an 
engineered onsite disposal cell 
would provide effective and 
permanent reduction of risk to 
human health and the 
environment. Removal of tailings 
reduces volume of contaminated 
surface water seeps, and reduces 
O&M costs for treatment of mine 
seeps. Onsite disposal includes 
potential residual risks of 
contaminant releases to 
groundwater and requires prompt 
cover maintenance, leachate 
collection and recovery, leak 
detection, and groundwater 
monitoring. 

A – Mobility of arsenic-
contaminated tailings would be 
reduced through excavation and 
onsite disposal. Because tailings 
remain onsite for disposal, 
toxicity and volume would not be 
reduced. Design of onsite 
disposal cell would comply with 
Group A waste criteria to 
minimize potential for con-
taminant releases to 
groundwater. 

B – Requires significant handling 
of contaminated material during 
excavation, dewatering, and 
disposal of tailings. Approximately 
2,000 truck loads required for 
materials. Impacts from dust, 
noise, sediment migration, and 
truck traffic would be minimized 
during construction activities using 
appropriate controls and protective 
measures. Water removed during 
dewatering of tailings would 
require storage or immediate 
treatment. RAOs for contaminated 
tailings, soil and sediment would 
be achieved rapidly. RAOs for 
surface water would be achieved 
once treatment system 
operational. 

B – Requires significant handling of 
contaminated material. Technical 
challenges associated with 
dewatering the excavated tailings to 
an optimum moisture content and 
construction of an onsite disposal 
facility on steep topography in a 
remote location. Onsite disposal 
facility would require future access 
and land use restrictions. Construc-
tion of the onsite disposal cell and 
implementation and enforcement of 
institutional controls would require 
coordination with state and local 
agencies and the land owner(s).  

NPV without treatment 

8,400,000 

Low-flow treatment (2-5A)  

3,300,000 

High-flow treatment (2-5B) 
5,900,000 

Alternative 2-6: 
Excavation and 
Offsite Disposal 

Same components of Alternative 
2-5 with Offsite Disposal of 
Excavated Tailings 

A – Tailings removal provides 
protection of mine area residents, 
future workers, and ecological 
receptors and eliminates the 
potential for migration or release of 
contaminated tailings. 

A - Excavation and disposal 
would comply with chemical-
specific and action-specific 
ARARs. Demolition of mine 
buildings requires consideration 
of the NHPA. 

A - Excavation and disposal would 
provide effective and permanent 
reduction of risk to human health 
and the environment. Removal of 
tailings reduces volume of 
contaminated surface water seeps, 
and reduces O&M costs for 
treatment of mine seeps. Offsite 
disposal does not pose long-term 
risks to groundwater resources 
posed by onsite disposal. Offsite 
disposal facility assumes all long-
term maintenance and monitoring 
associated with the disposal 
action. 

A – TMV of arsenic-contaminated 
tailings would be reduced through 
excavation and offsite disposal. 

B – Same as alternative 2-5. 
Requires greatest volume of truck 
traffic, approximately 4,100 truck 
loads for materials and offsite 
disposal of tailings. Risks to 
community from transportation of 
contaminated waste would be 
mitigated through spill prevention 
measures. 

B – Requires significant handling of 
contaminated material. Technical 
challenges associated with 
dewatering the excavated tailings to 
an acceptable moisture content. 
Potential administrative difficulties in 
identifying an offsite disposal facility 
that would accept the large volume 
of contaminated material. Requires 
coordination with broader com-
munity regarding offsite transport of 
contaminated material. Allows 
virtually unrestricted use of the site, 
with restrictions that waste rock 
remaining onsite would not be 
disturbed or removed. 

NPV without treatment 

Disposal in Class II facility 

11,000,000 

Additional contingency cost if 
disposal in Class I facility 

8,900,000 

Low-flow treatment (2-6A)  

3,300,000 

High-flow treatment (2-6B) 
5,900,000 

 

Notes:    

Qualitative assessment of the results of criteria evaluation: 

A – Favorable  

B – Favorable with qualifiers 

C – Not favorable 

Comparative analysis for the M/T/WR alternatives focuses on differences among alternatives rather than evaluation of each alternative component. 
NPV – Net present value 

To calculate a total net present value of Alternatives 2-2 through 2-6, the NPV without treatment would need to be added to the NPV for either the low-flow or high-flow treatment scenario. 
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5.2.2.2 Alternative 2-2 - Surface Soil Controls and Buttress Construction 
A detailed description of Alternative 2-2 is available in Section 4.2.2. Alternative 2-2 is 
designed to limit the migration of contaminated sediment into Little Clipper Creek using 
enhanced surface-water diversions around the tailings and waste rock, construction of a 
buttress that would be stable under selected seismic conditions, and regrading and vege-
tating the tailings and waste rock.  

The alternative is designed to limit toxicity, mobility, and volume of contaminated surface 
water by pumping and treating mine water from the mine workings, collecting and treating 
adit and buttress seepage, regrading and vegetating the tailings area to reduce infiltration, 
regrading and creating surface-water diversions through other areas of waste rock, and 
diverting surface water above the mine shaft(s) to reduce infiltration into the shaft and 
potentially reduce the adit seepage flow. Alternative 2-2 includes access and use restrictions 
to protect human health. 

Overall Protection of Human Health and the Environment. Alternative 2-2 would provide pro-
tection of human health through access and use restrictions. Physical controls in the form of 
fences would restrict site access, and land use restrictions would prohibit residential or rec-
reational uses and intrusive activities such as construction or excavation in the area adjacent 
to the mine buildings and tailings and waste rock pile. Alternative 2-2 would include aban-
donment of the residence located adjacent to stockpiled waste rock. Risks would still exist to 
future onsite workers and would require workers to take appropriate protective actions. 

Alternative 2-2 would not provide protection of ecological receptors to contaminated soil in 
the mine area. However, the majority of the mine area is classified as a disturbed habitat 
with bare soil and is not suitable habitat for many ecological receptors.  

Alternative 2-2 would provide protection to the environment and residents and recreational 
users of LCC by limiting migration of contaminated tailings and sediment into LCC and 
reducing the toxicity, mobility, and volume of contaminated surface water. Migration of 
contaminated sediment into Little Clipper Creek during storm events would be limited 
using stream channel modifications, plus surface soil controls around the tailings pile and 
stockpiled waste rock, including surface-water diversions and regrading and vegetating the 
tailings and waste rock pile. Migration of contaminated sediment into Little Clipper Creek 
during seismic events would be limited through the construction of a buttress designed to 
be stable under selected seismic conditions. The toxicity, mobility, and volume of contami-
nated surface water would be reduced by pumping and treating mine water from the mine 
workings, collecting and treating adit and buttress seepage, regrading and vegetating the 
tailings area to reduce infiltration, regrading and creating surface-water diversions through 
other areas of waste rock, and diverting surface water above the mine shaft(s). 

Compliance with ARARs. Alternative 2-2 would comply with ARARs. Ex situ chemical 
treatment of the mine area seepages would be designed to meet applicable action-specific 
ARARs identified in Appendix D. CERCLA §121(e), 42 U.S.C. §9621(e), states that no fed-
eral, state, or local permits are required for remedial actions conducted entirely onsite. 
However, unless subject to a waiver, onsite remedial actions must meet the ARARs' sub-
stantive requirements. Discharge of treated water to Little Clipper Creek under Alternative 
2-2 would comply with the substantive portions of the National Pollutant Discharge 
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Elimination System (NPDES) permit program. This permit program is generally adminis-
tered by the RWQCB through the issuance of Waste Discharge Requirements (WDR).  

Ex situ chemical treatment of the mine area seepages would be designed to meet chemical-
specific ARARs identified in Section 2.0. The coagulation/microfiltration system would be 
designed and operated to comply with the preliminary cleanup goal of 10 µg/L for arsenic. 
The conceptual design of the coagulation/microfiltration system also considered prelimi-
nary discharge criteria for other inorganics, defined as either the background value or the 
most stringent standard listed in Table 2-1. Treatment residuals (sludge) would be charac-
terized to determine the appropriate classification based on RCRA and California hazardous 
waste determination regulations. Handling and disposal of treatment residuals would com-
ply with chemical-specific and action-specific ARARs that govern the classification, storage, 
transportation, and/or disposal of potentially hazardous materials.  

There are no chemical-specific ARARs that provide numerical cleanup criteria for COCs in 
soils and sediments at the Lava Cap Mine Area. As presented in Section 2.0, preliminary 
cleanup goals were calculated from site-specific baseline risk assessments. Alternative 2-2 is 
designed to minimize the potential for migration of soil and sediment that exceeds prelimi-
nary cleanup goals. 

Surface soil controls, surface water diversions, and the construction of the buttress for the 
existing tailings impoundment would comply with Title 27 siting and construction stan-
dards for existing mining units. ARARs require existing mining units to be protected from 
the 100-year peak streamflow and have precipitation and drainage controls. 

As discussed for Alternative 1-2, this alternative would comply with DTSC’s Land Use 
Covenants Regulations. Currently, no significant cultural, historical, archaeological, or eco-
logical resources have been identified in the mine area. As a result, no location-specific 
ARARs have been identified that would require consideration during the remedial action. In 
the event that any significant cultural, historical, archaeological, or ecological resources are 
identified during site activities and would be impacted by construction activities, location-
specific ARARs would govern the actions taken during the remedial action. 

Long-term Effectiveness and Permanence. Under Alternative 2-2, arsenic and other inorganic 
contamination in tailings, soil, and sediment would remain. However, Alternative 2-2 man-
ages the risks to human health posed by untreated contamination by limiting the potential 
for residential use, unauthorized access, and intrusive activities. As discussed for Alterna-
tive 1-2, effective enforcement of institutional controls would require coordination with state 
and local governments and property owner(s). Long-term management of institutional con-
trols, fencing, and signage would be required. 

Alternative 2-2 would not manage the risks to ecological receptors remaining from contami-
nation in tailings, soil, and sediment. Alternative 2-2 would provide protection to the envi-
ronment by limiting migration of contaminated tailings and sediment into LCC through 
stream channel modifications, surface soil controls, and buttress construction. Surface soil 
controls, including surface-water diversions and regrading and vegetating the tailings and 
waste rock pile, would require periodic inspections and long-term maintenance, including 
channel repairs, regrading as necessary following storm events, and potential irrigation, 
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fertilization, and replacement of vegetation. The buttress would be designed for specific sta-
bility criteria under static and pseudo-static conditions. 

The recharge of groundwater into the mine workings, the primary source of the subsequent 
discharge out of the mine adit, would continue over the project duration. As a result, ex situ 
chemical treatment included in Alternative 2-2 would require long-term O&M. As discussed 
in Section 4.2.2, the flow estimates for both the adit and buttress seepages are currently 
based on limited historical data, RI crest-gauge measurements of peak discharges, and field-
estimated flow rates. Additional data would be collected to better refine these estimates 
prior to design of the treatment system. Because of the lack of information on flow rates and 
potential impact on alternative design, conceptual design and cost estimates were devel-
oped for a low-flow and high-flow scenario. Coagulation/microfiltration (C/MF) was cho-
sen as the representative process option for ex situ chemical treatment under either the low-
flow or the high-flow scenario. C/MF was selected because of its cost-efficiency, proven 
effectiveness for arsenic removal, and lower volumes of process waste in comparison to 
other process options for the given seepage arsenic concentrations. 

A treatability study was conducted in 2001 to evaluate arsenic treatment with iron copre-
cipitation. In the laboratory jar tests, dissolved arsenic concentrations of the mine adit dis-
charge were reduced from 320 µg/L to below the primary cleanup goal of 10 µg/L 
following addition of ferric chloride, flocculation, gravity settling, and filtration (CH2M 
HILL, 2002a). Coagulation/microfiltration (C/MF) generates a lower volume of waste 
(sludge) than the other process options evaluated, and generates no waste brine. Handling 
and disposal of treatment residuals would comply with chemical-specific and action-specific 
ARARs that govern the classification, storage, transportation, and/or disposal of potentially 
hazardous materials. 

Pumping water out of the mine workings is included in this alternative as a method of col-
lecting groundwater for treatment and greatly reducing discharge from the adit. Dewatering 
the mine workings would allow the workings to be used for storage when the treatment 
plant to be constructed under this alternative might be out of operation because of system 
maintenance, equipment repair, or other factors. 

The design life of a constructed C/MF system is expected to be 20 to 25 years. The cost esti-
mate for this alternative, based on a project life of 50 years, includes one complete replace-
ment of capital equipment at 25 years. The C/MF system would require long-term 
operation and maintenance. The plant would likely require one part-time operator to per-
form functions such as refilling chemical feeds, backwashing filters, and handling sludge 
disposal. Monthly sampling of influent, effluent, and sludge would be conducted to monitor 
process performance.  

Reduction of Toxicity, Mobility, or Volume through Treatment. Remedial actions included in 
Alternative 2-2 reduce the toxicity, mobility, and/or volume of the primary sources of 
surface-water contamination in Little Clipper Creek. Remedial actions included in Alterna-
tive 2-2 do not reduce the toxicity or volume of contaminated tailings, soil, or sediment. 
Remedial actions do reduce the mobility of contaminated tailings, soil, and sediment 
through surface soil controls and buttress construction. 
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The volume of contaminated mine area seepages is reduced in Alternative 2-2 through sur-
face controls and channel diversions designed to reduce infiltration into tailings and waste 
rock. Grading and revegetation of the tailings pile presented in Alternative 2-2 does not 
provide an impermeable barrier to surface-water infiltration, but instead uses grading to 
reduce infiltration by promoting surface-water runoff. Direct precipitation may still infil-
trate into the pile. Diversions of surface water above the mine shaft(s) are also included in 
Alternative 2-2 to reduce infiltration into the shaft and potentially reduce the volume of 
contaminated water in the mine workings. The mobility of contaminated mine area seeps 
would be reduced by collection of adit and buttress seepage and dewatering of the mine 
workings. 

The toxicity of mine area seepage would be irreversibly reduced using C/MF in Alterna-
tive 2-2. Treatability testing exhibited the ability of ferric chloride coprecipitation to achieve 
the preliminary cleanup goal for arsenic of 10 µg/L. C/MF produces lower volumes of pro-
cess waste in comparison to other process options. Preliminary treatability test results indi-
cate that metals concentrations in treatment residuals (sludge) are sufficient to be 
characterized as hazardous if released (CH2M HILL, 2002a); however, residuals from simi-
lar treatment systems have not been classified as hazardous. Treatment residuals would be 
contained during the treatment process, and disposal would comply with chemical-specific 
and action-specific ARARs that govern the classification, storage, transportation, and/or 
disposal of potentially hazardous materials.  

Short-term Effectiveness. During construction of the buttress and channels for Little Clipper 
Creek and the western drainages, workers would be excavating, backfilling, and grading 
tailings and tailings-impacted sediment. Workers would be appropriately trained and 
equipped with personal protective equipment. Dust and noise may be generated that could 
pose risks to humans or ecological receptors. Effects of dust would be mitigated through 
dust control measures, such as application of water, and dust monitoring. Assuming all 
materials would need to be obtained from offsite and assuming 20-cubic-yard dump trucks, 
approximately 550 truckloads of uncontaminated soil and riprap would be required to cover 
the tailings and waste rock pile prior to revegetation and construct the surface-water diver-
sion channels. Noise impacts from truck traffic during soil transport would be mitigated 
through scheduling or noise suppression devices such as mufflers.  

Dewatering of the tailings would be required before buttress construction. Free water 
removed during dewatering activities would likely contain concentrations of arsenic above 
preliminary cleanup goals, and would be stored, if necessary, and treated to prevent 
releases to Little Clipper Creek.  

Grading and revegetation, buttress construction, and diversion channel construction would 
be completed within one construction season. Implementation of stream channel modifica-
tions, surface soil controls, and buttress construction would achieve RAOs for minimizing 
the potential for migration or release of contaminated tailings, soil, and sediment. As dis-
cussed for Alternative 1-2, land use restrictions would be implemented rapidly. RAOs to 
protect human exposure to contaminants in soil and sediment would be achieved with the 
implementation of land use controls. Collection of mine area seepages and operation of the 
C/MF treatment system would achieve RAOs for surface water that is above preliminary 
cleanup goals, and would achieve protection of human and ecological receptors to contami-
nants in surface water. As discussed in Section 4.0, alternatives for the mine area would be 
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conducted in a phased approach, in which remedial actions targeting tailings, soil, and 
sediment and potential pilot-scale treatment studies would be conducted first. Sizing, 
implementation, and construction of the treatment plant would occur after these remedial 
actions and a reassessment of mine area seeps and concentrations requiring treatment.  

Implementability. Implementation of Alternative 2-2 would be feasible from a technical and 
administrative perspective. As discussed for Alternative 1-2, effective implementation of 
institutional controls would require coordination with state and local governments and 
property owner(s). Construction activities, including grading and buttress construction, 
would use readily available conventional construction equipment. 

C/MF treatment systems have been designed and operated at full-scale. Equipment is read-
ily available from commercial vendors, and the technologies employed are reliable. Given 
the operation and monitoring requirements of a ferric chloride coagulation/filtration 
process, including the need for a part-time operator, a long-term access plan for the site 
would need to be developed. The access plan would include primary access routes and 
appropriate gating. 

Flow estimates for both the adit and buttress seepages are currently based on limited his-
torical data, RI crest-gauge measurements of peak discharges, and field-estimated flow 
rates. Additional data would be collected to better refine these estimates prior to design of 
the treatment system. In the event that remedial-design flow investigations show that the 
total flow from the system is at the low end of the estimated range, pilot-level testing of 
adsorptive media treatment technologies (GFH or ZVI) may be conducted because of the 
potential lower capital costs and minimum operator requirements. Pilot-level treatability 
testing would be required to confirm the treatment effectiveness of adsorptive media for 
mine area seepages. 

Cost. The estimates of capital cost, annual cost, and 50-year net present value to implement 
Alternative 2-2 are summarized in Table 4-2. The net present value estimates are also pre-
sented in Table 5-8. Because of the uncertainty of mine seepage flow rates following imple-
mentation of surface controls, costs of ex situ chemical treatment by C/MF were developed 
for a low-flow and high-flow scenario. The total net present value of the alternative equals 
the net present value presented for components other than treatment (i.e. surface soil con-
trols and buttress construction) plus the net present value for either the low-flow or high-
flow scenario.  

Comparison of costs indicates that capital costs and O&M costs are sensitive to the actual 
flow rates and arsenic concentrations of the adit and buttress seepages caused by factors 
such as equipment sizing, chemical usage, and sludge production and disposal. At the cur-
rent flow rates and arsenic concentration estimates, the use of more passive treatment sys-
tems involving adsorptive media was shown to be less cost-effective than C/MF because of 
the media replacement costs, as detailed in Appendix C. In the event that remedial-design 
flow investigations show that the total flow from the system is at the low end of the esti-
mated range, pilot-level testing of adsorptive media treatment technologies (GFH or ZVI) 
may be conducted because of the potential lower capital costs and minimum operator 
requirements. 
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Significant capital cost components of Alternative 2-2 include: equipment and installation 
costs of the C/MF treatment system, purchase and placement of soil for revegetation of the 
tailings and waste rock pile, dewatering wells and buttress construction, construction of 
LCC and western drainage diversion channels, and installation of fencing around the 
perimeter of the mine area. Annual costs include: O&M costs associated with the C/MF 
treatment system, costs associated with maintaining land use restrictions and fencing, 
regrading and revegetating the tailings pile and stockpiled waste rock, repair of LCC and 
western drainage diversion channels, cleaning drains and sumps for adit and buttress seep-
age collection, and surface-water monitoring. The net present value of Alternative 2-2 
includes the cost of complete replacement of equipment for the treatment system at Year 25. 

5.2.2.3 Alternative 2-3 - Capping and Buttress Construction 
A detailed description of Alternative 2-3 is available in Section 4.2.3. Alternative 2-3 contains 
many of the same components presented in Alternative 2-2, including: access and land use 
restrictions, enhanced surface-water diversions around the tailings and waste rock pile, con-
struction of a buttress, pumping and treating mine water from the mine workings, collection 
and treatment of adit and buttress seepages, and surface-water diversions above the mine 
shaft(s). Alternative 2-3 contains the following additional components: placement of an 
impermeable cap over the tailings and waste rock pile, excavation and hazard abatement in 
and around the mine buildings, and soil cover and revegetation over other areas of stock-
piled waste rock. As appropriate, the following discussion will focus on the evaluation of 
new components of Alternative 2-3, which are intended to be more protective of human 
health and the environment than Alternative 2-2.  

Overall Protection of Human Health and the Environment. Alternative 2-3 would provide pro-
tection of human health through access and land use restrictions; capping the tailings and 
waste rock pile; excavation and hazard abatement in and around the mine buildings; and 
grading, covering, and vegetating other areas of stockpiled waste rock. Capping of the tail-
ings and waste rock pile would provide a physical barrier to protect against incidental soil 
ingestion or inhalation. Hazard abatement and excavation activities would be focused on 
the areas of highest contaminant concentrations within and adjacent to the mill, cyanide, 
and assay buildings. The cover soil and vegetation on other areas of stockpiled waste rock 
would provide a physical barrier to discourage disturbance or removal of waste rock from 
human activities.  

Alternative 2-3 would provide protection of ecological receptors by capping the tailings and 
waste rock pile and hazard abatement and excavation in and around the mine buildings. As 
discussed for Alternative 2-2, Alternative 2-3 would provide protection to the environment 
by limiting migration of contaminated tailings and sediment into LCC and reducing the 
toxicity, mobility, and volume of contaminated surface water. Placing an impermeable cover 
over the tailings and waste rock in Alternative 2-3 would further limit the infiltration of sur-
face water and consequent production of contaminated seepage from the buttress. Place-
ment of compacted soil and vegetation over other areas of waste rock further reduce infiltra-
tion of surface water into waste rock. 

Compliance with ARARs. Alternative 2-3 would comply with ARARs. Ex situ chemical 
treatment of mine area seepages would comply with action- and chemical-specific ARARs 
as discussed in Alternative 2-2. 
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Alternative 2-3 includes excavation and hazard abatement in and around the mine build-
ings. Disposal would comply with chemical-specific and action-specific ARARs that govern 
the classification, storage, transportation, and/or disposal of potentially hazardous materi-
als. Wastes would be characterized to determine the appropriate classification based on 
RCRA and California hazardous waste determination regulations. Contaminated soil from 
the mine buildings represents the most contaminated material onsite, with high arsenic and 
cyanide concentrations. These wastes are expected to be classified as RCRA hazardous 
waste or non-RCRA state hazardous waste and require disposal in an offsite Class I facility. 

Capping of tailings would comply with appropriate action-specific ARARs. Capping, sur-
face water diversions, and the construction of the buttress for the existing tailings 
impoundment would comply with Title 27 siting and construction standards for existing 
mining units. Air quality regulations that apply to fugitive dust control would be met dur-
ing construction activities. As discussed for Alternative 2-2, no significant cultural, histori-
cal, archaeological, or ecological resources have been identified in the mine area, and the 
mine buildings would not be demolished as part of hazard abatement activities. In the event 
that any significant cultural, historical, archaeological, or ecological resources are identified 
during site activities or construction activities, location-specific ARARs would govern the 
actions taken during the remedial action. 

Long-term Effectiveness and Permanence. As discussed for Alternative 2-2, ex situ chemical 
treatment of mine area seepages would provide adequate and reliable long-term reduction 
in surface-water contamination in the mine area, with only a small volume of treatment 
residuals. However, ex situ chemical treatment would require long-term O&M.  

Under Alternative 2-3, the arsenic and other inorganic contamination in tailings, soil, and 
sediment would remain. However, Alternative 2-3 manages the risks to human health and 
the environment posed by untreated contamination by prohibiting residential use; prohib-
iting intrusive activities; capping the tailings and waste rock pile; excavating and abating 
hazards in and around the mine buildings; diverting surface water around areas of con-
tamination; constructing a buttress; and grading, covering, and vegetating other areas of 
stockpiled waste rock. The tailings cap in Alternative 2-3 includes placement of an imper-
meable HDPE membrane. Based on the performance of existing landfill liner and cover 
materials, it is estimated that little to no deterioration of the HDPE membrane would occur 
over a period in excess of 200 years. Therefore, with proper installation and maintenance, 
the tailings cap in Alternative 2-3 should remain impermeable to surface infiltration for at 
least 200 years. 

As discussed for Alternative 1-2, effective enforcement of institutional controls would 
require coordination with state and local governments and property owner(s). The imper-
meable cap over the tailings pile, surface-water diversions, and the soil cover and vegetation 
over the waste rock would require periodic inspections and long-term maintenance. The 
buttress would be designed for specific stability criteria under static and pseudo-static 
conditions. 

Reduction of Toxicity, Mobility, or Volume through Treatment. Remedial actions included in 
Alternative 2-3 reduce the toxicity, mobility, and/or volume of the primary sources of 
surface-water contamination in Little Clipper Creek. Remedial actions included in Alterna-
tive 2-3 do not reduce the toxicity or volume of contaminated tailings, soil, or sediment. 
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Remedial actions do reduce the mobility of contaminated tailings, soil, and sediment by 
capping the tailings and waste rock pile, surface soil controls over other areas of stockpiled 
waste rock, surface-water diversions through areas of contamination, and buttress con-
struction. The controls listed above, along with surface-water diversions above the mine 
shaft(s), would reduce the volume of contaminated seepages in the mine area under Alter-
native 2-3. The mobility of contaminated mine area seeps would be reduced by collection of 
adit and buttress seepage and pumping from the mine workings. As discussed for Alterna-
tive 2-2, the toxicity of mine area seepages would be irreversibly reduced using C/MF.  

Short-term Effectiveness. As discussed for Alternative 2-2, mitigation measures would be 
employed to limit potential impacts to human health and the environment during construc-
tion activities. Alternative 2-3 includes excavation and hazard abatement in areas of the 
highest contaminant concentrations onsite. Workers would be appropriately trained and 
equipped with personal protective equipment. The physical hazards associated with the 
dilapidated mine buildings and appropriate safety measures would be considered for 
worker safety during hazard abatement and excavation activities. Effects of dust would be 
mitigated through dust control measures and dust monitoring. Spill prevention measures 
such as tarps, liners, and covers would be implemented during the transportation of 
contaminated soil to the disposal location, and offsite disposal would comply with 
appropriate chemical- and action-specific ARARs. All temporarily stockpiled soils would be 
covered during off-hours to reduce potential dust emissions.  

Assuming all materials would need to be obtained from offsite and assuming 20-cubic-yard 
dump trucks, approximately 1,700 truckloads of uncontaminated soil, drain sand, and 
riprap would be required to cap the tailings and waste rock pile with an impermeable cap, 
cover other areas of stockpiled waste rock prior to revegetation, and construct the surface-
water diversion channels. To the extent feasible, noise impacts from truck traffic during soil 
transport would be mitigated through scheduling or noise suppression devices such as 
mufflers. 

Construction of an impermeable cap, buttress construction, diversion channel construction, 
excavation and hazard abatement in and around the mine buildings, and covering and 
revegetation of other areas of stockpiled waste rock could be completed within one con-
struction season. As discussed for Alternative 1-2, access and land use restrictions would be 
implemented rapidly. These actions would achieve RAOs for protection of human health 
and ecological receptors to contaminants in tailings and contaminated soil and would mini-
mize the potential for migration or release of contaminated tailings, soil, and sediment. 
Collection of mine area seepages and operation of the C/MF treatment system would 
achieve RAOs for surface water that is above preliminary cleanup goals, and would achieve 
protection of human and ecological receptors to contaminants in surface water that pose a 
significant risk. As discussed for Alternative 2-2, construction of the treatment plant would 
likely occur after capping and construction of diversion channels and the buttress.  

Implementability. Implementation of Alternative 2-3 would be feasible from a technical and 
administrative perspective. As discussed for Alternative 1-2, effective implementation of 
institutional controls would require coordination with state and local governments and 
property owner(s). Construction activities, including grading and buttress construction, 
would use readily available conventional construction equipment. C/MF treatment systems 
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have been designed and operated at full-scale, and equipment is readily available from 
commercial vendors. As discussed for Alternative 2-2, additional data on the flow rates of 
the adit and buttress would be collected prior to design of the treatment system, and could 
effect the design of a C/MF system or result in selection of an alternate treatment process 
option. 

Cost. The estimates of capital cost, annual cost, and 50-year net present value to implement 
Alternative 2-3 are summarized in Table 4-2. As discussed for Alternative 2-2, costs of ex 
situ chemical treatment were developed for a low-flow and high-flow scenario. Significant 
capital cost components of Alternative 2-3 include: equipment and installation costs of the 
C/MF treatment system, materials and construction of the impermeable cap over the tail-
ings pile, purchase and placement of soil for revegetation of other areas of stockpiled waste 
rock, disposal of highly contaminated soil excavated within and adjacent to the mine build-
ings, dewatering wells and buttress construction, and construction of LCC and western 
drainage diversion channels. Annual costs include: O&M costs associated with the C/MF 
treatment system, costs associated with maintaining access and land use restrictions, main-
tenance of the impermeable cap over the tailings and waste rock pile, regrading and revege-
tating other areas of stockpiled waste rock, repair of LCC and western drainage diversion 
channels, cleaning drains and sumps for adit and buttress seepage collection, and surface-
water monitoring. The net present value of Alternative 2-3 includes the cost of complete 
replacement of equipment for the treatment system at Year 25. 

5.2.2.4 Alternative 2-4 - Capping, Stabilization, and Buttress Construction 
A detailed description of Alternative 2-4 is available in Section 4.2.4. Alternative 2-4 contains 
the same components presented in Alternative 2-3, with the addition of in situ stabilization 
of tailings immediately upstream of the buttress and demolition of the mine buildings. As 
appropriate, the following discussion will focus on the evaluation of new components of 
Alternative 2-4, which are intended to be more protective of human health and the environ-
ment than Alternative 2-3. 

Overall Protection of Human Health and the Environment. As discussed for Alternative 2-3, 
Alternative 2-4 would provide protection of human health through access and land use 
restrictions; capping the tailings and waste rock pile; excavation and hazard abatement in 
and around the mine buildings; and grading, covering, and vegetating other areas of stock-
piled waste rock. Alternative 2-4 would provide protection of ecological receptors by cap-
ping the tailings and waste rock pile and hazard abatement and excavation in and around 
the mine buildings. As discussed for Alternative 2-2, Alternative 2-4 would provide protec-
tion to the environment by limiting migration of contaminated tailings and sediment into 
LCC and reducing the toxicity, mobility, and volume of contaminated surface water.  

Solidification of tailings using cement is included in Alternative 2-4 for tailings immediately 
upstream of the buttress to further reduce the potential for contaminant migration. Cement 
stabilization would increase the shear strength of the tailings, providing greater stability 
during significant seismic events. Cement stabilization would also be expected to decrease 
the permeability of stabilized tailings, and consequently, decrease the potential for contami-
nant leaching. Demolition of mine buildings would remove potential physical hazards 
posed by deteriorating structures. 
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Compliance with ARARs. Alternative 2-4 would comply with ARARs. Ex situ chemical 
treatment of mine area seepages would comply with action- and chemical-specific ARARs 
as discussed in Alternative 2-2. As discussed for Alternative 2-3, handling and disposal of 
soil excavated in and around the mine buildings would comply with chemical-specific and 
action-specific ARARs that govern the classification, storage, transportation, and/or dis-
posal of potentially hazardous materials. Capping of tailings would comply with appropri-
ate action-specific ARARs. Surface soil controls, surface water diversions, and the 
construction of the buttress for the existing tailings impoundment would comply with 
Title 27 siting and construction standards for existing mining units. 

The Lava Cap Mine site has not been designated as having historic value to warrant inclu-
sion in the National Register of Historic Places. However, the age of the mine buildings 
requires consideration of the National Historic Preservation Act (NHPA) and list of state 
registries. Alternative 2-4 includes demolition of the mine buildings. Requirements of 
NHPA would be met during the remedial action. 

Long-term Effectiveness and Permanence. As discussed for Alternative 2-2, ex situ chemical 
treatment of mine area seepages would provide adequate and reliable long-term reduction 
in surface-water contamination in the mine area, with only a small volume of treatment 
residuals. However, ex situ chemical treatment would require long-term O&M. Under 
Alternative 2-4, the arsenic and other inorganic contamination in tailings, soil, and sediment 
would remain. However, as discussed for Alternative 2-3, Alternative 2-4 manages the risks 
to human health and the environment posed by untreated contamination by prohibiting 
residential use; prohibiting intrusive activities; capping the tailings and waste rock pile; 
excavating and abating hazards in and around the mine buildings; diverting surface water 
through areas of contamination; constructing a buttress; and grading, covering, and vege-
tating other areas of stockpiled waste rock. 

Cement stabilization would be expected to permanently and effectively increase the shear 
strength and decrease the permeability of stabilized tailings. A treatability study was con-
ducted in 2001 (CH2M HILL, 2002a) to evaluate the strength characteristics of solidified 
tailings and to evaluate the effect of solidification on contaminant mobility. Portland cement 
was selected as the solidifying agent. With increased cement content, unconfined compres-
sive strength increased, and permeability remained consistently low in the 10-6 cm/sec 
range. With amendment ratios of 5, 10, and 20 percent, the metals leachability from the 
solidified tailings, measured by the Synthetic Precipitation Leaching Procedure (SPLP), was 
orders of magnitude below STLC and TCLP limits, indicating a potential reduction in con-
taminant leaching and mobility in comparison to raw tailings.  

Reduction of Toxicity, Mobility, or Volume through Treatment. As discussed for Alterna-
tive 2-2, remedial actions included in Alternative 2-4 reduce the toxicity, mobility, and/or 
volume of the primary sources of surface-water contamination in Little Clipper Creek. As 
discussed for Alternative 2-3, remedial actions in Alternative 2-4 reduce the mobility of 
contaminated tailings, soil, and sediment by capping of the tailings and waste rock pile, sur-
face soil controls over other areas of stockpiled waste rock, surface-water diversions 
through areas of contamination, and buttress construction.  

Treatability study results indicate addition of cement to tailings decreases the leachability of 
contaminants, including arsenic. However, the addition of cement to the tailings increases 
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the volume of contaminated material. In the design of Alternative 2-4, it was assumed 
cement would be added to the tailings at an amendment ratio of 10 percent by weight.  

Short-term Effectiveness. Because of the age of the mine buildings, painted surfaces may 
contain lead, and asbestos-containing materials could be present. As such, onsite workers 
may need to conduct lead- and asbestos-abatement activities prior to demolition. However, 
no painted surfaces or potential asbestos-containing material have been identified during 
site visits.  

As discussed for Alternatives 2-2 and 2-3, mitigation measures would be employed to limit 
potential impacts to human health and the environment during construction activities. Con-
struction activities could be completed within one construction season. As discussed for 
Alternative 1-2, access and land use restrictions would be implemented rapidly. These 
actions would achieve RAOs for protection of human health and ecological receptors to 
contaminants in tailings and contaminated soil and would minimize the potential for 
migration or release of contaminated tailings, soil, and sediment. Collection of mine area 
seepages and operation of the C/MF treatment system would achieve RAOs for surface 
water that is above preliminary cleanup goals, and would achieve protection of human and 
ecological receptors to contaminants in surface water that pose a significant risk. As dis-
cussed for Alternative 2-2, construction of the treatment plant would likely occur after 
capping and construction of diversion channels and the buttress. 

Implementability. Implementation of Alternative 2-4 would be feasible from a technical and 
administrative perspective. Additives for tailings stabilization, assumed to be Portland 
cement, are readily available and inexpensive. Distributing cement and achieving uniform 
mixing in situ may be difficult. Cement would need to be added using large augers and 
deep mixing techniques. Care would need to be taken to prevent mixing of cement and the 
sand drainage blanket on the buttress face.  

Because of the age of the mine buildings, their demolition would require consideration of 
the NHPA, including potential coordination with the State Historic Preservation Officer 
(SHPO) and the Advisory Council on Historic Preservation (ACHP) and/or a cultural 
resources survey. 

As discussed for Alternative 1-2, effective implementation of institutional controls would 
require coordination with state and local governments and property owner(s). Construction 
activities, including grading and buttress construction, would use readily available conven-
tional construction equipment. C/MF treatment systems have been designed and operated 
at full-scale, and equipment is readily available from commercial vendors. As discussed for 
Alternative 2-2, additional data on the flow rates of the adit and buttress would be collected 
prior to design of the treatment system and could effect the design of a C/MF system or 
result in selection of an alternate treatment process option. 

Cost. The estimates of capital cost, annual cost, and 50-year net present value to implement 
Alternative 2-4 are summarized in Table 4-2. As discussed for Alternative 2-2, costs of ex 
situ chemical treatment were developed for a low-flow and high-flow scenario. Significant 
capital and O&M cost components of Alternative 2-4 are the same as those detailed for 
Alternative 2-3 with the addition of cement for tailings solidification and demolition of the 
mine buildings.  
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5.2.2.5 Alternative 2-5 - Excavation and Onsite Disposal 
A detailed description of Alternative 2-5 is available in Section 4.2.5. Alternative 2-5 is 
designed to prevent human and ecological exposure to contaminated tailings and prevent 
migration of tailings into Little Clipper Creek by excavating the tailings and placing them in 
a lined onsite disposal cell. Following excavation, the Little Clipper Creek channel would be 
restored. As appropriate, the following discussion will focus on the evaluation of excavation 
and onsite disposal of tailings. 

Alternative 2-5 also contains some of the components of Alternatives 2-2 through 2-4 that 
are designed to limit the toxicity, mobility, and volume of contaminated surface water, 
including: pumping and treating mine water from the mine workings, collecting and treat-
ing adit seepage, regrading and creating surface-water diversions through areas of waste 
rock, and reducing the adit seepage flow by using surface-water diversions above the mine 
shaft(s) to limit infiltration into the shaft. Alternative 2-5 also includes some of the compo-
nents of Alternatives 2-3 and 2-4 that reduce potential human and ecological exposure, 
including hazard abatement, excavation, and demolition of the mine buildings and covering 
and vegetating waste rock remaining onsite. 

Overall Protection of Human Health and the Environment. Alternative 2-5 would provide pro-
tection of mine area residents, future workers, and ecological receptors and would eliminate 
the potential for migration or release of contaminated tailings by removing tailings and dis-
posing of tailings in an onsite disposal cell. The onsite disposal cell would be maintained 
and monitored to minimize the potential for contaminant releases to groundwater.  

As discussed for Alternative 2-2, ex situ chemical treatment of the mine water and adit 
seepage would reduce the toxicity, mobility, and volume of contaminated surface water. 
Alternative 2-5 manages residual risks to human health and the environment through access 
and land use restrictions; excavation, hazard abatement, and demolition of the mine build-
ings; grading, covering, and vegetating waste rock remaining onsite; constructing diversion 
channels through waste rock remaining onsite; and keeping waste rock outside of the 
100-year flow of LCC. 

Compliance with ARARs. Alternative 2-5 would comply with ARARs. Ex situ chemical treat-
ment of contaminated water pumped from the mine workings or collected from the adit 
would comply with action- and chemical-specific ARARs as discussed in Alternative 2-2.  

The onsite disposal cell would be constructed and maintained in compliance with action-
specific and location-specific ARARs for new mining units. STLC and TCLP analyses on the 
tailings samples indicate that excavated tailings would contain nonhazardous levels of solu-
ble pollutants, and could be classified as Group B waste according to the definitions of 27 
CCR 22480(b). However, conceptual design and closure criteria for the onsite disposal cell 
are based on requirements for California Title 27 Group A wastes to address community 
concerns and site-specific conditions. Action-specific ARARs are detailed in Appendix D, 
including specifications related to the design of a Group A waste management unit. The 
three potential locations evaluated for the disposal cell, as shown on conceptual design 
drawings in Appendix A, would comply with ARARs requiring that the cell (1) shall not be 
located on Holocene faults, (2) shall be located away from areas of rapid geologic change, 
and (3) shall be located outside of the 100-year floodplain. 
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Air quality regulations that apply to fugitive dust control would be met during excavation 
activities. Handling and disposal of soil excavated in and around the mine buildings and 
tailings excavated from the tailings and waste rock pile would comply with chemical-
specific and action-specific ARARs that govern the classification, storage, transportation, 
and/or disposal of potentially hazardous materials. Soil with the highest concentrations of 
contaminants, that would fail TCLP testing, would be disposed offsite in a Class I facility as 
a RCRA hazardous waste.  

The representative disposal cell location for alternative development covers the existing 
mill, assay, and cyanide buildings, requiring that the buildings be demolished and concrete 
foundations and footings removed. As discussed for Alternative 2-4, requirements of NHPA 
would be met during the remedial action. 

Long-term Effectiveness and Permanence. Alternative 2-5 provides permanent and long-term 
effectiveness in protecting human health and the environment because tailings would be 
physically removed and placed in an engineered onsite disposal cell. However, onsite dis-
posal includes potential residual risk of contaminant releases to groundwater and requires 
long-term cover maintenance, leachate collection and recovery, leak detection, and ground-
water monitoring. The onsite disposal facility would conform to the State of California 
Water Code Section 13172 and 27 CCR 22480 regarding proper location, design, construc-
tion, operation, maintenance, and monitoring. 

The onsite disposal cell would include a composite liner of permeability less than 
1 x 10-7 cm/sec, leachate collection and removal system, leak detection monitoring program, 
and impermeable cover to minimize the potential for contaminant releases to groundwater. 
The performance of existing landfill liners indicates that little to no deterioration of HDPE 
membranes would occur over a period in excess of 200 years. Any moisture present in the 
waste at the time it is placed in the onsite disposal cell would be captured by the imperme-
able liner and leachate collection system. Monitoring systems would be provided which will 
detect leaks. The leak detection system included in the conceptual design of the onsite 
disposal cell would be one method of checking for bottom liner leakage. Groundwater 
monitoring wells would also be used to check that the disposal cell is not leaking.  

The amount of leachate generated in an onsite disposal cell would decrease rapidly after 
construction because no precipitation would be allowed to infiltrate through the top cap. 
Unlike refuse disposed in municipal landfills, the dewatered tailings would not provide a 
source of continued leachate production. Once the disposal cell contents drain, maintenance 
of the cap will become the most important component of ensuring that the cell remains 
protective. Cover maintenance would include prompt cover repair and vegetation 
maintenance. The integrity of the soil cover would be monitored to identify problem areas 
such as portions of the vegetative cover requiring replanting, eroded or damaged areas, 
areas lacking free drainage, and areas having repeated or severe differential settlement. 

As discussed for Alternative 2-2, ex situ chemical treatment of mine water and the adit 
seepage would provide adequate and reliable long-term reduction in surface-water con-
tamination at the mine area, with only a small volume of treatment residuals. Excavation 
and removal of contaminated tailings would eliminate tailings pile seeps, reducing O&M 
related to C/MF treatment of contaminated surface water. Alternative 2-5 manages residual 
risks to human health and the environment through access and land use restrictions; exca-
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vation, hazard abatement, and demolition of the mine buildings; grading, covering, and 
vegetating waste rock remaining onsite; constructing diversion channels through waste rock 
remaining onsite; and keeping waste rock outside of the 100-year flow of LCC. As discussed 
for Alternative 1-2, effective enforcement of institutional controls would require coordina-
tion with state and local governments and property owner(s). Surface-water diversions and 
the soil cover and vegetation over the waste rock would require periodic inspections and 
long-term maintenance. 

Reduction of Toxicity, Mobility, or Volume through Treatment. Under Alternative 2-5, contami-
nated tailings would be excavated and disposed in an onsite engineered disposal cell. 
Removal of tailings and placement in a controlled facility would reduce the mobility of 
contaminated tailings. However, because the tailings would remain onsite, the toxicity and 
volume of contaminated tailings in the mine area would not be reduced. 

Remedial actions included in Alternative 2-5 reduce the toxicity, mobility, and/or volume of 
the primary sources of surface-water contamination in Little Clipper Creek. Removal of 
contaminated tailings would minimize the potential for migration or release of tailings and 
would minimize future impacts on surface-water quality. Removal of tailings and place-
ment in an onsite disposal cell would eliminate existing tailings seeps. Pumping from the 
mine workings and treatment of the mine water would irreversibly reduce the toxicity, 
mobility, and volume of arsenic contamination.  

The onsite disposal cell would comply with the design criteria for Group A wastes. The 
onsite disposal cell would include a composite liner of permeability less than 1 x 10-7 
cm/sec, leachate collection and removal system, leak detection monitoring program, and 
impermeable cover to minimize the potential for contaminant releases to groundwater.  

Short-term Effectiveness. Alternative 2-5 requires significant handling of contaminated 
material during excavation, dewatering, and disposal of tailings that could present addi-
tional short-term impacts to the community, workers, and the environment during the 
remedial action. Mitigation measures, including appropriate controls and protective meas-
ures, would be employed to limit potential impacts from dust, noise, sediment migration, 
and truck traffic during construction activities. Hazards posed to workers by excavation 
activities would be addressed through compliance with a CQAP, HSP, and pertinent OSHA 
regulations governing excavation activities. Spill prevention measures such as tarps, liners, 
and covers would be implemented during the transportation of contaminated soil to the 
disposal location.  

Assuming all materials would need to be obtained from offsite and assuming 20-cubic-yard 
dump trucks, approximately 2,000 truckloads of uncontaminated soil, drain sand, and 
riprap would be required for construction of the onsite disposal cell, cover soil for other 
areas of stockpiled waste rock, and construction of surface-water diversion channels. The 
number of truckloads would be in addition to the trucks operating onsite to transport the 
tailings into the disposal cell. 

For stability and to limit the volume of leachate produced, the tailings would require 
dewatering to optimum moisture content before placement in the onsite disposal cell. Exca-
vation would occur during the dry season to minimize the volume of water removed during 
dewatering and to avoid impacts on the LCC drainage. However, a potentially large volume 
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of water could be removed during dewatering and would require storage or immediate 
treatment. Treatment of water removed during excavation could require operation of an 
interim treatment system until the full-scale treatment system for the adit seep is 
operational. 

For alternative development, it was assumed a drying bed would be constructed to accom-
modate a volume of 4,350 cy of tailings at a depth of 2 feet. The tailings are assumed to 
require 2 weeks of drying to achieve optimum moisture content, which requires the dura-
tion of excavation to be at least 5 months. It is feasible tailings excavation could be con-
ducted within one construction season. Once tailings are excavated, the LCC channel would 
be restored to as natural a condition as possible, without the placement of gabions, to allow 
benthic communities to become reestablished. RAOs for the protection of human health and 
the environment from exposure to or release of contaminated tailings would be achieved 
following construction activities. As discussed for Alternative 2-2, pumping water from the 
mine workings, collection of the adit seepage, and operation of the C/MF treatment system 
would achieve RAOs for surface water that is above preliminary cleanup goals, and would 
achieve protection of human and ecological receptors to contaminants in surface water that 
pose a significant risk.  

Implementability. Implementation of Alternative 2-5 would be feasible from an administra-
tive perspective but would present technical challenges. Excavation is a commonly used and 
well-proven method of removing contaminated surface and subsurface materials from haz-
ardous waste sites. However, excavation and placement in an onsite disposal cell would 
require significant handling of contaminated material. The tailings would require 
dewatering to optimum moisture content prior to placement in the disposal cell. The tailings 
are fine-grained and have a relatively high water-holding capacity. Dewatering of the tail-
ings would require engineering measures, such as dewatering trenches and drying beds, 
and dust control measures. A potentially large volume of water could be removed during 
dewatering that would require storage or immediate treatment. Treatment of water 
removed during excavation could require operation of an interim treatment system until the 
full-scale treatment system for the adit seep is operational. 

The equipment, labor, and materials needed to implement this alternative are available and 
would be provided by an environmental contractor. However, the remote location and steep 
topography would make access by construction equipment difficult and would require road 
improvements to existing access roads and construction of new access roads. 

A location for the onsite disposal cell has been identified that is estimated to have appropri-
ate topography to accommodate the volume of tailings removed during excavation activi-
ties. The steep topography and remote location would present technical challenges related 
to placement of liners and access by construction equipment. The ground would require 
preparation for placement of leak detection and leachate collection piping and placement of 
an impermeable liner. The construction of an onsite disposal facility would have implica-
tions on the future land use of the site, requiring access restrictions and restrictions of resi-
dential and recreational uses and intrusive activities in the vicinity of the disposal cell. 
Construction of the onsite disposal cell and implementation and enforcement of institutional 
controls would require coordination with state and local agencies and the land owner(s). 
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Following removal of contaminated soil, waste rock would be removed or backfilled outside 
of the 100-year flow of LCC and regraded to slopes of 3:1 or flatter. This would require a 
significant amount of earthwork before and after excavation activities. The total volume of 
waste rock that would be excavated and backfilled outside of the LCC channel is estimated 
as 45,000 cy. 

C/MF treatment systems have been designed and operated at full-scale, and equipment is 
readily available from commercial vendors. As discussed for Alternative 2-2, additional data 
on the flow rate of the adit would be collected prior to design of the treatment system and 
could effect the design of a C/MF system or result in selection of an alternate treatment pro-
cess option. 

Cost. The estimates of capital cost, annual cost, and 50-year net present value to implement 
Alternative 2-5 are summarized in Table 4-2. As discussed for Alternative 2-2, costs of ex 
situ chemical treatment of mine water and the adit seepage were developed for a low-flow 
and high-flow scenario. Significant capital cost components of Alternative 2-5 include: 
equipment and installation costs of the C/MF treatment system, construction and materials 
(i.e., liners and cover material) of the onsite disposal cell, excavation and dewatering of tail-
ings, excavation of waste rock to allow restoration of Little Clipper Creek channel, purchase 
and placement of soil for revegetation of other areas of waste rock remaining onsite, and 
demolition and removal of mine buildings and foundations. Annual costs include: O&M 
costs associated with the C/MF treatment system, costs associated with maintaining land 
use restrictions and fencing, maintenance and groundwater monitoring associated with the 
onsite disposal cell, regrading and revegetating other areas of stockpiled waste rock, repair 
of the western drainage diversion channel, and surface-water monitoring. The net present 
value of Alternative 2-5 includes the cost of complete replacement of equipment for the 
treatment system at Year 25. 

5.2.2.6 Alternative 2-6 - Excavation and Offsite Disposal 
A detailed description of Alternative 2-6 is available in Section 4.2.6. Alternative 2-6 is iden-
tical to Alternative 2-5 except that the tailings would be transported to an offsite disposal 
facility following excavation rather than disposed of in an onsite disposal cell. Offsite and 
onsite disposal were retained as two separate alternatives because of the differences in cost, 
truck traffic, construction activities, and land use restrictions, among other factors. As 
appropriate, the following discussion will focus on the evaluation of excavation and offsite 
disposal of tailings. 

Overall Protection of Human Health and the Environment. Alternative 2-6 would provide pro-
tection of mine area residents, future workers, and ecological receptors and would eliminate 
the potential for migration or release of contaminated tailings by removing tailings and dis-
posing of tailings offsite. As discussed for Alternative 2-2, ex situ chemical treatment of the 
mine water and adit seepage would reduce the toxicity, mobility, and volume of contami-
nated surface water. Alternative 2-6 manages the residual risks to human health and the 
environment through land use restrictions (to avoid disturbance or removal of waste rock); 
excavation, hazard abatement, and demolition of the mine buildings; grading, covering, and 
vegetating waste rock remaining onsite; constructing diversion channels through waste rock 
remaining onsite; and keeping waste rock outside of the 100-year flow of LCC. 



SECTION 5.0 DETAILED ANALYSIS OF REMEDIAL ALTERNATIVES 

RDD\032940081 (CAH2505.DOC) 5-37 

Compliance with ARARs. Alternative 2-6 would comply with ARARs. Ex situ chemical treat-
ment of contaminated water pumped from the mine workings or collected from the adit 
would comply with action- and chemical-specific ARARs as discussed in Alternative 2-2.  

Handling and disposal of soil excavated in and around the mine buildings and tailings 
excavated from within and around the waste rock pile would comply with chemical-specific 
and action-specific ARARs that govern the classification, storage, transportation, and/or 
disposal of potentially hazardous materials. Soil with the highest concentrations of contami-
nants, that would fail TCLP or STLC testing, would be disposed offsite in a Class I facility as 
a RCRA hazardous waste or non-RCRA state hazardous waste. For alternative develop-
ment, it was assumed the majority of the excavated tailings and soil would be classified as a 
non-hazardous waste and be disposed of in a Class II facility. STLC and TCLP analyses on 
the tailings samples indicate that mining wastes contain nonhazardous levels of soluble 
pollutants. STLC and TCLP analyses were conducted on samples of tailings collected in 
August 2001 from four borings within the tailings and waste rock pile. All samples of tail-
ings passed TCLP tests, and only one sample exceeded STLC requirements.  

Air quality regulations that apply to fugitive dust control would be met during excavation 
activities. As discussed for Alternative 2-4, requirements of NHPA would be met during the 
remedial action. 

Long-term Effectiveness and Permanence. Alternative 2-6 provides permanent and long-term 
effectiveness in protecting human health and the environment because tailings would be 
physically removed from the site. In comparison to onsite disposal, offsite disposal does not 
pose long-term risks to onsite groundwater resources, and the offsite disposal facility 
assumes all long-term maintenance and monitoring associated with the disposal action. 

As discussed for Alternative 2-5, excavation and removal of contaminated tailings would 
eliminate tailings pile seeps, reducing O&M related to C/MF treatment of contaminated 
surface water. As with Alternative 2-5, Alternative 2-6 manages the residual risks to human 
health and the environment through land use restrictions (to avoid disturbance or removal 
of waste rock); excavation, hazard abatement, and demolition of the mine buildings; grad-
ing, covering, and vegetating waste rock remaining onsite; constructing diversion channels 
through waste rock remaining onsite; and keeping waste rock outside of the 100-year flow 
of LCC. 

Reduction of Toxicity, Mobility, or Volume through Treatment. Removal of tailings and place-
ment in a controlled disposal facility would reduce the mobility of contaminated tailings. 
Because the tailings would not be treated, the inherent toxicity and volume of arsenic con-
tamination in the tailings would not be reduced. However, because the tailings would be 
taken offsite for disposal, the toxicity and volume of contaminated tailings on the Lava Cap 
Mine site would be reduced. 

Remedial actions included in Alternative 2-6 reduce the toxicity, mobility, and/or volume of 
the primary sources of surface-water contamination in Little Clipper Creek. Removal of 
contaminated tailings would minimize the potential for migration or release of tailings and 
would minimize future impacts on surface-water quality. Removal of tailings and offsite 
disposal would eliminate existing tailings seeps. Pumping from the mine workings and 
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treatment of the mine water would irreversibly reduce the toxicity, mobility, and volume of 
mine area seeps. 

Short-term Effectiveness. Alternative 2-6 requires significant handling of contaminated 
material during excavation, dewatering, and disposal of tailings that could present addi-
tional short-term impacts to the community, workers, and the environment during the 
remedial action. Additional risks to the broader community could occur under Alterna-
tive 2-6 during transportation of large volumes of contaminated material for offsite disposal. 
Approximately 2,900 truckloads of material would be hauled offsite for disposal. Risks to 
the community from transportation of contaminated waste would be mitigated through 
spill prevention measures. Tarps, liners, and covers would be used during the transporta-
tion of contaminated soil to the disposal location, and offsite disposal would comply with 
appropriate chemical- and action-specific ARARs. Tailings would be dewatered prior to 
transportation to minimize the potential for liquefaction of tailings or leakage of free water 
during transport. As discussed for Alternative 2-5, a potentially large volume of water could 
be removed during dewatering and would require storage or immediate treatment. 
Assuming all materials would need to be obtained from offsite, an additional 1,200 truck-
loads would be required to provide uncontaminated soil, drain sand, and riprap for 
dewatering trenches and drying bed, cover soil for other areas of stockpiled waste rock, and 
construction of surface-water diversion channels. 

As discussed for Alternative 2-5, it is feasible that tailings excavation could be conducted 
within one construction season. Once tailings are excavated, RAOs for the protection of 
human health and the environment from exposure to or release of contaminated tailings 
would be achieved. As discussed for Alternative 2-2, pumping from the mine workings, 
collection of the adit seepage, and operation of the C/MF treatment system would achieve 
RAOs for surface water that is above preliminary cleanup goals, and would achieve protec-
tion of human and ecological receptors to contaminants in surface water that pose a signifi-
cant risk. 

Implementability. Implementation of Alternative 2-6 would present administrative and tech-
nical challenges. As discussed for Alternative 2-5, excavation is a commonly used and well-
proven method; the equipment, labor, and materials needed to implement this alternative 
are available and would be provided by an environmental contractor. However, technical 
challenges exist regarding handling of contaminated material, dewatering of tailings, access 
by construction equipment and trucks to haul waste, and earthwork to restore the LCC 
channel and move waste rock outside of the 100-year flow. Disposal of excavated soil in a 
Class II landfill would be contingent on contaminant concentrations being below TCLP and 
STLC concentrations during waste characterization. Implementation of Alternative 2-6 
requires identification of an offsite disposal facility capable of accepting the large volume of 
contaminated material. Transport of contaminated tailings offsite would require coordina-
tion with the broader community. Approval of an offsite disposal facility and offsite trans-
port of contaminated tailings could present significant administrative challenges to 
implementation. Following excavation and offsite disposal, Alternative 2-6 would allow 
virtually unrestricted use of the site, with land use restrictions implemented to limit the 
potential for disturbance or removal of waste rock remaining onsite.  
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Cost. The estimates of capital cost, annual cost, and 50-year net present value to implement 
Alternative 2-6 are summarized in Table 4-2. As discussed for Alternative 2-2, costs of ex 
situ chemical treatment were developed for a low-flow and high-flow scenario. The most 
significant capital cost of Alternative 2-6 is the cost associated with offsite disposal of exca-
vated tailings. Disposal costs assume tailings would be classified as a non-hazardous waste 
and meet the acceptance criteria of a Class II landfill. This assumption is based on limited 
STLC and TCLP analyses on the tailings samples that indicate that mining wastes contain 
nonhazardous levels of soluble pollutants. Disposal costs would be substantially greater if 
portions of the tailings fail STLC or TCLP testing and require disposal in a Class I disposal 
facility. If the excavated tailings failed STLC testing and required disposal as a non-RCRA 
hazardous waste, the disposal cost for 56,000 cy of excavated material evaluated in this 
alternative would increase from the current disposal estimate of $4,700,000 for a Class II 
facility to $13,600,000 for a Class I facility. 

Other significant capital cost components of Alternative 2-6 include: equipment and instal-
lation costs of the C/MF treatment system; excavation, dewatering, and offsite disposal of 
tailings; excavation of waste rock to allow restoration of Little Clipper Creek channel; con-
struction of the western drainage diversion channel; purchase and placement of soil for 
revegetation of waste rock remaining onsite; disposal of highly contaminated soil excavated 
within and adjacent to the mine buildings; demolition and removal of mine buildings; and 
road improvements. Annual costs include: O&M costs associated with the C/MF treatment 
system, costs associated with maintaining land use restrictions, regrading and revegetating 
other areas of stockpiled waste rock, repair of the western drainage diversion channel, and 
surface-water monitoring. The net present value of Alternative 2-6 includes the cost of com-
plete replacement of equipment for the treatment system at Year 25. 

5.2.3 Little Clipper Creek (LCC) 
Sheet 11 in Appendix A is the base map illustrating the section of Little Clipper Creek 
downstream of the log dam and upstream of Greenhorn Road that would be targeted by 
remedial actions. As discussed in Section 1.0, remaining portions of Little Clipper Creek 
downstream of Greenhorn Road and upstream of the confluence with Clipper Creek will 
not be considered in this FS. Arsenic concentrations ranged from 50 to 1,150 mg/kg in soil 
and sediment samples collected during the RI along LCC below the mine. These concentra-
tions exceed background concentrations and pose risks to human health and the environ-
ment. As a result, tailings-impacted sediment along LCC was targeted for remedial action. 

The alternatives developed to address tailings-impacted sediment along LCC downstream 
of the log dam to Greenhorn Road are described in detail in Section 4.3. The remedial alter-
natives target the primary area of deposition along the Little Clipper Creek corridor, 
upstream of Greenhorn Road. This area of deposition corresponds to a wider portion of the 
Little Clipper Creek channel, where there are marked decreases in gradient. The area of 
deposition correlates with the area where the flooded width of Little Clipper Creek was the 
widest. This area of deposition accumulated much thicker deposits of tailings than other 
areas flooded during the 1997 and earlier flood events. Remaining areas along this section of 
Little Clipper Creek have small, isolated areas of tailings and would not be subject to reme-
dial actions. Additional data collected during the design phase would be used to refine the 
area(s) of deposition.  
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As indicated in Section 4.3, four alternatives have been analyzed for the Little Clipper Creek 
Area: 

 Alternative 3-1 - No Action 
 Alternative 3-2 - Institutional Controls 
 Alternative 3-3 - Capping and Channelization 
 Alternative 3-4 - Excavation 

These four alternatives are described in detail in Section 4.3 and discussed in the following 
paragraphs. A summary of the detailed analysis for alternatives for the Little Clipper Creek 
alternatives is presented in Table 5-9. 

5.2.3.1 Alternative 3-1 - No Action 

The no-action alternative provides a baseline from which to analyze other alternatives. 

Overall Protection of Human Health and the Environment. The estimated excess lifetime cancer 
risk for residents and recreational users along LCC downstream of the mine (Exposure 
Unit 4) was greater than the acceptable range for site-related exposures, defined by EPA as 
between 1 x 10-6 and 1 x 10-4. Arsenic was determined to be the primary risk driver mainly 
through the incidental soil ingestion exposure pathway. The no-action alternative would not 
eliminate, reduce, or control the risk to residents and recreational users along LCC because 
exposure to contaminants through direct contact, ingestion, and/or inhalation would be 
possible. There would be unlimited access to contaminated sediment, and future activities 
(such as excavation and construction) would not be monitored or restricted. 

The ERA (EPA, 2001c) evaluated risks to fish, sediment, biota, amphibians, terrestrial plants, 
soil invertebrates, soil microbial processes, and several species of birds and mammals from 
mine-related contaminants in surface water, sediment, and soil. The ERA concluded that 
mine-related contaminants pose a potential risk to ecological receptors at the mine and all 
downgradient areas impacted by mine releases. Arsenic is the dominant risk driver in the 
LCC drainage below the mine. Alternative 3-1 would not provide adequate protection of the 
ecological receptors because exposure to contaminated soil, sediment, and surface water is 
not eliminated, reduced, or controlled. Alternative 3-1 would not provide adequate protec-
tion of the environment, because the potential for migration of tailings and tailings-
impacted sediment would not be reduced.  

Compliance with ARARs. No action- or location-specific ARARs are applicable to the no-
action alternative. Alternatives for Little Clipper Creek address the tailings that have been 
deposited along the creek channel. There are no chemical-specific ARARs that provide 
numerical cleanup criteria for COCs in soils and sediments at the Lava Cap Mine Area. As 
presented in Section 2.0, preliminary cleanup goals were calculated from site-specific base-
line risk assessments. The mine area alternatives (Alternatives 2-1 through 2-6) address the 
contaminated mine area discharges that impact the surface water quality of LCC, and as 
such, would be the alternatives subject to the chemical-specific ARARs for surface water.  
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TABLE 5-9 
Little Clipper Creek Comparative Analysis Matrix 
Lava Cap Mine Area Feasibility Study 

Remedial 
Alternative Major Components 

Threshold Criteria Balancing Criteria 

Protection of Human Health 
and the Environment Compliance with ARARs 

Long-term Effectiveness and 
Permanence 

Reduction in Toxicity, 
Mobility, or Volume Short-term Effectiveness Implementability 

Estimated
Net Present Value  

($) 

Alternative 3-1: No 
Action 

None C – RAOs would not be achieved. 
Health risks to residents and 
recreational users along LCC 
would be above acceptable range. 
Risks to ecological acceptors 
would not be diminished. Does not 
reduce potential for migration of 
tailings-impacted sediment. 

C – Would not comply with 
SWRCB Resolution 92-49 
requiring protection of the 
beneficial uses of surface water. 

C – Future risks to human health 
and the environment would not be 
diminished. 

C – No treatment or reduction in 
TMV of sediment contamination. 

C – No remedial action; therefore, no 
additional impacts to populations from 
implementation. RAOs would not be 
achieved. 

A – Implementable.  0 

Alternative 3-2: 
Institutional 
Controls 

Access and Land Use 
Restrictions 

Surface-water Monitoring 

B – Reduces human exposure to 
contaminated sediment and 
surface water through access and 
use restrictions, provided 
restrictions are actively enforced. 
Does not reduce risks to ecological 
receptors. Potential impacts to 
surface water from tailings-
impacted sediment would not be 
mitigated but would be monitored. 

C – Would not comply with 
SWRCB Resolution 92-49 
requiring protection of the 
beneficial uses of surface water. 
Complies with DTSC’s Land 
Use Covenants Regulations 
governing implementation of 
institutional controls. 

B – Residual risk to human health 
would not be eliminated; however, 
risk would be controlled using 
access and land use restrictions. 
Institutional controls would require 
long-term enforcement and 
coordination with agencies and 
property owners to be effective. 
Risks to ecological receptors and 
the environment would not be 
diminished.  

C – No treatment or reduction in 
TMV of sediment contamination. 

B – No construction activities; 
therefore, no additional impacts to 
populations from implementation. RAO 
of protection of human exposure to 
contaminated sediment would be 
achieved rapidly, assuming the 
industrial controls are actively 
enforced. RAOs for protection of 
ecological receptors and minimizing 
the potential for migration of contami-
nated sediment would not be 
achieved. 

B – Implementation of insti-
tutional controls would require 
coordination with state and local 
governments and the property 
owners. Implementation and 
enforcement of institutional 
controls would be difficult; 
multiple parcels of property 
include portions of LCC 
upstream of Greenhorn Road 
and access to LCC is readily 
available from Greenhorn Road 
and Tensy Lane. 

290,000 

Alternative 3-3: 
Capping and 
Channelization 

Land Use Restrictions 

Channelize LCC 

Soil Cover and Revegetation 

Surface-water Monitoring 

 

A – Reduces risks to residents and 
recreational users along LCC and 
ecological receptors by covering 
contaminated soil. Minimizes the 
migration of tailings-impacted 
sediment by channeling LCC 
through the primary area of 
deposition. 

A – Complies with ARARs. 
Construction of an engineered 
channel and placement of a soil 
cover would comply with action- 
and location-specific ARARs. 

B – Residual risk of arsenic 
contamination would not be 
eliminated. However, risk to human 
health and the environment would 
be controlled, provided the soil 
cover and channel are maintained. 

B – No treatment or reduction in 
toxicity of arsenic contamination. 
Would limit the mobility of 
contaminated sediment and 
minimize future impacts of 
contaminated sediment on 
surface water. 

B – Construction activities would 
impact the riparian habitat. Existing 
and native vegetation would be 
restored outside of the creek channel 
following construction activities. 
Impacts from dust, noise, sediment 
migration, and truck traffic would be 
minimized during construction 
activities using appropriate controls 
and protective measures. RAOs would 
be achieved within one construction 
season. 

B –Soil cover and channel 
construction is a reliable 
technology and equipment is 
readily available. Construction 
activities and institutional 
controls would require 
coordination with multiple land 
owners. Would require 
excavation of large volume of 
sediment for construction of 
channel for 100-year flow. 
Access road would need to be 
constructed north of Tensy 
Lane.  

1,000,000 

Alternative 3-4: 
Excavation 

Excavation 

Surface-water Monitoring 

A – Removal of contaminated 
sediment in the primary area of 
deposition minimizes the potential 
for migration of contaminated 
sediment and reduces risks to 
residents, recreational users, and 
ecological receptors.  

A – Complies with ARARs. 
Excavation and disposal would 
comply with chemical-, action-, 
and location-specific ARARs. 

A – Excavation and disposal would 
provide effective and permanent 
reduction of risk to human health 
and the environment. Long-term 
management and monitoring would 
be required for onsite disposal or 
consolidation with tailings. 

A – TMV of arsenic-contaminated 
sediment in the LCC channel 
would be reduced through 
excavation and offsite disposal, 
onsite disposal, or consolidation 
with tailings for capping. 

B – Construction activities would 
impact the riparian habitat. Following 
construction activities, the stream 
channel would be restored and the 
area revegetated with existing and 
native vegetation. Impacts from dust, 
noise, sediment migration, and truck 
traffic would be minimized during con-
struction activities using appropriate 
controls and protective measures. 
RAOs would be achieved within one 
construction season. 

A – Implementable. Excavation 
is a reliable technology and 
equipment is readily available. 
Would require coordination with 
multiple land owners. Access 
road would need to be con-
structed north of Tensy Lane. 
Excavation and disposal would 
allow unrestricted use of LCC. 

3-4A (Consolidate with Tailings) 
500,000 

3-4B (Offsite Disposal)  

Disposal in Class II facility 
630,000 

Additional contingency cost if 
dispose in Class I facility 

320,000 

3-4C (Onsite Disposal) 
530,000 

Notes:    
Qualitative assessment of the results of criteria evaluation: 
A – Favorable  
B – Favorable with qualifiers 
C – Not favorable 
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Alternative 3-1 would allow continued migration of contaminated sediment into Little 
Clipper Creek and consequent degradation of the surface-water quality.  

As such, Alternative 3-1 would not comply with SWRCB Resolution 92-49 requiring attain-
ment of the highest water quality that is economically and technically achievable and pro-
tection of the beneficial uses of surface water. 

Long-term Effectiveness and Permanence. All current and future risks remain under Alter-
native 3-1. Untreated residual contamination in soil and sediment would continue to pose a 
risk to human health and the environment. No controls would be implemented to manage 
untreated wastes. 

Reduction of Toxicity, Mobility, or Volume through Treatment. There is no reduction of toxicity, 
mobility, or volume through treatment because no treatment technologies would be 
employed. No treatment residuals would be generated.  

Short-term Effectiveness. Because no remedial action would be taken under Alternative 3-1, 
no short-term risks to the community or to workers would occur as a result of implementing 
the alternative. Similarly, no environmental impact from construction activities would 
occur. RAOs would not be met. No actions would be taken to protect against human or eco-
logical exposure to contamination in soil, sediment, and surface water that poses a signifi-
cant risk. No effort would be made to remediate contaminants that exceed cleanup goals in 
soils and sediment. The potential would not be diminished for migration of contaminated 
tailings and sediment during storm events. 

Implementability. The no-action alternative is implementable, and no permits would 
be required. 

Cost. No cost is associated with the no-action alternative. 

5.2.3.2 Alternative 3-2 - Institutional Controls 
A detailed description of Alternative 3-2 is available in Section 4.3.2. Land use controls 
would be implemented to prohibit recreational activities and to limit intrusive activities 
such as excavation, grading, or trenching. Signs would be posted to restrict access and warn 
of arsenic contamination. Surface-water monitoring would be conducted to identify poten-
tial impacts to surface water from tailings-impacted sediment in LCC downstream of the 
mine area. 

Overall Protection of Human Health and the Environment. Access and land use restrictions 
implemented in Alternative 3-2 would restrict access and prohibit recreational activities, 
thereby reducing the potential risk to human health associated with incidental ingestion of 
contaminated soil and sediment. Alternative 3-2 would not limit exposure of ecological 
receptors to contaminated sediment, and the potential for migration of contaminated soil or 
sediment would not be reduced. Surface-water monitoring would be used to identify 
potential impacts to surface water from tailings-impacted sediment in LCC downstream of 
the mine area. 

Compliance with ARARs. As discussed for Alternative 3-1, because of the potential for con-
tinued migration of tailings-impacted sediment along the Little Clipper Creek channel, 
Alternative 3-2 would not comply with SWRCB Resolution 92-49 requiring protection of the 
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beneficial uses of surface water. There are no applicable location-specific ARARs for this 
alternative. As discussed for Alternative 1-2, this alternative would comply with DTSC’s 
Land Use Covenants Regulations. 

Long-term Effectiveness and Permanence. Arsenic contamination in sediment would remain. 
However, Alternative 3-2 manages the risks to human health posed by untreated contami-
nated sediment by restricting access and prohibiting recreational use. As discussed for 
Alternative 1-2, institutional controls would require long-term enforcement and agency 
coordination to be effective. Enforcement of institutional controls can be difficult and inef-
fective, depending on the type of control. Multiple parcels of property include portions of 
LCC upstream of Greenhorn Road, and access to LCC is readily available from Greenhorn 
Road and Tensy Lane.  

Reduction of Toxicity, Mobility, or Volume through Treatment. Alternative 3-2 would not 
include treatment for the reduction of toxicity, mobility, or volume of arsenic contamination 
in soil. 

Short-term Effectiveness. No construction activities would be implemented as part of Alter-
native 3-2; therefore, no short-term risks to the community or workers would arise during 
the remedial action. Access and land use restrictions would be implemented rapidly. Once 
access and use restrictions are implemented, RAOs to protect against the exposure of 
humans to contaminants in soil that pose an unacceptable risk could potentially be 
achieved, assuming that the institutional controls are actively enforced. Because the stretch 
of LCC with the tailings deposition is in an area accessible to the public, it would be more 
difficult to ensure that the use restrictions are effective. RAOs of limiting or preventing 
ecological exposure to contaminated sediment and minimizing the potential for migration of 
contaminated sediment would not be achieved. 

Implementability. As discussed for Alternative 1-2, implementation of institutional controls 
would require coordination with state and local governments and the property owners. As 
discussed for long-term effectiveness, multiple parcels of property include portions of LCC 
upstream of Greenhorn Road, and access to LCC is readily available from Greenhorn Road 
and Tensy Lane. These factors make implementation of access and use restrictions along 
LCC more difficult than for other subareas.  

Cost. The estimates of capital cost, annual cost, and net present value to implement Alterna-
tive 3-2 are summarized in Table 4-2. For Alternative 3-2, the capital cost includes cost of 
signs posted along LCC. The estimated annual cost includes surface-water monitoring. An 
additional annual cost was estimated for verification that land use restrictions are main-
tained during property transactions and for routine site inspections to verify land use and 
look for evidence of recreational use. To calculate the net present value, the total project 
duration was estimated as 50 years of continued institutional controls. 

5.2.3.3 Alternative 3-3 - Capping and Channelization 
A detailed description of Alternative 3-3 is available in Section 4.3.3. Alternative 3-3 is 
designed to limit migration of contaminated sediment by channeling Little Clipper Creek, 
and to limit human and ecological exposure to contaminated sediment by capping contami-
nated sediment in the primary area of deposition. Land use restrictions would be imple-
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mented to limit the potential for intrusive activities that could compromise the integrity of 
the soil cover. 

Overall Protection of Human Health and the Environment. Alternative 3-3 would reduce the 
potential for migration of deposited tailings and tailings-impacted sediment by constructing 
an engineered channel through the primary area of deposition. The channel would be 
designed for the 100-year storm event flow for LCC. The channel would be lined with an 
impermeable liner to minimize contact of surface water with contaminated sediment and 
minimize resultant impacts on surface-water quality. Alternative 3-3 would provide protec-
tion of residents and recreational users along LCC and ecological receptors by covering 
contaminated soil in the primary area of deposition outside of the engineered creek channel. 
The soil cover would also limit wind or water erosion of contaminated soil outside of the 
creek channel. Land use restrictions would be implemented to prohibit intrusive activities 
that could compromise the integrity of the soil cover. 

LCC surface water quality is currently impacted by discharge of contaminated surface water 
in the mine area. Implementation of Alternative 3-3 alone would not significantly improve 
surface-water quality without remedial action in the mine area to minimize the potential for 
tailings migration and control of mine area seepages. 

Compliance with ARARs. Alternative 3-3 would comply with ARARs. Alternative 3-3 
includes construction of an engineered channel for LCC. Construction of a creek channel 
would impact riparian corridors associated with LCC. Location-specific ARARs would gov-
ern actions taken during the remedial action. Potentially applicable location-specific ARARs 
are detailed in Appendix D. No waivers for location-specific ARARs are expected. A general 
ecological assessment was conducted during the RI field program for the observed habitats 
in the project area. The California red-legged frog, a federal threatened species and a 
California species of special concern, was observed in an onsite wetland by a biologist in 
1985 (EPA, 2001a). No threatened or endangered species have been observed in the riparian 
corridor associated with Little Clipper Creek. A list of potential special status species was 
identified that could be associated with habitats observed in the project area. If endangered 
or threatened species are identified during site activities and remedial actions would impact 
the species or habitat, the Endangered Species Act would govern actions. 

Capping of sediment and soil would comply with appropriate action-specific ARARs. 
Action-specific air quality regulations that apply to fugitive dust control would be met 
during construction activities. As discussed for Alternative 1-2, this alternative would com-
ply with DTSC’s Land Use Covenants Regulations. As discussed for Alternative 3-2, there 
are no applicable chemical-specific ARARs for this alternative. 

Long-term Effectiveness and Permanence. Arsenic contamination would remain in the sedi-
ment; however, Alternative 3-3 manages the risks to human health and the environment by 
channeling LCC through the primary area of deposition, covering soil to limit direct contact, 
and prohibiting intrusive activities. The soil cover and LCC channel would require periodic 
inspections and maintenance. As discussed for Alternative 1-2, effective enforcement of 
institutional controls would require coordination with state and local governments and 
property owners.  



SECTION 5.0 DETAILED ANALYSIS OF REMEDIAL ALTERNATIVES 

5-46 RDD\032940081 (CAH2505.DOC) 

Reduction of Toxicity, Mobility, or Volume through Treatment. Remedial actions included in 
Alternative 3-3 do not reduce the toxicity or volume of contaminated soil or sediment. 
Remedial actions do reduce the mobility of contaminated soil and sediment by channeling 
LCC through the primary area of deposition and covering soil outside of the creek channel 
to reduce erosion. The channel would be lined with an impermeable liner to minimize con-
tact of surface water with contaminated sediment and minimize future impacts on surface-
water quality. 

Short-term Effectiveness. Alternative 3-3 includes construction of an engineered channel for 
LCC. Construction activities, including excavation and construction of the creek channel 
and construction of an access road upstream of the culvert under Tensy Lane, would impact 
the riparian habitat associated with LCC. Following construction activities, the area outside 
of the creek channel would be revegetated to match existing or native vegetation. The engi-
neered channel with impermeable liner and gabions would be highly effective in limiting 
contact of surface water with contaminated sediment and limiting erosion of contaminated 
sediment. However, the engineered channel would not allow benthic communities to 
become re-established following construction activities.  

LCC would be diverted during construction activities to allow dewatering of sediment and 
prevent suspension and subsequent migration of sediment into surface water. During con-
struction activities, effects of dust, noise, and truck traffic would be mitigated using appro-
priate controls and protective measures. Assuming 20-cubic-yard dump trucks, 
approximately 160 truckloads of uncontaminated soil and riprap would be required for the 
channel and soil cover. 

Channel construction and placement of the soil cover would be completed within one con-
struction season. As discussed for Alternative 1-2, land use restrictions would be imple-
mented rapidly. RAOs to protect human health and the environment would be achieved 
following construction activities. 

Implementability. The equipment and labor required to install the soil cover are available and 
would be provided by an environmental contractor. Technical challenges do exist regarding 
construction in the stream channel. Construction of a channel designed for the 100-year flow 
of LCC is estimated to require excavation of approximately 2,500 cy of sediment to depths 
up to 5 feet. This volume is greater than the estimated volume of contaminated sediment in 
this area (2,000 cy). Excavated sediment would be backfilled outside of the creek channel 
and incorporated under the soil cover.  

Construction activities would be conducted during the dry season when Little Clipper 
Creek flows are lowest. LCC would be diverted during construction activities to allow 
dewatering of sediment and prevent suspension and subsequent migration of sediment into 
surface water. 

Access for construction equipment would require that an access road be built upstream of 
Tensy Lane. Access to LCC for construction of the creek channel, placement of the soil 
cover, and construction of an access road would require coordination with multiple prop-
erty owners. As discussed for Alternative 1-2, implementation of institutional controls 
would require coordination with state and local governments and the property owners. 
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Cost. The estimates of capital cost, annual cost, and 50-year net present value to implement 
Alternative 3-3 are summarized in Table 4-2. Significant capital costs include construction of 
an engineered channel for LCC, purchase and placement of uncontaminated soil for the soil 
cover, construction of an access road for portions of the creek upstream of Tensy Lane, and 
road maintenance for existing roads. Annual costs include those associated with mainte-
nance of the soil cover, channel repair, surface-water monitoring, and land use restrictions.  

5.2.3.4 Alternative 3-4 - Excavation 
A detailed description of Alternative 3-4 is available in Section 4.3.4. Alternative 3-4 is 
designed to limit migration of contaminated sediment and prevent exposure to human 
health and ecological receptors by excavating contaminated sediment in the primary area of 
deposition. 

Overall Protection of Human Health and the Environment. Alternative 3-4 would provide pro-
tection of residents, recreational users, and ecological receptors by removing contaminated 
soil and sediment in the primary area of deposition. Removal of contaminated soil and sedi-
ment would also minimize the potential for migration of contaminants and subsequent 
impacts on surface-water quality. 

Disposal of the excavated soil would be dependent on the alternative chosen for the tailings 
in the mine area; however, the excavated soil would be managed in a manner to prevent 
contaminant migration or receptor exposure. The contaminated soil would be disposed in 
an approved onsite or offsite engineered containment system or incorporated with the tail-
ings and managed with surface controls or a cap. 

Compliance with ARARs. Alternative 3-4 would comply with ARARs. Alternative 3-4 
includes excavation of tailings-impacted sediment within and adjacent to the creek channel 
in the primary area of deposition. Excavation of tailings-impacted sediment would disturb 
riparian corridors associated with LCC during construction activities. Alternative 3-4 
includes restoration of the creek channel and revegetation to re-establish existing or native 
vegetation following excavation activities. As discussed for capping and channelization in 
Alternative 3-3, location-specific ARARs would govern actions taken during the remedial 
action. Potentially applicable location-specific ARARs are detailed in Appendix D. No 
waivers for location-specific ARARs are expected.  

Action-specific air quality regulations that apply to fugitive dust control would be met 
during construction activities. Disposal of excavated sediment would comply with 
chemical-specific and action-specific ARARs that govern the classification, storage, trans-
portation, and/or disposal of potentially hazardous materials. Wastes would be 
characterized to determine the appropriate classification based on RCRA and California 
hazardous waste determination regulations. TCLP and STLC testing results for tailings indi-
cate sediment excavated within and adjacent to the LCC channel would be classified as 
nonhazardous and meet the requirements of a Class II offsite disposal facility. 

Long-term Effectiveness and Permanence. Alternative 3-4 provides permanent and long-term 
effectiveness in protecting human health and the environment because contaminants in soil 
and sediment in the primary area of deposition would be physically removed. Long-term 
management and monitoring would be required for the onsite disposal facility or if exca-
vated soil is consolidated with tailings onsite. Remaining areas along the section of Little 
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Clipper Creek north of Greenhorn Road outside of the primary area of deposition would not 
be subject to remedial actions. These portions of LCC are relatively inaccessible and have 
small, isolated areas of tailings. In Alternative 3-4, surface-water monitoring is proposed to 
monitor potential impacts to surface-water quality from residual sediment. 

Reduction of Toxicity, Mobility, or Volume through Treatment. Under Alternative 3-4, contami-
nated soil and sediment would be excavated and disposed. Removal of contaminated sedi-
ment would minimize the potential for migration of contaminants and minimize future 
impacts on surface-water quality. Because the sediment would not be treated, the inherent 
toxicity and volume of arsenic contamination in the sediment would not be reduced. But the 
toxicity and volume of sediment contamination in Little Clipper Creek channel would be 
reduced through removal and containment during disposal. Alternative 3-4 would not 
reduce the toxicity, mobility, or volume of arsenic in the sediment; however, the toxicity, 
mobility, and volume of contaminated sediment in the LCC channel would be permanently 
reduced by excavation and disposal.  

Short-term Effectiveness. As discussed for Alternative 3-3, mitigation measures would be 
employed to limit potential impacts to human health and the environment during construc-
tion activities. Approximately 100 truckloads would be required to transport excavated 
material for potential offsite disposal. Hazards posed to workers by excavation activities 
would be addressed through compliance with a CQAP, HSP, and pertinent OSHA regula-
tions governing excavation activities. Spill prevention measures such as tarps, liners, and 
covers would be implemented during the transportation of contaminated soil to the disposal 
location. All temporarily stockpiled soils would be covered during off-hours to reduce 
potential dust emissions.  

As discussed for Alternative 3-3, construction activities would impact the riparian habitat 
associated with LCC. Following construction activities, the area would be graded to 
re-establish the creek channel. The banks of the channel would be stabilized with a method 
such as installation of a rolled erosion control product. The creek bed and banks would also 
be stabilized with stockpiled rock. The area would be revegetated to match existing or 
native vegetation. 

Soil excavation would be accomplished within one construction season. RAOs to protect 
human health and the environment would be achieved following completion of the excava-
tion activities. 

Implementability. Excavation is a commonly used and well-proven method of removing 
contaminated surface and subsurface materials from hazardous waste sites. The equipment, 
labor, and materials needed to implement this alternative are available and would be pro-
vided by an environmental contractor.  

Technical challenges do exist regarding excavation in the stream channel. Excavation activi-
ties would be conducted during the dry season when Little Clipper Creek flows are lowest. 
LCC would be diverted during construction activities to allow dewatering of sediment and 
prevent suspension and subsequent migration of sediment into surface water. Access for 
construction equipment would require that an access road be built upstream of Tensy Lane. 
Access to LCC for excavation of contaminated sediment and construction of an access road 
would require coordination with multiple property owners. To avoid removing large-
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diameter trees and to reduce impact on riparian habitat, excavation of sediment may need to 
be conducted by hand crews rather than using heavy equipment. 

Following excavation and disposal of contaminated sediment in the primary area of deposi-
tion, Alternative 3-4 would allow unrestricted use of LCC. Disposal of excavated soil in a 
Class II landfill would be contingent on contaminant concentrations being below TCLP and 
STLC concentrations during waste characterization. 

Cost. The estimates of capital cost, annual cost, and 50-year net present value to implement 
Alternative 3-4 are summarized in Table 4-2. Significant capital costs include excavation and 
disposal of contaminated sediment and soil, construction of an access road for portions of 
the creek upstream of Tensy Lane, and road maintenance for existing roads. Disposal of the 
tailings-impacted sediment depends on the alternative chosen for the tailings in the mine 
area, and costs were developed for three options: (1) consolidation with the tailings and 
waste rock pile for regrading or capping, (2) offsite disposal in a Class II landfill, or (3) dis-
posal in an onsite disposal cell.  

Offsite disposal costs assume excavated soil would not be classified as a RCRA or non-
RCRA, state-only hazardous waste. This assumption is based on TCLP and STLC test results 
for tailings samples taken in August 2001. All samples of tailings passed TCLP tests, and 
only one sample exceeded STLC requirements. If the excavated sediment failed STLC test-
ing and required disposal as a non-RCRA hazardous waste, the disposal cost for 2,000 cy of 
excavated material evaluated in this alternative would increase from the current disposal 
estimate of $170,000 for a Class II facility to $490,000 for a Class I facility. 

5.3 Comparative Analysis of Alternatives 

5.3.1 Mine Area Residences 

5.3.1.1 Overall Protection of Human Health and the Environment 
Alternative 1-1 is the only alternative that does not provide at least some degree of protec-
tion against exposure of mine area residents to contaminated soil adjacent to residences. 
Alternative 1-2, if enforced properly, would provide a high level of protection by restricting 
residential use in areas of contamination. Alternatives 1-3 and 1-4 would provide similar 
levels of protection for mine area residents. Alternative 1-4 would permanently reduce risks 
to residents by excavation and disposal of contaminated soil adjacent to the residences. 
Alternative 1-3 would reduce exposure by placement of a soil cover and enforcement of 
land use restrictions. However, under Alternatives 1-3 and 1-4, residents may still be 
exposed to residual contamination in the mine area remaining after implementation of 
alternatives for the mine buildings, tailings, and waste rock.  

5.3.1.2 Compliance with ARARs 
No ARARs are applicable to Alternative 1-1. Alternatives 1-2 and 1-3 would comply with 
DTSC’s Land Use Covenants Regulations. Alternatives 1-3 and 1-4 would comply with 
location-specific ARARs in the event that any significant cultural, historical, archaeological, 
or ecological resources are identified during site activities. Alternative 1-4 would comply 
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with chemical- and action-specific ARARs during classification, storage, transport, and dis-
posal of excavated soil. 

5.3.1.3 Long-term Effectiveness and Permanence 
Alternative 1-4 would provide permanent and long-term effectiveness in protecting human 
health because contaminants in surface soil surrounding the residences would be physically 
removed. Residual risks would remain in Alternatives 1-2 and 1-3; however, residual risks 
would be controlled, provided institutional controls are enforced over the long term. The 
enforcement of institutional controls would likely be the responsibility of state and local 
governments. All current and future risks would remain under Alternative 1-1. 

5.3.1.4 Reduction of Toxicity, Mobility, or Volume through Treatment 
Alternative 1-4 would permanently reduce the toxicity, mobility, and volume of contami-
nated surface soil surrounding residences by excavation and disposal. Alternative 1-3 would 
reduce the mobility of contaminated soil by capping the area around the residence. Alterna-
tives 1-1 and 1-2 would not result in treatment or reduction in toxicity, mobility, or volume 
of arsenic contamination.  

5.3.1.5 Short-term Effectiveness 
Remedial actions in Alternatives 1-3 and 1-4 would create short-term impacts (generation of 
dust, noise, and truck traffic) that would require readily available controls. There would be 
no short-term impacts for Alternatives 1-1 and 1-2. RAOs for protection of human exposure 
to contaminated soil would be achieved relatively rapidly under Alternatives 1-3 and 1-4. 
Human exposure RAOs may be achieved under Alternative 1-2 if institutional controls are 
actively enforced. RAOs would not be achieved for Alternative 1-1. 

5.3.1.6 Implementability 
Alternatives 1-1 and 1-4 would be readily implementable. Alternatives 1-2 and 1-3 include 
implementation of institutional controls. Implementation of institutional controls would 
require coordination with state and local governments and the property owner(s). Imple-
mentation and enforcement could be difficult and ineffective, depending on the type of 
control. If the institutional control is a form of governmental control, such as a zoning 
restriction, ordinance, or statute, the institutional control would be implemented and 
enforced by the state or local government. Proprietary controls, such as easements and 
covenants placed in the chain of titles, can be complicated to implement and must consider 
the individual rights of the property owner with respect to his or her property. Enforcement 
agreements are only binding on the signatories, and the property restrictions are not trans-
ferred through a property transaction. Informational devices are not directly enforceable 
and may be used in a layered strategy of implementing institutional controls for greater 
effectiveness. 

5.3.1.7 Cost 
Alternative 1-4 would be the most expensive remedial alternative for the mine area resi-
dences. Of the disposal options considered for Alternative 1-4, offsite disposal would be the 
most expensive option (net present value estimated as $500,000), followed by onsite disposal 
($350,000), and consolidation with the tailings for grading or capping would be the least 
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expensive disposal option ($310,000). If the excavated soil failed STLC testing and required 
disposal as a non-RCRA hazardous waste, the offsite disposal cost under Alternative 1-4B 
would increase by the contingency cost shown in Table 5-7.  

Alternative 1-3 has an estimated net present value of $250,000. Major costs of both Alterna-
tives 1-4 and 1-3 include purchase of uncontaminated soil for the cover or for backfill. Alter-
native 1-2 has an estimated net present value of $46,000 for implementation and 
maintenance of institutional controls. No cost is associated with the no-action alternative. 

5.3.2 Mine Buildings, Tailings, and Waste Rock 

5.3.2.1 Overall Protection of Human Health and the Environment 
Alternative 2-1 would not provide protection of human health, ecological receptors, or the 
environment. The following discussion focuses on the protectiveness of the remaining 
alternatives. 

Alternatives 2-2 through 2-6 minimize the toxicity, mobility, and volume of contaminated 
mine area discharges/seeps through collection and ex situ chemical treatment and surface-
water diversions through areas of tailings or stockpiled waste rock. Alternatives 2-5 and 2-6 
further minimize the production of mine area seeps and permanently eliminate the potential 
for migration or release of contaminated tailings through excavation and disposal of tail-
ings. Alternatives 2-2, 2-3, and 2-4 minimize the potential for migration or release of con-
taminated tailings with buttress construction, stream channel modifications, surface soil 
controls, capping, and/or tailings stabilization, with increasing degrees of effectiveness with 
increasing active remediation. 

Alternatives 2-2 through 2-6 provide protection of human health with varying degrees of 
effectiveness. Alternatives 2-5 and 2-6 provide the a high level of protection by excavating 
tailings and disposal in an engineered containment facility. Alternatives 2-3 and 2-4 manage 
the risk to human health from contamination by capping tailings; excavating and abating 
hazards in and around the mine buildings; grading, covering, and vegetating other areas of 
stockpiled waste rock; and implementing land use restrictions. Alternative 2-2 provides the 
lowest level of protection of human health from contaminated tailings and soil through 
implementation of institutional controls only. 

Alternatives 2-3 through 2-6 would provide protection of ecological receptors from contami-
nated tailings, soil, and waste rock in the mine area, with increasing degrees of protective-
ness with increasing active remediation. Alternative 2-2 would not provide protection of 
ecological receptors from contaminated soil in the mine area. However, the majority of the 
mine area is classified as a disturbed habitat with bare soil, and is not suitable habitat for 
many ecological receptors.  

5.3.2.2 Compliance with ARARs 
Alternative 2-1 would not comply with ARARs. Continued discharge of mine area seeps 
under Alternative 2-1 would not comply with chemical-specific ARARs. The existing tail-
ings impoundment under Alternative 2-1 would not comply with the siting and construc-
tion standards for existing mining units, including requirements for protection from 100-
year peak streamflow and precipitation and drainage controls. All remaining alternatives 
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would comply with ARARs. Ex situ chemical treatment of mine area seeps in Alternatives 2-
2 through 2-6 would comply with chemical-specific ARARs, including treatment of arsenic 
to the preliminary cleanup goal of 10 µg/L. Capping of tailings in Alternatives 2-2 and 2-3 
would comply with appropriate action-specific ARARs. Excavation and disposal of con-
taminated material in Alternatives 2-3 through 2-6 would comply with chemical- and 
action-specific ARARs during classification, storage, transport, and disposal of excavated 
material. Demolition of mine buildings in Alternatives 2-4, 2-5, and 2-6 would consider the 
NHPA. Design, construction, maintenance, and monitoring of the onsite disposal cell in 
Alternative 2-5 would comply with action- and location-specific ARARs for Group A waste.  

5.3.2.3 Long-term Effectiveness and Permanence 
Alternative 2-6 would provide the most effective and permanent reduction of risk to human 
health and the environment from contaminated tailings through excavation and offsite dis-
posal of tailings. Alternative 2-5 also provides effective and permanent reduction of risk 
through removal of tailings and placement in an engineered onsite disposal cell. The dis-
posal cell would use an impermeable cover, precipitation and drainage controls, an imper-
meable liner, and leachate collection and treatment to prevent contaminant releases to 
groundwater or surface water. Based on the performance of existing landfill liners, it is 
estimated that little to no deterioration of synthetic materials would occur over a period in 
excess of 200 years. However, unlike offsite disposal, onsite disposal includes potential 
residual onsite risks and requires long-term cover maintenance, leachate collection and 
recovery, leak detection, and groundwater monitoring. 

Under Alternatives 2-2, 2-3, and 2-4, the residual risk of arsenic contamination would 
remain in soil and sediment; however, risks to human health and the environment would be 
controlled with buttress construction, surface soil controls, capping, and/or tailings stabili-
zation. Controls would require long-term maintenance and land use restrictions. Of these 
three alternatives, Alternative 2-4 would provide the most effective long-term reduction of 
risk from contaminated tailings by using cement stabilization on a portion of the tailings 
upstream of the buttress to permanently and effectively increase the shear strength of tail-
ings and decrease the potential for contaminant leaching. Alternatives 2-3 and 2-4 provide 
greater long-term reduction of risk than Alternative 2-2 by placing an impermeable cap over 
the tailings to more effectively reduce surface-water infiltration, placement of cover soil and 
revegetating other areas of waste rock to more effectively discourage removal or distur-
bance of waste rock, and hazard abatement and excavation in the mine buildings to remove 
hazards posed by some of the highest contaminant concentrations onsite. 

Alternatives 2-2 through 2-6 include ex situ chemical treatment of mine area seepages, 
which would provide adequate and reliable long-term reduction in surface-water contami-
nation at the minesite with only a small volume of treatment residuals. However, treatment 
of mine area seepages would require long-term O&M. Alternatives 2-5 and 2-6 allow for the 
smallest O&M costs by eliminating the tailings seeps. All current and future risks would 
remain under Alternative 2-1. 

5.3.2.4 Reduction of Toxicity, Mobility, or Volume through Treatment 
Alternative 2-1 would not result in treatment or reduction in toxicity, mobility, or volume of 
arsenic contamination. Remedial actions included in Alternatives 2-2 through 2-6 reduce the 
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toxicity, mobility, and/or volume of the primary sources of surface-water contamination in 
Little Clipper Creek. Collection and ex situ chemical treatment of mine area seeps is 
included in all alternatives involving active remediation (Alternatives 2-2 through 2-6). 

Alternative 2-6 provides the greatest reduction in toxicity, mobility, and volume of contami-
nated tailings through physical removal of tailings and placement in an offsite engineered 
disposal facility. Alternative 2-5 also reduces the mobility of contaminated tailings through 
excavation, but the toxicity and volume of tailings contamination onsite is not reduced 
because tailings remain onsite for disposal. Alternatives 2-2, 2-3, and 2-4 include buttress 
construction, surface soil controls, capping, and/or tailings stabilization, all of which limit 
the mobility of contamination by limiting the potential for migration or release of contami-
nated tailings, soil, or sediment.  

5.3.2.5 Short-term Effectiveness 
There would be no short-term impacts for Alternative 2-1. One estimate of short-term 
impacts for alternatives involving active remediation was calculated as the number of truck-
loads required to provide materials or to haul material offsite during implementation of the 
alternative. Alternative 2-2 would require the least amount of truck traffic (approximated as 
550 truckloads). Alternatives 2-3 and 2-4 would require approximately 1,700 truckloads of 
material to implement, and Alternative 2-5 would require approximately 2,000 truckloads of 
material. Alternative 2-6 would result in the greatest amount of truck traffic, with an esti-
mated 4,100 truckloads for offsite disposal of excavated tailings and provision of materials.  

Alternatives 2-5 and 2-6 require significant handling of contaminated material during exca-
vation, dewatering, and disposal of tailings that could present additional short-term impacts 
to the community, workers, and the environment during the remedial action. Risks during 
excavation of contaminated material would be mitigated using appropriate control and 
protective measures to limit potential impacts from dust, noise, sediment migration, and 
truck traffic. Hazards posed to workers by excavation activities would be addressed 
through compliance with a CQAPP, HSP, and pertinent OSHA regulations governing exca-
vation activities. Additional risks to the broader community could occur under Alternative 
2-6, which includes transportation of large volumes of contaminated material offsite. Risks 
during transportation would be mitigated using spill prevention measures. 

For Alternatives 2-2 through 2-6, RAOs for the protection of human health and the envi-
ronment would be achieved relatively rapidly. RAOs for contaminated tailings, soil, and 
sediment would be achieved within one construction season. Collection of mine area 
seepages and operation of the C/MF treatment system would achieve RAOs for surface 
water that is above preliminary cleanup goals, and would achieve protection of human and 
ecological receptors to contaminants in surface water that pose a significant risk. Determi-
nation of the treatment process and a detailed treatment design would be dependent on the 
actual flow rates and arsenic concentrations of the mine area seepages, following imple-
mentation of remedial actions. As a result, construction of the treatment plant in Alterna-
tives 2-2 through 2-6 would likely occur after implementation of remedial actions for 
contaminated tailings, soil, and waste rock and a pilot-scale treatment study. RAOs would 
not be achieved for Alternative 2-1. 
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5.3.2.6 Implementability 
The no-action alternative, Alternative 2-1, would be readily implementable. Of the alterna-
tives involving active remediation, Alternatives 2-2, 2-3, and 2-4 would be more easily 
implemented than Alternatives 2-5 and 2-6.  

C/MF treatment systems, included in Alternatives 2-2 through 2-6, have been designed and 
operated at full-scale, and equipment is readily available from commercial vendors. Addi-
tional data on the flow rates of the adit and buttress seepages would need to be collected 
prior to design. The operation and monitoring requirements of a ferric chloride coagula-
tion/filtration process, including the need for a part-time operator, require that a long-term 
access plan for the site be developed.  

Construction activities employed in Alternatives 2-2 through 2-6 would use available 
equipment, labor, and materials that would be provided by an environmental contractor. 
However, the remote location and steep topography would make access by large construc-
tion equipment difficult and would require road improvements to existing access roads and 
construction of new access roads. Alternatives 2-4, 2-5, and 2-6 include demolition of the 
mine buildings, which would require consideration of the NHPA.  

Technical challenges exist for the excavation of tailings under Alternatives 2-5 and 2-6. 
Excavation activities would require significant handling of contaminated material; engi-
neering measures to dewater tailings; collection, storage, and treatment of water removed 
during excavation; and significant earthwork to restore LCC channel and move waste rock 
outside of the 100-year flow. Alternative 2-5 includes construction of an onsite disposal cell. 
A disposal cell location has been identified that appears to have appropriate topography to 
accommodate the volume of tailings removed during excavation activities. The steep topog-
raphy and remote location would present technical challenges related to placement of liners 
and access by construction equipment. The ground would require preparation for place-
ment of leak detection and leachate collection piping and placement of an impermeable 
liner. The construction of an onsite disposal facility would have implications on the future 
land use of the site. Under Alternative 2-6, approval of an offsite disposal facility and offsite 
transport of contaminated tailings could present significant administrative challenges to 
implementation. 

Implementation of institutional controls is included in all alternatives involving active 
remediation. Implementation of institutional controls would require coordination with state 
and local governments and the property owner(s). Alternative 2-6 includes the least restric-
tions on land use, with land use restrictions being implemented to limit the potential for 
disturbance or removal of waste rock remaining onsite. Alternatives 2-2 through 2-6 include 
abandonment of the residence located adjacent to stockpiled waste rock.  

5.3.2.7 Cost 
No cost is associated with the no-action alternative (Alternative 2-1). The net present value 
for each alternative is summarized in Table 5-8. The total net present value of the alternative 
equals the net present value presented for components other than treatment (i.e. surface soil 
controls and buttress construction) plus the net present value for either the low-flow or 
high-flow scenario. As indicated in Table 5-8, the costs of alternatives for the mine area 
increase with increasing active remediation, with Alternative 2-2 being the least expensive 
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alternative and Alternative 2-6 the most expensive alternative evaluated. If the tailings 
failed STLC testing and required disposal as a non-RCRA hazardous waste, the offsite dis-
posal cost under Alternative 2-6 would increase by the contingency cost shown in Table 5-8. 
All alternatives involving active remediation include collection and treatment of the mine 
area seeps.  

Capital and O&M costs of ex situ chemical treatment are sensitive to the actual flow rates 
and arsenic concentrations of the adit and buttress seepages because of factors such as 
equipment sizing, chemical usage, and sludge production and disposal. Costs of ex situ 
chemical treatment by C/MF were developed for a low-flow and high-flow scenario for all 
alternatives.  

Under the low-flow scenario for all alternatives, the equipment capital cost of C/MF treat-
ment is estimated as $1,070,000, and annual O&M costs are estimated as $70,400. For the 
high-flow scenario for Alternatives 2-2, 2-3, and 2-4, the equipment capital cost is estimated 
as $3,330,000, and annual O&M costs are estimated as $125,000. For the high-flow scenario 
for Alternatives 2-5 and 2-6, in which the tailings pile seeps are eliminated, the equipment 
capital cost is estimated as $2,400,000 and annual O&M costs are estimated as $99,300.  

Net present value cost estimates for C/MF treatment system include the cost of complete 
replacement of equipment at Year 25. 

5.3.3 Little Clipper Creek (LCC) 

5.3.3.1 Overall Protection of Human Health and the Environment 
Alternatives 3-3 and 3-4 would provide protection of human health and the environment. 
Alternative 3-4 would provide a high level of protection by excavating contaminated sedi-
ment in the primary area of deposition, permanently minimizing the potential for migration 
of contaminated sediment, and reducing risks to residents, recreational users, and ecological 
receptors. Alternative 3-3 would provide a similar level of protection as Alternative 3-4, 
provided the soil cover, LCC channel, and land use controls are maintained. Alternative 3-2 
would limit human exposure with access and use restrictions (as long as the restrictions are 
actively enforced), but would not limit exposure of ecological receptors to contaminated soil 
or sediment or reduce the potential for migration of tailings-impacted sediment. Alternative 
3-1 would not provide protection of human health or the environment. 

5.3.3.2 Compliance with ARARs 
Because of the potential for continued migration of tailings-impacted sediment along the 
Little Clipper Creek channel, Alternatives 3-1 and 3-2 would not comply with SWRCB 
Resolution 92-49 requiring protection of the beneficial uses of surface water. Capping of 
sediment and soil in Alternative 3-3 would comply with appropriate action-specific ARARs. 
Alternatives 3-3 and 3-4 would comply with action- and location-specific ARARs during 
construction activities. Alternative 3-4 would comply with chemical- and action-specific 
ARARs during classification, storage, transport, and disposal of excavated sediment. 

5.3.3.3 Long-term Effectiveness and Permanence 
Alternative 3-4 would provide permanent and long-term effectiveness in protecting human 
health and the environment because contaminated soil and sediment in the area of depo-
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sition would be physically removed. Residual risks would remain in Alternative 3-3; how-
ever, residual risks to human health and the environment would be controlled, provided the 
soil cover and channel are maintained. Neither Alternatives 3-3 nor 3-4 includes active 
remediation of remaining areas along the section of Little Clipper Creek north of Greenhorn 
Road, outside of the primary area of deposition. These portions of LCC are relatively 
inaccessible and have small, isolated areas of tailings. Surface-water monitoring is proposed 
in Alternatives 3-3 and 3-4 to monitor potential impacts to surface-water quality from resid-
ual sediment. 

Alternative 3-2 would attempt to manage long-term risks to human health through access 
and use restrictions; however, risks to ecological receptors and the potential for migration of 
contaminated sediment would not be diminished. Institutional controls would require long-
term enforcement and coordination with agencies and property owners to be effective. All 
current and future risks to human health and the environment would remain under Alter-
native 3-1. 

5.3.3.4 Reduction of Toxicity, Mobility, or Volume through Treatment 
Alternative 3-4 would permanently reduce the toxicity, mobility, and volume of contami-
nated soil and sediment along the LCC channel by excavation and disposal. Alternative 3-3 
would not reduce the toxicity or volume of arsenic-contaminated sediment, but would limit 
the mobility of contaminated sediment and minimize future impacts of contaminated sedi-
ment on surface water. Alternatives 3-1 and 3-2 would not result in treatment or reduction 
in toxicity, mobility, or volume of arsenic-contaminated sediment.  

5.3.3.5 Short-term Effectiveness 
There would be no short-term impacts for Alternatives 3-1 and 3-2. Construction activities 
associated with Alternatives 3-3 and 3-4 would impact the riparian habitat associated with 
LCC. Following construction activities, the area impacted by construction activities would 
be graded and revegetated with existing and native vegetation. Under Alternative 3-3, the 
engineered channel would not allow benthic communities to become re-established follow-
ing construction activities. Short-term impacts from dust, noise, sediment migration, and 
truck traffic under Alternatives 3-3 and 3-4 would be minimized using appropriate controls 
and protective measures.  

For Alternatives 3-3 and 3-4, RAOs for the protection of human health and the environment 
would be achieved within one construction season. For Alternative 3-2, RAOs for the pro-
tection of human health would be at least partially achieved with implementation of insti-
tutional controls. Alternative 3-2 would not achieve RAOs for protection of ecological 
receptors and minimizing migration of contaminated sediment. No RAOs would be 
achieved for Alternative 3-1. 

5.3.3.6 Implementability 

The no-action alternative, Alternative 3-1, would be readily implementable.  

Soil cover placement, channel construction, and/or excavation employed in Alternatives 3-3 
and 3-4 would be implementable; the equipment, labor, and materials are readily available. 
Technical challenges do exist regarding construction in the stream channel. Construction 
activities under Alternatives 3-3 and 3-4 would require that an access road be built upstream 
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of Tensy Lane and would require coordination with multiple property owners. To avoid 
removing large-diameter trees and to reduce impact on riparian habitat, excavation of sedi-
ment under Alternative 3-3 or 3-4 may need to be conducted by hand crews rather than 
using heavy equipment. 

In Alternative 3-3, construction of the LCC channel designed for the 100-year flow is esti-
mated to require excavation of approximately 2,500 cy of sediment. Excavated sediment 
would be backfilled outside of the creek channel and incorporated under the soil cover. This 
volume is greater than the volume estimate of contaminated soil and sediment excavated 
and disposed offsite under Alternative 3-4.  

Implementation of institutional controls under Alternatives 3-2 and 3-3 would require coor-
dination with state and local governments and multiple property owners. Implementation 
and enforcement of institutional controls can be difficult and ineffective, depending on the 
type of control. Multiple parcels of property include portions of LCC upstream of 
Greenhorn Road, and access to LCC is readily available from Greenhorn Road and Tensy 
Lane. 

5.3.3.7 Cost 
Alternative 3-3 would be the most expensive remedial alternative for LCC. The net present 
value of Alternative 3-3 is estimated as $1,000,000. Construction of the LCC channel is the 
most expensive component of Alternative 3-3. The cost estimate for Alternative 3-4 includes 
three disposal options. Offsite disposal would be the most expensive option (net present 
value estimated as $630,000), followed by onsite disposal ($530,000), and consolidation with 
the tailings for grading or capping would be the least expensive disposal option ($500,000). 
If the excavated sediment failed STLC testing and required disposal as a non-RCRA hazard-
ous waste, the offsite disposal cost under Alternative 3-4B would increase by the contin-
gency cost shown in Table 5-9.  

Major costs of both Alternatives 3-3 and 3-4 include purchase of uncontaminated soil (for 
either the cap or backfill, respectively), construction of an access road upstream of Tensy 
Lane, and road maintenance for existing roads. Alternative 3-2 has an estimated net present 
value of $290,000 for implementation and maintenance of institutional controls and surface-
water monitoring. No cost is associated with the no-action alternative (Alternative 3-1). 
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2M HILL UNIT PRICE SUMMARY REPORT No. 1 Ver 3.7A
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

FILE NAME: Lava Cap_FS Oct 03

BID ITEMS (Unit Price Contract)                               QUANTITY UNIT of MEAS UNIT PRICE TOTAL
-   Lava Cap Mine Superfund Site

1.00 LS $85,008,831.30 $85,008,830

    + 1  1-2 Institutional Controls
1.00 LS $33,814.80 $33,810

    + 2  1-3 Capping
1.00 LS $194,821.60 $194,820

    + 3  1-4 Excavation
1.00 LS $497,135.30 $497,140

    + 4  2-2A Surface Soil Controls/Buttress Const. - Low Flow
1.00 LS $3,947,980.50 $3,947,980

    + 5  2-2B Surface Soil Controls/Buttress Const. - High Flow
1.00 LS $6,213,813.20 $6,213,810

    + 6  2-3A Capping and Buttress Construction - Low Flow
1.00 LS $5,691,868.30 $5,691,870

    + 7  2-3B Capping and Buttress Construction - High Flow
1.00 LS $7,957,701.00 $7,957,700

    + 8  2-4A Capping, Solidification &  Buttress Const. - Low Flow
1.00 LS $6,688,503.30 $6,688,500

    + 9  2-4B Capping, Solidification &  Buttress Const. - High Flow
1.00 LS $8,954,336.00 $8,954,340

    + 10  2-5A Excavation and Onsite Disposal - Low Flow
1.00 LS $8,570,398.30 $8,570,400

    + 11  2-5B Excavation and Onsite Disposal - High Flow
1.00 LS $9,901,448.00 $9,901,450

    + 12  2-6A Excavation and Offsite Disposal - Low Flow
1.00 LS $11,957,562.30 $11,957,560

    + 13  2-6B Excavation and Offsite Disposal - High Flow
1.00 LS $13,288,612.00 $13,288,610

    + 14  3-2 Institutional Controls
1.00 LS $1,361.70 $1,360

    + 15  3-3 Capping and Channelization
1.00 LS $676,098.30 $676,100

    + 16  3-4 Excavation
1.00 LS $433,376.90 $433,380

Report Date:
CH2M HILL, Inc. 02/05/2004 11:29:28

Property of CH2M HILL, Inc.  All Rights Reserved - Copyright 2000 Page No.          1
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CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

1 1-2 Institutional Controls
GENERAL CONDITIONS

Unit Costs----> 83.20 83.20 169.07
Change Residential Zoning, Prohibit Residential Use 200.00 HRS $16,640 $16,640 $33,815

Subtotal $16,640 $16,640
Markups using CH-MK $17,175 $17,175

TOTAL 01000 GENERAL CONDITIONS $33,815 $16,640 $33,815
1.00 LS
1.00 LS $33,814.76

CH2M HILL, Inc. 02/05/2004 11:31:06
Property of CH2M HILL, Inc.  All Rights Reserved - Copyright 2000 Page No.          1
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CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

2 1-3 Capping
GENERAL CONDITIONS

Unit Costs----> 15600.00 15600.00
Health and Safety, Level D Upgrade 1.00 LS $15,600 $15,600 $31,701

Unit Costs----> 10400.00 10400.00
Decontamination of Personnel and Equipment 1.00 LS $10,400 $10,400 $21,134

Subtotal $26,000 $26,000
Markups using CH-MK $26,836 $26,836

TOTAL 01000 GENERAL CONDITIONS $52,836 $26,000 $52,836
1.00 LS
1.00 LS $52,835.56

2 1-3 Capping
SITEWORK

Unit Costs----> 0.01 0.01
Capping Work Items 1.00
022302200500 Unit Costs----> B11A 1.596 70.21 80.66 150.87 306.58
Clearing, brush w/dozer & brush rake, light brush 0.84 Acre 43.98 1 $59 $68 $127 $258
023202001255 Unit Costs----> 3.00 16.85 20.06 40.76
Hauling, LCY, no loading, 20 c.y dump trailer, 20 MI 2,700.00 C.Y. $8,667 $45,490 $54,157 $110,054
RT, .5 lds/hr
023151001300 Unit Costs----> B10B 0.020 0.93 1.35 2.28 4.63
Backfill, dozer backfilling, bulk, up to 300' haul, 2,700.00 C.Y. 46.52 54 $2,512 $3,638 $6,150 $12,498
no compaction
023153200300 Unit Costs----> B10G 0.009 0.42 0.63 1.05 2.13
Compaction, sheepsfoot or wobbly wheel roller, 8" 2,700.00 C.Y. 46.52 24 $1,130 $1,699 $2,830 $5,750
lifts, common fill
023153009000 Unit Costs----> B45 0.008 0.38 0.40 0.78 1.59
Water, for compaction, 3000 gal truck 2,700.00 C.Y. 47.90 22 $1,035 $1,079 $2,113 $4,295

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP 4,060.00 SY 46.52 32 $1,511 $1,468 $2,979 $6,055

CH2M HILL, Inc. 02/05/2004 11:31:06
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

2 1-3 Capping
SITEWORK

029205001000 Unit Costs----> 0.15 B81 0.003 0.13 0.08 0.37 0.76
Seeding, hydro or air seeding for lg areas, incl 4,060.00 S.Y. $652 44.07 12 $537 $326 $1,514 $3,077
seed and fertilizer

Subtotal $9,319 $6,784 $8,278 $45,490 $69,870
Markups using CH-MK $9,618 $7,002 $8,544 $46,951 $72,116

TOTAL 02000 SITEWORK $18,937 146 $13,786 $16,822 $92,441 $69,870 $141,986
1.00 LS
1.00 LS $141,986.02

CH2M HILL, Inc. 02/05/2004 11:31:06
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

3 1-4 Excavation
GENERAL CONDITIONS

Unit Costs----> 15600.00 15600.00
Health and Safety, Level D Upgrade 1.00 LS $15,600 $15,600 $31,701

Unit Costs----> 10400.00 10400.00
Decontamination of Personnel and Equipment 1.00 LS $10,400 $10,400 $21,134

Subtotal $26,000 $26,000
Markups using CH-MK $26,836 $26,836

TOTAL 01000 GENERAL CONDITIONS $52,836 $26,000 $52,836
1.00 LS
1.00 LS $52,835.56

3 1-4 Excavation
SITEWORK

Unit Costs----> 0.01 0.01
Excavation of Contaminated Soil Items 1.00
022302200500 Unit Costs----> B11A 1.596 70.21 80.66 150.87 306.58
Clearing, brush w/dozer & brush rake, light brush 0.84 Acre 43.98 1 $59 $68 $127 $258
023154402040 Unit Costs----> B12A 0.148 7.54 4.99 12.54 25.47
Excavating, structural, mach excav, com earth, hyd 2,700.00 C.Y. 50.95 400 $20,362 $13,484 $33,845 $68,778
backhoe, 1 CY bkt
023202000540 Unit Costs----> 30.00 B34B 9.36 41.46 84.25
Hauling Offsite to Forward Landfill 2,700.00 C.Y. $86,670 $25,272 $111,942 $227,481

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP 4,060.00 SY 46.52 32 $1,511 $1,468 $2,979 $6,055

Unit Costs----> 0.01 0.01
Backfill Excavated Area Items 1.00
023202001255 Unit Costs----> 3.00 16.85 20.06 40.76
Hauling, LCY, no loading, 20 c.y dump trailer, 20 MI 2,700.00 C.Y. $8,667 $45,490 $54,157 $110,054
RT, .5 lds/hr
023151001300 Unit Costs----> B10B 0.020 0.93 1.35 2.28 4.63
Backfill, dozer backfilling, bulk, up to 300' haul, 2,700.00 C.Y. 46.52 54 $2,512 $3,638 $6,150 $12,498
no compaction
CH2M HILL, Inc. 02/05/2004 11:31:06
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

3 1-4 Excavation
SITEWORK

023153200300 Unit Costs----> B10G 0.009 0.42 0.63 1.05 2.13
Compaction, sheepsfoot or wobbly wheel roller, 8" 2,700.00 C.Y. 46.52 24 $1,130 $1,699 $2,830 $5,750
lifts, common fill
023153009000 Unit Costs----> B45 0.008 0.38 0.40 0.78 1.59
Water, for compaction, 3000 gal truck 2,700.00 C.Y. 47.90 22 $1,035 $1,079 $2,113 $4,295

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP 4,060.00 SY 46.52 32 $1,511 $1,468 $2,979 $6,055
029205001000 Unit Costs----> 0.15 B81 0.003 0.13 0.08 0.37 0.76
Seeding, hydro or air seeding for lg areas, incl 4,060.00 S.Y. $652 44.07 12 $537 $326 $1,514 $3,077
seed and fertilizer

Subtotal $95,989 $28,657 $23,230 $70,762 $218,637
Markups using CH-MK $99,073 $29,577 $23,977 $73,036 $225,663

TOTAL 02000 SITEWORK $195,062 578 $58,234 $47,206 $143,797 $218,637 $444,300
1.00 LS
1.00 LS $444,299.76

CH2M HILL, Inc. 02/05/2004 11:31:06
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Subarea 2 – Mine Buildings, Tailings, 
and Waste Rock 



Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

4 2-2A Surface Soil Controls/Buttress Const.
GENERAL CONDITIONS

Unit Costs----> 15600.00 15600.00
Health and Safety, Level D Upgrade 1.00 LS $15,600 $15,600 $31,701

Unit Costs----> 10400.00 10400.00
Decontamination of Personnel and Equipment 1.00 LS $10,400 $10,400 $21,134

Subtotal $26,000 $26,000
Markups using CH-MK $26,836 $26,836

TOTAL 01000 GENERAL CONDITIONS $52,836 $26,000 $52,836
1.00 LS
1.00 LS $52,835.56

4 2-2A Surface Soil Controls/Buttress Const.
SITEWORK

028907000900 Unit Costs----> 31.00 B80 0.457 19.15 8.60 60.91 123.79
Signs, No Trespassing, Galv Post, Conc. Encas., 18" 17.00 Ea. $564 41.90 8 $326 $146 $1,036 $2,104
x 18"
028205280300 Unit Costs----> 10.35 B80 0.133 5.57 2.50 19.15 38.91
Fence, barbed wire, 9 Ga wire, aluminized steel 4,500.00 L.F. $49,835 41.90 599 $25,078 $11,258 $86,171 $175,110
028205285060 Unit Costs----> 480.00 B80 10.000 419.01 188.10 1120.70 2277.43
Fence, double swing gates, 6' high, 12' opening 2.00 Opng. $1,027 41.90 20 $838 $376 $2,241 $4,555

Unit Costs----> 0.01 0.01
Regrade & Revegetate Tailings Items 1.00
023154102220A Unit Costs----> B10L 0.060 2.79 1.46 4.25 8.65
Excavate perimeter strip @ wooded area w/dozer, 75 5,180.00 C.Y. 46.52 311 $14,459 $7,578 $22,037 $44,782
HP

Unit Costs----> B10U 0.018 0.84 1.34 2.18 4.43
Hauling & spreading material w/FE loader, whl mtd, 5,180.00 C.Y. 46.52 93 $4,338 $6,962 $11,300 $22,963
5CY

Unit Costs----> B6 72.000 2943.16 597.30 3540.46
Fine grade perimeter strip around trees upon 1.00 LS 40.88 72 $2,943 $597 $3,540 $7,195
completion

CH2M HILL, Inc. 02/05/2004 11:31:06
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

4 2-2A Surface Soil Controls/Buttress Const.
SITEWORK

Unit Costs----> B10L 0.030 1.40 0.73 2.13 4.32
Site grading, dozer, 75 HP, 50' haul, common earth 13,166.00 C.Y. 46.52 395 $18,375 $9,631 $28,006 $56,911

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP, Fine Grade Tailings 24,200.00 SY 46.52 194 $9,006 $8,753 $17,759 $36,089
023202001255 Unit Costs----> 3.00 16.85 20.06 40.76
Hauling, LCY, no loading, 20 c.y dump trailer, 20 MI 8,070.00 C.Y. $25,905 $135,963 $161,868 $328,938
RT, .5 lds/hr
023151001300 Unit Costs----> B10B 0.020 0.93 1.35 2.28 4.63
Backfill, dozer backfilling, bulk, up to 300' haul, 8,070.00 C.Y. 46.52 161 $7,508 $10,874 $18,383 $37,356
no compaction
023153200300 Unit Costs----> B10G 0.009 0.42 0.63 1.05 2.13
Compaction, sheepsfoot or wobbly wheel roller, 8" 8,070.00 C.Y. 46.52 73 $3,379 $5,079 $8,457 $17,186
lifts, common fill
029205001000A Unit Costs----> 0.40 B81 0.003 0.13 0.08 0.64 1.30
Seeding, hydro or air seeding for lg areas, incl 24,200.00 S.Y. $10,358 44.07 73 $3,199 $1,942 $15,499 $31,496
seed and fertilizer

Unit Costs----> 16140.00 16140.00
Revegetate 1.00 LS $16,140 $16,140 $32,799

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Re-grade all areas of waste rock outside of tailings 27,300.00 SY 46.52 218 $10,160 $9,874 $20,034 $40,712
w/Dozer, 140 HP

Unit Costs----> 0.01 0.01
Dewatering for Buttress Construction Items 1.00
022409000700 Unit Costs----> 112.00 EQLT 9.907 493.75 613.59 1246.89
Wellpoints, complete install, 100' long header, 6" 200.00 LF Hdr $23,968 49.84 1,981 $98,749 $122,717 $249,378
diam, first month

Unit Costs----> 24.96 24.96 50.72
6" Dewatering/Drain Piping 100.00 LF $2,496 $2,496 $5,072

Unit Costs----> 6.24 6.24 12.68
Removal of 6" Dewatering/Drain Piping 100.00 LF $624 $624 $1,268

Unit Costs----> 5200.00 5200.00
Monitoring of Dewatering System 1.00 LS $5,200 $5,200 $10,567

Unit Costs----> 50000.00 50000.00
Treatment of water removed during dewatering 1.00 LS $50,000 $50,000 $101,607

Unit Costs----> 75.00 75.00 152.42
Mobilization/Demobilization of Portable Storage Tank 4.00 HR $300 $300 $610

CH2M HILL, Inc. 02/05/2004 11:31:06
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

4 2-2A Surface Soil Controls/Buttress Const.
SITEWORK

Unit Costs----> 26.00 26.00 52.84
Rain for Rent epoxy-lined portable storage tank, 120.00 Day $3,120 $3,120 $6,340
21000 gal

Unit Costs----> 0.01 0.01
Buttress Construction Items 1.00

Unit Costs----> B12C 6.000 305.73 352.61 658.34
Salvage & load log dam debris, hyd backhoe, 2 CY bkt 1.00 LS 50.96 6 $306 $353 $658 $1,338
023202000310 Unit Costs----> B34B 0.028 1.24 1.86 3.10 6.29
Hauling, LCY, no loading, 12 CY dump truck, 1/4 mile 60.00 C.Y. 44.23 2 $74 $112 $186 $378
RT 3.7 lds/hr
023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 15,000.00 C.Y. 50.95 1,200 $61,146 $70,521 $131,667 $267,565
backhoe, 2 CY bkt

Unit Costs----> B11Q 0.015 0.70 0.68 1.38 2.80
Site grading w/dozer, 140 HP, 50' haul, common earth 15,000.00 C.Y. 46.52 225 $10,467 $10,172 $20,639 $41,942
023153200300 Unit Costs----> B10G 0.009 0.42 0.63 1.05 2.13
Compaction, sheepsfoot or wobbly wheel roller, 8" 15,000.00 C.Y. 46.52 135 $6,280 $9,440 $15,720 $31,945
lifts, common fill

Unit Costs----> B10B 0.020 0.93 1.35 2.28 4.63
Pushing waste rock into piles w/dozer 5,377.78 C.Y. 46.52 108 $5,004 $7,247 $12,250 $24,894
023154001650A Unit Costs----> B10U 0.008 0.37 0.60 0.97 1.97
Loading Stockpiled Material, FE loader, whl mtd, 5CY 5,377.78 C.Y. 46.52 43 $2,001 $3,213 $5,214 $10,595
cap = 185 Cy/hr
023202000310 Unit Costs----> B34B 0.028 1.24 1.86 3.10 6.29
Hauling, LCY, no loading, 12 CY dump truck, 1/4 mile 5,377.78 C.Y. 44.23 151 $6,660 $9,996 $16,656 $33,846
RT 3.7 lds/hr
023151204020A Unit Costs----> B10B 0.011 0.51 0.74 1.25 2.55
Backfill, structural, 200 H.P., 150' haul, waste 5,377.78 C.Y. 46.52 59 $2,752 $3,986 $6,738 $13,692
rock
023153200300 Unit Costs----> B10G 0.009 0.42 0.63 1.05 2.13
Compaction, sheepsfoot or wobbly wheel roller, 8" 5,377.78 C.Y. 46.52 48 $2,252 $3,384 $5,636 $11,453
lifts, common fill

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP, Fine Grade Buttress 2,906.67 SY 46.52 23 $1,082 $1,051 $2,133 $4,335
023151300200 Unit Costs----> 3.55 B6 0.160 6.54 1.33 11.67 23.71
Drain Sand, dead or bank 400.00 C.Y. $1,519 40.88 64 $2,616 $531 $4,666 $9,483

CH2M HILL, Inc. 02/05/2004 11:31:06
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

4 2-2A Surface Soil Controls/Buttress Const.
SITEWORK

0020650101006A Unit Costs----> 0.85 0.85 1.73
60 Mil HDPE Liner, Textured 6,300.00 SF $5,373 $5,373 $10,918

Unit Costs----> 33.28 33.28 67.63
8" Horizontal Drain Piping 340.00 LF $11,315 $11,315 $22,994

Unit Costs----> 74.88 74.88 152.17
18" Perforated Drain Pipe 105.00 LF $7,862 $7,862 $15,977

Unit Costs----> 5000.00 C14H 32.000 1534.53 27.87 6912.40
Buttress Seepage Sump, Complete 1.00 LS $5,350 47.95 32 $1,535 $28 $6,912 $14,047

Unit Costs----> 0.01 0.01
(LCC) Channel Work Items 1.00
023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 3,056.00 C.Y. 50.95 244 $12,457 $14,367 $26,825 $54,512
backhoe, 2 CY bkt
023151001300 Unit Costs----> B10B 0.020 0.93 1.35 2.28 4.63
Backfill, dozer backfilling, bulk, up to 300' haul, 3,056.00 C.Y. 46.52 61 $2,843 $4,118 $6,961 $14,146
no compaction
0020650101006A Unit Costs----> 0.85 0.85 1.73
60 Mil HDPE Liner, Textured 31,600.00 SF $26,948 $26,948 $54,763
023703000600 Unit Costs----> 20.50 B13 0.366 14.95 4.53 41.41 84.15
Rip-rap, gabions, galv steel mesh mats/boxes, stone 3,350.00 S.Y. $73,482 40.84 1,226 $50,076 $15,163 $138,722 $281,902
filled, 12" deep

Unit Costs----> 0.01 0.01
Western Drainage Channel Work Items 1.00
023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 2,040.00 C.Y. 50.95 163 $8,316 $9,591 $17,907 $36,389
backhoe, 2 CY bkt
023151001300 Unit Costs----> B10B 0.020 0.93 1.35 2.28 4.63
Backfill, dozer backfilling, bulk, up to 300' haul, 2,040.00 C.Y. 46.52 41 $1,898 $2,749 $4,647 $9,443
no compaction
0020650101006A Unit Costs----> 0.85 0.85 1.73
60 Mil HDPE Liner, Textured 36,720.00 SF $31,315 $31,315 $63,636
023703000600 Unit Costs----> 20.50 B13 0.366 14.95 4.53 41.41 84.15
Rip-rap, gabions, galv steel mesh mats/boxes, stone 3,680.00 S.Y. $80,721 40.84 1,347 $55,009 $16,657 $152,387 $309,671
filled, 12" deep

Unit Costs----> 0.01 0.01
Adit Seep Collection & Pumping of Mine Workings 1.00

CH2M HILL, Inc. 02/05/2004 11:31:06
Property of CH2M HILL, Inc.  All Rights Reserved - Copyright 2000 Page No.          9



Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

4 2-2A Surface Soil Controls/Buttress Const.
SITEWORK

Unit Costs----> 24101.15 B23A 28.000 1179.51 3032.26 30000.00
Extraction well, 50-100gpm, 100' deep 1.00 EA $25,788 42.13 28 $1,180 $3,032 $30,000 $60,964
025108404140 Unit Costs----> 2.29 Q1C 0.137 6.65 9.22 18.33 37.24
Piping, wtr dist, PVC, press pipe, CL200, SDR 21 400.00 L.F. $980 48.56 55 $2,661 $3,690 $7,331 $14,897
w/trench to 3'D, 3"

Unit Costs----> 27040.00 27040.00
Collection Structure 30'L x 30'W x 6'H, cast in 1.00 LS $27,040 $27,040 $54,949
place, complete
023202000540 Unit Costs----> B34B 194.48 194.48 395.21
Hauling Offsite to ECDC (RCRA Haz-Waste) 30.00 C.Y. $5,834 $5,834 $11,856

Unit Costs----> 0.01 0.01
Divert Surface Water @ Mine Shaft Items 1.00
023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 71.11 C.Y. 50.95 6 $290 $334 $624 $1,268
backhoe, 2 CY bkt
023703000100 Unit Costs----> 18.80 B12G 0.258 13.15 7.20 40.46 82.21
Rip-rap, random, machine placed for slope protection 66.67 C.Y. $1,341 50.95 17 $876 $480 $2,697 $5,481

Unit Costs----> 0.01 0.01
Road Improvements 1.00
027202000050A Unit Costs----> 2.23 B36C 0.008 0.38 0.58 3.34 6.79
Place & compact 3/4" agg-base over existing roadway, 4,400.00 S.Y. $10,499 47.47 35 $1,671 $2,541 $14,711 $29,895
4" deep
027403000460 Unit Costs----> 4.55 B25B 0.020 0.83 0.44 6.14 12.48
Asphaltic conc pavement, and lg paved areas, wearing 4,400.00 S.Y. $21,421 41.63 88 $3,663 $1,933 $27,018 $54,904
course, 3" thick
023154102020A Unit Costs----> B10L 0.060 2.79 1.46 4.25 8.65
Cut drainage ditch w/75 HP dozer, spread material 450.00 C.Y. 46.52 27 $1,256 $658 $1,914 $3,890
onsite

Unit Costs----> B6 3.000 122.63 24.89 147.52
Excavation & backfill for 12" CMP culvert 1.00 LS 40.88 3 $123 $25 $148 $300
026301002560 Unit Costs----> 6.65 B14 0.218 8.50 0.90 16.52 33.56
Piping, storm drain, CMP, plain, 20' lengths, 12" 20.00 L.F. $142 38.97 4 $170 $18 $330 $671
dia, 16 ga
022302000250 Unit Costs----> B30 23.786 1110.31 1699.41 2809.72 5709.76
Clear & grub, medium brush, trees to 12" diam., grub 0.29 Acre 46.68 7 $322 $493 $815 $1,656
stumps and remove
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

4 2-2A Surface Soil Controls/Buttress Const.
SITEWORK

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP 1,392.00 SY 46.52 11 $518 $503 $1,022 $2,076
027202150100 Unit Costs----> B32 0.009 0.43 0.44 0.86 1.76
Base, prepare & roll sub-base, large areas over 2500 1,392.00 S.Y. 47.79 13 $599 $605 $1,204 $2,446
SY
027202000301 Unit Costs----> 4.05 B36B 0.011 0.50 0.56 5.39 10.96
Base course, crushed 1-1/2" stone base, comp to 4" 1,392.00 S.Y. $6,032 45.22 15 $692 $785 $7,510 $15,261
deep
027202150100A Unit Costs----> B32 0.008 0.38 0.39 0.77 1.56
Prepare existing gravel road for AC paving 1,058.00 S.Y. 47.79 8 $404 $409 $813 $1,653
027403000460 Unit Costs----> 4.55 B25B 0.020 0.83 0.44 6.14 12.48
Asphaltic conc pavement, and lg paved areas, wearing 1,058.00 S.Y. $5,151 41.63 21 $881 $465 $6,497 $13,202
course, 3" thick

Subtotal $344,084 $446,437 $271,720 $329,531 $1,391,773
Markups using CH-MK $355,142 $460,784 $280,453 $340,121 $1,436,500

TOTAL 02000 SITEWORK $699,226 9,714 $907,221 $552,173 $669,653 $1,391,773 $2,828,273
1.00 LS
1.00 LS $2,828,272.99

4 2-2A Surface Soil Controls/Buttress Const.
EQUIPMENT

Unit Costs----> 525000.00 525000.00
90 GPM Treatment Plant for Arsenic Removal, complete 1.00 LS $525,000 $525,000 $1,066,872
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

4 2-2A Surface Soil Controls/Buttress Const.
EQUIPMENT

Subtotal $525,000 $525,000
Markups using CH-MK $541,872 $541,872

TOTAL 11000 EQUIPMENT $1,066,872 $525,000 $1,066,872
1.00 LS
1.00 LS $1,066,871.91
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

5 2-2B Surface Soil Controls/Buttress Const.
GENERAL CONDITIONS

Unit Costs----> 15600.00 15600.00
Health and Safety, Level D Upgrade 1.00 LS $15,600 $15,600 $31,701

Unit Costs----> 10400.00 10400.00
Decontamination of Personnel and Equipment 1.00 LS $10,400 $10,400 $21,134

Subtotal $26,000 $26,000
Markups using CH-MK $26,836 $26,836

TOTAL 01000 GENERAL CONDITIONS $52,836 $26,000 $52,836
1.00 LS
1.00 LS $52,835.56

5 2-2B Surface Soil Controls/Buttress Const.
SITEWORK

028907000900 Unit Costs----> 31.00 B80 0.457 19.15 8.60 60.91 123.79
Signs, No Trespassing, Galv Post, Conc. Encas., 18" 17.00 Ea. $564 41.90 8 $326 $146 $1,036 $2,104
x 18"
028205280300 Unit Costs----> 10.35 B80 0.133 5.57 2.50 19.15 38.91
Fence, barbed wire, 9 Ga wire, aluminized steel 4,500.00 L.F. $49,835 41.90 599 $25,078 $11,258 $86,171 $175,110
028205285060 Unit Costs----> 480.00 B80 10.000 419.01 188.10 1120.70 2277.43
Fence, double swing gates, 6' high, 12' opening 2.00 Opng. $1,027 41.90 20 $838 $376 $2,241 $4,555

Unit Costs----> 0.01 0.01
Regrade & Revegetate Tailings Items 1.00
023154102220A Unit Costs----> B10L 0.060 2.79 1.46 4.25 8.65
Excavate perimeter strip @ wooded area w/dozer, 75 5,180.00 C.Y. 46.52 311 $14,459 $7,578 $22,037 $44,782
HP

Unit Costs----> B10U 0.018 0.84 1.34 2.18 4.43
Hauling & spreading material w/FE loader, whl mtd, 5,180.00 C.Y. 46.52 93 $4,338 $6,962 $11,300 $22,963
5CY

Unit Costs----> B6 72.000 2943.16 597.30 3540.46
Fine grade perimeter strip around trees upon 1.00 LS 40.88 72 $2,943 $597 $3,540 $7,195
completion
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

5 2-2B Surface Soil Controls/Buttress Const.
SITEWORK

Unit Costs----> B10L 0.030 1.40 0.73 2.13 4.32
Site grading, dozer, 75 HP, 50' haul, common earth 13,166.00 C.Y. 46.52 395 $18,375 $9,631 $28,006 $56,911

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP, Fine Grade Tailings 24,200.00 SY 46.52 194 $9,006 $8,753 $17,759 $36,089
023202001255 Unit Costs----> 3.00 16.85 20.06 40.76
Hauling, LCY, no loading, 20 c.y dump trailer, 20 MI 8,070.00 C.Y. $25,905 $135,963 $161,868 $328,938
RT, .5 lds/hr
023151001300 Unit Costs----> B10B 0.020 0.93 1.35 2.28 4.63
Backfill, dozer backfilling, bulk, up to 300' haul, 8,070.00 C.Y. 46.52 161 $7,508 $10,874 $18,383 $37,356
no compaction
023153200300 Unit Costs----> B10G 0.009 0.42 0.63 1.05 2.13
Compaction, sheepsfoot or wobbly wheel roller, 8" 8,070.00 C.Y. 46.52 73 $3,379 $5,079 $8,457 $17,186
lifts, common fill
029205001000A Unit Costs----> 0.40 B81 0.003 0.13 0.08 0.64 1.30
Seeding, hydro or air seeding for lg areas, incl 24,200.00 S.Y. $10,358 44.07 73 $3,199 $1,942 $15,499 $31,496
seed and fertilizer

Unit Costs----> 16140.00 16140.00
Revegetate 1.00 LS $16,140 $16,140 $32,799

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Re-grade all areas of waste rock outside of tailings 27,300.00 SY 46.52 218 $10,160 $9,874 $20,034 $40,712
w/Dozer, 140 HP

Unit Costs----> 0.01 0.01
Dewatering for Buttress Construction Items 1.00
022409000700 Unit Costs----> 112.00 EQLT 9.907 493.75 613.59 1246.89
Wellpoints, complete install, 100' long header, 6" 200.00 LF Hdr $23,968 49.84 1,981 $98,749 $122,717 $249,378
diam, first month

Unit Costs----> 24.96 24.96 50.72
6" Dewatering/Drain Piping 100.00 LF $2,496 $2,496 $5,072

Unit Costs----> 6.24 6.24 12.68
Removal of 6" Dewatering/Drain Piping 100.00 LF $624 $624 $1,268

Unit Costs----> 5200.00 5200.00
Monitoring of Dewatering System 1.00 LS $5,200 $5,200 $10,567

Unit Costs----> 50000.00 50000.00
Treatment of water removed during dewatering 1.00 LS $50,000 $50,000 $101,607

Unit Costs----> 75.00 75.00 152.42
Mobilization/Demobilization of Portable Storage Tank 4.00 HR $300 $300 $610
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

5 2-2B Surface Soil Controls/Buttress Const.
SITEWORK

Unit Costs----> 26.00 26.00 52.84
Rain for Rent epoxy-lined portable storage tank, 120.00 Day $3,120 $3,120 $6,340
21000 gal

Unit Costs----> 0.01 0.01
Buttress Construction Items 1.00

Unit Costs----> B12C 6.000 305.73 352.61 658.34
Salvage & load log dam debris, hyd backhoe, 2 CY bkt 1.00 LS 50.96 6 $306 $353 $658 $1,338
023202000310 Unit Costs----> B34B 0.028 1.24 1.86 3.10 6.29
Hauling, LCY, no loading, 12 CY dump truck, 1/4 mile 60.00 C.Y. 44.23 2 $74 $112 $186 $378
RT 3.7 lds/hr
023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 15,000.00 C.Y. 50.95 1,200 $61,146 $70,521 $131,667 $267,565
backhoe, 2 CY bkt

Unit Costs----> B11Q 0.015 0.70 0.68 1.38 2.80
Site grading w/dozer, 140 HP, 50' haul, common earth 15,000.00 C.Y. 46.52 225 $10,467 $10,172 $20,639 $41,942
023153200300 Unit Costs----> B10G 0.009 0.42 0.63 1.05 2.13
Compaction, sheepsfoot or wobbly wheel roller, 8" 15,000.00 C.Y. 46.52 135 $6,280 $9,440 $15,720 $31,945
lifts, common fill

Unit Costs----> B10B 0.020 0.93 1.35 2.28 4.63
Pushing waste rock into piles w/dozer 5,377.78 C.Y. 46.52 108 $5,004 $7,247 $12,250 $24,894
023154001650A Unit Costs----> B10U 0.008 0.37 0.60 0.97 1.97
Loading Stockpiled Material, FE loader, whl mtd, 5CY 5,377.78 C.Y. 46.52 43 $2,001 $3,213 $5,214 $10,595
cap = 185 Cy/hr
023202000310 Unit Costs----> B34B 0.028 1.24 1.86 3.10 6.29
Hauling, LCY, no loading, 12 CY dump truck, 1/4 mile 5,377.78 C.Y. 44.23 151 $6,660 $9,996 $16,656 $33,846
RT 3.7 lds/hr
023151204020A Unit Costs----> B10B 0.011 0.51 0.74 1.25 2.55
Backfill, structural, 200 H.P., 150' haul, waste 5,377.78 C.Y. 46.52 59 $2,752 $3,986 $6,738 $13,692
rock
023153200300 Unit Costs----> B10G 0.009 0.42 0.63 1.05 2.13
Compaction, sheepsfoot or wobbly wheel roller, 8" 5,377.78 C.Y. 46.52 48 $2,252 $3,384 $5,636 $11,453
lifts, common fill

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP, Fine Grade Buttress 2,906.67 SY 46.52 23 $1,082 $1,051 $2,133 $4,335
023151300200 Unit Costs----> 3.55 B6 0.160 6.54 1.33 11.67 23.71
Drain Sand, dead or bank 400.00 C.Y. $1,519 40.88 64 $2,616 $531 $4,666 $9,483
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

5 2-2B Surface Soil Controls/Buttress Const.
SITEWORK

0020650101006A Unit Costs----> 0.85 0.85 1.73
60 Mil HDPE Liner, Textured 6,300.00 SF $5,373 $5,373 $10,918

Unit Costs----> 33.28 33.28 67.63
8" Horizontal Drain Piping 340.00 LF $11,315 $11,315 $22,994

Unit Costs----> 74.88 74.88 152.17
18" Perforated Drain Pipe 105.00 LF $7,862 $7,862 $15,977

Unit Costs----> 5000.00 C14H 32.000 1534.53 27.87 6912.40
Buttress Seepage Sump, Complete 1.00 LS $5,350 47.95 32 $1,535 $28 $6,912 $14,047

Unit Costs----> 0.01 0.01
(LCC) Channel Work Items 1.00
023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 3,056.00 C.Y. 50.95 244 $12,457 $14,367 $26,825 $54,512
backhoe, 2 CY bkt
023151001300 Unit Costs----> B10B 0.020 0.93 1.35 2.28 4.63
Backfill, dozer backfilling, bulk, up to 300' haul, 3,056.00 C.Y. 46.52 61 $2,843 $4,118 $6,961 $14,146
no compaction
0020650101006A Unit Costs----> 0.85 0.85 1.73
60 Mil HDPE Liner, Textured 31,600.00 SF $26,948 $26,948 $54,763
023703000600 Unit Costs----> 20.50 B13 0.366 14.95 4.53 41.41 84.15
Rip-rap, gabions, galv steel mesh mats/boxes, stone 3,350.00 S.Y. $73,482 40.84 1,226 $50,076 $15,163 $138,722 $281,902
filled, 12" deep

Unit Costs----> 0.01 0.01
Western Drainage Channel Work Items 1.00
023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 2,040.00 C.Y. 50.95 163 $8,316 $9,591 $17,907 $36,389
backhoe, 2 CY bkt
023151001300 Unit Costs----> B10B 0.020 0.93 1.35 2.28 4.63
Backfill, dozer backfilling, bulk, up to 300' haul, 2,040.00 C.Y. 46.52 41 $1,898 $2,749 $4,647 $9,443
no compaction
0020650101006A Unit Costs----> 0.85 0.85 1.73
60 Mil HDPE Liner, Textured 36,720.00 SF $31,315 $31,315 $63,636
023703000600 Unit Costs----> 20.50 B13 0.366 14.95 4.53 41.41 84.15
Rip-rap, gabions, galv steel mesh mats/boxes, stone 3,680.00 S.Y. $80,721 40.84 1,347 $55,009 $16,657 $152,387 $309,671
filled, 12" deep

Unit Costs----> 0.01 0.01
Adit Seep Collection & Pumping of Mine Workings 1.00
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

5 2-2B Surface Soil Controls/Buttress Const.
SITEWORK

Unit Costs----> 24101.15 B23A 28.000 1179.51 3032.26 30000.00
Extraction well, 50-100gpm, 100' deep 1.00 EA $25,788 42.13 28 $1,180 $3,032 $30,000 $60,964
025108404140 Unit Costs----> 2.29 Q1C 0.137 6.65 9.22 18.33 37.24
Piping, wtr dist, PVC, press pipe, CL200, SDR 21 400.00 L.F. $980 48.56 55 $2,661 $3,690 $7,331 $14,897
w/trench to 3'D, 3"

Unit Costs----> 27040.00 27040.00
Collection Structure 30'L x 30'W x 6'H, cast in 1.00 LS $27,040 $27,040 $54,949
place, complete
023202000540 Unit Costs----> B34B 194.48 194.48 395.21
Hauling Offsite to ECDC (RCRA Haz-Waste) 30.00 C.Y. $5,834 $5,834 $11,856

Unit Costs----> 0.01 0.01
Divert Surface Water @ Mine Shaft Items 1.00
023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 71.11 C.Y. 50.95 6 $290 $334 $624 $1,268
backhoe, 2 CY bkt
023703000100 Unit Costs----> 18.80 B12G 0.258 13.15 7.20 40.46 82.21
Rip-rap, random, machine placed for slope protection 66.67 C.Y. $1,341 50.95 17 $876 $480 $2,697 $5,481

Unit Costs----> 0.01 0.01
Road Improvements 1.00
027202000050A Unit Costs----> 2.23 B36C 0.008 0.38 0.58 3.34 6.79
Place & compact 3/4" agg-base over existing roadway, 4,400.00 S.Y. $10,499 47.47 35 $1,671 $2,541 $14,711 $29,895
4" deep
027403000460 Unit Costs----> 4.55 B25B 0.020 0.83 0.44 6.14 12.48
Asphaltic conc pavement, and lg paved areas, wearing 4,400.00 S.Y. $21,421 41.63 88 $3,663 $1,933 $27,018 $54,904
course, 3" thick
023154102020A Unit Costs----> B10L 0.060 2.79 1.46 4.25 8.65
Cut drainage ditch w/75 HP dozer, spread material 450.00 C.Y. 46.52 27 $1,256 $658 $1,914 $3,890
onsite

Unit Costs----> B6 3.000 122.63 24.89 147.52
Excavation & backfill for 12" CMP culvert 1.00 LS 40.88 3 $123 $25 $148 $300
026301002560 Unit Costs----> 6.65 B14 0.218 8.50 0.90 16.52 33.56
Piping, storm drain, CMP, plain, 20' lengths, 12" 20.00 L.F. $142 38.97 4 $170 $18 $330 $671
dia, 16 ga
022302000250 Unit Costs----> B30 23.786 1110.31 1699.41 2809.72 5709.76
Clear & grub, medium brush, trees to 12" diam., grub 0.29 Acre 46.68 7 $322 $493 $815 $1,656
stumps and remove
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

5 2-2B Surface Soil Controls/Buttress Const.
SITEWORK

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP 1,392.00 SY 46.52 11 $518 $503 $1,022 $2,076
027202150100 Unit Costs----> B32 0.009 0.43 0.44 0.86 1.76
Base, prepare & roll sub-base, large areas over 2500 1,392.00 S.Y. 47.79 13 $599 $605 $1,204 $2,446
SY
027202000301 Unit Costs----> 4.05 B36B 0.011 0.50 0.56 5.39 10.96
Base course, crushed 1-1/2" stone base, comp to 4" 1,392.00 S.Y. $6,032 45.22 15 $692 $785 $7,510 $15,261
deep
027202150100A Unit Costs----> B32 0.008 0.38 0.39 0.77 1.56
Prepare existing gravel road for AC paving 1,058.00 S.Y. 47.79 8 $404 $409 $813 $1,653
027403000460 Unit Costs----> 4.55 B25B 0.020 0.83 0.44 6.14 12.48
Asphaltic conc pavement, and lg paved areas, wearing 1,058.00 S.Y. $5,151 41.63 21 $881 $465 $6,497 $13,202
course, 3" thick

Subtotal $344,084 $446,437 $271,720 $329,531 $1,391,773
Markups using CH-MK $355,142 $460,784 $280,453 $340,121 $1,436,500

TOTAL 02000 SITEWORK $699,226 9,714 $907,221 $552,173 $669,653 $1,391,773 $2,828,273
1.00 LS
1.00 LS $2,828,272.99

5 2-2B Surface Soil Controls/Buttress Const.
EQUIPMENT

Unit Costs----> 1640000.00 1640000.00
700 GPM Treatment Plant for Arsenic Removal, 1.00 LS $1,640,000 $1,640,000 $3,332,705
complete
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

5 2-2B Surface Soil Controls/Buttress Const.
EQUIPMENT

Subtotal $1,640,000 $1,640,000
Markups using CH-MK $1,692,705 $1,692,705

TOTAL 11000 EQUIPMENT $3,332,705 $1,640,000 $3,332,705
1.00 LS
1.00 LS $3,332,704.63
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

6 2-3A Capping and Buttress Construction - L
GENERAL CONDITIONS

Unit Costs----> 15600.00 15600.00
Health and Safety, Level D Upgrade 1.00 LS $15,600 $15,600 $31,701

Unit Costs----> 10400.00 10400.00
Decontamination of Personnel and Equipment 1.00 LS $10,400 $10,400 $21,134

Subtotal $26,000 $26,000
Markups using CH-MK $26,836 $26,836

TOTAL 01000 GENERAL CONDITIONS $52,836 $26,000 $52,836
1.00 LS
1.00 LS $52,835.56

6 2-3A Capping and Buttress Construction - L
SITEWORK

028205280300 Unit Costs----> 10.35 B80 0.133 5.57 2.50 19.15 38.91
Fence, barbed wire, 9 Ga wire, aluminized steel 1,300.00 L.F. $14,397 41.90 173 $7,245 $3,252 $24,894 $50,587
028205285060 Unit Costs----> 505.00 B80 10.000 419.01 188.10 1147.46
Fence, double swing gates, 6' high, 12' opening 1.00 Opng. $540 41.90 10 $419 $188 $1,147 $2,332

Unit Costs----> 0.01 0.01
Limited Excavation and Hazard Abatement Items 1.00

Unit Costs----> B1A 0.552 20.09 1.63 21.72 44.14
Excavate contaminated soil, by hand with pick & 400.00 C.Y. 36.40 221 $8,036 $653 $8,689 $17,658
shovel

Unit Costs----> A1CLN 24.000 873.53 236.61 1110.14
Pressure Wash& inspect concrete Surface and Metal 1.00 LS 36.40 24 $874 $237 $1,110 $2,256
Siding
023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 3,000.00 C.Y. 50.95 240 $12,229 $14,104 $26,333 $53,513
backhoe, 2 CY bkt

Unit Costs----> 3075.00 3075.00
Confirmation Soil Samples 1.00 LS $3,075 $3,075 $6,249

Unit Costs----> B10L 0.030 1.40 0.73 2.13 4.32
Site grading, dozer, 75 HP, 50' haul, common earth 1,400.00 C.Y. 46.52 42 $1,954 $1,024 $2,978 $6,052
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

6 2-3A Capping and Buttress Construction - L
SITEWORK

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Fine Grading Site w/Dozer, 140 HP 4,400.00 SY 46.52 35 $1,638 $1,591 $3,229 $6,562
023154001650A Unit Costs----> B10U 0.008 0.37 0.60 0.97 1.97
Loading Stockpiled Material, FE loader, whl mtd, 5CY 2,000.00 C.Y. 46.52 16 $744 $1,195 $1,939 $3,940
cap = 185 Cy/hr
023202000540 Unit Costs----> B34B 175.76 175.76 357.17
Hauling Offsite to ECDC (RCRA Haz-Waste) 500.00 C.Y. $87,880 $87,880 $178,584
023202000540 Unit Costs----> B34B 119.60 119.60 243.04
Hauling Offsite to ECDC (Non RCRA Haz-Waste) 1,500.00 C.Y. $179,400 $179,400 $364,565

Unit Costs----> 1560.00 1560.00
Dewater/Contain Existing Contaminated Water from 1.00 LS $1,560 $1,560 $3,170
Sumps, Vats & Tanks

Unit Costs----> 4680.00 4680.00
Demo/Remove Existing Sumps, Vats & Tanks 1.00 LS $4,680 $4,680 $9,510

Unit Costs----> 0.01 0.01
Regrade and Cap Tailings Items 1.00
023154102220A Unit Costs----> B10L 0.060 2.79 1.46 4.25 8.65
Excavate perimeter strip @ wooded area w/dozer, 75 5,180.00 C.Y. 46.52 311 $14,459 $7,578 $22,037 $44,782
HP

Unit Costs----> B10U 0.018 0.84 1.34 2.18 4.43
Hauling & spreading material w/FE loader, whl mtd, 5,180.00 C.Y. 46.52 93 $4,338 $6,962 $11,300 $22,963
5CY

Unit Costs----> B6 72.000 2943.16 597.30 3540.46
Fine grade perimeter strip around trees upon 1.00 LS 40.88 72 $2,943 $597 $3,540 $7,195
completion

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP 24,000.00 SY 46.52 192 $8,932 $8,680 $17,612 $35,791
023151300200 Unit Costs----> 3.55 B6 0.160 6.54 1.33 11.67 23.71
Drain Sand, dead or bank 4,040.00 C.Y. $15,346 40.88 646 $26,423 $5,362 $47,131 $95,778
0020650101006A Unit Costs----> 0.85 0.85 1.73
60 Mil HDPE Liner, Textured 218,000.00 SF $185,910 $185,910 $377,795
023202001255 Unit Costs----> 3.00 16.85 20.06 40.76
Hauling, LCY, no loading, 20 c.y dump trailer, 20 MI 16,150.00 C.Y. $51,842 $272,095 $323,937 $658,284
RT, .5 lds/hr
023151204020 Unit Costs----> B10B 0.005 0.23 0.34 0.57 1.16
Backfill, structural, 200 H.P., 50' haul, common 16,150.00 C.Y. 46.52 81 $3,757 $5,441 $9,197 $18,690
earth
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

6 2-3A Capping and Buttress Construction - L
SITEWORK

023153200300 Unit Costs----> B10G 0.009 0.42 0.63 1.05 2.13
Compaction, sheepsfoot or wobbly wheel roller, 8" 16,150.00 C.Y. 46.52 145 $6,762 $10,163 $16,925 $34,394
lifts, common fill

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP, Fine Grade Tailings 24,000.00 SY 46.52 192 $8,932 $8,680 $17,612 $35,791
029205001000 Unit Costs----> 0.40 B81 0.003 0.13 0.08 0.64 1.30
Seeding, hydro or air seeding for lg areas, incl 24,000.00 S.Y. $10,272 44.07 72 $3,173 $1,926 $15,371 $31,236
seed and fertilizer

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Re-grade all areas of waste rock outside of tailings 27,300.00 SY 46.52 218 $10,160 $9,874 $20,034 $40,712
w/Dozer, 140 HP
023202001255 Unit Costs----> 3.00 16.85 20.06 40.76
Hauling, LCY, no loading, 20 c.y dump trailer, 20 MI 9,100.00 C.Y. $29,211 $153,317 $182,528 $370,921
RT, .5 lds/hr
023151204020 Unit Costs----> B10B 0.005 0.23 0.34 0.57 1.16
Backfill, structural, 200 H.P., 50' haul, common 9,100.00 C.Y. 46.52 46 $2,117 $3,066 $5,182 $10,531
earth

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP, Fine Grade for Seeding 27,300.00 SY 46.52 218 $10,160 $9,874 $20,034 $40,712
029205001000 Unit Costs----> 0.40 B81 0.003 0.13 0.08 0.64 1.30
Seeding, hydro or air seeding for lg areas, incl 27,300.00 S.Y. $11,684 44.07 82 $3,609 $2,191 $17,484 $35,530
seed and fertilizer

Unit Costs----> 0.01 0.01
Buttress Construction Items 1.00

Unit Costs----> B12C 6.000 305.73 352.61 658.34
Salvage & load log dam debris, hyd backhoe, 2 CY bkt 1.00 LS 50.96 6 $306 $353 $658 $1,338
023202000310 Unit Costs----> B34B 0.028 1.24 1.86 3.10 6.29
Hauling, LCY, no loading, 12 CY dump truck, 1/4 mile 60.00 C.Y. 44.23 2 $74 $112 $186 $378
RT 3.7 lds/hr
023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 15,000.00 C.Y. 50.95 1,200 $61,146 $70,521 $131,667 $267,565
backhoe, 2 CY bkt

Unit Costs----> B11Q 0.015 0.70 0.68 1.38 2.80
Site grading w/dozer, 140 HP, 50' haul, common earth 15,000.00 C.Y. 46.52 225 $10,467 $10,172 $20,639 $41,942
023153200300 Unit Costs----> B10G 0.009 0.42 0.63 1.05 2.13
Compaction, sheepsfoot or wobbly wheel roller, 8" 15,000.00 C.Y. 46.52 135 $6,280 $9,440 $15,720 $31,945
lifts, common fill
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

6 2-3A Capping and Buttress Construction - L
SITEWORK

Unit Costs----> B10B 0.020 0.93 1.35 2.28 4.63
Pushing waste rock into piles w/dozer 5,377.78 C.Y. 46.52 108 $5,004 $7,247 $12,250 $24,894
023154001650A Unit Costs----> B10U 0.008 0.37 0.60 0.97 1.97
Loading Stockpiled Material, FE loader, whl mtd, 5CY 5,377.78 C.Y. 46.52 43 $2,001 $3,213 $5,214 $10,595
cap = 185 Cy/hr
023202000310 Unit Costs----> B34B 0.028 1.24 1.86 3.10 6.29
Hauling, LCY, no loading, 12 CY dump truck, 1/4 mile 5,377.78 C.Y. 44.23 151 $6,660 $9,996 $16,656 $33,846
RT 3.7 lds/hr
023151204020A Unit Costs----> B10B 0.011 0.51 0.74 1.25 2.55
Backfill, structural, 200 H.P., 150' haul, waste 5,377.78 C.Y. 46.52 59 $2,752 $3,986 $6,738 $13,692
rock
023153200300 Unit Costs----> B10G 0.009 0.42 0.63 1.05 2.13
Compaction, sheepsfoot or wobbly wheel roller, 8" 5,377.78 C.Y. 46.52 48 $2,252 $3,384 $5,636 $11,453
lifts, common fill

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP, Fine Grade Buttress 2,906.67 SY 46.52 23 $1,082 $1,051 $2,133 $4,335
023151300200 Unit Costs----> 3.55 B6 0.160 6.54 1.33 11.67 23.71
Drain Sand, dead or bank 400.00 C.Y. $1,519 40.88 64 $2,616 $531 $4,666 $9,483
0020650101006A Unit Costs----> 0.85 0.85 1.73
60 Mil HDPE Liner, Textured 6,300.00 SF $5,373 $5,373 $10,918

Unit Costs----> 33.28 33.28 67.63
8" Horizontal Drain Piping 340.00 LF $11,315 $11,315 $22,994

Unit Costs----> 74.88 74.88 152.17
18" Perforated Drain Pipe 105.00 LF $7,862 $7,862 $15,977

Unit Costs----> 5000.00 C14H 32.000 1534.53 27.87 6912.40
Buttress Seepage Sump, Complete 1.00 LS $5,350 47.95 32 $1,535 $28 $6,912 $14,047

Unit Costs----> 0.01 0.01
(LCC) Channel Work Items 1.00
023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 3,056.00 C.Y. 50.95 244 $12,457 $14,367 $26,825 $54,512
backhoe, 2 CY bkt
023151001300 Unit Costs----> B10B 0.020 0.93 1.35 2.28 4.63
Backfill, dozer backfilling, bulk, up to 300' haul, 3,056.00 C.Y. 46.52 61 $2,843 $4,118 $6,961 $14,146
no compaction
0020650101006A Unit Costs----> 0.85 0.85 1.73
60 Mil HDPE Liner, Textured 31,600.00 SF $26,948 $26,948 $54,763
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

6 2-3A Capping and Buttress Construction - L
SITEWORK

023703000600 Unit Costs----> 20.50 B13 0.366 14.95 4.53 41.41 84.15
Rip-rap, gabions, galv steel mesh mats/boxes, stone 3,350.00 S.Y. $73,482 40.84 1,226 $50,076 $15,163 $138,722 $281,902
filled, 12" deep

Unit Costs----> 0.01 0.01
Western Drainage Channel Work Items 1.00
023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 2,040.00 C.Y. 50.95 163 $8,316 $9,591 $17,907 $36,389
backhoe, 2 CY bkt
023151001300 Unit Costs----> B10B 0.020 0.93 1.35 2.28 4.63
Backfill, dozer backfilling, bulk, up to 300' haul, 2,040.00 C.Y. 46.52 41 $1,898 $2,749 $4,647 $9,443
no compaction
0020650101006A Unit Costs----> 0.85 0.85 1.73
60 Mil HDPE Liner, Textured 36,720.00 SF $31,315 $31,315 $63,636
023703000600 Unit Costs----> 20.50 B13 0.366 14.95 4.53 41.41 84.15
Rip-rap, gabions, galv steel mesh mats/boxes, stone 3,680.00 S.Y. $80,721 40.84 1,347 $55,009 $16,657 $152,387 $309,671
filled, 12" deep

Unit Costs----> 0.01 0.01
Adit Seep Collection & Pumping of Mine Workings 1.00

Unit Costs----> 24101.15 B23A 28.000 1179.51 3032.26 30000.00
Extraction well, 50-100gpm, 100' deep 1.00 EA $25,788 42.13 28 $1,180 $3,032 $30,000 $60,964
025108404140 Unit Costs----> 2.29 Q1C 0.137 6.65 9.22 18.33 37.24
Piping, wtr dist, PVC, press pipe, CL200, SDR 21 400.00 L.F. $980 48.56 55 $2,661 $3,690 $7,331 $14,897
w/trench to 3'D, 3"

Unit Costs----> 27040.00 27040.00
Collection Structure 30'L x 30'W x 6'H, cast in 1.00 LS $27,040 $27,040 $54,949
place, complete
023202000540 Unit Costs----> B34B 194.48 194.48 395.21
Hauling Offsite to ECDC (RCRA Haz-Waste) 30.00 C.Y. $5,834 $5,834 $11,856

Unit Costs----> 0.01 0.01
Divert Surface Water @ Mine Shaft Items 1.00
023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 71.11 C.Y. 50.95 6 $290 $334 $624 $1,268
backhoe, 2 CY bkt
023703000100 Unit Costs----> 18.80 B12G 0.258 13.15 7.20 40.46 82.21
Rip-rap, random, machine placed for slope protection 66.67 C.Y. $1,341 50.95 17 $876 $480 $2,697 $5,481

Unit Costs----> 0.01 0.01
Dewatering for Buttress Construction Items 1.00
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

6 2-3A Capping and Buttress Construction - L
SITEWORK

022409000700 Unit Costs----> 112.00 EQLT 9.907 493.75 613.59 1246.89
Wellpoints, complete install, 100' long header, 6" 200.00 LF Hdr $23,968 49.84 1,981 $98,749 $122,717 $249,378
diam, first month

Unit Costs----> 24.96 24.96 50.72
6" Dewatering/Drain Piping 100.00 LF $2,496 $2,496 $5,072

Unit Costs----> 6.24 6.24 12.68
Removal of 6" Dewatering/Drain Piping 100.00 LF $624 $624 $1,268

Unit Costs----> 5200.00 5200.00
Monitoring of Dewatering System 1.00 LS $5,200 $5,200 $10,567

Unit Costs----> 50000.00 50000.00
Treatment of water removed during dewatering 1.00 LS $50,000 $50,000 $101,607

Unit Costs----> 75.00 75.00 152.42
Mobilization/Demobilization of Portable Storage Tank 4.00 HR $300 $300 $610

Unit Costs----> 26.00 26.00 52.84
Rain for Rent epoxy-lined portable storage tank, 120.00 Day $3,120 $3,120 $6,340
21000 gal

Unit Costs----> 0.01 0.01
Road Improvements 1.00
027202000050A Unit Costs----> 2.23 B36C 0.008 0.38 0.58 3.34 6.79
Place & compact 3/4" agg-base over existing roadway, 4,400.00 S.Y. $10,499 47.47 35 $1,671 $2,541 $14,711 $29,895
4" deep
027403000460 Unit Costs----> 4.55 B25B 0.020 0.83 0.44 6.14 12.48
Asphaltic conc pavement, and lg paved areas, wearing 4,400.00 S.Y. $21,421 41.63 88 $3,663 $1,933 $27,018 $54,904
course, 3" thick
023154102020A Unit Costs----> B10L 0.060 2.79 1.46 4.25 8.65
Cut drainage ditch w/75 HP dozer, spread material 450.00 C.Y. 46.52 27 $1,256 $658 $1,914 $3,890
onsite

Unit Costs----> B6 3.000 122.63 24.89 147.52
Excavation & backfill for 12" CMP culvert 1.00 LS 40.88 3 $123 $25 $148 $300
026301002560 Unit Costs----> 6.65 B14 0.218 8.50 0.90 16.52 33.56
Piping, storm drain, CMP, plain, 20' lengths, 12" 20.00 L.F. $142 38.97 4 $170 $18 $330 $671
dia, 16 ga
022302000250 Unit Costs----> B30 23.786 1110.31 1699.41 2809.72 5709.76
Clear & grub, medium brush, trees to 12" diam., grub 0.29 Acre 46.68 7 $322 $493 $815 $1,656
stumps and remove

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP 1,392.00 SY 46.52 11 $518 $503 $1,022 $2,076
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

6 2-3A Capping and Buttress Construction - L
SITEWORK

027202150100 Unit Costs----> B32 0.009 0.43 0.44 0.86 1.76
Base, prepare & roll sub-base, large areas over 2500 1,392.00 S.Y. 47.79 13 $599 $605 $1,204 $2,446
SY
027202000301 Unit Costs----> 4.05 B36B 0.011 0.50 0.56 5.39 10.96
Base course, crushed 1-1/2" stone base, comp to 4" 1,392.00 S.Y. $6,032 45.22 15 $692 $785 $7,510 $15,261
deep
027202150100A Unit Costs----> B32 0.008 0.38 0.39 0.77 1.56
Prepare existing gravel road for AC paving 1,058.00 S.Y. 47.79 8 $404 $409 $813 $1,653
027403000460 Unit Costs----> 4.55 B25B 0.020 0.83 0.44 6.14 12.48
Asphaltic conc pavement, and lg paved areas, wearing 1,058.00 S.Y. $5,151 41.63 21 $881 $465 $6,497 $13,202
course, 3" thick
027202150100B Unit Costs----> B32 0.009 0.43 0.44 0.86 1.76
Base, prepare & roll sub-base over existing waste 1,258.00 S.Y. 47.79 11 $541 $547 $1,088 $2,210
rock
027202000301 Unit Costs----> 4.05 B36B 0.011 0.50 0.56 5.39 10.96
Base course, crushed 1-1/2" stone base, comp to 4" 1,258.00 S.Y. $5,452 45.22 14 $626 $710 $6,787 $13,792
deep

Subtotal $395,139 $486,898 $302,545 $1,065,345 $2,249,928
Markups using CH-MK $407,838 $502,545 $312,268 $1,099,582 $2,322,233

TOTAL 02000 SITEWORK $802,977 10,653 $989,443 $614,814 $2,164,928 $2,249,927 $4,572,161
1.00 LS
1.00 LS $4,572,160.81

6 2-3A Capping and Buttress Construction - L
EQUIPMENT

Unit Costs----> 525000.00 525000.00
90 GPM Treatment Plant for Arsenic Removal, complete 1.00 LS $525,000 $525,000 $1,066,872
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

6 2-3A Capping and Buttress Construction - L
EQUIPMENT

Subtotal $525,000 $525,000
Markups using CH-MK $541,872 $541,872

TOTAL 11000 EQUIPMENT $1,066,872 $525,000 $1,066,872
1.00 LS
1.00 LS $1,066,871.91
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

7 2-3B Capping and Buttress Construction - H
GENERAL CONDITIONS

Unit Costs----> 15600.00 15600.00
Health and Safety, Level D Upgrade 1.00 LS $15,600 $15,600 $31,701

Unit Costs----> 10400.00 10400.00
Decontamination of Personnel and Equipment 1.00 LS $10,400 $10,400 $21,134

Subtotal $26,000 $26,000
Markups using CH-MK $26,836 $26,836

TOTAL 01000 GENERAL CONDITIONS $52,836 $26,000 $52,836
1.00 LS
1.00 LS $52,835.56

7 2-3B Capping and Buttress Construction - H
SITEWORK

028205280300 Unit Costs----> 10.35 B80 0.133 5.57 2.50 19.15 38.91
Fence, barbed wire, 9 Ga wire, aluminized steel 1,300.00 L.F. $14,397 41.90 173 $7,245 $3,252 $24,894 $50,587
028205285060 Unit Costs----> 505.00 B80 10.000 419.01 188.10 1147.46
Fence, double swing gates, 6' high, 12' opening 1.00 Opng. $540 41.90 10 $419 $188 $1,147 $2,332

Unit Costs----> 0.01 0.01
Limited Excavation and Hazard Abatement Items 1.00

Unit Costs----> B1A 0.552 20.09 1.63 21.72 44.14
Excavate contaminated soil, by hand with pick & 400.00 C.Y. 36.40 221 $8,036 $653 $8,689 $17,658
shovel

Unit Costs----> A1CLN 24.000 873.53 236.61 1110.14
Pressure Wash& inspect concrete Surface and Metal 1.00 LS 36.40 24 $874 $237 $1,110 $2,256
Siding
023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 3,000.00 C.Y. 50.95 240 $12,229 $14,104 $26,333 $53,513
backhoe, 2 CY bkt

Unit Costs----> 3075.00 3075.00
Confirmation Soil Samples 1.00 LS $3,075 $3,075 $6,249

Unit Costs----> B10L 0.030 1.40 0.73 2.13 4.32
Site grading, dozer, 75 HP, 50' haul, common earth 1,400.00 C.Y. 46.52 42 $1,954 $1,024 $2,978 $6,052
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

7 2-3B Capping and Buttress Construction - H
SITEWORK

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Fine Grading Site w/Dozer, 140 HP 4,400.00 SY 46.52 35 $1,638 $1,591 $3,229 $6,562
023154001650A Unit Costs----> B10U 0.008 0.37 0.60 0.97 1.97
Loading Stockpiled Material, FE loader, whl mtd, 5CY 2,000.00 C.Y. 46.52 16 $744 $1,195 $1,939 $3,940
cap = 185 Cy/hr
023202000540 Unit Costs----> B34B 175.76 175.76 357.17
Hauling Offsite to ECDC (RCRA Haz-Waste) 500.00 C.Y. $87,880 $87,880 $178,584
023202000540 Unit Costs----> B34B 119.60 119.60 243.04
Hauling Offsite to ECDC (Non RCRA Haz-Waste) 1,500.00 C.Y. $179,400 $179,400 $364,565

Unit Costs----> 1560.00 1560.00
Dewater/Contain Existing Contaminated Water from 1.00 LS $1,560 $1,560 $3,170
Sumps, Vats & Tanks

Unit Costs----> 4680.00 4680.00
Demo/Remove Existing Sumps, Vats & Tanks 1.00 LS $4,680 $4,680 $9,510

Unit Costs----> 0.01 0.01
Regrade and Cap Tailings Items 1.00
023154102220A Unit Costs----> B10L 0.060 2.79 1.46 4.25 8.65
Excavate perimeter strip @ wooded area w/dozer, 75 5,180.00 C.Y. 46.52 311 $14,459 $7,578 $22,037 $44,782
HP

Unit Costs----> B10U 0.018 0.84 1.34 2.18 4.43
Hauling & spreading material w/FE loader, whl mtd, 5,180.00 C.Y. 46.52 93 $4,338 $6,962 $11,300 $22,963
5CY

Unit Costs----> B6 72.000 2943.16 597.30 3540.46
Fine grade perimeter strip around trees upon 1.00 LS 40.88 72 $2,943 $597 $3,540 $7,195
completion

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP 24,000.00 SY 46.52 192 $8,932 $8,680 $17,612 $35,791
023151300200 Unit Costs----> 3.55 B6 0.160 6.54 1.33 11.67 23.71
Drain Sand, dead or bank 4,040.00 C.Y. $15,346 40.88 646 $26,423 $5,362 $47,131 $95,778
0020650101006A Unit Costs----> 0.85 0.85 1.73
60 Mil HDPE Liner, Textured 218,000.00 SF $185,910 $185,910 $377,795
023202001255 Unit Costs----> 3.00 16.85 20.06 40.76
Hauling, LCY, no loading, 20 c.y dump trailer, 20 MI 16,150.00 C.Y. $51,842 $272,095 $323,937 $658,284
RT, .5 lds/hr
023151204020 Unit Costs----> B10B 0.005 0.23 0.34 0.57 1.16
Backfill, structural, 200 H.P., 50' haul, common 16,150.00 C.Y. 46.52 81 $3,757 $5,441 $9,197 $18,690
earth
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

7 2-3B Capping and Buttress Construction - H
SITEWORK

023153200300 Unit Costs----> B10G 0.009 0.42 0.63 1.05 2.13
Compaction, sheepsfoot or wobbly wheel roller, 8" 16,150.00 C.Y. 46.52 145 $6,762 $10,163 $16,925 $34,394
lifts, common fill

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP, Fine Grade Tailings 24,000.00 SY 46.52 192 $8,932 $8,680 $17,612 $35,791
029205001000 Unit Costs----> 0.40 B81 0.003 0.13 0.08 0.64 1.30
Seeding, hydro or air seeding for lg areas, incl 24,000.00 S.Y. $10,272 44.07 72 $3,173 $1,926 $15,371 $31,236
seed and fertilizer

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Re-grade all areas of waste rock outside of tailings 27,300.00 SY 46.52 218 $10,160 $9,874 $20,034 $40,712
w/Dozer, 140 HP
023202001255 Unit Costs----> 3.00 16.85 20.06 40.76
Hauling, LCY, no loading, 20 c.y dump trailer, 20 MI 9,100.00 C.Y. $29,211 $153,317 $182,528 $370,921
RT, .5 lds/hr
023151204020 Unit Costs----> B10B 0.005 0.23 0.34 0.57 1.16
Backfill, structural, 200 H.P., 50' haul, common 9,100.00 C.Y. 46.52 46 $2,117 $3,066 $5,182 $10,531
earth

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP, Fine Grade for Seeding 27,300.00 SY 46.52 218 $10,160 $9,874 $20,034 $40,712
029205001000 Unit Costs----> 0.40 B81 0.003 0.13 0.08 0.64 1.30
Seeding, hydro or air seeding for lg areas, incl 27,300.00 S.Y. $11,684 44.07 82 $3,609 $2,191 $17,484 $35,530
seed and fertilizer

Unit Costs----> 0.01 0.01
Buttress Construction Items 1.00

Unit Costs----> B12C 6.000 305.73 352.61 658.34
Salvage & load log dam debris, hyd backhoe, 2 CY bkt 1.00 LS 50.96 6 $306 $353 $658 $1,338
023202000310 Unit Costs----> B34B 0.028 1.24 1.86 3.10 6.29
Hauling, LCY, no loading, 12 CY dump truck, 1/4 mile 60.00 C.Y. 44.23 2 $74 $112 $186 $378
RT 3.7 lds/hr
023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 15,000.00 C.Y. 50.95 1,200 $61,146 $70,521 $131,667 $267,565
backhoe, 2 CY bkt

Unit Costs----> B11Q 0.015 0.70 0.68 1.38 2.80
Site grading w/dozer, 140 HP, 50' haul, common earth 15,000.00 C.Y. 46.52 225 $10,467 $10,172 $20,639 $41,942
023153200300 Unit Costs----> B10G 0.009 0.42 0.63 1.05 2.13
Compaction, sheepsfoot or wobbly wheel roller, 8" 15,000.00 C.Y. 46.52 135 $6,280 $9,440 $15,720 $31,945
lifts, common fill
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CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
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CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

7 2-3B Capping and Buttress Construction - H
SITEWORK

Unit Costs----> B10B 0.020 0.93 1.35 2.28 4.63
Pushing waste rock into piles w/dozer 5,377.78 C.Y. 46.52 108 $5,004 $7,247 $12,250 $24,894
023154001650A Unit Costs----> B10U 0.008 0.37 0.60 0.97 1.97
Loading Stockpiled Material, FE loader, whl mtd, 5CY 5,377.78 C.Y. 46.52 43 $2,001 $3,213 $5,214 $10,595
cap = 185 Cy/hr
023202000310 Unit Costs----> B34B 0.028 1.24 1.86 3.10 6.29
Hauling, LCY, no loading, 12 CY dump truck, 1/4 mile 5,377.78 C.Y. 44.23 151 $6,660 $9,996 $16,656 $33,846
RT 3.7 lds/hr
023151204020A Unit Costs----> B10B 0.011 0.51 0.74 1.25 2.55
Backfill, structural, 200 H.P., 150' haul, waste 5,377.78 C.Y. 46.52 59 $2,752 $3,986 $6,738 $13,692
rock
023153200300 Unit Costs----> B10G 0.009 0.42 0.63 1.05 2.13
Compaction, sheepsfoot or wobbly wheel roller, 8" 5,377.78 C.Y. 46.52 48 $2,252 $3,384 $5,636 $11,453
lifts, common fill

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP, Fine Grade Buttress 2,906.67 SY 46.52 23 $1,082 $1,051 $2,133 $4,335
023151300200 Unit Costs----> 3.55 B6 0.160 6.54 1.33 11.67 23.71
Drain Sand, dead or bank 400.00 C.Y. $1,519 40.88 64 $2,616 $531 $4,666 $9,483
0020650101006A Unit Costs----> 0.85 0.85 1.73
60 Mil HDPE Liner, Textured 6,300.00 SF $5,373 $5,373 $10,918

Unit Costs----> 33.28 33.28 67.63
8" Horizontal Drain Piping 340.00 LF $11,315 $11,315 $22,994

Unit Costs----> 74.88 74.88 152.17
18" Perforated Drain Pipe 105.00 LF $7,862 $7,862 $15,977

Unit Costs----> 5000.00 C14H 32.000 1534.53 27.87 6912.40
Buttress Seepage Sump, Complete 1.00 LS $5,350 47.95 32 $1,535 $28 $6,912 $14,047

Unit Costs----> 0.01 0.01
(LCC) Channel Work Items 1.00
023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 3,056.00 C.Y. 50.95 244 $12,457 $14,367 $26,825 $54,512
backhoe, 2 CY bkt
023151001300 Unit Costs----> B10B 0.020 0.93 1.35 2.28 4.63
Backfill, dozer backfilling, bulk, up to 300' haul, 3,056.00 C.Y. 46.52 61 $2,843 $4,118 $6,961 $14,146
no compaction
0020650101006A Unit Costs----> 0.85 0.85 1.73
60 Mil HDPE Liner, Textured 31,600.00 SF $26,948 $26,948 $54,763
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CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

7 2-3B Capping and Buttress Construction - H
SITEWORK

023703000600 Unit Costs----> 20.50 B13 0.366 14.95 4.53 41.41 84.15
Rip-rap, gabions, galv steel mesh mats/boxes, stone 3,350.00 S.Y. $73,482 40.84 1,226 $50,076 $15,163 $138,722 $281,902
filled, 12" deep

Unit Costs----> 0.01 0.01
Western Drainage Channel Work Items 1.00
023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 2,040.00 C.Y. 50.95 163 $8,316 $9,591 $17,907 $36,389
backhoe, 2 CY bkt
023151001300 Unit Costs----> B10B 0.020 0.93 1.35 2.28 4.63
Backfill, dozer backfilling, bulk, up to 300' haul, 2,040.00 C.Y. 46.52 41 $1,898 $2,749 $4,647 $9,443
no compaction
0020650101006A Unit Costs----> 0.85 0.85 1.73
60 Mil HDPE Liner, Textured 36,720.00 SF $31,315 $31,315 $63,636
023703000600 Unit Costs----> 20.50 B13 0.366 14.95 4.53 41.41 84.15
Rip-rap, gabions, galv steel mesh mats/boxes, stone 3,680.00 S.Y. $80,721 40.84 1,347 $55,009 $16,657 $152,387 $309,671
filled, 12" deep

Unit Costs----> 0.01 0.01
Adit Seep Collection & Pumping of Mine Workings 1.00

Unit Costs----> 24101.15 B23A 28.000 1179.51 3032.26 30000.00
Extraction well, 50-100gpm, 100' deep 1.00 EA $25,788 42.13 28 $1,180 $3,032 $30,000 $60,964
025108404140 Unit Costs----> 2.29 Q1C 0.137 6.65 9.22 18.33 37.24
Piping, wtr dist, PVC, press pipe, CL200, SDR 21 400.00 L.F. $980 48.56 55 $2,661 $3,690 $7,331 $14,897
w/trench to 3'D, 3"

Unit Costs----> 27040.00 27040.00
Collection Structure 30'L x 30'W x 6'H, cast in 1.00 LS $27,040 $27,040 $54,949
place, complete
023202000540 Unit Costs----> B34B 194.48 194.48 395.21
Hauling Offsite to ECDC (RCRA Haz-Waste) 30.00 C.Y. $5,834 $5,834 $11,856

Unit Costs----> 0.01 0.01
Divert Surface Water @ Mine Shaft Items 1.00
023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 71.11 C.Y. 50.95 6 $290 $334 $624 $1,268
backhoe, 2 CY bkt
023703000100 Unit Costs----> 18.80 B12G 0.258 13.15 7.20 40.46 82.21
Rip-rap, random, machine placed for slope protection 66.67 C.Y. $1,341 50.95 17 $876 $480 $2,697 $5,481

Unit Costs----> 0.01 0.01
Dewatering for Buttress Construction Items 1.00
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CREW TOTAL TOTAL
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7 2-3B Capping and Buttress Construction - H
SITEWORK

022409000700 Unit Costs----> 112.00 EQLT 9.907 493.75 613.59 1246.89
Wellpoints, complete install, 100' long header, 6" 200.00 LF Hdr $23,968 49.84 1,981 $98,749 $122,717 $249,378
diam, first month

Unit Costs----> 24.96 24.96 50.72
6" Dewatering/Drain Piping 100.00 LF $2,496 $2,496 $5,072

Unit Costs----> 6.24 6.24 12.68
Removal of 6" Dewatering/Drain Piping 100.00 LF $624 $624 $1,268

Unit Costs----> 5200.00 5200.00
Monitoring of Dewatering System 1.00 LS $5,200 $5,200 $10,567

Unit Costs----> 50000.00 50000.00
Treatment of water removed during dewatering 1.00 LS $50,000 $50,000 $101,607

Unit Costs----> 75.00 75.00 152.42
Mobilization/Demobilization of Portable Storage Tank 4.00 HR $300 $300 $610

Unit Costs----> 26.00 26.00 52.84
Rain for Rent epoxy-lined portable storage tank, 120.00 Day $3,120 $3,120 $6,340
21000 gal

Unit Costs----> 0.01 0.01
Road Improvements 1.00
027202000050A Unit Costs----> 2.23 B36C 0.008 0.38 0.58 3.34 6.79
Place & compact 3/4" agg-base over existing roadway, 4,400.00 S.Y. $10,499 47.47 35 $1,671 $2,541 $14,711 $29,895
4" deep
027403000460 Unit Costs----> 4.55 B25B 0.020 0.83 0.44 6.14 12.48
Asphaltic conc pavement, and lg paved areas, wearing 4,400.00 S.Y. $21,421 41.63 88 $3,663 $1,933 $27,018 $54,904
course, 3" thick
023154102020A Unit Costs----> B10L 0.060 2.79 1.46 4.25 8.65
Cut drainage ditch w/75 HP dozer, spread material 450.00 C.Y. 46.52 27 $1,256 $658 $1,914 $3,890
onsite

Unit Costs----> B6 3.000 122.63 24.89 147.52
Excavation & backfill for 12" CMP culvert 1.00 LS 40.88 3 $123 $25 $148 $300
026301002560 Unit Costs----> 6.65 B14 0.218 8.50 0.90 16.52 33.56
Piping, storm drain, CMP, plain, 20' lengths, 12" 20.00 L.F. $142 38.97 4 $170 $18 $330 $671
dia, 16 ga
022302000250 Unit Costs----> B30 23.786 1110.31 1699.41 2809.72 5709.76
Clear & grub, medium brush, trees to 12" diam., grub 0.29 Acre 46.68 7 $322 $493 $815 $1,656
stumps and remove

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP 1,392.00 SY 46.52 11 $518 $503 $1,022 $2,076
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CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

7 2-3B Capping and Buttress Construction - H
SITEWORK

027202150100 Unit Costs----> B32 0.009 0.43 0.44 0.86 1.76
Base, prepare & roll sub-base, large areas over 2500 1,392.00 S.Y. 47.79 13 $599 $605 $1,204 $2,446
SY
027202000301 Unit Costs----> 4.05 B36B 0.011 0.50 0.56 5.39 10.96
Base course, crushed 1-1/2" stone base, comp to 4" 1,392.00 S.Y. $6,032 45.22 15 $692 $785 $7,510 $15,261
deep
027202150100A Unit Costs----> B32 0.008 0.38 0.39 0.77 1.56
Prepare existing gravel road for AC paving 1,058.00 S.Y. 47.79 8 $404 $409 $813 $1,653
027403000460 Unit Costs----> 4.55 B25B 0.020 0.83 0.44 6.14 12.48
Asphaltic conc pavement, and lg paved areas, wearing 1,058.00 S.Y. $5,151 41.63 21 $881 $465 $6,497 $13,202
course, 3" thick
027202150100B Unit Costs----> B32 0.009 0.43 0.44 0.86 1.76
Base, prepare & roll sub-base over existing waste 1,258.00 S.Y. 47.79 11 $541 $547 $1,088 $2,210
rock
027202000301 Unit Costs----> 4.05 B36B 0.011 0.50 0.56 5.39 10.96
Base course, crushed 1-1/2" stone base, comp to 4" 1,258.00 S.Y. $5,452 45.22 14 $626 $710 $6,787 $13,792
deep

Subtotal $395,139 $486,898 $302,545 $1,065,345 $2,249,928
Markups using CH-MK $407,838 $502,545 $312,268 $1,099,582 $2,322,233

TOTAL 02000 SITEWORK $802,977 10,653 $989,443 $614,814 $2,164,928 $2,249,927 $4,572,161
1.00 LS
1.00 LS $4,572,160.81

7 2-3B Capping and Buttress Construction - H
EQUIPMENT

Unit Costs----> 1640000.00 1640000.00
700 GPM Treatment Plant for Arsenic Removal, 1.00 LS $1,640,000 $1,640,000 $3,332,705
complete
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7 2-3B Capping and Buttress Construction - H
EQUIPMENT

Subtotal $1,640,000 $1,640,000
Markups using CH-MK $1,692,705 $1,692,705

TOTAL 11000 EQUIPMENT $3,332,705 $1,640,000 $3,332,705
1.00 LS
1.00 LS $3,332,704.63
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8 2-4A Capping, Solidification &  Buttress C
GENERAL CONDITIONS

Unit Costs----> 15600.00 15600.00
Health and Safety, Level D Upgrade 1.00 LS $15,600 $15,600 $31,701

Unit Costs----> 10400.00 10400.00
Decontamination of Personnel and Equipment 1.00 LS $10,400 $10,400 $21,134

Subtotal $26,000 $26,000
Markups using CH-MK $26,836 $26,836

TOTAL 01000 GENERAL CONDITIONS $52,836 $26,000 $52,836
1.00 LS
1.00 LS $52,835.56

8 2-4A Capping, Solidification &  Buttress C
SITEWORK

Unit Costs----> 0.01 0.01
Limited Excavation/Hazard Abatement/Demolition Items 1.00

Unit Costs----> B1A 0.552 20.09 1.63 21.72 44.14
Excavate contaminated soil, by hand with pick & 400.00 C.Y. 36.40 221 $8,036 $653 $8,689 $17,658
shovel

Unit Costs----> A1CLN 24.000 873.53 236.61 1110.14
Pressure Wash& inspect concrete Surface and Metal 1.00 LS 36.40 24 $874 $237 $1,110 $2,256
Siding
023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 3,000.00 C.Y. 50.95 240 $12,229 $14,104 $26,333 $53,513
backhoe, 2 CY bkt

Unit Costs----> 3075.00 3075.00
Confirmation Soil Samples 1.00 LS $3,075 $3,075 $6,249

Unit Costs----> B10L 0.030 1.40 0.73 2.13 4.32
Site grading, dozer, 75 HP, 50' haul, common earth 1,400.00 C.Y. 46.52 42 $1,954 $1,024 $2,978 $6,052

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Fine Grading Site w/Dozer, 140 HP, 4,400.00 SY 46.52 35 $1,638 $1,591 $3,229 $6,562
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8 2-4A Capping, Solidification &  Buttress C
SITEWORK

023154001650A Unit Costs----> B10U 0.008 0.37 0.60 0.97 1.97
Loading Stockpiled Material, FE loader, whl mtd, 5CY 2,000.00 C.Y. 46.52 16 $744 $1,195 $1,939 $3,940
cap = 185 Cy/hr
023202000540 Unit Costs----> B34B 175.76 175.76 357.17
Hauling Offsite to ECDC (RCRA Haz-Waste) 500.00 C.Y. $87,880 $87,880 $178,584
023202000540 Unit Costs----> B34B 119.60 119.60 243.04
Hauling Offsite to ECDC (Non RCRA Haz-Waste) 1,500.00 C.Y. $179,400 $179,400 $364,565

Unit Costs----> 1560.00 1560.00
Dewater/Contain Existing Contaminated Water from 1.00 LS $1,560 $1,560 $3,170
Sumps, Vats & Tanks

Unit Costs----> 4680.00 4680.00
Demo/Remove Existing Sumps, Vats & Tanks 1.00 LS $4,680 $4,680 $9,510

Unit Costs----> 500.00 A1CLN 40.000 1455.88 394.35 2385.23
Decontaminating Concrete Foundations 1.00 LS $535 36.40 40 $1,456 $394 $2,385 $4,847

Unit Costs----> 11.44 11.44 23.25
Demo/Remove/Haul Off Existing Buildings 27,300.00 SF $312,312 $312,312 $634,661

Unit Costs----> 0.01 0.01
Regrade/Cap/StabilizeTailings Items 1.00
023154102220A Unit Costs----> B10L 0.060 2.79 1.46 4.25 8.65
Excavate perimeter strip @ wooded area w/dozer, 75 5,180.00 C.Y. 46.52 311 $14,459 $7,578 $22,037 $44,782
HP

Unit Costs----> B10U 0.018 0.84 1.34 2.18 4.43
Hauling & spreading material w/FE loader, whl mtd, 5,180.00 C.Y. 46.52 93 $4,338 $6,962 $11,300 $22,963
5CY

Unit Costs----> B6 72.000 2943.16 597.30 3540.46
Fine grade perimeter strip around trees upon 1.00 LS 40.88 72 $2,943 $597 $3,540 $7,195
completion

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP, Fine Grade Tailings 24,000.00 SY 46.52 192 $8,932 $8,680 $17,612 $35,791
023151300200 Unit Costs----> 3.55 B6 0.160 6.54 1.33 11.67 23.71
Drain Sand, dead or bank 4,040.00 C.Y. $15,346 40.88 646 $26,423 $5,362 $47,131 $95,778
0020650101006A Unit Costs----> 0.85 0.85 1.73
60 Mil HDPE Liner, Textured 218,000.00 SF $185,910 $185,910 $377,795
023202001255 Unit Costs----> 3.00 16.85 20.06 40.76
Hauling, LCY, no loading, 20 c.y dump trailer, 20 MI 16,150.00 C.Y. $51,842 $272,095 $323,937 $658,284
RT, .5 lds/hr
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

8 2-4A Capping, Solidification &  Buttress C
SITEWORK

023151204020 Unit Costs----> B10B 0.005 0.23 0.34 0.57 1.16
Backfill, structural, 200 H.P., 50' haul, common 16,150.00 C.Y. 46.52 81 $3,757 $5,441 $9,197 $18,690
earth
023153200300 Unit Costs----> B10G 0.009 0.42 0.63 1.05 2.13
Compaction, sheepsfoot or wobbly wheel roller, 8" 16,150.00 C.Y. 46.52 145 $6,762 $10,163 $16,925 $34,394
lifts, common fill

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP, Fine Grade Tailings 24,000.00 SY 46.52 192 $8,932 $8,680 $17,612 $35,791
029205001000 Unit Costs----> 0.40 B81 0.003 0.13 0.08 0.64 1.30
Seeding, hydro or air seeding for lg areas, incl 24,000.00 S.Y. $10,272 44.07 72 $3,173 $1,926 $15,371 $31,236
seed and fertilizer

Unit Costs----> 5.35 B74 0.067 3.10 3.87 12.69 25.79
Soil Cement for Tailing Solidification 14,800.00 CY $84,723 46.20 992 $45,809 $57,272 $187,803 $381,642

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Re-grade all areas of waste rock outside of tailings 27,300.00 SY 46.52 218 $10,160 $9,874 $20,034 $40,712
w/Dozer, 140 HP
023202001255 Unit Costs----> 3.00 16.85 20.06 40.76
Hauling, LCY, no loading, 20 c.y dump trailer, 20 MI 9,100.00 C.Y. $29,211 $153,317 $182,528 $370,921
RT, .5 lds/hr
023151204020 Unit Costs----> B10B 0.005 0.23 0.34 0.57 1.16
Backfill, structural, 200 H.P., 50' haul, common 9,100.00 C.Y. 46.52 46 $2,117 $3,066 $5,182 $10,531
earth

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP, Fine Grade for Seeding 27,300.00 SY 46.52 218 $10,160 $9,874 $20,034 $40,712
029205001000 Unit Costs----> 0.40 B81 0.003 0.13 0.08 0.64 1.30
Seeding, hydro or air seeding for lg areas, incl 27,300.00 S.Y. $11,684 44.07 82 $3,609 $2,191 $17,484 $35,530
seed and fertilizer

Unit Costs----> 0.01 0.01
Buttress Construction Items 1.00

Unit Costs----> B12C 6.000 305.73 352.61 658.34
Salvage & load log dam debris, hyd backhoe, 2 CY bkt 1.00 LS 50.96 6 $306 $353 $658 $1,338
023202000310 Unit Costs----> B34B 0.028 1.24 1.86 3.10 6.29
Hauling, LCY, no loading, 12 CY dump truck, 1/4 mile 60.00 C.Y. 44.23 2 $74 $112 $186 $378
RT 3.7 lds/hr
023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 15,000.00 C.Y. 50.95 1,200 $61,146 $70,521 $131,667 $267,565
backhoe, 2 CY bkt
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

8 2-4A Capping, Solidification &  Buttress C
SITEWORK

Unit Costs----> B11Q 0.015 0.70 0.68 1.38 2.80
Site grading w/dozer, 140 HP, 50' haul, common earth 15,000.00 C.Y. 46.52 225 $10,467 $10,172 $20,639 $41,942
023153200300 Unit Costs----> B10G 0.009 0.42 0.63 1.05 2.13
Compaction, sheepsfoot or wobbly wheel roller, 8" 15,000.00 C.Y. 46.52 135 $6,280 $9,440 $15,720 $31,945
lifts, common fill

Unit Costs----> B10B 0.020 0.93 1.35 2.28 4.63
Pushing waste rock into piles w/dozer 5,377.78 C.Y. 46.52 108 $5,004 $7,247 $12,250 $24,894
023154001650A Unit Costs----> B10U 0.008 0.37 0.60 0.97 1.97
Loading Stockpiled Material, FE loader, whl mtd, 5CY 5,377.78 C.Y. 46.52 43 $2,001 $3,213 $5,214 $10,595
cap = 185 Cy/hr
023202000310 Unit Costs----> B34B 0.028 1.24 1.86 3.10 6.29
Hauling, LCY, no loading, 12 CY dump truck, 1/4 mile 5,377.78 C.Y. 44.23 151 $6,660 $9,996 $16,656 $33,846
RT 3.7 lds/hr
023151204020A Unit Costs----> B10B 0.011 0.51 0.74 1.25 2.55
Backfill, structural, 200 H.P., 150' haul, waste 5,377.78 C.Y. 46.52 59 $2,752 $3,986 $6,738 $13,692
rock
023153200300 Unit Costs----> B10G 0.009 0.42 0.63 1.05 2.13
Compaction, sheepsfoot or wobbly wheel roller, 8" 5,377.78 C.Y. 46.52 48 $2,252 $3,384 $5,636 $11,453
lifts, common fill

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP, Fine Grade Buttress 2,906.67 SY 46.52 23 $1,082 $1,051 $2,133 $4,335
023151300200 Unit Costs----> 3.55 B6 0.160 6.54 1.33 11.67 23.71
Drain Sand, dead or bank 400.00 C.Y. $1,519 40.88 64 $2,616 $531 $4,666 $9,483
0020650101006A Unit Costs----> 0.85 0.85 1.73
60 Mil HDPE Liner, Textured 6,300.00 SF $5,373 $5,373 $10,918

Unit Costs----> 33.28 33.28 67.63
8" Horizontal Drain Piping 760.00 LF $25,293 $25,293 $51,398

Unit Costs----> 74.88 74.88 152.17
18" Perforated Drain Pipe 105.00 LF $7,862 $7,862 $15,977

Unit Costs----> 5000.00 C14H 32.000 1534.53 27.87 6912.40
Buttress Seepage Sump, Complete 1.00 LS $5,350 47.95 32 $1,535 $28 $6,912 $14,047

Unit Costs----> 0.01 0.01
(LCC) Channel Work Items 1.00
023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 3,056.00 C.Y. 50.95 244 $12,457 $14,367 $26,825 $54,512
backhoe, 2 CY bkt
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PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
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CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

8 2-4A Capping, Solidification &  Buttress C
SITEWORK

023151001300 Unit Costs----> B10B 0.020 0.93 1.35 2.28 4.63
Backfill, dozer backfilling, bulk, up to 300' haul, 3,056.00 C.Y. 46.52 61 $2,843 $4,118 $6,961 $14,146
no compaction
0020650101006A Unit Costs----> 0.85 0.85 1.73
60 Mil HDPE Liner, Textured 31,600.00 SF $26,948 $26,948 $54,763
023703000600 Unit Costs----> 20.50 B13 0.366 14.95 4.53 41.41 84.15
Rip-rap, gabions, galv steel mesh mats/boxes, stone 3,350.00 S.Y. $73,482 40.84 1,226 $50,076 $15,163 $138,722 $281,902
filled, 12" deep

Unit Costs----> 0.01 0.01
Western Drainage Channel Work Items 1.00
023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 2,040.00 C.Y. 50.95 163 $8,316 $9,591 $17,907 $36,389
backhoe, 2 CY bkt
023151001300 Unit Costs----> B10B 0.020 0.93 1.35 2.28 4.63
Backfill, dozer backfilling, bulk, up to 300' haul, 2,040.00 C.Y. 46.52 41 $1,898 $2,749 $4,647 $9,443
no compaction
0020650101006A Unit Costs----> 0.85 0.85 1.73
60 Mil HDPE Liner, Textured 36,720.00 SF $31,315 $31,315 $63,636
023703000600 Unit Costs----> 20.50 B13 0.366 14.95 4.53 41.41 84.15
Rip-rap, gabions, galv steel mesh mats/boxes, stone 3,680.00 S.Y. $80,721 40.84 1,347 $55,009 $16,657 $152,387 $309,671
filled, 12" deep

Unit Costs----> 0.01 0.01
Adit Seep Collection & Pumping of Mine Workings 1.00

Unit Costs----> 24101.15 B23A 28.000 1179.51 3032.26 30000.00
Extraction well, 50-100gpm, 100' deep 1.00 EA $25,788 42.13 28 $1,180 $3,032 $30,000 $60,964
025108404140 Unit Costs----> 2.29 Q1C 0.137 6.65 9.22 18.33 37.24
Piping, wtr dist, PVC, press pipe, CL200, SDR 21 400.00 L.F. $980 48.56 55 $2,661 $3,690 $7,331 $14,897
w/trench to 3'D, 3"

Unit Costs----> 27040.00 27040.00
Collection Structure 30'L x 30'W x 6'H, cast in 1.00 LS $27,040 $27,040 $54,949
place, complete
023202000540 Unit Costs----> B34B 194.48 194.48 395.21
Hauling Offsite to ECDC (RCRA Haz-Waste) 30.00 C.Y. $5,834 $5,834 $11,856

Unit Costs----> 0.01 0.01
Divert Surface Water @ Mine Shaft Items 1.00
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
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CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

8 2-4A Capping, Solidification &  Buttress C
SITEWORK

023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 71.11 C.Y. 50.95 6 $290 $334 $624 $1,268
backhoe, 2 CY bkt
023703000100 Unit Costs----> 18.80 B12G 0.258 13.15 7.20 40.46 82.21
Rip-rap, random, machine placed for slope protection 66.67 C.Y. $1,341 50.95 17 $876 $480 $2,697 $5,481

Unit Costs----> 0.01 0.01
Dewatering for Buttress Construction Items 1.00
022409000700 Unit Costs----> 112.00 EQLT 9.907 493.75 613.59 1246.89
Wellpoints, complete install, 100' long header, 6" 200.00 LF Hdr $23,968 49.84 1,981 $98,749 $122,717 $249,378
diam, first month

Unit Costs----> 24.96 24.96 50.72
6" Dewatering/Drain Piping 100.00 LF $2,496 $2,496 $5,072

Unit Costs----> 6.24 6.24 12.68
Removal of 6" Dewatering/Drain Piping 100.00 LF $624 $624 $1,268

Unit Costs----> 5200.00 5200.00
Monitoring of Dewatering System 1.00 LS $5,200 $5,200 $10,567

Unit Costs----> 50000.00 50000.00
Treatment of water removed during dewatering 1.00 LS $50,000 $50,000 $101,607

Unit Costs----> 75.00 75.00 152.42
Mobilization/Demobilization of Portable Storage Tank 4.00 HR $300 $300 $610

Unit Costs----> 26.00 26.00 52.84
Rain for Rent epoxy-lined portable storage tank, 120.00 Day $3,120 $3,120 $6,340
21000 gal

Unit Costs----> 0.01 0.01
Road Improvements 1.00
027202000050A Unit Costs----> 2.23 B36C 0.008 0.38 0.58 3.34 6.79
Place & compact 3/4" agg-base over existing roadway, 4,400.00 S.Y. $10,499 47.47 35 $1,671 $2,541 $14,711 $29,895
4" deep
027403000460 Unit Costs----> 4.55 B25B 0.020 0.83 0.44 6.14 12.48
Asphaltic conc pavement, and lg paved areas, wearing 4,400.00 S.Y. $21,421 41.63 88 $3,663 $1,933 $27,018 $54,904
course, 3" thick
023154102020A Unit Costs----> B10L 0.060 2.79 1.46 4.25 8.65
Cut drainage ditch w/75 HP dozer, spread material 450.00 C.Y. 46.52 27 $1,256 $658 $1,914 $3,890
onsite

Unit Costs----> B6 3.000 122.63 24.89 147.52
Excavation & backfill for 12" CMP culvert 1.00 LS 40.88 3 $123 $25 $148 $300
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CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

8 2-4A Capping, Solidification &  Buttress C
SITEWORK

026301002560 Unit Costs----> 6.65 B14 0.218 8.50 0.90 16.52 33.56
Piping, storm drain, CMP, plain, 20' lengths, 12" 20.00 L.F. $142 38.97 4 $170 $18 $330 $671
dia, 16 ga
022302000250 Unit Costs----> B30 23.786 1110.31 1699.41 2809.72 5709.76
Clear & grub, medium brush, trees to 12" diam., grub 0.29 Acre 46.68 7 $322 $493 $815 $1,656
stumps and remove

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP 1,392.00 SY 46.52 11 $518 $503 $1,022 $2,076
027202150100 Unit Costs----> B32 0.009 0.43 0.44 0.86 1.76
Base, prepare & roll sub-base, large areas over 2500 1,392.00 S.Y. 47.79 13 $599 $605 $1,204 $2,446
SY
027202000301 Unit Costs----> 4.05 B36B 0.011 0.50 0.56 5.39 10.96
Base course, crushed 1-1/2" stone base, comp to 4" 1,392.00 S.Y. $6,032 45.22 15 $692 $785 $7,510 $15,261
deep
027202150100A Unit Costs----> B32 0.008 0.38 0.39 0.77 1.56
Prepare existing gravel road for AC paving 1,058.00 S.Y. 47.79 8 $404 $409 $813 $1,653
027403000460 Unit Costs----> 4.55 B25B 0.020 0.83 0.44 6.14 12.48
Asphaltic conc pavement, and lg paved areas, wearing 1,058.00 S.Y. $5,151 41.63 21 $881 $465 $6,497 $13,202
course, 3" thick
027202150100B Unit Costs----> B32 0.009 0.43 0.44 0.86 1.76
Base, prepare & roll sub-base over existing waste 1,258.00 S.Y. 47.79 11 $541 $547 $1,088 $2,210
rock
027202000301 Unit Costs----> 4.05 B36B 0.011 0.50 0.56 5.39 10.96
Base course, crushed 1-1/2" stone base, comp to 4" 1,258.00 S.Y. $5,452 45.22 14 $626 $710 $6,787 $13,792
deep

Subtotal $465,460 $526,499 $356,771 $1,391,635 $2,740,364
Markups using CH-MK $480,418 $543,419 $368,237 $1,436,358 $2,828,431

TOTAL 02000 SITEWORK $945,878 11,502 $1,069,918 $725,008 $2,827,993 $2,740,364 $5,568,796
1.00 LS
1.00 LS $5,568,795.81
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PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
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CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

8 2-4A Capping, Solidification &  Buttress C
EQUIPMENT

Unit Costs----> 525000.00 525000.00
90 GPM Treatment Plant for Arsenic Removal, complete 1.00 LS $525,000 $525,000 $1,066,872

Subtotal $525,000 $525,000
Markups using CH-MK $541,872 $541,872

TOTAL 11000 EQUIPMENT $1,066,872 $525,000 $1,066,872
1.00 LS
1.00 LS $1,066,871.91

CH2M HILL, Inc. 02/05/2004 11:31:06
Property of CH2M HILL, Inc.  All Rights Reserved - Copyright 2000 Page No.         43



Lava Cap Mine Superfund Site
Alternatives for Mine Area
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CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

9 2-4B Capping, Solidification &  Buttress C
GENERAL CONDITIONS

Unit Costs----> 15600.00 15600.00
Health and Safety, Level D Upgrade 1.00 LS $15,600 $15,600 $31,701

Unit Costs----> 10400.00 10400.00
Decontamination of Personnel and Equipment 1.00 LS $10,400 $10,400 $21,134

Subtotal $26,000 $26,000
Markups using CH-MK $26,836 $26,836

TOTAL 01000 GENERAL CONDITIONS $52,836 $26,000 $52,836
1.00 LS
1.00 LS $52,835.56

9 2-4B Capping, Solidification &  Buttress C
SITEWORK

Unit Costs----> 0.01 0.01
Limited Excavation/Hazard Abatement/Demolition Items 1.00

Unit Costs----> B1A 0.552 20.09 1.63 21.72 44.14
Excavate contaminated soil, by hand with pick & 400.00 C.Y. 36.40 221 $8,036 $653 $8,689 $17,658
shovel

Unit Costs----> A1CLN 24.000 873.53 236.61 1110.14
Pressure Wash& inspect concrete Surface and Metal 1.00 LS 36.40 24 $874 $237 $1,110 $2,256
Siding
023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 3,000.00 C.Y. 50.95 240 $12,229 $14,104 $26,333 $53,513
backhoe, 2 CY bkt

Unit Costs----> 3075.00 3075.00
Confirmation Soil Samples 1.00 LS $3,075 $3,075 $6,249

Unit Costs----> B10L 0.030 1.40 0.73 2.13 4.32
Site grading, dozer, 75 HP, 50' haul, common earth 1,400.00 C.Y. 46.52 42 $1,954 $1,024 $2,978 $6,052

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Fine Grading Site w/Dozer, 140 HP, 4,400.00 SY 46.52 35 $1,638 $1,591 $3,229 $6,562
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CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

9 2-4B Capping, Solidification &  Buttress C
SITEWORK

023154001650A Unit Costs----> B10U 0.008 0.37 0.60 0.97 1.97
Loading Stockpiled Material, FE loader, whl mtd, 5CY 2,000.00 C.Y. 46.52 16 $744 $1,195 $1,939 $3,940
cap = 185 Cy/hr
023202000540 Unit Costs----> B34B 175.76 175.76 357.17
Hauling Offsite to ECDC (RCRA Haz-Waste) 500.00 C.Y. $87,880 $87,880 $178,584
023202000540 Unit Costs----> B34B 119.60 119.60 243.04
Hauling Offsite to ECDC (Non RCRA Haz-Waste) 1,500.00 C.Y. $179,400 $179,400 $364,565

Unit Costs----> 1560.00 1560.00
Dewater/Contain Existing Contaminated Water from 1.00 LS $1,560 $1,560 $3,170
Sumps, Vats & Tanks

Unit Costs----> 4680.00 4680.00
Demo/Remove Existing Sumps, Vats & Tanks 1.00 LS $4,680 $4,680 $9,510

Unit Costs----> 500.00 A1CLN 40.000 1455.88 394.35 2385.23
Decontaminating Concrete Foundations 1.00 LS $535 36.40 40 $1,456 $394 $2,385 $4,847

Unit Costs----> 11.44 11.44 23.25
Demo/Remove/Haul Off Existing Buildings 27,300.00 SF $312,312 $312,312 $634,661

Unit Costs----> 0.01 0.01
Regrade/Cap/StabilizeTailings Items 1.00
023154102220A Unit Costs----> B10L 0.060 2.79 1.46 4.25 8.65
Excavate perimeter strip @ wooded area w/dozer, 75 5,180.00 C.Y. 46.52 311 $14,459 $7,578 $22,037 $44,782
HP

Unit Costs----> B10U 0.018 0.84 1.34 2.18 4.43
Hauling & spreading material w/FE loader, whl mtd, 5,180.00 C.Y. 46.52 93 $4,338 $6,962 $11,300 $22,963
5CY

Unit Costs----> B6 72.000 2943.16 597.30 3540.46
Fine grade perimeter strip around trees upon 1.00 LS 40.88 72 $2,943 $597 $3,540 $7,195
completion

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP, Fine Grade Tailings 24,000.00 SY 46.52 192 $8,932 $8,680 $17,612 $35,791
023151300200 Unit Costs----> 3.55 B6 0.160 6.54 1.33 11.67 23.71
Drain Sand, dead or bank 4,040.00 C.Y. $15,346 40.88 646 $26,423 $5,362 $47,131 $95,778
0020650101006A Unit Costs----> 0.85 0.85 1.73
60 Mil HDPE Liner, Textured 218,000.00 SF $185,910 $185,910 $377,795
023202001255 Unit Costs----> 3.00 16.85 20.06 40.76
Hauling, LCY, no loading, 20 c.y dump trailer, 20 MI 16,150.00 C.Y. $51,842 $272,095 $323,937 $658,284
RT, .5 lds/hr
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

9 2-4B Capping, Solidification &  Buttress C
SITEWORK

023151204020 Unit Costs----> B10B 0.005 0.23 0.34 0.57 1.16
Backfill, structural, 200 H.P., 50' haul, common 16,150.00 C.Y. 46.52 81 $3,757 $5,441 $9,197 $18,690
earth
023153200300 Unit Costs----> B10G 0.009 0.42 0.63 1.05 2.13
Compaction, sheepsfoot or wobbly wheel roller, 8" 16,150.00 C.Y. 46.52 145 $6,762 $10,163 $16,925 $34,394
lifts, common fill

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP, Fine Grade Tailings 24,000.00 SY 46.52 192 $8,932 $8,680 $17,612 $35,791
029205001000 Unit Costs----> 0.40 B81 0.003 0.13 0.08 0.64 1.30
Seeding, hydro or air seeding for lg areas, incl 24,000.00 S.Y. $10,272 44.07 72 $3,173 $1,926 $15,371 $31,236
seed and fertilizer

Unit Costs----> 5.35 B74 0.067 3.10 3.87 12.69 25.79
Soil Cement for Tailing Solidification 14,800.00 CY $84,723 46.20 992 $45,809 $57,272 $187,803 $381,642

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Re-grade all areas of waste rock outside of tailings 27,300.00 SY 46.52 218 $10,160 $9,874 $20,034 $40,712
w/Dozer, 140 HP
023202001255 Unit Costs----> 3.00 16.85 20.06 40.76
Hauling, LCY, no loading, 20 c.y dump trailer, 20 MI 9,100.00 C.Y. $29,211 $153,317 $182,528 $370,921
RT, .5 lds/hr
023151204020 Unit Costs----> B10B 0.005 0.23 0.34 0.57 1.16
Backfill, structural, 200 H.P., 50' haul, common 9,100.00 C.Y. 46.52 46 $2,117 $3,066 $5,182 $10,531
earth

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP, Fine Grade for Seeding 27,300.00 SY 46.52 218 $10,160 $9,874 $20,034 $40,712
029205001000 Unit Costs----> 0.40 B81 0.003 0.13 0.08 0.64 1.30
Seeding, hydro or air seeding for lg areas, incl 27,300.00 S.Y. $11,684 44.07 82 $3,609 $2,191 $17,484 $35,530
seed and fertilizer

Unit Costs----> 0.01 0.01
Buttress Construction Items 1.00

Unit Costs----> B12C 6.000 305.73 352.61 658.34
Salvage & load log dam debris, hyd backhoe, 2 CY bkt 1.00 LS 50.96 6 $306 $353 $658 $1,338
023202000310 Unit Costs----> B34B 0.028 1.24 1.86 3.10 6.29
Hauling, LCY, no loading, 12 CY dump truck, 1/4 mile 60.00 C.Y. 44.23 2 $74 $112 $186 $378
RT 3.7 lds/hr
023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 15,000.00 C.Y. 50.95 1,200 $61,146 $70,521 $131,667 $267,565
backhoe, 2 CY bkt
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

9 2-4B Capping, Solidification &  Buttress C
SITEWORK

Unit Costs----> B11Q 0.015 0.70 0.68 1.38 2.80
Site grading w/dozer, 140 HP, 50' haul, common earth 15,000.00 C.Y. 46.52 225 $10,467 $10,172 $20,639 $41,942
023153200300 Unit Costs----> B10G 0.009 0.42 0.63 1.05 2.13
Compaction, sheepsfoot or wobbly wheel roller, 8" 15,000.00 C.Y. 46.52 135 $6,280 $9,440 $15,720 $31,945
lifts, common fill

Unit Costs----> B10B 0.020 0.93 1.35 2.28 4.63
Pushing waste rock into piles w/dozer 5,377.78 C.Y. 46.52 108 $5,004 $7,247 $12,250 $24,894
023154001650A Unit Costs----> B10U 0.008 0.37 0.60 0.97 1.97
Loading Stockpiled Material, FE loader, whl mtd, 5CY 5,377.78 C.Y. 46.52 43 $2,001 $3,213 $5,214 $10,595
cap = 185 Cy/hr
023202000310 Unit Costs----> B34B 0.028 1.24 1.86 3.10 6.29
Hauling, LCY, no loading, 12 CY dump truck, 1/4 mile 5,377.78 C.Y. 44.23 151 $6,660 $9,996 $16,656 $33,846
RT 3.7 lds/hr
023151204020A Unit Costs----> B10B 0.011 0.51 0.74 1.25 2.55
Backfill, structural, 200 H.P., 150' haul, waste 5,377.78 C.Y. 46.52 59 $2,752 $3,986 $6,738 $13,692
rock
023153200300 Unit Costs----> B10G 0.009 0.42 0.63 1.05 2.13
Compaction, sheepsfoot or wobbly wheel roller, 8" 5,377.78 C.Y. 46.52 48 $2,252 $3,384 $5,636 $11,453
lifts, common fill

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP, Fine Grade Buttress 2,906.67 SY 46.52 23 $1,082 $1,051 $2,133 $4,335
023151300200 Unit Costs----> 3.55 B6 0.160 6.54 1.33 11.67 23.71
Drain Sand, dead or bank 400.00 C.Y. $1,519 40.88 64 $2,616 $531 $4,666 $9,483
0020650101006A Unit Costs----> 0.85 0.85 1.73
60 Mil HDPE Liner, Textured 6,300.00 SF $5,373 $5,373 $10,918

Unit Costs----> 33.28 33.28 67.63
8" Horizontal Drain Piping 760.00 LF $25,293 $25,293 $51,398

Unit Costs----> 74.88 74.88 152.17
18" Perforated Drain Pipe 105.00 LF $7,862 $7,862 $15,977

Unit Costs----> 5000.00 C14H 32.000 1534.53 27.87 6912.40
Buttress Seepage Sump, Complete 1.00 LS $5,350 47.95 32 $1,535 $28 $6,912 $14,047

Unit Costs----> 0.01 0.01
(LCC) Channel Work Items 1.00
023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 3,056.00 C.Y. 50.95 244 $12,457 $14,367 $26,825 $54,512
backhoe, 2 CY bkt
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CREW TOTAL TOTAL
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9 2-4B Capping, Solidification &  Buttress C
SITEWORK

023151001300 Unit Costs----> B10B 0.020 0.93 1.35 2.28 4.63
Backfill, dozer backfilling, bulk, up to 300' haul, 3,056.00 C.Y. 46.52 61 $2,843 $4,118 $6,961 $14,146
no compaction
0020650101006A Unit Costs----> 0.85 0.85 1.73
60 Mil HDPE Liner, Textured 31,600.00 SF $26,948 $26,948 $54,763
023703000600 Unit Costs----> 20.50 B13 0.366 14.95 4.53 41.41 84.15
Rip-rap, gabions, galv steel mesh mats/boxes, stone 3,350.00 S.Y. $73,482 40.84 1,226 $50,076 $15,163 $138,722 $281,902
filled, 12" deep

Unit Costs----> 0.01 0.01
Western Drainage Channel Work Items 1.00
023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 2,040.00 C.Y. 50.95 163 $8,316 $9,591 $17,907 $36,389
backhoe, 2 CY bkt
023151001300 Unit Costs----> B10B 0.020 0.93 1.35 2.28 4.63
Backfill, dozer backfilling, bulk, up to 300' haul, 2,040.00 C.Y. 46.52 41 $1,898 $2,749 $4,647 $9,443
no compaction
0020650101006A Unit Costs----> 0.85 0.85 1.73
60 Mil HDPE Liner, Textured 36,720.00 SF $31,315 $31,315 $63,636
023703000600 Unit Costs----> 20.50 B13 0.366 14.95 4.53 41.41 84.15
Rip-rap, gabions, galv steel mesh mats/boxes, stone 3,680.00 S.Y. $80,721 40.84 1,347 $55,009 $16,657 $152,387 $309,671
filled, 12" deep

Unit Costs----> 0.01 0.01
Adit Seep Collection & Pumping of Mine Workings 1.00

Unit Costs----> 24101.15 B23A 28.000 1179.51 3032.26 30000.00
Extraction well, 50-100gpm, 100' deep 1.00 EA $25,788 42.13 28 $1,180 $3,032 $30,000 $60,964
025108404140 Unit Costs----> 2.29 Q1C 0.137 6.65 9.22 18.33 37.24
Piping, wtr dist, PVC, press pipe, CL200, SDR 21 400.00 L.F. $980 48.56 55 $2,661 $3,690 $7,331 $14,897
w/trench to 3'D, 3"

Unit Costs----> 27040.00 27040.00
Collection Structure 30'L x 30'W x 6'H, cast in 1.00 LS $27,040 $27,040 $54,949
place, complete
023202000540 Unit Costs----> B34B 194.48 194.48 395.21
Hauling Offsite to ECDC (RCRA Haz-Waste) 30.00 C.Y. $5,834 $5,834 $11,856

Unit Costs----> 0.01 0.01
Divert Surface Water @ Mine Shaft Items 1.00
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CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

9 2-4B Capping, Solidification &  Buttress C
SITEWORK

023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 71.11 C.Y. 50.95 6 $290 $334 $624 $1,268
backhoe, 2 CY bkt
023703000100 Unit Costs----> 18.80 B12G 0.258 13.15 7.20 40.46 82.21
Rip-rap, random, machine placed for slope protection 66.67 C.Y. $1,341 50.95 17 $876 $480 $2,697 $5,481

Unit Costs----> 0.01 0.01
Dewatering for Buttress Construction Items 1.00
022409000700 Unit Costs----> 112.00 EQLT 9.907 493.75 613.59 1246.89
Wellpoints, complete install, 100' long header, 6" 200.00 LF Hdr $23,968 49.84 1,981 $98,749 $122,717 $249,378
diam, first month

Unit Costs----> 24.96 24.96 50.72
6" Dewatering/Drain Piping 100.00 LF $2,496 $2,496 $5,072

Unit Costs----> 6.24 6.24 12.68
Removal of 6" Dewatering/Drain Piping 100.00 LF $624 $624 $1,268

Unit Costs----> 5200.00 5200.00
Monitoring of Dewatering System 1.00 LS $5,200 $5,200 $10,567

Unit Costs----> 50000.00 50000.00
Treatment of water removed during dewatering 1.00 LS $50,000 $50,000 $101,607

Unit Costs----> 75.00 75.00 152.42
Mobilization/Demobilization of Portable Storage Tank 4.00 HR $300 $300 $610

Unit Costs----> 26.00 26.00 52.84
Rain for Rent epoxy-lined portable storage tank, 120.00 Day $3,120 $3,120 $6,340
21000 gal

Unit Costs----> 0.01 0.01
Road Improvements 1.00
027202000050A Unit Costs----> 2.23 B36C 0.008 0.38 0.58 3.34 6.79
Place & compact 3/4" agg-base over existing roadway, 4,400.00 S.Y. $10,499 47.47 35 $1,671 $2,541 $14,711 $29,895
4" deep
027403000460 Unit Costs----> 4.55 B25B 0.020 0.83 0.44 6.14 12.48
Asphaltic conc pavement, and lg paved areas, wearing 4,400.00 S.Y. $21,421 41.63 88 $3,663 $1,933 $27,018 $54,904
course, 3" thick
023154102020A Unit Costs----> B10L 0.060 2.79 1.46 4.25 8.65
Cut drainage ditch w/75 HP dozer, spread material 450.00 C.Y. 46.52 27 $1,256 $658 $1,914 $3,890
onsite

Unit Costs----> B6 3.000 122.63 24.89 147.52
Excavation & backfill for 12" CMP culvert 1.00 LS 40.88 3 $123 $25 $148 $300
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CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

9 2-4B Capping, Solidification &  Buttress C
SITEWORK

026301002560 Unit Costs----> 6.65 B14 0.218 8.50 0.90 16.52 33.56
Piping, storm drain, CMP, plain, 20' lengths, 12" 20.00 L.F. $142 38.97 4 $170 $18 $330 $671
dia, 16 ga
022302000250 Unit Costs----> B30 23.786 1110.31 1699.41 2809.72 5709.76
Clear & grub, medium brush, trees to 12" diam., grub 0.29 Acre 46.68 7 $322 $493 $815 $1,656
stumps and remove

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP 1,392.00 SY 46.52 11 $518 $503 $1,022 $2,076
027202150100 Unit Costs----> B32 0.009 0.43 0.44 0.86 1.76
Base, prepare & roll sub-base, large areas over 2500 1,392.00 S.Y. 47.79 13 $599 $605 $1,204 $2,446
SY
027202000301 Unit Costs----> 4.05 B36B 0.011 0.50 0.56 5.39 10.96
Base course, crushed 1-1/2" stone base, comp to 4" 1,392.00 S.Y. $6,032 45.22 15 $692 $785 $7,510 $15,261
deep
027202150100A Unit Costs----> B32 0.008 0.38 0.39 0.77 1.56
Prepare existing gravel road for AC paving 1,058.00 S.Y. 47.79 8 $404 $409 $813 $1,653
027403000460 Unit Costs----> 4.55 B25B 0.020 0.83 0.44 6.14 12.48
Asphaltic conc pavement, and lg paved areas, wearing 1,058.00 S.Y. $5,151 41.63 21 $881 $465 $6,497 $13,202
course, 3" thick
027202150100B Unit Costs----> B32 0.009 0.43 0.44 0.86 1.76
Base, prepare & roll sub-base over existing waste 1,258.00 S.Y. 47.79 11 $541 $547 $1,088 $2,210
rock
027202000301 Unit Costs----> 4.05 B36B 0.011 0.50 0.56 5.39 10.96
Base course, crushed 1-1/2" stone base, comp to 4" 1,258.00 S.Y. $5,452 45.22 14 $626 $710 $6,787 $13,792
deep

Subtotal $465,460 $526,499 $356,771 $1,391,635 $2,740,364
Markups using CH-MK $480,418 $543,419 $368,237 $1,436,358 $2,828,431

TOTAL 02000 SITEWORK $945,878 11,502 $1,069,918 $725,008 $2,827,993 $2,740,364 $5,568,796
1.00 LS
1.00 LS $5,568,795.81
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CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

9 2-4B Capping, Solidification &  Buttress C
EQUIPMENT

Unit Costs----> 1640000.00 1640000.00
700 GPM Treatment Plant for Arsenic Removal, 1.00 LS $1,640,000 $1,640,000 $3,332,705
complete

Subtotal $1,640,000 $1,640,000
Markups using CH-MK $1,692,705 $1,692,705

TOTAL 11000 EQUIPMENT $3,332,705 $1,640,000 $3,332,705
1.00 LS
1.00 LS $3,332,704.63
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CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

10 2-5A Excavation and Onsite Disposal - Low
GENERAL CONDITIONS

Unit Costs----> 15600.00 15600.00
Health and Safety, Level D Upgrade 1.00 LS $15,600 $15,600 $31,701

Unit Costs----> 10400.00 10400.00
Decontamination of Personnel and Equipment 1.00 LS $10,400 $10,400 $21,134

Subtotal $26,000 $26,000
Markups using CH-MK $26,836 $26,836

TOTAL 01000 GENERAL CONDITIONS $52,836 $26,000 $52,836
1.00 LS
1.00 LS $52,835.56

10 2-5A Excavation and Onsite Disposal - Low
SITEWORK

Unit Costs----> 0.01 0.01
Limited Excavation/Hazard Abatement/Demolition Items 1.00

Unit Costs----> B1A 0.552 20.09 1.63 21.72 44.14
Excavate contaminated soil, by hand with pick & 400.00 C.Y. 36.40 221 $8,036 $653 $8,689 $17,658
shovel

Unit Costs----> A1CLN 24.000 873.53 236.61 1110.14
Pressure Wash& inspect concrete Surface and Metal 1.00 LS 36.40 24 $874 $237 $1,110 $2,256
Siding
023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 3,000.00 C.Y. 50.95 240 $12,229 $14,104 $26,333 $53,513
backhoe, 2 CY bkt

Unit Costs----> 3075.00 3075.00
Confirmation Soil Samples 1.00 LS $3,075 $3,075 $6,249

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP, Fine Grade Tailings 9,700.00 SY 46.52 78 $3,610 $3,508 $7,118 $14,465
023151001300 Unit Costs----> B10B 0.020 0.93 1.35 2.28 4.63
Backfill, dozer backfilling, bulk, up to 300' haul, 2,900.00 C.Y. 46.52 58 $2,698 $3,908 $6,606 $13,424
no compaction
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10 2-5A Excavation and Onsite Disposal - Low
SITEWORK

023154001650A Unit Costs----> B10U 0.008 0.37 0.60 0.97 1.97
Loading Stockpiled Material, FE loader, whl mtd, 5CY 500.00 C.Y. 46.52 4 $186 $299 $485 $985
cap = 185 Cy/hr
023202000540 Unit Costs----> B34B 175.76 175.76 357.17
Hauling Offsite to ECDC (RCRA Haz-Waste) 500.00 C.Y. $87,880 $87,880 $178,584

Unit Costs----> 1560.00 1560.00
Dewater/Contain Existing Contaminated Water from 1.00 LS $1,560 $1,560 $3,170
Sumps, Vats & Tanks

Unit Costs----> 4680.00 4680.00
Demo/Remove Existing Sumps, Vats & Tanks 1.00 LS $4,680 $4,680 $9,510

Unit Costs----> 500.00 A1CLN 40.000 1455.88 394.35 2385.23
Decontaminating Concrete Foundations 1.00 LS $535 36.40 40 $1,456 $394 $2,385 $4,847

Unit Costs----> 10.40 10.40 21.13
Demo/Remove Existing Buildings and Place in Onsite 27,300.00 SF $283,920 $283,920 $576,964
Disposal Cell

Unit Costs----> 104.00 104.00 211.34
Demo/Remove Existing Buildings Foundations and Place 1,011.11 CY $105,156 $105,156 $213,690
in Onsite Disposal Cell

Unit Costs----> 0.01 0.01
Western Drainage Channel Work Items 1.00
023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 570.00 C.Y. 50.95 46 $2,324 $2,680 $5,003 $10,167
backhoe, 2 CY bkt
023151001300 Unit Costs----> B10B 0.020 0.93 1.35 2.28 4.63
Backfill, dozer backfilling, bulk, up to 300' haul, 570.00 C.Y. 46.52 11 $530 $768 $1,298 $2,639
no compaction
0020650101006A Unit Costs----> 0.85 0.85 1.73
60 Mil HDPE Liner, Textured 10,200.00 SF $8,699 $8,699 $17,677
023703000600 Unit Costs----> 20.50 B13 0.366 14.95 4.53 41.41 84.15
Rip-rap, gabions, galv steel mesh mats/boxes, stone 1,020.00 S.Y. $22,374 40.84 373 $15,247 $4,617 $42,238 $85,833
filled, 12" deep

Unit Costs----> 0.01 0.01
Divert Surface Water @ Mine Shaft Items 1.00
023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 71.11 C.Y. 50.95 6 $290 $334 $624 $1,268
backhoe, 2 CY bkt
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CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

10 2-5A Excavation and Onsite Disposal - Low
SITEWORK

023703000100 Unit Costs----> 18.80 B12G 0.258 13.15 7.20 40.46 82.21
Rip-rap, random, machine placed for slope protection 66.67 C.Y. $1,341 50.95 17 $876 $480 $2,697 $5,481

Unit Costs----> 0.01 0.01
Adit Seep Collection & Pumping of Mine Workings 1.00

Unit Costs----> 24101.15 B23A 28.000 1179.51 3032.26 30000.00
Extraction well, 50-100gpm, 100' deep 1.00 EA $25,788 42.13 28 $1,180 $3,032 $30,000 $60,964
025108404140 Unit Costs----> 2.29 Q1C 0.137 6.65 9.22 18.33 37.24
Piping, wtr dist, PVC, press pipe, CL200, SDR 21 400.00 L.F. $980 48.56 55 $2,661 $3,690 $7,331 $14,897
w/trench to 3'D, 3"

Unit Costs----> 27040.00 27040.00
Collection Structure 30'L x 30'W x 6'H, cast in 1.00 LS $27,040 $27,040 $54,949
place, complete
023202000540 Unit Costs----> B34B 194.48 194.48 395.21
Hauling Offsite to ECDC (RCRA Haz-Waste) 30.00 C.Y. $5,834 $5,834 $11,856

Unit Costs----> 0.01 0.01 0.02
Excavation of Tailings Items 1.00

Unit Costs----> B10B 0.020 0.93 1.35 2.28 4.63
Pushing waste rock into piles w/dozer 38,100.00 C.Y. 46.52 762 $35,449 $51,340 $86,788 $176,366
023154001650A Unit Costs----> B10U 0.008 0.37 0.60 0.97 1.97
Loading Stockpiled Material, FE loader, whl mtd, 5CY 38,100.00 C.Y. 46.52 305 $14,179 $22,760 $36,939 $75,066
cap = 185 Cy/hr
023202000310 Unit Costs----> B34B 0.028 1.24 1.86 3.10 6.29
Hauling, LCY, no loading, 12 CY dump truck, 1/4 mile 38,100.00 C.Y. 44.23 1,067 $47,181 $70,820 $118,000 $239,793
RT 3.7 lds/hr
023154102220A Unit Costs----> B10L 0.060 2.79 1.46 4.25 8.65
Excavate perimeter strip @ wooded area w/75 HP dozer 5,000.00 C.Y. 46.52 300 $13,956 $7,315 $21,271 $43,226

Unit Costs----> B6 48.000 1962.11 398.20 2360.31
Fine grade perimeter strip around trees upon 1.00 LS 40.88 48 $1,962 $398 $2,360 $4,796
completion
023154000260A Unit Costs----> B12C 0.015 0.76 0.88 1.65 3.34
Excavating dewatering trenches, backhoe, hyd, 2 CY 4,489.00 C.Y. 50.95 67 $3,431 $3,957 $7,388 $15,014
cap. = 130 CY/hr
026202502110A Unit Costs----> 1.30 B20 0.027 1.12 2.51 5.11
Piping, subdrainage, perforated PVC, 6" dia 3,030.00 L.F. $4,215 41.54 82 $3,398 $7,613 $15,471
023151300200A Unit Costs----> 3.55 B10U 0.012 0.56 0.90 5.25 10.67
Drain Sand placed in trench 4,489.00 C.Y. $17,051 46.52 54 $2,506 $4,022 $23,580 $47,917
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

10 2-5A Excavation and Onsite Disposal - Low
SITEWORK

022405001100A Unit Costs----> B10K 24.000 1116.49 595.98 1712.47 3479.98
Dewatering, pumping 8 hr, 6" centrifugal pump, 3 9.00 Day 46.52 216 $10,048 $5,364 $15,412 $31,320
total

Unit Costs----> 100000.00 100000.00
Treatment of water removed during dewatering 1.00 LS $100,000 $100,000 $203,214

Unit Costs----> 75.00 75.00 152.42
Mobilization/Demobilization of Portable Storage 12.00 HR $900 $900 $1,829
Tanks (3 total)

Unit Costs----> 26.00 26.00 52.84
Rain for Rent epoxy-lined portable storage tank, 360.00 Day $9,360 $9,360 $19,021
21000 gal
023154104200A Unit Costs----> B10B 0.015 0.70 1.01 1.71 3.47
Construct drying bed w/dozer, 200 HP 2,176.00 C.Y. 46.52 33 $1,518 $2,199 $3,718 $7,555
023151300200A Unit Costs----> 3.55 B6 0.154 6.29 1.28 11.37 23.11
Leveling sand for drying bed 1,088.00 C.Y. $4,133 40.88 168 $6,849 $1,390 $12,372 $25,141
0020650101006A Unit Costs----> 0.85 0.85 1.73
60 Mil HDPE Liner, Textured 58,750.00 SF $50,102 $50,102 $101,814
023151300200B Unit Costs----> 3.55 B6 0.132 5.40 1.10 10.29 20.91
Drain Sand for drying bed 2,176.00 C.Y. $8,266 40.88 287 $11,741 $2,383 $22,390 $45,499
026202502110A Unit Costs----> 1.30 B20 0.027 1.12 2.51 5.11
Piping, subdrainage, perforated PVC, 6" dia 500.00 L.F. $696 41.54 14 $561 $1,256 $2,553
029203403100B Unit Costs----> B10L 0.003 0.14 0.07 0.21 0.43
Mix tailings, disc soil, 75hp dozer w/commercial 47,000.00 CY 46.52 141 $6,559 $3,438 $9,997 $20,316
scarifier
023154302400 Unit Costs----> B33E 0.022 1.04 3.78 4.82 9.80
Excavation, self prop scraper, 21 CY 1/4 push dozer, 56,000.00 C.Y. 47.24 1,232 $58,204 $211,871 $270,075 $548,830
com earth, 5000' haul
023154001650A Unit Costs----> B10U 0.008 0.37 0.60 0.97 1.97
Loading Stockpiled Material, FE loader, whl mtd, 5CY 38,100.00 C.Y. 46.52 305 $14,179 $22,760 $36,939 $75,066
cap = 185 Cy/hr
023202000310 Unit Costs----> B34B 0.028 1.24 1.86 3.10 6.29
Hauling, LCY, no loading, 12 CY dump truck, 1/4 mile 38,100.00 C.Y. 44.23 1,067 $47,181 $70,820 $118,000 $239,793
RT 3.7 lds/hr
023151001300 Unit Costs----> B10B 0.020 0.93 1.35 2.28 4.63
Backfill, dozer backfilling, bulk, up to 300' haul, 38,100.00 C.Y. 46.52 762 $35,449 $51,340 $86,788 $176,366
no compaction
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

10 2-5A Excavation and Onsite Disposal - Low
SITEWORK

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP, Fine Grade Sediment 19,500.00 SY 46.52 156 $7,257 $7,053 $14,310 $29,080

Unit Costs----> 6400.00 6400.00
Confirmation Soil Samples 1.00 LS $6,400 $6,400 $13,006

Unit Costs----> 0.01 0.01
(LCC) Channel Work Items 1.00
023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 45,000.00 C.Y. 50.95 3,600 $183,437 $211,563 $395,000 $802,694
backhoe, 2 CY bkt
023151001300 Unit Costs----> B10B 0.020 0.93 1.35 2.28 4.63
Backfill, dozer backfilling, bulk, up to 300' haul, 45,000.00 C.Y. 46.52 900 $41,869 $60,638 $102,506 $208,306
no compaction
023703000100 Unit Costs----> 18.80 B12G 0.258 13.15 7.20 40.46 82.22
Rip-rap, random, machine placed for slope protection 2,500.00 C.Y. $50,290 50.95 645 $32,866 $17,992 $101,148 $205,547

Unit Costs----> 0.01 0.01
Disposal Celll Work Items 1.00

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP 16,755.00 SY 46.52 134 $6,236 $6,060 $12,296 $24,986
023152006010A Unit Costs----> 7.00 7.00 14.22
GCL Liner 12,600.00 SY $88,190 $88,190 $179,214
023154000260 Unit Costs----> B12C 0.015 0.76 0.88 1.65 3.34
Additional excavation for leak detection system, 2,260.00 C.Y. 50.95 34 $1,727 $1,992 $3,720 $7,559
backhoe, hyd, 2 CY
023151001300 Unit Costs----> B10B 0.020 0.93 1.35 2.28 4.63
Backfill, dozer backfilling, bulk, up to 300' haul, 2,260.00 C.Y. 46.52 45 $2,103 $3,045 $5,148 $10,462
no compaction
0020650101006B Unit Costs----> 1.33 1.33 2.71
80 Mil HDPE Liner, Textured, for leak detection 30,550.00 SF $40,668 $40,668 $82,643
system
023153200300 Unit Costs----> B10G 0.009 0.42 0.63 1.05 2.13
Compaction for disposal cell w/sheepsfoot, 8" lifts, 62,500.00 C.Y. 46.52 563 $26,168 $39,332 $65,500 $133,104
common fill
0020650101006A Unit Costs----> 0.85 0.85 1.73
60 Mil HDPE Liner, Textured 255,150.00 SF $217,592 $217,592 $442,177
026204000400 Unit Costs----> 13.20 B6 0.092 3.76 0.76 18.65 37.90
Drainage material, pea gravel 437.50 C.Y. $6,179 40.88 40 $1,645 $334 $8,158 $16,579
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

10 2-5A Excavation and Onsite Disposal - Low
SITEWORK

023405001550 Unit Costs----> 0.65 CLAB 0.006 0.22 0.91 1.86
Geotextile fabric, non-woven 1,575.00 S.Y. $1,095 36.40 9 $344 $1,439 $2,925
023151300200 Unit Costs----> 3.55 B6 0.160 6.54 1.33 11.67 23.71
Drain Sand, dead or bank 5,300.00 C.Y. $20,132 40.88 848 $34,664 $7,035 $61,831 $125,649
023202001255 Unit Costs----> 3.00 16.85 20.06 40.76
Hauling, Import Cover Soil, 20 c.y dump trailer, 20 9,630.00 C.Y. $30,912 $162,246 $193,159 $392,525
MI RT, .5 lds/hr
023151001300 Unit Costs----> B10B 0.020 0.93 1.35 2.28 4.63
Backfill, dozer backfilling, bulk, up to 300' haul, 9,630.00 C.Y. 46.52 193 $8,960 $12,976 $21,936 $44,578
no compaction
023153200300 Unit Costs----> B10G 0.009 0.42 0.63 1.05 2.13
Compaction, sheepsfoot or wobbly wheel roller, 8" 9,630.00 C.Y. 46.52 87 $4,032 $6,060 $10,092 $20,509
lifts, common fill
029205001000A Unit Costs----> 0.40 B81 0.003 0.13 0.08 0.64 1.30
Seeding, hydro or air seeding for lg areas, incl 14,400.00 S.Y. $6,163 44.07 43 $1,904 $1,156 $9,222 $18,741
seed and fertilizer
023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 560.00 C.Y. 50.95 45 $2,283 $2,633 $4,916 $9,989
backhoe, 2 CY bkt
023703000100 Unit Costs----> 18.80 B12G 0.258 13.15 7.20 40.46 82.22
Rip-rap, random, machine placed for slope protection 560.00 C.Y. $11,265 50.95 144 $7,362 $4,030 $22,657 $46,043
0020650101006A Unit Costs----> 0.85 0.85 1.73
60 Mil HDPE Liner, Textured 15,000.00 SF $12,792 $12,792 $25,995

Unit Costs----> 24.96 24.96 50.72
6" Perforated Drain Pipe 900.00 LF $22,464 $22,464 $45,650

Unit Costs----> 24.96 24.96 50.72
6" Pipe Pressure Line 140.00 LF $3,494 $3,494 $7,101

Unit Costs----> 5200.00 5200.00 10567.11
Monitoring Wells 4.00 EA $20,800 $20,800 $42,268

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Re-grade all areas of waste rock outside of tailings 36,170.00 SY 46.52 289 $13,461 $13,082 $26,543 $53,939
w/Dozer, 140 HP
023202001255 Unit Costs----> 3.00 16.85 20.06 40.76
Hauling, LCY, no loading, 20 c.y dump trailer, 20 MI 12,060.00 C.Y. $38,713 $203,187 $241,899 $491,573
RT, .5 lds/hr
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

10 2-5A Excavation and Onsite Disposal - Low
SITEWORK

023151204020 Unit Costs----> B10B 0.005 0.23 0.34 0.57 1.16
Backfill, structural, 200 H.P., 50' haul, common 12,060.00 C.Y. 46.52 60 $2,805 $4,063 $6,868 $13,957
earth

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP, Fine Grade for Seeding 36,170.00 SY 46.52 289 $13,461 $13,082 $26,543 $53,939
029205001000 Unit Costs----> 0.40 B81 0.003 0.13 0.08 0.64 1.30
Seeding, hydro or air seeding for lg areas, incl 36,170.00 S.Y. $15,481 44.07 109 $4,782 $2,902 $23,165 $47,075
seed and fertilizer

Unit Costs----> 0.01 0.01 0.02
Access and Use Restrictions Items 1.00
028907000900 Unit Costs----> 31.00 B80 0.457 19.15 8.60 60.91 123.79
Signs, No Trespassing, Galv Post, Conc. Encas., 18" 6.00 Ea. $199 41.90 3 $115 $52 $365 $743
x 18"
028205280300 Unit Costs----> 10.35 B80 0.133 5.57 2.50 19.15 38.91
Fence, barbed wire, 9 Ga wire, aluminized steel 1,488.00 L.F. $16,479 41.90 198 $8,292 $3,723 $28,494 $57,903
028205285060 Unit Costs----> 480.00 B80 10.000 419.01 188.10 1120.71
Signs, No Trespassing, Galv Post, Conc. Encas., 18" 1.00 Opng. $514 41.90 10 $419 $188 $1,121 $2,277
x 18"

Unit Costs----> 0.01 0.01
Access Roadwork Items 1.00
022302000250 Unit Costs----> B30 23.976 1119.17 1712.97 2832.13 5755.28
Clear & grub for road widening, medium brush, trees 0.91 Acre 46.68 22 $1,018 $1,559 $2,577 $5,237
to 12" diam
027202150100 Unit Costs----> B32 0.009 0.43 0.44 0.86 1.76
Prepare & roll sub-base for road widening 3,667.00 SY 47.79 33 $1,577 $1,594 $3,171 $6,443
027202000301 Unit Costs----> 4.05 B36B 0.011 0.50 0.56 5.39 10.96
Base course for road widening, crushed 1-1/2" stone 3,667.00 SY $15,891 45.22 40 $1,824 $2,069 $19,784 $40,203
base, comp to 4" deep
027202150100A Unit Costs----> B32 0.008 0.38 0.39 0.77 1.56
Prepare existing half of gravel road for AC paving 3,667.00 S.Y. 47.79 29 $1,402 $1,417 $2,818 $5,728
027403000460 Unit Costs----> 4.55 B25B 0.020 0.83 0.44 6.14 12.48
Asphaltic conc pavement for road widening, wearing 7,334.00 S.Y. $35,706 41.63 147 $6,106 $3,223 $45,034 $91,515
course, 3" thick
023154102020A Unit Costs----> B10L 0.060 2.79 1.46 4.25 8.65
Cut drainage ditch w/75 HP dozer, spread material 450.00 C.Y. 46.52 27 $1,256 $658 $1,914 $3,890
onsite
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
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CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

10 2-5A Excavation and Onsite Disposal - Low
SITEWORK

Unit Costs----> B6 3.000 122.63 24.89 147.52
Excavation & backfill for 12" CMP culvert 1.00 LS 40.88 3 $123 $25 $148 $300
026301002560 Unit Costs----> 6.65 B14 0.218 8.50 0.90 16.52 33.56
Piping, storm drain, CMP, plain, 20' lengths, 12" 20.00 L.F. $142 38.97 4 $170 $18 $330 $671
dia, 16 ga
022302000250 Unit Costs----> B30 24.158 1127.64 1725.94 2853.58 5798.87
Clear & grub for new road, medium brush, trees to 0.52 Acre 46.68 13 $586 $897 $1,484 $3,015
12" diam

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP 2,112.00 SY 46.52 17 $786 $764 $1,550 $3,150
027202150100 Unit Costs----> B32 0.009 0.43 0.44 0.86 1.76
Prepare & roll sub-base for new road 2,112.00 SY 47.79 19 $908 $918 $1,826 $3,711
027202000301 Unit Costs----> 4.05 B36B 0.011 0.50 0.56 5.39 10.96
Base course for new road, crushed 1-1/2" stone base, 2,112.00 SY $9,152 45.22 23 $1,051 $1,192 $11,394 $23,155
comp to 4" deep
027403000460 Unit Costs----> 4.55 B25B 0.020 0.83 0.44 6.14 12.48
Asphaltic conc pavement for new road, wearing 2,112.00 S.Y. $10,282 41.63 42 $1,758 $928 $12,969 $26,354
course, 3" thick
027202150100A Unit Costs----> B32 0.008 0.38 0.39 0.77 1.56
Prepare existing gravel road for AC paving 912.00 S.Y. 47.79 7 $349 $352 $701 $1,424
027403000460 Unit Costs----> 4.55 B25B 0.020 0.83 0.44 6.14 12.48
Asphaltic conc pavement, and lg paved areas, wearing 912.00 S.Y. $4,440 41.63 18 $759 $401 $5,600 $11,380
course, 3" thick
027202150100 Unit Costs----> B32 0.009 0.43 0.44 0.86 1.76
Prepare & roll sub-base over waste rock 1,889.00 SY 47.79 17 $812 $821 $1,633 $3,319
027202000050 Unit Costs----> 1.67 B36C 0.008 0.38 0.58 2.74 5.58
Base course, for road over waste rock, crushed 3/4" 1,889.00 S.Y. $3,375 47.47 15 $717 $1,091 $5,184 $10,534
stone, compacted, 3" deep
027403000460 Unit Costs----> 4.55 B25B 0.020 0.83 0.44 6.14 12.48
AC pavement for road over waste rock, wearing 1,889.00 S.Y. $9,197 41.63 38 $1,573 $830 $11,599 $23,571
course, 3" thick
022302000250 Unit Costs----> B30 23.955 1118.17 1711.46 2829.64 5750.21
Clear & grub, medium brush, trees to 12" diam., grub 0.69 Acre 46.68 17 $772 $1,181 $1,952 $3,968
stumps and remove

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP 3,333.33 SY 46.52 27 $1,241 $1,206 $2,446 $4,971
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

10 2-5A Excavation and Onsite Disposal - Low
SITEWORK

027202150100 Unit Costs----> B32 0.009 0.43 0.44 0.86 1.76
Base, prepare & roll sub-base, large areas over 2500 3,333.33 SY 47.79 30 $1,434 $1,449 $2,882 $5,857
SY
027202000301 Unit Costs----> 4.05 B36B 0.011 0.50 0.56 5.39 10.96
Base course, crushed 1-1/2" stone base, comp to 4" 3,333.33 SY $14,445 45.22 37 $1,658 $1,881 $17,984 $36,545
deep

Subtotal $385,431 $800,620 $1,014,341 $1,466,039 $3,666,431
Markups using CH-MK $397,817 $826,350 $1,046,939 $1,513,153 $3,784,259

TOTAL 02000 SITEWORK $783,248 17,178 $1,626,970 $2,061,281 $2,979,192 $3,666,431 $7,450,691
1.00 LS
1.00 LS $7,450,690.84

10 2-5A Excavation and Onsite Disposal - Low
EQUIPMENT

Unit Costs----> 525000.00 525000.00
90 GPM Treatment Plant for Arsenic Removal, complete 1.00 LS $525,000 $525,000 $1,066,872

Subtotal $525,000 $525,000
Markups using CH-MK $541,872 $541,872

TOTAL 11000 EQUIPMENT $1,066,872 $525,000 $1,066,872
1.00 LS
1.00 LS $1,066,871.91
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

11 2-5B Excavation and Onsite Disposal - High
GENERAL CONDITIONS

Unit Costs----> 15600.00 15600.00
Health and Safety, Level D Upgrade 1.00 LS $15,600 $15,600 $31,701

Unit Costs----> 10400.00 10400.00
Decontamination of Personnel and Equipment 1.00 LS $10,400 $10,400 $21,134

Subtotal $26,000 $26,000
Markups using CH-MK $26,836 $26,836

TOTAL 01000 GENERAL CONDITIONS $52,836 $26,000 $52,836
1.00 LS
1.00 LS $52,835.56

11 2-5B Excavation and Onsite Disposal - High
SITEWORK

Unit Costs----> 0.01 0.01
Limited Excavation/Hazard Abatement/Demolition Items 1.00

Unit Costs----> B1A 0.552 20.09 1.63 21.72 44.14
Excavate contaminated soil, by hand with pick & 400.00 C.Y. 36.40 221 $8,036 $653 $8,689 $17,658
shovel

Unit Costs----> A1CLN 24.000 873.53 236.61 1110.14
Pressure Wash& inspect concrete Surface and Metal 1.00 LS 36.40 24 $874 $237 $1,110 $2,256
Siding
023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 3,000.00 C.Y. 50.95 240 $12,229 $14,104 $26,333 $53,513
backhoe, 2 CY bkt

Unit Costs----> 3075.00 3075.00
Confirmation Soil Samples 1.00 LS $3,075 $3,075 $6,249

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP, Fine Grade Tailings 9,700.00 SY 46.52 78 $3,610 $3,508 $7,118 $14,465
023151001300 Unit Costs----> B10B 0.020 0.93 1.35 2.28 4.63
Backfill, dozer backfilling, bulk, up to 300' haul, 2,900.00 C.Y. 46.52 58 $2,698 $3,908 $6,606 $13,424
no compaction
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CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
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CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

11 2-5B Excavation and Onsite Disposal - High
SITEWORK

023154001650A Unit Costs----> B10U 0.008 0.37 0.60 0.97 1.97
Loading Stockpiled Material, FE loader, whl mtd, 5CY 500.00 C.Y. 46.52 4 $186 $299 $485 $985
cap = 185 Cy/hr
023202000540 Unit Costs----> B34B 175.76 175.76 357.17
Hauling Offsite to ECDC (RCRA Haz-Waste) 500.00 C.Y. $87,880 $87,880 $178,584

Unit Costs----> 1560.00 1560.00
Dewater/Contain Existing Contaminated Water from 1.00 LS $1,560 $1,560 $3,170
Sumps, Vats & Tanks

Unit Costs----> 4680.00 4680.00
Demo/Remove Existing Sumps, Vats & Tanks 1.00 LS $4,680 $4,680 $9,510

Unit Costs----> 500.00 A1CLN 40.000 1455.88 394.35 2385.23
Decontaminating Concrete Foundations 1.00 LS $535 36.40 40 $1,456 $394 $2,385 $4,847

Unit Costs----> 10.40 10.40 21.13
Demo/Remove Existing Buildings and Place in Onsite 27,300.00 SF $283,920 $283,920 $576,964
Disposal Cell

Unit Costs----> 104.00 104.00 211.34
Demo/Remove Existing Buildings Foundations and Place 1,011.11 CY $105,156 $105,156 $213,690
in Onsite Disposal Cell

Unit Costs----> 0.01 0.01
Western Drainage Channel Work Items 1.00
023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 570.00 C.Y. 50.95 46 $2,324 $2,680 $5,003 $10,167
backhoe, 2 CY bkt
023151001300 Unit Costs----> B10B 0.020 0.93 1.35 2.28 4.63
Backfill, dozer backfilling, bulk, up to 300' haul, 570.00 C.Y. 46.52 11 $530 $768 $1,298 $2,639
no compaction
0020650101006A Unit Costs----> 0.85 0.85 1.73
60 Mil HDPE Liner, Textured 10,200.00 SF $8,699 $8,699 $17,677
023703000600 Unit Costs----> 20.50 B13 0.366 14.95 4.53 41.41 84.15
Rip-rap, gabions, galv steel mesh mats/boxes, stone 1,020.00 S.Y. $22,374 40.84 373 $15,247 $4,617 $42,238 $85,833
filled, 12" deep

Unit Costs----> 0.01 0.01
Divert Surface Water @ Mine Shaft Items 1.00
023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 71.11 C.Y. 50.95 6 $290 $334 $624 $1,268
backhoe, 2 CY bkt
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CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

11 2-5B Excavation and Onsite Disposal - High
SITEWORK

023703000100 Unit Costs----> 18.80 B12G 0.258 13.15 7.20 40.46 82.21
Rip-rap, random, machine placed for slope protection 66.67 C.Y. $1,341 50.95 17 $876 $480 $2,697 $5,481

Unit Costs----> 0.01 0.01
Adit Seep Collection & Pumping of Mine Workings 1.00

Unit Costs----> 24101.15 B23A 28.000 1179.51 3032.26 30000.00
Extraction well, 50-100gpm, 100' deep 1.00 EA $25,788 42.13 28 $1,180 $3,032 $30,000 $60,964
025108404140 Unit Costs----> 2.29 Q1C 0.137 6.65 9.22 18.33 37.24
Piping, wtr dist, PVC, press pipe, CL200, SDR 21 400.00 L.F. $980 48.56 55 $2,661 $3,690 $7,331 $14,897
w/trench to 3'D, 3"

Unit Costs----> 27040.00 27040.00
Collection Structure 30'L x 30'W x 6'H, cast in 1.00 LS $27,040 $27,040 $54,949
place, complete
023202000540 Unit Costs----> B34B 194.48 194.48 395.21
Hauling Offsite to ECDC (RCRA Haz-Waste) 30.00 C.Y. $5,834 $5,834 $11,856

Unit Costs----> 0.01 0.01 0.02
Excavation of Tailings Items 1.00

Unit Costs----> B10B 0.020 0.93 1.35 2.28 4.63
Pushing waste rock into piles w/dozer 38,100.00 C.Y. 46.52 762 $35,449 $51,340 $86,788 $176,366
023154001650A Unit Costs----> B10U 0.008 0.37 0.60 0.97 1.97
Loading Stockpiled Material, FE loader, whl mtd, 5CY 38,100.00 C.Y. 46.52 305 $14,179 $22,760 $36,939 $75,066
cap = 185 Cy/hr
023202000310 Unit Costs----> B34B 0.028 1.24 1.86 3.10 6.29
Hauling, LCY, no loading, 12 CY dump truck, 1/4 mile 38,100.00 C.Y. 44.23 1,067 $47,181 $70,820 $118,000 $239,793
RT 3.7 lds/hr
023154102220A Unit Costs----> B10L 0.060 2.79 1.46 4.25 8.65
Excavate perimeter strip @ wooded area w/75 HP dozer 5,000.00 C.Y. 46.52 300 $13,956 $7,315 $21,271 $43,226

Unit Costs----> B6 48.000 1962.11 398.20 2360.31
Fine grade perimeter strip around trees upon 1.00 LS 40.88 48 $1,962 $398 $2,360 $4,796
completion
023154000260A Unit Costs----> B12C 0.015 0.76 0.88 1.65 3.34
Excavating dewatering trenches, backhoe, hyd, 2 CY 4,489.00 C.Y. 50.95 67 $3,431 $3,957 $7,388 $15,014
cap. = 130 CY/hr
026202502110A Unit Costs----> 1.30 B20 0.027 1.12 2.51 5.11
Piping, subdrainage, perforated PVC, 6" dia 3,030.00 L.F. $4,215 41.54 82 $3,398 $7,613 $15,471
023151300200A Unit Costs----> 3.55 B10U 0.012 0.56 0.90 5.25 10.67
Drain Sand placed in trench 4,489.00 C.Y. $17,051 46.52 54 $2,506 $4,022 $23,580 $47,917

CH2M HILL, Inc. 02/05/2004 11:31:06
Property of CH2M HILL, Inc.  All Rights Reserved - Copyright 2000 Page No.         63



Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
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11 2-5B Excavation and Onsite Disposal - High
SITEWORK

022405001100A Unit Costs----> B10K 24.000 1116.49 595.98 1712.47 3479.98
Dewatering, pumping 8 hr, 6" centrifugal pump, 3 9.00 Day 46.52 216 $10,048 $5,364 $15,412 $31,320
total

Unit Costs----> 100000.00 100000.00
Treatment of water removed during dewatering 1.00 LS $100,000 $100,000 $203,214

Unit Costs----> 75.00 75.00 152.42
Mobilization/Demobilization of Portable Storage 12.00 HR $900 $900 $1,829
Tanks (3 total)

Unit Costs----> 26.00 26.00 52.84
Rain for Rent epoxy-lined portable storage tank, 360.00 Day $9,360 $9,360 $19,021
21000 gal
023154104200A Unit Costs----> B10B 0.015 0.70 1.01 1.71 3.47
Construct drying bed w/dozer, 200 HP 2,176.00 C.Y. 46.52 33 $1,518 $2,199 $3,718 $7,555
023151300200A Unit Costs----> 3.55 B6 0.154 6.29 1.28 11.37 23.11
Leveling sand for drying bed 1,088.00 C.Y. $4,133 40.88 168 $6,849 $1,390 $12,372 $25,141
0020650101006A Unit Costs----> 0.85 0.85 1.73
60 Mil HDPE Liner, Textured 58,750.00 SF $50,102 $50,102 $101,814
023151300200B Unit Costs----> 3.55 B6 0.132 5.40 1.10 10.29 20.91
Drain Sand for drying bed 2,176.00 C.Y. $8,266 40.88 287 $11,741 $2,383 $22,390 $45,499
026202502110A Unit Costs----> 1.30 B20 0.027 1.12 2.51 5.11
Piping, subdrainage, perforated PVC, 6" dia 500.00 L.F. $696 41.54 14 $561 $1,256 $2,553
029203403100B Unit Costs----> B10L 0.003 0.14 0.07 0.21 0.43
Mix tailings, disc soil, 75hp dozer w/commercial 47,000.00 CY 46.52 141 $6,559 $3,438 $9,997 $20,316
scarifier
023154302400 Unit Costs----> B33E 0.022 1.04 3.78 4.82 9.80
Excavation, self prop scraper, 21 CY 1/4 push dozer, 56,000.00 C.Y. 47.24 1,232 $58,204 $211,871 $270,075 $548,830
com earth, 5000' haul
023154001650A Unit Costs----> B10U 0.008 0.37 0.60 0.97 1.97
Loading Stockpiled Material, FE loader, whl mtd, 5CY 38,100.00 C.Y. 46.52 305 $14,179 $22,760 $36,939 $75,066
cap = 185 Cy/hr
023202000310 Unit Costs----> B34B 0.028 1.24 1.86 3.10 6.29
Hauling, LCY, no loading, 12 CY dump truck, 1/4 mile 38,100.00 C.Y. 44.23 1,067 $47,181 $70,820 $118,000 $239,793
RT 3.7 lds/hr
023151001300 Unit Costs----> B10B 0.020 0.93 1.35 2.28 4.63
Backfill, dozer backfilling, bulk, up to 300' haul, 38,100.00 C.Y. 46.52 762 $35,449 $51,340 $86,788 $176,366
no compaction
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SITEWORK

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP, Fine Grade Sediment 19,500.00 SY 46.52 156 $7,257 $7,053 $14,310 $29,080

Unit Costs----> 6400.00 6400.00
Confirmation Soil Samples 1.00 LS $6,400 $6,400 $13,006

Unit Costs----> 0.01 0.01
(LCC) Channel Work Items 1.00
023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 45,000.00 C.Y. 50.95 3,600 $183,437 $211,563 $395,000 $802,694
backhoe, 2 CY bkt
023151001300 Unit Costs----> B10B 0.020 0.93 1.35 2.28 4.63
Backfill, dozer backfilling, bulk, up to 300' haul, 45,000.00 C.Y. 46.52 900 $41,869 $60,638 $102,506 $208,306
no compaction
023703000100 Unit Costs----> 18.80 B12G 0.258 13.15 7.20 40.46 82.22
Rip-rap, random, machine placed for slope protection 2,500.00 C.Y. $50,290 50.95 645 $32,866 $17,992 $101,148 $205,547

Unit Costs----> 0.01 0.01
Disposal Celll Work Items 1.00

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP 16,755.00 SY 46.52 134 $6,236 $6,060 $12,296 $24,986
023152006010A Unit Costs----> 7.00 7.00 14.22
GCL Liner 12,600.00 SY $88,190 $88,190 $179,214
023154000260 Unit Costs----> B12C 0.015 0.76 0.88 1.65 3.34
Additional excavation for leak detection system, 2,260.00 C.Y. 50.95 34 $1,727 $1,992 $3,720 $7,559
backhoe, hyd, 2 CY
023151001300 Unit Costs----> B10B 0.020 0.93 1.35 2.28 4.63
Backfill, dozer backfilling, bulk, up to 300' haul, 2,260.00 C.Y. 46.52 45 $2,103 $3,045 $5,148 $10,462
no compaction
0020650101006B Unit Costs----> 1.33 1.33 2.71
80 Mil HDPE Liner, Textured, for leak detection 30,550.00 SF $40,668 $40,668 $82,643
system
023153200300 Unit Costs----> B10G 0.009 0.42 0.63 1.05 2.13
Compaction for disposal cell w/sheepsfoot, 8" lifts, 62,500.00 C.Y. 46.52 563 $26,168 $39,332 $65,500 $133,104
common fill
0020650101006A Unit Costs----> 0.85 0.85 1.73
60 Mil HDPE Liner, Textured 255,150.00 SF $217,592 $217,592 $442,177
026204000400 Unit Costs----> 13.20 B6 0.092 3.76 0.76 18.65 37.90
Drainage material, pea gravel 437.50 C.Y. $6,179 40.88 40 $1,645 $334 $8,158 $16,579
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023405001550 Unit Costs----> 0.65 CLAB 0.006 0.22 0.91 1.86
Geotextile fabric, non-woven 1,575.00 S.Y. $1,095 36.40 9 $344 $1,439 $2,925
023151300200 Unit Costs----> 3.55 B6 0.160 6.54 1.33 11.67 23.71
Drain Sand, dead or bank 5,300.00 C.Y. $20,132 40.88 848 $34,664 $7,035 $61,831 $125,649
023202001255 Unit Costs----> 3.00 16.85 20.06 40.76
Hauling, Import Cover Soil, 20 c.y dump trailer, 20 9,630.00 C.Y. $30,912 $162,246 $193,159 $392,525
MI RT, .5 lds/hr
023151001300 Unit Costs----> B10B 0.020 0.93 1.35 2.28 4.63
Backfill, dozer backfilling, bulk, up to 300' haul, 9,630.00 C.Y. 46.52 193 $8,960 $12,976 $21,936 $44,578
no compaction
023153200300 Unit Costs----> B10G 0.009 0.42 0.63 1.05 2.13
Compaction, sheepsfoot or wobbly wheel roller, 8" 9,630.00 C.Y. 46.52 87 $4,032 $6,060 $10,092 $20,509
lifts, common fill
029205001000A Unit Costs----> 0.40 B81 0.003 0.13 0.08 0.64 1.30
Seeding, hydro or air seeding for lg areas, incl 14,400.00 S.Y. $6,163 44.07 43 $1,904 $1,156 $9,222 $18,741
seed and fertilizer
023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 560.00 C.Y. 50.95 45 $2,283 $2,633 $4,916 $9,989
backhoe, 2 CY bkt
023703000100 Unit Costs----> 18.80 B12G 0.258 13.15 7.20 40.46 82.22
Rip-rap, random, machine placed for slope protection 560.00 C.Y. $11,265 50.95 144 $7,362 $4,030 $22,657 $46,043
0020650101006A Unit Costs----> 0.85 0.85 1.73
60 Mil HDPE Liner, Textured 15,000.00 SF $12,792 $12,792 $25,995

Unit Costs----> 24.96 24.96 50.72
6" Perforated Drain Pipe 900.00 LF $22,464 $22,464 $45,650

Unit Costs----> 24.96 24.96 50.72
6" Pipe Pressure Line 140.00 LF $3,494 $3,494 $7,101

Unit Costs----> 5200.00 5200.00 10567.11
Monitoring Wells 4.00 EA $20,800 $20,800 $42,268

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Re-grade all areas of waste rock outside of tailings 36,170.00 SY 46.52 289 $13,461 $13,082 $26,543 $53,939
w/Dozer, 140 HP
023202001255 Unit Costs----> 3.00 16.85 20.06 40.76
Hauling, LCY, no loading, 20 c.y dump trailer, 20 MI 12,060.00 C.Y. $38,713 $203,187 $241,899 $491,573
RT, .5 lds/hr
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SITEWORK

023151204020 Unit Costs----> B10B 0.005 0.23 0.34 0.57 1.16
Backfill, structural, 200 H.P., 50' haul, common 12,060.00 C.Y. 46.52 60 $2,805 $4,063 $6,868 $13,957
earth

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP, Fine Grade for Seeding 36,170.00 SY 46.52 289 $13,461 $13,082 $26,543 $53,939
029205001000 Unit Costs----> 0.40 B81 0.003 0.13 0.08 0.64 1.30
Seeding, hydro or air seeding for lg areas, incl 36,170.00 S.Y. $15,481 44.07 109 $4,782 $2,902 $23,165 $47,075
seed and fertilizer

Unit Costs----> 0.01 0.01 0.02
Access and Use Restrictions Items 1.00
028907000900 Unit Costs----> 31.00 B80 0.457 19.15 8.60 60.91 123.79
Signs, No Trespassing, Galv Post, Conc. Encas., 18" 6.00 Ea. $199 41.90 3 $115 $52 $365 $743
x 18"
028205280300 Unit Costs----> 10.35 B80 0.133 5.57 2.50 19.15 38.91
Fence, barbed wire, 9 Ga wire, aluminized steel 1,488.00 L.F. $16,479 41.90 198 $8,292 $3,723 $28,494 $57,903
028205285060 Unit Costs----> 480.00 B80 10.000 419.01 188.10 1120.71
Signs, No Trespassing, Galv Post, Conc. Encas., 18" 1.00 Opng. $514 41.90 10 $419 $188 $1,121 $2,277
x 18"

Unit Costs----> 0.01 0.01
Access Roadwork Items 1.00
022302000250 Unit Costs----> B30 23.976 1119.17 1712.97 2832.13 5755.28
Clear & grub for road widening, medium brush, trees 0.91 Acre 46.68 22 $1,018 $1,559 $2,577 $5,237
to 12" diam
027202150100 Unit Costs----> B32 0.009 0.43 0.44 0.86 1.76
Prepare & roll sub-base for road widening 3,667.00 SY 47.79 33 $1,577 $1,594 $3,171 $6,443
027202000301 Unit Costs----> 4.05 B36B 0.011 0.50 0.56 5.39 10.96
Base course for road widening, crushed 1-1/2" stone 3,667.00 SY $15,891 45.22 40 $1,824 $2,069 $19,784 $40,203
base, comp to 4" deep
027202150100A Unit Costs----> B32 0.008 0.38 0.39 0.77 1.56
Prepare existing half of gravel road for AC paving 3,667.00 S.Y. 47.79 29 $1,402 $1,417 $2,818 $5,728
027403000460 Unit Costs----> 4.55 B25B 0.020 0.83 0.44 6.14 12.48
Asphaltic conc pavement for road widening, wearing 7,334.00 S.Y. $35,706 41.63 147 $6,106 $3,223 $45,034 $91,515
course, 3" thick
023154102020A Unit Costs----> B10L 0.060 2.79 1.46 4.25 8.65
Cut drainage ditch w/75 HP dozer, spread material 450.00 C.Y. 46.52 27 $1,256 $658 $1,914 $3,890
onsite
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Unit Costs----> B6 3.000 122.63 24.89 147.52
Excavation & backfill for 12" CMP culvert 1.00 LS 40.88 3 $123 $25 $148 $300
026301002560 Unit Costs----> 6.65 B14 0.218 8.50 0.90 16.52 33.56
Piping, storm drain, CMP, plain, 20' lengths, 12" 20.00 L.F. $142 38.97 4 $170 $18 $330 $671
dia, 16 ga
022302000250 Unit Costs----> B30 24.158 1127.64 1725.94 2853.58 5798.87
Clear & grub for new road, medium brush, trees to 0.52 Acre 46.68 13 $586 $897 $1,484 $3,015
12" diam

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP 2,112.00 SY 46.52 17 $786 $764 $1,550 $3,150
027202150100 Unit Costs----> B32 0.009 0.43 0.44 0.86 1.76
Prepare & roll sub-base for new road 2,112.00 SY 47.79 19 $908 $918 $1,826 $3,711
027202000301 Unit Costs----> 4.05 B36B 0.011 0.50 0.56 5.39 10.96
Base course for new road, crushed 1-1/2" stone base, 2,112.00 SY $9,152 45.22 23 $1,051 $1,192 $11,394 $23,155
comp to 4" deep
027403000460 Unit Costs----> 4.55 B25B 0.020 0.83 0.44 6.14 12.48
Asphaltic conc pavement for new road, wearing 2,112.00 S.Y. $10,282 41.63 42 $1,758 $928 $12,969 $26,354
course, 3" thick
027202150100A Unit Costs----> B32 0.008 0.38 0.39 0.77 1.56
Prepare existing gravel road for AC paving 912.00 S.Y. 47.79 7 $349 $352 $701 $1,424
027403000460 Unit Costs----> 4.55 B25B 0.020 0.83 0.44 6.14 12.48
Asphaltic conc pavement, and lg paved areas, wearing 912.00 S.Y. $4,440 41.63 18 $759 $401 $5,600 $11,380
course, 3" thick
027202150100 Unit Costs----> B32 0.009 0.43 0.44 0.86 1.76
Prepare & roll sub-base over waste rock 1,889.00 SY 47.79 17 $812 $821 $1,633 $3,319
027202000050 Unit Costs----> 1.67 B36C 0.008 0.38 0.58 2.74 5.58
Base course, for road over waste rock, crushed 3/4" 1,889.00 S.Y. $3,375 47.47 15 $717 $1,091 $5,184 $10,534
stone, compacted, 3" deep
027403000460 Unit Costs----> 4.55 B25B 0.020 0.83 0.44 6.14 12.48
AC pavement for road over waste rock, wearing 1,889.00 S.Y. $9,197 41.63 38 $1,573 $830 $11,599 $23,571
course, 3" thick
022302000250 Unit Costs----> B30 23.955 1118.17 1711.46 2829.64 5750.21
Clear & grub, medium brush, trees to 12" diam., grub 0.69 Acre 46.68 17 $772 $1,181 $1,952 $3,968
stumps and remove

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP 3,333.33 SY 46.52 27 $1,241 $1,206 $2,446 $4,971
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CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

11 2-5B Excavation and Onsite Disposal - High
SITEWORK

027202150100 Unit Costs----> B32 0.009 0.43 0.44 0.86 1.76
Base, prepare & roll sub-base, large areas over 2500 3,333.33 SY 47.79 30 $1,434 $1,449 $2,882 $5,857
SY
027202000301 Unit Costs----> 4.05 B36B 0.011 0.50 0.56 5.39 10.96
Base course, crushed 1-1/2" stone base, comp to 4" 3,333.33 SY $14,445 45.22 37 $1,658 $1,881 $17,984 $36,545
deep

Subtotal $385,431 $800,620 $1,014,341 $1,466,039 $3,666,431
Markups using CH-MK $397,817 $826,350 $1,046,939 $1,513,153 $3,784,259

TOTAL 02000 SITEWORK $783,248 17,178 $1,626,970 $2,061,281 $2,979,192 $3,666,431 $7,450,691
1.00 LS
1.00 LS $7,450,690.84

11 2-5B Excavation and Onsite Disposal - High
EQUIPMENT

Unit Costs----> 1180000.00 1180000.00
400 GPM Treatment Plant for Arsenic Removal, 1.00 LS $1,180,000 $1,180,000 $2,397,922
complete

Subtotal $1,180,000 $1,180,000
Markups using CH-MK $1,217,922 $1,217,922

TOTAL 11000 EQUIPMENT $2,397,922 $1,180,000 $2,397,922
1.00 LS
1.00 LS $2,397,921.63
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CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

12 2-6A Excavation and Offsite Disposal - Low
GENERAL CONDITIONS

Unit Costs----> 15600.00 15600.00
Health and Safety, Level D Upgrade 1.00 LS $15,600 $15,600 $31,701

Unit Costs----> 10400.00 10400.00
Decontamination of Personnel and Equipment 1.00 LS $10,400 $10,400 $21,134

Subtotal $26,000 $26,000
Markups using CH-MK $26,836 $26,836

TOTAL 01000 GENERAL CONDITIONS $52,836 $26,000 $52,836
1.00 LS
1.00 LS $52,835.56

12 2-6A Excavation and Offsite Disposal - Low
SITEWORK

Unit Costs----> 0.01 0.01
Limited Excavation/Hazard Abatement/Demolition Items 1.00

Unit Costs----> B1A 0.552 20.09 1.63 21.72 44.14
Excavate contaminated soil, by hand with pick & 400.00 C.Y. 36.40 221 $8,036 $653 $8,689 $17,658
shovel

Unit Costs----> A1CLN 24.000 873.53 236.61 1110.14
Pressure Wash& inspect concrete Surface and Metal 1.00 LS 36.40 24 $874 $237 $1,110 $2,256
Siding
023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 3,000.00 C.Y. 50.95 240 $12,229 $14,104 $26,333 $53,513
backhoe, 2 CY bkt

Unit Costs----> 3075.00 3075.00
Confirmation Soil Samples 1.00 LS $3,075 $3,075 $6,249

Unit Costs----> B10L 0.030 1.40 0.73 2.13 4.32
Site grading, dozer, 75 HP, 50' haul, common earth 1,400.00 C.Y. 46.52 42 $1,954 $1,024 $2,978 $6,052

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP 4,400.00 SY 46.52 35 $1,638 $1,591 $3,229 $6,562
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CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

12 2-6A Excavation and Offsite Disposal - Low
SITEWORK

023154001650A Unit Costs----> B10U 0.008 0.37 0.60 0.97 1.97
Loading Stockpiled Material, FE loader, whl mtd, 5CY 2,000.00 C.Y. 46.52 16 $744 $1,195 $1,939 $3,940
cap = 185 Cy/hr
023202000540 Unit Costs----> B34B 175.76 175.76 357.17
Hauling Offsite to ECDC (RCRA Haz-Waste) 500.00 C.Y. $87,880 $87,880 $178,584
023202000540 Unit Costs----> B34B 119.60 119.60 243.04
Hauling Offsite to ECDC (Non RCRA Haz-Waste) 1,500.00 C.Y. $179,400 $179,400 $364,565

Unit Costs----> 1560.00 1560.00
Dewater/Contain Existing Contaminated Water from 1.00 LS $1,560 $1,560 $3,170
Sumps, Vats & Tanks

Unit Costs----> 4680.00 4680.00
Demo/Remove Existing Sumps, Vats & Tanks 1.00 LS $4,680 $4,680 $9,510

Unit Costs----> 500.00 A1CLN 40.000 1455.88 394.35 2385.23
Decontaminating Concrete Foundations 1.00 LS $535 36.40 40 $1,456 $394 $2,385 $4,847

Unit Costs----> 11.44 11.44 23.25
Demo/Remove/Haul Off Existing Buildings 27,300.00 SF $312,312 $312,312 $634,661

Unit Costs----> 0.01 0.01
Western Drainage Channel Work Items 1.00
023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 1,130.00 C.Y. 50.95 90 $4,606 $5,313 $9,919 $20,157
backhoe, 2 CY bkt
023151001300 Unit Costs----> B10B 0.020 0.93 1.35 2.28 4.63
Backfill, dozer backfilling, bulk, up to 300' haul, 1,130.00 C.Y. 46.52 23 $1,051 $1,523 $2,574 $5,231
no compaction
0020650101006A Unit Costs----> 0.85 0.85 1.73
60 Mil HDPE Liner, Textured 2,040.00 SF $1,740 $1,740 $3,535
023703000600 Unit Costs----> 20.50 B13 0.366 14.95 4.53 41.41 84.15
Rip-rap, gabions, galv steel mesh mats/boxes, stone 2,040.00 S.Y. $44,747 40.84 747 $30,494 $9,234 $84,475 $171,666
filled, 12" deep

Unit Costs----> 0.01 0.01
Divert Surface Water @ Mine Shaft Items 1.00
023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 71.11 C.Y. 50.95 6 $290 $334 $624 $1,268
backhoe, 2 CY bkt
023703000100 Unit Costs----> 18.80 B12G 0.258 13.15 7.20 40.46 82.21
Rip-rap, random, machine placed for slope protection 66.67 C.Y. $1,341 50.95 17 $876 $480 $2,697 $5,481
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12 2-6A Excavation and Offsite Disposal - Low
SITEWORK

Unit Costs----> 0.01 0.01
Adit Seep Collection & Pumping of Mine Workings 1.00

Unit Costs----> 24101.15 B23A 28.000 1179.51 3032.26 30000.00
Extraction well, 50-100gpm, 100' deep 1.00 EA $25,788 42.13 28 $1,180 $3,032 $30,000 $60,964
025108404140 Unit Costs----> 2.29 Q1C 0.137 6.65 9.22 18.33 37.24
Piping, wtr dist, PVC, press pipe, CL200, SDR 21 400.00 L.F. $980 48.56 55 $2,661 $3,690 $7,331 $14,897
w/trench to 3'D, 3"

Unit Costs----> 27040.00 27040.00
Collection Structure 30'L x 30'W x 6'H, cast in 1.00 LS $27,040 $27,040 $54,949
place, complete
023202000540 Unit Costs----> B34B 194.48 194.48 395.21
Hauling Offsite to ECDC (RCRA Haz-Waste) 30.00 C.Y. $5,834 $5,834 $11,856

Unit Costs----> 0.01 0.01 0.02
Excavation of Tailings Items 1.00

Unit Costs----> B10B 0.020 0.93 1.35 2.28 4.63
Pushing waste rock into piles w/dozer 38,100.00 C.Y. 46.52 762 $35,449 $51,340 $86,788 $176,366
023154001650A Unit Costs----> B10U 0.008 0.37 0.60 0.97 1.97
Loading Stockpiled Material, FE loader, whl mtd, 5CY 38,100.00 C.Y. 46.52 305 $14,179 $22,760 $36,939 $75,066
cap = 185 Cy/hr
023202000310 Unit Costs----> B34B 0.028 1.24 1.86 3.10 6.29
Hauling, LCY, no loading, 12 CY dump truck, 1/4 mile 38,100.00 C.Y. 44.23 1,067 $47,181 $70,820 $118,000 $239,793
RT 3.7 lds/hr
023154000300 Unit Costs----> B12D 0.013 0.66 1.76 2.43 4.93
Excavating, bulk bank measure, backhoe, hyd, 3 CY 50,000.00 C.Y. 50.95 650 $33,121 $88,213 $121,334 $246,567
cap = 160 CY/hr
023154102220A Unit Costs----> B10L 0.060 2.79 1.46 4.25 8.65
Excavate perimeter strip @ wooded area w/75 HP dozer 5,000.00 C.Y. 46.52 300 $13,956 $7,315 $21,271 $43,226
023154001650A Unit Costs----> B10U 0.008 0.37 0.60 0.97 1.97
Loading material from perimeter strip, FE loader, 5,000.00 C.Y. 46.52 40 $1,861 $2,987 $4,848 $9,851
whl mtd, 5CY

Unit Costs----> B6 48.000 1962.11 398.20 2360.31
Fine grade perimeter strip around trees upon 1.00 LS 40.88 48 $1,962 $398 $2,360 $4,796
completion
023154000260A Unit Costs----> B12C 0.015 0.76 0.88 1.65 3.34
Excavating dewatering trenches, backhoe, hyd, 2 CY 4,489.00 C.Y. 50.95 67 $3,431 $3,957 $7,388 $15,014
cap. = 130 CY/hr
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12 2-6A Excavation and Offsite Disposal - Low
SITEWORK

026202502110A Unit Costs----> 1.30 B20 0.027 1.12 2.51 5.11
Piping, subdrainage, perforated PVC, 6" dia 3,030.00 L.F. $4,215 41.54 82 $3,398 $7,613 $15,471
023151300200A Unit Costs----> 3.55 B10U 0.012 0.56 0.90 5.25 10.67
Drain Sand placed in trench 4,489.00 C.Y. $17,051 46.52 54 $2,506 $4,022 $23,580 $47,917
022405001100A Unit Costs----> B10K 24.000 1116.49 595.98 1712.47 3479.98
Dewatering, pumping 8 hr, 6" centrifugal pump, 3 9.00 Day 46.52 216 $10,048 $5,364 $15,412 $31,320
total

Unit Costs----> 100000.00 100000.00
Treatment of water removed during dewatering 1.00 LS $100,000 $100,000 $203,214

Unit Costs----> 75.00 75.00 152.42
Mobilization/Demobilization of Portable Storage 12.00 HR $900 $900 $1,829
Tanks (3 total)

Unit Costs----> 26.00 26.00 52.84
Rain for Rent epoxy-lined portable storage tank, 360.00 Day $9,360 $9,360 $19,021
21000 gal
023154104200A Unit Costs----> B10B 0.015 0.70 1.01 1.71 3.47
Construct drying bed w/dozer, 200 HP 2,176.00 C.Y. 46.52 33 $1,518 $2,199 $3,718 $7,555
023151300200A Unit Costs----> 3.55 B6 0.154 6.29 1.28 11.37 23.11
Leveling sand for drying bed 1,088.00 C.Y. $4,133 40.88 168 $6,849 $1,390 $12,372 $25,141
0020650101006A Unit Costs----> 0.85 0.85 1.73
60 Mil HDPE Liner, Textured 58,750.00 SF $50,102 $50,102 $101,814
023151300200B Unit Costs----> 3.55 B6 0.132 5.40 1.10 10.29 20.91
Drain Sand for drying bed 2,176.00 C.Y. $8,266 40.88 287 $11,741 $2,383 $22,390 $45,499
026202502110A Unit Costs----> 1.30 B20 0.027 1.12 2.51 5.11
Piping, subdrainage, perforated PVC, 6" dia 500.00 L.F. $696 41.54 14 $561 $1,256 $2,553
029203403100B Unit Costs----> B10L 0.003 0.14 0.07 0.21 0.43
Mix tailings, disc soil, 75hp dozer w/commercial 47,000.00 CY 46.52 141 $6,559 $3,438 $9,997 $20,316
scarifier
023202000540 Unit Costs----> 30.00 B34B 9.36 41.46 84.25
Hauling Offsite to Forward Landfill 56,000.00 C.Y. $1,797,600 $524,160 $2,321,760 $4,718,134
023154001650A Unit Costs----> B10U 0.008 0.37 0.60 0.97 1.97
Loading Stockpiled Material, FE loader, whl mtd, 5CY 38,100.00 C.Y. 46.52 305 $14,179 $22,760 $36,939 $75,066
cap = 185 Cy/hr
023202000310 Unit Costs----> B34B 0.028 1.24 1.86 3.10 6.29
Hauling, LCY, no loading, 12 CY dump truck, 1/4 mile 38,100.00 C.Y. 44.23 1,067 $47,181 $70,820 $118,000 $239,793
RT 3.7 lds/hr
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12 2-6A Excavation and Offsite Disposal - Low
SITEWORK

023151001300 Unit Costs----> B10B 0.020 0.93 1.35 2.28 4.63
Backfill, dozer backfilling, bulk, up to 300' haul, 38,100.00 C.Y. 46.52 762 $35,449 $51,340 $86,788 $176,366
no compaction

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP, Fine Grade Sediment 19,500.00 SY 46.52 156 $7,257 $7,053 $14,310 $29,080

Unit Costs----> 6400.00 6400.00
Confirmation Soil Samples 1.00 LS $6,400 $6,400 $13,006

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Re-grade all areas of waste rock outside of tailings 40,560.00 SY 46.52 324 $15,095 $14,670 $29,765 $60,486
w/Dozer, 140 HP
023202001255 Unit Costs----> 3.00 16.85 20.06 40.76
Hauling, LCY, no loading, 20 c.y dump trailer, 20 MI 13,520.00 C.Y. $43,399 $227,785 $271,184 $551,083
RT, .5 lds/hr
023151204020 Unit Costs----> B10B 0.005 0.23 0.34 0.57 1.16
Backfill, structural, 200 H.P., 50' haul, common 13,520.00 C.Y. 46.52 68 $3,145 $4,555 $7,699 $15,646
earth

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP, Fine Grade for Seeding 40,560.00 SY 46.52 324 $15,095 $14,670 $29,765 $60,486
029205001000 Unit Costs----> 0.40 B81 0.003 0.13 0.08 0.64 1.30
Seeding, hydro or air seeding for lg areas, incl 40,560.00 S.Y. $17,360 44.07 122 $5,362 $3,255 $25,977 $52,788
seed and fertilizer

Unit Costs----> 0.01 0.01
(LCC) Channel Work Items 1.00
023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 45,000.00 C.Y. 50.95 3,600 $183,437 $211,563 $395,000 $802,694
backhoe, 2 CY bkt
023151001300 Unit Costs----> B10B 0.020 0.93 1.35 2.28 4.63
Backfill, dozer backfilling, bulk, up to 300' haul, 45,000.00 C.Y. 46.52 900 $41,869 $60,638 $102,506 $208,306
no compaction
023703000100 Unit Costs----> 18.80 B12G 0.258 13.15 7.20 40.46 82.22
Rip-rap, random, machine placed for slope protection 2,500.00 C.Y. $50,290 50.95 645 $32,866 $17,992 $101,148 $205,547

Unit Costs----> 0.01 0.01
Access Road Maintenance Items 1.00
022302000250 Unit Costs----> B30 23.976 1119.17 1712.97 2832.13 5755.28
Clear & grub for road widening, medium brush, trees 0.91 Acre 46.68 22 $1,018 $1,559 $2,577 $5,237
to 12" diam
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12 2-6A Excavation and Offsite Disposal - Low
SITEWORK

027202150100 Unit Costs----> B32 0.009 0.43 0.44 0.86 1.76
Prepare & roll sub-base for road widening 3,667.00 SY 47.79 33 $1,577 $1,594 $3,171 $6,443
027202000301 Unit Costs----> 4.05 B36B 0.011 0.50 0.56 5.39 10.96
Base course for road widening, crushed 1-1/2" stone 3,667.00 SY $15,891 45.22 40 $1,824 $2,069 $19,784 $40,203
base, comp to 4" deep
027202150100A Unit Costs----> B32 0.008 0.38 0.39 0.77 1.56
Prepare existing half of gravel road for AC paving 3,667.00 S.Y. 47.79 29 $1,402 $1,417 $2,818 $5,728
027403000460 Unit Costs----> 4.55 B25B 0.020 0.83 0.44 6.14 12.48
Asphaltic conc pavement for road widening, wearing 7,334.00 S.Y. $35,706 41.63 147 $6,106 $3,223 $45,034 $91,515
course, 3" thick
023154102020A Unit Costs----> B10L 0.060 2.79 1.46 4.25 8.65
Cut drainage ditch w/75 HP dozer, spread material 450.00 C.Y. 46.52 27 $1,256 $658 $1,914 $3,890
onsite

Unit Costs----> B6 3.000 122.63 24.89 147.52
Excavation & backfill for 12" CMP culvert 1.00 LS 40.88 3 $123 $25 $148 $300
026301002560 Unit Costs----> 6.65 B14 0.218 8.50 0.90 16.52 33.56
Piping, storm drain, CMP, plain, 20' lengths, 12" 20.00 L.F. $142 38.97 4 $170 $18 $330 $671
dia, 16 ga
022302000250 Unit Costs----> B30 24.158 1127.64 1725.94 2853.58 5798.87
Clear & grub for new road, medium brush, trees to 0.52 Acre 46.68 13 $586 $897 $1,484 $3,015
12" diam

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP 2,112.00 SY 46.52 17 $786 $764 $1,550 $3,150
027202150100 Unit Costs----> B32 0.009 0.43 0.44 0.86 1.76
Prepare & roll sub-base for new road 2,112.00 SY 47.79 19 $908 $918 $1,826 $3,711
027202000301 Unit Costs----> 4.05 B36B 0.011 0.50 0.56 5.39 10.96
Base course for new road, crushed 1-1/2" stone base, 2,112.00 SY $9,152 45.22 23 $1,051 $1,192 $11,394 $23,155
comp to 4" deep
027403000460 Unit Costs----> 4.55 B25B 0.020 0.83 0.44 6.14 12.48
Asphaltic conc pavement for new road, wearing 2,112.00 S.Y. $10,282 41.63 42 $1,758 $928 $12,969 $26,354
course, 3" thick
027202150100A Unit Costs----> B32 0.008 0.38 0.39 0.77 1.56
Prepare existing gravel road for AC paving 912.00 S.Y. 47.79 7 $349 $352 $701 $1,424
027403000460 Unit Costs----> 4.55 B25B 0.020 0.83 0.44 6.14 12.48
Asphaltic conc pavement, and lg paved areas, wearing 912.00 S.Y. $4,440 41.63 18 $759 $401 $5,600 $11,380
course, 3" thick
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12 2-6A Excavation and Offsite Disposal - Low
SITEWORK

027202150100B Unit Costs----> B32 0.009 0.43 0.44 0.86 1.76
Base, prepare & roll sub-base over existing waste 1,078.00 S.Y. 47.79 10 $464 $469 $932 $1,894
rock
027202000301 Unit Costs----> 4.05 B36B 0.011 0.50 0.56 5.39 10.96
Base course, crushed 1-1/2" stone base, comp to 4" 1,078.00 S.Y. $4,672 45.22 12 $536 $608 $5,816 $11,819
deep

Unit Costs----> B6_SC 0.020 0.86 0.33 1.19 2.41
Cleaning roadway for repaving 32,444.44 SY 43.12 649 $27,978 $10,571 $38,549 $78,337
027403000380 Unit Costs----> 3.14 B25B 0.015 0.62 0.33 4.31 8.77
Asphaltic conc pavement, and lg paved areas, wearing 32,444.44 S.Y. $109,007 41.63 487 $20,258 $10,692 $139,957 $284,411
course, 2" thick

Unit Costs----> 26000.00 26000.00
Traffic Measures and Road Maintenance 1.00 LS $26,000 $26,000 $52,836

Subtotal $2,205,693 $732,254 $827,056 $1,568,228 $5,333,231
Markups using CH-MK $2,276,577 $755,786 $853,635 $1,618,626 $5,504,624

TOTAL 02000 SITEWORK $4,482,270 15,691 $1,488,040 $1,680,691 $3,186,854 $5,333,230 $10,837,855
1.00 LS
1.00 LS $10,837,854.81

12 2-6A Excavation and Offsite Disposal - Low
EQUIPMENT

Unit Costs----> 525000.00 525000.00
90 GPM Treatment Plant for Arsenic Removal, complete 1.00 LS $525,000 $525,000 $1,066,872
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Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

12 2-6A Excavation and Offsite Disposal - Low
EQUIPMENT

Subtotal $525,000 $525,000
Markups using CH-MK $541,872 $541,872

TOTAL 11000 EQUIPMENT $1,066,872 $525,000 $1,066,872
1.00 LS
1.00 LS $1,066,871.91
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

13 2-6B Excavation and Offsite Disposal - Hig
GENERAL CONDITIONS

Unit Costs----> 15600.00 15600.00
Health and Safety, Level D Upgrade 1.00 LS $15,600 $15,600 $31,701

Unit Costs----> 10400.00 10400.00
Decontamination of Personnel and Equipment 1.00 LS $10,400 $10,400 $21,134

Subtotal $26,000 $26,000
Markups using CH-MK $26,836 $26,836

TOTAL 01000 GENERAL CONDITIONS $52,836 $26,000 $52,836
1.00 LS
1.00 LS $52,835.56

13 2-6B Excavation and Offsite Disposal - Hig
SITEWORK

Unit Costs----> 0.01 0.01
Limited Excavation/Hazard Abatement/Demolition Items 1.00

Unit Costs----> B1A 0.552 20.09 1.63 21.72 44.14
Excavate contaminated soil, by hand with pick & 400.00 C.Y. 36.40 221 $8,036 $653 $8,689 $17,658
shovel

Unit Costs----> A1CLN 24.000 873.53 236.61 1110.14
Pressure Wash& inspect concrete Surface and Metal 1.00 LS 36.40 24 $874 $237 $1,110 $2,256
Siding
023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 3,000.00 C.Y. 50.95 240 $12,229 $14,104 $26,333 $53,513
backhoe, 2 CY bkt

Unit Costs----> 3075.00 3075.00
Confirmation Soil Samples 1.00 LS $3,075 $3,075 $6,249

Unit Costs----> B10L 0.030 1.40 0.73 2.13 4.32
Site grading, dozer, 75 HP, 50' haul, common earth 1,400.00 C.Y. 46.52 42 $1,954 $1,024 $2,978 $6,052

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP 4,400.00 SY 46.52 35 $1,638 $1,591 $3,229 $6,562
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

13 2-6B Excavation and Offsite Disposal - Hig
SITEWORK

023154001650A Unit Costs----> B10U 0.008 0.37 0.60 0.97 1.97
Loading Stockpiled Material, FE loader, whl mtd, 5CY 2,000.00 C.Y. 46.52 16 $744 $1,195 $1,939 $3,940
cap = 185 Cy/hr
023202000540 Unit Costs----> B34B 175.76 175.76 357.17
Hauling Offsite to ECDC (RCRA Haz-Waste) 500.00 C.Y. $87,880 $87,880 $178,584
023202000540 Unit Costs----> B34B 119.60 119.60 243.04
Hauling Offsite to ECDC (Non RCRA Haz-Waste) 1,500.00 C.Y. $179,400 $179,400 $364,565

Unit Costs----> 1560.00 1560.00
Dewater/Contain Existing Contaminated Water from 1.00 LS $1,560 $1,560 $3,170
Sumps, Vats & Tanks

Unit Costs----> 4680.00 4680.00
Demo/Remove Existing Sumps, Vats & Tanks 1.00 LS $4,680 $4,680 $9,510

Unit Costs----> 500.00 A1CLN 40.000 1455.88 394.35 2385.23
Decontaminating Concrete Foundations 1.00 LS $535 36.40 40 $1,456 $394 $2,385 $4,847

Unit Costs----> 11.44 11.44 23.25
Demo/Remove/Haul Off Existing Buildings 27,300.00 SF $312,312 $312,312 $634,661

Unit Costs----> 0.01 0.01
Western Drainage Channel Work Items 1.00
023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 1,130.00 C.Y. 50.95 90 $4,606 $5,313 $9,919 $20,157
backhoe, 2 CY bkt
023151001300 Unit Costs----> B10B 0.020 0.93 1.35 2.28 4.63
Backfill, dozer backfilling, bulk, up to 300' haul, 1,130.00 C.Y. 46.52 23 $1,051 $1,523 $2,574 $5,231
no compaction
0020650101006A Unit Costs----> 0.85 0.85 1.73
60 Mil HDPE Liner, Textured 2,040.00 SF $1,740 $1,740 $3,535
023703000600 Unit Costs----> 20.50 B13 0.366 14.95 4.53 41.41 84.15
Rip-rap, gabions, galv steel mesh mats/boxes, stone 2,040.00 S.Y. $44,747 40.84 747 $30,494 $9,234 $84,475 $171,666
filled, 12" deep

Unit Costs----> 0.01 0.01
Divert Surface Water @ Mine Shaft Items 1.00
023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 71.11 C.Y. 50.95 6 $290 $334 $624 $1,268
backhoe, 2 CY bkt
023703000100 Unit Costs----> 18.80 B12G 0.258 13.15 7.20 40.46 82.21
Rip-rap, random, machine placed for slope protection 66.67 C.Y. $1,341 50.95 17 $876 $480 $2,697 $5,481
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

13 2-6B Excavation and Offsite Disposal - Hig
SITEWORK

Unit Costs----> 0.01 0.01
Adit Seep Collection & Pumping of Mine Workings 1.00

Unit Costs----> 24101.15 B23A 28.000 1179.51 3032.26 30000.00
Extraction well, 50-100gpm, 100' deep 1.00 EA $25,788 42.13 28 $1,180 $3,032 $30,000 $60,964
025108404140 Unit Costs----> 2.29 Q1C 0.137 6.65 9.22 18.33 37.24
Piping, wtr dist, PVC, press pipe, CL200, SDR 21 400.00 L.F. $980 48.56 55 $2,661 $3,690 $7,331 $14,897
w/trench to 3'D, 3"

Unit Costs----> 27040.00 27040.00
Collection Structure 30'L x 30'W x 6'H, cast in 1.00 LS $27,040 $27,040 $54,949
place, complete
023202000540 Unit Costs----> B34B 194.48 194.48 395.21
Hauling Offsite to ECDC (RCRA Haz-Waste) 30.00 C.Y. $5,834 $5,834 $11,856

Unit Costs----> 0.01 0.01 0.02
Excavation of Tailings Items 1.00

Unit Costs----> B10B 0.020 0.93 1.35 2.28 4.63
Pushing waste rock into piles w/dozer 38,100.00 C.Y. 46.52 762 $35,449 $51,340 $86,788 $176,366
023154001650A Unit Costs----> B10U 0.008 0.37 0.60 0.97 1.97
Loading Stockpiled Material, FE loader, whl mtd, 5CY 38,100.00 C.Y. 46.52 305 $14,179 $22,760 $36,939 $75,066
cap = 185 Cy/hr
023202000310 Unit Costs----> B34B 0.028 1.24 1.86 3.10 6.29
Hauling, LCY, no loading, 12 CY dump truck, 1/4 mile 38,100.00 C.Y. 44.23 1,067 $47,181 $70,820 $118,000 $239,793
RT 3.7 lds/hr
023154000300 Unit Costs----> B12D 0.013 0.66 1.76 2.43 4.93
Excavating, bulk bank measure, backhoe, hyd, 3 CY 50,000.00 C.Y. 50.95 650 $33,121 $88,213 $121,334 $246,567
cap = 160 CY/hr
023154102220A Unit Costs----> B10L 0.060 2.79 1.46 4.25 8.65
Excavate perimeter strip @ wooded area w/75 HP dozer 5,000.00 C.Y. 46.52 300 $13,956 $7,315 $21,271 $43,226
023154001650A Unit Costs----> B10U 0.008 0.37 0.60 0.97 1.97
Loading material from perimeter strip, FE loader, 5,000.00 C.Y. 46.52 40 $1,861 $2,987 $4,848 $9,851
whl mtd, 5CY

Unit Costs----> B6 48.000 1962.11 398.20 2360.31
Fine grade perimeter strip around trees upon 1.00 LS 40.88 48 $1,962 $398 $2,360 $4,796
completion
023154000260A Unit Costs----> B12C 0.015 0.76 0.88 1.65 3.34
Excavating dewatering trenches, backhoe, hyd, 2 CY 4,489.00 C.Y. 50.95 67 $3,431 $3,957 $7,388 $15,014
cap. = 130 CY/hr
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

13 2-6B Excavation and Offsite Disposal - Hig
SITEWORK

026202502110A Unit Costs----> 1.30 B20 0.027 1.12 2.51 5.11
Piping, subdrainage, perforated PVC, 6" dia 3,030.00 L.F. $4,215 41.54 82 $3,398 $7,613 $15,471
023151300200A Unit Costs----> 3.55 B10U 0.012 0.56 0.90 5.25 10.67
Drain Sand placed in trench 4,489.00 C.Y. $17,051 46.52 54 $2,506 $4,022 $23,580 $47,917
022405001100A Unit Costs----> B10K 24.000 1116.49 595.98 1712.47 3479.98
Dewatering, pumping 8 hr, 6" centrifugal pump, 3 9.00 Day 46.52 216 $10,048 $5,364 $15,412 $31,320
total

Unit Costs----> 100000.00 100000.00
Treatment of water removed during dewatering 1.00 LS $100,000 $100,000 $203,214

Unit Costs----> 75.00 75.00 152.42
Mobilization/Demobilization of Portable Storage 12.00 HR $900 $900 $1,829
Tanks (3 total)

Unit Costs----> 26.00 26.00 52.84
Rain for Rent epoxy-lined portable storage tank, 360.00 Day $9,360 $9,360 $19,021
21000 gal
023154104200A Unit Costs----> B10B 0.015 0.70 1.01 1.71 3.47
Construct drying bed w/dozer, 200 HP 2,176.00 C.Y. 46.52 33 $1,518 $2,199 $3,718 $7,555
023151300200A Unit Costs----> 3.55 B6 0.154 6.29 1.28 11.37 23.11
Leveling sand for drying bed 1,088.00 C.Y. $4,133 40.88 168 $6,849 $1,390 $12,372 $25,141
0020650101006A Unit Costs----> 0.85 0.85 1.73
60 Mil HDPE Liner, Textured 58,750.00 SF $50,102 $50,102 $101,814
023151300200B Unit Costs----> 3.55 B6 0.132 5.40 1.10 10.29 20.91
Drain Sand for drying bed 2,176.00 C.Y. $8,266 40.88 287 $11,741 $2,383 $22,390 $45,499
026202502110A Unit Costs----> 1.30 B20 0.027 1.12 2.51 5.11
Piping, subdrainage, perforated PVC, 6" dia 500.00 L.F. $696 41.54 14 $561 $1,256 $2,553
029203403100B Unit Costs----> B10L 0.003 0.14 0.07 0.21 0.43
Mix tailings, disc soil, 75hp dozer w/commercial 47,000.00 CY 46.52 141 $6,559 $3,438 $9,997 $20,316
scarifier
023202000540 Unit Costs----> 30.00 B34B 9.36 41.46 84.25
Hauling Offsite to Forward Landfill 56,000.00 C.Y. $1,797,600 $524,160 $2,321,760 $4,718,134
023154001650A Unit Costs----> B10U 0.008 0.37 0.60 0.97 1.97
Loading Stockpiled Material, FE loader, whl mtd, 5CY 38,100.00 C.Y. 46.52 305 $14,179 $22,760 $36,939 $75,066
cap = 185 Cy/hr
023202000310 Unit Costs----> B34B 0.028 1.24 1.86 3.10 6.29
Hauling, LCY, no loading, 12 CY dump truck, 1/4 mile 38,100.00 C.Y. 44.23 1,067 $47,181 $70,820 $118,000 $239,793
RT 3.7 lds/hr
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

13 2-6B Excavation and Offsite Disposal - Hig
SITEWORK

023151001300 Unit Costs----> B10B 0.020 0.93 1.35 2.28 4.63
Backfill, dozer backfilling, bulk, up to 300' haul, 38,100.00 C.Y. 46.52 762 $35,449 $51,340 $86,788 $176,366
no compaction

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP, Fine Grade Sediment 19,500.00 SY 46.52 156 $7,257 $7,053 $14,310 $29,080

Unit Costs----> 6400.00 6400.00
Confirmation Soil Samples 1.00 LS $6,400 $6,400 $13,006

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Re-grade all areas of waste rock outside of tailings 40,560.00 SY 46.52 324 $15,095 $14,670 $29,765 $60,486
w/Dozer, 140 HP
023202001255 Unit Costs----> 3.00 16.85 20.06 40.76
Hauling, LCY, no loading, 20 c.y dump trailer, 20 MI 13,520.00 C.Y. $43,399 $227,785 $271,184 $551,083
RT, .5 lds/hr
023151204020 Unit Costs----> B10B 0.005 0.23 0.34 0.57 1.16
Backfill, structural, 200 H.P., 50' haul, common 13,520.00 C.Y. 46.52 68 $3,145 $4,555 $7,699 $15,646
earth

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP, Fine Grade for Seeding 40,560.00 SY 46.52 324 $15,095 $14,670 $29,765 $60,486
029205001000 Unit Costs----> 0.40 B81 0.003 0.13 0.08 0.64 1.30
Seeding, hydro or air seeding for lg areas, incl 40,560.00 S.Y. $17,360 44.07 122 $5,362 $3,255 $25,977 $52,788
seed and fertilizer

Unit Costs----> 0.01 0.01
(LCC) Channel Work Items 1.00
023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 45,000.00 C.Y. 50.95 3,600 $183,437 $211,563 $395,000 $802,694
backhoe, 2 CY bkt
023151001300 Unit Costs----> B10B 0.020 0.93 1.35 2.28 4.63
Backfill, dozer backfilling, bulk, up to 300' haul, 45,000.00 C.Y. 46.52 900 $41,869 $60,638 $102,506 $208,306
no compaction
023703000100 Unit Costs----> 18.80 B12G 0.258 13.15 7.20 40.46 82.22
Rip-rap, random, machine placed for slope protection 2,500.00 C.Y. $50,290 50.95 645 $32,866 $17,992 $101,148 $205,547

Unit Costs----> 0.01 0.01
Access Road Maintenance Items 1.00
022302000250 Unit Costs----> B30 23.976 1119.17 1712.97 2832.13 5755.28
Clear & grub for road widening, medium brush, trees 0.91 Acre 46.68 22 $1,018 $1,559 $2,577 $5,237
to 12" diam
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CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

13 2-6B Excavation and Offsite Disposal - Hig
SITEWORK

027202150100 Unit Costs----> B32 0.009 0.43 0.44 0.86 1.76
Prepare & roll sub-base for road widening 3,667.00 SY 47.79 33 $1,577 $1,594 $3,171 $6,443
027202000301 Unit Costs----> 4.05 B36B 0.011 0.50 0.56 5.39 10.96
Base course for road widening, crushed 1-1/2" stone 3,667.00 SY $15,891 45.22 40 $1,824 $2,069 $19,784 $40,203
base, comp to 4" deep
027202150100A Unit Costs----> B32 0.008 0.38 0.39 0.77 1.56
Prepare existing half of gravel road for AC paving 3,667.00 S.Y. 47.79 29 $1,402 $1,417 $2,818 $5,728
027403000460 Unit Costs----> 4.55 B25B 0.020 0.83 0.44 6.14 12.48
Asphaltic conc pavement for road widening, wearing 7,334.00 S.Y. $35,706 41.63 147 $6,106 $3,223 $45,034 $91,515
course, 3" thick
023154102020A Unit Costs----> B10L 0.060 2.79 1.46 4.25 8.65
Cut drainage ditch w/75 HP dozer, spread material 450.00 C.Y. 46.52 27 $1,256 $658 $1,914 $3,890
onsite

Unit Costs----> B6 3.000 122.63 24.89 147.52
Excavation & backfill for 12" CMP culvert 1.00 LS 40.88 3 $123 $25 $148 $300
026301002560 Unit Costs----> 6.65 B14 0.218 8.50 0.90 16.52 33.56
Piping, storm drain, CMP, plain, 20' lengths, 12" 20.00 L.F. $142 38.97 4 $170 $18 $330 $671
dia, 16 ga
022302000250 Unit Costs----> B30 24.158 1127.64 1725.94 2853.58 5798.87
Clear & grub for new road, medium brush, trees to 0.52 Acre 46.68 13 $586 $897 $1,484 $3,015
12" diam

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP 2,112.00 SY 46.52 17 $786 $764 $1,550 $3,150
027202150100 Unit Costs----> B32 0.009 0.43 0.44 0.86 1.76
Prepare & roll sub-base for new road 2,112.00 SY 47.79 19 $908 $918 $1,826 $3,711
027202000301 Unit Costs----> 4.05 B36B 0.011 0.50 0.56 5.39 10.96
Base course for new road, crushed 1-1/2" stone base, 2,112.00 SY $9,152 45.22 23 $1,051 $1,192 $11,394 $23,155
comp to 4" deep
027403000460 Unit Costs----> 4.55 B25B 0.020 0.83 0.44 6.14 12.48
Asphaltic conc pavement for new road, wearing 2,112.00 S.Y. $10,282 41.63 42 $1,758 $928 $12,969 $26,354
course, 3" thick
027202150100A Unit Costs----> B32 0.008 0.38 0.39 0.77 1.56
Prepare existing gravel road for AC paving 912.00 S.Y. 47.79 7 $349 $352 $701 $1,424
027403000460 Unit Costs----> 4.55 B25B 0.020 0.83 0.44 6.14 12.48
Asphaltic conc pavement, and lg paved areas, wearing 912.00 S.Y. $4,440 41.63 18 $759 $401 $5,600 $11,380
course, 3" thick
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CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

13 2-6B Excavation and Offsite Disposal - Hig
SITEWORK

027202150100B Unit Costs----> B32 0.009 0.43 0.44 0.86 1.76
Base, prepare & roll sub-base over existing waste 1,078.00 S.Y. 47.79 10 $464 $469 $932 $1,894
rock
027202000301 Unit Costs----> 4.05 B36B 0.011 0.50 0.56 5.39 10.96
Base course, crushed 1-1/2" stone base, comp to 4" 1,078.00 S.Y. $4,672 45.22 12 $536 $608 $5,816 $11,819
deep

Unit Costs----> B6_SC 0.020 0.86 0.33 1.19 2.41
Cleaning roadway for repaving 32,444.44 SY 43.12 649 $27,978 $10,571 $38,549 $78,337
027403000380 Unit Costs----> 3.14 B25B 0.015 0.62 0.33 4.31 8.77
Asphaltic conc pavement, and lg paved areas, wearing 32,444.44 S.Y. $109,007 41.63 487 $20,258 $10,692 $139,957 $284,411
course, 2" thick

Unit Costs----> 26000.00 26000.00
Traffic Measures and Road Maintenance 1.00 LS $26,000 $26,000 $52,836

Subtotal $2,205,693 $732,254 $827,056 $1,568,228 $5,333,231
Markups using CH-MK $2,276,577 $755,786 $853,635 $1,618,626 $5,504,624

TOTAL 02000 SITEWORK $4,482,270 15,691 $1,488,040 $1,680,691 $3,186,854 $5,333,230 $10,837,855
1.00 LS
1.00 LS $10,837,854.81

13 2-6B Excavation and Offsite Disposal - Hig
EQUIPMENT

Unit Costs----> 1180000.00 1180000.00
400 GPM Treatment Plant for Arsenic Removal, 1.00 LS $1,180,000 $1,180,000 $2,397,922
complete
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13 2-6B Excavation and Offsite Disposal - Hig
EQUIPMENT

Subtotal $1,180,000 $1,180,000
Markups using CH-MK $1,217,922 $1,217,922

TOTAL 11000 EQUIPMENT $2,397,922 $1,180,000 $2,397,922
1.00 LS
1.00 LS $2,397,921.63
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Lava Cap Mine Superfund Site
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CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

14 3-2 Institutional Controls
SITEWORK

028907000900 Unit Costs----> 31.00 B80 0.457 19.15 8.60 60.91 123.79
Signs, No Trespassing, Galv Post, Conc. Encas., 18" 11.00 Ea. $365 41.90 5 $211 $95 $670 $1,362
x 18"

Subtotal $365 $211 $95 $670
Markups using CH-MK $377 $217 $98 $692

TOTAL 02000 SITEWORK $741 5 $428 $192 $670 $1,362
1.00 LS
1.00 LS $1,361.66
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

15 3-3 Capping and Channelization
GENERAL CONDITIONS

Unit Costs----> 15600.00 15600.00
Health and Safety, Level D Upgrade 1.00 LS $15,600 $15,600 $31,701

Unit Costs----> 10400.00 10400.00
Decontamination of Personnel and Equipment 1.00 LS $10,400 $10,400 $21,134

Subtotal $26,000 $26,000
Markups using CH-MK $26,836 $26,836

TOTAL 01000 GENERAL CONDITIONS $52,836 $26,000 $52,836
1.00 LS
1.00 LS $52,835.56

15 3-3 Capping and Channelization
SITEWORK

Unit Costs----> 0.01 0.01
Channel Work Items 1.00

Unit Costs----> 3.55 B6 0.160 6.54 1.33 11.66 23.70
Import bedding sand for sand bags 22.00 C.Y. $84 40.88 4 $144 $29 $257 $521

Unit Costs----> 0.25 CLAB2 0.083 3.04 3.31 6.72
Fill and place sandbags for damming of channel 290.00 EA $78 36.62 24 $881 $959 $1,949
025307802040A Unit Costs----> 2.61 B20 0.027 1.12 3.91 7.95
Bypass piping, PVC,SDR 35,B&S,6" dia, installed on 850.00 L.F. $2,374 41.54 23 $953 $3,327 $6,761
ground surface

Unit Costs----> 0.10 CLAB 0.003 0.11 0.22 0.44
8 Mil Polyethylene construction sheeting, including 245.00 SF $26 36.39 1 $27 $53 $108
seal around pipe

Unit Costs----> B6 4.500 183.95 37.33 221.28
Empty bags and spread material onsite 1.00 LS 40.88 5 $184 $37 $221 $450

Unit Costs----> B6 0.014 0.58 0.12 0.69 1.41
Remove 6" bypass piping 850.00 LF 40.88 12 $490 $99 $589 $1,198
023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 2,550.00 C.Y. 50.95 204 $10,395 $11,989 $22,383 $45,486
backhoe, 2 CY bkt
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

15 3-3 Capping and Channelization
SITEWORK

023151001300 Unit Costs----> B10B 0.020 0.93 1.35 2.28 4.63
Backfill, dozer backfilling, bulk, up to 300' haul, 2,550.00 C.Y. 46.52 51 $2,373 $3,436 $5,809 $11,804
no compaction
0020650101006A Unit Costs----> 0.85 0.85 1.73
60 Mil HDPE Liner, Textured 28,900.00 SF $24,646 $24,646 $50,084
023703000600 Unit Costs----> 20.50 B13 0.366 14.95 4.53 41.41 84.15
Rip-rap, gabions, galv steel mesh mats/boxes, stone 3,060.00 S.Y. $67,121 40.84 1,120 $45,741 $13,851 $126,713 $257,499
filled, 12" deep

Unit Costs----> 0.01 0.01
Cap Work Items 1.00
022302000250 Unit Costs----> B30 24.000 1120.28 1714.68 2834.96 5761.03
Clear & grub, medium brush, trees to 6" diam., grub 1.22 Acre 46.68 29 $1,367 $2,092 $3,459 $7,028
stumps and remove
023202001255 Unit Costs----> 3.00 16.85 20.06 40.76
Hauling, LCY, no loading, 20 c.y dump trailer, 20 MI 2,060.00 C.Y. $6,613 $34,707 $41,319 $83,967
RT, .5 lds/hr
023151001300 Unit Costs----> B10B 0.020 0.93 1.35 2.28 4.63
Backfill, dozer backfilling, bulk, up to 300' haul, 2,060.00 C.Y. 46.52 41 $1,917 $2,776 $4,693 $9,536
no compaction

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP 5,900.00 SY 46.52 47 $2,196 $2,134 $4,330 $8,799
029205001000 Unit Costs----> 0.40 B81 0.003 0.13 0.08 0.64 1.30
Seeding, hydro or air seeding for lg areas, incl 3,100.00 S.Y. $1,327 44.07 9 $410 $249 $1,985 $4,035
seed and fertilizer

Unit Costs----> 2500.00 2500.00
Revegetation 1.00 LS $2,500 $2,500 $5,080

Unit Costs----> 0.01 0.01
Access Roadwork Items 1.00
022302000250 Unit Costs----> B30 24.000 1120.28 1714.68 2834.96 5761.03
Clear & grub, medium brush, trees to 12" diam., grub 0.50 Acre 46.68 12 $560 $857 $1,417 $2,881
stumps and remove

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP 1,360.00 SY 46.52 11 $506 $492 $998 $2,028
027202150100 Unit Costs----> B32 0.009 0.43 0.44 0.86 1.76
Base, prepare & roll sub-base, large areas over 2500 1,360.00 S.Y. 47.79 12 $585 $591 $1,176 $2,390
SY
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

15 3-3 Capping and Channelization
SITEWORK

027202000301 Unit Costs----> 4.05 B36B 0.011 0.50 0.56 5.39 10.96
Base course, crushed 1-1/2" stone base, comp to 4" 1,360.00 S.Y. $5,894 45.22 15 $676 $767 $7,337 $14,910
deep

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP - for Base Course 1,360.00 SY 46.52 11 $506 $492 $998 $2,028
Removal
0222660550A1 Unit Costs----> 5.00 H_966 0.138 6.61 10.49 22.45 45.63
Load & Haul offsite for disposal, 20 c.y dump truck, 150.00 CY $803 47.90 21 $992 $1,574 $3,368 $6,845
10 MI RT
029205001000 Unit Costs----> 0.40 B81 0.003 0.13 0.08 0.64 1.30
Seeding, hydro or air seeding for lg areas, incl 1,360.00 S.Y. $582 44.07 4 $180 $109 $871 $1,770
seed and fertilizer

Unit Costs----> B6_SC 0.020 0.86 0.33 1.19 2.41
Cleaning roadway for repaving 1,466.67 SY 43.12 29 $1,265 $478 $1,743 $3,541
027858002080 Unit Costs----> 8.50 B91 0.010 0.45 0.24 9.79 19.88
Sealcoating w/ 2" Asphalt Overlay, Small Area 1,466.67 S.Y. $13,339 45.22 15 $663 $349 $14,351 $29,164

Unit Costs----> 31200.00 31200.00
Traffic Measures and Road Maintenance 1.00 LS $31,200 $31,200 $63,403

Subtotal $98,239 $73,010 $42,401 $93,053 $306,703
Markups using CH-MK $101,396 $75,356 $43,764 $96,043 $316,560

TOTAL 02000 SITEWORK $199,635 1,699 $148,367 $86,165 $189,096 $306,703 $623,263
1.00 LS
1.00 LS $623,262.74
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

16 3-4 Excavation
GENERAL CONDITIONS

Unit Costs----> 15600.00 15600.00
Health and Safety, Level D Upgrade 1.00 LS $15,600 $15,600 $31,701

Unit Costs----> 10400.00 10400.00
Decontamination of Personnel and Equipment 1.00 LS $10,400 $10,400 $21,134

Subtotal $26,000 $26,000
Markups using CH-MK $26,836 $26,836

TOTAL 01000 GENERAL CONDITIONS $52,836 $26,000 $52,836
1.00 LS
1.00 LS $52,835.56

16 3-4 Excavation
SITEWORK

Unit Costs----> 0.01 0.01
Tailing Excavation Items 1.00

Unit Costs----> 3.55 B6 0.160 6.54 1.33 11.66 23.70
Import bedding sand for sand bags 22.00 C.Y. $84 40.88 4 $144 $29 $257 $521

Unit Costs----> 0.25 CLAB2 0.083 3.04 3.31 6.72
Fill and place sandbags for damming of channel 290.00 EA $78 36.62 24 $881 $959 $1,949
025307802040A Unit Costs----> 2.61 B20 0.027 1.12 3.91 7.95
Bypass piping, PVC,SDR 35,B&S,6" dia, installed on 850.00 L.F. $2,374 41.54 23 $953 $3,327 $6,761
ground surface

Unit Costs----> 0.10 CLAB 0.003 0.11 0.22 0.44
8 Mil Polyethylene construction sheeting, including 245.00 SF $26 36.39 1 $27 $53 $108
seal around pipe

Unit Costs----> B6 4.500 183.95 37.33 221.28
Empty bags and spread material onsite 1.00 LS 40.88 5 $184 $37 $221 $450

Unit Costs----> B6 0.014 0.58 0.12 0.69 1.41
Remove 6" bypass piping 850.00 LF 40.88 12 $490 $99 $589 $1,198
023154402060 Unit Costs----> B12C 0.080 4.08 4.70 8.78 17.84
Excavating, structural, mach excav, com earth, hyd 2,000.00 C.Y. 50.95 160 $8,153 $9,403 $17,556 $35,675
backhoe, 2 CY bkt
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

16 3-4 Excavation
SITEWORK

023202000540 Unit Costs----> 30.00 B34B 9.36 41.46 84.25
Hauling Offsite to Forward Landfill 2,000.00 C.Y. $64,200 $18,720 $82,920 $168,505

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP 5,900.00 SY 46.52 47 $2,196 $2,134 $4,330 $8,799
023705500010 Unit Costs----> 0.64 B80A 0.010 0.36 0.08 1.13 2.30
Erosion control, jute mesh, 100 SY per roll, 4' 2,834.00 S.Y. $1,941 36.40 28 $1,031 $239 $3,211 $6,526
wide, stapled
029205001000 Unit Costs----> 0.40 B81 0.003 0.13 0.08 0.64 1.30
Seeding, hydro or air seeding for lg areas, incl 5,900.00 S.Y. $2,525 44.07 18 $780 $473 $3,779 $7,679
seed and fertilizer

Unit Costs----> 4500.00 4500.00
Revegetation 1.00 LS $4,500 $4,500 $9,145

Unit Costs----> 2100.00 2100.00
Confirmation Soil Samples 1.00 LS $2,100 $2,100 $4,267

Unit Costs----> 0.01 0.01
Access Roadwork Items 1.00
022302000250 Unit Costs----> B30 24.000 1120.28 1714.68 2834.96 5761.03
Clear & grub, medium brush, trees to 12" diam., grub 0.50 Acre 46.68 12 $560 $857 $1,417 $2,881
stumps and remove

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP 1,360.00 SY 46.52 11 $506 $492 $998 $2,028
027202150100 Unit Costs----> B32 0.009 0.43 0.44 0.86 1.76
Base, prepare & roll sub-base, large areas over 2500 1,360.00 S.Y. 47.79 12 $585 $591 $1,176 $2,390
SY
027202000301 Unit Costs----> 4.05 B36B 0.011 0.50 0.56 5.39 10.96
Base course, crushed 1-1/2" stone base, comp to 4" 1,360.00 S.Y. $5,894 45.22 15 $676 $767 $7,337 $14,910
deep

Unit Costs----> B11Q 0.008 0.37 0.36 0.73 1.49
Site Grading w/Dozer, 140 HP - for Base Course 1,360.00 SY 46.52 11 $506 $492 $998 $2,028
Removal
0222660550A1 Unit Costs----> 5.00 H_966 0.138 6.61 10.49 22.45 45.63
Load & Haul offsite for disposal, 20 c.y dump truck, 150.00 CY $803 47.90 21 $992 $1,574 $3,368 $6,845
10 MI RT
029205001000 Unit Costs----> 0.40 B81 0.003 0.13 0.08 0.64 1.30
Seeding, hydro or air seeding for lg areas, incl 1,360.00 S.Y. $582 44.07 4 $180 $109 $871 $1,770
seed and fertilizer
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Lava Cap Mine Superfund Site
Alternatives for Mine Area

CH2MHILL ESTIMATE DETAIL REPORT No.1 Ver 3.7 FILE NAME: Lava Cap_FS Oct 03
PROJECT: Lava Cap Mine Superfund Site ESTIMATOR: Kevin Butcher/RDD
DESIGN STAGE: Feasibility Study ESTIMATE No.: 2003B - 025
PROJECT No.: 175842.FS.01 REV No./DATE: 0

CREW TOTAL TOTAL
DESCRIPTION QTY UNIT MATERIALS RATE MH LABOR EQUIPMENT INSTL S/C DIRECT W/MRKUPS

16 3-4 Excavation
SITEWORK

Unit Costs----> B6_SC 0.020 0.86 0.33 1.19 2.41
Cleaning roadway for repaving 1,466.67 SY 43.12 29 $1,265 $478 $1,743 $3,541
027858002080 Unit Costs----> 8.50 B91 0.010 0.45 0.24 9.79 19.88
Sealcoating w/ 2" Asphalt Overlay, Small Area 1,466.67 S.Y. $13,339 45.22 15 $663 $349 $14,351 $29,164

Unit Costs----> 31200.00 31200.00
Traffic Measures and Road Maintenance 1.00 LS $31,200 $31,200 $63,403

Subtotal $91,845 $20,772 $18,125 $56,520 $187,262
Markups using CH-MK $94,796 $21,440 $18,707 $58,336 $193,280

TOTAL 02000 SITEWORK $186,641 451 $42,212 $36,832 $114,856 $187,262 $380,541
1.00 LS
1.00 LS $380,541.32
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Operations and Maintenance 

 



Table B-1

O&M Costs
Lava Cap Mine Feasibility Study

Subarea ID No. Components O&M Description
Total   O&M 

Cost
50-yr Present 

Worth

Residences in Mine 
Area

1-1 No Action None

1-2 Access and Land Use 
Restrictions

Site Inspections/ 
Deed Monitoring

515

Total 515 12,762

1-3 Cap Contaminated Soil Cap Repair 2,100
Land Use Restrictions Site Inspections/ 

Deed Restrictions
515

Total 2,615 64,800

1-4A Excavate Contaminated 
Soil, Offsite Disposal

None

1-4B Excavate Contaminated 
Soil, Onsite Disposal

Cap Maintenance 320

Total 320 7,933

Mine Buildings / 
Tailings and  Waste 
Rock Area

2-1 No Action None

2-2 Access and Land Use 
Restrictions

Site Inspections/ 
Deed Monitoring

1,830

Regrade and Vegetate 
Tailings and Waste Rock 
Pile

Revegetate 1,631

Construct Buttress None
Channelize Little Clipper 
Creek and Western 
Drainages

Channel Repair 3,791

Adit and Buttress Seepage 
Collection

Clean Drains and 
Sump

3,060

Ex Situ Chemical 
Treatment of Adit and 
Buttress Seepage

178,300

Surface Water Monitoring Monitoring 8,744
Total 197,355 4,890,459

RDD\020230006\CLR2002.xls



Table B-1

O&M Costs
Lava Cap Mine Feasibility Study

Subarea ID No. Components O&M Description
Total   O&M 

Cost
50-yr Present 

Worth

2-3 Land Use Restrictions Site Inspections/ 
Deed Restrictions

1,290

Excavation and Hazard 
Abatement in and around 
Mine Buildings

None

Regrade and Cap Tailings 
Area

Repair of Cap 8,253

Construct Buttress None
Channelize Little Clipper 
Creek and Western 
Drainages

Channel Repair 3,791

Adit and Buttress Seep 
Collection

Clean Drains and 
Sump

3,060

Ex Situ Chemical treatment 
of Adit and Buttress 
Seepage

178,300

Surface Water Monitoring Monitoring 8,744
Total 203,437 5,041,179

2-4 Land Use Restrictions Site Inspections/ 
Deed Monitoring

1,290

Excavation, Hazard 
Abatement, and Demolition 
of Mine Buildings

None

In Situ Stabilization of 
Tailings

None

Regrade and Cap Tailings Repair of Cap 8,253
Construct Buttress
Channelize Little Clipper 
Creek and Western 
Drainages

Channel Repair 3,791

Adit and Buttress Seep 
Collection

Clean Drains and 
Sump

3,060

Ex situ Chemical 
Treatment of Adit and 
Buttress Seepage

178,300

Surface Water Monitoring Monitoring 8,744
Total 203,437 5,041,179

RDD\020230006\CLR2002.xls



Table B-1

O&M Costs
Lava Cap Mine Feasibility Study

Subarea ID No. Components O&M Description
Total   O&M 

Cost
50-yr Present 

Worth

2-5 Access and Use 
Restrictions

Site Inspections/ 
Deed Monitoring

1,830

Excavation, Hazard 
Abatement, and Demolition 
of Mine Buildings

None

Divert Surface Water 
above Mine Shaft

Minimal

Adit Seep Collection Clean Sump 1,780
Ex situ Chemical 
Treatment of Adit Seepage

143,900

Excavate Tailings None
Restore Little Clipper 
Creek Channel

None

Dispose of Tailings Onsite Cap Maintenance 4,761

GW Monitoring 15,064
Surface Water Monitoring Monitoring 8,744
Total 176,079 4,363,237

2-6 Excavation, Hazard 
Abatement, and Demolition 
of Mine Buildings

None

Divert Surface Water 
above Mine Shaft

Minimal

Adit Seep Collection Clean Sump 1,780
Ex situ Chemical 
Treatment of Adit Seepage

143,900

Excavate Tailings None
Restore Little Clipper 
Creek Channel

None

Dispose of Tailings Offsite None

Surface Water Monitoring 8,744
Total 154,424 3,826,627

RDD\020230006\CLR2002.xls



Table B-1

O&M Costs
Lava Cap Mine Feasibility Study

Subarea ID No. Components O&M Description
Total   O&M 

Cost
50-yr Present 

Worth

Little Clipper Creek 3-1 No Action None

3-2 Access and Use 
Restrictions

Site Inspections/ 
Deed Monitoring

2,820

Surface Water Monitoring Monitoring 8,120
Total 10,940 271,093

3-3 Channelize Little Clipper 
Creek 

Channel Repair 4,225

Cap Sediment with Soil 
and Revegetate

Cap Maintenance 3,265

Land Use Restrictions Site Inspections/ 
Deed Monitoring

2,460

Surface Water Monitoring Monitoring 8,120
Total 18,070 447,774

3-4A Excavate Contaminated 
Sediment with Offsite 
Disposal

None

Surface Water Monitoring Monitoring 8,120
Total 8,120 201,214

3-4B Excavate Contaminated 
Sediment with Onsite 
Disposal

Cap Maintenance 104

Surface Water Monitoring Monitoring 8,120
Total 8,224 203,782

Deposition Areas / 
Lost Lake 

4-1 No Action None

4-2 Access and Use 
Restrictions

Site Inspections/ 
Deed Monitoring

3,740

Stabilize Clipper Creek in 
Deposition Area

Channel Repair 415

Vegetate Bare Areas in 
Deposition Area

Revegetate Areas 285

Dredge Channel through 
Lost Lake

Redredging 2,320

Renovate Lost Lake Dam None

Surface Water Monitoring Monitoring 16,240

Total 23,000 569,939

RDD\020230006\CLR2002.xls



Table B-1

O&M Costs
Lava Cap Mine Feasibility Study

Subarea ID No. Components O&M Description
Total   O&M 

Cost
50-yr Present 

Worth

4-3 Access and Use 
Restrictions

Site Inspections/ 
Deed Monitoring

3,020

Stabilize shore of 
Deposition Area

None

Cap Sediment in 
Deposition Area with Soil 
and Revegetate

Cap Maintenance 12,763

Channelize Clipper Creek Channel Repair 4,998
Construct Clipper Creek 
Diversion Structure with 
High and Low Flow 
Channels

Channel Repair 7,491

Dredge Channel through 
Lost Lake

Redredging 870

Cap Sediment in Lost Lake 
with Subaqueous Cap

Cap Maintenance 8,900

Renovate Lost Lake Dam None
Collect and Treat Seepage 
from Lost Lake Dam

50,400

Surface Water Monitoring Monitoring 16,240
Total 104,683 2,594,034

4-4 Access and Use 
Restrictions

Site Inspections/ 
Deed Monitoring

3,020

Lower Lost Lake Dam None
Cap Sediment in Lost Lake 
and Deposition Area with 
Soil and Revegetate

Cap Maintenance 20,906

Channelize Clipper Creek 
and Western Tributaries

Channel Repair 12,360

Contingency Plan to 
Collect and Treat Seepage 
from Lost Lake Dam

None

Surface Water Monitoring Monitoring 14,992
Total 51,278 1,270,669

4-5 Access and Use 
Restriction

Site Inspections/ 
Deed Monitoring

3,740

Excavated Contaminated 
Sediment from Lost Lake 
and Deposition Area

None

RDD\020230006\CLR2002.xls



Table B-1

O&M Costs
Lava Cap Mine Feasibility Study

Subarea ID No. Components O&M Description
Total   O&M 

Cost
50-yr Present 

Worth

Dispose of Excavated 
Sediment Onsite

Cap Maintenance 19,777

GW Monitoring 16,312
Renovate Lost Lake Dam None
Total 39,829 986,968

4-6 Excavate Sediment from 
Lost Lake and Deposition 
Area

None

Dispose of Excavated 
Sediment Offsite

None

Renovate Lost Lake Dam None
Total

Downstream of Lost 
Lake

5-1 No Action

5-2 Access and Use 
Restrictions

Site Inspections/ 
Deed Monitoring

805

Surface Water Monitoring Monitoring 8,120
Total 8,925 221,162

5-3 Channelize Clipper Creek Channel Repair 1,424
Cap Sediment with Soil 
and Revegetate

Cap Maintenance 1,471

Land Use Restrictions Site Inspections/ 
Deed Monitoring

715

Surface Water Monitoring Monitoring 8,120
Total 11,730 290,668

RDD\020230006\CLR2002.xls



Table B-1

O&M Costs
Lava Cap Mine Feasibility Study

Subarea ID No. Components O&M Description
Total   O&M 

Cost
50-yr Present 

Worth

5-4A Excavate Contaminated 
Sediment with Offsite 
Disposal

None

Surface Water Monitoring Monitoring 8,120
Total 8,120 201,214

5-4B Excavate Contaminated 
Sediment with Onsite 
Disposal

Cap Maintenance 47

Surface Water Monitoring Monitoring 8,120
Total 8,167 202,390

Assumptions

Tech time $/hr = 80

Annual O&M Fraction 
of Capital Cost =

0.01

50-yr PW Factor for 
3.2% Discount Rate

24.78

Markup Percentage 24.31 %

RDD\020230006\CLR2002.xls
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APPENDIX C 

Summary of Assumptions Used in Preparing 
Cost Estimates 

This appendix presents the assumptions used in preparing the cost estimates. Cost estimates 
for remedial alternatives were developed with an expected accuracy range of –30 to +50 
percent. Unit costs that were provided by the costing software and detailed in the cost esti-
mate tables in Appendix B are not included in this appendix. However, estimates of target 
volumes, areas, and lengths and the assumptions used in deriving unit costs are included. 
The summary of assumptions is broken into two sections: component-specific assumptions 
that remain constant for all alternatives (for example, potential locations and costs of offsite 
disposal), and alternative-specific assumptions (for instance, volume of soil requiring 
excavation). 

The assumptions presented in this appendix were made to prepare the cost estimate. These 
assumptions are not intended to be used as a design or to provide specific recommendations 
for remedial technologies. In the remedial design phase, changes may be made to the 
approach used to the implement the components of the alternatives. The cost estimates have 
been prepared for guidance in alternative evaluation from the information available at the 
time of the estimate.  The actual cost of each alternative and resulting feasibility would 
depend on additional available data, actual labor and material costs, competitive market 
conditions, actual site conditions, final project scope, implementation schedule, continuity of 
personnel and engineering, and other variable factors. As a result, actual project costs will 
vary from the estimates presented in Appendix B. 

C.1 Component-Specific Assumptions 

C.1.1 Access and Use Restrictions 

C.1.1.1 Capital Costs 

The capital costs consist of the following: 

 18-inch by 18-inch metal signs with galvanized metal posts in concrete posted around 
contaminated areas with access restrictions. 

 Fencing around highly contaminated areas (e.g. mine buildings) and onsite disposal 
cells 

C.1.1.2 Annual Costs 

The cost for maintaining and enforcing access and land use restrictions is included in the 
costs to implement each scenario. Costs would be incurred annually to maintain the walk-
ways, fencing, and signage; perform site inspections to verify land use; and ensure that the 
institutional controls are maintained subsequent to property transactions or during site 
activities. The annual costs for the institutional actions would be incurred for those sites at 
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which containment or institutional actions are the selected remedy. Annual costs to main-
tain access restrictions and potential governmental and proprietary controls were calcu-
lated. The estimated annual cost will vary for each subarea based on its size and number of 
property parcels. Descriptions of the annual activities are provided below along with 
assumptions of annual costs for the entire site. 

 Site Inspections: Annual inspections would verify that soil cover, synthetic caps, 
walkways, fencing, and signs are maintained, and verify land use. A technician would 
be required for the site inspections. It is assumed that the technician would spend 
16 hours for the annual site visit. Because Little Clipper Creek is in an area of uncon-
trolled public access, it is assumed Little Clipper Creek would require quarterly 
inspections. It is assumed that a regulator would verify the inspections are being con-
ducted properly, by periodically accompanying the technician and/or reviewing site 
inspection logs, for an average of 8 hours per year. The labor rate of the technician is 
assumed to be $60 per hour, and the labor rate of the regulator is assumed to be $80 per 
hour. The percentage of this time that would be allotted to each subarea is assumed as 
follows:  

 Mine Area Residences = 10 percent 
 Mine Area Tailings, Waste Rock, and Mine Buildings = 50 percent 
 Little Clipper Creek = 40 percent (quarterly inspections) 

 Property Transactions: For every ten property parcels, one property transaction is 
assumed to occur every year. For each property transaction, an attorney would spend 
10 hours to verify that land use restrictions are maintained when owners or tenants 
change. Therefore, for every ten property parcels, an attorney would spend approxi-
mately 10 hours per year to ensure restrictions are maintained when owners or tenants 
change. The rate of the attorney is assumed to be $100 per hour. The number of parcels 
in each subarea are: 

 Mine Area Residences = 3 parcels 
 Mine Area Tailings, Waste Rock, and Buildings = 6 parcels 
 Little Clipper Creek (north of Greenhorn Road) = 9 parcels 

 Access Restrictions: Access restrictions, such as fencing and signage, would be main-
tained by a technician for 30 hours per year for the entire site. The percentage of this 
time assumed to be allotted to each subarea is the same as was assumed for the site 
inspection activities. 

The annual cost of access and use restrictions is based on a sitewide annual cost, and the 
annual costs for each subarea are derived in Tables C-1 and C-2.  

C.1.2 Uncontaminated Soil Cover 
A local borrow source for uncontaminated soil was identified to develop more refined cost 
estimates for alternatives involving an uncontaminated soil cover. The current cost of soil 
was quoted as $2.20/ton, including loading and weighing. The bulk density of the soil is 
assumed to be 1.35 tons/cy. The cost of trucking was calculated for a round trip haul dis-
tance of 20 miles.  



Table C-1
Annual Cost Basis for Institutional Controls
Lava Cap Mine Feasibility Study

Amount

Task Alternatives No. Hours Units $ / hour
Mine Area 
Residence

Mine Area Tailings, 
Waste Rock, and 
Mine Buildings

Little Clipper 
Creek

Site Inspection - Technician 1-2 and 1-3, 
2-2 through 2-6,  

3-2 and 3-3

40 hours/year for entire site 60 0.05 of total 0.2 of total 0.75 of total

Site Inspection - Regulator Same as above 8 hours/year for entire site 80 0.1 of total 0.5 of total 0.4 of total

Property Transaction - Same as above 10 hours/year/10 parcels 100 3 parcels 6 parcels 9 parcels

Maintain Access Restriction - 
Technician

2-2, 2-3, 2-5,
and 3-2

30 hours/year for entire site 60 0.1 of total 0.5 of total 0.4 of total

RDD/032890010 (CAH2030.xls)
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TABLE C-2 
Summary of Annual Costs for Access and Use Restrictions 
Lava Cap Mine Feasibility Study 

Alternative Annual Cost ($) 

1-2 and 1-3 480 

2-2, 2-3, and 2-5 2,300 

2-4 and 2-6 1,400 

3-2 3,700 

3-3 3,000 

C.1.3 Revegetation 
Areas that would be revegetated on the Lava Cap Mine site would use existing vegetation to 
the extent possible for two primary reasons: 

1. Existing vegetation has exhibited a tolerance and ability to survive in the current condi-
tions and climate of the site. 

2. Existing vegetation is already common to the site, and in most cases, considered native 
to the area. 

The costs of plants were based on estimates provided by California vendors. These costs are 
presented in Table C-3 along with an assumed percentage of area, plant types, and the 
approximate labor cost for planting and fertilizing. 

These areas would also be hydroseeded with a seed mix to establish ground cover. The seed 
mix contains seeds for existing vegetation types as well as other types of ground cover (e.g., 
tall fescue and lupine). Because of the high variability in the estimated cost of the grass seed 
mix and suggested application rate, the cost and application rates were based on estimates 
provided by several California vendors. The costs assume tall fescue, creeping wild rye, 
meadow barley, vetch, clover, and lupine would be included in the seed mix. The cost esti-
mate assumes the application rate would be 150 pounds per acre.  

Hydroseeding would be combined with hand planting in the waste rock and tailings pile for 
Alternative 2-2 and along Little Clipper Creek in Alternatives 3-3 and 3-4. Other alternatives 
or alternative components that would be vegetated using hydroseeding only include: 

 Waste rock outside of the tailings area that would be covered with soil in Alterna-
tives 2-2 through 2-6. 

 Cover soil for impermeable cap over tailings area in Alternatives 2-3 and 2-4. 

 Cover soil for onsite disposal cells in Alternative 2-5. 

 Areas occupied by haul roads following completion of construction activities and 
removal of base course. 

The capped or excavated areas in Alternatives 1-3 and 1-4 would be seeded with conven-
tional grass seed to reestablish lawns or other vegetated areas. 



Table C-3

Planting Cost Estimate
Lava Cap Mine Feasibility Study

Cost/Unit Alternative
Unit ($) 2-2 3-3 3-4

Area (acres) 5.0 0.6 1.2
Plant Material Costs
Shrubs avg tp 4.50 0% 10% 10%

arroyo willow tp 4.00 x x
bigleaf maple tp 5.00 x x

Trees avg 6.09 100% 10% 10%
red willow tp 4.00 x x
ponderosa pine tp 6.00 x x x
Douglas fir tp 4.50 x x
Douglas fir 5 gal 12.50 x x
incense cedar tp 4.00 x x
incense cedar 5 gal 12.50 x x
Oregon ash gal 4.50 x x x
fremont cottonwood tp 4.50 x
white alder tp 5.00 x x x
California sycamore tp 5.00 x
interior live oak gal 4.50 x

Wetlands/riparian avg 2.13 0% 80% 80%
nut/cluster field sedge tb 1.75 x x
California tule tb 2.50 x x
rush/bog rush tb 2.50 x x
hydrophytic ferns gal 4.50 x x
California blackberry tb 1.75 x x

Total Plant Costs 6,639     1,099     2,094     
tp = Tree pot 4"x4"x14"
tb = Tree band
Note: Grasses and ground cover would be planted by hydroseeding

 and are costed separately.

Other Costs
Area [acres] 4.6 3.3 3.3
Planting Labor* acre 1,500 7,500 960 1,830
Fertilization acre 400 2,000 256 488

Total Planting Cost Per Alternative 16,139 2,315 4,412
*Hand planting cost assumption is 60 hours per acre at $25 per hour

RDD/032890011 (CAH2031.xls\Table C-3)
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C.1.4 Creek Channelization 
The dimensions of the creek channels are based on the 100-year flow. For the construction of 
a channel within an existing channel, it was assumed an average of 2.5 feet of soil would be 
excavated over the area of the channel. For the construction of a channel outside of the 
existing channels, it was assumed the entire extent of the channel would need to be exca-
vated. Each engineered channel would be constructed of one-foot-deep art-weld gabion 
baskets containing 6-inch-diameter rock. The channel bottoms and sideslopes would be 
underlain with 60-mil HDPE liner. For calculation of the area of the liner, it was assumed 
that the liner would extend outside of the channel area. 

C.1.5 Offsite Disposal 
Information specific to offsite disposal locations is summarized in Table C-4. Disposal cost 
estimates were obtained from landfills in the vicinity of the Lava Cap Mine site that were 
capable of accepting the generated waste types. Disposal locations for excavated soil or 
sediment are based on analytical results obtained during the RI and ARARs outlined in 
Section 2.0 of this FS. The amount of extracted soil and sediment was converted from tons to 
cubic yards for cost estimating. Moist soil or sediment, such as the mine area tailings and 
sediment in LCC or CC, was assumed to have a bulk density of 1.5 tons/cy. Drier soil, such 
as soil around the mine area residences and mine buildings, was assumed to have a bulk 
density of 1.35 tons/cy. 

Analytical results indicate the majority of the soil and sediment at the site would be classi-
fied as a non-RCRA hazardous waste (fails the TTLC and STLC testing methods) under 
California State Regulatory Standards or a Class II type waste (non-hazardous by federal 
and state standards but requiring special handling because of the presence of contaminants). 
Soil and sediment from within and around the mine buildings and adit discharge had the 
highest concentrations of arsenic (up to 31,200 mg/kg and 34,000 mg/kg, respectively). It is 
assumed these materials would fail TCLP tests and would be transported to a Class I facility 
for disposal as a RCRA-hazardous waste. It is assumed that the tailings would be classified 
as non-hazardous by Federal and State standards, but would require disposal in a Class II 
facility. 

C.1.6 Groundwater Monitoring for Onsite Disposal Alternative 
Periodic groundwater monitoring would be conducted as part of the onsite disposal 
alternative to identify potential impacts to groundwater from leachate or surface runoff 
from the onsite disposal cell. For the cost estimates, it was assumed groundwater 
monitoring would be conducted semi-annually for the mine area disposal cell, samples 
would be collected from two existing residential wells, one existing monitoring well, and 
four newly installed monitoring wells. The newly installed monitoring wells would be 
designed to monitor shallow groundwater without penetrating into the historical mine 
workings.  
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TABLE C-4 
Offsite Disposal Cost Estimate 
Lava Cap Mine Feasibility Study 

Waste Type 
Disposal 
Facility 

Analyses Required 
for Disposal 

Disposal Costs
($ per ton) Transportation 

RCRA 
Hazardous 
Waste 

ECDC  
Environmental 
Price, Utah 

TCLP tests for con-
stituents of concern 
on representative 
samples of waste.  

. 

$98 to $125  Waste transported via rail 
to facility. Costs include 
waste profiling, truck and 
rail transport, treatment of 
waste to non-RCRA 
levels, and disposal. 

Non-RCRA 
Hazardous 
Waste 

ECDC  
Environmental  
Price, Utah 
 

TCLP tests for con-
stituents of concern 
on representative 
samples of waste.  

$80 to $85 Waste transported via rail 
to facility. Costs include 
waste profiling, truck and 
rail transport, and 
disposal. 

Non-Hazardous 
Waste 

ECDC 
Environmental 
Price, Utah 

TCLP tests for con-
stituents of concern 
on representative 
samples of waste. 

$48 to $55 Waste transported via rail 
to facility. Costs include 
waste profiling, truck and 
rail transport, and 
disposal. 

 Forward Landfill  
Manteca, 
California 

TTLC, STLC, and 
TCLP tests for con-
stituents of concern 
on representative 
samples of waste.  

$30 Waste transported to 
facility via truck, over an 
approximate distance of 
115 miles.  

Notes: 
RCRA Hazardous Waste = Exceeds TCLP standards. 
Non-RCRA Hazardous Waste = Does not exceed TCLP standards but exceeds TTLC and STLC standards. 

  

Four quality assurance/quality control (QA/QC) samples would be collected during each 
sampling round, including: 

 Field duplicate sample  
 Field blank sample 
 Equipment blank sample 
 Laboratory QC sample 

The estimated cost of analysis per sample of groundwater was provided by a local analytical 
laboratory. The cost of analysis would be approximately $312 per sample based on 20 sam-
ples as detailed in Table C-5.  

TABLE C-5 
Cost of Analysis for Groundwater Samples 
Lava Cap Mine Feasibility Study 

Analysis Method Unit Cost ($) 

Total Metals (23) SW6010B 156 

Dissolved Metals (23) SW6010B 156 
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Additional costs of sampling that would be required per sampling event for the disposal cell 
include: 

 40 hours' labor for collection of samples at a cost of $80 per hour 
 $60 lump sum for shipping costs 
 $200 lump sum for cost of supplies 
 8 hours' labor for reporting at $80 per hour  

C.1.7 Soil Excavation 
Prior to excavation activities, additional surface soil samples or soil borings would be used 
to better define the extent of excavation. The cost associated with the additional investiga-
tions will be included in the design cost for each alternative. 

Confirmation soil samples would be collected following excavation activities to verify that 
removal of contaminated soil is complete. Confirmation soil samples would be taken for all 
excavation alternatives except Alternative 1-4. In Alternative 1-4, soil around residences 
would be excavated to a predetermined depth of 2 feet. Excavation areas around the mine 
residences would be backfilled with clean soil to provide protection for human and ecologi-
cal receptors. 

It is assumed that four samples would be taken per 10,000 square feet for excavation around 
the mine buildings because of the heterogeneity of this area. In the remaining areas of exca-
vation, it is assumed that two samples would be taken per 10,000 square feet. For all exca-
vations, it is assumed that 25 percent of the excavated area would require re-excavation and 
additional confirmation soil sampling. It is assumed that 80 percent of the samples would be 
analyzed for arsenic only at $60 per sample, and 20 percent of the samples would be ana-
lyzed for metals (SW6010B), mercury (SW7471), and total cyanide (SW9010/9014) at a cost 
of $225 per sample. The estimated costs of analysis per soil sample were provided by a local 
analytical laboratory. In addition, a cost of $30 was added to each sample to account for the 
cost of sample containers, shipping, and labor for sample collection and reporting of results. 

QA/QC samples would be collected for each subarea and would include: 

 Field duplicate samples collected at a minimum frequency of 1 in every 10 normal envi-
ronmental samples 

 Two equipment blank samples for excavation in each subarea  

 Laboratory QC samples collected at a frequency of 1 in every 20 samples 

C.1.8 Personal Protective Equipment (PPE) 
Level D PPE would be worn during excavation and soil-handling activities. A dust control 
and air monitoring program would be implemented to prevent particulate dust concentra-
tions from exceeding the Occupational Safety and Health Administration (OSHA) Permissi-
ble Exposure Limit (PEL) during excavation and demolition activities. A determination of 
the concentration of airborne inorganic arsenic to which each employee is exposed shall be 
made with at least one sample for each shift and for each job classification for each work 
area. A dust monitor would be worn during all excavation, demolition, and contaminated 
soil removal activities. Level C PPE would be worn if action levels are reached or exceeded. 
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C.1.9 Surface-Water Monitoring 
The estimated cost of analysis per sample of surface water was provided by a local analyti-
cal laboratory. The cost of analysis would be approximately $312, which is the same as the 
cost of analysis of groundwater samples, and is detailed in Table C-5. Surface-water moni-
toring would be conducted quarterly in the mine area and Little Clipper Creek downstream 
of the mine area.  

Surface-water monitoring is assumed to occur four times per year to capture conditions 
during periods of low flow, periods of high flow, and following storm events. To reduce the 
interdependence between alternatives, it is assumed four QA/QC samples would be col-
lected during each sampling round for each subarea as described for groundwater moni-
toring. Further, it is assumed the following costs would be incurred per sampling event for 
the site: 

 20 hours of labor for collection of samples at a cost of $80 per hour  
 $60 lump sum for shipping costs  
 $200 lump sum for cost of supplies  
 20 hours of labor for reporting at $80 per hour  

C.1.10 Treatment of Adit and Buttress Seepage 
As discussed in Section 3.3.6, ferric chloride coagulation followed by microfiltration (C/MF) 
was selected as the representative process option for ex situ chemical treatment of the adit 
and buttress seepage under either the low-flow or the high-flow scenario. The capital and 
operating costs of a C/MF system were based on cost estimations of similar facilities, para-
metric techniques, and standard cost-scaling procedures. The capital and operating cost 
estimate is presented in Table C-6. The high-flow estimate for Alternatives 2-2, 2-3, and 2-4 
includes peak discharges for both the adit and buttress seepages. In Alternatives 2-5 and 2-6, 
the tailings would be excavated, eliminating the need for a buttress and eliminating seeps 
associated with the tailings. Therefore, the high-flow estimate for Alternatives 2-5 and 2-6 is 
400 gpm, which includes the peak discharge of the adit only. 

In the event that remedial-design flow investigations show that the total flow from the 
system is at the low end of the estimated range, pilot-level testing of adsorptive media 
treatment technologies (GFH or ZVI) may be conducted because of the potentially lower 
capital costs and minimum operator requirements. To support the technology screening 
presented in Section 3.0, a conceptual-level cost comparison was conducted between C/MF 
and GFH.  

The GFH cost estimate was prepared only for the low flow estimate (90 gpm) from the adit 
and buttress seepages. In order to treat the low flow estimate of 90 gpm, two 4-foot-
diameter GFH media tanks would be required with a media depth of 3.5 feet. This results in 
an empty bed contact time (EBCT) of 7.31 minutes, which is in the recommended range. 
Assuming a conservative 5,000 bed volume (BV) media life, the resulting media life would 
be 25 days. The assumption of 5,000 bed volumes is based on a qualitative assessment of 
water quality and past experience with GFH systems. Total media volume would then need 
to be 88 cubic feet which, at 77 pounds per cubic foot density for GFH results in 6,773 
pounds of GFH necessary for the system. Total annual media requirement would then be 
approximately 100,000 pounds. 
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TABLE C-6 
Coagulation/Microfiltration System Cost Estimate  
Lava Cap Mine Feasibility Study 

System Component 

Estimated Costa

(90 gpm 
Capacity) 
Low Flow 

Alternatives 2-2 – 
2-6 

Estimated Costa 
(700 gpm Capacity) 

High Flow 
Alternatives 2-2 – 2-4 

Estimated Costa 
(400 gpm Capacity) 

High Flow 
Alternatives 2-5 – 2-6  

Capital Cost    

Pumping/Pipeline Facilities $95,000 $180,000 $130,000 

C/MF Facility $430,000 $1,460,000 $1,050,000 

Subtotal $525,000 $1,640,000 $1,180,000 

Markups b (103.21%) $540,000 $1,690,000 $1,220,000 

Total Capital Cost $1,065,000 $3,330,000 $2,400,000 

Annual O&M Costs    

Labor $50,000 $50,000 $50,000 

Chemicals (FeCl, ClO2, CO2) $9,200 $30,000 $16,500 

Sludge Disposal c $1,200 $5,000 $2,800 

Miscellaneous (Replacement 
Filters, Power, Maintenance, etc.) 

$10,000 $40,000 $30,000 

Total Annual O&M Costs $70,400 $125,000 $99,300 

    

50-Year NPW of Capital and O&M 
(3.2% interest, assumes one 

replacement of capital equipment 
at Year 25) 

$3.3M $7.9M $5.9M 

a  Cost estimate accuracy range is +50%/-30%. Costs are based on cost estimations of similar facilities, para-
metric techniques, and standard cost-scaling procedures. Expected accuracy is from –30% to +50% of the 
stated costs. 

b  For detail of markups, see Appendix B or Section C.1.12. 
c  Assumes disposal in Class II facility. Sludge generation rate of 1.25 pounds of dry sludge per 1,000 gallons 

treated water based on treatability study results. 

As shown in Table C-7, adsorptive media costs appear to be significantly higher than C/MF 
given the information available at this time. In order to make the media adsorption system 
cost-competitive with C/MF, annual O&M cost would need to be reduced to approximately 
$90,000. This could occur with extended media life (approximately 20,000 BV rather than 
5,000) which would reduce media costs and consequently labor and miscellaneous O&M 
costs. The reduction also could occur with reduced media costs and extended media life, 
which may be associated with ZVI.  

C.1.11 Operation and Maintenance Costs 
Operation and maintenance costs include: 

 Site inspections, property transaction verification, and maintenance of access and use 
restrictions 
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 Quarterly surface-water monitoring, including cost of samples, labor, supplies, and 
shipping 

 Semi-annual groundwater monitoring associated with onsite disposal cells 

 Ex situ chemical treatment of adit and buttress seepages 

 Repair costs associated with soil or synthetic caps and creek channels 

 Costs associated with revegetating bare areas  

 Cleaning of drains and sumps associated with adit and buttress seep collection 

The costs of access and use restrictions, surface-water monitoring, and groundwater moni-
toring were discussed above. Annual repair of the soil cap around the mine residences is 
assumed to take 20 hours at a cost of $80 per hour. Annual repair costs of the other caps and 
creek channels, regrading, and revegetation costs are assumed to be 1 percent of the capital 
cost of the associated component.  

TABLE C-7 
Granular Ferric Hydroxide (GFH) Adsorptive Media System Cost Estimate  
Lava Cap Mine Feasibility Study 

System Component 
Estimated Cost a 

(90 gpm flow rate) 

Capital Cost  

Pumping/Pipeline Facilities $105,000 

Influent Straining Facilities $20,000 

GFH Media System $130,000 

Ancillary Systems $70,000 

Subtotal $325,000 

Markups2 (103.21%) $335,000 

Total Capital Cost $660,000 

Annual O&M Costs  

Labor $10,000 

Media $300,000 

Miscellaneous (Media Disposal, Power, Maintenance, etc.) $10,000 

Total Annual O&M Costs $320,000 

50-Year NPW of Capital and O&M (3.2% interest, assumes one 
replacement of capital equipment at Year 25) 

$9.3M 

a  Cost estimate accuracy range is +50%/-30%. Costs are based on cost estimations of similar facilities, 
parametric techniques and standard cost-scaling procedures. Expected accuracy is from –30% to +50% 
of the stated costs. 

b  For detail of markups, see Appendix B or Section C.2.12. 

Cleaning of drains and sumps associated with adit and buttress seep collection is assumed 
to require 16 hours per year at a rate of $80 per hour for Alternatives 2-2, 2-3, and 2-4, and 
cleaning of the sump associated with the adit collection structure is assumed to take 8 hours 
per year for Alternatives 2-5 and 2-6. 
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C.1.12 Indirect Costs 
The indirect costs used in the markup include: 

 Contractor Overhead, 10 percent 
 Contractor Profit, 5 percent 
 Mobilization/Bond/Insurance, 5 percent 
 Field Detail Allowance, 2.5 percent 
 Contingency, 25 percent  
 Engineering Services, 12 percent 
 Remedial Design Investigation, 8 percent 
 Construction Management Services, 6 percent 
 License/Legal, 2 percent 

C.1.13 Present Value Analysis 
In the Guide to Developing and Documenting Cost Estimates During the Feasibility Study (EPA, 
2000), EPA suggests that the period of analysis for present value analysis should be equiva-
lent to the project duration to provide a complete life cycle cost estimate of the remedial 
alternative. EPA states that the commonly used assumption of a 30-year period of analysis 
for estimating present value is not recommended. Most of the remedial alternatives devel-
oped for this site require long-term operation and maintenance activities, including treat-
ment of seepage, surface and/or groundwater monitoring, access and use restrictions, and 
maintenance of constructed caps and channels. A duration of 50 years was chosen as the 
period of analysis rather than an assumption of 30 years. Operation and maintenance for 
many of remedial alternatives would extend beyond 50 years. However, the net present 
value reaches an asymptotic level for increasing periods of analysis, and large uncertainties 
exist with regard to technological advances that would occur for a duration of 100 to 
500 years. 

Additionally, the Guide to Developing and Documenting Cost Estimates During the Feasibility 
Study (EPA, 2000) suggests that present value analysis for federal sites should use the real 
discount rates in Appendix C of the Office of Management and Budget Circular A-94. The 
real discount rate based on the economic assumptions from the 2004 Budget  for programs 
with durations of 30 years or longer is 3.2 percent.  

C.2 Alternative-Specific Assumptions 

C.2.1 Mine Area Alternatives 
No cost was developed for the Alternative 1-1, the no-action alternative for the mine area 
residences. 

C.2.1.1 Alternative 1-2 

Assumptions related to access and use restrictions include: 

 A capital cost equivalent to 200 hours of labor at a rate of $80/hour would be incurred to 
implement land use restrictions, including changing the residential zoning and evicting 
current residents. 
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  An annual cost would be incurred for site inspections and property transaction 
verification. 

C.2.1.2 Alternative 1-3 

For access and use restrictions, an annual cost would be incurred for site inspections and 
property transaction verification. 

Assumptions relating to capping of soil around residences include: 

 An area of 50 feet surrounding the two southern residences would be capped, for a total 
area of 37,000 square feet. 

 Light brush would be removed. 

 The area would be capped with 2 feet of uncontaminated soil, for a total volume of 
2,700 cy, to be provided by a local source. 

 The capped area would be graded and hydroseeded. 

C.2.1.3 Alternative 1-4 

Assumptions related to excavation of soil around residences include: 

 An area of 50 feet surrounding the two southern residences would be excavated to a 
depth of 2 feet, for a total area of 37,000 square feet. 

 The excavated area would be backfilled with uncontaminated soil, for a total volume of 
2,700 cy, to be provided by a local source. 

 The area would be graded and hydroseeded. 

 The excavated soil would be classified as non-hazardous. Disposal would be dependent 
on the tailings in the mine area, and would include one of the following: (a) consolida-
tion with the tailings and waste rock pile for regrading or capping, (b) disposal in a 
Class II landfill, or (c) disposal in an onsite disposal cell. 

 The capital cost of consolidation with tailings and waste rock pile for regrading or cap-
ping is based on haul distance cost of backfilling and grading. It is assumed the area of 
regrading, vegetation, and/or capping would not be affected by the small volume of soil 
excavated under Alternative 1-4, and as a result, no additional capital costs or O&M 
costs would incurred for consolidation with the tailings and waste rock pile.  

 Hauling: The average haul distance for excavated soil is 1,350 feet, and the cost of 
excavating and hauling using a scraper crew is assumed to be $3.00/cy. 

 Backfill and Grading: The cost of backfill, grading, and compaction is assumed to be 
$4.85/cy. 

 Offsite disposal costs were based on an estimate for disposal in Forward Landfill and an 
assumption of the bulk density of soil of 1.35 tons/cy.  
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 The cost of onsite disposal is based on the haul distance and the cost per cubic yard of 
capital and O&M costs for the mine area disposal cell. The estimated costs of onsite dis-
posal are: 

 Hauling and Placement: The average haul distance for excavated sediment is 1,350 
feet, and the cost of excavating and hauling using a scraper crew is assumed to be 
$3.00/cy. The cost of placement in lifts and compaction is assumed to be $4.85/cy. 

 Capital: The onsite disposal cell is designed for 62,500 cy of waste (47,000 cy of exca-
vated tailings, 4,000 cy of stockpiled tailings, 5,000 cy of soil excavated around the 
tailings pile, 3,000 cy of soil and debris from excavation around the mine buildings, 
and 3,500 cy of demolition debris). The capital cost of the onsite disposal cell was 
prorated for 2,700 cy based on the design volume of 62,500 cy. 

 O&M: The annual O&M cost for the disposal cell is assumed to be 1 percent of the 
capital cost of the cap. The capital cost for the cap was prorated for 2,700 cy based on 
the design volume of 62,500 cy. 

C.2.2 Mine Buildings/Tailings and Waste Rock Alternatives 
No cost was developed for Alternative 2-1, the no-action alternative for mine buildings, 
tailings, and waste rock. 

C.2.2.1 Alternative 2-2 

1. Assumptions related to access and use restrictions include: 

 Six-foot chain link fencing would be constructed around the perimeter of the mine 
area for a total length of 4,500 feet. 

 The fence would contain two gates with a 12-foot-wide opening. 

 Signs would be posted approximately every 300 feet around the mine area. 

 An annual cost would be incurred for site inspections, property transaction verifica-
tion, and maintenance of fencing and signage.  

2. Assumptions related to regrading and vegetating tailings and waste rock pile include: 

 Soil within a 50-foot distance of the tailings and waste rock pile would be excavated 
to depth of 1 foot and consolidated with tailings and waste rock pile. Soil would be 
excavated along the perimeter of the tailings and waste rock pile, estimated as 
2,800 feet. 

 An area of 218,000 square feet would be regraded. 

 The area would be covered with 1 foot of uncontaminated soil.  

 The area would be vegetated. 

3. An area of 246,000 square feet of waste rock outside of the tailings and waste rock pile 
would be regraded. The area includes the area surrounding the mine shaft and mine 
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buildings, the area surrounding the residence shown in the center of Figure 1-7, and 
three existing benches formed from stockpiled waste rock. 

4. Assumptions related to buttress construction include: 

 Waste rock cover in the vicinity of the buttress would be removed and stockpiled for 
use in buttress construction. 

 Dewatering of the tailings would be required before buttress construction and would 
be conducted using dewatering wells. Water removed during dewatering would be 
stored in temporary onsite tanks and treated. 

 Tailings would be excavated within, adjacent to, and immediately downstream of 
the footprint of the proposed buttress (100 feet by 120 feet) over an average depth of 
25 feet. Tailings would also be excavated upstream of the buttress to create a 1:1 (h:v) 
slope. Excavated tailings would be incorporated with the tailings pile. 

 Debris remaining from the log dam would be excavated and stockpiled onsite. 

 The buttress would be constructed of waste rock and would be approximately 
20 feet in height, 120 feet wide, and 100 feet long, with an upstream slope of 2:1 and 
downstream slope of 2.5:1, requiring a total volume of 5,380 cy of waste rock. 

 A 60-mil HDPE liner, followed by 2 feet of drain sand, would be placed on the 
upstream face of the buttress. 

 A blanket drain system would be connected to an outlet pipe at the toe of the but-
tress for seepage collection. 

 Six 8-inch-diameter, 40-foot-long horizontal drains would be placed at a depth of 
10 feet beneath the tailings on approximate 20-foot centers, along with 100 feet of 
header pipe. 

 The excavated area would be backfilled with excavated tailings and graded to a 
slope of 8:1 or flatter for a distance of at least 150 feet upstream of the buttress. 

 A sump would be constructed at the base of the buttress to collect seepage for trans-
fer to the treatment plant. 

5. Assumptions related to channelizing Little Clipper Creek include: 

 LCC would be channelized along the eastern edge of the tailings and waste rock pile, 
over a total length of 1,100 feet. 

 The channel would have a bottom width of 5 feet, 2:1 sideslopes, and depth of 5 feet, 
for a total linear width of 27.4 feet. 

 For channel preparation, it is assumed that excavation of the entire depth of the 
channel would be required (channels or diversions do exist in some locations but are 
small, and portions of the diversions are underground). 

 Excavated sediment would be incorporated with the waste rock and tailings pile. 
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6. Assumptions related to construction of the western drainages diversion channel include: 

 A diversion channel would be constructed above the mine area to divert the existing 
drainage adjacent to the mine buildings and along the western edge of the tailings 
and waste rock pile, over a total length of 1,800 feet. 

 The channel would have a bottom width of 5 feet, 2:1 sideslopes, and a depth of 
3 feet, for a total linear width of 18.4 feet. 

 For channel preparation, it is assumed that excavation of the entire depth of the 
channel would be required (channels or diversions do exist in some locations but are 
small, and portions of the diversions are underground) 

 Excavated sediment would be incorporated with the waste rock and tailings pile. 

7. Assumptions related to surface-water diversion above the mine shaft include: 

 Surface-water diversions would be constructed around the mine shaft and would 
consist of shallow, riprap-lined ditches around the upgradient side of the shaft. 

 The diversion channel is assumed to cover a length of 160 feet, which is equal to one-
half the circumference of a 50-foot-diameter circular area.  

8. Assumptions related to pumping of mine workings, collection of adit and buttress 
seepages, and treatment include: 

 Buttress seep collection would be conducted as described in the assumption for dam 
renovations and pumped to the treatment plant. 

 An extraction well would be installed to a depth of 100 feet and would pump water 
out of the mine workings for treatment and to reduce or eliminate discharge from 
the adit. The extraction well would be pumped at a rate of 50 or 100 gpm, and would 
be transported to the treatment plant using 3-inch piping. 

 The adit collection structure would consist of a reinforced concrete wall, estimated to 
be 30 feet long, 30 feet wide, and 6 feet high, and would be keyed into bedrock. 

 Approximately 30 cy of contaminated sediment that would be excavated during 
construction of the adit collection structure would be transported to a Class I dis-
posal facility as a RCRA hazardous waste. The cost estimate is based on disposal in 
ECDC Landfill and a bulk density of sediment of 1.5 tons/cy. 

 Seepage would be treated using a ferric chloride coagulation/filtration treatment 
system. Equipment capital costs and the operation and maintenance costs associated 
with this system are detailed in Table C-6. Costs of the treatment system include cost 
of installation and cost of a building to house the treatment system. 

 Influent piping to the treatment system would be placed 910 feet from the buttress 
and 230 feet from the adit, and would consist of 6-inch-diameter piping.  

 Effluent piping from the treatment system would consist of 210 feet of 6-inch- 
diameter piping. 
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9. Assumptions related to surface-water monitoring include: 

 Surface water-monitoring would be conducted quarterly. 

 One surface-water sample would be taken from two locations during each sampling 
round (LCC upstream of the mine area and LCC just downstream of the buttress). 

 Four QA/QC samples would be taken during each sampling round. 

10. Assumptions related to road improvements: 

 The existing primary access road on the mine property would be paved. A culvert 
and drainage ditch would be constructed in association with the access road. 

 A paved access road would provide access to the treatment plant. 

 Gravel access roads would provide access to the buttress.  

C.2.2.2 Alternative 2-3 

1. Assumptions related to access and land use restrictions include: 

 Six-foot chain link fencing would be constructed around the mine buildings for a 
total length of 1,300 feet. 

 The fence would contain one gate with a 12-foot-wide opening. 

 Signs would be posted approximately every 300 feet around the mine area. 

 An annual cost would be incurred for site inspections, property transaction 
verification, and maintenance of fencing and signage. 

2. Assumptions related to excavation and hazard abatement in and around mine buildings 
(mill, cyanide, and assay buildings) include: 

 Approximately 400 cy of highly contaminated soil would be excavated from within 
the mine buildings using scrapers and hand tools. 

 Hazard abatement activities would be conducted within the mine buildings, 
including the removal of soil and debris associated with former process tanks, 
removal of cyanide vats, removal of sumps, and removal and treatment of ponded 
water within the sumps. 

 Following excavation and hazard abatement, metal siding and concrete foundations 
would be decontaminated using a pressure wash. 

 Soil at a distance of up to 30 feet surrounding the mine buildings would be exca-
vated to a depth of 2 feet. Composite soil samples would be collected per volume of 
soil excavated, and excavated soil would be separated and stockpiled during waste 
profiling.  

 Approximately 500 cy of the most highly contaminated material would be trans-
ported to a Class I waste facility as a RCRA hazardous waste. The cost is based on an 
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estimate for disposal in ECDC Environmental and a bulk density of soil of 
1.35 tons/cy. 

 A volume equivalent to 1 foot of soil over the excavation area, 1,500 cy, would fail 
STLC testing and be transported to a Class I waste facility as a non-RCRA hazardous 
waste. The cost of disposal is based on an estimate for disposal in ECDC Environ-
mental and a bulk density of soil of 1.35 tons/cy. 

 A total of 26 confirmation soil samples would be taken (four samples every 
10,000 square feet of excavation, 25 percent of excavation area would require 
re-excavation and further sampling, and six QA/QC samples would be taken). 

 Following excavation, soil passing STLC testing would be incorporated with the 
waste rock, and the area would be graded and covered as presented below. 

3. Assumptions related to regrading and capping of tailings include: 

 An area of 218,000 square feet would be graded to a slope of 4:1 or flatter. 

 The area would be covered with 6 inches of sand, a 60-mil HDPE liner, and 2 feet of 
soil cover. 

 The area would be vegetated. 

4. Assumptions related to regrading, covering, and vegetating other areas of waste rock 
include 

 An area of 246,000 square feet would be regraded. 

 The area would be covered with 1 foot of uncontaminated soil.  

 The area would be vegetated. 

5. Assumptions related to buttress construction are the same as those detailed for Alterna-
tive 2-2. 

6. Assumptions related to channelizing Little Clipper Creek and the western drainages are 
the same as those detailed for Alternative 2-2. 

7. Assumptions related to surface-water diversion above the mine shaft are the same as 
those detailed for Alternative 2-2. 

8. Assumptions related to pumping of mine workings, collection of adit and buttress 
seepages, and treatment are the same as those detailed for Alternative 2-2. 

9. Assumptions related to surface-water monitoring are the same as those detailed for 
Alternative 2-2. 

10. Assumptions related to road improvements are the same as those detailed for Alterna-
tive 2-2, with the addition that a gravel road would be constructed to provide access to 
the mine buildings during excavation activities. 
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C.2.2.3 Alternative 2-4 

1. Assumptions related to land use restrictions would be the same as those described for 
Alternative 2-3. 

2. Assumptions related to excavation and hazard abatement within and around the mine 
buildings would be the same as Alternative 2-3. 

3. Assumptions related to the demolition of mine buildings (mill, cyanide, and assay 
buildings) include: 

 Buildings would be demolished using conventional construction equipment, 
including a backhoe/excavator, bulldozer, and front-end loader. 

 Buildings would be collapsed, using a backhoe to grab the structure and pull the 
steel frame apart. 

 Concrete foundations and footings would remain in place. 

 Steel roofing and siding would be cut into manageable pieces using hydraulic or 
pneumatic equipment and transported to a metal scrap yard for recycling. 

 Wooden frames do not appear to have been treated and would be buried onsite. 

4. Assumptions related to in-situ stabilization of tailings include: 

 Cement would be added at a rate of approximately 10 percent by weight to stabilize 
the tailings. 

 Cement would be added using large augers and deep mixers. 

 The zone requiring stabilization is estimated to be about 100 feet upstream of the 
buttress face and would extend to bedrock, with an average depth of approximately 
25 feet. 

5. Assumptions related to regrading and capping of tailings are the same as those detailed 
in Alternative 2-3. 

6.   Assumptions related to regrading, covering, and vegetating other areas of waste rock are 
the same as those detailed in Alternative 2-3. 

7. Assumptions related to the construction of the buttress are the same as detailed for 
Alternative 2-2 except the horizontal drains would extend through the zone of stabiliza-
tion to transport seepage to the collection point at the base of the buttress, increasing the 
length of drains to 110 feet each with 100 feet of header pipe. 

8. Assumptions related to channelizing Little Clipper Creek and the western drainages are 
the same as those detailed for Alternative 2-2. 

9. Assumptions related to surface-water diversion above the mine shaft are the same as 
those detailed for Alternative 2-2. 

10. Assumptions related to pumping of mine workings, collection of adit and buttress 
seepages, and treatment are the same as those detailed for Alternative 2-2. 
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11. Assumptions related to surface-water monitoring are the same as those detailed for 
Alternative 2-2. 

12. Assumptions related to road improvements are the same as those detailed for Alterna-
tive 2-3. 

C.2.2.4 Alternative 2-5 

1. Assumptions related to access and use restrictions include: 

 Six-foot chain link fencing would be constructed around the disposal cell. 

 The fence would contain one gate with a 12-foot-wide opening. 

 Signs would be posted every 300 feet along the chain-link fence. 

 An annual cost would be incurred for site inspections, property transaction verifica-
tion, and maintenance of fencing and signage. 

2. Assumptions related to excavation and hazard abatement of the mine buildings are the 
same as those detailed for Alternative 2-4 except: 

 Concrete foundations and footings would be removed by breaking them apart, using 
chisel hammers followed by excavation. 

 As in Alternative 2-4, 500 cy of highly contaminated material would be taken to a 
Class I facility as a RCRA hazardous waste, and steel roofing and siding would be 
transported to a metal scrap yard. 

 The remaining excavated soil from around the mine buildings (volume of 2,900 cy) 
and debris from demolition, including wooden frames and concrete, would be dis-
posed of in the onsite disposal cell. 

3. Assumptions related to surface-water diversion above the mine shaft are the same as 
described in Alternative 2-2. 

4. Assumptions related to collection and treatment of adit seepage include: 

 Because the tailings would be excavated, the need for a buttress is eliminated as well 
as associated seeps from the tailings. The high-flow estimate for Alternative 2-5 is 
400 gpm, which includes the peak discharge of the adit only. The low-flow estimate 
already includes only a minimal seepage flow rate from the buttress and was not 
changed for this alternative. 

 Assumptions related to the pumping of mine workings and collection of the adit 
seepage are the same as described for Alternative 2-2. 

 The capital costs and the operation and maintenance costs associated with chemical 
treatment of the adit seepage are detailed in Table C-6. The equipment capital costs 
and O&M costs were scaled down for the high-flow treatment estimate of the adit 
seepage. 

5. Assumptions related to pumping of mine workings , collection of adit seepage, and 
treatment include: 
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 Waste rock cover over the tailings would be removed and stockpiled; total volume of 
waste rock is estimated as 38,000 cy by breaking the area of excavation into sections 
and calculating the volume of waste rock in individual sections using surface eleva-
tions, soil borings, and/or assumptions of depth. 

 Tailings would be excavated down to native soil, for a total volume of 47,000 cy in 
the tailings pile and 4,000 cy of stockpiled tailings (51,000 cy total). 

 Contaminated surface soil adjacent to the tailings and waste rock pile would be 
excavated. The additional volume of soil is estimated as 5,000 cy. 

 Excavation would be conducted in three phases as the tailings are dewatered. Tail-
ings would be dewatered using trenches and drying beds. Tailings dewatering 
includes the following assumptions: 

 For each phase, three 5-foot-wide trenches would be excavated approximately 8 
to 10 feet deep and filled with a drain pipe and drain sand.  

 A well sump would be constructed at the end of each trench. The wells would be 
pumped to remove free water in the trenched depth of the tailings and to draw 
down groundwater levels surrounding the tailings.  

 The dewatered portion of the tailings would be excavated and transported to a 
drying bed, and the next phase of dewatering trenches would be constructed.  

 The drying bed would consist of a 6-inch leveling course, and a 60-mil geomem-
brane layer overlain with a drain sand layer with a slotted collection pipe run-
ning the length of the drying bed.  

 The tailings would be placed in a 2-foot lifts on top of the sand layer. The tailings 
would be mixed using a small tractor-mounted tiller and dried by the sun.  

 When the tailings beds are dewatered to optimum moisture content, the tailings 
would be excavated and transported to the disposal cell. The drying bed would 
be constructed at the site of the tailings stockpile. 

 Water removed during dewatering would be stored in temporary onsite tanks 
and treated.  

 A total of 52 confirmation soil samples would be taken (two samples every 
10,000 square feet of excavation, 25 percent of excavation area would require 
re-excavation and further sampling, and eight QA/QC samples would be taken). 

 Stockpiled waste rock would be backfilled in areas outside the creek channel and 
regraded. 

6. Assumptions related to regrading, covering and vegetating waste rock remaining onsite 
include: 

 An area of 325,500 square feet would be regraded. 

 The area would be covered with 1 foot of uncontaminated soil.  
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 The area would be vegetated. 

7. Assumptions related to the restoration of Little Clipper Creek channel: 

 Upstream of the tailings area, waste rock would require excavation out of the 
100-year flow of Little Clipper Creek and regrading to slopes of 3:1 or flatter. The 
total volume of waste rock requiring excavation was assumed to be 45,000 cy, based 
on a trapezoidal volume with depth of 30 feet and surface area of 62,300 square feet. 
The bottom area was calculated as 20,000 square feet, based on the width of the Little 
Clipper Creek channel above and below the mine of 50 feet and a length of 400 feet 
through the area of waste rock. 

 Riprap would be placed to shape and stabilize the channel. 

 Because the tailings are excavated in this alternative, there is no need for an imper-
meable liner underlying the channel. 

8. Assumptions related to channelizing the western drainages include: 

 Surface-water diversion channels would be constructed to divert surface-water flows 
around the onsite disposal cell and the upper areas of stockpiled waste rock. 

 Approximately 500 of diversion channel would be constructed upgradient and 
downgradient of the onsite disposal cell.  

 The channel would have a bottom width of 5 feet, 2:1 sideslopes, and a depth of 
3 feet, for a total linear width of 18.4 feet. 

 For channel preparation, it is assumed that excavation of the entire depth of the 
channel would be required (channels or diversions do exist in some locations but are 
small, and portions of the diversions are underground) 

 Excavated material would be incorporated with waste rock onsite for covering and 
revegetation. 

9. Assumptions related to onsite disposal of tailings: 

 The area of the existing ground surface within the designated area of the onsite dis-
posal cell was calculated as 113,400 square feet based on a length of 420 feet, average 
width of 270 feet, and average depth of 35 feet. 

 The area requiring preparation work was extended by adding 100 feet to the length 
and 20 feet to the average width of the cell, for an area of 150,800 square feet. 

 The area requiring capping and soil cover after disposal of the waste was calculated 
as 130,000 square feet. The flat area of the disposal cell was multiplied by a factor of 
1.031, which is the ratio of the hypotenuse to the horizontal length of a 4:1 (h:v) slope 
and then increased by 15 percent because the liner would extend beyond the extent 
of waste. 

 Approximately 150,800 square feet would require clearing and grubbing, including 
the removal of trees. 



APPENDIX C. SUMMARY OF ASSUMPTIONS USED IN PREPARING COST ESTIMATES 

RDD/032890002 (CAH2487.DOC) C-23 

 Approximately 150,800 square feet would require grading to create a more uniform 
slope and excavation for a leak detection system and trench for leachate collection. A 
leak detection system would be installed beneath approximately 25 percent of the 
bottom area of the cell, calculated as a width of 70 feet (three strips of geotextile) 
along the entire length of the cell. The leak detection system would consist of  80-mil 
HDPE liner, one foot of drain sand, and a 6-inch perforated HDPE drain pipe. 

 Drain rock and 6-inch perforated HDPE drain pipe would be placed along the 
leachate collection trench. 

 Filter fabric would placed to prevent finer material from entering the leachate col-
lection trench. 

 A geosynthetic clay liner (GCL) would be placed along the bottom of the cell 
(113,400 square feet). 

 The GCL would be covered with 60-mil HDPE liner and one foot of drain sand. 

 Excavated material would be placed in lifts, graded, and compacted within the dis-
posal cell. 

 The disposal cell would be covered with a 60-mil HDPE liner, 2 feet of uncontami-
nated soil, and hydroseeded, over an area of 130,000 square feet. 

 Approximately 140 feet of 6-inch piping would be included to transport collected 
leachate from the onsite disposal cell to the mine area treatment plant. 

 Approximately 1,500 feet of diversion ditches would be constructed around the 
onsite disposal cell and lined with geotextile and riprap. 

 Groundwater monitoring would consist of the installation of four groundwater 
monitoring wells for a lump sum of $5,000 each.  

10. Assumptions related to surface-water monitoring are the same as those detailed in 
Alternative 2-2.  

11. Assumptions related to road improvements include:  

 The main mine access road on the mine property would be widened and paved. A 
culvert and drainage ditch would be constructed in association with the access road. 

 Paved roads would provide access to the treatment plant and base of tailings. 

 Gravel roads would provide access to and around the onsite disposal cell. 

C.2.2.5 Alternative 2-6 

1. Assumptions related to excavation and hazard abatement of the mine buildings are the 
same as those detailed for Alternative 2-4. 

2. Assumptions related to surface-water diversion above the mine shaft are the same as 
those detailed in Alternative 2-2. 



APPENDIX C. SUMMARY OF ASSUMPTIONS USED IN PREPARING COST ESTIMATES 

C-24 RDD/032890002 (CAH2487.DOC) 

3. Assumptions related to pumping of the mine workings and collection and treatment of 
adit seepage are the same as those detailed for Alternative 2-5. 

4. Assumptions related to the excavation of the tailings are the same as those detailed in 
Alternative 2-5. 

5. Assumptions related to regrading, covering, and vegetating waste rock remaining onsite 
include: 

 An area of 365,000 square feet would be regraded. 

 The area would be covered with 1 foot of uncontaminated soil.  

 The area would be vegetated. 

6. Assumptions related to the restoration of Little Clipper Creek channel are the same as 
those detailed for Alternative 2-5. 

7. Assumptions related to channelizing the western drainages include: 

 A diversion channel would be constructed above the mine area to direct surface 
water around the area of demolished mine buildings to the restored LCC channel. 
The total length of the channel is estimated as 1,000 feet. 

 The channel would have a bottom width of 5 feet, 2:1 sideslopes, and a depth of 
3 feet, for a total linear width of 18.4 feet. 

 For channel preparation, it is assumed that excavation of the entire depth of the 
channel would be required (channels or diversions do exist in some locations but are 
small, and portions of the diversions are underground) 

 Excavated material would be incorporated with waste rock onsite for covering and 
revegetation. 

 All tested tailings samples have passed TCLP tests, and only one failed STLC testing. 
It is assumed tailings would not be considered a state or RCRA hazardous waste and 
would be disposed of in a Class II disposal facility. The cost estimate is based on dis-
posal in Forward Landfill.  

8. Assumptions related to surface-water monitoring are the same as those detailed in 
Alternative 2-2. 

9. Assumptions related to road improvements include:  

 The main mine access road on the mine property would be widened and paved. A 
culvert and drainage ditch would be constructed in association with the access road. 

 Paved roads would provide access to the treatment plant and base of tailings. 

 Gravel road would provide access to the mine buildings during excavation activities. 

 Paved portions of Tensy Lane, Lava Cap Mine Road, and Greenhorn Road used 
during excavation and disposal activities would be repaired with a 2-inch-thick AC 
overlay. 
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 Traffic measures and road maintenance are included as a lump sum of $25,000. 

C.2.3 Little Clipper Creek Alternatives 
No cost was developed for the Alternative 3-1, the no-action alternative for Little Clipper 
Creek. 

C.2.3.1 Alternative 3-2 

1. Assumptions related to access and use restrictions include: 

 Access and use of the entire creek length would be restricted to prevent human con-
tact with tailings-impacted sediment or surface water. Signs would be posted 
approximately every 150 feet over 1,700 feet, which includes both sides of the 
primary area of deposition. 

 An annual cost would be incurred for site inspections, property transaction verifica-
tion, and maintenance of signage.  

2. Assumptions related to surface-water monitoring include: 

 Surface-water monitoring would be conducted quarterly. 

 One surface-water sample would be taken from one location within Little Clipper 
Creek just upstream of the confluence with Clipper Creek during each sampling 
round. 

 Four QA/QC samples would be taken during each sampling round. 

C.2.3.2 Alternative 3-3 

1. Assumptions related to land use restrictions include: 

 No signs would need to be posted along LCC because areas containing tailings-
impacted sediment would be covered with uncontaminated soil. 

 An annual cost would be incurred for site inspections and property transaction 
verification.  

2. Assumptions related to channelizing Little Clipper Creek include: 

 LCC would be channelized through the primary area of deposition, over a total 
length of 850 feet. 

 The channels would have bottom widths of 10 feet, 2:1 sideslopes, and depths of 
5 feet, for a total linear width of 32.4 feet. 

 For channel preparation, an average of 2.5 feet of soil would needs to be excavated 
over the area of the channel.  

 Excavated sediment would be consolidated onsite and placed under a soil cap. 

 During construction activities, LCC would be diverted around the area of construc-
tion by damming LCC using sand bags covered with a synthetic liner and diverting 
LCC with 6-inch piping. 
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3. Assumptions related to capping contaminated sediment include: 

 Sediment outside of the LCC channel would be capped in the primary area of depo-
sition, over a total area of 28,000 square feet. 

 Sediment would be capped with 2 feet of uncontaminated soil, for a total volume of 
2,060 cy, to be provided by a local source. 

 The capped area would be graded and revegetated. 

4. Assumptions related to access and haul roadwork include: 

 Access roads would need to be constructed over the total length of the areas requir-
ing capping and channel construction, resulting in construction of 450 feet of road 
north of Tensy Lane. 

 Approximately 600 feet of Tensy Road would require cleaning and sweeping and a 
2-inch-thick asphalt overlay. 

 Traffic measures and road maintenance are included as a lump sum of $30,000. 

5. Assumptions concerning surface-water monitoring would be the same as described for 
Alternative 3-2. 

C.2.3.3 Alternative 3-4 

1. Assumptions concerning the cost of excavation of contaminated sediment include: 

 An average of 1 foot of sediment would be excavated over an area of 53,000 square 
feet, for a total volume of 2,000 cy. 

 A total of 17 confirmation soil samples would be taken (two samples every 
10,000 square feet of excavation, 25 percent of excavation area would require 
re-excavation and further sampling, and seven QA/QC samples would be taken). 

 An erosion control blanket would be placed over a width of 30 feet along the exca-
vated creek channel 

 An excavated area of 53,000 square feet would be revegetated. 

 Excavated sediment would be classified as non-hazardous. Disposal would be 
dependent on the tailings in the mine area, and would include one of the following: 
(a) consolidation with the tailings and waste rock pile for regrading or capping, 
(b) disposal in a Class II landfill, or (c) disposal in an onsite disposal cell.  

 The capital cost of consolidation with tailings and waste rock pile for regrading or 
capping is based on haul distance cost of backfilling and grading. It is assumed the 
area of regrading, vegetation, and/or capping would not be affected by the small 
volume of soil excavated under Alternative 3-4, and as a result, no additional capital 
costs or O&M costs would be incurred for consolidation with the tailings and waste 
rock pile. 
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 Hauling: The average haul distance for excavated sediment is 4,000 feet, and the 
cost of excavating and hauling using a scraper crew is assumed to be $4.50/cy. 

 Backfill and Grading: The cost of backfill, grading, and compaction is assumed to 
be $4.85/cy. 

 Offsite disposal costs were based on an estimate for disposal in Forward Landfill and 
a bulk density of sediment of 1.5 tons/cy. 

 The cost of onsite disposal is based on the haul distance and the cost per cubic yard 
of capital and O&M costs for the mine area disposal cell. The estimated costs of 
onsite disposal are: 

 Hauling and Placement: The average haul distance for excavated sediment is 
approximately 4,000 feet, and the cost of excavating and hauling using a scraper 
crew was assumed to be $4.50 per cy. The cost of placement in lifts and compac-
tion is assumed to be $4.85/cy. 

 Capital: The capital cost of the onsite disposal cell was prorated for 2,000 cy based 
on the design volume of 62,500 cy. 

 O&M: The annual O&M cost for the disposal cell is assumed to be 1 percent of 
the capital cost of the cap. The capital cost for the cap was prorated for 2,000 cy 
based on the design volume of 62,500 cy. 

 During excavation activities, LCC would be diverted around the area of excavation 
by damming LCC using sand bags covered with a synthetic liner and diverting LCC 
with 6-inch piping. 

2. Access and haul roadwork would be required and includes the same assumptions as 
Alternative 3-3. 

3. Assumptions concerning surface-water monitoring would be the same as described for 
Alternative 3-2. 
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APPENDIX D 

Potentially Applicable or Relevant and 
Appropriate Requirements 

Remedial actions under CERCLA must meet or exceed any state or federal standards, 
requirements, criteria, or limitations that are determined to be legal “applicable or relevant 
and appropriate requirements” (ARARs). This section discusses ARARs for the remedial 
alternatives that are being evaluated for the Lava Cap FS. Section 121(d) of CERCLA, 
42 U.S.C. §9621(d) requires that remedial response actions selected under CERCLA attain a 
level or standard of control of hazardous substances that complies with ARARs of federal 
environmental laws and more stringent state environmental and facility siting laws. 

The identification of ARARs is an iterative process throughout the RI/FS. The final deter-
mination of ARARs will be made by EPA as part of the selection of the remedy and will take 
into account public comment. Therefore, the federal and state statutes and regulations iden-
tified in this FS are identified as potential ARARs and are not intended to serve as the final 
determination of all ARARs for the site.  

Specific ARARs information for this report is organized into three primary categories: 
chemical-specific, location-specific, and action-specific. These categories provide the basis 
for determining the objectives and goals of remedial actions and how they must be imple-
mented. Within each category, the federal requirements are addressed first, followed by 
state requirements. 

D.1 Basic ARAR Concepts 
Key terms relating to ARARs are listed and defined below. Additional general information 
regarding ARARs may be found in EPA's CERCLA Compliance with Other Laws Manual (EPA, 
1989). Specific ARARs issues are also discussed in the March 8, 1990, Federal Register notice 
publishing the final rule for the NCP (Federal Register, 1990). 

ARARs. ARARs include “applicable” and “relevant and appropriate” requirements. In addi-
tion to these promulgated standards, EPA may also use guidance and health advisories as 
matters “to be considered.” 

Applicable Requirements. Applicable requirements are those cleanup standards, standards of 
control, and other substantive requirements, criteria, or limitations promulgated under fed-
eral or state environmental or facility siting laws that specifically address a hazardous sub-
stance, pollutant, contaminant, remedial action, location, or other circumstance found at a 
CERCLA site. “Applicability” implies that the remedial action or the circumstances at the 
site satisfy all of the jurisdictional prerequisites of a requirement. 

Relevant and Appropriate Requirements. Relevant and appropriate requirements are those 
cleanup standards, standards of control, and other substantive environmental protection 
requirements, criteria, or limitations promulgated under federal environmental or state 
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environmental or facility siting laws that, while not “applicable” to a hazardous substance, 
pollutant, contaminant, remedial action, location, or other circumstance at a CERCLA site, 
address problems or situations sufficiently similar to those encountered at the CERCLA site 
that their use is well-suited to the particular site. 

To-Be-Considered Guidance, Criteria, and Advisories (TBCs). TBCs are non-promulgated 
advisories or guidance issued by federal or state government that are not legally binding 
and do not have the status of potential ARARs. TBCs may be considered along with ARARs 
and may be useful in developing CERCLA remedies. 

State Requirements as ARARs. CERCLA provides that state requirements may be used as 
ARARs for Superfund sites. To be considered an ARAR, the state requirement must be 
promulgated, it must be more stringent than federal requirements, and the state must iden-
tify the ARAR to EPA in a timely manner. 

Permit Exemptions. CERCLA §121(e), 42 U.S.C. §9621(e), states that no federal, state, or local 
permits are required for remedial actions conducted entirely onsite. However, unless subject 
to a waiver, onsite remedial actions must meet the ARAR's substantive requirements. Any 
action that takes place offsite is subject to the full requirements of federal, state, and local 
regulations. 

Chemical-Specific ARARs. These ARARs are usually health- or risk-based numerical values 
or methodologies which, when applied to site-specific conditions, result in the establish-
ment of numeric values. These values establish the acceptable amount or concentration of a 
chemical that may be found in, or discharged to, the ambient environment. 

Location-Specific ARARs. Location-specific ARARs are restrictions placed on the concentra-
tion of hazardous substances or the conduct of activities solely because they occur in special 
locations. Location-specific ARARs relate to the geographical or physical position of the site 
(e.g., presence of wetlands, endangered species, flood plains, etc.). 

Action-Specific ARARs. Action-specific ARARs are usually technology- or activity-based 
requirements or limitations on actions taken with respect to hazardous substances. 

Waiver Criteria for ARARs. CERCLA §121, 42 U.S. Code (U.S.C.) §9621, provides that under 
certain circumstances EPA may waive an ARAR. The waivers provided by CERCLA 
§121(d)(4), 42 U.S.C. §9621(d)(4) include the following criteria: 

 Interim Measures 
 Greater Risk to Health and the Environment 
 Technical Impracticability 
 Equivalent Standard of Performance 
 Inconsistent Application of State Requirements 
 Fund Balancing 

D.2 Potential Chemical-Specific ARARs and TBCs 
As discussed above, chemical-specific ARARs include those requirements that regulate the 
release to, or presence in, the environment for materials possessing certain chemical or 
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physical characteristics or containing specified chemical compounds. These requirements 
generally set health- or risk-based concentration limits or discharge limitations for specific 
chemicals. When a specific chemical is subject to more than one discharge or exposure limit, 
the more stringent of the requirements is used. Potential chemical-specific ARARs were 
identified on the basis of the COCs at the site and the media impacted. The COCs for each 
medium are identified in Section 1.0 of the Mine Area FS. The potential chemical-specific 
ARARs are summarized in Table D-1. The following sections present a discussion of poten-
tial chemical-specific ARARs and identify why these chemical values are potentially 
applicable and/or potentially relevant and appropriate. There are no chemical-specific 
ARARs that provide numerical cleanup criteria for COCs in soils and sediments at the Lava 
Cap Mine Site. Instead, site-specific risk assessments were conducted that serve as a basis 
for developing risk-based concentration limits.  

D.2.1 Surface Water 
Mine-related contaminants that are discharged to surface waters must comply with applica-
ble federal and state water quality criteria. EPA guidance states that federal water quality 
criteria for specific pollutants should generally be identified as ARARs for surface water 
cleanup if circumstances exist at a site that water quality criteria were specifically designed 
to protect, unless the state has promulgated corresponding water quality standards that 
apply to the water bodies at the site (see “ARARs Q's and A's: Compliance with Federal 
Water Quality Criteria,” EPA Pub. No. 9234.2-09/FS, June 1990). Potential ARARs and TBCs 
for surface water include the following: 

 California Toxics Rule (CTR) and National Toxics Rule (NTR) Criteria  

 Water Quality Control Plan (also known as the Basin Plan) for the Sacramento and San 
Joaquin River Basins  

 Safe Drinking Water Act and California Safe Drinking Water Act 

Each of these is discussed below. 

D.2.1.1 National Toxics Rule (NTR) Criteria 
Federal water quality criteria for priority pollutants have been established for non-ocean 
surface waters by the USEPA. Federal priority pollutant criteria have been promulgated by 
the USEPA in the 1992 National Toxics Rule (amended in 1995). In California, the criteria in 
the NTR are supplemented by the criteria contained in the California Toxics Rule (CTR) 
(discussed below). The CTR does not change or supersede any criteria previously promul-
gated for certain water bodies and pollutants in the NTR. The NTR criteria that were 
retained for those specific water bodies and pollutants are listed in the CTR table of criteria 
for convenience. 
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TABLE D-1 
Potential Chemical-specific ARARs 
Lava Cap Mine Feasibility Study 

Standard, Requirement, 
Criterion, or Limitation 

   

ARAR Status Description Comment 

National Drinking Water Stan-
dards maximum contaminant 
levels (MCL) 

40 CFR 300.430(e)(2)(I)(B) 

Safe Drinking Water Act 

Relevant and 
appropriate 

Establishes national primary drinking water stan-
dards, MCLs, to protect the quality of water in public 
water systems. MCLs represent the maximum con-
centrations of contaminants permissible in a water 
system delivered to the public. MCLs are generally 
relevant and appropriate when determining accept-
able exposure limits for current or potential sources of 
drinking water. 

National primary drinking water standards are 
health-based standards for public water systems 
(MCLs). The National Contingency Plan (NCP) 
defines MCLs as relevant and appropriate for water 
determined to be a current or a potential source of 
drinking water in cases where maximum contami-
nant level goals (MCLGs) are not ARARs. 

California Safe Drinking Water 
Standards (MCLs) 

State MCLs found in 22 CCR 
§64435 and §64444.5  

Applicable Establishes primary MCLs for contaminants that can-
not be exceeded in public water systems. In some 
cases the California drinking water standards are 
more stringent than the federal MCLs.  

Like federal MCLs, state MCLs are applicable as 
cleanup goals for waters determined to be a cur-
rent or a potential source of drinking water. State 
MCLs are referenced in the Basin Plan as the 
minimum standards for waters with a beneficial use 
of municipal or domestic supply. 

National Toxics Rule (NTR) and 
California Toxics Rule (CTR) 
40 CFR Part 131 

Applicable Establishes numeric aquatic life criteria and human 
health criteria for priority toxic pollutants. This 
regulation is applicable to inland surface waters, 
bays, and estuaries in California. 

This standard establishes criteria for surface water 
quality. Thus, it is applicable to surface waters at 
Lava Cap Mine.  

State Water Resources Control 
Board (SWRCB) Resolution 
68-16  

Applicable This resolution requires the continued maintenance of 
high-quality water of the state. Water quality may not 
be degraded below what is necessary to protect the 
“beneficial uses” of the water source. 

Remedial actions at Lava Cap Mine that involve 
discharges to surface water or surface water drain-
age courses must take into account the protection 
of beneficial uses and the maintenance of high-
quality waters in the area.  

SWRCB Resolution 92-49 Applicable Section III.G of this resolution states in part that dis-
chargers are required to clean up and abate the 
effects of discharges in a manner that promotes 
attainment of background water quality, or the best 
water quality that is reasonable if background levels 
cannot be restored. 

Remedial alternatives evaluated must consider 
attainment of the highest water quality that is eco-
nomically and technically achievable and protects 
beneficial uses. 

RWQCB’s Water Quality Control 
Plan for the Sacramento River 
and San Joaquin River Basins 
(Basin Plan) 

Applicable The Basin Plan for the Sacramento and San Joaquin 
River Basins, dated December 9, 1994, establishes 
beneficial uses for groundwater and surface water, 
water quality objectives designed to protect those 
beneficial uses, and implementation plans to achieve 
water quality objectives.  

The narrative water quality objectives described in 
the Basin Plan are considered ARARs. Numeric 
values based on nonpromulgated guidance docu-
ments and developed on a site-by-site basis are 
not considered ARARs, but may be recognized as 
TBCs.  
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D.2.1.2 California Toxics Rule (CTR) Criteria 
Section 303(c)(2)(B) of the Clean Water Acts requires that states adopt numeric water quality 
criteria for priority pollutants as part of the state’s water quality standards. The Inland Sur-
face Waters Plan (ISWP) and the Enclosed Bays and Estuaries Plan (EBEP) of April 1991 
together with the RWQCB Basin Plans created a set of water quality standards for California 
that were intended to satisfy the Section 303(c)(2)(B) requirement. The ISWP and the EBEP 
contained the priority toxic pollutant criteria, and the Basin Plans contained the designated 
uses for water bodies as well as conventional pollutant objectives. EPA approved the plans 
but noted lack of criteria for some pollutants. These disapproved aspects were included in 
EPA’s 1992 promulgation of the National Toxics Rule (NTR) . 

In 1994, the SWRCB rescinded the ISWP and the EBEP in response to a court ruling invali-
dating the plans (the Basin Plans remain in effect). At that point, California was without 
statewide water quality standards for the majority of priority pollutants for the State's non-
ocean surface waters. Because the State was not fully implementing the requirements of 
Section 303(c )(2)(B), EPA promulgated the California Toxics Rule (CTR) in May 2000 to 
replace the criteria that were rescinded by the State court. The NTR also remains in effect in 
California for certain water bodies and pollutants. The water quality criteria promulgated 
under the CTR are applicable to discharges to water bodies impacted by Lava Cap Mine and 
are presented in Table D-1. 

EPA and the SWRCB have agreed to pursue a collaborative approach to reestablishing the 
regulatory framework for water quality standards in California. This approach consists of 
two phases, the first of which involves the adoption of statewide measures to implement the 
water quality criteria established in the CTR. In Phase 2, the SWRCB will consider the adop-
tion of appropriate statewide water quality objectives for toxic pollutants.  

Phase 1 was completed when, on March 2, 2000, the State Water Resources Control Board 
adopted the Policy for Implementation of Toxics Standards for Inland Surface Waters, Enclosed 
Bays, and Estuaries of California (Policy). This state Policy applies to dischargers of toxic pol-
lutants into the inland surface waters, enclosed bays, and estuaries of California . The Policy 
establishes implementation provisions for priority pollutant criteria promulgated by the 
EPA through CTR and the NTR (those previously promulgated for specific water bodies), 
and for priority pollutant objectives established by the Regional Water Quality Control 
Boards in their water quality control plans. This policy is applicable to the implementation 
of water quality criteria selected for Lava Cap Mine. 

D.2.1.3 Water Quality Control Plan for the Sacramento and San Joaquin River Basins 
The State of California, as authorized by EPA, established water quality objectives for the 
protection of groundwater and surface water under the Porter-Cologne Water Quality Con-
trol Act. These water quality objectives are established by the California Regional Water 
Quality Control Boards (RWQCBs) for each basin and are based on the beneficial use(s) of 
the waters. The Water Quality Control Plan (also known as the Basin Plan) for the Sacra-
mento and San Joaquin River Basins, dated December 9, 1994 (amended twice and reissued 
in 1998), establishes beneficial uses for groundwater and surface water as well as water 
quality objectives (the “criteria” under the Clean Water Act) designed to protect those bene-
ficial uses. The Basin Plan describes implementation plans and other control measures 
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designed to ensure compliance with statewide plans and policies and provides comprehen-
sive water quality planning.  

Little Clipper Creek, and discharges thereto, are surface waters located within the project 
area that have been effected by mine tailings and adit discharges and will be addressed by 
the remedial alternatives proposed in this FS. Little Clipper Creek is an undesignated water 
body within the Sacramento and San Joaquin River Basin. Little Clipper Creek is a tributary 
to Little Greenhorn and Greenhorn Creeks, which are tributaries to the Bear River. The Bear 
River is specifically identified in the Basin Plan, and its beneficial uses include: 

 Municipal and domestic supply (MUN) 
 Agricultural supply (AGR) 
 Industrial service supply (IND) 
 Contact and non-contact water recreation (REC-1 and REC-2) 
 Warm and cold freshwater habitat (WARM and COLD) 
 Wildlife habitat (WILD) 

Under the Basin Plan, water bodies within the basins that do not have designated beneficial 
uses are assigned MUN designations at a minimum (i.e., municipal and domestic water 
supply) in accordance with the provisions of State Water Board Resolution No. 88-63 (unless 
the exemptions in Resolution 88-63 apply). Based on the characteristics and location of Little 
Clipper Creek, additional beneficial uses likely apply, which include the designated benefi-
cial uses of the Bear River noted above.  

The Basin Plan also contains water quality objectives for physical parameters. Table D-2 pre-
sents the relevant criteria for physical parameters that have been identified for surface 
waters in the Lava Cap Mine area.  

TABLE D-2 
Potential State of California Physical Parameters Criteria in Surface Water 
Lava Cap Mine Feasibility Study 

Parameter Criteria for Warm and Cold Freshwater Habitat 

 pH 6.5 to 8.5 pH unit 
Changes in normal ambient pH levels shall not exceed 0.5 

Dissolved Oxygen >5 mg/L 

Sediment The suspended sediment load and suspended sediment discharge rate of surface 
waters shall not be altered in such a manner as to cause nuisance or adversely 
affect beneficial uses. 

Turbidity Increases in turbidity attributable to controllable water quality factors shall not 
exceed the following limits: Where natural turbidity is between 0 and 5 nephelo-
metric turbidity units (NTUs), increases shall not exceed 1 NTU; where natural 
turbidity is between 5 and 50 NTUs, increases shall not exceed 20 percent; Where 
natural turbidity is between 50 and 100 NTUs, increases shall not exceed 10 NTU; 
where natural turbidity is greater than 100 NTUs, increases shall not exceed 10 
percent. 
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D.2.1.4 Safe Drinking Water Act 
The Safe Drinking Water Act establishes national primary drinking water standards, Maxi-
mum Contaminant Levels (MCLs), to protect the quality of water in public water systems. 
MCLs are enforceable standards and represent the maximum concentrations of contami-
nants permissible in a water system delivered to the public. Because MCLs are enforced at 
the point where water is delivered to the public, MCLs are rarely applicable to remedial 
actions at Superfund sites (55 Federal Register 8750). However, MCLs are generally relevant 
and appropriate when determining acceptable exposure limits for waters that are a current 
or potential source of drinking water [(40 CFR 300.430(e)(2)(i)(B)]. For the Lava Cap Mine 
FS, MCLs will be relevant and appropriate as cleanup criteria for the water bodies in the 
Lava Cap Mine project area because, according to the Basin Plan, these water bodies are 
potential sources of drinking water. In the case of inorganic compounds, the natural back-
ground concentrations will also be considered when developing preliminary cleanup goals 
(e.g., in cases where the background concentrations are greater than MCLs). 

California drinking water standards, under the Safe Drinking Water Act, establish primary 
MCLs for contaminants that cannot be exceeded in public water systems. The California 
drinking water MCLs are, in some cases, more stringent than the national MCLs and, in other 
cases, less stringent than the national standards. Thus, the more stringent limit would be deter-
mined on a chemical-by-chemical basis. The natural background concentrations for inorgan-
ics are also considered when evaluating impacts to waters, as it is not required or expected 
that remedial actions achieve cleanup criteria less than background.  

D.3 Potential Location-Specific ARARs 
Location-specific ARARs are those requirements that relate to the geographical position or 
physical condition of the site. These requirements may limit the type of remedial action that 
can be implemented or may impose additional constraints on some remedial alternatives. 
The major location-specific ARARs that could affect remedial actions are categorized and 
briefly described below. Potential location-specific ARARs for the site are summarized in 
Table D-3. 

D.3.1 National Historic Preservation Act, National Historic Landmarks 
Program, and National Register of Historic Places 

The National Historic Preservation Act (NHPA), 16 U.S.C. §470, requires federal agencies to 
take into account the effect of any federally assisted undertaking or licensing on any district, 
site, building, structure, or object that is included in or eligible for inclusion in the National 
Register of Historic Places (NRHP). Criteria for evaluation are included in 36 CFR Part 60.4. 
The Lava Cap Mine site has not been designated as having historic value to warrant inclu-
sion in the NRHP. If an eligible structure were encountered, the procedures for protection of 
historic properties set forth in Executive Order 11,593 entitled “Protection and Enhancement 
of the Cultural Environment” and in 36 CFR Part 800, 36 CFR Part 63, and 40 CFR Part 
6.301(c) are potentially applicable.  
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TABLE D-3 
Potential Location-Specific ARARs  
Lava Cap Mine Feasibility Study  

Citation Summary of Requirement Evaluation 

National Historic Preservation Act (16 
U.S.C. 470 et seq.; 36 CFR Part 800; 
40 CFR 6.301(b); Executive Order 
11593); National Historic Landmarks 
Program (36 CFR Part 65); National 
Register of Historic Places (36 CFR 
Part 60) 

Federal agencies must identify possible effects of proposed remedial activities on 
historic properties (cultural resources). If historic properties or landmarks eligible for, 
or included in, the National Register of Historic Places exist within remediation areas, 
remediation activities must be designed to minimize the effect on such properties or 
landmarks. 

Potentially applicable. 

Archaeological and Historical Preser-
vation Act (16 U.S.C. 469 et seq., 40 
CFR 6.301(c)) 

Establishes procedures to provide for preservation of historical and archeological data 
that might be destroyed through alteration of terrain as a result of federal construction 
project or a federally licensed activity or program. Presence or absence of such data 
on the site must be verified. If historical or archaeological artifacts are present in 
remediation areas, the remedial actions must be designed to minimize adverse effects 
on the artifacts. 

Potentially applicable. 

Archaeological Resources Protection 
Act of 1979 (16 U.S.C. 470aa-ii; 43 
CFR7) 

Steps must be taken to protect archaeological resources and sites that are on public 
and Indian lands and to preserve data. Investigators of archaeological sites must fulfill 
professional requirements. Presence of archaeological sites are to be identified. 

Potentially applicable. 

Endangered Species Act, 16 U.S.C. 
1531 et seq., 50 CFR 402; 40 CFR 
6.302(h))  

Protects endangered or threatened species and their habitat. If endangered or threat-
ened species are in the vicinity of remediation work, U.S. Fish and Wildlife Service 
(USFWS) must be consulted and the remediation activities must be designed to con-
serve endangered or threatened species and habitats. 

Potentially applicable. 

Fish and Wildlife Conservation Act 
(16 U.S.C. 2901 et seq. And 50 CFR 
83) 

Federal departments and agencies required to use their statutory and administrative 
authority to conserve and promote conservation of non-game fish and wildlife and 
their habitats. Non-game fish and wildlife are defined as fish and wildlife that are not 
taken for food or sport, that are not endangered or threatened, and that are not 
domesticated. 

Potentially applicable.  

Fish and Wildlife Coordination Act (16 
U.S.C. 661 et seq. And 40 CFR 
6.302(g)) 

Requires consultation with USFWS (and State of California Department of Fish and 
Game (CDFG)) when any federal department or agency proposes or authorizes any 
modification of stream or other water body greater than 10 hectares; requires ade-
quate provisions for protection of fish and wildlife resources). Certain remedies may 
result in the temporary or permanent modification of naturally occurring water bodies 
and may require the construction of mitigated wetlands in other areas.  

Potentially applicable. 
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TABLE D-3 
Potential Location-Specific ARARs  
Lava Cap Mine Feasibility Study  

Citation Summary of Requirement Evaluation 

Fish and Game Code Section 1600 
and 1603 

Requirements for construction by, or on behalf of any State or local agency or public 
utility that will change the natural flow or use material from the beds or result in dis-
posal into designated waters. 

Potentially applicable. 

Fish and Game Code Section 3005 Prohibits the taking of any animal or bird with poison. An ecological assessment 
should evaluate potential effects of the contamination present and the planned 
response action. 

Potentially applicable. 

Fish and Game Code Section 5650 Provides among other prohibitions, that “It is unlawful to deposit in, permit into, or 
place into the waters of this state …substance or material deleterious to fish, plant life, 
or bird life.” The actions taken at the Lava Cap Mine are intended to prevent the con-
tinuing discharge so that it is no longer deleterious to fish.  

Potentially applicable. 

Fish and Game Code Section 5651 Requires CDFG to cooperate with the RWQCB to correct “chronic water problems.” 
The proposed actions at the site are consistent with the intent of this section. 

Potentially applicable. 

Clean Water Act (Section 404) - 
Dredge or Fill Requirements (33 
U.S.C. 1251-1376; 40 CFR 230)  

Establishes requirements that limit the discharge of dredged or fill material into waters 
of the United States. EPA guidelines for discharge of dredged or fill materials in 
40 CFR 230 specify consideration of alternatives that have fewer adverse impacts 
and prohibit discharges that would result in exceedence of surface water quality stan-
dards, exceedence of toxic effluent standards, and jeopardy of threatened or endan-
gered species. Special consideration required for “special aquatic sites” defined to 
include wetlands.  

Potentially applicable.  

Protection of Floodplains (Executive 
Order 11988; 40 CFR 6.302(b); 
40 CFR Part 6, Appendix A) 

Requires federal agencies to evaluate the potential effects of action they may take in 
a floodplain to avoid the adverse impacts associated with direct and indirect develop-
ment of a floodplain. 

Potentially applicable for 
activities that may occur 
within the 100-year 
floodplain. 

Protection of Wetlands (Executive 
Order 11990; 40 CFR 6.302(a); 
40 CFR Part 6, Appendix A) 

Requires federal agencies to take action to avoid adversely affecting wetlands, to 
minimize wetlands destruction, and to preserve the value of wetlands.  

Potentially applicable if 
wetlands are identified.  

Notes: 
ARAR – applicable or relevant and appropriate requirement 
CFR – Code of Federal Regulations 
CDFG – California Department of Fish and Game 
USFWS – U.S. Fish and Wildlife Service 
U.S.C. – U.S. Code  
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D.3.2 Archaeological and Historic Preservation Act and 
Archaeological Resources Protection Act 

The Archaeological and Historic Preservation Act (AHPA), 16 U.S.C. §469, and the 
Archaeological Resources Protection Act (ARPA), 16 U.S.C. §470, established procedures to 
preserve and protect archaeological resources. The first provides for preservation of histori-
cal and archaeological data that might be destroyed through alteration of terrain as a result 
of a federal construction project or a federally licensed activity or program. The second pre-
scribes steps taken by investigators to preserve data. If remedial activities would cause 
irreparable loss or destruction of significant scientific, prehistoric, historical, or archaeologi-
cal data, mandatory data recovery and preservation activities would be necessary. The 
implementing regulations [40 CFR 6.301(c) and 43 CFR 7] would be potentially applicable if 
eligible structures were identified. 

D.3.3 Endangered Species Act 
The Endangered Species Act (ESA), 16 U.S.C. §1531, et seq., requires consultation with the 
resource agencies for remedial actions that may affect these species. Section 7 of the ESA 
requires that federal agencies consider whether their actions will jeopardize the existence of 
species that are listed as threatened or endangered by the U.S. Fish and Wildlife Service  
(USFWS) or the National Marine Fisheries Service (NMFS). EPA is complying with the con-
sultation provisions of the ESA, and is proposing selection of a remedial action that will 
provide the necessary level of protection for affected species. The ESA would be considered 
as potentially applicable. 

D.3.4 Fish and Wildlife Conservation Act and  
Fish and Wildlife Coordination Act 

The Fish and Wildlife Conservation Act, 16 U.S.C. §§2901, requires federal agencies to use 
their authority to conserve and promote conservation of non-game fish and wildlife. The 
Fish and Wildlife Coordination Act, 16 U.S.C. §§661-666, requires federal agencies involved 
in the control or structural modification of any natural stream or body of water to take 
action to protect fish and wildlife resources that may be affected by the selected remedial 
action. The Fish and Wildlife Conservation Act and the Fish and Wildlife Coordination Act 
and their implementing regulations (50 CFR 83 and 40 CFR 6.302(g)) are potentially applica-
ble to site remediation activities.  

D.3.5 Clean Water Act (Section 404) 
Section 404 of the CWA, 33 U.S.C. §1344, requires a permit for the discharge of dredged or 
fill material into waters of the United States. Clipper Creek, Little Clipper Creek, and Lost 
Lake are considered “waters of the United States.” Substantive CWA requirements are 
potentially applicable to remedial alternatives proposed in this FS. 

Activities associated with a selected remedy that might trigger Section 404 requirements 
include road construction, sediment removal, and surface-water diversions. The Guidelines 
for Specification of Disposal Sites for Dredged or Fill Material [40 CFR Part 230, Section 404(b)(1)] 
define requirements that limit the discharge of dredged or fill material into the aquatic envi-
ronment or aquatic ecosystems. These guidelines specify consideration of alternatives that 
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have fewer adverse impacts and prohibit discharges that would result in exceedence of sur-
face-water quality standards, exceedence of toxic effluent standards, and jeopardize threat-
ened or endangered species. Actions that can be taken to minimize potential adverse 
impacts of the discharge on the aquatic ecosystem are specified in Subpart H of 40 CFR 230, 
and include: 

 Confining the discharge’s effects on aquatic biota 
 Avoiding disruptions of periodic water inundation patterns 
 Selection of disposal site and method of discharge 
 Minimizing or preventing standing pools of water 

D.3.6 Executive Order on Floodplain Management 
The Executive Order on Floodplain Management, Executive Order No. 11,988, requires that 
federal agencies evaluate the potential effects of actions that may take place in a floodplain 
to avoid, to the extent possible, adverse effects associated with direct and indirect develop-
ment of a floodplain. EPA's regulations to implement this Executive Order are set forth in 
40 C.F.R. §6.302(b). In addition, EPA has developed guidance entitled “Policy on Floodplains 
and Wetlands Assessments for CERCLA Actions,” dated August 6, 1985 (EPA, 1985b). The 
requirements of this regulation are potentially applicable if any remedial activities affect the 
floodplain at the site. 

D.3.7 Executive Order on Protection of Wetlands 
The Executive Order on Protection of Wetlands, Executive Order No. 11,990, requires that 
federal agencies avoid, to the extent possible, adverse impacts associated with the destruc-
tion or loss of wetlands and to avoid support of new construction in wetlands if a practica-
ble alternative exists. EPA's regulations to implement this Executive Order are set forth in 40 
C.F.R. §6.302(a). In addition, EPA has developed guidance entitled “Policy on Floodplains and 
Wetlands Assessments for CERCLA Actions” (EPA, 1985b). If wetlands are encountered at the 
Lava Cap Mine site, these requirements would be potentially applicable. 

D.4 Action-Specific ARARs 
Action-specific ARARs are requirements that define acceptable containment, treatment, 
storage and disposal criteria and procedures. These ARARs generally set performance, 
design, or other similar action-specific controls or restrictions on particular kinds of activi-
ties. These requirements are activated by the particular remedial actions selected to accom-
plish a remedy. The action-specific requirements do not in themselves determine the 
remedial alternative; rather, they indicate how, or to what level, a selected alternative must 
achieve the requirements. 

A preliminary list of potential action-specific ARARs is summarized in Table D-4. These 
ARARs serve as a starting point. Other potential action-specific ARARs are typically devel-
oped and evaluated more closely as the selected remedy(ies) are identified and become 
final. 
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TABLE D-4 
Potential Action-Specific ARARs 
Lava Cap Mine Feasibility Study 

Citation Summary of Requirement Evaluation 

RCRA Bevill Exemption – RCRA 
Section 3001(b)(3)(A)(ii), 42 U.S.C. 
6921(a)(3)(A)(ii), 40 CFR 261.4(b)(7) 

The Bevill exclusion, codified in 40 C.F.R. §261.4(b)(7), provides that “[s]olid waste 
from the extraction, beneficiation and processing of ores and minerals (including 
coal), including phosphate rock and overburden from the mining of uranium ore [are 
not hazardous wastes].”  

Potentially applicable to mine 
tailings and contaminated soil 
and sediment at the site. 

RCRA Subtitle C—Hazardous Waste 
Identification and Listing of Hazard-
ous Waste (22 CCR, Division 4.5, 
Chapter 11) 

A solid waste is hazardous if it exhibits any of the characteristics of a hazardous 
waste; i.e., ignitability, corrosivity, reactivity, and toxicity as determined by a toxicity 
characteristic leaching procedure (TCLP). If a waste is deemed to be hazardous, 
then substantive requirements of 22 CCR 66262, Generator Requirements, are 
applicable.  

Potentially applicable to any 
hazardous waste (other than 
Bevill-exempted waste) gen-
erated at the site.  

Land Use Covenants Regulations (22 
CCR, Division 4.5, Chapter 39, 
Section 67391.1) 

Regulations specify that a land use covenant (LUC) imposing appropriate limitations 
on land use shall be executed and recorded when hazardous materials, hazardous 
wastes or constituents, or hazardous substances will remain at the property at levels 
which are not suitable for unrestricted use of the land. The regulations clarify when it 
is appropriate to establish LUCs; require that LUCs be recorded; and sign and record 
LUCs for properties owned by the federal government. 

Applicable to access and land 
use restrictions. 

Northern Sierra Air Quality Manage-
ment District (AQMD) Rules 205 
(nuisance) and 225 (dust control).  

Rule 205: prohibits discharges of air contaminants that cause a nuisance. 

Rule 225: Remedial activities will be designed to take all reasonable precautions to 
prevent particulate matter from becoming airborne including, but not limited to, as 
appropriate, the use of water or chemicals as dust suppressants, the covering of 
trucks, and the prompt removal and handling of excavated materials. 

Potentially applicable. 

National Pollutant Discharge Elimi-
nation System (40 CFR Part 122)  

The National Pollutant Discharge Elimination System (NPDES) permit program con-
trols water pollution by regulating point sources that discharge pollutants into waters 
of the United States. 

Substantive portions are 
applicable to discharges to 
Little Clipper Creek. Onsite 
CERCLA Actions do not 
require a permit. 

40 CFR Parts 122, 123, 124, NPDES 
Permit Program as implemented by 
the California Stormwater Permit 
Program for Industrial Activities 
(SWRCB Order # 97-03-DWQ) 

Regulates pollutants in the discharge of stormwater associated with industrial activi-
ties, including treatment of waste. The requirements ensure that stormwater dis-
charges do not contribute to a violation of surface-water quality standards. 

Substantive portions are 
applicable to stormwater 
discharges to Little Clipper 
Creek. Onsite CERCLA 
Actions do not require a 
permit. 
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TABLE D-4 
Potential Action-Specific ARARs 
Lava Cap Mine Feasibility Study 

Citation Summary of Requirement Evaluation 

40 CFR Parts 122, 123, 124, NPDES 
Permit Program as implemented by 
the California Stormwater Permit 
Program for Construction Activities 
(SWRCB Order # 97-08-DWQ) 

Regulates pollutants in the discharge of stormwater associated with construction 
activities (clearing, grading, or excavation) impacting 5 acres or more. The require-
ments ensure that stormwater discharges do not contribute to a violation of surface-
water quality standards. 

Substantive portions are 
applicable to stormwater dis-
charges to Little Clipper 
Creek. Onsite CERCLA 
Actions do not require a 
permit. 

Mining closure requirements under 
Water Code §13172 

 

Group A and B waste piles – close in accordance with 27 CCR §21090 (a), (b), and 
(c). 

Group A and B surface impoundments – close in accordance with 23 CCR 21400(a) 
and (b)(1); some surface impoundments with clay liners may be closed in place. 

Group A and B tailings ponds – close in a accordance with §21090(a), (b), and (c) 
and 21400(a) 

Group C units – “closed in a manner that will minimize erosion and the threat of 
water quality degradation from sedimentation.”  

Potentially applicable. 

Water Code §13172; regulations 
promulgated thereunder [27 CCR 
22480(b)]  

Establishes three groups of mining wastes:  

 Group A – Mining wastes that must be managed as hazardous waste pursuant 
to Title 22, provided the Regional Board finds that such mining wastes pose a 
significant threat to water quality. 

 Group B – Mining wastes that consist of or contain hazardous wastes, that qual-
ify for a variance under Title 22, provided that the Regional Board finds that such 
mining wastes pose a low risk to water quality; and mining wastes that consist of 
or contain nonhazardous soluble pollutants of concentrations which exceed 
water quality objectives for, or could cause, degradation of waters of the State. 

 Group C - Mining wastes from which any discharge would be in compliance with 
the applicable water quality control, including water quality objectives, other than 
turbidity. 

The mining wastes generated at the site would need to be classified to determine the 
design parameters for a new onsite disposal unit (new mining unit) or the existing 
tailings impoundment (existing mining unit). 

Potentially applicable. 
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TABLE D-4 
Potential Action-Specific ARARs 
Lava Cap Mine Feasibility Study 

Citation Summary of Requirement Evaluation 

Toxic Pits Control Act (TPCA), Health 
and Safety Code § 25208, et seq. 

Prohibits the discharge of liquid hazardous waste or hazardous wastes containing 
free liquid into a surface impoundment. 

Potentially applicable. 

Notes: 
 
ARAR – applicable or relevant and appropriate requirement 
CCR – California Code of Regulations 
CFR – Code of Federal Regulations 
EPA - U.S. Environmental Protection Agency 
RCRA - Resource Conservation and Recovery Act 
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D.4.1 Exemption of Mining Waste from Hazardous Waste Regulations 
All of the waste streams generated at the Lava Cap Mine site relate in some manner to the 
historic mining operations at the site. As such, these waste streams are exempted under 
RCRA §3001(b)(3)(A)(ii), 42 U.S.C. §6921(a)(3)(A)(ii) (also known as the “Bevill Amend-
ment”). The Bevill exclusion, codified in 40 C.F.R. §261.4(b)(7), provides that “[s]olid waste 
from the extraction, beneficiation and processing of ores and minerals (including coal), 
including phosphate rock and overburden from the mining of uranium ore [are not hazard-
ous wastes].” In addition, any residues (i.e., sludge) generated from treatment of adit dis-
charge or seeps are also exempted because the residue is the direct result of “extraction” 
included under the Bevill Amendment. The handling and disposal of mine tailings, treat-
ment residues, or other wastes that are result of mineral extraction or beneficiation at the 
site are not subject to RCRA Subtitle C regulations or hazardous wastes regulations under 
the California Hazardous Waste Control Law. The California equivalent to the Bevill exclu-
sion can be referenced in Section 66261.4(b)(5) of Title 22. 

D.4.2 Toxic Pits Control Act  
Under Health and Safety Code § 25143.1, mining wastes are exempt from all provisions of 
the Health and Safety Code except for the requirements of the Toxic Pits Control Act  
(TPCA), Health and Safety Code § 25208, et seq. TPCA prohibits the discharge of liquid haz-
ardous waste or hazardous wastes containing free liquid into a surface impoundment. 
Although nominally subject to the requirements of the TPCA, mining wastes may qualify 
for some exemptions from regulation under TPCA. The RWQCB may grant an exemption 
for a surface impoundment into which mining waste is discharged if the surface impound-
ment does not pollute or threaten to pollute the waters of the state. A hydrogeologic 
assessment report is usually necessary for the Regional Board to consider an exemption.  

D.4.3 RCRA Subtitle C Hazardous Waste Identification and Generator 
Requirements 

The RCRA requirements for identification and listing of hazardous waste can be found in 
22 CCR, Division 4.5, Chapter 11. A hazardous waste is a RCRA hazardous waste if it 
exhibits any of the characteristics of ignitability, corrosivity, reactivity, or toxicity identified 
in 22 66261.21, 66261.22(a)(1). 66261.22(a)(2), 66261.23, and 66261.24(a)(1) or if it is listed as a 
hazardous waste in Article 4 of Chapter 11. Under the California RCRA program, wastes 
can be classified as non-RCRA, State-only, hazardous wastes if they exceed the Soluble 
Threshold Limit Concentration (STLC) or the Total Threshold Limit Concentration (TTLC) 
values listed in 22 CCR 66261.24(a)(2). It will be necessary to determine which wastes at the 
site are hazardous to determine the group classification of the wastes under the Water Code 
§13172, as discussed in the following section. 

In addition, if wastes, other than Bevill-exempt wastes, are generated at the Lava Cap Mine 
site (e.g., spent laboratory chemicals or treatment additives), and they exhibit characteristics 
of a hazardous waste, then the requirements of Title 22 would be applicable to those wastes. 
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D.4.4 Regional Board Regulation of Mining Waste 
Water Code §13172 and the regulations promulgated thereunder [27 CCR 22480(b)] estab‐

lish three groups of mining wastes as follows: 

 Group A – Mining wastes that must be managed as hazardous waste pursuant to 
Title 22, provided the Regional Board finds that such mining wastes pose a significant 
threat to water quality. 

 Group B – Mining wastes that consist of or contain hazardous wastes, that qualify for a 
variance under Title 22, provided that the Regional Board finds that such mining wastes 
pose a low risk to water quality; and mining wastes that consist of or contain nonhaz-
ardous soluble pollutants of concentrations which exceed water quality objectives for, or 
could cause, degradation of waters of the State. 

 Group C - Mining wastes from which any discharge would be in compliance with the 
applicable water quality control, including water quality objectives, other than turbidity. 

Remedial alternatives for the Lava Cap Mine site include the design and installation of an 
onsite disposal cell and construction of a buttress and capping the existing tailings 
impoundment. The mining wastes generated at the site would need to be classified to 
determine the design parameters for a new or existing onsite mining waste management 
unit. The wastes at Lava Cap Mine most likely would not be classified as Group A wastes, 
but may be considered Group B wastes. STLC and TCLP analyses on the tailings samples 
indicate that mining wastes contain nonhazardous levels of soluble pollutants. STLC and 
TCLP analyses were conducted on samples of tailings collected in August 2001 from four 
borings within the tailings and waste rock pile. The results of the analyses are presented in 
Table D-5. One sample (5GE04-1) marginally exceeded STLC limits, but did not exceed 
TCLP limits. The field duplicate sample collected from this location and the other samples of 
tailings did not exceed STLC limits. Arsenic was detected at a maximum concentration of 
1,200 mg/kg in subsurface soil samples collected in the same area (Locations 5B, 5D, 5E, and 
5I). 

TABLE D-5 
Lava Cap Analyses for STLC and TCLP in Subsurface Soil Samples Collected from the Tailings/Waste Rock Pile 
Lava Cap Mine Feasibility Study 

Location Sample Description 
Sample Depth 

(feet bgs) 

STLC Arsenic 
Concentration 

(mg/L) 

TCLP Arsenic  
Concentration 

(mg/L) 

5GE02-1 Tailings 13 1.9 0.4 

5GE03-1 Tailings 8 0.9 0.4 

5GE04-1 Tailings 10 6.6 0.082 

5GE04-1A Field Duplicate of 5GE04-1  1.4 0.3 

5GE05-1 Tailings 18 0.2 0.4 

Notes: STLC and TCLP limits for arsenic are 5.0 mg/L. Total arsenic was detected in subsurface soil samples 
collected in this same area (Locations 5B, 5D, 5E, and 5I) at concentrations up to 1,200 mg/kg. 
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Although mining wastes would likely be considered Group B wastes, the conceptual design 
criteria for onsite disposal will assume requirements for Group A wastes. Group A design 
criteria are selected to address community concerns and site-specific conditions. 

According to Group A criteria, the disposal of the wastes in an onsite disposal cell would be 
subject to the following restrictions for new mining waste management units:  

 Shall not be located on Holocene faults. 

 Shall be outside areas of rapid geologic change, but may be located there if containment 
structures are designed and constricted to preclude failure. 

 Floodplain siting criteria – located outside of the 100-year floodplain. 

 Construction standards – for waste piles, the pile must be underlain with a single clay 
liner (at least 1 x 10-7 permeability); surface impoundments and tailings ponds must be 
underlain with a double liner, both layers of which have at least 1 x 10-7 permeability. A 
blanket-type leachate collection and removal system (LCRS) is required. The liner and 
LCRS for tailings ponds must be able to withstand the ultimate weight of the wastes to 
be placed there. 

 Precipitation and drainage controls – one 25-year, 24-hour storm; precipitation that is 
not diverted shall be collected and managed through the required LCRS, unless the col-
lected fluid does not contain indicator parameters or waste constituents in excess of 
applicable water quality standards. 

 Monitoring – comply with conditions of 27 CCR §§20385 through 20430. 

The existing tailings impoundment would be subject to requirements for existing mining 
waste management units. According to Group A criteria, existing mining waste 
management units are  subject to the following restrictions: 

 Floodplain siting criteria – protect from 100-year peak streamflow. 

 Precipitation and drainage controls – one 25-year, 24-hour storm. 

 Monitoring – comply with conditions of 27 CCR §§20385 through 20430. 

Offsite disposal will be based on waste classification following STLC and TCLP testing. 

D.4.5 Closure of Mining Units  
Closure requirements for new mining waste units under the Water Code §13172 are as 
follows: 

 Group A and B wastes piles – close in accordance with 27 CCR §21090 (a), (b), and (c). 

 Group A and B surface impoundments – close in accordance with 23 CCR 21400(a) and 
(b)(1); some surface impoundments with clay liners may be closed in place. 

 Group A and B tailings ponds – close in a accordance with §21090(a), (b), and (c) and 
21400(a) 
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 Group C units – “closed in a manner that will minimize erosion and the threat of water 
quality degradation from sedimentation.” 

The closure requirements may be ARAR to units used to dispose of mining wastes onsite.  

D.4.6 National Pollutant Discharge Elimination System 
Permit Program and Waste Discharge Requirements 

New discharges of treated water to Little Clipper Creek must comply with the substantive 
portions of the National Pollutant Discharge Elimination System (NPDES) permit program. 
This permit program is generally administered by the RWQCB through the issuance of 
Waste Discharge Requirements (WDR). In accordance with CERCLA Section 121(e)(1), 
discharges of wastewater to land, surface water, or groundwater onsite do not require an 
NPDES permit, but may require substantive WDRs. “Onsite” refers to the areal extent of 
contamination and all suitable areas in proximity to the contamination necessary for imple-
mentation of the response action.  

D.4.7 Air Quality Requirements 
Remedial actions at Lava Cap Mine will require control of particulates. Under the Clean Air 
Act (CAA), the EPA has set forth National Ambient Air Quality Standards (NAAQS) that 
define levels of air quality necessary to protect public health (40 CFR Part 50). Lava Cap 
Mine is located within the Northern Sierra Air Quality Management District (AQMD). The 
District is required by state law to achieve and maintain the federal and state Ambient Air 
Quality Standards. Potentially applicable air regulations to this site and proposed remedial 
actions include: Rule 205 which prohibits discharges of air contaminants that cause a nui-
sance and Rule 225 which requires reasonable precautions to prevent dust emissions.  

D.4.7.1 Land Use Covenants 
DTSC’s Land Use Covenants Regulations, effective April 19, 2003, are included as 22 CCR 
§67391.1. These regulations apply only to DTSC and specify that a land use covenant (LUC) 
imposing appropriate limitations on land use shall be executed and recorded when 
hazardous materials, hazardous wastes or constituents, or hazardous substances will remain 
at the property at levels which are not suitable for unrestricted use of the land. The 
regulations clarify when it is appropriate to establish LUCs; require that LUCs be recorded; 
and sign and record LUCs for properties owned by the federal government. The regulations 
require all LUCs to be signed by DTSC and the landowner and to be recorded in the county 
where the land is located. All LUCs must run with the land and continue in perpetuity 
unless modified or terminated in accordance with applicable law. Regulations establish that 
DTSC will not approve a response action decision document which includes LUCs unless 
the covenants are clearly detailed and defined in the document. Response action decision 
documents are required to include an implementation plan and enforcement plan. The 
regulations require DTSC to provide public notice of the response action decision document, 
including notification of affected local and State agencies and the affected community. 
Under the regulation, DTSC may later modify or terminate LUCs if it determines such 
modification and termination is protective of public health and safety and the environment. 
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Background 
Lava Cap Mine site is located in the Clipper Creek basin near Grass Valley in Nevada 
County, Northern California. Little Clipper Creek (LCC) and Clipper Creek (CC) are the two 
main channels flowing through the basin. LCC originates from Banner Mountain (Elevation 
3899 feet) to the north and flows southerly past the mine site. Near the end of the mine site, 
a log dam was built to retain tailings onsite. For detailed information about LCC, please 
refer to the Lava Cap Mine Hydrologic Analysis memorandum, April 2001. 

CC originates northeast of the mine site at Elevation 3800 feet and flows in a southwesterly 
direction, bypassing the mine site. LCC flows into CC just upstream of Lost Lake and from 
the confluence, CC run approximately 900 feet before it discharges into Lost Lake. A few 
minor tributaries (T) southwest of the mine site also discharge to the north-western end of 
Lost Lake. 

During the heavy storm of December 27, 1996, through January 3, 1997 (an 8-day period), 
floodwaters broke part of the log dam, caused a large quantity of mine tailings (which were 
contained behind the log dam) to be transported down LCC into Lost Lake.  

Purpose  
As a part of the remedial investigation of Lava Cap Mine and to protect the site facilities 
from future storms, a hydrologic analysis of the watershed, including LCC, CC, and T, was 
performed to develop flood frequency curves and runoff (Q) estimates. The information 
presented in this memorandum will provide the basis of design for future stormwater 
storage/ drainage facilities at the mine site. 

Description of Watershed Areas 

There are three watersheds that comprise the study area - Little Clipper Creek (LCC), 
Clipper Creek (CC), and Western Tributaries to Lost Lake (T). 

Table E-1-1 presents an overview of the entire Clipper Creek basin. 
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TABLE E-1-1 
Overview of Clipper Creek Basin 

Watersheds Area (mi2) 

Elevation (ft) 

Length (mi) Height (ft) Upstream Downstream 

LCC 1.13 3,899 2,470 1.68 1,429 

CC 3.94 3,660 2,470 4.43 1,190 

T 0.99 2,910 2,470 0.95 440 

Little Clipper Creek 
LCC runs in a north-south direction. This is the only creek that flows directly into the mine 
site. Near the downstream end, LCC meets with CC prior to discharging into Lost Lake. 

For the previous study, Lava Cap Mine Hydrologic Analysis, April 2001, flow was estimated 
from the point of origin to the log dam, but for the present study, flow was estimated from 
the point of origin to Lost Lake including the reach to the log dam. The hydrologic informa-
tion pertaining to the reaches above and below the log dam is presented in Table E-1-2. 

TABLE E-1-2 
Sub-reaches of Little Clipper Creek 

Reach Area (mi2) 

Elevation (ft) 

Length (ft) Upstream Downstream 

LCC-origin to log dam 0.54 3,899 2,760 3,500 

LCC-log dam to Lost Lake 0.59 2,760 2,470 5,400 

Total 1.13   8,900 

mi2 = square miles 
ft = feet 

Clipper Creek 
CC has the largest watershed among the three tributaries and is approximately three and a 
half times larger than the LCC watershed. Having a dendritic network of tributaries, the 
watershed approximates the shape of a leaf and flows in a southwesterly direction. CC and 
its tributaries do not enter the mine site but bypass it. Just before CC drains to Lost Lake it 
meets with LCC, and from this confluence, the creek flows approximately 900 feet before 
discharging to Lost Lake.  

Western Tributaries to Lost Lake  
Three minor drainages form this watershed. One drainage among the three passes through 
a small reservoir with a dam at its downstream end.  Because larger storms would fill the 
reservoir and overflow the dam and the excess water would be carried by the tributary to 
Lost Lake, it was not necessary to analyze the reservoir-dam system separately for this 
hydrologic analysis. 

Among the three watersheds discussed, T is the smallest one, and it also drains to Lost Lake.  

Methodology 
Two methods were used to estimate flows in LCC, CC and T. These methods had also been 
used to estimate flows for LCC in the April 26, 2001, technical memorandum titled Lava Cap 
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Mine Hydrologic Analysis. The first method used area ratios to transpose the Oregon Creek 
(Description of Oregon Creek follows in the next section) frequency curve to the drainage 
areas of the three watersheds. The second method (a modified SCS method - modified 
Rational formula from Shasta County) used site-specific watershed data to calculate the 
flood frequency of the three watersheds in Clipper Creek basin.   

Method 1 - Transpose Oregon Creek Frequency Curve 
The annual peak stream gage data for Oregon Creek (1968 to 1998) were extracted from the 
U.S. Geological Survey (USGS) website and are presented in Table E-1-3.  

TABLE E-1-3 
Annual Peak Data for Oregon Creek near Camptonville, California  
(Stream Gage No. 11409300) 

Date Water Year 
a
 Annual Peak (cfs) 

b
 

02/19/1968 1968 1,160 

01/21/1969 1969 2,510 

01/21/1970 1970 3,130 

03/26/1971 1971 1,710 

01/23/1972 1972 1,220 

01/12/1973 1973 1,700 

01/15/1974 1974 1,770 

03/25/1975 1975 1,680 

02/29/1976 1976 455 

02/21/1977 1977 103 

01/05/1978 1978 1,280 

01/11/1979 1979 955 

01/13/1980 1980 3,830 

03/25/1981 1981 626 

12/19/1981 1982 3,390 

03/13/1983 1983 1,980 

12/25/1983 1984 2,170 

02/08/1985 1985 873 

02/17/1986 1986 4,550 

02/13/1987 1987 603 

12/10/1987 1988 406 

11/23/1988 1989 1,550 

03/03/1990 1990 368 

03/04/1991 1991 2,030 

02/20/1992 1992 833 

01/21/1993 1993 2,040 

12/08/1993 1994 211 

01/10/1995 1995 2,060 

02/05/1996 1996 1,650 

01/01/1997 1997 5,170 

01/12/1998 1998 1,260 
a
  October 1 to September 30 b 
 cfs = cubic feet per second 
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Oregon Creek at Camptonville, Yuba County, is located near the mine site. The U.S. 
Geological Survey (USGS) stream gauge (#11409300) had historical stream gauge data and 
annual peaks of record for a period of 31 years (1968 to 1998) as shown above. Oregon Creek 
is approximately 15 miles north of the mine site in a similar type of watershed. The drainage 
area is small, 23 square miles, and compares well with the mine drainage area characteris-
tics. Because it is a small watershed and hydrologically close to Lava Cap Mine, and with an 
elevation similar to the Lava Cap Mine site (2,230 feet at Oregon Creek compared to Lava 
Cap Mine site at 2,760 feet), the design storm correlated well with the highest annual peak 
data from Oregon Creek.  

The most important reasons for choosing Oregon Creek for this analysis were that the flow 
is uncontrolled (no upstream reservoir or detention ponds) and the flows are from a nearby  
characteristically similar watershed. These factors justify selecting Oregon Creek as a base 
station to interpret flow for the Clipper Creek watershed.  

The 31 years of data were used to develop the flood frequency analysis for Oregon Creek 
and were based on Log Pearson Type III distribution. To define a flood frequency curve 
accurately, many years of records (50 years or more) greatly improve evaluation reliability. 
If such records are not available, using the expected probability curve is recommended to 
compensate for the fewer years of data. Considering the expected probability flow values in 
Oregon Creek, an aerial regression (Ai/Aoregon) was used to apportion the flood frequency 
curve to LCC, CC, and T (where Ai are the areas of the three watersheds - LCC, CC and T). 
This simple relationship was used to compute the expected probability of peak flows for 2-, 
5-, 10-, 20-, 50-, 100-, 200-, and 500-year floods using the Oregon Creek frequency curve.  

Advantages of Method 1   
Method 1 has the benefit of incorporating real, measured data. This approach is typically 
reliable if the watershed size, location, and characteristics are similar to the project site.  

Limitations of Method 1 
This method is generally limited by watershed location, elevation, size, and similarity to the 
project area. When the base watershed is of significantly different size or location, the 
resulting proportioned runoff becomes less reliable because of lag time, infiltration 
properties, and precipitation intensities or duration.   

The maximum expected probability of flood that one can extract from this method is a 
500-year flood, and it does not allow for the estimation of Probable Maximum Flood (PMF). 

Method 2—Apply Modified SCS Method (using Grass Valley precipitation data) 
Method 2 (Modified Rational method) is an application of the Shasta County Drainage 
Procedure described in the County of Shasta (Department of Public Works and Water 
Agency) Drainage Manual to Clipper Creek basin. The method calculated design flood 
values based on a Modified Rational method, but the parameters were refined for the 
watershed-specific data. Physical parameters (e.g., drainage area, length of watershed, 
elevation of watershed), rainfall data of Grass Valley (6- and 24-hour precipitation for a 
particular design frequency and location), soil information (curve number [CN], area-
weighted CN, hydrologic soil group), cover density and land use data pertaining to the site 
were used in applying the method. The approach calculates the peak magnitude and vol-
ume of runoff of a designated flood frequency (defined through precipitation frequency) for 
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the drainage area. Given the area of the three watersheds, Method 2 was used to predict 
floods for 2-, 5-, 10-, 25-, 50-, 100-, 200-, and 500-year and PMF.  

Selection of the appropriate CN was crucial to the volume of runoff calculated. According to 
information obtained about the ecological setting of the mine site, it was understood that the 
site falls within an elevation transition zone for vegetation and supports a mixture of oak, 
pine, manzanita, and other native brush. Aerial photographs of the site along with an over-
view of the Nevada County indicated that the vegetation provided a good surface ground-
cover. Most of the watershed soils were of Hydrologic Group “B.” Using appropriate 
groupings, the CNs for forest/ range areas in the Western United States (AMC II-Antecedent 
Moisture Condition II) (Design of Small Dams, U.S. Department of the Interior, Bureau of 
Reclamation, 1973) produced a range of values as shown in Table E-1-4. 

TABLE E-1-4 
Range of Curve Number Values  

Cover Condition Soil Group “B” 

Oak-Aspen Poor 63 

Fair 40 

Good 30 

Juniper Poor 73 

Fair 54 

Good 40 

 
Because the CNs are not classified according to a defined transition zone, it was assumed 
that the site fell between a good cover of oak-aspen and a poor cover of juniper, and there-
fore, the CN would range between 30 and 73 (AMC II). Choosing any value within this 
range can substantially change the calculated magnitude of flooding. Heavy sustained 
rainfall is common for the western slope of the Sierra Nevada foothills, therefore AMC III 
was used in the analysis to be conservative. 

Using correlated stream gage data, the amount of flow that could be expected from the CC 
watershed for a 100-year flood was estimated to be approximately 1,142 cfs at Lost lake, 
based on an area proportional to the Oregon Creek gage for a 100-year event. Keeping that 
consistent, the CN value was adjusted to produce the same or nearly same magnitude of 
flood. The composite CN value for the CC watershed was estimated to be 62 (assuming 
AMC III), which correlates to a CN value of 42 for AMC II. 

Advantages of Method 2 
Method 2 is more robust than the standard Rational Method because it includes an estimate 
of the CN value for the site. It is applicable to most uncontrolled streams regardless of 
watershed size or condition, but it is best suited for smaller drainage areas having short lag 
times and fewer routing considerations.  

This method is unique in its ability to calculate the PMF once the Intensity-Duration-
Frequency (I-D-F) of the particular rainfall station is generated for the Probable Maximum 
Precipitation (PMP).  
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Limitations of Method 2 
Method 2 produces one flow value for a specified rainfall event, unlike the other method of 
frequency curve translation. This results in higher computation effort and time if one needs 
to obtain a frequency curve. It considers soil wetness to be in AMC II unless the watershed 
has experienced significant prior rainfall. If the watershed has been subjected to 5 days of 
substantial precipitation prior to the design storm, the AMC II CN value should be 
converted to AMC III.  

The CN is a significantly sensitive parameter for Method 2. It should be chosen with some 
understanding of the hydrologic condition of the watershed.  

Method 2 should not be used where runoff is significantly affected by reservoirs or diver-
sions, nor where sufficient (20 years or more) stream flow data exist to permit use of 
standard statistical methods. 

Results 
In comparing the flood frequency curve by using either correlation with Oregon Creek or 
the Modified SCS method, it can be concluded that both methods produced consistent 
results (see Tables E-1-5 and E-1-6).  

TABLE E-1-5 
Summary of Method 1: Frequency Analysis Using Oregon Creek Areal Regression 

Return period 
(years) QCC QLCC QT Q Total 

2 245 70 62 377 

5 454 130 114 698 

10 610 175 153 938 

20 767 220 193 1,180 

50 977 280 246 1,503 

100 1,142 327 287 1,756 

200 1,308 375 329 2,012 

500 1,535 440 386 2,361 

PMF - - -  

 

Most project information regarding rural drainage in northern California watersheds 
suggests that the 100-year flow typically ranges from 100 to 200 cfs/mi2. This study’s results 
were in the 277 cfs/mi2 range, which is acceptable. 
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TABLE E-1-6 
Summary of Method 2: Frequency Analysis Using Modified SCS Method 

Return period 
(years) QCC QLCC QT Q Total 

2 112 36 32 180 

5 306 108 98 512 

10 492 176 157 825 

25 732 263 236 1,231 

50 892 324 291 1,507 

100 1092 396 358 1,846 

200 1,272 458 416 2,146 

500 1,536 565 508 2,609 

PMF 6,389 2,355 2,129 10,873 

Conclusion and Recommendation 
Both methods predicted similar flows over the range of return periods, but in order to 
choose a particular method, additional considerations have to be made. Method 1 uses 
actual data from a similar watershed, so this method is highly reliable, but it also is 
incapable of producing an estimate of the PMF. If the project demands an estimation of PMF 
to construct facilities in the mine site, or if it needs to predict future runoff with a probable 
change in land use, Method 2 would be more appropriate than Method 1.  
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This memorandum summarizes additional flood frequency calculations for Little Clipper 
Creek (LCC) at the log dam using Method 2 (Modified SCS Method). In a previous memo-
randum, Lava Cap Mine Hydrologic Analysis, April 2001, a 25-year flood value (114 cubic feet 
per second [cfs]) was estimated for LCC (using Method 2). That memorandum used the 
Modified SCS with National Oceanic and Atmospheric Administration (NOAA) 
precipitation.  

This current memo used the same procedure of flood frequency analysis using Method 2 but 
with a generated Intensity-Duration-Frequency (I-D-F) curve for Grass Valley precipitation 
where Grass-Valley is the near-by weather station within the vicinity of the mine site. This 
memo presents the calculations for a detailed 2-, 5-, 10-, 25-, 50-, 100-, 200-, and 500-year 
flood frequency, as well as PMF (Probable Maximum Flood). Using the Grass Valley 
precipitation data resulted in an improved frequency translation for LCC, and enabled a 
more complete comparison between Method 1 and Method 2. Other than the precipitation 
data, all other values remain unchanged from those in the previous memo. Table E-2-1 
summarizes and compares Methods 1 and 2.  

TABLE E-2-1 
Summary of Methods 1 and 2 for Runoff at Lava Cap Mine (LCC at log dam) 

Return Period 
(years) 

Method 1 (using stream correlation) Method 2 (using Modified SCS method)  

Annual Peak Flow Analysis  

NOAA 
Precipitation 

Grass Valley 
Precipitation 

Qoregon (cfs) QLCC (cfs) QLCC (cfs) QLCC (cfs) 

2 1,430 33  17 

5 2,650 62  48 

10 3,560 83  80 

20 4,470 105  - 

25 - 115 114 127 

50 5,700 133  162 

100 6,660 156  199 

200 7,630 178  242 

500 8,950 209  291 

PMF - -  1,275 
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APPENDIX F 

Development of Background Concentrations 

As part of the Feasibility Study, preliminary cleanup goals are established to provide a basis 
for delineating target areas and volumes of soil, sediment, and surface water requiring 
remediation.  The contaminants of concern (COCs) for the Lava Cap Mine site are all 
inorganic constituents that occur naturally in the environment.  Accordingly, the develop-
ment of cleanup goals requires consideration of the background concentrations of COCs.  
The rationale and procedures used to determine background concentrations of inorganic 
constituents are detailed in this appendix. It should be noted that during the remedial 
action, the dataset of confirmation samples would be compared to the reference area dataset 
to determine whether the site has been cleaned to background conditions, rather than com-
paring an individual confirmation soil sample result to a singular cleanup goal. This would 
be accomplished using parametric tests (t-test) or nonparametric tests (Wilcoxan Rank Sum) 
to determine whether the datasets are statistically different. 

Samples were collected in three separate reference areas assumed not to have been 
influenced by the Lava Cap Mine operations or releases. Reference Area 1 is located 
upgradient from the mine at locations in and adjacent to Little Clipper Creek and locations 
north and west of the mine.  Reference Area 2 is located in and along Clipper Creek, 
upgradient of the confluence with Little Clipper Creek.  One sample was taken in a third 
reference area in Little Greenhorn Creek upgradient of the confluence with Clipper Creek. 
The background dataset was created by combining data collected between October 1999 and 
November 2002 from the three reference areas. Three samples were excluded from the back-
ground dataset because they were not considered to be representative of ambient 
conditions:  

 Unfiltered groundwater sample collected from Location 1B in November 1999 because 
of excessive turbidity. 

 Surface soil samples collected from Locations 1B and 1F along mine area roads; locations 
are thought to have been affected by soil transport on vehicles traveling to and from the 
Lava Cap Mine. 

Calculation of background concentrations for use as screening levels in the FS followed the 
framework set forth by the Human and Ecological Risk Division of California's Department 
of Toxic Substances Control (DTSC) in the Final Policy of Selecting Inorganic Constituents as 
Chemicals of Potential Concern at Risk Assessments at Hazardous Waste Facilities and Permitted 
Facilities (February 1997).The guidance defines “ambient conditions” as concentrations of 
metals in media in the vicinity of a site but which are unaffected by site-related activities. 
Ambient conditions are also referred to as “local background.”  

For use in determining contaminants of potential concern (COPCs), DTSC requires the use 
of the comparison method, in which the highest concentration detected at the site (CMAX) is 
compared with a concentration representing the upper range of ambient (or background) 
conditions. If CMAX does not exceed the background concentration, the metal is excluded as a 
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COPC. If CMAX does exceed the background concentration, the metal is carried forward into 
risk assessment as a COPC.  

The guidance states that when few data are available to describe background conditions 
(i.e., n<20), both the shape of the background distribution and its upper extremes are 
uncertain, and the value representative of ambient conditions should be a measure of 
central tendency, such as the arithmetic mean or an upper confidence interval around the 
mean. When ambient conditions are well described (i.e., sample sizes are larger and the 
distribution is well defined), an estimate of an upper percentile of the ambient distribution, 
such as the upper 95th or 99th percentile, may be used. 

A table was constructed showing summary statistics for each of the datasets (each matrix 
and each analyte). For groundwater and surface water, filtered and unfiltered samples were 
considered in separate datasets. Non-detect results were incorporated into the statistics 
using surrogate values of one-half the detection limit. The summary statistics are shown in 
the following tables at the end of this appendix: 

 F-1   - Background Surface Soil Concentrations 
 F-2   - Background Subsurface Soil Concentrations 
 F-3   - Background Sediment Concentrations 
 F-4a - Background Surface Water Concentrations - Filtered Samples 
 F-4b - Background Surface Water Concentrations - Unfiltered Samples 
 F-5a - Background Surface Water Concentrations - Filtered Samples 
 F-5b - Background Surface Water Concentrations - Unfiltered Samples 

The data were tested for normality using the Shapiro-Wilk test, as described in the EPA 
guidance Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities Addendum to 
Interim Final Guidance (June 1992). The 95 percent UCL of the mean was calculated for data 
that best fit a normal distribution, using the following formula: 









n

s
txUCL  

Where: 

UCL = upper confidence limit 

     = mean 

 t = Student-t statistic 

 s = standard deviation 

 n = number of samples 

For the data that best fit a lognormal distribution, the 95 percent UCL was calculated using 
the Land method as described in the EPA guidance Supplemental Guidance to RAGS: 
Calculating the Concentration Term (May 1992). The Land approach was found to be sensitive 
to deviations from lognormality and small sample sizes. UCLs calculated using the Land 
method for lognormally distributed data were much greater than UCLs calculated using 
assumptions of normality, and in many cases, were greater than the maximum detected 

x 
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concentration in the background dataset. Because the lognormal UCL was not conservative, 
and because the background concentrations will be used as screening levels only, a simpli-
fying assumption was made, and the 95 percent UCL was calculated for all datasets based 
on a normal distribution.  

The 95th percentile of the population was selected as the background value for the surface 
soil datasets, which contained between 16-18 data points after the outliers had been 
removed. In most cases, the surface soil data were found to fit a normal distribution. The 
95th percentile was calculated using assumptions of normality, as follows: 

tsxPercentile   

The 95th percentile of the population was also selected as the background value for the 
surface water datasets comprised of 17-24 unfiltered samples, and the TDS surface water 
dataset (23 samples). The 95 percent UCL of the mean, calculated using the assumptions of 
normality as described above, was selected as the background value for all other datasets.  

The determination of the background value involved a comparison of the selected upper 
confidence limit or 95th percentile to the maximum concentration detected in the back-
ground samples. If the maximum concentration detected was less than the upper confidence 
limit or percentile, the maximum concentration was chosen as the background value.  
Otherwise the upper confidence limit or percentile was chosen as the background value. 
The selected background values are shown in Tables F-1 through F-5. 

 

 



Table F-1

Summary Statistics for Background Surface Soil Concentrations (mg/kg)
Lava Cap Mine Feasibility Study

Analyte Detects
Number of 
Samples Mean

Standard 
Deviation

Minimum 
Detect

Maximum 
Detect

Location(s) of 
Maximum 

Detect
95th UCL of 

Mean
95th 

Percentile Selected Background Value

ALUMINUM 18 18 53417 21763 12200 94000 1K 62340 91275 91275 95th Percentile

ANTIMONY 15 18 0.48 0.42 0.22 1.37 2K 0.65 1.22 1.22 95th Percentile

ARSENIC 18 18 12.0 4.6 5.2 20.0 2K 13.9 20.1 20.0 Maximum Detect

BARIUM 18 18 359 173 104 851 1M 430 659 659 95th Percentile

BERYLLIUM 18 18 0.88 0.31 0.48 1.46 2F 1.01 1.42 1.42 95th Percentile

CADMIUM 18 18 0.25 0.09 0.11 0.42 1D 0.29 0.41 0.41 95th Percentile

CHROMIUM 18 18 31.0 12.5 13.2 55.6 2F 36.1 52.7 52.7 95th Percentile

COBALT 18 18 12.8 3.5 6.9 19.5 2K 14.2 18.9 18.9 95th Percentile

COPPER 18 18 43.5 24.7 18.5 94.4 2K 53.6 86.5 86.5 95th Percentile

CYANIDE 9 16 0.30 0.22 0.20 0.80 1L 0.39 0.68 0.68 95th Percentile

IRON 18 18 41667 10813 23400 62500 2D 46100 60477 60477 95th Percentile

LEAD 17 18 23.0 11.7 7.2 53.6 1L 27.8 43.4 43.4 95th Percentile

MANGANESE 18 18 1171 325 571 1750 1K 1304 1736 1736 95th Percentile

MERCURY 18 18 0.08 0.03 0.04 0.17 1L 0.10 0.14 0.14 95th Percentile

NICKEL 18 18 23.8 17.5 10.1 90.6 2I 31.0 54.3 54.3 95th Percentile

SELENIUM 3 18 0.36 0.14 0.50 0.70 1C 0.42 0.60 0.60 95th Percentile

SILVER 18 18 0.18 0.07 0.05 0.28 2K 0.20 0.29 0.28 Maximum Detect

THALLIUM 18 18 0.22 0.08 0.09 0.35 1K 0.25 0.35 0.35 Maximum Detect

VANADIUM 18 18 99.6 48.9 34.8 209.0 2F 119.6 184.6 184.6 95th Percentile

ZINC 18 18 71.6 13.8 47.7 102.0 2K 77.3 95.7 95.7 95th Percentile
Note:  Samples 1B and 1F are not included in the statistics because these samples are not thought to be representative of background conditions. Non-detect results are 
incorporated into the statistics using one-half of the detection limit.

RDD/032890015 (CAH2035.xls)



Table F-2

Summary Statistics for Background Subsurface Soil Concentrations (mg/kg)
Lava Cap Mine Feasibility Study

Analyte Detects
Number of 
Samples Mean

Standard 
Deviation

Minimum 
Detect

Maximum 
Detect

Location(s) of 
Maximum 

Detect
95th UCL of 

Mean
95th 

Percentile Selected Background Value

ALUMINUM 10 10 18678 22131 2200 65100 1A 31507 59247 31507 95th UCL of Mean

ANTIMONY 2 10 0.02 0.01 0.04 0.05 1B 0.03 0.04 0.03 95th UCL of Mean

ARSENIC 4 10 1.2 1.6 0.8 4.6 1A 2.1 4.1 2.1 95th UCL of Mean

BARIUM 10 10 114 104 15 306 1A 174 305 174 95th UCL of Mean

BERYLLIUM 10 10 0.31 0.38 0.05 1.12 1A 0.54 1.02 0.54 95th UCL of Mean

CADMIUM 7 10 0.06 0.04 0.03 0.15 1A 0.08 0.13 0.08 95th UCL of Mean

CHROMIUM 7 10 8.0 10.3 4.1 33.8 1A 14.0 26.8 14.0 95th UCL of Mean

COBALT 10 10 5.9 4.3 1.2 13.6 1A 8.4 13.8 8.4 95th UCL of Mean

COPPER 10 10 15.3 5.0 9.2 23.2 1A 18.2 24.5 18.2 95th UCL of Mean

CYANIDE 0 10 0.11 0.01 0.12 0.13 0.12 95th UCL of Mean

IRON 10 10 15596 14637 4480 50000 1A 24081 42427 24081 95th UCL of Mean

LEAD 1 10 4.6 0.6 5.9 5.9 1A 5.0 5.8 5.0 95th UCL of Mean

MANGANESE 10 10 239 136 41 409 1B 317 487 317 95th UCL of Mean

MERCURY 2 10 0.008 0.008 0.010 0.030 1A 0.013 0.022 0.013 95th UCL of Mean

NICKEL 10 10 5.9 3.5 2.6 15.0 1A 7.9 12.2 7.9 95th UCL of Mean

SELENIUM 0 10 0.27 0.04 0.30 0.35 0.30 95th UCL of Mean

SILVER 5 10 0.035 0.032 0.049 0.084 1B 0.053 0.094 0.053 95th UCL of Mean

THALLIUM 9 10 0.064 0.063 0.010 0.210 1A 0.100 0.179 0.100 95th UCL of Mean

VANADIUM 10 10 44.6 43.0 3.3 144.0 1A 69.5 123.4 69.5 95th UCL of Mean

ZINC 8 10 22.9 15.1 18.9 45.9 1A 31.7 50.7 31.7 95th UCL of Mean
Note:  Non-detect results are incorporated into the statistics using one-half of the detection limit.
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Table F-3

Summary Statistics for Background Sediment Concentrations (mg/kg)
Lava Cap Mine Feasibility Study

Analyte Detects
Number of 
Samples Mean

Standard 
Deviation

Minimum 
Detect

Maximum 
Detect

Location(s) of 
Maximum 

Detect
95th UCL of 

Mean
95th 

Percentile Selected Background Value

ALUMINUM 13 13 39508 11334 24300 56600 1I 45110 59708 45110 95th UCL of Mean

ANTIMONY 9 13 0.70 0.61 0.48 1.64 2G 1.01 1.80 1.01 95th UCL of Mean

ARSENIC 13 13 20.0 9.4 10.9 44.3 1I 24.6 36.7 24.6 95th UCL of Mean

BARIUM 13 13 277 79 158 392 1I 316 418 316 95th UCL of Mean

BERYLLIUM 13 13 1.13 0.19 0.74 1.50 1J 1.23 1.47 1.23 95th UCL of Mean

CADMIUM 13 13 0.233 0.074 0.110 0.345 1H 0.269 0.365 0.269 95th UCL of Mean

CHROMIUM 13 13 37.8 10.1 24.8 55.4 2B 42.8 55.8 42.8 95th UCL of Mean

COBALT 13 13 12.6 2.4 8.4 16.2 2H 13.8 16.9 13.8 95th UCL of Mean

COPPER 13 13 58.1 13.3 33.3 78.9 2H 64.6 81.7 64.6 95th UCL of Mean

CYANIDE 2 13 0.13 0.06 0.20 0.30 2H 0.16 0.24 0.16 95th UCL of Mean

IRON 13 13 47408 8363 34600 58900 1J, 2G 51542 62314 51542 95th UCL of Mean

LEAD 13 13 13.5 3.5 7.6 18.7 1I 15.2 19.7 15.2 95th UCL of Mean

MANGANESE 13 13 852 273 473 1300 2B 987 1339 987 95th UCL of Mean

MERCURY 13 13 0.070 0.119 0.010 0.460 1H 0.129 0.282 0.129 95th UCL of Mean

NICKEL 13 13 24.0 8.4 15.7 49.4 2A 28.1 39.0 28.1 95th UCL of Mean

SELENIUM 2 13 0.32 0.17 0.70 0.70 1I 0.40 0.62 0.40 95th UCL of Mean

SILVER 13 13 0.19 0.08 0.10 0.37 1H 0.22 0.32 0.22 95th UCL of Mean

THALLIUM 13 13 0.176 0.071 0.080 0.321 1I 0.211 0.303 0.211 95th UCL of Mean

VANADIUM 13 13 112.8 31.7 73.0 176.0 2C 128.5 169.3 128.5 95th UCL of Mean

ZINC 13 13 73.4 7.9 55.6 84.0 2H 77.3 87.4 77.3 95th UCL of Mean
Note:  Non-detect results are incorporated into the statistics using one-half of the detection limit.
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Table F-4a

Summary Statistics for Background Surface Water Concentrations - Filtered Samples (μg/L)
Lava Cap Mine Feasibility Study

Analyte Detects
Number of 
Samples Mean

Standard 
Deviation

Minimum 
Detect

Maximum 
Detect

Location(s) of 
Maximum 

Detect
95th UCL of 

Mean
95th 

Percentile Selected Background Value

ALUMINUM 4 6 14 13 5.6 40 2G 25 40 25 95th UCL of Mean

ANTIMONY 2 7 0.38 0.21 0.05 0.10 2G 0.53 0.78 0.10 Maximum Detect

ARSENIC 4 7 0.5 0.4 0.7 0.9 2G 0.8 1.2 0.8 95th UCL of Mean

BARIUM 9 9 16 3 10 20 2G 17 21 17 95th UCL of Mean

BERYLLIUM 0 7 0.18 0.12 0.27 0.41 0.27 95th UCL of Mean

CADMIUM 0 7 0.36 0.23 0.53 0.81 0.53 95th UCL of Mean

CHROMIUM 0 6 0.42 0.19 0.58 0.80 0.58 95th UCL of Mean

COBALT 2 7 0.20 0.09 0.03 0.13 2G 0.27 0.37 0.13 Maximum Detect

COPPER 5 6 0.82 0.66 0.23 2.00 1J 1.36 2.14 1.36 95th UCL of Mean

IRON 2 7 43 18 47 50 1J, 2G 56 77 50 Maximum Detect

LEAD 2 7 0.36 0.23 0.02 0.02 2G 0.53 0.82 0.02 Maximum Detect

MANGANESE 6 9 2.1 3.7 0.5 11.8 2G 4.4 8.9 4.4 95th UCL of Mean

MERCURY 0 5 0.015 0.000 0.015 0.015 0.015 95th UCL of Mean

NICKEL 2 7 0.57 0.24 0.40 1.10 2G 0.74 1.03 0.74 95th UCL of Mean

SELENIUM 1 6 0.50 0.00 0.50 0.50 1J, 2G 0.50 0.50 0.50 95th UCL of Mean

SILVER 0 7 0.18 0.12 0.27 0.41 0.27 95th UCL of Mean

THALLIUM 0 6 0.42 0.20 0.58 0.83 0.58 95th UCL of Mean

TDS 16 23 27826 18131 27000 64000 2G 34318 58959 58959 95th Percentile

VANADIUM 4 5 2.4 4.3 0.40 0.5 2G 6.4 11.5 0.5 Maximum Detect

ZINC 5 6 2.8 0.5 1.90 3.3 2G 3.2 3.8 3.2 95th UCL of Mean
Note:  Non-detect results are incorporated into the statistics using one-half of the detection limit. TDS = Total Dissolved Solids.
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Table F-4b

Summary Statistics for Background Surface Water Concentrations - Unfiltered Samples (μg/L)
Lava Cap Mine Feasibility Study

Analyte Detects
Number of 
Samples Mean

Standard 
Deviation

Minimum 
Detect

Maximum 
Detect

Location(s) of 
Maximum 

Detect
95th UCL of 

Mean
95th 

Percentile Selected Background Value

ALUMINUM 21 23 53 62 10.0 220 1J 75 159 159 95th Percentile

ANTIMONY 5 24 0.12 0.20 0.02 0.08 1J 0.19 0.46 0.08 Maximum Detect

ARSENIC 19 24 0.5 0.8 0.1 3.8 2G 0.8 1.8 1.8 95th Percentile

BARIUM 27 27 17 6 10 37 2C 19 27 27 95th Percentile

BERYLLIUM 0 24 0.06 0.10 0.09 0.23 0.23 95th Percentile

CADMIUM 0 24 0.113 0.203 0.184 0.461 0.461 95th Percentile

CHROMIUM 1 23 0.59 0.64 0.21 0.21 2G 0.82 1.69 0.21 Maximum Detect

COBALT 18 24 0.21 0.49 0.02 2.46 2C 0.38 1.04 1.04 95th Percentile

COPPER 23 24 0.63 0.70 0.08 3.00 1J 0.88 1.83 1.83 95th Percentile

CYANIDE 0 17 1.5 0.0 1.5 1.5 1.5 95th Percentile

IRON 13 24 327 1294 8 6390 2C 780 2544 2544 95th Percentile

LEAD 9 24 0.15 0.26 0.01 1.00 1J 0.24 0.59 0.59 95th Percentile

MANGANESE 25 27 28 124 0.25 647 2C 69 239 239 95th Percentile

MERCURY 4 23 0.004 0.006 0.0009 0.004 1J 0.006 0.014 0.004 Maximum Detect

NICKEL 6 24 0.41 0.78 0.30 3.00 1J 0.68 1.74 1.74 95th Percentile

SELENIUM 1 23 0.88 0.73 0.30 0.30 2G 1.14 2.14 0.30 Maximum Detect

SILVER 2 24 0.06 0.10 0.03 0.04 2G 0.09 0.23 0.04 Maximum Detect

SULFATE 24 24 1800 1014 700 4200 2G 2155 3538 3538 95th Percentile

THALLIUM 0 23 0.115 0.208 0.189 0.471 0.471 95th Percentile

VANADIUM 15 23 0.9 2.0 0.30 1.4 2C 1.6 4.3 1.4 Maximum Detect

ZINC 14 24 1.0 1.3 0.24 4.0 1J, 2G 1.5 3.3 3.3 95th Percentile
Note:  Non-detect results are incorporated into the statistics using one-half of the detection limit. TDS = Total Dissolved Solids.

RDD/032890015 (CAH2035.xls)



Table F-5a

Summary Statistics for Background Groundwater Concentrations - Filtered Samples (μg/L)
Lava Cap Mine Feasibility Study

Analyte Detects
Number of 
Samples Mean

Standard 
Deviation

Minimum 
Detect

Maximum 
Detect

Location(s) of 
Maximum 

Detect
95th UCL of 

Mean
95th 

Percentile Selected Background Value

ALUMINUM 3 6 55 70 16 174 1B 112 196 112 95th UCL of Mean

ANTIMONY 3 6 1.86 2.35 0.14 5.85 1B 3.79 6.59 3.79 95th UCL of Mean

ARSENIC 8 8 15.1 4.3 7.0 21.7 1B 18.0 23.4 18.0 95th UCL of Mean

BARIUM 9 9 44 62 10 166 1A 82 158 82 95th UCL of Mean

BERYLLIUM 0 6 0.16 0.12 0.26 0.40 0.26 95th UCL of Mean

CADMIUM 3 6 0.32 0.20 0.07 0.22 1A 0.49 0.73 0.22 Maximum Detect

CHROMIUM 5 6 2.1 2.4 0.50 5.3 1B 4.1 6.9 4.1 95th UCL of Mean

COBALT 3 6 0.28 0.08 0.18 0.40 1B 0.35 0.44 0.35 95th UCL of Mean

COPPER 5 5 0.8 0.3 0.4 1.3 1B 1.1 1.5 1.1 95th UCL of Mean

IRON 5 7 98 62 51 216 1B 144 219 144 95th UCL of Mean

LEAD 2 6 0.27 0.25 0.02 0.10 1B 0.48 0.78 0.10 Maximum Detect

MANGANESE 10 10 205 130 48 432 1B 281 443 281 95th UCL of Mean

MERCURY 1 5 0.0102 0.0067 0.0050 0.005 1B 0.017 0.025 0.005 Maximum Detect

NICKEL 7 7 3.1 1.8 1.0 5.7 1A 4.4 6.5 4.4 95th UCL of Mean

SELENIUM 0 6 0.9 0.8 1.6 2.6 1.6 95th UCL of Mean

SILVER 0 6 0.13 0.13 0.24 0.40 0.24 95th UCL of Mean

THALLIUM 0 6 0.25 0.27 0.48 0.80 0.48 95th UCL of Mean

TDS 8 8 287500 76476 220000 410000 1B 338726 432390 338726 95th UCL of Mean

VANADIUM 4 6 2.7 4.0 0.3 4.9 1B 6.0 10.8 4.9 Maximum Detect

ZINC 6 7 9.8 16.4 1.10 46.5 1B 21.8 41.6 21.8 95th UCL of Mean
Note:  Non-detect results are incorporated into the statistics using one-half of the detection limit. TDS = Total Dissolved Solids.
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Table F-5b

Summary Statistics for Background Groundwater Concentrations - Unfiltered Samples (μg/L)
Lava Cap Mine Feasibility Study

Analyte Detects
Number of 
Samples Mean

Standard 
Deviation

Minimum 
Detect

Maximum 
Detect

Location(s) of 
Maximum 

Detect
95th UCL of 

Mean
95th 

Percentile Selected Background Value

ALUMINUM 7 7 409 726 10 2000 1B 942 1820 942 95th UCL of Mean

ANTIMONY 4 7 0.77 0.66 0.11 2.13 1B 1.25 2.05 1.25 95th UCL of Mean

ARSENIC 9 9 20.5 7.7 14.0 36.7 1B 25.3 34.8 25.3 95th UCL of Mean

BARIUM 10 10 19 8 11 34 1B 24 34 24 95th UCL of Mean

BERYLLIUM 2 7 0.12 0.12 0.01 0.07 1B 0.21 0.36 0.07 Maximum Detect

CADMIUM 6 7 0.50 0.32 0.09 1.00 1B 0.74 1.13 0.74 95th UCL of Mean

CHROMIUM 6 7 6.6 6.3 2.00 19.0 1B 11.3 18.9 11.3 95th UCL of Mean

COBALT 4 7 0.36 0.26 0.17 0.74 1B 0.55 0.86 0.55 95th UCL of Mean

COPPER 7 7 2.2 1.9 0.9 5.0 1B 3.6 5.8 3.6 95th UCL of Mean

CYANIDE 0 3 1.5 0 1.5 1.5 1.5 95th UCL of Mean

IRON 9 9 393 456 97 1400 1B 676 1241 676 95th UCL of Mean

LEAD 4 6 0.48 0.41 0.18 1.25 1B 0.81 1.29 0.81 95th UCL of Mean

MANGANESE 11 11 198 127 32 420 1B 268 429 268 95th UCL of Mean

MERCURY 3 7 0.0071 0.0074 0.0011 0.002 1B 0.013 0.022 0.002 Maximum Detect

NICKEL 8 8 4.2 3.0 1.0 10.0 1B 6.2 10.0 6.2 95th UCL of Mean

SELENIUM 2 7 0.9 0.8 0.7 2.0 1B 1.5 2.4 1.5 95th UCL of Mean

SILVER 1 7 0.11 0.13 0.010 0.01 1B 0.21 0.36 0.01 Maximum Detect

SULFATE 9 9 13422 16948 200 45900 1B 23927 44937 23927 95th UCL of Mean

THALLIUM 1 7 0.22 0.26 0.010 0.01 1B 0.41 0.73 0.01 Maximum Detect

VANADIUM 6 7 5.1 4.2 0.3 10.9 1B 8.2 13.2 8.2 95th UCL of Mean

ZINC 7 8 5.7 4.2 2.60 14.0 1B 8.5 13.6 8.5 95th UCL of Mean
Note:  The unfiltered sample collected from Location 1B in November 1999 is not included in the statistics because of excessive turbidity. Non-detect results are incorporated into 
the statistics using one-half of the detection limit. TDS = Total Dissolved Solids.
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Introduction 
Mining activities from 1861 to 1943 at the Lava Cap Mine, and the subsequent partial col-
lapse of the tailings log dam in 1997, have resulted in contamination by cyanide and various 
metals at the Lava Cap Mine Superfund Site. Contamination extends downstream of the 
mine along the Little Clipper Creek/Clipper Creek drainage south to its confluence with 
Little Greenhorn Creek. An ecological risk assessment (ERA) was performed in accordance 
with United States Environmental Protection Agency (EPA) and California Department of 
Toxic Substances Control (DTSC) guidance, and represents one component of the Remedial 
Investigation and Feasibility Study ([RI/FS] EPA, 2001a and 2002) that EPA conducted to 
address contamination at the Lava Cap Mine Superfund Site.  

Results of this assessment were intended to help EPA determine whether cleanup actions 
were warranted for the affected soil, sediment, and surface water at the Lava Cap Mine site. 
Conclusions of the RI/FS indicate that cleanup actions are needed. Therefore, the current 
technical memorandum outlines the development of proposed cleanup concentrations 
(PCCs) based on the results of the ERA (Appendix F of RI, EPA, 2001a). A summary of the 
ERA results is provided in the following section to provide a foundation for the PCC devel-
opment. 

Ecological Risk Assessment – Summary of Results 
Potential risks to fish, sediment biota (benthic invertebrates), amphibians (e.g. red-legged 
frog), terrestrial plants, soil invertebrates (earthworms), soil microbial processes, and birds 
and mammals (e.g. American dipper, red-tailed hawk, green heron, California quail, mink, 
ornate shrew, California vole, and long-tailed weasel) from site-related contamination in 
surface water, sediment, and soil in four areas at the Lava Cap Mine site were evaluated. 
Conservative estimates of exposure for each receptor were compared to literature-derived 
ecotoxicity screening values, as well as to site-specific toxicity thresholds as available.  

Results of site-specific ambient media toxicity bioassays and biological surveys were used as 
additional lines of evidence in the evaluation. It was assumed there was potential for eco-
logical receptors to experience adverse effects if estimated exposure to Chemicals of Poten-
tial Ecological Concern (COPECs) exceeded ecotoxicity screening or site-specific toxicity 
values and were above background concentrations. The results of these comparisons were 
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then evaluated against biological survey data or life-history parameters (e.g., home range 
size) to determine whether a COPEC should be retained as a risk driver.  

The results of the ecological risk assessment are presented below by subarea and receptor 
within the Lava Cap Mine site. Table G-1 outlines the assessment endpoints, lines of evi-
dence, and weight of evidence conclusions. It should be noted that risk conclusions were 
often based solely on literature-derived benchmarks. Some of these benchmarks may not be 
conservative enough to ensure protection of individual special-status species such as the 
red-legged frog. The benchmarks also, in certain cases, conflicted with site-specific bioassays 
and bioassessments. However, COPEC concentrations in site-specific bioassay media gener-
ally did not represent maximum concentrations found onsite. Therefore, the limitations of 
the available bioassays were considered in the risk evaluation.  [Note:  All tables and figures 
are located at the back of this technical memorandum.] 

Lava Cap Mine Area 
This subarea encompasses all areas at the mine itself exclusive of the source areas (i.e., the 
historic mine buildings and the waste rock/tailings pile). Sampling focused on areas adja-
cent to or in close proximity to the source areas. Samples of surface soil, surface water, 
sediment, groundwater, air, and biota were collected. Surface water and sediment were 
collected in a seasonally-ponded portion of Little Clipper Creek channel located northeast of 
the waste rock/tailings and from a pond near the residence located northwest of the historic 
mining operations.  

Fish, considered to be sensitive receptors due to their complete exposure to surface water, 
may be at risk from silver, arsenic, barium, beryllium, cadmium, cobalt, copper, cyanide, 
lead, manganese, mercury, nickel, antimony, and zinc.  

Amphibians, also identified as a receptor sensitive to COPECs in surface water, are poten-
tially at risk from silver, arsenic, copper, mercury, manganese, nickel, lead and zinc.  

Sediment biota may be at risk from silver, arsenic, cadmium, copper, mercury, lead, anti-
mony and selenium.  

Terrestrial plants may be at risk from silver, arsenic, cadmium, cyanide, cobalt, copper, mer-
cury, lead, antimony, zinc and selenium; earthworms from the same COPECs as terrestrial 
plants with the addition of nickel; and microbes from silver, arsenic, cadmium, copper, 
nickel, lead, and zinc.  

A number of birds and mammals were also selected to represent the major trophic levels 
that may feed and live on the Mine Area and are assumed to forage in close association with 
affected media: 

 The American dipper, a bird that feeds on aquatic biota, has a small home range and is 
maximally exposed to sediment and surface water, may be at risk from arsenic, cobalt, 
copper, mercury, manganese, lead, and selenium.  

 The green heron, which feeds on a variety of aquatic and terrestrial biota and may have 
a small home range depending on the site, may be at risk from arsenic.  
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 The California quail, which feeds on herbaceous material and occasional arthropods and 
has a small home range, may be at risk from arsenic.  

 The California vole, a small mammal herbivore with a small home range, may be at risk 
from arsenic, cyanide, and lead.  

 The mink, a small mammal that preys on a variety of terrestrial and aquatic biota, may 
be at risk from arsenic.  

 The ornate shrew, assumed to be sensitive due to its close association with soil, small 
home range and high ingestion rate as compared to a small body weight, preys on a 
wide variety of invertebrates and may be at risk from arsenic, cyanide, lead and anti-
mony.  

 The long-tailed weasel, a small terrestrial carnivore with a high ingestion rate and a 
small home range, may be at risk from arsenic.  

 Exposure was also estimated for the red-tailed hawk but because of the comparatively 
large home range for the hawk compared to the size of the site, this receptor was not 
found to be at potential risk from any COPECs in any subarea.  

Midgradient 
This subarea encompasses the Little Clipper Creek drainage below the mine which serves as 
the link between the contaminant source area and the primary downstream deposition and 
accumulation areas, including Lost Lake. The creek has a steep gradient in this area, and 
significant tailings deposition occurs only in isolated areas. This section is approximately 
one mile long. Samples of surface soil and water, sediment, groundwater and biota were 
collected. 

Fish may be at risk from arsenic, barium, cadmium, cyanide, lead and zinc.  

Amphibians may be at risk from arsenic.  

Sediment biota may be at risk from silver and lead.  

Terrestrial plants may be at risk from silver, arsenic, cadmium, mercury, antimony and zinc.  

Earthworms may be at risk from mercury and microbes may be at risk from arsenic.  

The American dipper may be at risk from arsenic and selenium.  

The California vole, ornate shrew, mink and the long-tailed weasel may be at risk from 
arsenic.  

Deposition Area and Lost Lake 
The deposition area encompasses the large, relatively flat floodplain area present between 
the confluence of Little Clipper Creek and Clipper Creek and Lost Lake. This is where the 
largest amount of tailings was deposited after the dam failure one mile above. The Lost Lake 
area is defined as the two lobes (north and south) of the lake and the lake shoreline. The 
deposition area is well vegetated and presents considerable wildlife habitat and an attrac-
tive human recreational area. Lost Lake provides habitat for fish, wildlife, plants, and 
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invertebrates and recreational opportunities for humans. Samples of surface soil and water, 
subsurface soil, sediment, groundwater and biota were collected. 

Fish may be at risk from arsenic, barium, beryllium, cadmium, cyanide, cobalt, copper, 
manganese, and zinc.  

Amphibians may be at risk from arsenic.  

Microbes may be at risk from arsenic, copper and zinc.  

Terrestrial plants may be at risk from silver, arsenic, cadmium, cobalt, copper, mercury, 
antimony, zinc and selenium.  

Earthworms may be at risk from cadmium, cobalt, copper, selenium, and zinc.  

The American dipper may be at risk from arsenic and selenium and the California vole, 
ornate shrew, mink, and long-tailed weasel from arsenic.  

Downgradient from Lost Lake Area 
This subarea consists of the Clipper Creek drainage below Lost Lake to the confluence with 
Little Greenhorn Creek and extends a short distance down Little Greenhorn Creek. Samples 
of soil, surface water, sediment, and biota were collected from along the Clipper Creek 
drainage downgradient of Lost Lake. 

Fish may be at risk from arsenic, barium, cobalt, manganese, and zinc, and amphibians and 
microbes from arsenic alone.  

Terrestrial plants may be at risk from silver, arsenic, mercury, and zinc, and earthworms 
from mercury.  

The American dipper may be at risk from arsenic, cobalt, manganese and selenium; the 
California vole, mink, and long-tailed weasel from arsenic; and the ornate shrew from 
arsenic, mercury, manganese and selenium. 

Proposed Cleanup Concentrations 
The ecological PCCs are proposed concentrations of metals or cyanide in environmental 
media (soil, sediment, and water) that preserve the desired attributes of the assessment 
endpoints (e.g., growth, reproduction, or survival), and below which, adverse effect levels 
are expected either to be absent or to be within the limits of effect levels described in Sec-
tion 3.4 of the ERA (EPA, 2001c).  PCCs are often determined by levels of contaminants that 
would be protective of the most sensitive ecological receptor that is exposed to a particular 
medium; but it is also possible, through risk-management decisions, to establish cleanup 
goals that fall short of protecting the most sensitive receptors as long as the nine remedial 
alternative selection criteria are met. This section establishes media-specific PCC ranges for 
the various receptor types (e.g., fish, aquatic invertebrates, amphibians, terrestrial plants, 
terrestrial invertebrates, soil microbes, birds, and mammals) based on the chemical effects 
evaluated in Sections 4, 5 and 6 of the ERA (EPA, 2001c).  

The PCCs need to account for the presence of special-status species (individual-level end-
points in Section 3.4 of the ERA) where the level of protection should be higher (effect level 
threshold lower) than that sought for population-level, community-level, or ecosystem-level 



APPENDIX G. PROPOSED CLEANUP CONCENTRATIONS FOR ECOLOGICAL RISKS 

RDD/032890007 (CAH2490.DOC) G-5 

endpoints (Section 3.4 of the ERA). This is accomplished by determination of the relative 
sensitivity of special-status species to metals compared to other species in their group, 
selecting toxicity test endpoints that offer protection at the individual level as a basis for 
toxicity values.  

To provide a range of values, PCCs were calculated based on site-specific No Observed 
Effects Concentrations (NOECs) and Lowest Observed Effects Concentrations (LOECs), as 
well as the literature-derived no and lowest observed effects (e.g., NOECs, LOECs, No 
Observed Adverse Effect Levels [NOAELs], and Lowest Observed Adverse Effect Levels 
[LOAELs]). 

The toxicity studies and values (NOAELs and LOAELs) used in the PCC development for 
birds and mammals are presented in Table G-2. In general, these are the same toxicity 
values used in the ERA (EPA, 2001c).  However, values for antimony and lead toxicity to 
mammals have been updated since the 2001 ERA. These updated values are highlighted in 
Table G-2.  

The EPA Region IX Biological Technical Assistance Group (BTAG) developed Toxicity Ref-
erence Values (TRVs) for the U.S. Navy (EFA West, 1998). These BTAG benchmarks include 
two TRVs for each chemical: one is deemed a low TRV (a chronic, no effect-level equiva-
lent), and one is deemed a high TRV (a level where some adverse effects may occur) (DTSC, 
2000).  For purposes of this evaluation, the low TRV is considered synonymous with a 
NOAEL; the high TRV is considered synonymous with a LOAEL.   

Recently, a new low TRV for lead has been adopted by BTAG for use by the U.S. Navy 
(DTSC, 2002). This value (1 mg/kg/d) is based on a series of papers that report reproduc-
tive effects in rats from chronic exposure to low levels of lead (Kimmel et al., 1980; Grant et 
al., 1980; Fowler et al., 1980). The NOAEL derived from these studies was approximately 
0.92 mg/kg/d, and a LOAEL (based on delayed sexual maturation in female rats) was 
4.7 mg/kg/d. Antimony TRVs for mammals were also recently developed as part of the EPA 
Eco-SSL process (Eco-SSL for Antimony, dated August 2003; EPA, 2003a). The NOAEL 
and LOAEL for antimony (based on antimony trioxide) were 0.059 and 0.59 mg/kg/d, 
respectively.  

Although the current Eco-SSL for cobalt (EPA, 2003b) presents values for birds and mam-
mals, these were not included in the current evaluation. The bird NOEC developed for the 
Eco-SSL is derived from the geometric mean of the NOAELs for cobalt.  This geometric 
mean NOAEL (7.6 mg/kg/d) is nearly an order of magnitude greater than the LOAEL 
(0.98 mg/kg/d) used in the ERA.  If the Eco-SSL value were used, no risk to dippers from 
cobalt exposure would be predicted. Therefore, the cobalt value for birds was not updated 
because the initial analysis offers the most conservative approach, and the study used was 
also used in the development of the Eco-SSL value. Likewise, the values used for cobalt in 
the ERA were more conservative and are considered appropriate for PCC derivation. More-
over, the more conservative cobalt benchmarks were not exceeded by any mammalian 
receptor at any Lava Cap Mine site subarea. 

For plants and soil invertebrates, the Eco-SSL values for antimony and cobalt were added as 
available.  These included the Eco-SSL for antimony for soil invertebrates (78 mg/kg; EPA, 
2003a) and the plant Eco-SSL for cobalt (32 mg/kg; EPA, 2003b). 
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The soil, sediment, and surface-water PCCs indicated in the sub-sections below and in 
Tables G-3 to G-5 cover all receptor groups within each media type. For each contaminant, 
PCCs were only developed for receptors at risk from the contaminant as identified in the 
ERA. PCCs for analytes within a media type presenting risk to more than one receptor were 
plotted in Figures 1 to 24.  Because of species-specific foraging habits and habitat pref-
erences of birds and mammals, some species are more directly exposed to contaminants in 
sediment or water than they are to contaminants in soil.  

Species that forage in aquatic habitats (e.g., American dipper) were identified as aquatic, 
and PCCs based on sediment were calculated. Species that occur in riparian or upland 
habitats (California quail, ornate shrew, California vole, and long-tailed weasel) were identi-
fied as terrestrial, and PCCs were calculated based on soil. Mink and green heron primarily 
forage on fish; therefore, PCCs for these species were calculated based on surface water. 
Red-tailed hawks are not strongly associated with any media type and had a no risk conclu-
sion in the ERA; therefore, no PCCs were calculated for this receptor.  

Soil 
Soil PCCs were developed for terrestrial plants, invertebrates, microbial processes, birds, 
and mammals based on soil-mediated or oral exposure estimates. As stated above, PCCs 
were developed based on the site-specific thresholds or on the lowest literature thresholds.  

PCCs for soil-associated biota were derived from site-specific NOECs and LOECs (earth-
worms; Table G-3) and site-specific LOECs (plants; Table G-3), as well as literature-derived 
toxicity data (e.g., Efroymson et al. 1997a and 1997b). These literature-derived values con-
sisted of the 10th percentile of the LOEC distribution. NOECs were excluded because they 
were greater than LOECs in some cases (Table G-3; see also Table 5-7 of the ERA). Tenth 
percentile values were selected to be protective (i.e., the selected PCC is lower than 90 per-
cent of all other tested concentrations) without being overly conservative (as would be the 
case if the minimum value were selected). 

Soil PCCs for birds and mammals were determined by back-calculation of the exposure 
model presented in Section 4.7 of the ERA (EPA, 2001c) to determine the soil concentration 
that would produce an HQ equal to the no and lowest observed adverse effect levels (i.e., 
NOAELs and LOAELs).   Toxicity values are presented in Table G-2. COPEC concentrations 
in foods consumed by receptors were estimated using the bioaccumulation models pre-
sented in Section 4.7 and Appendix F of the ERA.  

The thresholds for each receptor are presented in Table G-3 and represent ranges of values 
for consideration. PCCs for analytes presenting risk to more than one soil associated recep-
tor were plotted in Figures 1 to 11.  In some cases (e.g., arsenic; Figure 2), the lowest 
threshold across all receptor groups (in the case of arsenic, those for the shrew) was below 
the background concentration for the Lava Cap Mine Site vicinity (Table G-3).  The back-
ground concentrations presented in Tables G-3 through G-5 and on the figures match those 
presented in the memorandum Lava Cap Mine Site Background Concentrations and Proposed 
Discharge Limitations, prepared by CH2M HILL and dated May 16, 2003. Remediation to 
levels below background are unrealistic. In instances where the lowest threshold falls below 
background, it is recommended that the background concentrations be selected as the PCC 
level. Additionally, no special-status plant, soil invertebrate, bird, or mammal species were 
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observed onsite; therefore, use of the LOEC or LOAEL is recommended in selecting cleanup 
concentrations. Limitations of the site-specific soil bioassays and recommendations for use 
in PCC selection are presented in the Limitations section below. 

Sediment 
Sediment PCCs were developed for aquatic invertebrates and aquatic birds (American dip-
per) based on sediment-mediated or oral exposure estimates. As stated above, PCCs were 
developed based on the site-specific thresholds or on the literature thresholds.  

PCCs for aquatic invertebrates were derived from site-specific NOECs and LOECs 
(Table G-4). Sediment PCCs for birds were determined as described above for soil. 

The thresholds for each receptor are presented in Table G-4 and represent ranges of values 
for consideration. PCCs for analytes presenting risk to more than one sediment-associated 
receptor were plotted in Figures 12 to 16.  As with soil, the lowest threshold across all 
receptor groups was below the background concentration for the Lava Cap Mine site vicin-
ity (Table G-4) in some cases. In these instances, background concentrations are recom-
mended as the PCC level. No special-status aquatic invertebrate, bird, or mammal species 
were observed onsite; therefore, use of the LOEC or LOAEL is recommended in selecting 
cleanup concentrations. Limitations of the site-specific sediment bioassay and recommen-
dations for use in PCC selection are presented in the Limitations section below. 

Surface Water  
Surface-water PCCs were developed for fish and amphibians, as well as for birds and mam-
mals that forage primarily on fish (mink and green heron) based on water-mediated or oral 
exposure estimates. As stated above, PCCs were developed based on the site-specific thresh-
olds or on the lowest literature thresholds.  

PCCs for fish were derived from site-specific NOECs (no effects were observed in site-
specific toxicity tests) and literature-derived toxicity data (i.e., EPA, 2000 or Suter and Tsao, 
1996). These consisted of the California ambient water quality standards (CAWQS) criterion 
continuous concentration (CCC), except for silver which had no CCC and for which the cri-
terion maximum concentration (CMC) was used instead, or Tier II secondary chronic values 
(Table G-5). The chronic threshold was selected to be protective without being overly con-
servative (i.e., threshold associated with effects).  The CAWQS values are adjusted for water 
hardness for specified metals as indicated in Table G-5.  In these cases, the median adjusted 
value from the four Lava Cap Mine site areas was used as the PCC for fish. 

Because of the presence of the red-legged frog (a special-status species), NOECs are indi-
cated for use in the PCC development for amphibians. However, as presented in Table 5-6 
of the ERA, NOECs were only available for aluminum, cadmium, cyanide, and lead, and in 
all cases, either the larval or the embryonic LOEC was less than the NOEC.  Therefore, the 
LOEC was used as a more conservative value.  

Because mink and green heron feed primarily on fish, and the bioaccumulation of contami-
nants in fish was calculated from water concentrations, surface-water PCCs for these recep-
tors were determined. In general, NOAEL- and LOAEL-based thresholds for mink and 
green heron were calculated as described for soil and sediment. However, soil/sediment 
ingestion was excluded from the exposure calculation because the exposure pathway was 
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assumed to be water fish  mink or green heron. Additionally, mink and green heron 
were assumed to feed entirely (100 percent) on fish for the PCC calculation. 

The thresholds for each receptor are presented in Table G-5. PCCs for analytes presenting 
risk to more than one surface-water-associated receptor were plotted in Figures 17 to 24.  As 
with soil and sediment, there was one case (manganese) in which the lowest threshold 
across all receptor groups was below the background concentration for the Lava Cap Mine 
site vicinity (Table G-5). In these instances, background concentrations are recommended as 
the PCC level. As red-legged frogs are to be protected at the individual level (i.e., no 
acceptable effect), the final surface-water PCC should not be selected based solely on the 
amphibian LOEC.  For example, if the amphibian LOEC is less than the literature-derived 
aquatic organism LOEC (as for mercury; Figure 20), then it is recommended that 
background be chosen as the cleanup concentration. Limitations of the site-specific surface 
water bioassays and recommendations for use in PCC selection are presented in the follow-
ing section. 

Limitations of Site-Specific Bioassays and Recommendations for Use 
For the Lava Cap ERA, site-specific bioassays were conducted for soil, sediment, and surface 
water. These included 14-day earthworm (survival and growth) and 14-day lettuce (germi-
nation and growth) bioassays in soil, 10-day amphipod bioassays in sediment, and 48- and 
96-hour surface-water bioassays with Ceriodaphnia and fathead minnows, respectively. Sub-
lethal endpoints (i.e., growth) were measured in the earthworm bioassay and the duration 
was 14 days; therefore, these bioassays are considered to represent chronic effects.   Plant 
bioassays can be of 14-, 21-, or 28-day duration according to EPA protocol. The 14-day test is 
considered long enough to represent chronic effects in the test species (lettuce), and sub-
lethal endpoints (i.e., growth) were measured. The amphipod bioassay is of sufficient dura-
tion to be chronic, but only measures survival and so is considered acute. An uncertainty 
factor of 10 was applied to the NOECs and LOECs developed from this test. The 48- and 
96-hour surface water bioassays are considered acute; therefore, an uncertainty factor of 10 
was applied to the NOECs developed from these tests (no adverse effects were observed).  

Although the site-specific bioassays have limitations (i.e., acute vs. chronic, 100 percent 
effect, no effect), they do provide information useful for determining cleanup concentra-
tions. Recommendations for the use of these bioassays in selecting cleanup concentrations 
are as follows: 

 Plant toxicity test data – Based on duration and the endpoints measured, the plant bio-
assay is considered to be chronic. Because 100 percent of seeds failed to germinate in the 
sample from the mine property and no effect was observed in other samples, only an 
EC100 could be developed. In cases where the EC100 exceeds the literature benchmark, the 
literature benchmark (10th percentile LOEC) is recommended as the metal of interest 
likely contributed to the toxicity observed.  If, however, the EC100 is less than the plant 
benchmark, then this metal is unlikely to be a driver in the toxicity observed, and the 
EC100 is recommended over the more conservative literature benchmark.  

 Earthworm toxicity test data – Based on duration and the endpoints measured, the earth-
worm bioassay is considered to be chronic. Site-specific NOECs and LOECs, as well as 
LC50s and EC50s were developed from the endpoints (survival and growth). Because the 
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bioassay data allowed for the development of site-specific NOECs and LOECs, it is rec-
ommended that preference be given to the site-specific values over literature-derived 
LOECs. 

 Sediment toxicity test data – Based on the endpoint measured, the amphipod bioassay is 
considered to be acute, and an acute-to-chronic uncertainty factor of 10 was applied to 
site-specific NOECs and LOECs. The site-specific LOEC represents a 10 percent reduc-
tion in survival compared to controls. This minor effect is within our assessment end-
points (i.e., 20 percent level of effect).  Therefore, if the adjusted LOEC (i.e., the LOEC 
multiplied by 0.1) is lower than benchmarks for other receptors and greater than back-
ground, cleanup to the site-specific adjusted LOEC is recommended for sediment. 

 Surface-water toxicity test data – Based on duration and the endpoint measured, the 
Ceriodaphnia and fathead minnow bioassays are considered acute. An acute-to-chronic 
uncertainty factor was applied to site-specific NOECs. No effects were observed in the 
surface-water bioassays; therefore, only a NOEC was developed. If the adjusted NOEC 
(i.e., NOEC multiplied by 0.1) is lower than the literature value, then the literature value 
takes precedence. If the adjusted NOEC is higher, we suggest using the adjusted NOEC 
because no effects were observed in the toxicity test. indicating the lower benchmark is 
overly conservative.  Then compare the selected aquatic organism value (i.e., either the 
adjusted NOEC or the literature benchmark) to the other receptors and to background.  
Choose the lowest of these or background if the lowest is less than background. 

After it has been determined whether to use the PCC developed from the site-specific bio-
assays or that from the literature benchmark, then a final cleanup concentration can be 
selected based on comparison to the other receptors and to background.  

For example, the following approach may be used to determine a cleanup goal for arsenic 
that is protective of the ecological receptors at the site (see Figure 2).  The site-specific NOEC 
for earthworms is greater than the literature-based LOEC, indicating that the literature 
value is likely overly conservative; therefore, the site-specific LOEC should be given 
preference.  In contrast, the plant EC100 far exceeds the literature LOEC for plants.  This 
suggests that arsenic is a driver in the severe toxicity (100 percent failure to germinate) 
observed in the bioassay.  Thus, the literature plant benchmark should be given preference. 
The site-specific LOEC for earthworms and literature LOEC for plants should then be 
compared to the PCCs for the other receptors (microbes, California quail, ornate shrew, 
California vole, and long-tailed weasel) and to background.  Because the literature LOEC for 
plants and the LOAEL for the shrew are less than background and cleanup below back-
ground is unrealistic, the background is recommended as the cleanup concentration for 
arsenic in soil. 

For comparison, the cadmium cleanup concentration may be selected as follows: Because 
the site-specific LOEC for earthworms is less than the literature-derived LOEC, cadmium is 
likely not a driver in the toxicity observed in the bioassay (Figure 3).  Therefore, the lit-
erature LOEC should be given preference.  Likewise, the site-specific EC100 for plants is less 
than the literature LOEC, suggesting that cadmium is not driving the effects observed in the 
plant bioassay.  As the site-specific LOEC for plants is the lowest PCC across all receptors 
and is greater than background, this value is recommended as the cleanup concentration for 
cadmium in soil. 
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Similar evaluations may be used for each medium to select cleanup concentrations that are 
protective of ecological receptors. 
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Table G-1

Summary of Assessment Endpoints and Risk Drivers By Lava Cap Mine Site Area
Lava Cap Mine Feasibility Study

Entity Attribute Effect Level
Conceptual Model 

Group
Representative 

Receptor
Assessment 

Level
Available Lines of 

Evidence 

Mine Area Midgradient 
Area

Lake Area Downgradient
Area 

Fish Growth, reproduction, or survival 20% reduction of attribute Aquatic Organism NA Community Single-chemical Toxicity Data
Body-burden Toxicity Data
Ambient Media Toxicity Tests 

Ag, As, Ba, Be 
Cd, Cyanide, Co, 
Cu, Hg, Mn, Ni, 

Pb, Sb, Zn

As, Ba, Cd, 
Cyanide, Pb, Zn

As, Ba, Be, Cd, 
Cyanide, Co, Cu, 

Mn, Zn

As, Ba, Co, Mn, 
Zn

Benthic Invertebrates Growth, reproduction, or survival 20% reduction of attribute Sediment Biota NA Community Single-chemical Toxicity Data
Ambient Media Toxicity Tests
Biological Surveys 

Ag, As, Cd, Cu, 
Hg, Pb, Sb, Se

Ag, Pb None None 

Amphibians Individual health and survival No acceptable effect Aquatic Organism Red-legged Frog Individual Single-chemical Toxicity Data Ag, As, Cu, Hg, 
Mn, Ni, Pb, Zn

As As As

Terrestrial Plants Growth, reproduction, or survival 20% reduction of attribute Soil Biota NA Community Single-chemical Toxicity Data
Ambient Media Toxicity Tests

Ag, As, Cyanide, 
Cd, Co, Cu, Hg, 
Pb, Sb, Se, Zn

Ag, As, Cd, Hg, 
Sb, Zn

Ag, As, Cd, Co, 
Cu, Hg, Sb, Se, 

Zn

Ag, As, Hg, Zn

Soil Invertebrates Growth, reproduction, or survival 20% reduction of attribute Soil Biota NA Community Single-chemical Toxicity Data
Ambient Media Toxicity Tests

Ag, As, Cyanide, 
Cd, Co, Cu, Hg, 
Pb, Sb, Se, Zn

Hg Cd, Co, Cu, Se, 
Zn

Hg

Soil Microbial 
Processes

Growth, reproduction, or survival 20% reduction of attribute Soil Biota NA Ecosystem Single-chemical Toxicity Data Ag, As, Cd, Cu, 
Ni, Pb, Zn

As As, Cu, Zn As

Birds Growth, reproduction, or survival 20% reduction of attribute Aquatic Insectivore American Dipper Population Single-chemical Toxicity Data
Target Organ Toxicity Data

As, Co, Cu, Hg, 
Mn, Pb, Se

As, Se As, Se As, Co, Mn, Se

Growth, reproduction, or survival 20% reduction of attribute Piscivore Green Heron Population Single-chemical Toxicity Data As None None None 

Growth, reproduction, or survival 20% reduction of attribute Carnivore Red-tailed Hawk Population Single-chemical Toxicity Data None None None None 

Growth, reproduction, or survival 20% reduction of attribute Herbivore Califonia Quail Population Single-chemical Toxicity Data As None None None 

Mammals Growth, reproduction, or survival 20% reduction of attribute Herbivore California Vole Population Single-chemical Toxicity Data
Target-organ Toxicity Data

As, Cyanide, Pb As As As

Growth, reproduction, or survival 20% reduction of attribute Insectivore Ornate Shrew Population Single-chemical Toxicity Data
Target Organ Toxicity Data

As, Cyanide, Pb, 
Sb

As As As, Hg, Mn, Se

Growth, reproduction, or survival 20% reduction of attribute Piscivore Mink Population Single-chemical Toxicity Data As As As As

Growth, reproduction, or survival 20% reduction of attribute Carnivore Long-tailed Weasel Population Single-chemical Toxicity Data As As As As

Assessment Endpoint Weight-of-Evidence Conclusions

RDD/032890012 (CAH2032.xls)



TABLE G-2

Summary of Wildlife Toxicity Data for Lava Cap Mine Proposed Cleanup Concentration Development
Lava Cap Mine Feasibility Study

Analyte Form Study Test species Endpoint Endpoint Duration NOAEL LOAEL Notes
Antimony Antimony trichloride Rossi et al. 1987 rat physiological cardiotoxicity during reproduction 0.059 0.59 EcoSSL 2003
Arsenic H3 arsenate Nemec et al. 1998 rabbit reproduction fetuses/litter d 6-18 gestation 0.396 1.58
Arsenic Sodium arsenate Stanley et al. 1994 mallard reproduction ducklings/successful nest >10 wks 9.3 40.3
Barium Barium chloride Perry et al. 1983 rat growth weight gain 16 months 5.1 NA
Barium Barium hydroxide Johnson et al. 1960 1 day old chicks mortality mortality 4 weeks 20.8 41.7
Beryllium Beryllium sulfate Schroeder and Mitchener 1975 rat longevity longevity lifetime 0.66 NA
Cadmium Cadmium chloride Sutou et al. 1980 rat reproduction no. live fetuses/female 6 weeks through reprod. 1 10 CH2M HILL Alt BTAG
Cadmium Cadmium sulfate Leach et al. 1979 chicken reproduction egg production 1 yr 0.16 0.61
Cobalt Cobalt (II) chloride Domingo et al. 1985 rat reproduction litter mortality, BW gain female pups day 14 of gestation to 21 of lactation 0.545 5.45
Cobalt Cobalt (II) chloride Domingo et al. 1985 rat reproduction litter mortality, BW gain male pups day 14 of gestation to 21 of lactation 0.545 5.45
Cobalt Southern and Baker 1981 chicken growth growth days 8-22 post-hatch 0.49 0.98
Copper CuSO4*5H20 Aulerich et al. 1982 mink reproduction % kit survival 357 d 11.7 15.4
Copper Copper oxide Mehring et al. 1960 chickens mortality mortality 10 wks 47 61.7
Cyanide Total cyanide Frakes et al 1986 hamster reproduction fetal growth days 3-15 of gestation 0.15 0.5
Lead Lead acetate Kimmel et al. 1980, Grant et al. 1980, 

Fowler et al. 1980
rat reproduction reproductive development in females 6-7 wks prior to mating through lactation 1 4.7 New BTAG study

Lead Lead acetate Edens and Garlich 1983 chicken reproduction eggs/hen 10 weeks NA 3.52
Lead Lead acetate Edens and Garlich 1983 Japanese quail reproduction eggs/hen 5 weeks 0.113 1.13
Manganese Manganese Oxide Laskey et al. 1982 rat reproduction percent fertility through gestation for 224 days 88 284
Manganese Manganese Oxide Laskey and Edens 1985 Japanese quail behavior aggressive behavior 75 days 98 977
Mercury MeHgCl Heinz 1976; Heinz and Hoffman 1998 mallard reproduction duckling 7 day survival 2.5 mo. To 2 generations 0.068 0.37 CH2M HILL Alt BTAG
Mercury MeHgCl Multiple studies (Aulercih et al 1974, 

Wobeser et al. 1976, Wren et al 1987, 
Dansereau et al 1999

mink mortality % survival up to 2 generations 0.077 0.11

Nickel Nickel chloride Smith et al. 1993 rat reproduction 21 d pup survival in 3rd generation 2 generations 6.8 31.63
Nickel Nickel sulfate  Cain and Pafford 1981 mallard duck growth body weight 90 days 77.4 106.9
Selenium Potassium Selenate Rosenfeld and Beath 1954 rat reproduction reproduction 1 yr, 2 generations 0.2 0.33
Selenium Selanomethionine Heinz et al. 1989 mallard duck reproduction reproduction 100 days 0.4 0.8
Silver AgNO3 Rungby and Dascher 1984 mouse behavior activity 125 days 2.38 23.8
Thallium Thallium sulfate Formigli et al. 1986 rat reproduction male testicular function 60 days 0.0074 0.074
Zinc Zinc carbonate Feaster et al. 1972 rat reproduction viable fetuses/litter 4 months 9.7 1220
Zinc Zinc sulfate Stahl et al. 1990 chickens reproduction egg hatchability 44 weeks 14.5 131

Note: Shaded studies are those that were updated from toxicity studies used in the 2001 Lava Cap Mine Ecological Risk Assessment.

RDD/032890013 (CAH2033.xls)
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Table G-3

Range of Proposed Cleanup Concentrations (mg/kg) for Soila

Lava Cap Mine Feasibility Study
Microbes

Risk Driver

Site-
specific 
NOEC

Site-
specific 
LOEC

Literatureb 

LOEC

Site-
specific 
EC100

Literatureb 

LOEC
Literature 

LOEC

California 
Quail 

NOAEL

California 
Quail 

LOAEL

Ornate 
Shrew 
NOAEL

Ornate 
Shrew 
LOAEL

California 
Vole 

NOAEL

California 
Vole 

LOAEL

Long-tailed 
Weasel 
NOAEL

Long-tailed 
Weasel 
LOAEL Backgroundc

Agd 15.3 30.7 NA 15.4 2 50 - - - - - - - - 0.28

Asd 3725 7450 68 1862.5 11.2 187.3 974.63 4285.82 0.31 10.14 31.02 149.42 48.45 294.91 20.0

Cdd 4.725 9.45 18 2.36 4 19.6 - - - - - - - - 0.41

Cyanided 23.6 47.2 NA 11.8 NA - - - 2.47 8.24 7.65 25.49 - - 0.68

Cod 19.5 27 NA 27 32 - - - - - - - - - 18.9

Cud 94.4 122 66.5 121.5 100 186 - - - - - - - - 86.5

Hgd 0.21 0.43 0.5 0.21 0.3 - - - 0.06 0.08 - - - - 0.14

Mne - - - - - - - - 211.58 682.83 - - - - 1736

Nie - - - - 174.5 - - - - - - - - 54.3

Pbd 80.1 160 500 80.1 80 960 - - 5.26 26.90 60.22 307.65 - - 43.4

Sbd 14.6 29.3 78 7.31 5 - - - 0.80 9.29 - - - - 1.22

Sed 0.71 1.42 77 0.354 1 - - - 0.02 0.03 - - - - 0.6

Znd 645 1290 189.2 322.5 43.6 107 - - - - - - - - 95.7
a A dash indicates that the analyte was not a risk driver for the receptor.
b NA = no literature threshold was available.
c Draft background concentration as presented in the CH2M HILL memorandum dated May 16, 2003.
   Background values shown in italics are higher than one or more of the risk-based concentrations (except NOEC and NOAEL values).
d Graphically displayed in figures 1 through 11.
e Not graphically displayed because only one receptor was at risk from this analyte.

Plants Birds and MammalsEarthworms
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Table G-4

Range of Proposed Cleanup Concentrations (mg/kg) for Sedimenta

Lava Cap Mine Feasibility Study

Risk Driver
Site-specific 

NOECb
Site-specific 

LOECb

American 
Dipper 
NOAEL

American 
Dipper 
LOAEL Backgroundc

Agd 0.709 1.19 - - 0.22

Ase 206 3400 28.09 91.15 24.6

Cdd 0.341 0.938 - - 0.269

Cod - - 0.24 0.48 13.8

Cue 7.89 42.3 14.05 18.44 64.6

Hge 0.031 0.144 0.01 0.07 0.129

Mnd - - 23.94 238.73 987

Pbe 5.39 5.46 1.13 31.14 15.2

Sbd 0.516 1.24 - 1.01

See 0.082 0.364 0.05 0.09 0.4
a A dash indicates that the analyte was not a risk driver for the receptor.
b An acute to chronic uncertainty factor of 10 was applied.
c Draft background concentration as presented in the CH2M HILL memorandum dated May 16, 2003.

d Not graphically displayed because only one receptor was at risk from this analyte.
e Graphically displayed in figures 12 through 17.

BirdsAquatic Invertebrates

   Background values shown in italics are higher than one or more of the risk-based concentrations (except 
  NOEC and NOAEL values).  
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Table G-5

Range of Proposed Cleanup Concentrations (ug/L) for Surface Watera

Lava Cap Mine Feasibility Study
Amphibians

Risk Driver

Site-
specific 
NOECb

Chronic 
Literature 
Threshold

Literature 
LOECc

Green Heron 
NOAEL

Green Heron 
LOAEL

Mink 
NOAEL

Mink 
LOAEL Backgroundd

Age 0.032 3.60g 4.1 - - - - 0.04

Ase 116 150h 40 293.34 2877.21 3.97 39.69 1.80

Baf 4.42 4i - - - - - 27

Bef 0.001 5.3i - - - - - 0.23

Cdf 0.016 2.12j - - - - - 0.46

Cyanidef 0.4 5.2h - - - - - 1.50

Cof 0.059 23i - - - - 1.04

Cue 0.291 8.49j 25.7 - - - - 1.83

Hge 0.0018 1.3i 0.3 - - - - 0.004

Mne 16.5 120i 1420 - - - - 239

Nie 0.229 49.31j 59.6 - - - - 1.74

Pbe 0.151 2.41j 46 - - - - 0.59

Sbf 0.366 30i - - - - - 0.08

Zne 15.9 112.02h 900 - - - - 3.30
a A dash indicates that the analyte was not a risk driver for the receptor.
b Only site-specific NOECs are available, no effects were observed in site-specific bioassays. An acute to chronic uncertainty factor of 10 was applied.
c The lowest of either the larval or embryo LOEC was selected.
d Draft background concentration as presented in the CH2M HILL memorandum dated May 16, 2003.
   Background values shown in italics are higher than one or more of the risk-based concentrations (except NOEC and NOAEL values).
e Graphically displayed in figures 18 through 25.
f Not graphically displayed because only one receptor was at risk from this analyte.

h Value is the CAWQS criterion continuous concentration (CCC).
i Value is the Oak Ridge National Laboratory aquatic Tier II secondary chronic value (Suter and Tsao, 1996).

Birds and MammalsAquatic Organisms

g Value derived from California ambient water quality standard (CAWQS) criterion maximum concentration (EPA, 2000; no chronic value available). 
Adjusted for site-specific water hardness.  The median value from the four Lava Cap Mine sites was selected.

j Value derived from California ambient water quality standard (CAWQS) CCC. Adjusted for site-specific water hardness.  The median value from the four 
Lava Cap Mine sites was selected.
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Figure 1. Silver Proposed Cleanup Concentrations for Soil.

Site Specific Literature

Notes:
aDraft background concentration as presented in the CH2M HILL memorandum dated May 16, 2003.
bValues derived from site-specific toxicity tests (earthworm NOEC and LOEC values based on 
s r i al plant LOEC al es based on EC for seed germination)survival; plant LOEC values based on EC100 for seed germination).
cValues derived from the literature. The LOEC is the 10th percentile lowest observed effect 
concentration associated with adverse effects. NOECs were not included because they were
greater than LOECs for some cases. No LOEC was available for earthworms.

Line connecting NOEC/NOAEL to LOEC/LOAEL indicates that values were developed from the 
same study.
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Figure 2. Arsenic Proposed Cleanup Concentrations for Soil.
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survival; plant LOEC values based on EC100 for seed germination).
cValues derived from the literature. The LOEC is the 10th percentile lowest observed effect 
concentration associated with adverse effects. NOECs were not included because they were
greater than LOECs for some cases.
dValues derived using site-specific bioaccumulation and literature derived toxicity.

Line connecting NOEC/NOAEL to LOEC/LOAEL indicates that values were developed from the 
same study.
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Figure 3. Cadmium Proposed Cleanup Concentrations for Soil.
Notes:
aDraft background concentration as presented in the CH2M HILL memorandum dated May 16, 2003.
bValues derived from site-specific toxicity tests (earthworm NOEC and LOEC values based on 
survival; plant LOEC values based on EC100 for seed germination).
cValues derived from the literature. The LOEC is the 10th percentile lowest observed effect 
concentration associated with adverse effects. NOECs were not included because they were
greater than LOECs for some cases.

Line connecting NOEC/NOAEL to LOEC/LOAEL indicates that values were developed from the 
same study.
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Figure 4. Cyanide Proposed Cleanup Concentrations for Soil.

Literatured

Notes:
aDraft background concentration as presented in the CH2M HILL memorandum dated May 16, 2003.
bV l d i d f it ifi t i it t t ( th NOEC d LOEC l b dbValues derived from site-specific toxicity tests (earthworm NOEC and LOEC values based on 
survival; plant LOEC values based on EC100 for seed germination).
cValues derived from the literature. The LOEC is the 10th percentile lowest observed effect 
concentration associated with adverse effects. NOECs were not included because they were
greater than LOECs for some cases.
dValues derived using site-specific bioaccumulation and literature derived toxicity.

Line connecting NOEC/NOAEL to LOEC/LOAEL indicates that values were developed from the 
same study.
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Figure 5. Cobalt Proposed Cleanup Concentrations for Soil.
Notes:
aDraft background concentration as presented in the CH2M HILL memorandum dated May 16 2003Draft background concentration as presented in the CH2M HILL memorandum dated May 16, 2003.
bValues derived from site-specific toxicity tests (earthworm NOEC and LOEC values based on 
survival; plant LOEC values based on EC100 for seed germination).
cValues derived from the literature. Geometric mean of values recommended as screening level
in USEPA (2003b; EcoSSL for Cobalt dated August 2003). No screening value was available
for earthworms.

Line connecting NOEC/NOAEL to LOEC/LOAEL indicates that values were developed from the 
same study.
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Figure 6. Copper Proposed Cleanup Concentrations for Soil.
Notes:Notes:
aDraft background concentration as presented in the CH2M HILL memorandum dated May 16, 2003.
bValues derived from site-specific toxicity tests (earthworm NOEC and LOEC values based on 
survival; plant LOEC values based on EC100 for seed germination).
cValues derived from the literature. The LOEC is the 10th percentile lowest observed effect 
concentration associated with adverse effects. NOECs were not included because they were
greater than LOECs for some cases.

Line connecting NOEC/NOAEL to LOEC/LOAEL indicates that values were developed from the 
same studysame study.
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Figure 7. Mercury Proposed Cleanup Concentrations for Soil.
Notes:
aDraft background concentration as presented in the CH2M HILL memorandum dated May 16 2003Draft background concentration as presented in the CH2M HILL memorandum dated May 16, 2003.
bValues derived from site-specific toxicity tests (earthworm NOEC and LOEC values based on 
survival; plant LOEC values based on EC100 for seed germination).
cValues derived from the literature. The LOEC is the 10th percentile lowest observed effect 
concentration associated with adverse effects. NOECs were not included because they were
greater than LOECs for some cases.
dValues derived using site-specific bioaccumulation and literature derived toxicity.

Line connecting NOEC/NOAEL to LOEC/LOAEL indicates that values were developed from the 
t dsame study.
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Figure 8. Lead Proposed Cleanup Concentrations for Soil.

Literatured Literatured

Notes:
aDraft background concentration as presented in the CH2M HILL memorandum dated May 16, 2003.
bV l d i d f it ifi t i it t t ( th NOEC d LOEC l b dbValues derived from site-specific toxicity tests (earthworm NOEC and LOEC values based on 
survival; plant LOEC values based on EC100 for seed germination).
cValues derived from the literature. The LOEC is the 10th percentile lowest observed effect 
concentration associated with adverse effects. NOECs were not included because they were
greater than LOECs for some cases.
dValues derived using site-specific bioaccumulation and literature derived toxicity.

Line connecting NOEC/NOAEL to LOEC/LOAEL indicates that values were developed from the 
same study.
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Figure 9. Antimony Proposed Cleanup Concentrations for Soil.
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Notes:
aDraft background concentration as presented in the CH2M HILL memorandum dated May 16, 2003.
bValues derived from site-specific toxicity tests (earthworm NOEC and LOEC values based on 
survival; plant LOEC values based on EC100 for seed germination).
cValues derived from the literature. The LOEC is the 10th percentile lowest observed effect 
concentration associated with adverse effects. NOECs were not included because they were
greater than LOECs for some cases.
dValue derived from the literature. Geometric mean of values recommended in USEPA (2003a;
EcoSSL for Antimony dated August 2003).
eValues derived using site-specific bioaccumulation and literature derived toxicityValues derived using site-specific bioaccumulation and literature derived toxicity.

Line connecting NOEC/NOAEL to LOEC/LOAEL indicates that values were developed from the 
same study.
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Figure 10. Selenium Proposed Cleanup Concentrations for Soil.
Notes:
aDraft background concentration as presented in the CH2M HILL memorandum dated May 16, 2003.
bValues derived from site-specific toxicity tests (earthworm NOEC and LOEC values based on 
survival; plant LOEC values based on EC100 for seed germination).
cValues derived from the literature. The LOEC is the 10th percentile lowest observed effect 
concentration associated with adverse effects. NOECs were not included because they were
greater than LOECs for some cases.
dValues derived using site-specific bioaccumulation and literature derived toxicity.

Line connecting NOEC/NOAEL to LOEC/LOAEL indicates that values were developed from the 
same study.y



g)

10000

NOEC/NOAEL-based PCC
LOEC/LOAEL-based PCC

o
nc

en
tr

at
io

n
 (

m
g

/k
g

100

1000

Earthworm Earthworms Plant Plants Microbes

S
o

il 
C

10

100 Backgrounda

Receptor

Earthworm Earthworms Plant Plants Microbes
Site-Specificb Literaturec Site-Specificb

Literatureb Literaturec

Figure 11. Zinc Proposed Cleanup Concentrations for Soil.
Notes:
aDraft background concentration as presented in the CH2M HILL memorandum dated May 16, 2003.
bV l d i d f it ifi t i it t t ( th NOEC d LOEC l b dbValues derived from site-specific toxicity tests (earthworm NOEC and LOEC values based on 
survival; plant LOEC values based on EC100 for seed germination).
cValues derived from the literature. The LOEC is the 10th percentile lowest observed effect 
concentration associated with adverse effects. NOECs were not included because they were
greater than LOECs for some cases.

Line connecting NOEC/NOAEL to LOEC/LOAEL indicates that values were developed from the 
same study.
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aDraft background concentration as presented in the CH2M HILL memorandum dated May 16, 2003.
bValues derived from site-specific toxicity tests (NOEC and LOEC values based on survival of Hyalella).
Beca se the endpoint of the to icit test as s r i al an ac te to chronic ncertaint factor of 10

Figure 12. Arsenic Proposed Cleanup Concentrations for Sediment.

Because the endpoint of the toxicity test was survival, an acute to chronic uncertainty factor of 10
was applied.
cValues derived from site-specific bioaccumulation and literature derived toxicity.

Line connecting NOEC/NOAEL to LOEC/LOAEL indicates that values were developed from the 
same study.
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Figure 13. Copper Proposed Cleanup Concentrations for Sediment.

Site-Specificb Literatuarec

Notes:
aDraft background concentration as presented in the CH2M HILL memorandum dated May 16, 2003.
bValues derived from site-specific toxicity tests (NOEC and LOEC values based on survival of Hyalella).
Because the endpoint of the toxicity test was survival an acute to chronic uncertainty factor of 10Because the endpoint of the toxicity test was survival, an acute to chronic uncertainty factor of 10
was applied.
cValues derived from site-specific bioaccumulation and literature derived toxicity.

Line connecting NOEC/NOAEL to LOEC/LOAEL indicates that values were developed from the 
same study.
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Figure 14. Mercury Proposed Cleanup Concentrations for Sediment.
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Notes:
aDraft background concentration as presented in the CH2M HILL memorandum dated May 16, 2003.
bValues derived from site-specific toxicity tests (NOEC and LOEC values based on survival of Hyalella)Values derived from site specific toxicity tests (NOEC and LOEC values based on survival of Hyalella).
Because the endpoint of the toxicity test was survival, an acute to chronic uncertainty factor of 10
was applied.
cValues derived from site-specific bioaccumulation and literature derived toxicity.

Line connecting NOEC/NOAEL to LOEC/LOAEL indicates that values were developed from the 
same study.
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Figure 15. Lead Proposed Cleanup Concentrations for Sediment.
Notes:
aDraft background concentration as presented in the CH2M HILL memorandum dated May 16, 2003.
bValues derived from site-specific toxicity tests (NOEC and LOEC values based on survival of Hyalella).
Because the endpoint of the toxicity test was survival, an acute to chronic uncertainty factor of 10

li dwas applied.
cValues derived from site-specific bioaccumulation and literature derived toxicity.

Line connecting NOEC/NOAEL to LOEC/LOAEL indicates that values were developed from the 
same study.
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Figure 16. Selenium Proposed Cleanup Concentrations for Sediment.
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Notes:
aDraft background concentration as presented in the CH2M HILL memorandum dated May 16, 2003.
bValues derived from site-specific toxicity tests (NOEC and LOEC values based on survival of Hyalella).
Because the endpoint of the toxicity test was survival, an acute to chronic uncertainty factor of 10p y , y
was applied.
cValues derived from site-specific bioaccumulation and literature derived toxicity.

Line connecting NOEC/NOAEL to LOEC/LOAEL indicates that values were developed from the 
same study.
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Figure 17. Silver Proposed Cleanup Concentrations for Surface Water.
Notes:
aDraft background concentration as presented in the CH2M HILL memorandum dated May 16, 2003.
bValues derived from site-specific toxicity tests (no effects were observed in fathead minnows or
Ceriodaphnia) Beca se to icit tests ere of short d ration an ac te to chronic ncertaintCeriodaphnia). Because toxicity tests were of short duration, an acute to chronic uncertainty
factor of 10 was applied.
dValues derived from the literature. The LOEC is the 10th percentile lowest observed effect
concentration associated with adverse effects. NOECs were not included because they were
greater than LOECs in all cases.
cValues derived from the literature. LOEC based on California Ambient Water Quality Standard
Criterion Maximum Concentration (no chronic value was available) for aquatic orangisms. Adjusted
for site-specific water hardness. The median value from the four Lava Cap Mine sites was selected.

Line connecting NOEC/NOAEL to LOEC/LOAEL indicates that values were developed from theLine connecting NOEC/NOAEL to LOEC/LOAEL indicates that values were developed from the 
same study.
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bValues derived from site-specific toxicity tests (no effects were observed in fathead minnows or

Figure 18. Arsenic Proposed Cleanup Concentrations for Surface Water.

Values derived from site specific toxicity tests (no effects were observed in fathead minnows or
Ceriodaphnia). Because toxicity tests were of short duration, an acute to chronic uncertainty factor
of 10 was applied.
cValues derived from the literature. LOEC based on California Ambient Water Quality Standard
Criterion Continuous Concentration for aquatic organisms. 
dValues derived from the literature. The LOEC is the 10th percentile lowest observed effect
concentration associated with adverse effects. NOECs were not included because they were
greater than LOECs in all cases.
eValues derived using site-specific bioaccumulation and literature derived toxicity.

Line connecting NOEC/NOAEL to LOEC/LOAEL indicates that values were developed from the 
same study.



ug
/L

)

100

NOEC-based PCC
LOEC-based PCC

te
r 

C
on

ce
nt

ra
tio

n 
(u

10

Backgrounda

S
ur

fa
ce

 W
at

0.1

1

Receptor

Fish Aquatic Org Amphibian
Site-Specificb

Literaturec Literatured

Figure 19. Copper Proposed Cleanup Concentrations for Surface Water.
Notes:
aDraft background concentration as presented in the CH2M HILL memorandum dated May 16, 2003.
bbValues derived from site-specific toxicity tests (no effects were observed in fathead minnows or
Ceriodaphnia). Because toxicity tests were of short duration, an acute to chronic uncertainty factor
of 10 was applied.
cValues derived from the literature. LOEC based on California Ambient Water Quality Standard
Criterion Continuous Concentration for aquatic organisms. Adjusted for site-specific water hardness.
The median value from the four Lava Cap Mine sites was selected.
dValues derived from the literature. The LOEC is the 10th percentile lowest observed effect
concentration associated with adverse effects. NOECs were not included because they were
greater than LOECs in all cases.g

Line connecting NOEC/NOAEL to LOEC/LOAEL indicates that values were developed from the 
same study.
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Figure 20. Mercury Proposed Cleanup Concentrations for Surface Water.
Notes:
aDraft background concentration as presented in the CH2M HILL memorandum dated May 16, 2003.
bValues derived from site-specific toxicity tests (no effects were observed in fathead minnows orValues derived from site-specific toxicity tests (no effects were observed in fathead minnows or
Ceriodaphnia). Because toxicity tests were of short duration, an acute to chronic uncertainty factor
of 10 was applied.
cValues derived from the literature. LOEC is the Oak Ridge National Laboratory aquatic 
Tier II Secondary Chronic Value for aqutic organisms.
dValues derived from the literature. The LOEC is the 10th percentile lowest observed effect
concentration associated with adverse effects. NOECs were not included because they were
greater than LOECs in all cases.

Line connecting NOEC/NOAEL to LOEC/LOAEL indicates that values were developed from theLine connecting NOEC/NOAEL to LOEC/LOAEL indicates that values were developed from the 
same study.
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Figure 21. Manganese Proposed Cleanup Concentrations for Surface Water.
Notes:
aDraft background concentration as presented in the CH2M HILL memorandum dated May 16, 2003.
bV l d i d f it ifi t i it t t ( ff t b d i f th d ibValues derived from site-specific toxicity tests (no effects were observed in fathead minnows or
Ceriodaphnia). Because toxicity tests were of short duration, an acute to chronic uncertainty factor
of 10 was applied.
cValues derived from the literature. LOEC is the Oak Ridge National Laboratory aquatic 
Tier II Secondary Chronic Value for aquatic organisms.
dValues derived from the literature. The LOEC is the 10th percentile lowest observed effect
concentration associated with adverse effects. NOECs were not included because they were
greater than LOECs in all cases.

Li i NOEC/NOAEL LOEC/LOAEL i di h l d l d f hLine connecting NOEC/NOAEL to LOEC/LOAEL indicates that values were developed from the 
same study.
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Figure 22. Nickel Proposed Cleanup Concentrations for Surface Water.
Notes:
aDraft background concentration as presented in the CH2M HILL memorandum dated May 16, 2003.
bV l d i d f it ifi t i it t t ( ff t b d i f th d ibValues derived from site-specific toxicity tests (no effects were observed in fathead minnows or
Ceriodaphnia). Because toxicity tests were of short duration, an acute to chronic uncertainty factor
of 10 was applied.
cValues derived from the literature. LOEC based on California Ambient Water Quality Standard
Criterion Continuous Concentration for aquatic organisms. Adjusted for site-specific water hardness.
The median value from the four Lava Cap Mine sites was selected.
dValues derived from the literature. The LOEC is the 10th percentile lowest observed effect
concentration associated with adverse effects. NOECs were not included because they were
greater than LOECs in all cases.

Line connecting NOEC/NOAEL to LOEC/LOAEL indicates that values were developed from the 
same study.
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Figure 23. Lead Proposed Cleanup Concentrations for Surface Water.

Notes:
aDraft background concentration as presented in the CH2M HILL memorandum dated May 16, 2003.g p y
bValues derived from site-specific toxicity tests (no effects were observed in fathead minnows or
Ceriodaphnia). Because toxicity tests were of short duration, an acute to chronic uncertainty factor
of 10 was applied.
cValues derived from the literature. LOEC based on California Ambient Water Quality Standard
Criterion Continuous Concentration for aquatic organisms. Adjusted for site-specific water hardness.
The median value from the four Lava Cap Mine sites was selected.
dValues derived from the literature. The LOEC is the 10th percentile lowest observed effect
concentration associated with adverse effects. NOECs were not included because they were
greater than LOECs in all cases.g

Line connecting NOEC/NOAEL to LOEC/LOAEL indicates that values were developed from the 
same study.



(u
g/

L)

1000

10000

NOEC-based PCC
LOEC-based PCC

W
a

te
r 

C
on

ce
n

tr
at

io
n

 

100

1000

Fish Aquatic Org Amphibian

S
ur

fa
ce

 W

1

10

Backgrounda

Site Specificb
Lit t c Lit t d

Receptor

Site-Specific Literaturec Literatured

Figure 24. Zinc Proposed Cleanup Concentrations for Surface Water.
Notes:
aDraft background concentration as presented in the CH2M HILL memorandum dated May 16, 2003.
bValues derived from site-specific toxicity tests (no effects were observed in fathead minnows orValues derived from site specific toxicity tests (no effects were observed in fathead minnows or
Ceriodaphnia). Because toxicity tests were of short duration, an acute to chronic uncertainty factor
of 10 was applied.
cValues derived from the literature. LOEC based on California Ambient Water Quality Standard
Criterion Continuous Concentration for aquatic organisms.
dValues derived from the literature. The LOEC is the 10th percentile lowest observed effect
concentration associated with adverse effects. NOECs were not included because they were
greater than LOECs in all cases.

Line connecting NOEC/NOAEL to LOEC/LOAEL indicates that values were developed from the g p
same study.
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Proposed Cleanup Concentrations for Human 
Health Risks at Lava Cap Mine, Nevada County, 
California 
 
The following tables were prepared in August 2003 to list preliminary cleanup goals for 
each exposure scenario and the background concentrations at the Lava Cap Mine based 
on the Human Health Risk Assessment provided as Appendix E to the Lava Cap RI 
Report (EPA, 2001b). 

The tables include: 

 Summary Table, Estimation of Potential Soil Cleanup Goals 

 Outdoor Worker Exposure Factors and Soil Cleanup Goals 

 Short-term Worker Exposure Factors and Soil Cleanup Goals 

 Residential Exposure Factors and Soil Cleanup Goals 

 Recreationalist I Exposure Factors and Soil Cleanup Goals 

 Recreationalist II Exposure Factors and Soil Cleanup Goals 

 



   

Exposure Scenario Aluminum Antimony Arsenic2 Arsenic3
Cadmium Cyanide Iron Lead Manganese Nickel

 
Outdoor Worker 100,000 409 1.62 256 451 12,313 100,000 1,700 19,409 20,440
Short-term Worker 100,000 85.2 7.87 50 89 2,184 63,875 350 4,844 4,258
Residential 76,123 31.3 0.39 22 37 1,222 23,464 90 1,761 1,564
Recreation I 100,000 105 0.60 35 72 1,012 78,966 190 5,927 5,264
Recreation II 100,000 231 0.82 59 126 1,554 100,000 190 12,999 11,547
Surface Soil Background Value1 91,275 1.22 20.0 20.0 0.41 0.68 60,477 43.4 1,736 54.3
Sediment Background Value1 45,110 1.01 24.6 24.6 0.27 0.16 51,542 15.2 987 28.1
EPA Region 9 Residential PRGs 0.39 22.0 400
EPA Region 9 Industrail PRGs 1.60 260 750
Cal Modified PRG 150
  

1Background values as presented in the CH2M HILL memorandum dated May 16, 2003.
2Based on cancer endpoint.  
3Based on noncancer endpoint.

Summary Table
Estimation of Potential Soil Cleanup Goals

Lava Cap Mine Site

Soil Cleanup Goal (mg/kg)

RDD\App_G_HHRA.xls\Summary Table



   

Exposure/Toxicity Factors Aluminum Antimony Arsenic Arsenic Cadmium Cyanide Iron Lead Manganese Nickel

 
Toxicity Factors
CSForal (mg/kg-day)-1 1.5E+00       

CSFihn (mg/kg-day)-1 1.5E+01       

RfDoral (mg/kg-day) 1.00E+00 4.00E-04  3.0E-04 5.0E-04 2.0E-02 3.0E-01 2.4E-02 2.0E-02

RfDdermal (mg/kg-day) 2.5E-05

RfD inhal (mg/kg-day) 1.00E+03 1.4E-05

General Factors
EF (days/year) 2.5E+02 2.5E+02 2.5E+02 2.5E+02 2.5E+02 2.5E+02 2.5E+02 2.5E+02 2.5E+02 2.5E+02
ED (years) 2.5E+01 2.5E+01 2.5E+01 2.5E+01 2.5E+01 2.5E+01 2.5E+01 2.5E+01 2.5E+01 2.5E+01
BW (kg) 7.0E+01 7.0E+01 7.0E+01 7.0E+01 7.0E+01 7.0E+01 7.0E+01 7.0E+01 7.0E+01 7.0E+01
ATncarc (days) 9.1E+03 9.1E+03  9.1E+03 9.1E+03 9.1E+03 9.1E+03 9.1E+03 9.1E+03 9.1E+03
ATcarc (days) 2.6E+04
Soil Ingestion Pathway
IRsoil (mg/day) 1.0E+02 1.0E+02 1.0E+02 1.0E+02 1.0E+02 1.0E+02 1.0E+02 1.0E+02 1.0E+02 1.0E+02
FIsoil (fraction ingested) 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00
Soil Dermal Contact Pathway
ABS (unitless) 0.0E+00 0.0E+00 3.0E-02 3.0E-02 1.0E-03 1.0E-01 0.0E+00 0.0E+00 0.0E+00 0.0E+00

SA (cm2/day) 3.3E+03 3.3E+03 3.3E+03 3.3E+03 3.3E+03 3.3E+03 3.3E+03 3.3E+03 3.3E+03 3.3E+03

AF (kg/cm2) 2.0E-01 2.0E-01 2.0E-01 2.0E-01 2.0E-01 2.0E-01 2.0E-01 2.0E-01 2.0E-01 2.0E-01
Soil Particulate Inhalation Pathway

PEF (m3/kg) 1.3E+09 1.3E+09 1.3E+09 1.3E+09 1.3E+09 1.3E+09 1.3E+09 1.3E+09 1.3E+09 1.3E+09

Irair (m3/day)  2.0E+01 2.0E+01 2.0E+01 2.0E+01 2.0E+01 4.2E-01 2.0E+01 2.0E+01 2.0E+01 2.0E+01
         

 

Target Hazard Quotient/Risk 1 1 1.00E-06 1 1 1 1  1 1

 Aluminum1
Antimony Arsenic3 Arsenic4

Cadmium Cyanide Iron1 Lead2
Manganese Nickel

Cleanup Goal (mg/kg) 1.0E+05 4.1E+02 1.6E+00 2.6E+02 4.5E+02 1.2E+04 1.0E+05 1.7E+03 1.9E+04 2.0E+04

1A nonrisk based soil saturation "ceiling limit"cleanup goal (EPA 2002). 
2Lead cleanup goal based on DTSC's LEADSPREAD MODEL v.7 (DTSC 2002).

Cleanup Goal (mg/Kg)

COPC

Estimation of Potential Soil Cleanup Goals
Lava Cap Mine Site

Outdoor Worker Exposure Factors and Soil Cleanup Goals

RDD\App_G_HHRA.xls\CUG Outdoor Worker



   

Exposure/Toxicity Factors Aluminum Antimony Arsenic Arsenic Cadmium Cyanide Iron Lead Manganese Nickel

 
Toxicity Factors
CSForal (mg/kg-day)-1 1.5E+00       

CSFihn (mg/kg-day)-1 1.5E+01       

RfDoral (mg/kg-day) 1.00E+00 4.00E-04  3.0E-04 5.0E-04 2.0E-02 3.0E-01 2.4E-02 2.0E-02

RfDdermal (mg/kg-day) 2.5E-05

RfD inhal (mg/kg-day) 1.00E+03 1.4E-05

General Factors
EF (days/year) 2.5E+02 2.5E+02 2.5E+02 2.5E+02 2.5E+02 2.5E+02 2.5E+02 2.5E+02 2.5E+02 2.5E+02
ED (years) 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00
BW (kg) 7.0E+01 7.0E+01 7.0E+01 7.0E+01 7.0E+01 7.0E+01 7.0E+01 7.0E+01 7.0E+01 7.0E+01
ATncarc (days) 3.7E+02 3.7E+02  3.7E+02 3.7E+02 3.7E+02 3.7E+02 3.7E+02 3.7E+02 3.7E+02
ATcarc (days) 2.6E+04
Soil Ingestion Pathway
IRsoil (mg/day) 4.8E+02 4.8E+02 4.8E+02 4.8E+02 4.8E+02 4.8E+02 4.8E+02 4.8E+02 4.8E+02 4.8E+02
FIsoil (fraction ingested) 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00
Soil Dermal Contact Pathway
ABS (unitless) 0.0E+00 0.0E+00 3.0E-02 3.0E-02 1.0E-03 1.0E-01 0.0E+00 0.0E+00 0.0E+00 0.0E+00
SA (cm2/day) 5.7E+03 5.7E+03 5.7E+03 5.7E+03 5.7E+03 5.7E+03 5.7E+03 5.7E+03 5.7E+03 5.7E+03
AF (kg/cm2) 8.0E-01 8.0E-01 8.0E-01 8.0E-01 8.0E-01 8.0E-01 8.0E-01 8.0E-01 8.0E-01 8.0E-01
Soil Particulate Inhalation Pathway
PEF (m3/kg) 1.3E+09 1.3E+09 1.3E+09 1.3E+09 1.3E+09 1.3E+09 1.3E+09 1.3E+09 1.3E+09 1.3E+09
Irair (m3/day)  2.0E+01 2.0E+01 2.0E+01 2.0E+01 2.0E+01 4.2E-01 2.0E+01 2.0E+01 2.0E+01 2.0E+01
   

 
Target Hazard Quotient/Risk 1 1 1.00E-06 1 1 1 1  1 1

 Aluminum1
Antimony Arsenic3 Arsenic4

Cadmium Cyanide Iron Lead2
Manganese Nickel

Cleanup Goal (mg/kg) 1.0E+05 8.5E+01 7.9E+00 5.0E+01 8.9E+01 2.2E+03 6.4E+04 3.5E+02 4.8E+03 4.3E+03

1A nonrisk based soil saturation "ceiling limit"cleanup goal (EPA 2002). 
2Lead cleanup goal based on DTSC's LEADSPREAD MODEL v.7 (DTSC 2002).

Cleanup Goal (mg/Kg)

Estimation of Potential Soil Cleanup Goals
Lava Cap Mine Site

Short Term Worker Exposure Factors and Soil Cleanup Goals

COPC

RDD\App_G_HHRA.xls\CUG Short Term Worker



   

Exposure/Toxicity Factors Aluminum Antimony Arsenic Arsenic Cadmium Cyanide Iron Lead Manganese Nickel

 
Toxicity Factors
CSForal (mg/kg-day)-1 1.5E+00       

CSFihn (mg/kg-day)-1 1.5E+01       

RfDoral (mg/kg-day) 1.00E+00 4.00E-04  3.0E-04 5.0E-04 2.0E-02 3.0E-01 2.4E-02 2.0E-02

RfDdermal (mg/kg-day) 2.5E-05

RfD inhal (mg/kg-day) 1.40E-03 1.4E-05

General Factors
EF (days/year) 3.5E+02 3.5E+02 3.5E+02 3.5E+02 3.5E+02 3.5E+02 3.5E+02 3.5E+02 3.5E+02 3.5E+02
ED Adult (years) 2.4E+01 2.4E+01 2.4E+01 2.4E+01 2.4E+01 2.4E+01 2.4E+01 2.4E+01 2.4E+01 2.4E+01
ED Child (years) 6.0E+00 6.0E+00 6.0E+00 6.0E+00 6.0E+00 6.0E+00 6.0E+00 6.0E+00 6.0E+00 6.0E+00
BW Adult (kg) 7.0E+01 7.0E+01 7.0E+01 7.0E+01 7.0E+01 7.0E+01 7.0E+01 7.0E+01 7.0E+01 7.0E+01
BW Child (kg) 1.5E+01 1.5E+01 1.5E+01 1.5E+01 1.5E+01 1.5E+01 1.5E+01 1.5E+01 1.5E+01 1.5E+01
ATncarc (days) 2.2E+03 2.2E+03 2.2E+03 2.2E+03 2.2E+03 2.2E+03 2.2E+03 2.2E+03 2.2E+03 2.2E+03
ATcarc (days) 2.6E+04 2.6E+04 2.6E+04 2.6E+04 2.6E+04 2.6E+04 2.6E+04 2.6E+04 2.6E+04 2.6E+04
Soil Ingestion Pathway
IR Adult (mg/day) 1.0E+02 1.0E+02 1.0E+02 1.0E+02 1.0E+02 1.0E+02 1.0E+02 1.0E+02 1.0E+02 1.0E+02
IR Child (mg/day) 2.0E+02 2.0E+02 2.0E+02 2.0E+02 2.0E+02 2.0E+02 2.0E+02 2.0E+02 2.0E+02 2.0E+02
FIsoil (fraction ingested) 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00
IFSadj (mg-yr/kg-day) 1.14E+02 1.14E+02 1.14E+02 1.14E+02 1.14E+02 1.14E+02 1.14E+02 1.14E+02 1.14E+02 1.14E+02
Soil Dermal Contact Pathway
ABS (unitless) 0.0E+00 0.0E+00 3.0E-02 3.0E-02 1.0E-03 1.0E-01 0.0E+00 0.0E+00 0.0E+00 0.0E+00
SA Adult (cm2/day) 5.7E+03 5.7E+03 5.7E+03 5.7E+03 5.7E+03 5.7E+03 5.7E+03 5.7E+03 5.7E+03 5.7E+03
SA Child (cm2/day) 2.8E+03 2.8E+03 2.8E+03 2.8E+03 2.8E+03 2.8E+03 2.8E+03 2.8E+03 2.8E+03 2.8E+03
AF Adult (kg/cm2) 7.0E-02 7.0E-02 7.0E-02 7.0E-02 7.0E-02 7.0E-02 7.0E-02 7.0E-02 7.0E-02 7.0E-02
AF Child (kg/cm2) 2.0E-01 2.0E-01 2.0E-01 2.0E-01 2.0E-01 2.0E-01 2.0E-01 2.0E-01 2.0E-01 2.0E-01
SFSadj (mg-yr/kg-day) 3.61E+02 3.61E+02 3.61E+02 3.61E+02 3.61E+02 3.61E+02 3.61E+02 3.61E+02 3.61E+02 3.61E+02
Soil Particulate Inhalation Pathway
PEF (m3/kg) 1.3E+09 1.3E+09 1.3E+09 1.3E+09 1.3E+09 1.3E+09 1.3E+09 1.3E+09 1.3E+09 1.3E+09
Inh Adult (m3/day)  2.0E+01 2.0E+01 2.0E+01 2.0E+01 2.0E+01 2.0E+01 2.0E+01 2.0E+01 2.0E+01 2.0E+01
Inh Child (m3/day)  1.0E+01 1.0E+01 1.0E+01 1.0E+01 1.0E+01 1.0E+01 1.0E+01 1.0E+01 1.0E+01 1.0E+01
InhFadj (m3-yr/kg-day) 1.1E+01 1.1E+01 1.1E+01 1.1E+01 1.1E+01 1.1E+01 1.1E+01 1.1E+01 1.1E+01 1.1E+01
   

 
Target Hazard Quotient/Risk 1 1 1.00E-06 1 1 1 1  1 1

 Aluminum Antimony Arsenic1 Arsenic2
Cadmium Cyanide Iron Lead3

Manganese Nickel
Cleanup Goal (mg/kg) 7.6E+04 3.1E+01 3.9E-01 2.2E+01 3.7E+01 1.2E+03 2.3E+04 9.0E+01 1.8E+03 1.6E+03

1Cleanup goal based on cancer endpoint.
2Cleanup goal based on noncancer endpoint.

Cleanup Goal (mg/Kg)

Estimation of Potential Soil Cleanup Goals
Lava Cap Mine Site

Residential Exposure Factors and Soil Cleanup Goals

COPC

RDD\App_G_HHRA.xls\CUG Residential Scenario



   

Exposure/Toxicity Factors Aluminum Antimony Arsenic Arsenic Cadmium Cyanide Iron Lead Manganese Nickel

 
Toxicity Factors
CSForal (mg/kg-day)-1 1.5E+00       

CSFihn (mg/kg-day)-1 1.5E+01       

RfDoral (mg/kg-day) 1.00E+00 4.00E-04  3.0E-04 5.0E-04 2.0E-02 3.0E-01 2.4E-02 2.0E-02

RfDdermal (mg/kg-day) 2.5E-05

RfD inhal (mg/kg-day) 1.40E-03 1.4E-05

General Factors
EF (days/year) 1.04E+02 1.04E+02 1.04E+02 1.04E+02 1.04E+02 1.04E+02 1.04E+02 1.04E+02 1.04E+02 1.04E+02
ED Adult (years) 2.4E+01 2.4E+01 2.4E+01 2.4E+01 2.4E+01 2.4E+01 2.4E+01 2.4E+01 2.4E+01 2.4E+01
ED Child (years) 6.0E+00 6.0E+00 6.0E+00 6.0E+00 6.0E+00 6.0E+00 6.0E+00 6.0E+00 6.0E+00 6.0E+00
BW Adult (kg) 7.0E+01 7.0E+01 7.0E+01 7.0E+01 7.0E+01 7.0E+01 7.0E+01 7.0E+01 7.0E+01 7.0E+01
BW Child (kg) 1.5E+01 1.5E+01 1.5E+01 1.5E+01 1.5E+01 1.5E+01 1.5E+01 1.5E+01 1.5E+01 1.5E+01
ATncarc (days) 2.2E+03 2.2E+03 2.2E+03 2.2E+03 2.2E+03 2.2E+03 2.2E+03 2.2E+03 2.2E+03 2.2E+03
ATcarc (days) 2.6E+04 2.6E+04 2.6E+04 2.6E+04 2.6E+04 2.6E+04 2.6E+04 2.6E+04 2.6E+04 2.6E+04
Soil Ingestion Pathway
IR Adult (mg/day) 1.0E+02 1.0E+02 1.0E+02 1.0E+02 1.0E+02 1.0E+02 1.0E+02 1.0E+02 1.0E+02 1.0E+02
IR Child (mg/day) 2.0E+02 2.0E+02 2.0E+02 2.0E+02 2.0E+02 2.0E+02 2.0E+02 2.0E+02 2.0E+02 2.0E+02
FIsoil (fraction ingested) 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00
IFSadj (mg-yr/kg-day) 1.14E+02 1.14E+02 1.14E+02 1.14E+02 1.14E+02 1.14E+02 1.14E+02 1.14E+02 1.14E+02 1.14E+02
Soil Dermal Contact Pathway
ABS (unitless) 0.0E+00 0.0E+00 3.0E-02 3.0E-02 1.0E-03 1.0E-01 0.0E+00 0.0E+00 0.0E+00 0.0E+00
SA Adult (cm2/day) 5.7E+03 5.7E+03 5.7E+03 5.7E+03 5.7E+03 5.7E+03 5.7E+03 5.7E+03 5.7E+03 5.7E+03
SA Child (cm2/day) 2.8E+03 2.8E+03 2.8E+03 2.8E+03 2.8E+03 2.8E+03 2.8E+03 2.8E+03 2.8E+03 2.8E+03
AF Adult (kg/cm2) 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00
AF Child (kg/cm2) 3.0E+00 3.0E+00 3.0E+00 3.0E+00 3.0E+00 3.0E+00 3.0E+00 3.0E+00 3.0E+00 3.0E+00
SFSadj (mg-yr/kg-day) 5.3E+03 5.3E+03 5.3E+03 5.3E+03 5.3E+03 5.3E+03 5.3E+03 5.3E+03 5.3E+03 5.3E+03
Soil Particulate Inhalation Pathway
PEF (m3/kg) 1.3E+09 1.3E+09 1.3E+09 1.3E+09 1.3E+09 1.3E+09 1.3E+09 1.3E+09 1.3E+09 1.3E+09
Inh Adult (m3/day)  2.0E+01 2.0E+01 2.0E+01 2.0E+01 2.0E+01 2.0E+01 2.0E+01 2.0E+01 2.0E+01 2.0E+01
Inh Child (m3/day)  1.0E+01 1.0E+01 1.0E+01 1.0E+01 1.0E+01 1.0E+01 1.0E+01 1.0E+01 1.0E+01 1.0E+01
InhFadj (m3-yr/kg-day) 1.1E+01 1.1E+01 1.1E+01 1.1E+01 1.1E+01 1.1E+01 1.1E+01 1.1E+01 1.1E+01 1.1E+01
   

 
Target Hazard Quotient/Risk 1 1 1.00E-06 1 1 1 1  1 1

 Aluminum1
Antimony Arsenic2 Arsenic3

Cadmium Cyanide Iron Lead4
Manganese Nickel

Cleanup Goal (mg/kg) 1.0E+05 1.1E+02 6.0E-01 3.5E+01 7.2E+01 1.0E+03 7.9E+04 1.9E+02 5.9E+03 5.3E+03

1A nonrisk based soil saturation "ceiling limit"cleanup goal (EPA 2002). 
2Cleanup goal based on cancer endpoint.
3Cleanup goal based on noncancer endpoint.
4Lead cleanup goal based on DTSC's LEADSPREAD MODEL v.7 (DTSC 2002).

Cleanup Goal (mg/kg)
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Exposure/Toxicity Factors Aluminum Antimony Arsenic Arsenic Cadmium Cyanide Iron Lead Manganese Nickel

 
Toxicity Factors
CSForal (mg/kg-day)-1 1.5E+00       

CSFihn (mg/kg-day)-1 1.5E+01       

RfDoral (mg/kg-day) 1.00E+00 4.00E-04  3.0E-04 5.0E-04 2.0E-02 3.0E-01 2.4E-02 2.0E-02

RfDdermal (mg/kg-day) 2.5E-05

RfD inhal (mg/kg-day) 1.40E-03 1.4E-05

General Factors
EF (days/year) 1.0E+02 1.0E+02 1.0E+02 1.0E+02 1.0E+02 1.0E+02 1.0E+02 1.0E+02 1.0E+02 1.0E+02
ED Adult (years) 2.4E+01 2.4E+01 2.4E+01 2.4E+01 2.4E+01 2.4E+01 2.4E+01 2.4E+01 2.4E+01 2.4E+01
ED Child (years) 6.0E+00 6.0E+00 6.0E+00 6.0E+00 6.0E+00 6.0E+00 6.0E+00 6.0E+00 6.0E+00 6.0E+00
BW Adult (kg) 7.0E+01 7.0E+01 7.0E+01 7.0E+01 7.0E+01 7.0E+01 7.0E+01 7.0E+01 7.0E+01 7.0E+01
BW Child (kg) 3.3E+01 3.3E+01 3.3E+01 3.3E+01 3.3E+01 3.3E+01 3.3E+01 3.3E+01 3.3E+01 3.3E+01
ATncarc (days) 2.2E+03 2.2E+03 2.2E+03 2.2E+03 2.2E+03 2.2E+03 2.2E+03 2.2E+03 2.2E+03 2.2E+03
ATcarc (days) 2.6E+04 2.6E+04 2.6E+04 2.6E+04 2.6E+04 2.6E+04 2.6E+04 2.6E+04 2.6E+04 2.6E+04
Soil Ingestion Pathway
IR Adult (mg/day) 1.0E+02 1.0E+02 1.0E+02 1.0E+02 1.0E+02 1.0E+02 1.0E+02 1.0E+02 1.0E+02 1.0E+02
IR Child (mg/day) 2.0E+02 2.0E+02 2.0E+02 2.0E+02 2.0E+02 2.0E+02 2.0E+02 2.0E+02 2.0E+02 2.0E+02
FIsoil (fraction ingested) 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00
IFSadj (mg-yr/kg-day) 7.08E+01 7.08E+01 7.08E+01 7.08E+01 7.08E+01 7.08E+01 7.08E+01 7.08E+01 7.08E+01 7.08E+01
Soil Dermal Contact Pathway
ABS (unitless) 0.0E+00 0.0E+00 3.0E-02 3.0E-02 1.0E-03 1.0E-01 0.0E+00 0.0E+00 0.0E+00 0.0E+00
SA Adult (cm2/day) 5.7E+03 5.7E+03 5.7E+03 5.7E+03 5.7E+03 5.7E+03 5.7E+03 5.7E+03 5.7E+03 5.7E+03
SA Child (cm2/day) 4.3E+03 4.3E+03 4.3E+03 4.3E+03 4.3E+03 4.3E+03 4.3E+03 4.3E+03 4.3E+03 4.3E+03
AF Adult (kg/cm2) 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00 1.0E+00
AF Child (kg/cm2) 3.0E+00 3.0E+00 3.0E+00 3.0E+00 3.0E+00 3.0E+00 3.0E+00 3.0E+00 3.0E+00 3.0E+00
SFSadj (mg-yr/kg-day) 4.3E+03 4.3E+03 4.3E+03 4.3E+03 4.3E+03 4.3E+03 4.3E+03 4.3E+03 4.3E+03 4.3E+03
Soil Particulate Inhalation Pathway
PEF (m3/kg) 1.3E+09 1.3E+09 1.3E+09 1.3E+09 1.3E+09 1.3E+09 1.3E+09 1.3E+09 1.3E+09 1.3E+09
Inh Adult (m3/day)  2.0E+01 2.0E+01 2.0E+01 2.0E+01 2.0E+01 2.0E+01 2.0E+01 2.0E+01 2.0E+01 2.0E+01
Inh Child (m3/day)  1.0E+01 1.0E+01 1.0E+01 1.0E+01 1.0E+01 1.0E+01 1.0E+01 1.0E+01 1.0E+01 1.0E+01
InhFadj (m3-yr/kg-day) 8.7E+00 8.7E+00 8.7E+00 8.7E+00 8.7E+00 8.7E+00 8.7E+00 8.7E+00 8.7E+00 8.7E+00
   

 
Target Hazard Quotient/Risk 1 1 1.00E-06 1 1 1 1  1 1

 Aluminum1
Antimony Arsenic3 Arsenic4

Cadmium Cyanide Iron1 Lead2
Manganese Nickel

Cleanup Goal (mg/kg) 1.0E+05 2.3E+02 8.2E-01 5.9E+01 1.3E+02 1.6E+03 1.0E+05 1.9E+02 1.3E+04 1.2E+04

1A nonrisk based soil saturation "ceiling limit"cleanup goal (EPA 2002). 
2Lead cleanup goal based on DTSC's LEADSPREAD MODEL v.7 (DTSC 2002).
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M E M O R A N D U M   
 

Lava Cap Mine Remedial Investigation  
Data Quality Evaluation Report 

TO: David Towell/RNO 

Carla Duncan/RNO 

Project File 

FROM: Wayne Scott/RDD 

DATE: July 10, 2002, revised October 6, 2003 

 

The data evaluated in this report were generated from samples collected on and between 
October 5, 1999, and September 1, 2000, in conjunction with the Lava Cap Mine Remedial 
Investigation/Feasibility Study.  Guidance for this data quality evaluation came from the Lava 
Cap Mine Quality Assurance Project Plan (Lava Cap Mine QAPP), April 1999; USEPA method 
guidance documents; and the USEPA CLP National Functional Guidelines for Inorganic Data 
Review, February 1994.  The analyses were performed by Applied Sciences Laboratory in 
Corvallis, Oregon, and Columbia Analytical Services (CAS) in Kelso, Washington. CH2M 
HILL chemists reviewed 100 percent of the data.  The analyses included:  

Method Analyte

E130 Hardness 

E150.1 pH 

E160.1 Total Dissolved Solids 

E1631; SW7471A Mercury 

E300 Chloride; Bromate; Sulfate; Phosphate 

E310.1 Alkalinity 

SW1020 Flashpoint 

SW7740 Selenium 

SW8015-E Diesel Range Organics 

SW8330 2,4,6-Trinitrotoluene 

SW9010 Cyanide 

SW9060 Total Organic Carbon 

SW6010B/SW6020 Al, Sb, As, Ba, Be, Cd, Ca, Cr, Co, Cu, Fe, Pb, Mg, 
Mn, Ni, K, Se, Ag, Na, Tl, V, Zn 

 

Summaries of the results for method blanks, equipment blanks, field duplicates, laboratory 
control samples and duplicate matrix spikes were reviewed. Other analytical parameters and 
elements of QA/QC were also reviewed when supplied by the laboratory, such as calibration 
and instrument performance information discussed below.  Based on the information pro-
vided, the data were found to be of acceptable quality.   
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Validation Flags 
Validation flags for this project are applied to the data to alert the data users of any considera-
tions affecting data usability.  They follow the common conventions of: 

U Not Detected.  The analyte was analyzed for but not detected above the method 
detection limit. 

J Estimated Value.  The analyte was detected, but the reported value may not be 
accurate or precise. 

UJ Estimated Detection Limit.  The analyte was analyzed for but qualified as not 
detected.  The result is estimated. 

R Rejected.  The analyte was analyzed for, but the result is rejected due to serious 
deficiencies.  The presence or absence of the analyte cannot be verified. 

Holding Times 
Method holding times were exceeded for several samples.  The affected sample results were 
flagged as prescribed by the QAPP.  Detected results were “J” flagged for all methods.  Since 
holding times for affected samples did not exceed two times the accepted criteria, organic 
method non-detected results were “UJ” flagged.  Inorganic non-detected results were “R” 
flagged and rejected for project use.  The number of results qualified due to holding time non-
compliance is very minimal when compared to the overall data. 

Calibration 
All initial and continuing calibration requirements were met.   Overall, the QC elements 
associated with calibration indicate accurate quantitation procedures.   

Method, Field, and Calibration Blanks 
Method Blanks were analyzed at the required frequency of at least 1 for every 20 envi-
ronmental samples or one per analytical batch, whichever was more frequent.  Field blanks 
were taken routinely by the field team, and continuing calibration blanks were analyzed at the 
method prescribed frequency.  Target analytes were not routinely detected above the 
reporting limit in the blanks.  However, when blank contamination was detected, the 
associated sample results were “U” flagged when less than or equal to five times the blank 
concentration.  This data qualification strategy is defined in the Lava Cap Mine QAPP.  The 
amount of data qualified due to blank contamination was relatively small when compared to 
the total amount of data collected.  

Quantitation and Sensitivity 
The analytical methods used have adequate sensitivity for the intended use of the data.   

Matrix Spike Samples 
The results of matrix spike analyses provide information about the possible presence of matrix 
effects.  Matrix spike samples were analyzed at the frequency specified in the Lava Cap Mine 
QAPP.  When matrix spike and matrix spike duplicate recoveries indicated that the matrix had 
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an effect on analyte recovery, the detected results were “J” flagged and the non-detected 
results were “UJ” flagged. 

Field Duplicates 
Many field duplicates were collected.  Relative percent difference (RPD) criteria was exceeded 
for several analytes in the normal sample/field duplicate pairs.  As an indicator for the 
imprecision associated with these results, they were flagged “FD” as prescribed in the Lava 
Cap Mine QAPP.  Since field procedures or matrix homogeneity may have affected the 
analytical precision of these results, the data user should use caution when making project 
decision with regard to these data.  The data qualified due to field duplicate imprecision are 
minimal when compared to all of the field duplicate data. 

Laboratory Control Samples 
Laboratory control samples (LCSs) were analyzed at the required frequency.  Sample detected 
and non-detected results associated with LCS recoveries that exceeded control criteria were 
“J” and “UJ” flagged respectively.  All recovery exceptions were in exceedence of the upper 
control limit (UCL) or just slightly below the lower control limit (LCL).  The amount of data 
qualified due to LCS recovery exceedence was minimal when compared to the data in its 
entirety. 

Other QC 
No other items of interest were noted during the data review.  Some of the items addressed 
include serial dilutions, linear range analyses, preparation and analysis run logs, interference 
check standards, calibration blanks, and detection limit information. 

Chain-of-Custody 
The chain-of-custody (CoC) procedures specified in the work plan were followed.  

Completeness 
Ten water data points for orthophosphate were rejected due to holding time non-compliance.  
The completeness for this analyte was 93 percent.  The remainder of the data is 100 percent 
complete and usable for project decision making without further qualification.  

Summary and Conclusions 
The following conclusions can be drawn from the data quality evaluation process: 

The laboratory analyzed the samples according to the EPA method stated in the QAPP as 
demonstrated by acceptable instrument calibration and QC sample performance. 

Field processes did not introduce uncertainty in the quantitation except where noted.  
Although blank contamination was noted and sample results were qualified on this basis, 
there were no global systematic contamination issues noted. 

Spike recoveries and duplicate sample results indicate that specific sample matrices did 
interfere with the analytical process.  These specific sample matrices were qualified to indicate 
this effect.  The vast majority of matrix spike and field duplicate samples did not indicate an 
interference from the matrix. 



APPENDIX H LAVA CAP MINE REMEDIAL INVESTIGATION 
DATA QUALITY EVALUATION REPORT 

H-4 RDD/032890008 (CAH2491.DOC) 

Although ten data points were rejected for project use, the overall completeness was nearly 
100 percent.   This indicates that the field and laboratory procedures and protocols were 
sufficient to meet the QA/QC objectives of this project.  

These data can be used in the project decision making process without further qualification. 
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